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PREFACE
Science and academia tend to be dominated by
persons who are utterly brilliant, or who are proficient
at self-promotion, or who are willing to sacrifice their
personal lives and work twice as hard as their peers, or
who exhibit some combination of these attributes.
Occasionally, however, someone comes along who is
just "ordinary" compared with academic overachievers
but whose accomplishments far exceed reasonable
expectations. Eugene D. Fleharty is such a person.
Although he is extraordinarily bright, few would
describe him as utterly brilliant. He has never been
inclined to "toot his own horn" or otherwise promote
himself. And, although he always works harder than
most of his peers, he maintains a diverse personal life
that includes family, sports, art, community affairs, and
other leisure activities. In my opinion, the thing that
sets Gene apart from many of his peers is "focus."
Indeed, I know of no utterly brilliant academic
overachievers who have become known internationally
in several markedly different areas of science while
becoming a cutthroat competitor in table tennis and
racquetball, developing into an award-winning carver
of duck decoys, advising community and state officials
about environmental issues, mentoring an impressive
list of productive graduate students, and providing the
intellectual leadership needed by his academic
department as it careened recklessly toward the
Twenty-first Century. Gene has been able to do these
things because of his ability to focus on one thing at a
time, become expert at it, and move on to the next
thing.
Gene retired as a faculty member in the
Department of Biological Sciences at Fort Hays State
University in May of 1999. Although he no longer
teaches classes or mentors students, he continues to cast
a large shadow on campus. Soon after his retirement,
he established an endowed graduate assistantship in his
former academic department. Moreover, he and his
wife, Jo Ann Fleharty, contributed the funds needed for
the Columbian mammoth in the lobby of the new
Sternberg Museum of Natural History and, in
collaboration with other family members, provided
funding for construction of the Fleharty Range (which
houses the research collections of mammals, birds,
insects, and plants) in the museum. For these and
numerous other reasons, it was a foregone conclusion
that the university would honor him in some important
way.
I first considered orchestrating a festschrift to
honor Gene in the autumn of 1996. It was not the time
to be taking on new responsibilities, what with the new
Sternberg Museum under construction, but I convinced

myself that the authors of individual chapters would do
all the work and I would merely put the completed
manuscripts together. That, of course, was the first of
several mistakes I made as the project progressed.
Having rationalized that I could spend the time needed
to organize a festschrift, my first task was to discuss
what I was planning to do with Jo · Ann Fleharty. Jo
Ann agreed to contribute to the festschrift and to help
maintain secrecy about the project. I then discussed the
project with Dr. James L. Forsythe, Vice Provost and
Dean of Graduate Studies and Research at Fort Hays
State University, who agreed to pigeonhole funds for
the festschrift. Once the financial issues were settled, I
decided on the basic format of the festschrift and began
considering who might write scholarly articles to be
included in it. In February of 1997, I contacted every
one of Gene's former graduate students who had, at that
time, positions in academe or governmental agencies
and who were active in research. I then contacted
Gene's graduate school mentor, several of his graduate
school peers, and a few other persons with whom Gene
has maintained close personal relationships over the
years. A substantial number of those persons agreed to
participate, and manuscripts began arriving about six
months later.
All manuscripts received independent outside
review. In this regard, I acknowledge the following
persons for contributing to the success of this venture:
David M. Armstrong; Elmer C. Birney; Steven J.
Bissell; Michael A. Bogan; Robert Channell; Fi Choate;
Greg Farley; Elmer J. Finck; Jo Ann Fleharty; Jennifer
K. Frey; Hugh H. Genoways; Steven R. Hoofer; Dawn
M. Kaufman; Thomas H. Kunz; the late Howard
McCarley; David S. Pennock; Dale W. Sparks; John 0.
Whitaker, Jr.; Gregory M. Wilson.
I especially
acknowledge the assistance of Cheryl Stramel, Office
Manager for the Vice-Provost at Fort Hays State
University. Cheryl put in hundreds of hours struggling
with unfamiliar electronic formats, formatting the
manuscripts to ensure uniformity, making numerous
rounds of corrections, and putting the manuscripts
together in book form. Also, I acknowledge the help of
Mary Ridgway, Art Director for the Office of
University Relations at Fort Hays State University, who
was responsible for the cover design. Finally, I thank
my wife, Fi, who grumbled only infrequently about my
commandeering the dining room table for more than a
year.
This volume took much longer than I ever
imagined it might (to the chagrin of some of the
authors). I readily admit that I learned as the project
progressed and that there are dozens of things I would
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do differently if I had it to do over again. Nevertheless,
I am extremely pleased with the quality of the papers in
the festschrift. The papers represent outstanding schol-

larship in a va~iety of disciplines, as is befitting a
tribute to an outstanding, broad-based naturalist,
Professor Eugene D. Fleharty.
Jerry R. Choate

iv

EUGENE D. FLEHARTY-A BRIEF BIOGRAPHY
By
JERRY R. CHOATE AND JO ANN FLEHARTY
The third of six sons of Vernon and
Winifred Fleharty, Eugene D. Fleharty was born on
16 October 1934 in Beaver Falls, Pennsylvania. At
the age of three, the Fleharty family moved to Hastings, Nebraska, when Gene's father became professor
of chemistry at Hastings College. Gene's love of
nature developed on the family farm in Nebraska.
Many summers were spent driving a tractor and irrigating com on land near the Platte River-an ideal
place to observe birds and other wildlife. Gene's
profound interest in wildlife, his understanding of
agriculture; and his appreciation for natural history
later would have profound effects on his professional
career as a naturalist.
Gene attended Hastings College and graduated cum laude in 1956 with majors in both math and
biology. While attending a Spanish class at Hastings,
Gene met Jo Ann Eckles. The ensuing romance led
to their marriage in 1955. Gene and Jo Ann have two
children, Debra (born in 1958) and Chris (1961).
Also during his tenure at Hastings College, Gene
became close friends with another student, Clyde
Jones. That friendship would continue during graduate studies to the present day. Both Dr. Clyde Jones
and his daughter, Dr. Cheri Jones, have papers later
in this volume.

After Gene graduated from Hastings College, he
and Jo Ann moved to Albuquerque so Gene could begin
graduate studies under the tutelage of Dr. James S. Findley at the University of New Mexico. Gene was Jim's
second master's degree student and his first doctoral student. For the M.S. degree, which he earned in 1958,
Gene's thesis topic was "Distribution and variation of
chipmunks of the Eutamias quadrivittatus group in New
Mexico." For his dissertation, which he completed in
1963, Gene studied "Comparative ecology of three species of New Mexican garter snakes (genus Thamnophis)."
These major studies, one in mammalian systematics and
the other in reptilian ecology, were a reflection of the professional breadth of Gene's mentor and demonstrated
Gene's desire to remain a broadly based naturalist rather
than a narrowly focused specialist. Dr. James Findley has
a paper later in this volume.
Another facet of Gene's life that affected his career was a strong sense of competition. Gene's competitive spirit was demonstrated in athletics during both high
school and college, where he lettered in track and tennis
and was a four-year letterman in football. There was another person on the football team who also was pretty
good-his name was Tommy Osborne. After Gene
graduated from Hastings College, he accepted a teaching
position at Nebraska Wesleyan, where he also served as
assistant football coach. To this day, he has never been
able to get Nebraska football out of his system, although
his confidence in the Huskers waned somewhat when
Head Coach Tommy Osborne retired.

Pp. 1 - 6, Reflections of a Naturalist: Papers Honoring Professor Eugene D. Fleharty.
Fort Hays Studies, Special Issue I, 2000, 241 pp.
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Gene accepted a position as assistant professor in the Department of Biological Sciences at Fort
Hays State University in 1962. His accomplishments
at Fort Hays State are legend. First and foremost,
Gene was largely responsible for development of the
department's research collections of mammals and
herptiles. These collections, plus the Elam Bartholomew Herbarium and the collections of fishes,
arthropods, and birds, eventually became the Museum of the High Plains. The latter finally merged
with the Sternberg Memorial Museum to form the
Sternberg Museum of Natural History.
Gene is a prolific researcher. He conducts
detailed research on the methods of study in areas
that he wishes to pursue, and he designs his studies
accordingly. By this means, he has progressed
through periods when his research has focused on
biogeography, functional morphology, structural
ecology, functional ecology, bioenergetics, and agricultural ecology. He earned national or even international stature in each of these fields, and he received
numerous honors from Fort Hays State University,
including its Distinguished Scholar A ward.
Gene recruited and trained outstanding
graduate students, several of whom have gone on to
positions of leadership in their respective disciplines.
Of these, Dr. Elmer C. Birney (now at the University
of Minnesota), Curtis J. Carley (retired administrator
for the U.S. Fish and Wildlife Service), Dr. Michael
A. Bogan (U.S. Geological Survey, Biological Resources Division), Dr. Donald W. Kaufman (Kansas
State University), Dr. Tony R. Mollhagen (Texas
Tech University), and Dr. Michael A. Mares (director
of the Sam Noble Oklahoma Museum of Natural
History) have papers later in this volume. Another
respected scientist, Dr. Glennis Kaufman (Kansas
State University), who studied under Gene as an undergraduate student, also has a paper later in this volume.
Gene served as chair of the Department of
Biological Sciences for 11 years during a period
when the department added an emphasis in the health
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sciences. As a result of his leadership, the department
added this emphasis without in any way diminishing its
historically strong focus on field biology. Gene promoted
excellence in the department by means of merit raises that
really reflected productivity, and this caused unproductive
faculty members considerable grief. Those persons responded in ways that caused a rift in the department, but
Gene held the department together in spite of their efforts.
Gene became expert (and highly competitive) at
everything he did in his free time. Examples include couples' bridge, table tennis, and racquetball. In 1981, Gene
bought a few tools and books and taught himself to carve
duck decoys. As he became skilled, his competitive nature led him to begin entering competitions. He won a
number of prestigious awards for his duck decoys at
shows in Iowa, Minnesota, and California. Today, his
decoys can be purchased directly from him or in the
Courtyard Gallery (formerly the Forsberg Gallery) in
Lindsborg, Kansas, as well as in The Sternberg Store at
the Sternberg Museum of Natural History.

At about the time of the first Earth Day in 1970,
Gene became philosophically involved in his science and
began to promote environmental awareness. This led to
Gene's collaboration with Dr. Gary Hulett in developing a
profound environmental ethic in Hays, America. Their
course entitled "Can Man Survive?" became one of the
most popular courses on campus and had a substantial
influence on a generation of students at Fort Hays State
University. The reputation of this course resulted in Gary
and Gene being asked to make dozens of environmental
presentations around the community and in other schools.
Because of these activities, Gene and Gary did more than
anyone else in Kansas to educate the public about environmental issues, and the persons they educated in Hays
then helped them promote the development of what has
become one of the most environmentally aware communities (on a per capita basis) on the planet. Gene and
Gary also cast their influence with respect to environ-
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mental issues at the state level in Topeka and at the
national level through writing and professional activities.
Gene prepared for retirement by developing
a new research focus. That focus, for lack of a better
term, may be described as "historical biology." For
this aspect of Gene's professional career, he has read
newspapers and other historical records dating back
to the time of settlement of Kansas and has compiled
information about the native vegetation, wild animals, interactions of settlers and animals, and the
like. Thus far, Gene has published one book from
this research. Others are in preparation.
Throughout Gene's career, his professional
(and even many of his free-time) activities thus have
reflected his background and training as a broadlybased naturalist. The papers in this volume, written
by some of Gene's former students, his Ph.D. mentor,
and a few of his professional colleagues, are a reflection of Gene's influence and stature.

GRADUATE STUDENTS OF
EUGENE D. FLEHARTY
1.

2.

3.
4.

5.

6.

7.

8.

9.

ELMER C. BIRNEY, 1965. Thesis topic: Osteological considerations and ageing methods of
wild trapped mink.
KENNETH W. ANDERSEN, 1965. Thesis
topic: The distribution and some ecological considerations of the mammals of northeastern
Jewell County, Kansas.
JOHN P. FARNEY, 1965. Thesis topic: "Some
aerodynamic considerations of bats."
CURTIS J. CARLEY, 1965. Thesis topic: "Activity of Reithrodontomys megalotis (Baird), Microtus ochrogaster (Wagner), and Peromyscus
manicu/atus (Wagner), as recorded by a photographic device."
DALLAS E. WILHELM, 1966. Thesis topic:
"Some population characteristics of Peromyscus
maniculatus, Perognathus hispidus, and Onychomys leucogaster."
ROSS A. LOCK, 1966. Thesis topic: "Home
range and some other population aspects of small
mammals in a relict grassland."
ELDON L. WHITMER, 1966. Thesis topic:
"Some ecological observations on the mammals
of east central Russell County, Kansas."
MICHAEL A. BOGAN, 1966. Thesis topic:
"Ecological, density and species differences in
small mammals between grazed and non-grazed
grasslands."
LAWRENCE E. OLSON, 1967. Thesis topic:
"Summer food habit analysis of Microtus ochrogaster and Sigmodon hispidus on two ecologically different communities."
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10. DENNIS L. STADEL, 1967. Thesis topic: "The
effect of past climatic fluctuations on Peromyscus
/eucopus distribution in western Kansas."
11. DWIGHT R. ITTNER, 1967. Thesis topic: "The
influence of removal trapping on the movements of
selected small mammals in west-central Kansas."
12. DONALD W. KAUFMAN, 1967. Thesis topic: "A
small mammal continuum in grassland and riparian
communities of north-central Kansas."
13. ROBERT W. WILEY, 1967. Thesis topic: "Observation on the eastern woodrat, with special reference
to activity periods and movement."
14. THOMAS B. KEYSE, 1967. Thesis topic: "Mass
emigration of small mammals as shown by continuous removal trapping in northwest Kansas."
15. DUANE E. HOUSTON, 1967. Thesis topic: "Densities and habitat preferences exhibited by Peromyscus maniculatus and Sigmodon hispidus in a mixed
grassland (April 1965-March 1967)."
16. DOUGLAS LIESVELD, 1967. Thesis topic: "Oxygen consumption of selected small mammals."
17. TONY R. MOLLHAGEN; 1967.
Thesis topic:
"Geographic and non-geographic variation in Microtus pennsylvanicus in Nebraska and Kansas."
18. LELAND H. PARKS, 1969. Thesis topic: "Energy
flow through a wintering population of tree sparrows."
19. MICHAEL L. MARES, 1969. Thesis topic: "Ecological aspects of Sigmodon hispidus in a mature ecosystem."
20. YARASLAW PETRYSZVN, 1969. Thesis topic:
"Detrital energetic contributions of Sigmodon hispidus vegetational clippings."
21. CLARK G. HABEREMAN, 1970. Thesis topic:
"Energetics and habits of Spermophilus franklinii. "
22. CARROLL M. HANSEN, 1973.
Thesis topic:
"Structural parameters, bioenergetic strategies, and
biomass turnover of a population of deer mice, Peromyscus maniculatus, in west-central Kansas."
23. FRANK J. DARYTICHEN, 1973. Frank completed
a non-thesis degree program.
24. LONNIE H. FEHRENBACHER, 1974. Thesis topic:
"Body composition, energy content, and lipid cycles
of two species of pocket gophers ( Geomys bursarius
and Pappogeomys castanops), in Kansas."
25. RODERICK K. SMRCKA, 1974. Thesis topic:
"Population parameters of a population of Peromyscus leucopus in west-central Kansas."
26. STEPHEN L. BAAR, 1975. Thesis topic: "A model
of the daily energy budget and energy flow through a
population of the white-footed mouse, Peromyscus
leucopus."
27. LINDA R. JOYCE, 1975. Thesis topic: "A comparison of two methods of determining the metabolic
rate of the cotton rat, Sigmodon hispidus."
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28. RICHARD L. SCHRODER, 1976. Thesis topic:
"A comparison of two methods of determining
the average daily metabolic rate of the deer
mouse, Peromyscus maniculatus."
29. STEPHEN W. SCHECK, 1977. Thesis topic:
"A model of the daily energy budget of the adult
thirteen-lined ground squirrel, Spermophilus tridecemlineatus."
30. LAWRENCE R. WILLIAMS, 1977. Thesis
topic: "Effect of sodium treated wheat on cotton
rats."
31. RONALD M. KOZEL, 1977. Thesis topic:
"Movement of rodents across roads."
32. KEN PITETTI, 1980. Ken completed a nonthesis degree program.
33. LU ANNE HERON, 1981. Lu Anne completed
a non-thesis degree program.
34. MICHAEL'S. RUSH, 1981. Thesis topic: "The
effectiveness of seven trapping techniques for
amphibians, reptiles, and incidental mammals in
the sandsage prairie."
35. ALVA RAY BALLARD, 1981. Alva completed
a non-thesis degree program.
36. STEVEN M. ROYAL, 1982. Thesis topic:
"Herpetofauna of a sandsage prairie near Holcomb, KS."
37. SHERRY ROGERS WATTS, 1983. Thesis
topic: "Effect of mowing on movement and
home range of three species of rodents in a
mixed grass pasture."
38. JANIS THIELEN JEFFERS, 1983. Thesis topic:
"A consideration of the ethical relationships
between animals and humans."
39. RON MELLOTT, 1984. Thesis topic: "Small
mammals in field borders of cereal croplands in
an agricultural mosaic in west-central Kansas."
40. CRIS CRISTOFFER, 1984. Thesis topic: "Effect of next box refugia on population sizes of
small mammals in fallow cropland."
41. SHIRLEY VALEK, 1985. Thesis topic: "Small
mammals of a dry land cropland in west-central
Kansas."
42. NANCY HILSCHER SHORT, 1985. Thesis
topic: "The annual lipid cycle of Peromyscus
leucopus in eastern Nebraska."
43. KIRK NAVO, 1985. Thesis topic: "Small
mammals of winter wheat and grain sorghum
croplands in west-central Kansas."
44. JIM STROH, 1986. Thesis topic: "Small
mammal ecology in a relict grassland in westcentral Kansas."
45. BRUCE WENDT, 1986. Bruce apparently died
of Hantavirus Pulmonary Syndrome and was
awarded the M.S. degree posthumously.

1.

2.

3.

1.
2.
3.

4.
5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

BOOKS PUBLISHED BY
EUGENE D. FLEHARTY
Can man survive? An inquiry into the impact of western man upon the environment. Independent Study,
Division of Continuing Education, University of
Kansas, xi+ 534 pp., 1977 (with G. K. Hulett).
The Vital Continuum. Independent Study~ Division
of Continuing Education, University of Kansas, 498
pp., 1980 (with G. K. Hulett).
Wild animals and settlers on the Great Plains, 18651879. University of Oklahoma Press, 316 pp., 1995.
JOURNAL ARTICLES PUBLISHED BY
EUGENE D. FLEHARTY
Possible Himalayan color pattern in Eutamias. Journal ofMammalogy, 41:125, 1960.
The status of the gray-necked chipmunk in New
Mexico. Journal ofMammalogy, 41:235-242, 1960.
Unusual habitats of grasshopper mice in New Mexico. Journal of Mammalogy, 41:275-276, 1960 (with
C. Jones).
Extra tooth in the long-tailed vole. Journal of Mammalogy, 43:267-268, 1962 (with A.H. Harris).
Oxygen consumption and Q10 for two species of garter snakes (genus Thamnophis). Transactions of the
Kansas Academy of Science, 66:482-487, 1963.
The meadow vole, Microtus pennsylvanicus (Ord) in
Kansas. Transactions of the Kansas Academy of Science, 67:129-130, 1964 (with K. W. Andersen).
Additional fox records for Kansas. Transactions of
the Kansas Academy of Science, 67:193-194, 1964
(with K. W. Andersen).
A second locality record for Myotis keeni (Merriam)
in Kansas. Transactions of the Kansas Academy of
Science, 66:200, 1965 (with J.P. Farney).
Additional records of the least weasel (Mustela nivalis) in Kansas. Transactions of the Kansas Academy
of Science, 68:582-583, 1966 (with M. G. Heskey).
Age and sex comparisons of wild mink. Transactions
of the Kansas Academy of Science, 69:139-145, 1966
(with E. C. Birney).
An aberrant hind limb of a mink. Transactions of the
Kansas Academy of Science, 69:358-359, 1967 (with
E. C. Birney).
The distributional status of bats in Kansas. Miscellaneous Publications, Museum of Natural History,
University of Kansas, 46:1-33, 1967 (with J. K.
Jones, Jr., and P. B. Dunnigan).
Mammalian distribution within biotic communities of
northeastern Jewell County, Kansas. Fort Hays
Studies (Science Series), 6:1-45, 1967 (with K. W.
Andersen).
Additional locality records for some Kansas herptiles.
The Southwestern Naturalist, 12: 199-200, 1967 (with
D.R. Ittner).
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15. Comparative ecology of Thamnophis elegans, T.
cryptosis, and T. rujipunctatus in New Mexico.
The Southwestern Naturalist, 12:207-230, 1067.
16. Distribution of Peromyscus /eucopus (woods
mouse) in western Kansas. Transactions of the
Kansas Academy of Science, 71:231-233, 1968
(with D. L. Stadel).
17. Comparative success in the application of aging
techniques to a population of winter-trapped
mink. The Southwestern Naturalist, 13:275-282,
1968 (with E. C. Birney).
18. Aspect ratio, loading, wingspan and membrane
areas of bats. Journal of Mammalogy, 50:362367, 1969 (with J.P. Farney).
19. Summer food habits of Microtus ochrogaster
and Sigmodon hispidus. Journal ofMammalogy,
50:475-486, 1969 (with L. D. Olson).
20. Some aspects of small mammal ecology in a
Kansas prairie. Proceedings of the Second Annual Midwest Prairie Conference, pp. 97-103,
1970.
21. Occurrence and activity of Reithrodontomys
megalotis, Microtus ochrogaster and Peromyscus maniculatus as recorded by a photographic
device. The Southwestern Naturalist, 15:209216, 1970 (with C. J. Carley and M.A. Mares).
22. Energy flow in Spermophilus franklinii. Journal
of Mammalogy, 52:710-716, 1971 (with C. G.
Haberman).
23. Natural history notes on Franklin's ground squirrel in Boone County, Nebraska. Transactions of
the Kansas Academy of Science, 74:76-80, 1972
(with C. G. Haberman).
24. Mass and energy of detritus clipped from grassland vegetation by the cotton rat (Sigmodon hispidus). Journal of Mammalogy, 53:168-175,
1972 (with Y. Petryszyn).
25. Population fluctuations in Sigmodon hispidus:
factors influencing a "crash." Bulletin of the
Southern California Academy of Science,
71:132-138, 1972 (with J. R. Choate and M.A.
Mares).
26. Habitat preference and spatial relations of Sigmodon hispidus on a remnant prairie in westcentral Kansas. The Southwestern Naturalist,
18:21-29, 1973 (with M.A. Mares).
27. Habitat preference and spatial relations of shrews
in a mixed grassland in Kansas. The Southwestern Naturalist, 18:110-112, 1973 (with J. R.
Choate).
28. Body composition, energy content, and lipid
cycles of four species of rodents. Journal of
Mammalogy, 54:426-438, 1973 (with M. E.
Krause and D. P. Stinnett).
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29. Bioenergetic strategies of the cotton rat, Sigmodon
hispidus. Journal of Mammalogy, 54:680-692, 1973
(with J. R. Choate).
30. Noteworthy records of distribution and habits of
some Kansas herptiles. Transactions of the Kansas
Academy of Science, 75:273-275, 1973 (with J. L.
Knight and J. D. Johnson).
31. A respirometer for determination of metabolic rats
and activity patterns under simulated natural conditions. Acta Theriologica, 18:435-441, 1973 (with S.
L. Baar).
32. Habitat selection by nine species of rodents in northcentral Kansas.
The Southwestern Naturalist,
18:4443-451, 1974 (with D. W. Kaufman).
33. The ecological basis for some characteristics of tertiary education. Improving Instruction, Fort Hays
Kansas State College, 5:5-11, 1974 (with G. K.
Hulett).
34. Cryptotis goodwini. Mammalian Species, 44: 1-3,
1974 (with J. R. Choate).
35. Status of the spotted skunk, Spi/ogale putorius, in
Kansas. Transactions of the Kansas Academy of Science, 76:226-233, 1974 (with J. R. Choate and R. J.
Little).
36. Structural ecological parameters of a population of
Peromyscus maniculatus in west-central Kansas. The
Southwestern Naturalist, 19:293-303, 1974 (with C.
M. Hansen).
37. Utiliz.ation of deep burrows and nests by cotton rats
in west-central Kansas. The Southwestern Naturalist,
19:440-444, 1975 (with S. L. Baar and M. F. Artman).
38. Distributional records of herptiles from the
Chautauqua Hills of southeastern Kansas. Transactions of the Kansas Academy of Science, 77:65-67,
1975 (with J. D. Johnson).
39. Synopsis of native, Recent mammals of Ellis County,
Kansas. Occasional Papers, The Museum, Texas
Tech University, 37:1-80, 1975 (with J. R. Choate).
40. Body composition, energy content, and lipid cycles
of two species of pocket gophers (Geomys bursarius
and Pappogeomys castanops) in Kansas.
The
Southwestern Naturalist, 21:145-149, 1976 (with L.
H. Fehrenbacher).
41. A model of the daily energy budget and energy flow
through a population of the white-footed mouse.
Acta Theriologica, 21:179-193, 1976 (with S. L.
Baar).
42. Range extension of Onychomys torridus /ongicaudus
(Rodentia: Cricetidae) in northwestern Nevada. The
Great Basin Naturalist, 38:180, 1978 (with M. D.
Engstrom).
43. Movement of rodents across roads. The Southwestern Naturalist, 24:239-248, 1979 (with R. M. Kozel).
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Type Localities Of Mammals In The
Henry Mountains, Utah, With Comments On The
1908 Itinerary OfW. H. Osgood
By
TONY R. MOLLHAGEN
ABSTRACT
There are four subspecies of mammals with type localities in the Henry Mountains of Utah. Information on specimen
labels was insufficient to identify the type localities with certainty. Specimens used in three of the descriptions were obtained
by W. H. Osgood. The fourth race was described by M. R Lee and S. D. Durrant. Osgood's field reports and catalog were
used to reconstruct his itinerary while he was in the Henry Mountains in 1908. This itinerary and M. R. Lee's field notes
were utilized to identify the type localities. UTM coordinates were obtained for each locality and the appropriate USGS
maps necessary to relocate the type localities are named. Topotypes were obtained for all subspecies but one. Neither
specimens nor sign of Thomomys bottae dissimilis could be located at the specified type locality.
Key words: mammals, history, Henry Mountains, Utah, W. H. Osgood, Thomomys bottae osgoodi, Thomomys bottae
dissimilis, Tamias umbrinus sedulus, Microtus longicaudus incanus, type locality
In each of the years 1993-97, the writer and M.
A. Bogan made at least one trip to the Henry Mountains
of southeastern Utah to survey the mammals of the region. The study area is ovoid, approximately 64 x 87 km,
and includes portions of Wayne and Garfield counties
(Fig. I). The topography of the region (Fig. 2) is dominated by three major peaks (Ellen, Pennell, and Hillers)
that rise to more than 11,000 ft (3,353 m). There are two
lesser mountains (Holmes, Ellsworth) in the southeastern
part of the study area that rise to more than 7,800 ft
(2,377 m). The mountains resulted from volcanic intrusions during the Tertiary. The intrusions formed massive
domes in the host shale and sandstone and, in time,
erosion has exposed the domes on the mountain peaks
(Hunt et al., 1953). The peaks are surrounded by the outwashed pediment that gives way on the east and south
sides of the area to spectacularly dissected, 2,000-footdeep (610 m) sandstone canyons. The lowest elevations
in the study area, below 3,900 ft (1,189 m) are in these
canyons. Other conspicuous landforms include badlands,
barren mesas, and dramatic folds on the west side and
arches and sand dunes on the east side. A more complete
description of the study area is found in Mollhagen and
Bogan (1997).
The mountains and surrounding territory are remote and the climate is extreme and, as a consequence,
few mammalogists have spent time there. Indeed, Lee
(1960) observed that the upper elevations were inaccessible (except by horseback) until 1955-56. Nevertheless,
there were more than 600 specimens of mammals available for study when we began our work. Examination of

UTAH
HENRY MOUNTAINS
STUDY AREA

Wayne
County

Garfield County
Fig. 1. The location of the Henry Mountains study area
in Wayne and Garfield counties, southeastern Utah.

the mammal holdings at the Utah Museum of Natural
History (UMNH) at the University of Utah, Brigham
Young University (BYU), and the U.S. National Museum

Pp. 7 - 22, Reflections of a Naturalist: Papers Honoring Professor Eugene D. Fleharty.
Fort Hays Studies, Special Issue I, 2000, 241 pp.
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(USNM) revealed that the earliest collection was 57
specimens taken by W. H. Osgood in 1908. Personnel
from the University of Utah obtained at least ten more
specimens in 1929, but their largest acquisitions were
made in 1952, 1954, 1955, and 1957. The collections in
the latter three years were by M. R. Lee in support of his
doctoral research. BYU has acquisitions of greater than
10 specimens in each of the years 1955 and 1956. In
1964, G. L. Ranck obtained more than 50 specimens that
were deposited in the UMNH. There are other, lesser
collections from the Henry Mountains, but they appear to

have resulted from one or two nights of trapping while
someone was passing through the region.
Most of these collecting efforts were directed
toward the rodent fauna, and some culminated ·in the
description of four taxa with type localities in the study
area. These taxa are Thomomys bottae osgoodi Goldman,
1931, Thomomys bottae dissimilis Goldman, 1931,
Tamias umbrinus sedulus White, 1953, and Microtus
longicaudus incanus Lee and Durrant, 1960. The last
three subspecies are endemic to the Henry Mountains.
The descriptions of the first three (including the holotypes) primarily derive from mammals collected by W. H.
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Osgood. Osgood also captured M /ongicaudus in 1908,
but his specimens were not utilized in the 1960 description of M /. incanus.
Among the objectives of the ongoing Bogan and
Mollhagen survey are to (1) return to the sites of previous
collections to determine the status of habitats and mammal populations, and (2) identify type localities and
obtain topotypes from which tissues can be preserved.
These endeavors have been hindered by imperfect documentation of capture localities by previous collectors. It
is clear that, without the discovery of additional field
notes, some former collecting sites may not be certainly
located. This manuscript is concerned only with the
identification of the four type localities. An understanding of the activities and movements of Osgood, Lee, and
Durrant when they were in the region is particularly
critical to this concern.
METHODS AND MATERIALS
Archived materials pertaining to the field work
of Osgood, Lee, and Durrant were solicited from institutions where they had affiliations at the time of their work
in the Henry Mountains. The resources discovered are
discussed in more detail below. The Osgood material was
transcribed to make it more accessible to other nonbiological disciplines. No Lee or Durrant materials were
transcribed. The UTM coordinates given in the accounts
of type localities were obtained with a GPS device set for
the 1927 North American horizontal datum. These
coordinates should be interpreted to be near what I believe are the type localities. All mammal specimens
prepared from the current survey, 1993 to present, are in
the Biological Survey Collection, Museum of Southwestern Biology (MSB), University of New Mexico, Albuquerque. Tissues obtained throughout the survey are in
the collection of the Division of Biological Materials, also
at the MSB.
This manuscript was written to contribute jointly
to mammalogy and the historical record of an already
colorful region. Explanations of terms that are common
knowledge to field biologists (type localities, catalogs,
life zones) are included for the benefit of other disciplines. For the same reason, I have belabored the historical context for Osgood's work beyond mammalogical
convention. I ask for the reader's indulgence.
OSGOOD RESOURCES
Field Reports.~ the basis of information on
specimens in the USNM, Osgood was in the Henry
Mountains region in October 1908. He worked for the
Biological Survey at the time (Sanborn, 1948), but there
are no field notes attributable to him for this period at the
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USNM or the Smithsonian Institution (R D. Fisher, pers.
comm.) and none was located at the Field Museum,
Osgood's employer after he left the Survey (B. D. Patterson, M. Solomon, pers. comm.). However, Osgood did
submit three brief field reports for the Henry Mountains
separately entitled physiography, mammals, and birds.
Photocopies of the handwritten reports were obtained
from the Office of Smithsonian Institution Archives,
MRC 414, RU (Record Unit) 7176, Box 97. The mammal and physiography reports, the only ones under study
here, respectively bear the notations Folder 21 and Folder
22. Since the reports are short, both are transcribed in
their entirety on pages 10 and 11 of this paper. Osgood's
headers, titles, paragraphs, and punctuation are preserved.
Text in brackets, italics, holding, and line numbers were
added by me. The scientific names of mammals in brackets are from Jones et al. (1992). The line numbers in the
transcription are unique to this manuscript and do not
correspond to lines in the original document. The line
numbers will be referenced throughout this manuscript.
Question marks in brackets indicate uncertain transcription.
Some of this information bears general comment. Plural pronouns were used several times (lines 10,
12, 14) suggesting Osgood had at least one companion,
although no one else was mentioned in the reports and all
the specimens were cataloged in his name only. The
stated period covered by the report, 12-18 October 1908
(line 2), is at odds with dates recorded on specimens (821 October). This discrepancy is doubtless from differing
perceptions of what constitutes the Henry Mountains
region. Osgood was at upper elevations 12-18 October,
but he also made collections in Hanksville and Caineville
(spelled Canesville on the labels) before and after this
period.
The name of the reach of river on which
Hanksville is located (line 7) is now the Fremont River,
which joins Muddy Creek (on some maps labeled Curtis
Creek) to form the Dirty Devil River just northeast of
town. The drives to Green River and Richfield (lines 7,
8) are now completed on paved roads in slightly more
than one and two hours, respectively.
Gold was discovered on Mount Ellen in 1890,
but the resultant boom town of Eagle (line 13), or Eagle
City, lasted no later than 1900, by which time most of the
mines had failed (Hunt et al., 1953; Doelling, 1980).
According to Hunt et al. (1953), Eagle boasted a dozen
homes, a hotel, two saloons, a dance hall, three stores,
and a post office. There also was a sheriff (Doelling,
1980). Only a single log cabin marked the site in the late
1930s when Hunt et al. (1953) were in the field. The tiny
stream that runs by Eagle (line 14) is Crescent Creek.
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Henry Mtns., Utah

Wilfred H. Osgood
Oct. 12-18, 1908
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The Henry Mountains lie in the eastern part of Garfield County just northwest of the Colorado
River. They are chiefly volcanic and stand out from the general level of the surrounding sandstone
formations and may be seen for many miles from all directions. The nearest settlement to them is the
little town of Hanksville on the Dirty Devil River, about 3 days drive from the railroad at Green River
or some 5 days from Richfield. A good wagon road also leads from Hanksville to the base of Mount
Ellen, the northernmost peak of the Henrys, the road being used as a mail route between Hanksville
and Trachyte. Our route took us along this road to a small cattle ranch at the base of Mt. Ellen where
there is a small spring of water. The ranch is commonly known as Burr's Ranch after the name of a
former owner tho it now belongs to a man named Gibbons. From this ranch we took a trail around the
eastern base of Mt. Ellen to the site of a former mining camp known as Eagle at about 8000 ft. altitude.
Thence we climbed directly up the canyon of the tiny stream which runs by Eagle and finally reached
a deserted mine in what is known as Bromide Basin at an altitude of nearly or quite 10000 and not far
from the summit of Mt. Ellen.
In the arid sandy region about the base of the mountain sign of Perodipus and Ammospermophilus
were abundant and various Upper Sonoran plants were found. Among these were Ephedra
antisyphilitica, Kunzia tridentata, Sarcobatus vermiculatus, Atriplex canescens, A. confertifolia, Yucca
angustifolia?, a small Opuntia, and some woody Erioganus [?]. Several examples of a peculiar shrub
(Eleagnus?) were noted. Most of these plants were confmed to the very base of the mountain and
extended out into the valley, but some of them, as Ephedra or Brigham bush as it is called locally,
ascend as high as 8000 feet.
At Burr's ranch in the mouth of a foothill draw some Transition plants occur near the trickling
stream from the spring, the most important being Populus angustifolia. The altitude at the ranch is
about 5500 feet. From this point to the vicinity of Eagle at 8000 feet there is not much change in the
trees, but the Upper Sonoran mammals and a number of the small shrubs do not ascend beyond about
7000 ft. Between 7000 ft. and 8000 ft. there is little except cedar and pinon. In fact, on ridges and
certain rocky slopes, cedar and pinon reach at least 8500 feet. Altho this is not a southwest slope, the
high range of Upper Sonoran forms is perhaps due to two causes (1) because the Henrys are a small
group of mountains entirely surrounded by rather hot arid country and (2) because the slopes are very
steep.
Transition plants appear along the small stream near Eagle at about 8000 feet, most conspicuous
being a scattered growth of yellow pines, and thickets of Amelanchier, Betula, and Quercus gambeli.
The yellow pines are not large and in the upper Transition are largely replaced by Pseudotsuga. In the
canyons of small watercourses the Transition runs from 8000 ft. to about 9000 or possibly 9500 ft.
while on the ridges pinons and sometime a few cedars usurp the Transition space and practically meet
the spruce and balsam of the Canadian.
Beginning at about 9000 feet, spruce, balsam, white pine, and aspens are the characteristic trees
and ascend to the tops of the highest peaks. At the higher altitudes, however, trees are in restricted
favorable areas which are less extensive than the open grassy slopes alternating with them.

42

Henry Mtns., Utah

4
5
6
7

8
9

1o
11
12
13
14
15
16

17
J8

19
20
21

22
23
24

25
26
27
28
29

43
44
45
46
47
48
49
50

Wilfred H. Osgood
Oct. 12-18, 1908

Mammals
Odocoileus hemionus-In times past the Henry Mtns have been well populated with mule deer. Old
hunters speak of the locality as having been one of the best for deer of any in southern Utah. In
the fall it was not unusual to fmd bands of25 or more and to get a deer in the Henrys meant only a
hunt of a few hours or at most a day. They are still thought to be more numerous in these
mountains than in the ranges to the west, but are now so scarce that one may cover a good many
miles without seeing even a track. Indian hunters have killed a good many deer in times past but
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there is and has been a steady drain on them through the sheep herders who never lose an
opportunity to kill a deer. Such deer as are now left are moving about a good deal in avoiding
areas recently grazed by sheep.
Eutamias umbrinus? [Tamias umbrinus]-Sparingly distributed throughout the Canadian zone. Two
specimens were caught in traps set near deserted cabin at nearly 10000 feet altitude. A few others
were seen along the trail. Said to be more common in midsummer.
Ammospermophilus cinnamomeus [= A. leucurus]--Common in the sandy flats and low hills at the base of the
mountains. One was caught in an Out o' Sight mouse trap at Burr's Ranch.
Microtus mordax [= M longicaudus]-Very common along streams in the Canadian zone.
Peromyscus m. sonoriensis [P. maniculatus]-Abundant.
Peromyscus truei--One was taken in a rocky bluff at 8000 ft.
Peromyscus c. auripectus [P. crinitus]--One taken at Burr's Ranch at the base of the mountain.
Neotoma cinerea-Numerous droppings of rats were found in every old building and abandoned mine
shaft in the region, as well as great quantities of refuse heaped in corners or about broken down
pieces of furniture. Only two specimens of the bushy-tailed species were taken.
N. lepida-Common from the base of the mountain at least to 8000 ft. where several were caught.
· Their nests were mostly under rocks but I saw some much larger than usual and heaped about the
bases of pinon trees.
Erethizon epixanthum [= E. dorsatum ]-Said to occur.
Lepus t. deserticola [L. californicus]-Seen near the base of the mountains.
Lepus a. warreni [= Sylvilagus audubonii]-Rather common in the pinons and cedars at 8000 ft.
Lepus n. pinetis [= S. nuttallii]-Much to my surprise one was caught at 10000 feet in a trap set under a
cabin for a Neotoma. Another was taken at 8000 ft.
Perodipus utahensis [= Dipodomys ordii]-Signs of kangaroo rats were noted in sandy flats at the base
of Mt. Ellen.
Thomomys a. perpes [= T. bottae]-Rather local. A few hills were found very high up near the summit
of Mt. Ellen and a few more near the mining camp of Eagle at 8000 ft. Elsewhere no signs of
them were seen.
F elis hippolestes [= F. concolor]-Tracks are occasionally seen.
Lynx baileyi [= L. rufus]-Said to be fairly common especially along watercourses.
Canis estor [= C. latrans]--Common. Tracks were seen frequently.
Urocyon-Said to be of rather infrequent occurrence. One was caught in the bank of a stream at about
9000 feet in the pure Canadian zone.
Vulpes-A trapper living near the base of Mt. Ellen showed me a few pale red fox skins taken near
there. He reports them as quite common and easily caught in the winter in the region between the
Henry Mts. and the Colorado River.
Mephitis-Said to occur but none have been seen for several years.
Spilogale-Said to occur.

Bromide Basin lies within a curl of South Summit Ridge on Mount Ellen, and while there is one peak as
high as 11,419 ft (3,481 m), North Summit Ridge, two mi
(3.2 km) to the north, has three promontories that are still
higher (11,522 ft, 3,513 m, maximum). Thus, Osgood
was, strictly speaking, farther from the summit of Mount
Ellen than he believed (line 16). In 1996, there still was
evidence of abandoned buildings and crevice and placer
mining equipment (line 15) above 9,000 ft (2,744 m).
There also was new equipment because, after many years,
the original Bromide Mine was being redeveloped.
Another reason for the unexpectedly high elevational range of the life zones (line 30) is the comparatively low precipitation received in the mountains, because the Henry Mountains lie in the rain shadow of the

Aquarius Plateau (Hunt et al., 1953). Mount Ellen
(11,500 ft; 3,505 m) receives a mean annual precipitation
of about 30 in (76 cm). In contrast, the mean annual
precipitation at both Hanksville (4,308 ft; 1,313 m) and
Bullfrog Basin (3,822 ft; 2,689 m) is about 5 in (13 cm).
Hanksville is on the northern margin of the study area,
whereas Bullfrog Basin, a marina on Lake Powell, is
approximately 5 mi (8 km) from the southern boundary
of the study area.
The cattle ranch at the base of Mount Ellen (line
10) is almost certainly the now unoccupied Granite
Ranch. J.B. Buhr (spelled Burr by Osgood) established
the ranch in 1889 (Hunt et al., 1953), but he remained
there only for a few years (Baker, 1968). At the time of
Osgood's visit, Charles Gibbons (line 12) was known to
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be ranching on the Cottrell(= Fairview) Bench just to the
west. His descendants (Barbara Ekker, pers. comm.)
reported that ownership of the ranch did pass from Buhr
briefly ·to Gibbons then to the Ekker family. The site is
now owned by the Boy Scouts of America. It might be
speculated that Osgood actually visited the Fairview
Ranch, because Charles Gibbons founded it the same year
of Osgood's visit. This new ranch was just to the west of
Granite Ranch, on Fairview ( or Cottrell) Bench. However, Osgood's notation that the ranch he visited was at
the mouth of a foothill draw (line 24) more aptly describes the setting for Granite Ranch, which is in Granite
Wash at the base of Bull Mountain. In 1993, there still
were some buildings at the site.
R. B. Stanton was the engineer and chief promoter for the gold mining operations that occurred in
Glen Canyon. On 19 September 1897, he arrived in
Hanksville from Green River with his first load of supplies for Glen Canyon. Events of 20 September were
recorded in his diary ( Crampton and Smith, 1961) as
follows: "Left Gibbons (Hanksville) 8:30 AM. and made
Granite Springs, 20 mis by 4:30 P.M. Hanksville P.O. Mr
J. B. Buhr, a cattle man, lives here. Told me old Jack
Sumner was in the Henry mts. mining. Road to Granite
Springs is all first rate." This entry confirms that there
was a Buhr Ranch at Granite Springs and that there was
a well-traveled road between it and Hanksville. The entry
also establishes that a trip by wagon between the two sites
would require eight hours' travel time. Thus, to go as far
as Poison Spring, or even Eagle, would require a longer
period. Gibbons is a reference to the family with whom
Stanton had lodged in Hanksville. It is the same family
that Osgood would later record as owning the Buhr Ranch
(line 12). Jack Sumner was on the first Powell expedition
down the Colorado River (Darrah, 1947) and is (with
Jack Butler and J. W. Wilson) credited with finding the
gold in Bromide Basin on Mount Ellen (Hunt et al.,
1953).
The road between Hanksville and the Buhr
Ranch would, a short time later, become a part of the
Hoskinnini ( also spelled Hoskaninni, Hoskinini, Hoskininni in other literature) trail. The Hoskinnini trail was a
freight road (probably also mail; line 9) between Green
River and Stanton's placer mining operations in Glen
Canyon (Hunt et al., 1953). The complete wagon trip
took eight days. Two of the regular overnight stops on
the trip from Green River were at Hanksville then Poison
Spring (Fig. 2), located approximately 2.5 mi (4 km)
southeast of the Buhr Ranch. According to Hunt et al.
(1953), the trail then proceeded from the Granite Ranch-
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Poison Spring area past the east side of Mount Pennell
and up Trachyte Creek (hence Osgood's name of the
route; line 9) to the present day Stanton Pass between
Mount Pennell and Mount Hillers. The route ended ( at
Camp Stone) just east of the present day community of
Bullfrog on Lake Powell. The requirement for a road to
supply mining operations lasted only from 1897 to 1902
(Crampton and Smith, 1961). Thus, at the time of Osgood's 1908 expedition, the road was no longer being
used for that purpose.
The terms Upper Sonoran (line 18), Transition
(line 24), and Canadian (line 38) are derived from C. Hart
Merriams's concept of Life Zones (Merriam, 1898). The
underlying premise for Merriam's Life Zones is that
plants and animals predictably sort to discrete communities whose boundaries are defined by temperature. In the
western United States, the Life Zones were identified by
their dominant plants. Because Merriam was the director
of the Biological Survey, the terminology was widely
employed by Survey scientists of his time.
Field Cata/og.-Selected data from Osgood's
field catalog are shown in Table 1. The entries in the
original Osgood catalog include a unique catalog number,
a symbol for the sex of the animal, the scientific name as
applied in the field, a locality, date of capture, measurements taken in the field, and supplemental information.
Catalog entries are usually in chronological order by date
of capture, but not necessarily by time of capture. The
sex and measurements of specimens in the original
document were not tabulated here. The form of the
scientific names used in Table 1 also is a departure from
that employed by Osgood. For example, he used subspecies names when possible; thus for the first entry in the
table, Peromyscus crinitus, he actually recorded Peromyscus c. auripectus. The tabulated names also reflect
the contemporary nomenclature given in Jones et al.
(1992).
During 12-18 October, Osgood used the "Mt.
Ellen, Henry Mtns." locality for all specimens captured
(Table 1). According to his field report, Osgood trapped
rodents at no less than four locations. Two were at
elevations of near 8,000 (lines 61, 66, 71, 73, 76) and
10,000 ft (lines 55, 72). He trapped a Urocyon at a third
location near 9,000 ft (line 81). The fourth location was
at Buhr Ranch, reportedly at 6,000 ft elevation (lines 58,
62). Since the holotypes of T. u. sedulus and T. b. dissimilis were obtained in this period, these sites must be
identified.
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Table 1. Selected data in the WH Osgood.field catalog from entries during the period 8-20 October 1908. Text in brackets is provided by this writer, all other text, including ditto marks, is in the catalog. The data illustrate the catalog number ofspecimens prepared, their scientific names, and locations and dates of capture. Because ofdifferences in the handwriting, the origin and interpretation of the supplemental information in the right-hand column is under question.
3649
3650
3651
3652
3653
3654
3655
3656
3657
3658
3659
3660
3661
3662
3663
3664
3665
3666
3667
3668
3669
3670
3671
3672
3673
3674
3675
3676
3677
3678
3679
3680
3681
3682
3683
3684
3685
3686
3687
3688
3689
3690
3691
3692
3693
3694
3695
3696
3697
3698
3699
3700
3701
3702
3703
3704
3705

Peromyscus
Reithrodontomys
Reithrodontomys
Onychomys
Peromyscus
Sylvilagus
Tamias
Tamias
Thomomys
Thomomys
Microtus

crinitus
megalotis
megalotis
leucogaster
maniculatus
audubonii
umbrinus
umbrinus
bottae
bottae
longicaudus

Canesville Utah

"

Oct. 8
"
Oct. 9

"

Hanksville Utah
Mt. ~lien, Henry Mts., Utah

Oct. 12

Bromide Basin, alt. I 0000 ft.

II

II

Peromyscus
Peromyscus
Per.omyscus
Urocyon
Tamias
Tamias
Tamias
Tamias
Microtus

maniculatus
maniculatus
maniculatus

Weight 6 lbs.
umbrinus
umbrinus
umbrinus
umbrinus
longicaudus

Mt. Ellen, Henry Mts., Utah
''

tt

Oct. 13

[bottom of page]
Bromide Basin, alt. I 0000 ft.

II

''

II

Sylvilagus
Microtus
Peromyscus
Thomomys
Sylvilagus
Sylvilagus
Canis
Tamias
Peromyscus
Peromyscus
Peromyscus
Lepus
II

Neotoma

Oct. 14

nuttallii
longicaudus
maniculatus
bottae
audubonii
audubonii

Oct. 15

E. slope, alt. 8,000 ft.
Skull only

umbrinus
truei
maniculatus
maniculatus
nuttallii
audubonii

Oct. 16

cinerea
II

lepida
II

Peromyscus
Neotoma

crinitus
leP,fda

Ammospermophilus
Thomomys
Thomomys
Thomomys
Thomomys
Thomomys
Thomomys
Thomomys
Thomomys
Sylvilagus

cinerea
leucurus
bottae
bottae
bottae
bottae
bottae
bottae
bottae
bottae
audubonii

Oct. 18

Gibbons Ranch, alt. 6000 ft.

Mt. ~lien, He~ Mts., U~

Oct. 18

[bottom of page]
E. slope, alt. 8,000 ft. Skull only.
Gibbons Reh., alt. 6000 ft.

Hanksville, Wayne Co., Utah

Oct. 19

''

''

''

Canesville, Wayne Co., Utah

Some, perhaps all, of the supplementary data in
the right-hand column on Osgood's original catalog may
have been added at a later time (Table 1). The handwriting and ink appear slightly different from entries known
to have been made in the field. The veracity and interpretation (if true) of this supplementary information are
at issue. It was common for field personnel to use ditto

II

II

Oct. 20

marks to avoid time-consuming repetitive writing, and
such was the case where dittos appear in Table 1. There
are no ditto marks in the right-hand column, suggesting
that the data apply only to the single entries to which they
are appended. However, entries are repeated at the tops
of new pages, also suggesting the possibility that dittos
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are intended to be in the right-hand column. These issues
will be addressed below.
Geographic-Systematic Card File.-Once specimens taken by personnel from the Biological Survey were
cataloged at the USNM, taxonomic and geographic data
were entered into a card file and cross referenced. Although this file was not maintained as a primary source of
locality data, supplementary information not on labels or
in the field catalog occasionally may be found there.
Among the taxa under investigation here, there were
notations for T. b dissimilis indicating that gophers were
collected at 8,000 and I 0,000 feet elevations. The author
of these notations is unknown.
ltinerary.-The list of specimens in the field
catalog (Table I), supplemented by notes in the Geographic/Systematic Card File at the USNM, and other
information in Osgood's reports, all provide clues to the
itinerary of the expedition. They also reveal the interpretation that may be made of the supplemental locality
data in the Geographic-Systematic Card File and the
Osgood field catalog.
Osgood's decision to make the trip to the Henry
Mountains probably was made some time in advance.
Sanborn (1948) reported that Osgood lived at the home of
C. Hart Merriam, the Director of the Biological Survey,
while Osgood was in Washington D.C. Another boarder
at Merriam's house was the geologist G. K. Gilbert, an
employee of the fledgling U.S. Geological Survey. In
1875, at the direction of John Wesley Powell, Gilbert and
a party had spent a week in the Henry Mountains, and
two months again the following year. They mapped and
made observations on the formation of the mountains that
resulted in a publication (Gilbert, 1877) regarded as a
classic in geological literature (Hunt, 1980a). It is likely
that Gilbert conveyed some intelligence on the region to
Osgood before the latter came to Utah.
Prior to leaving for the Henrys, Osgood was
working on the Fishlake Plateau. Archived data at the
USNM indicate his last trapping there was on 2 October
1908. He traveled east, stopping to collect in Loa on the
4th, and Thurber (now Bicknell, name changed in 1916
to acquire a library; see Van Cott, 1990) on the 6th. The
itinerary begins the day Osgood arrived in the Henry
Mountains region-he camped the ·frrst night at Caineville (spelled Canesville by Osgood). There are no clues
to the route by which he arrived there, but probably he
traveled an established trail. The route used by the founders of Caineville (Elijah Behunin and family, in 1882)
left the Fremont River drainage at the present community
of Fruita and proceeded southeastward (Hunt et al.,
1953). This route avoided the perilous reach of the
Fremont River through Waterpocket Fold. Behunin
turned northeastward down Grand Wash, crossed Pleasant
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Creek at Notom, then crossed Blue Flats to arrive back on
the Fremont River. Osgood probably used the same trail,
because by the 1930s, when Hunt et al. (1953) were doing
their field work, the trail was important enough to have
become Utah Highway 24. However, the present Highway 24 directly connects Bicknell and Caineville by
following the course of the Fremont River.
Caineville (Table 1; 8 October) is approximately
17 mi (27 km) west (by road), and up river, from
Hanksville. The location of the community is not depicted on most highway maps, but it is shown on regional
USGS and Bureau of Land Management (BLM) maps.
The community still exists, although somewhat diffusely.
The distance between Caineville and Hanksville was
small enough that Osgood was able to move and trap on
consecutive days, in departure from the routine of the
previous week. There were no specimens collected on 10
or 11 October. The 10th probably was used to prepare
animals captured on the 9th, and to resupply for the trip
to the mountains. The trip from Hanksville to Eagle, and
Bromide Basin (Fig. 2) is all uphill and would likely have
required more than one day with either a wagon or pack
animals (for Stanton, it was eight hours just to Buhr
Ranch). Osgood likely left Hanksville on 11 October,
following the Hoskinnini road. The normal overnight
stop would have been Poison Spring, but Osgood clearly
noted (line 10) that the Buhr Ranch was visited on the
way into the mountains. This is a trip of no less than 15
mi (24 km), with a net climb of approximately 900 ft (274
m) in elevation. In his diary Stanton (Crampton and
Smith, 1961) estimated the distance as 20 mi.
On 12 October, Osgood left the Buhr Ranch for
Eagle (line 13), a distance and climb ofno less than 8 mi
(13 km) and 2,500 ft (762 m), respectively. Without
stopping in Eagle, he traveled another 2 mi (3.2 km), and
climbed the additional 2,400 ft (732 m) to Bromide Basin
(line 15). Traps set that evening yielded two T. umbrinus,
two T. bottae, four M /ongicaudus, three P. maniculatus,
and one U. cinereoargenteus (Table 1; 12 October). No
intelligence will be gained from P. maniculatus capture
records because that species was declared abundant (line
60). However, evidence that this trapping occurred at
upper elevations is found in the accounts of the chipmunk
and the gray fox. For T. umbrinus (line 54) Osgood
reported that "two specimens were caught in traps set
near deserted cabin at nearly 10000 feet altitude." This is
the only day of the trip when two T. umbrinus were
captured. For Urocyon (line 82), he noted that "one was
caught in the bank of a stream at about 9000 feet in the
pure Canadian zone." The Urocyon trap was probably set
on the way up the mountain. The account of T. bottae
(line 76) reported that species as "Rather local. A few
hills were found very high up near the summit of Mt.
Ellen and a few more near the mining camp of Eagle at
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8000 ft. Elsewhere no signs of them were seen." The
captures at this site seem to be responsible for the observations that the species is found "near the summit of Mt.
Ellen."
The party remained in Bromide Basin for two
more days. Traps set on 13 October captured four T.
umbrinus and three M longicaudus. Animals obtained on
14 October were one P. maniculatus, one M longicaudus,
and one S. nuttallii (Table 1). In the accounts of T.
umbrinus and M longicaudus (lines 54, 59), Osgood
seemingly confined their distribution to the Canadian
zone. And, he noted that the transition zone ended (thus
the Canadian zone began) at 9,000-9,500 ft (line 36). For
S. nuttal/ii, Osgood recorded (line 72) that one specimen
was captured in the mining area at 10,000 ft and another
at 8,000 ft. The specimen taken on this date most likely
is the one from the upper elevation since the one from the
16th was taken among low elevation species.
On 15 October Osgood came down from Bromide Basin and probably camped among the abandoned
buildings at Eagle. Mammals taken on this date were one
T. bottae, two S. auduboni, one P. truei, and one T.
umbrinus. He also picked up a coyote skull (C. /atrans;
Table I). The P. truei (the only one taken on the trip)
was captured "in a rocky bluff at 8000 ft." (line 61). In
the account of S. audubonii, Osgood recorded they were
"Rather common in the pinons and cedars at 8000 ft."
This record of T. bottae seems to satisfy the comment
(line 77) that gopher mounds were observed "near the
mining camp of Eagle at 8000 ft." The only species of
chipmunk taken in the vicinity of Eagle by anyone since
Osgood's T. umbrinus record is T. dorsalis. Eagle was
(and still is) pinon-juniper habitat. However, there are
Canadian zone plants (Douglas fir) in Crescent Creek less
than a mile upstream. There also is the possibility the
specimen was collected during the trip down to Eagle.
Osgood did record (line 55) that in addition to being
captured in Bromide basin, "a few others were seen along
the trail." Since chipmunks are diurnal, the record may
be an artifact of the convention for recording capture
dates. That is, a T. umbrinus obtained after the first
morning check of traps on the 15th would be considered
part of the same day's catch as animals trapped the evening of the 15th and retrieved at the first morning check on
the 16th. And, if the collection site was much closer to
Eagle than to Bromide Basin, a separate locality might
not have been entered in the catalog. Specimen number
3696 (Table 1) illustrates the alternative; a woodrat
collected in Eagle was processed with animals taken at
the Buhr Ranch, but the different locality was maintained.
The party was still near Eagle on 16 October.
Animals taken on that date were one S. nuttallii, two S.
audubonii, two N. lepida, and two N. cinerea (Table 1).
Osgood reported that one S. nuttallii was taken at 8,000
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ft (line 73). He also recorded that N. lepida (line 66) was
"common from the base of the mountain at least to 8000
ft.," suggesting that the species occurred no higher.
Osgood attributed all woodrat droppings in buildings and
mine shafts to N. cinerea (line 63). He obviously believed the species occurred at upper elevations (the only
"mine shafts" are at upper elevations), but the only
specimens he took were from dates when he was near
Eagle. Perhaps these specimens were from the buildings
of that abandoned community.
There were no animals captured on 17 October.
The party probably was packing for the trip it was to
make from the mountain to the Buhr Ranch the following
day. Verification that Osgood was at Buhr Ranch on 18
October is in the species accounts of P. crinitus (line 62)
and A. leucurus (line 58). However, in Osgood's catalog
(Table 1), Gibbons Ranch was added later as the locality
for specimens collected on this date. Osgood believed
Gibbons was the owner of the Buhr Ranch at the time of
his visit (lines 11, 12). Two N. lepida also were captured
on this date, but neither the Buhr nor Gibbons Ranch was
mentioned in that species account (line 66). The N.
cinerea specimen taken on 18 October in Eagle apparently was obtained near the time of departure because it
was prepared with the Buhr Ranch catch of that evening.
Osgood departed the Henry Mountains region
along the same route he used when he entered it. On 19
and 20 October he was in Hanksville where, respectively,
three and eight T. bottae were captured. No other species
were reported. And, on 21 October, only a single S.
audubonii was taken at Caineville. From there he passed
out of the Henry Mountains area. This was the last
expedition by Osgood for the Biological Survey (Sanborn, 1948).
Lee and Durrant Resources
At the time specimens used in the description of
M I. incanus were captured, S. D. Durrant was at the
University of Utah and M. R. Lee was his graduate student. Lee's dissertation was a zoogeographic evaluation
of the mammal fauna of several mountain ranges in
southern Utah (Lee, 1960). On the basis of cataloged
materials in the UMNH, Lee and companions prepared
specimens captured in the Henry Mountains in July and
September 1954, July and August 1955, and September
1957. Information on specimen labels and in journal
entries indicate he was accompanied by Durrant in September 1954 and July and August 1955. Everett Pitt and
Robert Warnock were with both of them in July 1955.
Seville Flowers also was a companion in September
1954, whereas Jack Twente was with him in 1957. Durrant routinely did not keep a journal, and his catalog
seems no longer to exist (E. A. Rickart, pers. comm.). A
search of the UMNH archives failed to tum up notes for
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any other Lee and Durrant companions when they were
in the Henry Mountains.
Lee' s notes are a combination journal-catalog.
The most complete entries are for trips in 1954 and 1955.
Regrettably there are many instances when there are no
daily entries, particularly for the 1957 trip when the
holotype for M /. incanus was obtained. However, there
is an entry for the period during which the type locality
was visited. Lee's dissertation (Lee, 1960) has no additional information on the type locality.
RESULTS AND DISCUSSION
The supplemental locality data added to the Osgood field catalog (Table 1) most likely are correct.
Furthermore, the data should be interpreted as though
there were ditto marks after each new entry. Goldman
(1931) used this information in his description of T. b.
dissimilis, but White (1953) apparently was unaware of it
when describing T. u. sedulus. A discussion of each of the
type localities follows.
Thomomys bottae osgoodi.-This race of pocket
gopher was described under the name T. perpallidus
osgoodi by Goldman ( 1931 ). The description was based
on eight animals taken by Osgood on 19-20 October
1908. This time period is not covered in Osgood's Henry
Mountains reports. Goldman cited the type locality as
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"Hanksville, Wayne County, Utah," the identical information as on the label. This suggests that more specific
locality data, in the form of field notes, were unknown to
Goldman. The distribution of this gopher was given as
the "Fremont River Valley near Hanksville, Utah; limits
of range unknown." Durrant (1958) also restricted the
distribution to the Fremont River Valley. Hall (1981)
showed the distribution to include the Price and San
Rafael river valleys to the north.
Hanksville was founded in 1882 (Hunt et al.,
1953; Van Cott, 1990). Irrigated agriculture was plied in
the river valley, whereas the uplands were grazed by
cattle and sheep. The original church and all of the older
buildings are in the western half of the present community; thus, I assume that Osgood worked out of and
trapped near this area. Bogan and I captured T. bottae at
several locations, on both sides of the Fremont River near
Hanksville, including several specimens from a site in an
alfalfa field no farther than 0.25 mi from the oldest part
of town. The UTM coordinates at this site are 12 05 25
187E x 42 47 258N. The applicable map is the 1987
USGS provisional Hanksville 7.5' quadrangle. Streamside habitat, downstream from Hanksville, at the confluence of the Fremont River and Muddy Creek (the beginning of the Dirty Devil River), is shown in Figure 3.

Fig. 3. Streamside habitat of Thomomys bottae osgoodi at the confluence of the Fremont River (left) and Muddy Creek (right),
which forms the Dirty Devil River (foreground). Pocket gophers were captured on the north side of the Dirty Devil River and on the north
and south sides of the Fremont River. The photo was taken in May of 1997.
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Thomomys bottae dissimilis.-A second race of
pocket gopher was described under the name T. perpallidus dissimilis by Goldman (1931). The description was
based on three specimens collected by Osgood in 1908.
The type locality was given by Goldman as the "east
slope of Mount Ellen, Henry Mountains, Garfield County,
Utah (altitude 8,000 ft)." This is the same information as
on the label of the holotype, but that on the label is arranged differently. It appears the holotype originally was
labeled like all other specimens taken at Bromide Basin,
Eagle, and Buhr Ranch (simply Mt. Ellen, Henry Mtns.).
It also appears the "E. slope, 8,000 ft." notation on the
label is in handwriting different from that on the rest of
the label ( and from that on labels of the other specimens
taken during the trip). It is not known who added this
additional information, or when it was added. Perhaps it
was when 'the specimen was being processed as the
holotype. The origin of this infonnation is doubtless the
geographic/systematic card file at the USNM. Goldman
stated that the holotype was captured on 15 October and
the paratypes were taken earlier, on 12 October. He made
no additional comments on the distribution of the race.
In the account of Thomomys a. perpes (line 75),
Osgood observed that the distribution of this pocket
gopher was "Rather local. A few hills were found very
high up near the summit of Mt. Ellen and a few more near
the mining camp of Eagle at 8,000 ft. Elsewhere no signs
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of them were seen." The observations that (I) Eagle was
on the east slope of Mount Ellen, (2) Osgood observed
pocket gophers at Eagle, (3) he determined Eagle to be at
8,000 ft elevation (lines 13, 33), (4) the holotype ·was
labeled as having been collected on the east slope of
Mount Ellen at 8,000 ft, and (5) on the date the holotype
was taken, he collected a pocket gopher among other
animals collected at Eagle, are collectively taken as
strong evidence that the fonner site of Eagle is close to
the type locality of T. b. dissimilis. The two paratypes
were taken farther up Crescent Creek, in Bromide Basin,
on the first day in the mountains. Lee (1960) reached the
same conclusion, but did not share his sources or his
rationale.
The approximate site of Eagle is well known locally, but there is not a consensus that the broken-down
remnants of a log building (still present in 1997; see Fig.
4) at the roadside along Crescent Creek are part of the
main cluster of buildings to which the name Eagle was
applied (Kelsey,1990). Even if it is not, however, the
alternative sites are within two hundred yards and the
elevations at all these sites are closer to 7600 ft than to the
8000-foot elevation estimated by Osgood. The UTM
coordinates at the log remnants are 12 05 22 450E x 42
13 795N. The applicable map is the 1988 USGS provisional Raggy Canyon 7.5' quadrangle.
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Fig. 4. Remnants of a log building purported to be at the site of Eagle. The structure is near the road (seen in left foreground)
that parallels Crescent Creek into Bromide Basin. The photo was taken in August of 1997.
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Having determined the probable type locality, the
writer, M. A. Bogan, and companions camped at three
sites along Crescent Creek, from a mile (by road) below
Eagle to above the mining zone in Bromide Basin. From
these sites, virtually the entire reach of Crescent Creek
between 7,300 and 11,000 ft has been explored. Moreover, suitable habitat on Eagle Bench, both north (Fig. 5)
and south of the former site of Eagle, has been investigated. As of this writing, pocket gopher sign has not been
observed at the presumed type locality nor in nearby areas
possibly trapped by Osgood. Durrant (1958) and Lee
(I 960) believed the race to be extirpated, and the latter
expressed the opinion it was through the loss of soil,
groundwater, and vegetation. Hunt et al. (1953) and Hunt
(1980b) attributed losses of these resources to grazing
practices during the early settlement of the region.
Tamias umbrinus sedulus.-This taxon was described by White (1953) exclusively from specimens
collected by Osgood. He designated a holotype from
among seven specimens collected on 12-15 October 1908
(holotype collected on 13 October), all bearing the locality "Mt. Ellen." There are no comments on the distribution of the new race. Without explanation, Durrant
(1958) restricted the distribution to above 8,000 ft. Although Lee (1960) acknowledged the complete isolation
of T. umbrinus on the Henry Mountains and noted some
morphologic distinction of that population from nearby
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races, he did not believe the isolated population had
achieved subspecific status. He stated that he had taken
specimens from the type locality, without specifying the
site. It may be that he regarded any specimen from
Mount Ellen as being from the type locality.
Osgood observed (line 54) that this species was
sparingly distributed in the Canadian zone. He further
noted (line 36) that the transition zone ended (thus the
Canadian zone began) at 9,000-9,500 ft. Although there
may be some ambiguity about the location and elevation
of the capture site for the last T. umbrinus (see the itinerary on 15 October), it is virtually certain the other six
specimens were from the mining region of Bromide
Basin. The mining region extends upward to just below
11,000 ft, but Osgood provided no evidence that he
worked that high. Alternatively, the lowest fissure mine
is near 10,000 ft, an elevation where Osgood did trap the
first chipmunks under a miner's cabin on 12 October (line
55). On 13 October he trapped four other T. umbrinus
(including the holotype) together with specimens of M
longicaudus. He also associated voles with the Canadian
zone (line 59). Bogan and I and trapped T. umbrinus at
several places in Bromide Basin, one site being near an
occupied miner's cabin at the lowest fissure mine at
10,100 ft (Fig. 6). The UTM coordinates at this site are
12 05 18 551E x 42 13 018N. The applicable map is the
1986 USGS provisional Mount Ellen 7 .5' quadrangle.

Fig. 5. A site examined for the occurrence Thomomys bottae dissimilis. It is on a bench north of the presumed site of Eagle.
The site is comparatively flat with deep, well-drained soil. The pii'ion-juniper woodland has been chained to increase grazing potential.
The photo was taken in August of 1997.
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Microtus longicaudus incanus.-This subspecies
was described only from material obtained by Lee and
Durrant ( 1960). There is evidence suggesting that they
were unaware of the eight animals that Osgood collected.
Durrant (1952) acknowledged Osgood' s presence in Utah
in 1908, but he did not include Osgood's M longicaudus
among his specimens examined and did not plot them on
his distribution map. Also, Lee and Durrant (1960)
examined 26 specimens for their description, which
corresponds only to the holdings of the UMNH. According to the description, the holotype of M I. incanus was
taken on 10 September 1957; the type locality was given
as " ¼ mile southeast of Burned Ridge, Mount Ellen,
Henry Mountains, 10,300 feet." With no more information than this, and a modest working knowledge of the
region, the type locality might be confidently located.
However, when supporting documentation was consulted,
the certainty of the location was diminished.
Burned Ridge is on the west side of Bull Creek
Pass (Fig. 7), which in turn lies between the north and
south summit ridges of Mount Ellen. According to
information on specimen labels at the UMNH, 10 M
longicaudus were trapped on 8 September, but there is no
journal entry for that date. In his journal, under 9 September, Lee cataloged 10 M longicaudus taken "near
Burned Ridge" and recorded the capture elevation at
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8,000 ft. There were no other notes beyond measurements of the animals. The simplest explanation for the
discrepancy in dates is that the labels are correct and that
label dates and journal dates are maintained separately.
However, the elevation associated with Burned Ridge is
not so easily reconciled. Burned Ridge cannot extend
below 9,200 ft (Fig. 7). If Lee truly was at 8,000 ft, it
seems he would likely have taken one of several closer
landmarks (Star Flat, Pistol Creek, McClellan Spring)
from the 1952 USGS 15' Mount Ellen quadrangle (the
best map that would have been available to him). Alternatively, if he was on Burned Ridge, why the incorrect
elevation? These comments on the day prior to collection
of the holotype were provided as background for interpreting evidence for identifying the type locality below.
For 10 September, under the locality "¼ mile
southeast of Burned Ridge, Mount Ellen, Henry Mountains, 10,300 feet," Lee recorded "Previous night. Set out
60 traps with J. Twente in heavy grass (Agropyron sp.)
and gooseberry (Ribes) near stream (head of Bull Creek).
Morning. Caught 30 P. maniculatus, 5 Microtus longicaudus, and l E. umbrinus." The supposition that these
animals were trapped the evening of 9 September is based
on the dating system used the previous day, and that Lee
stated in his entry on the 10th that the traps were set the
previous night. Nonetheless, the labels for these animals

Fig. 6. Seasonally-occupied miner's cabin and surrounding habitat in Bromide Basin. Examples of Tamias umbrinus sedulus were
captured at sites on both sides of the drainage at the elevation of the cabin. The trail descending at right follows the course of Crescent
Creek.
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(including the holotype) give the capture date as 10
September. There also is disagreement between the locality recorded on the labels and the trap location described
in the notes.
Burned Ridge, Bull Creek, and Bull Creek Pass
are landmarks on the USGS 1986 provisional 7.5' Mount
Ellen quadrangle map, as they were on the 15' map
available to Lee. Thus, the names of the important landmarks have not changed between then and now. Lee
recorded that he and Twente set traps near a stream at the
head of Bull Creek. All three of the upper tributaries of
Bull Creek are at least a half mile in an arc northeast to
east of Burned Ridge, on the east side of Bull Creek Pass
(Fig. 7). A spring (Bull Creek Pass Spring; Goode and
Olson, 1977; Goode, 1980) on the southernmost tributary
of Bull Creek may be the stream that Lee observed. It is
just below the road at an elevation of 10,500 ft. Goode
(1980) estimated a July discharge for Bull Creek Pass
Spring at 7-10 gpm. Thus, it might warrant "stream"
status in October, when Lee and Twente were there. And,
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if Lee interpreted Burned Ridge to extend all the way up
South Summit Ridge (Fig. 7), or if he thought South
Summit Ridge was Burned Ridge, it is possible to orient
Bull Creek Pass Spring at "¼ mile southeast of Burned
Ridge."
There is another spring on the west side of the
pass (Burned Ridge Spring; Goode and Olson, 1977;
Goode, 1980), but it is south of Burned Ridge at 10,000
ft and discharges to Dugout Creek. If Lee was trapping
on the east side of the pass, near Bull Creek, why did he
select an index landmark (Burned Ridge) on the west side
instead of the nearer and more definable Bull Creek Pass?
Conversely, if he was trapping on the west side, near
Burned Ridge, why did he identify the stream as Bull
Creek? I believe he probably was at Bull Creek Pass
Spring and was uncertain about the landmarks and elevation. However, until the questions are settled, the published location should take priority and be taken literally.
This is not a serious issue since the alternate sites are less
than a half mile ( 1 km) apart.

Fig. 7. Landmarks and topography in the vicinity of Bull Creek Pass on Mount Ellen. The figure is an adaptation of the of the
USGS 7.5' Mount Ellen quadrangle map; the contour interval is 200 feet; the heavy contour line is at 10,000 feet. The road over Bull
Creek Pass is depicted by the parallel dashed lines. Localities discussed in text are indicated by dots.
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Fig. 8. Habitat in Bull Creek Pass. South Summit Ridge is in the background. There is a campsite in the grove of trees on the
right. Specimens of Microtus longicaudus incanus were captured on the grassy slope to the left. The photo was taken in August of 1997.

The published locality "¼ mile southeast of
Burned Ridge" seems near a point on the present Bull
Creek Pass road. Moreover, on the 1952 15' Mt. Ellen
quadrangle map, this point is close to the 10,320 contour
lines (the elevation of the type locality is given as 10,300
ft). There is a fine campsite in the trees near this location
that Bogan and I, and others before us, have used. Near
the campsite, the trail down to Burned Ridge departs the
Bull Creek Pass road. The UTM coordinates at this
junction are 12 05 17 107E x 42 14 949N. The applicable
map is the 1986 USGS provisional Mount Ellen 7 .5'
quadrangle. We captured M longicaudus on the grassy
slope above this campsite (Fig. 8).
ACKNOWLEDGMENTS
I thank Bob Fisher and Suzy Collins, USGS,
Biological Resources Division, National Museum of
Natural History, for locating and providing insights into
the Osgood materials. I also thank Bruce Patterson and
Michi Solomon for their attempts to find applicable
Osgood notes at the Field Museum of Natural History.
Eric Rickart at the UMNH, University of Utah, and Hal
Black, BYU, graciously allowed examination of specimens and archived materials in their care. The work in
the Henry Mountains would not be possible without the
interest and assistance of Matt Obradovich, the biologist
in the BLM area office in Hanksville. Gratitude is also
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manuscript and for humoring my intrusions on his time
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Systematics And Natural History Of Marsupials From Argentina
By
MICHAEL A. MARES AND JANET K. BRAUN
ABSTRACT

New localities and infonnation on the systematics, natural history, and ecology are reported for six species of
Argentine marsupials: Didelphis a/biventris, Didelphis aurita, Thylamys pusil/a, Thylamys pallidior, Thylamys venustus, and Dromiciops australis. Additionally, infonnation on the distribution of marsupials of Argentina is reviewed
from the literature, and comments on natural history and taxonomy are presented. An updated taxonomic listing is provided for the 23 species of marsupials of Argentina.
Key words: marsupials, Argentina, systematics, natural history, Didelphidae, Caenolestidae, Microbiotheriidae
M~supials comprise a diverse group of South
American mammals (e.g., Cabrera, 1957; Eisenberg,
1989; Olrog and Lucero, 1981; Redford and Eisenberg,
1992; Streilein, 1982) and are especially abundant in
the moist tropics, with many countries supporting an
array of species ranging from small mouse opossums
to mid-sized Didelphis. Even largely temperate countries, such as Argentina, may support a variety of species. Although most of Argentina's marsupials occur in
the mesic tropical border areas with Brazil, Paraguay,
and Bolivia (members of the family Didelphidae, Order Didelphimorphia), several also are found in the
extratropical habitats that make up the bulk of the
country. Thus, as one moves southward in Argentina
into the aridlands of Patagonia, a monotypic genus of
arid-adapted marsupial is encountered (Lestodelphis)
and, in the cold southern rainforests, two additional
marsupial orders occur [Paucituberculata (Rhyncholestes) and Microbiotheria (Dromiciops)]. To date, 3
orders, 3 or 4 families (Galliari et al., 1996, recognize
Caluromyidae as a family), 13 genera, and 21 species
of marsupials are known to occur in Argentina (Birney
et al., 1996b; Galliari et al., 1996; Gardner, 1993;
Reig, 1955).
Marsupials have been shown to comprise a
significant portion of the mammalian biomass in some
Neotropical habitats. Mares and Ernest (1995), for example, found that marsupials dominated the biomass
of small to medium-sized mammals in the tropical
gallery forests of central Brazil during part of the year.
In arid lands, marsupials are much less common. Didelphis, which can be a major component of mammalian biomass in a tropical forest, seldom enters arid
habitats (Mares et al., 1997). One of the few marsupials that may become abundant in arid areas is the
mouse opossum, Thylamys pal/idior, and a species that

may be quite common in monte-chaco ecotonal habitats of central Mendoza Province (M. A. Mares, unpublished data). South America's drylands are more
similar to the Australian habitats, as far as the presence
of marsupials is concerned. Unlike Australia, however,
Argentina's marsupials are limited to species in higher
trophic levels (e.g., insectivore or omnivore), rather
than the mix of herbivores, oninivores, insectivores,
and carnivores that characterizes the Australian marsupial fauna.
Some infonnation on marsupials of Argentina
has appeared in scattered reports on the mammals of
various provinces and regions, including Catamarca
(Mares, 1973; Mares et al., 1977; Mares et al., 1997),
Salta (Mares et al., 1981, 1989), Tucuman (Barquez et
al., 1991; Mares et al., 1996), and Patagonia (Birney et
al., 1996b). Cajal ( 1981) studied four species (Didelphis albiventris, Lutreolina crassicaudata, Thylamys
pallidior, and T. venustus) in Tucuman Province. Nevertheless, the ecological information available for Argentine marsupials is scanty, and a similar situation
exists for studies on the group's taxonomy and systematics. Given the fact that Argentina's marsupials
occur across a wide array of habitats and across numerous isolated valleys and mountain ranges, it might
be expected that this distributional pattern would be
reflected in the taxonomic composition of marsupials
in the form of subspecific or specific identities.
During a five-year project to survey the
mammals of Argentina, we collected 136 individuals
corresponding to 4 taxa of didelphid marsupials from
10 provinces and localities. We also obtained some
information on the ecology of several marsupial species, and summarize such data in this report. These
data are presented along with information collected
over the last three decades of field research in Argentina and information obtained from the literature.

Pp. 23 - 45, Reflections of a Naturalist: Papers Honoring Professor Eugene D. Fleharty.
Fort Hays Studies, Special Issue 1, 2000, 241 pp.
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Table 1. Reproductive data for the Didelphidae and Microbiotheriidae. Symbols: A = adult; SA = subadult, J =
juvenile; TSL = large scrotal testes; lac = lactating; VC = vagina closed; NRA = not reproductively active; length and
width oftestes, or qualitative evaluation, are given in parentheses; CRL = crown-rump length ofembryos or young.
Taxon
Chironectes minimus

Province

Sex

Misiones

F

January

February

March

April

M

Didelphis albiventris

Catamarca

F

Mendoza

F

I SA/A

IA

?
Misiones

F

Salta

F

San Luis

M

Tucuman

M

I J/SA
I J/SA (small)
I J/SA (7 X 4)

F

3 J/SA
I A with 7
pouched young,
CRL=59mm

Didelphis aurita

IA
IA

IA

M
F

Dromiciops gliroides

Rio Negro

M

Lutreo/ina crassicaudata

Corrientes

F

Metachirus nudicaudatus

Misiones

M

Jujuy

M

Salta

M

Micoureus demerarae

Misiones

M

Monodelphis dimidiata

Buenos
Aires

F

Philander opossum

Chaco

M

Micoureus constantiae

IA

IA

F
Misiones

M
F

I SA
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Table 1 (continued).
Taxon
Thylamys pallidior

Province

Sex

Catamarca

M
F

2A

March

April

IA

IA

?

Jujuy

F

Mendoza

M

1J
1J(4X3)
1 J (4 X 2.5)
5A
2 A (5 X 3)

4A

F

21
7A

4A

M

1J
1 J (3 X 2)
3A
1 A(4X3)

lA

F

21
2A

M

lA

San Luis

Thylamys venustus

February

Chubut

San Juan

Thylamys pusilla

January

ISA
IA

1 SA (3 X 2)
1 SA/A
1 SA/A (5.5 X 2.5)
6A

F

21
1 J/SA
2A

Santiago del
Estero

M

1J
lA

Corrientes

M

Salta

M

Santiago del
Estero

F

Catamarca

F

Jujuy

M

7J
1 ATSL

F

SJ
3 A lac
2A

Tucuman

1 A lac

1 A lac

M

1 A TSL (12 X 7)
1 A TSL (9 X 7)
21

2A

3A

F

2 A lac
2ANRA
lA
1J

lA

3ANRA
IA

lA
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Table 1 (continued).
Taxon
Chironectes minimus

Province

Sex

Misiones

F

M
Didelphis a/biventris

Catamarca

F

Mendoza

F

May

June

July

IM

?
Misiones

F

Salta

F

San Luis

M

Tucuman

M

F

Didelphis aurita

I SA(l2X 15)
ISA(l4XIO)
IA

IA

M
F

Dromiciops gliroides

Rio Negro

M

Lutreo/ina crassicaudata

Corrientes

F

Metachirus nudicaudatus

Misiones

M

Jujuy

M

Salta

M

Micoureus demerarae

Misiones

M

Monodelphis dimidiata

Buenos
Aires

F

Philander opossum

Chaco

M

Micoureus constantiae

F

Misiones

M

F

IA

IA

August
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Table 1 (continued).
Taxon
Thy/amys pallidior

Province
Catamarca

Sex

I A (6 X 4)
I A (6 X 4)

F

I AVC

?

Jujuy

F

Mendoza

M
F

San Luis

IA

F

IJ
IA

M

Thylamys venustus

Santiago del
Estero

M

Corrientes

M

Salta

M

Santiago del
Estero

F

Catamarca

F

Jujuy

M

July

August

2A

M

F

Thylamys pusilla

June

M

Chubut

San Juan

May

2A
2A

IA

IA
3A

F

Tucuman

M

F

Chironectes minimus

F

M

3A
I A (6 X 4)

IA

2A
· IA
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Table 1 (continued).
Taxon

Province

Chironectes minimus

Sex

September

October

November

F

December
IA

M

Dide/phis a/biventris

Catamarca

F

Mendoza

F

I J/SA

?

Misiones

IJ

Salta

F

San Luis

M

Tucuman

M

IA

F

Dide/phis aurita

M

IJ

F

I A with 12
pouched young,
CRL=ca. 45 mm

Dromiciops g/iroides

Rio Negro

M

Lutreo/ina crassicaudata

Corrientes

F

I A with 8
pouched young

Metachirus nudicaudatus

Misiones

M

2A

Jujuy

M

Salta

M

Micoureus demerarae

Misiones

M

Monode/phis dimidiata

Buenos
Aires
Chaco

F

2A

M

IA

F

I A with 5
pouched young
IA

M

2A

Micoureus constantiae

Philander opossum

Misiones

F

Thy/amys pa//idior

Catamarca

M
F

Chubut

?

IA

2A
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Table 1 (continued).
Taxon

Province

Sex

Jujuy

F

Mendoza

M

September

October

November

December

IA

F
San Juan

M

F
San Luis

M
F

Thylamys pusilla

Thylamys venustus

Santiago del
Estero

M

Corrientes

M

Salta

M

IA

Santiago del
Estero

F

I A lac

Catamarca

F

Jujuy

M
F

Tucuman

M

3A

F

3A

2Alac

IJ

MATERIALS AND METHODS
Specimens reported represent those collected by us,
those examined by us in museum collections, those
cited in the literature, and those observed in the field
by us or our colleagues. Those specimens collected by
us were obtained between 1971 and 1995. These include those collected by M. A. Mares during his dissertation research project in Argentina from 1971 to
1973. Others were collected during field trips in the
1970s and 1980s to survey the mammals of Catamarca,
Jujuy, Mendoza, Salta, and Tucuman. Finally, the last
series of specimens was collected between 1990 and
1995 as part of projects funded by the National Science Foundation, National Geographic Society, and
the University of Oklahoma Research Council to survey the mammals of Argentina, and these data were
obtained from many provinces.
Specimens are housed in the following museums (acronyms given in parentheses): British Museum
(Natural History), London (BM); Carnegie Museum,

Pittsburgh, Pennsylvania (CM); Instituto Argentina de
Investigaciones de Zonas Aridas, Mendoza, Argentina
(CM-IADIZA); Colecci6n Mamiferos Lillo, Universidad Nacional de Tucuman, Tucuman, Argentina
(CML); Natural History Museum of Los Angeles
County, Los Angeles, California (LACM); Museo Argentino de Ciencias Naturales "Bernardino Rivadavia,"
Buenos Aires (MACN); Museo de Mar del Plata
(MMP); Oklahoma Museum of Natural History, Norman, Oklahoma (OMNH); and United States National
Museum of Natural History (USNM).
Those specimens collected by us were prepared as skin, skull, and skeleton, or in alcohol. Tissues (heart, kidney, liver, and spleen) were preserved
in liquid nitrogen or a DMSO solution and are stored
in the Frozen Tissue Collection of the Texas Cooperative Wildlife Collection, Texas A&M University,
College Station, Texas. Karyotypes, available for some
individuals, are stored either at the Oklahoma Museum
of Natural History or the Texas Cooperative Wildlife
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Collection, Texas A&M University, College Station,
Texas.
Locality, number, and museum are given for
each individual examined. Provinces are listed alphabetically; localities are listed alphabetically by major
point of reference. Infonnation on habitat, reproduction, and ecology were obtained from specimen tags,
project data sheets, from field notes, or from published
reports. External and cranial measurements are given
for some species; data were obtained by direct measurement of specimens by one of us or from published
accounts. Data for males and females are combined;
data for juveniles and adults are presented separately
when possible. The mean is given followed by the
ra~ge and number of individuals in parenthesis.
SPECIES ACCOUNTS
Families, genera, and species follow the taxonomy presented by Gardner (1993) with one exception.
We follow Anderson (1997) and Palma and Yates
( 1998) in recognizing Thylamys venustus as occurring
in Argentina and restricting T. elegans to Chile.
Order Didelphimorphia
Family Didelphidae
Caluromys lanatus (Olfers, 1818)
Additional Records. -MISIONES PROVINCE:
Departamento El Dorado (Chebez, 1996; Massoia,
1980); Departamento Guarani (Chebez, 1996; Massoia,
1980); Departamento lguazu (Chebez, 1996; Massoia,
1980); Departamento Montecarlo (Chebez, 1996; Massoia, 1980); Parque Nacional lguazu (Heinonen Fortabat and Chebez, 1997).
Comments. --Chebez ( 1996) listed this species
as probable for the Departamento Gral. Belgrano,
Misiones Province.
Chironectes minimus (Zimmermann, 1780)
Additional Records.-MISIONES PROVINCE: Departamento Cainguas (Chebez, 1996; Massoia, 1980); Departamento Candelaria (Chebez, 1996);
Departamento Capital (Chebez, 1996); Departamento
El Dorado (Chebez, 1996; Massoia, 1980); Departamento General Belgrano (Chebez, 1996; Massoia,
1980); Departamento Guarani (Chebez, 1996; Massoia, 1980); Departamento Iguazu (Chebez, 1996;
Massoia, 1980); Departamento Leandro N. Alem
(Chebez, 1996; Massoia, 1980); Departamento Lib.
Gral. San Martin (Chebez, 1996); Departamento
Montecarlo (Chebez, 1996; Massoia, 1980); Departamento San Javier (Chebez, 1996; Massoia, 1980); Departamento 25 de Mayo (Chebez, 1996); Parque Nacional lguazu (Heinonen Fortabat and Chebez, 1997);
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Pifialitos (Crespo, 1974); Pto. Piray, km. 18 (Crespo,
1974); en el Rio Paranai-Guazu, a unos 15 kil6metros
de la costa del Parana (Crespo, 1950); Rio Urugua-i
(Crespo, 1974); San Javier (Crespo, 1950).
Measurements (from Crespo, 1974).-External measurements (I sex unknown, 1 adult female):
total length, 592.0, 635.0; length of head and body,
282.0, 275.0; length of tail, 310.0, 360.0; length of
hindfoot, 60.0, 65.0; length of ear, 24.0, 27.0. Cranial
measurements: greatest length of skull, 69.1, 67.2;
condylobasal length, 62.6, 60.8; least interorbital
breadth, 13.3, 12.2; zygomatic breadth, 38.2, 38.0;
breadth of braincase, 22.1, 22.0; length of maxillary
toothrow, 30.0, 28.3; length of palate, 41.2, 40.2;
length of nasals, 28.7, 30.1; width of rostrum, 13.3,
13.0; length of mandibular toothrow, 32.0, 30.4; greatest length of mandible, 54.2, 51.7.
Reproduction.-See Table 1.
Comments.-Heinonen Fortabat and Chebez
( 1997) listed this species as probable for the Reserva
Natural Estricta San Antonio, Misiones Province. The
biology of this species was reviewed by Marshall
(1978a).
Didelphis albiventris (Lund, 1842)
Specimens Examined (35).-CATAMARCA
PROVINCE: Catamarca, 1 (MACN); Choya, 13 km
NNW . of Andalgala, 4,000 ft., 1 (OMNH/CMIADIZA); La Merced, 1 (MACN). MENDOZA PROVINCE: 27 km S Tunuyan, 1 (OMNH); 60 km N
Tunuyan, DOR along Hwy 40, 1 (OMNH/CMIADIZA). MISIONES PROVINCE: 10 km W
Arist6bulo de Valle by road along Rio Cunapiru, 1
(CML). SALTA PROVINCE: 6 km SW of Santa Victoria at "El Breal," extreme NE Salta Province, 1 (CM).
SAN LUIS PROVINCE: San Francisco del Monte de
Oro, 1,480 ft., 1 (OMNH/CM-IADIZA). SANTIAGO
DEL ESTERO PROVINCE: Santo Domingo, 1
(OMNH/CM-IADIZA). TUCUMAN PROVINCE:
Aconquija, Concepcion, 5 (BM); Cerro del Campo, 800
m, 1 (BM); El Cadillal Dike, 25 km NW San Miguel de
Tucuman, 2 (CM); El Cajon, 1 (CML); Biological Reserve at Horco Molle, 2,400 ft., 3 (1 CML, 1 CMIADIZA, 1 OMNH/CM-IADIZA); 4 km W of junction
338 and road to Horco Molle, on road to San Javier,
2,750 ft., 1 (OMNH/CM-IADIZA); Los Romanos, 1
(CML); Mala Mala, 1 (BM); Escuela Normal, Monteros, 1 (MACN); Piedra Tendida, 12 km WNW Burruyacu along Rio Caj6n, 2,500 ft., 2 (1 CM-IADIZA, 1
OMNH/CM-IADIZA); San Fernando, 1 (CML); at km
marker 42, on highway 364, south of San Pedro de Colalao, 4,700 ft., 3 (I CML, 1 CM-IADIZA, 1
OMNH/CM-IADIZA); San Pedro de Colalao, 3
(CML); Tucuman, no specific locality, 1 (BM).
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Additional
Recorru-.-BUENOS
AIRES
PROVINCE: Arroyo Brusquitas (Reig, 1964); Arroyo
Brusquitas-Miramar (Wainberg and Hurtado, 1973);
Arroyo Chapadmalal (Reig, 1964); 4 km NE Azul, 1
(USNM not examined); Azul Benson Fann, 1 (USNM
not examined); Baliza Caniu (Reig, 1964); Laguna de
Los Padres (Reig, 1964); La Plata, Punta Lara (Reig et
al., 1977); Los Yngleses (Thomas, 1910); south of Mar
del Plata, l (USNM not examined); ciudad de Mar del
Plata (Reig, 1964); Mar del Sur (Reig, 1964); Miramar
(Reig, 1964); ribera de Punta Lara (Wainberg and Hurtado, 1973); Reserva Natural Estricta Otamendi (Heinonen Fortabat and Chebez, 1997); 25 de Mayo (Yepes,
1944). CATAMARCA PROVINCE: Andalgala (Mares,
1973); 2 km S, l km W Choya (R. L. Humphrey, pers.
obs.); along Hwy 65, between Andalgala and San Miguel de ~ucuman, ca. 7 km S of the TucumanCatamarca border, ca. 2,000 ft. (Mares, 1973). CHACO
PROVINCE: Parque Nacional Chaco (Heinonen Fortabat and Chebez, 1997); 10 km S Puerto Bermejo, I
(USNM not examined). CORDOBA PROVINCE: Cruz
del Eje (Thomas, 1902a); La Paz (Yepes, 1936b).
CORRIENTES PROVINCE: 20 km SE of Centro Argentino de Primates, Corrientes, 5 (USNM not examined); Parque Nacional Mburucuya (Heinonen Fortabat
and Chebez, 1997). ENTRE RIOS PROVINCE: Parque
Nacional Diamante (Heinonen Fortabat and Chebez,
1997); Parque Nacional El Palmar (Crespo, 1982a;
Heinonen Fortabat and Chebez, 1997). FORMOSA
PROVINCE: El Colorado (Massoia, 1971 ); Laguna
Blanca (Massoia, 1971); Las Lomitas (Yepes, 1944);
Parque Nacional Rio Pilcomayo (Heinonen Fortabat
and Chebez, 1997); Reserva Natural Formosa (Heinonen Fortabat and Chebez, 1997). JUJUY PROVINCE: Arenal (Yepes, 1944); Cerro Calilegua (Olrog,
1979); Parque Nacional Calilegua (Heinonen Fortabat
and Chebez, 1997); Rio Blanco (Yepes, 1944). LA
RIOJA PROVINCE: proximidades de Villa Castelli
(Yepes, 1936a). MENDOZA PROVINCE: Mendoza
(Roig, 1965; Yepes, 1936b); Nacufian, Reserva
Ecologica de Nacufian (Contreras, 1979); Rivadavia
(Roig, 1965; Yepes, 1936b, 1944); San Carlos (Roig,
1965; Yepes, 1936b, 1944); San Rafael (Roig, 1965;
Yepes, 1936b, 1944). MISIONES PROVINCE: Arroyo
Vina (brazo del Arroyo Garupa), Departamento Candelaria (Massoia, 1972); Departamento Cainguas (Chebez, 1996); Departamento Candelaria (Chebez, 1996;
Massoia, 1980); Departamento Capital (Chebez, 1996;
Massoia, 1980); Departamento El Dorado (Chebez,
1996; Massoia, 1980); Departamento Gral. Belgrano
(Chebez, 1996); Departamento Guarani (Chebez, 1996;
Massoia, 1980); Departamento Iguazu (Chebez, 1996;
Massoia, 1980); Departamento Leandro N. Alem (Chebez, 1996; Massoia, 1980); Departamento Montecarlo
(Chebez, 1996; Massoia, 1980); Departamento San
Ignacio (Chebez, 1996); Departamento San Pedro
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(Chebez, 1996); Departamento 25 de Mayo (Chebez,
1996); Eldorado, 1 (LACM not examined); Parque Nacional Iguazu (Crespo, 1982b; Heinonen Fortabat and
Chebez, 1997); Puerto Schweim (Wainberg and Hurtado, 1973). SALTA PROVINCE: Aguaray (Yepes,
1944); Cafayate (Yepes, 1944); Dragones (Yepes,
1944); El Quebrachal (Yepes, 1944); Lumbrera (Yepes,
1944); Parque Nacional Baritu (Heinonen Fortabat and
Chebez, 1997); Parque Nacional El Rey (Heinonen
Fortabat and Chebez, 1997); Tabacal (Yepes, 1944);
Zuviria (Yepes, 1944).
SAN LUIS PROVINCE:
Rincon (Yepes, 1936b). SANTA FE PROVINCE:
Malabrigo (Yepes, 1944); Villa Ana (Yepes, 1944).
TUCUMAN PROVINCE: Aguas Chiquitas (Cajal,
1976, 1981); foot of Cerro del Campo, Burruyacu, 800
m (Thomas, 1926); Cerro Medici (Cajal, 1981); Cerro
San Javier (Capllonch et al., 1996); Dique Escaba (J. K.
Braun, pers. obs.); camino de acceso al Parque
Biologico (Capllonch et al., 1996); Pozo Hondo (R. M.
Barquez, pers. obs.); Reserva Experimental de Flora y
Fauna de Horco Molle (Capllonch et al., 1996); Rio Las
Canas, Horco Molle (Capllonch et al., 1996); Santa
Rosa de Leales (Massoia and Fornes, 1965); Tafi del
Valle (J. K. Braun, pers. obs.); 4 km al oeste de la union
de la ruta provincial 338 y el camino a Horco Molle,
sobre camino a San Javier (Capllonch et al., 1996).
Measurements (from Specimens Examined;
USNM not examined).-External measurements for 27
adults ( 12 males, 14 females, 1 sex unknown, unless
noted otherwise): total length, 674.0 (380.0-807.0);
length of head and body, 344.6 (260.0-425.0); length of
tail, 329.4 (120.0-395.0); length of hindfoot, 52.9 (48.061.0); length of ear, 54.2 (50.0-60.0); weight, 1173.8
(508.0-2000.0, 10). Cranial measurements for 6 adults
(2 males, 3 females, 1 sex unknown, unless noted otherwise): greatest length of skull, 86.0 (75.3-94.0); condylobasal length, 84.8 (75.4-91.8); least interorbital
breadth, 10.6 (9.8-11.2); zygomatic breadth, 45.1 (39.253.6); breadth of braincase, 25.2 (23.1-27.4, 5); length
of maxillary toothrow, 32.9 (29.7-36.1); length of palate, 50.2 (45.7-55.1); length of mandibular toothrow,
36.4 (32.2-40.8); greatest length of mandible, 68.9
(60.0-76.6, 5).
External measurements for 8 juveniles (3
males, 5 females, unless noted otherwise): total length,
382.9 (261.0-530.0); length of head and body, 207.4
(141.0-271.0); length of tail, 175.5 (84.0-259.0); length
of hindfoot, 32.8 (23.0-43.0); length of ear, 40.9 (30.046.0); weight, 198.6 (54.0-390.0). Cranial measurements for 2 juveniles (2 females): greatest length of
skull, --, 52.0; condylobasal length, 41.0, 45 .7; least
interorbital breadth, 9.1, 9.9; zygomatic breadth, 21.2,
28.0; length of maxillary toothrow, 16.7, 18.9; length of
palate, 23.9, 30.2; greatest length of mandible, 32.0, --.
Natural History.-Olrog (1979) found this
species common at elevations below 2600 m at Cerro
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Calilegua, Jujuy Province. Cajal (1981) determined that
in Tucuman Province the home range of this species
2
varied from 500 m2 to 11,700 m •
· Reproduction.--See Table 1.
Comments.-Also cited for Neuquen Province
by Del Valle et al. (1989). A great deal of information
on the biology of this species is available in Contreras
(1984).

Didelphis aurita (Wied-Neuwied, 1826)
(2).-MISIONES
Examined
Specimens
PROVINCE: 1 km W of jct. Hwy 14 and 2 de Mayo
road, 1 (OMNH/CM-IADIZA);jct. Hwy 21 and Arroyo
Oveja Negra (approx.) 2 km W Parque Provincial Mocona, 1 (OMNH/CM-IADIZA).
Additional Recorch.-MISIONES PROVINCE: Departamento El Dorado (Chebez, 1996; Massoia, 1980); Departamento General Belgrano (Chebez,
1996; Massoia, 1980); Departamento Guarani (Chebez,
1996; Massoia, 1980); Departamento lguazu (Chebez,
1996; Massoia, 1980); Departamento 25 de Mayo
(Chebez, 1996); Deseado (Crespo, 1974); Parque Nacional Iguazu (Crespo, 1982b; Heinonen Fortabat and
Chebez, 1997); Puerto lguazu (Wainberg and Hurtado,
1973); Puerto Schweim (Wainberg and Hurtado, 1973);
Reserva Natural Estricta San Antonio (Heinonen Fortabat and Chebez, 1997); Rio lguazu, 60 km al este de
Puerto Iguazu (Crespo, 1974).
Measurements (from Specimens Examined;
Crespo, 1974).--Extemal measurements (2 adult males
and 2 adult females, 1 juvenile male): total length,
711.0 (620.0-753.0), 409.0; length of head and body,
358.5 (310.0-380.0), 209.0; length of tail, 352.5 (310.0386.0), 200.0; length of hindfoot, 53.8 (45.0-59.0),
37.0; length of ear, 47.3 (44.0-50.0), 39.0; weight (1
adult male, 1 adult female, 1 juvenile), 1025.0, 1115.0,
168.0. Cranial measurements (1 juvenile male): greatest
length of skull, 58.0; condylobasal length, 57.1; least
interorbital breadth, 11.0; zygomatic breadth, 30.0;
breadth ofbraincase,18.3; length of maxillary toothrow,
20.0; length of palate, 33.7; greatest length of mandiblel, 44.4.
Reproduction.--See Table 1.
Comments.-Information on the distribution
of this species is available in Contreras (1984). This
species was listed as D. marsupialis by Redford and
Eisenberg (1992).
Gracilinanus agilis (Burmeister, 1854)
AIRES
Recorch.-BUENOS
Additional
PROVINCE: Campana (Hershkovitz, 1992); Isla Roble,
Delta de Parana (Hershkovitz, 1992); Reserva Natural
Estricta Otamendi (Heinonen Fortabat and Chebez,
1997); Zarate, Arroyo Nacurutu (Hershkovitz, 1992).
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CHACO PROVINCE: Las Palmas, 1 (USNM not examined; Tate, 1933; Hershkovitz, 1992); Parque Nacional Chaco (Heinonen Fortabat and Chebez, 1997).
CORRIENTES PROVINCE: en las cercanias de
Laguna Gonzalez, Santa Ana, Departamento San
Cosme (Contreras, 1982). ENTRE RIOS PROVINCE:
Brazo Largo, Delta de Parana (Hershkovitz, 1992;
Wainberg et al., 1979). FORMOSA PROVINCE: Ingeniero Juarez (Hershkovitz, 1992; Olrog, 1959); Pago
del Tigre, Patino (Hershkovitz, 1992); Pozo del Tigre
(Massoia, 1971 ); Riacho Pilaga, 10 mi. NW of kil6metro 182, 1 (USNM not examined; Tate, 1933; type locality of Marmosa formosa; = Estancia Linda Vista,
Hershkovitz, 1992). MISIONES PROVINCE: Departamento Ap6stoles (Chebez, 1996; Massoia, 1980);
Departamento Candelaria (Chebez, 1996); Departamento Capital (Chebez, 1996); Departamento Gral.
Belgrano (Chebez, 1996); Departamento Guarani (Chebez, 1996; Massoia, 1980); Departamento lguazu (Chebez, 1996); Departamento L. N. Alem (Chebez, 1996);
Departamento Montecarlo (Chebez, 1996); Departamento Obera (Chebez, 1996); Departamento San Ignacio (Chebez, 1996); Puerto Libertad-Iguazu, Rio Urugua-i (Hershkovitz, 1992); Reserva Natural Estricta San
Antonio (Heinonen Fortabat and Chebez, 1997).
Measurements (from Olrog, 1959; USNM not
examined).-Extemal measurements (5 adult males,
unless noted otherwise): total length, 172.4 (123.0190.0); length of head and body, 84.0 (68.0-94.0);
length of tail, 88.4 (55.0-108.0); length of hindfoot,
12.7(11.0-14.0); length of ear, 19.25 (15.0-21.0, 4).
Comments.--Several names currently are synonymized with G. agilis. These include, among others,
muscula and formosa. The taxonomic status of Marmosa formosa is not clear. Originally named Marmosa
muscula by Shamel (1930a), this name was found later
to be preoccupied; it was changed to Marmosa formosa
(Shamel, 1930b). Tate (1933) maintained it as a distinct
species. Later, Cabrera (1957) and Olrog (1959) recognized it as a subspecies of Marmosa velutinus, which is
now placed in the genus Thylamys. Hershkovitz (1992)
and Gardner (1993) placed Marmosa formosa in synonymy with Gracilinanus agilis. Galliari et al. (1996),
however, suggested that Marmosa formosa should be
synonymized with T. pusilla (including pus ilia and pallidior). The locality of "Villa Montes, Upper Pilcomayo
R." given by Tate (1933:197) could not be located definitely; this locality is listed as being in Chaco Province,
Santiago del Estero Province (Tate, 1933:230), and as
being in Paraguay (Tate, 1933:197). Hershkovitz (1992)
notes that this locality is in Bolivia.
Chebez (1996) listed this species as probable
in the departamentos of San Javier and Lib. Gral. San
Martin, Misiones Province.
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Gracilinanus microtarsus (Wagner, 1842)
Additional Recorru.-MISIONES PROV-

INCE: Departamento Cainguas (Chebez, 1996; Massoia, 1980); Departamento Candelaria (Chebez, 1996);
Departamento Obera (Chebez, 1996).
Lestodelphys ha/Ii (Thomas, 1921)
Additional Recorru.-CHUBUT PROVINCE:
Estancia los Manantiales near Languifieo (Reig, 1959);
Estancia los Manantiales near Languifieo, approximately 43°18'S, 69°50'W (Birney et al., 1996a); 30 km
NW Pampa de Agnia, 43°28.78'S, 69°49.09'W (Birney
et al., 1996b); 30 km N Pampa de Agnia [=30 km NW
Pampa de Agnia; E. C. Birney, pers. comm.],
43°28.78'S, 69°49.09'W (Birney et al., 1996a); Pico
Salamanca (Birney et al., 1996a, remains from owl
pellets; Crespo, 1974; Thomas, 1929); Pico Salamanca,
approximately 45°30'S, 68°30'W (Birney et al., 1996a).
LA PAMPA PROVINCE: Lihue Calel, approximately
38°02'S, 65°35'W (Birney et al., 1996a); Parque Nacional Lihue Calel (Heinonen Fortabat and Chebez,
1997). MENDOZA PROVINCE: Chacras de Coria,
Departamento Godoy Cruz, approximately 32°45'S,
69°00'W (Birney et al., 1996a). NEUQUEN PROVINCE: Estancia Tehuel Malal, 6 km NW Nahuel Huapi,
approximately 41°02'S, 71°IO'W (Birney et al., 1996a,
remains from ·owl pellets). Rio NEGRO PROVINCE:
Cerro Leones, 16 km ENE Bariloche, approximately
41°04'S, 71°08'W (Birney et al., 1996a, remains from
owl pellets); 9 km E (by road) Clemente Onelli (Birney
et al., 1996a, remains from owl pellets); 10 km E (by
road) Clemente Onelli, approximately 41 °10' S,
70°IO'W (Birney et al., 1996a); 8-10 km WSW Comallo, approximately 41 °04'S, 70°20'W (Birney et al.,
1996a, remains from owl pellets); 15 km SE Los
Menucos, approximately 40°55'S, 68°05'W (Birney et
al., 1996a). SANTA CRUZ PROVINCE: Caho Tres
Puntas (Thomas, 1921a); Estancia La Madrugada, not
far from Puerto Deseado (Thomas, 1929; originally
reported as Caho Tres Puntas by Thomas, 1921a); Estancia La Madrugada, not far from Puerto Deseado,
47°06'S, 66°29'W (Birney et al., 1996a); Meseta El
Pedrero, 46°46.37'S, 69°38.49'W (Birney et al.,
1996a).
Measurements (from Birney et al., 1996b; Crespo, 1974; Thomas, 1921).-Extemal measurements (2
adult males, 3 adult females): total length, 220.4 (197.0237.0); length of head and body, 134.2 (123.0-144.0);
length of tail, 86.2 (74.0-99.0); length of hindfoot, 16.3
(15.7-17.7); length of ear, 20.3 (18.0-21.6). Cranial
measurements (1 adult male, 1 adult female): greatest
length of skull, 31.1, 31.2; condylobasal length, 30.7,
31.0; least interorbital breadth, 5.9, --; zygomatic
breadth, 19.1, 20.0; breadth of braincase, --, 13.0;
length of maxillary toothrow, 12.6,. 13.0; length of palate, 15.8, 17.0; length of nasals, 12.2, 13.3.
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Natural History.-Pearson (1995) reported the
habitat as semiarid brush or steppe. He noted that it is a
nocturnal carnivore. Birney et al. (1996b) reported the
capture of a specimen from near Pampa de Agnia,
Chubut Province, in buncp.grass steppe; a partially eaten
Akodon xanthorhinus was in a nearby trap. The predatory behavior of this species is described by Birney et
al. (1996a).
Comments.-It is listed as Vulnerable in the
Libro Rojo{= Red Book) for Argentina (Fernandez et
al., 1997). Also cited for Neuquen Province by Del
Valle et al. (1989). Birney et al. (1996a) suggest that
the locality of Caho Tres Puntas cited by Thomas
( 1921 a) as the type locality is the same as the locality
of Estancia La Madrugada. The biology of this species
was reviewed by Marshall (1977).
Lutreolina crassicaudata (Desmarest, 1804)
Specimens Examined (13).-SALTA PROVINCE: 24 km NW of Aguas Blancas, 2 (CM). TU-

CUMAN PROVINCE: Aconquija, 1 (BM); Sierras de
Medina, Aguas Chiquitas, El Cadillal, 1 (CM); Piedras
Coloradas, 3 (MMP); Quebrada de Lules, 11 km SW
San Pablo, 1 (CM); Raco, Sierra San Javier, 3 (2 BM, 1
CML); 25 km NW San Miguel de Tucuman, 1 (CM);
San Pablo, 11 km al NO, 1 (CML).
Additional
Recorru.-BUENOS
AIRES
PROVINCE: Arroyo Brusquitas (Reig, 1964); Arroyo
Corrientes (Reig, 1964); Arroyo La Matanza (Wainberg
and de Fronza, 1969); Bailado de San Jorge, Parque
Pereyra Iraola (Reig et al., 1977); delta de Parana
(Wainberg and de Fronza, 1969); Los Yngleses (Thomas, 1910); Mar del Sur (Reig, 1964); Miramar (Wainberg and de Fronza, 1969); Reserva Natural Estricta
Otamendi (Heinonen Fortabat and Chebez, 1997).
CHACO PROVINCE: Parque Nacional Chaco (Heinonen Fortabat and Chebez, 1997). CORRIENTES
PROVINCE: SE Corrientes, at Centro Argentino de
Primates, 9 (USNM not examined); Mercedes, Ita
Caabo Estancia, 1 (USNM not examined); Parque Nacional Mburucuya (Heinonen Fortabat and Chebez,
1997). FORMOSA PROVINCE: El Colorado (Massoia,
1971 ); Laguna Blanca (Massoia, 1971 ); Parque Nacional Rio Pilcomayo (Heinonen Fortabat and Chebez,
1997). WJUY PROVINCE: Abra de Canas, Dto. Valle
Grande, 1700 m (Olrog, 1976); Cerro Calilegua (Olrog,
1979); Cerro Santa Barbara, 1800 m (Olrog, 1976);
Parque Nacional Calilegua (Heinonen Fortabat and
Chebez, 1997). MISIONES PROVINCE: Departamento
Ap6stoles (Chebez, 1996); Departamento Candelaria
(Chebez, 1996); Departamento Capital (Chebez, 1996;
Massoia, 1980); Departamento Iguazu (Chebez, 1996);
Departamento Obera (Chebez, 1996); Parque Nacional
Iguazu (Heinonen Fortabat and Chebez, 1997). SALTA
PROVINCE: Parque Nacional El Rey (Heinonen Fortabat and Chebez, 1997); a lo largo del alto Rio Bermejo
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(Aguas Blancas, Dto. Oran) (Olrog, 1976). SANTA FE
PROVINCE: Malabrigo (Yepes, 1944). TUCUMAN
PROVINCE: Aguas Chiquitas (Cajal, 1981 ); Cerro San
Javier (Capllonch et al., 1996); El Indio, Ruta 307 (R.
M. Barquez, pers. obs.); Horco Molle, 650 m (Capllonch et al., 1996); Raco, 1000 m (Olrog, 1976); Raco,
Sierra de San Javier (Capllonch et al., 1996); Tafi Viejo
(Capllonch et al., 1996).
Measurements (from Specimens Examined,
USNM not examined).-Extemal measurements (3
adult males, 3 adult females, unless noted otherwise):
total length, 471.8 (370.0-540.0); length of head and
body, 232.7 (190.0-290.0); length of tail, 239.2 (180.0262.0); length of hindfoot, 37.7 (28.0-43.0); length of
ear, 24.8 (23.5-26.0, 5); weight, 270.8 (176.0-430.0, 4).
Cranial measurements (2 adult males, 2 adult females, 1
sex unknown, unless noted otherwise): greatest length
of skull, 59.2 (55.5-64.2, 3); condylobasal length, 58.8
(56.0-63.2, 3); least interorbital breadth, 7.9 (7.5-8.4,
4); zygomatic breadth, 29.6 (27.5-32.2, 4); breadth of
braincase, 17.8 (16.8-19.2, 3); length of maxillary
toothrow, 24.3 (19.3-29.7, 4); length of palate, 32.2
(31.1-33.1, 4); length of mandibular toothrow, 21.5
(17.6-26.7, 4); greatest length of mandible, 46.1 (44.448.4, 3).
Natural History.-Olrog (1979) found this
species abundant in certairt years at Cerro Calilegua,
Jujuy Province, below 1700 m. He suggested that abundance could be related to the population size of sigmodontine rodents. It is found near water. In Tucuman
Province, the home ranges of two animals were found
to be 650 m2 and 950 m2 (Cajal, 1981). Mares et al.
(1981) and Barquez et al. (1991) also comment on the
ecology of this species.
Reproduction.-See Table 1.
Comments.-The adult female from the Centro
Argentino de Primates in Corrientes Province had eight
pouched young in early October. Heinonen Fortabat
and Chebez (1997) listed this species as probable in the
Parque Nacional Baritu, Salta Province. The biology of
this species was reviewed by Marshall (1978b).
Metachirus nudicaudatus (Desmarest, 1817)
Additional Recorru.-MISIONES PROV-

INCE: Departamento Gral. Belgrano (Chebez, 1996);
Departamento lguazu (Chebez, 1996; Massoia, 1980);
Departamento Montecarlo (Chebez, 1996; Massoia,
1980); Parque Nacional lguazu (Heinonen Fortabat and
Chebez, 1997); Rio Urugua-i, a 30 kil6metros de Puerto
Bemberg (Crespo, 1950).
Measurements (from Crespo, 1950).-External measurements (2 adult males): total length, 572.0,
569.0; length of head and body, 245.0, 247.0; length of
tail, 327 .0, 322.0; length of hindfoot, 46.0, 41.0; length
of ear, 35.0, 32.0. Cranial measurements: greatest

length of skull, 58.7, 58.0; condylobasal length, 54.6,
53.5; least interorbital breadth, 9.7, 9.8; zygomatic
breadth, 31.4, 30.6; breadth of braincase, 18.5, 18.5;
length of maxillary toothrow, 24.6, 24.0; length of palate, 32.2, 31.5; length of nasals, 28.5, 28.0; width of
rostrum, 9.6, 9.7; greatest length of mandible, 45.1,
43.3.
Reproduction.-See Table 1.
Micoureus constantiae (Thomas, 1904)
Additional Recorru.-JUJUY PROVINCE:

Altura de Yuto, Rio San Francisco, 500 m (Thomas,
1920a; Tate, 1933; type locality of Marmosa budini);
Parque Nacional Calilegua (Heinonen Fortabat and
Chebez, 1997). SALTA PROVINCE: Oran (Olrog,
1959); Parque Nacional Baritu (Heinonen Fortabat and
Chebez, 1997).
Measurements (from Olrog, 1959; Thomas,
1920a).-Extemal measurements (2 adult males): total
length, 325.0, 370.0; length of head and body, 139.0,
150.0; length of tail, 186.0, 220.0; length of hindfoot,
24.5, 25.0; length of ear, 22.4, 25.0. Cranial measurements (2 adult males): greatest length of skull, 38.0,
40.0; condylobasal length, 37.0, 37.0; least interorbital
breadth, --, 7.0; zygomatic breadth, 21.5, 23 .0; breadth
of braincase, --, 14.0; length of maxillary toothrow,
15.7, 16.0; length of palate, 21.0, 20.0; length of nasals,
16.5, 19.0; width ofrostrum, --, 5.0.
Natural History.-Thomas (1920a) noted
specimens at the type locality were captured in an upland forest.
Reproduction.-See Table 1.
Comments.-Thomas (1920a) originally described specimens from this locality as Marmosa
budini, a species separate from constantiae.
Micoureus demerarae (Thomas, 1905)
Additional Recorru.-MISIONES

PROVINCE: Arroyo Vina (brazo del Arroyo Garupa), Departamento Candelaria (Massoia, 1972); Departamento
Ap6stoles (Chebez, 1996); Departamento Cainguas
(Chebez, 1996; Massoia, 1980); Departamento Candelaria (Chebez, 1996; Massoia, 1980); Departamento
Dos de Mayo (Massoia, 1972); Departamento Gral.
Belgrano (Chebez, 1996); Departamento lguazu (Chebez, 1996); Departamento Obera (Chebez, 1996); Departamento San Ignacio (Chebez, 1996); Parque Nacional Iguazu (Heinonen Fortabat and Chebez, 1997).
Measurements (from Massoia, 1972).-External measurements (1 adult male, 1 juvenile female):
total length, 408.0, 230.0; length of head and body,
190.0, 104.0; length of tail, 218.0, 126.0; length of
hindfoot, 30.0, 18.0; length of ear, 28.0, 17.0. Cranial
measurements (I adult male, 1 juvenile female): greatest length of skull, 44.6, 30.8; least interorbital breadth,
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8.1, 6.1; zygomatic breadth, 25.6, 18.0; length of maxillary toothrow, 23.0, 15.8; length ofnasals, 20.5, 12.5.
Natural History.-The locality at Departamento Dos de Mayo is a typical eastern subtropical
forest (Massoia, 1972). At Arroyo Vifla, the habitat had
been disturbed but consisted of mixed vegetation, "Parque Chaquefio," and eastern subtropical forest, located
on both sides of a stream (Massoia, 1972).
Reproduction.--See Table 1.
Monodelphis dimidiata (Wagner, 1847)
Specimens
Examined
(!).-TUCUMAN
PROVINCE: Concepcion, 1 (BM).
Additional
Records-.-BUENOS
AIRES

PROVINCE: Arroyo Brusquitas (Reig, 1964; Reig and
Bianchi, 1969); Arroyo Brusquitas, Miramar (Reig et
al., 1977); . Arroyo Chocori (Reig, 1964); Arroyo del
Pescado (Reig, 1964); Baliza Caniu (Reig, 1964);
Baliza San Andres (Reig, 1964); Miramar (Wainberg,
1972); Partido Balcarce, Estacion Experimental del
Instituto Nacional de Tecnologia Agropecuaria (INTA),
ca. 15 k NW Balcarce (Balcarce at 37°51 'S, 58°16'W)
and nearby, ca. 100-150 m (Pine et al., 1985);
"INTA/ditch near buildings" (Pine et al., 1985); "INTA
property in overgrown pasture" (Pine et al., 1985);
"INTA, in ditch (grass tall) near buildings" (Pine et al.,
1985); "INTA area, Ruta 226, ditch" (Pine et al., 1985);
"Ruta 226 ditch, 1 km west of INTA gate" (Pine et al.,
1985); "near INTA, Ruta 226, Km 74, ditch" (Pine et
al., 1985); "roadside trapping near INTA entrance"
(Pine et al., 1985); "Ruta 226 ditch, Km 74" (Pine et al.,
1985); "ditch along INTA side along Ruta 226 Km 68"
(Pine et al., 1985); "in ditch along Ruta 226, approx.
Km 78" (Pine et al., 1985); "ditches along Ruta 226
between Km 65-75" (Pine et al., 1985); "ditch along
Ruta 226" (Pine et al., 1985); "Hill Plot", 150 m (Pine
et al., 1985); "Crovetto Field," ca. 6 k N Balcarce (Balcarce 37°51 'S, 58°16'W), 100 m (Pine et al., 1985);
Partido de Pergamino, Estacion Tambo Nuevo y Ruta
188, Km 60 (Massoia and Fornes, 1967); Partido de
Tandil, proximidades de la ciudad homonima (Massoia
and Fornes, 1967); Pergamino (Wainberg, 1972); Pergamino (33°53 'S, 60°36'W), Ruta 188, Curva de Pena
(Pine et al., 1985); Rio Ceballos (Pine et al., 1985);
Santa Clara del Mar (Reig, 1964); Sierra de La Peregrina (Reig, 1964); terrenos del INTA (Massoia and
Fornes, 1967). CORDOBA PROVINCE: Yacanto,
1150 m (Crespo, 1964). LA PAMPA PROVINCE:
Caleufil (Thomas, 1924; Pine et al., 1985). MISIONES
PROVINCE: Arroyo Zaiman, Departamento Capital
(Massoia, 1980); Departamento Apostoles (Chebez,
1996); Departamento Capital (Chebez, 1996); El Cruce,
Departamento Ap6stoles (Massoia, 1980). SALTA
PROVINCE: Tartagal (Crespo, 1964). NOT LOCA TED: La Tinta (Pine et al., 1985); Sierra de La Tinta
(Holmberg, 1898; Pine et al., 1985).
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Measurements (from Specimens Examined;
Massoia and Fornes, 1967).-External measurements
(3 adult females, unless noted otherwise): total length,
191.7 (177.0-210.0); length of head and body, 129.0
(116.0-140.0); length of tail, 62.7 (57.0-70.0); length of
hindfoot, 19.0 (14.0-29.0); length of ear, 10.7 (8.012.0); weight, 42.5 (35.8-48.0, 4). Cranial measurements (1 sex unknown): greatest length of skull, 36.1;
condylobasal length, 35.6; least interorbital breadth,
4.9; zygomatic breadth, 20.1; breadth of braincase,
12.8; length of maxillary toothrow, 12.9; length of palate, 18.9; length of mandibular toothrow, 13.5; greatest
length of mandible, 26.8.
Natural History.-Massoia and Fornes (1967)
found this species, in Buenos Aires Province, to prefer
road embankments, which are covered by thickets of
wild fennel and grasses and that border agricultural
areas. In Buenos Aires Province, of 29 specimens collected, adults (6) were captured in January (summer),
and juveniles were captured during fall, winter, and
spring (Reig, 1964; see also Reig, 1965). Pine et al.
( 1985) provided a detailed discussion of the ecology of
this species in eastern Argentina.
Reproduction.-See Table 1.
Comments.-This species has been collected
only twice in northwestern Argentina, once in Salta
Province and once in Tucuman Province; it is likely the
rarest marsupial in that part of the country. We have
trapped extensively in areas where the species might be
expected to occur, but have never encountered it. In
other parts of Argentina, this species can be more
common.
Monodelphis domestica (Wagner, 1842)
Additional Records-.-FORMOSA
PRO-

VINCE: Reserva Natural Formosa (Heinonen Fortabat
and Chebez, 1997).
Monodelphis iheringi (Thomas, 1888)
Additional Records-.-MISIONES PROV-

INCE: cercanias de Rio Victoria, Departamento
Guarani (Massoia, 1980); Departamento Guarani (Chebez, 1996; Massoia, 1980); Departamento Iguazu (Chebez, 1996); Departamento Obera (Chebez, 1996); Parque Nacional Iguazu (Heinonen Fortabat and Chebez,
1997).
Comments.-This species was listed as M.
americana by Redford and Eisenberg (1992).
Monodelphis sea/ops (Thomas, 1888)
Additional
Records-.-MISIONES

PROVINCE: Departamento Guarani (Chebez, 1996; Massoia, 1980); Departamento Iguazu (Chebez, 1996); Departamento Obera (Chebez, 1996); Parque Nacional
lguazu (Heinonen Fortabat and Chebez, 1997).
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Comments.-It is listed as Vulnerable in the
Libro Rojo{= Red Book) for Argentina (Fernandez et
al., 1997).
Monodelphis sorex (Hensel, 1872)
PRORecords.-MISIONE S
Additional
VINCE: Departamento Cainguas (Chebez, 1996; Massoia, 1980); Departamento Guarani (Chebez, 1996;
Massoia, 1980); Departamento lguazu (Chebez, 1996;
Massoia, 1980); Departamento Gral. Belgrano (Chebez,
1996); Departamento Obera (Chebez, 1996); Departamento Montecarlo (Chebez, 1996); Parque Nacional
lguazu (Heinonen Fortabat and Chebez, 1997); Reserva
Natural Estricta San Antonio (Heinonen Fortabat and
Chebez, 1997).
Comments.--Cbebez (1996) listed this species
as probable for.the Departamento San Pedro, Misiones
Province. It is listed as Vulnerable in the Libro Rojo(=
Red Book) for Argentina (Fernandez et al., 1997).
Monodelphis unistriata (Wagner, 1842)
Additional Records.-MISIONE S PROVINCE: Misiones, Alrededores (Chebez, 1996).
Comments.-The locality given above is verified by a single specimen collected in 1899; the presence of this species in Argentina needs to be confirmed.
Philander opossum (Linnaeus, 1758)
Additional Records.--CHACO PROVINCE:
Chaco (Heinonen Fortabat and CheNacional
Parque
bez, 1997); 10 km S Puerto Bermejo, 7 (USNM not
examined); Rio de Oro, Dpto. Bermejo (Crespo, 1974).
FORMOSA PROVINCE: Laguna Blanca (Massoia,
1971 ); Parque Nacional Rio Pilcomayo (Heinonen
Fortabat and Chebez, 1997). MISIONES PROVINCE:
Departamento Cainguas (Chebez, 1996; Massoia,
1980); Departamento El Dorado (Chebez, 1996; Massoia, 1980); Departamento Gral. Belgrano (Chebez,
1996); Departamento Guarani (Chebez, 1996; Massoia,
1980); Departamento lguazu (Chebez, 1996; Massoia,
1980); Departamento San Pedro (Chebez, 1996; Massoia, 1980); Fracran (Crespo, 1974); Parque Nacional
lguazu (Heinonen Fortabat and Chebez, 1997); Rio
Urugua-i, a 30 kil6metros de Puerto Bemberg (Crespo,
1950).
Measurements (from Crespo, 1950, 1974).External measurements (5 adult males): total length,
555.2 (510.0-620.0); length of head and body, 268.6
(240.0-302.0); length of tail, 286.6 (260.0-318.0);
length of hindfoot, 38.4 (35.0-42.0); length of ear, 32.2
(25.0-40.0). Cranial measurements (3 adult males):
greatest length of skull, 65.5 (60.0-69.4); condylobasal
length, 61.0 (54.5-65.3); least interorbital breadth, 8.3
(8.0-8.5); zygomatic breadth, 35.8 (30.7-41.0); breadth
of braincase, 19.3 (18.0-20.8); length of maxillary
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toothrow, 26.5 (25.4-27.2); length of palate, 38.1 (35.340.4); length of nasals, 30.4 (27.4-31.9); width ofrostrum, 10.9 (9.5-12.0); greatest length of mandible, 51.0
(46.0-55.0).
Natural History.--Crespo (1950) noted that
this species was nocturnal in Misiones Province and
restricted its activities to areas along watercourses; he
also noted that it is semiaquatic.
Reproduction.--See Table 1.
Thylamys pallidior (Thomas, 1902)
Specimens Examined (92).--CA TAMARCA
PROVINCE: immed. N Andalgala, Rio Andalgala, 1
(CM); Belen, 1 (MACN); Chumbicha, 0.5 km E of
Hwy 38 along Hwy 60, 1,500 ft., 1 (OMNH/CMIADIZA); Chumbicha, 1.5 km E of Hwy 38 along Hwy
60, 1,500 ft., 2 (1 CML, 1 CM-IADIZA); Minas Capillitas, 3,200 m, 2 (CM); Quir6s, 1 (MACN); off Hwy 62,
8 km E jct. Hwy 1 and 62, 1 (CM). CHUBUT PROVINCE: 3 km S Punta Norte, Peninsula Valdes, 1 (CM).
JUJUY PROVINCE: 11 km E of Humahuaca, 2 km E
of Pucara on road to Cianzo, 11,500 ft., 1 (OMNH/CMIADIZA). MENDOZA PROVINCE: 8 km NW El Sosneado, 35°00.29', 69°38.49', 5,367 ft., 1 (CMIADIZA); 10.5 km W of old Rte. 40, along road to
Lago Diamante, 2 (OMNH); 12.8 km E Malargue,
35°29.65', 69°26.71 ', 4,516 ft., 1 (CM-IADIZA); Mendoza, 37 km N along Villavicencio Hwy, 4 (OMNH);
Nacufian, 7 (OMNH); 35 km S Pareditas by Hwy 40
and 3 km E, 4,700 ft., 1 (CM-IADIZA); 2 km S Puesto
Punta del Agua, 35°34.23', 68°03.59', 2,700 ft., 4 (1
CML, 1 CM-IADIZA, 2 OMNH/CM-IADIZA); 3 km
W Refugio Militar Grl. Alvarado, 1 (OMNH/CMIADIZA); 3 km N Salinas del Diamante R. R. Station, 1
(OMNH/CM-IADIZA); Salinas del Diamante, 1
(CML); Salinas del Diamante, 3 (1 CML, 2 CMIADIZA); Salinas del Diamante R. R. Station, 3
(OMNH/CM-IADIZA); 31 km W Tunuyan, 1 (CM); 32
km W Tunuyan, 1 (CM); 50 km W Tunuyan, 1 CM); 7
km S Uspallata, 32°39.405', 69°20.970', 1,880 m, 4
(CML); approx. 7 km S Uspallata, 32°38.933',
69°20.987', 1,982 m, 1 (CM-IADIZA); 2 km N Valle
Grande Dike along Hwy 173, 34°49.02', 68°30.43',
2,700 ft., 1 (OMNH/CM-IADIZA); 40.2 km W of 25 de
Mayo along Rte. 150, 1 (OMNH). SAN JUAN PROVINCE: Castano Nuevo, 9 km NW of Villa Nueva, 5,040
ft., 1 (OMNH/CM-IADIZA); 2 km E Complejo Astron6mico El Leoncito, 1 (CM-IADIZA); 4 km W
Complejo Astron6mico El Leoncito, 1 (CM-IADIZA);
8 km W Complejo Astron6mico El Leoncito, 1
(OMNH/CM-IADIZA); 9 km W Complejo Astron6mico El Leoncito, 1 (CML); Estancia _Leoncito, 1
km W Observatorio Astron6mico, 2 (1 CM-IADIZA, 1
OMNH/CM- IADIZA); Estancia Leoncito, 2 km E Observatorio Astron6mico, 1 (CML); 17 km ESE Jose
Marti (by road) on road to Chaiiar Seco, 31 °53.70',
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68°02.77', 1,241 ft., 1 (OMNH/CM-IADIZA}; Quebrada de las Flores, 4 km E and 5 km N Guayamas,
31°40', 68°08', 2,200 ft., 4 (1 CM-IADIZA, 1 CML, 2
OMNWCM-IADIZA); Tudcum, "Nacedero," 6,660 ft.,
3 {l CM-IADIZA, 1 CML, 1 OMNH/CM-IADIZA}; 9
km NW Villa Nueva, 1 (OMNH/CM-IADIZA}; 6 km N
km 514 of Hwy 20, 31°54.84', 68°04.42', 1,963 ft., 1
(CM-IADIZA). SAN LUIS PROVINCE: 3 km W
Hualtaran, Parque Provincial Sierra de la Quijadas, approx. 32°29.78', 67°00.15', approx. 2,800 ft., 1
(OMNH/CM-IADIZA}; 1 km N Paso del Rey, along
Arroyo de la Canada Honda, 4,400 ft., 6 (2 CMIADIZA, 2 CML, 2 OMNH/CM-IADIZA); 15 km N
Paso del Rey, 4,700 ft., 1 (OMNH/CM-IADIZA); Quebrada de Lopez, San Francisco del Monte de Oro, 2,800
ft., 5 (1 CM-IADIZA, 2 CML, 2 OMNH/CM-IADIZA};
Rio Gomes, 7 km E of downtown San Francisco del
Monte de bro, 2,800 ft., 1 (OMNH/CM-IADIZA); 15 .
km E Salinas del Bebedero, 1,350 ft., 2 (1 CML, 1
OMNH/CM-IADIZA}; 15 km SE Salinas de Bebedero,
33°37.45', 66°35.79', 1,000 ft., 1 (CML); 12 km N
Varela (by road), 2,200 ft., 2 (OMNH/CM-IADIZA).
SALTA PROVINCE: 30 km E Cachi, 2600 m, 2 (CM).
TUCUMAN PROVINCE: El Bracho, 1 (CML); El Cadillal, 1 (CML); Las Mesadas, 1 (CML); San Pedro de
Colalao, 1 (BM).
Additional
Records-.--BUENOS
AIRES
PROVINCE: Laguna Chasic6 (Contreras and Alvarado,
1969); Sierra de la Ventana (Contreras and Alvarado,
1969); Vivero de Chasic6, Chasic6 (Reig et al., 1977).
CATAMARCA PROVINCE: along the Rio Andalgala,
ca. 3 km N Andalgala (Mares, 1973); off Hwy 62, 8 km
E jct. Hwy 62 and 1, E of Andalgala (Mares, 1973);
Chumbicha (Thomas, 1919a); Chumbiche (probably
Chumbicha) {Tate, 1933); Gualfm (probably Hualfm)
{Tate, 1933); Otro Cerro {Tate, 1933). CHUBUT
PROVINCE: approximately 200 km W Dolavon,
34°32.92'S, 68°07.78'W (Birney et al., 1996b); approximately 280 km W Dolavon, 43°45.30'S,
68°57.1 TW (Birney et al., 1996b); Isla de los Pajaros,
en el borde norte del istmo de entrada a la Peninsula
Valdes (Crespo, 1974); Istmo Ameghino, 42°25.80'S,
64°35.00'W (Birney et al., 1996b); Puerto Lobos,
42°03.91 'S, 65°08.97'W (Birney et al., 1996b); Puerto
Piramides, 42°34'S, 64°17'W (Birney et al., 1996b).
JUJUY PROVINCE: Abra Pampa, 3500 m (Olrog,
1959); Abrapampa, 3500 m (Thomas, 1919b); Abropampa (probably Abrapampa) {Tate, 1933); Alfarcito,
2600 m (Thomas, 1921b); Casabindo {Tate, 1933); Casabindo, 4000-4500 m (Thomas, 1919b); Cerro Calilegua (Olrog, 1979); Laguna de Pozuelos (Mascitti and
Castaiiera, 1991); Maimara {Tate, 1933); Maimara,
2230 m (Thomas, 1913); Parque Nacional Calilegua
(Heinonen Fortabat and Chebez, 1997). LA PAMPA
PROVINCE: Parque Nacional Lihue Calel (Heinonen
Fortabat and Chebez, 1997). LA RIOJA PROVINCE:
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Cerro Famatina, 3200 m (Olrog, 1959); La Invemada
(Thomas, 1920b); La Invemada, Famatina Range, 3800
m {Tate, 1933); Pagancillo (Yepes, 1936a); Patquia
(Yepes, 1936a); Potrerillo (Thomas, 1920b); Potrerillo,
Famatina Range {Tate, 1933). MENDOZA PROVINCE: Cacheuta (Roig, 1965); Callao (Yepes, 1936b);
Challao (Roig, 1965); Colonia Alocar, Rio Atuel {Tate,
1933); Desaguadero (Roig, 1965); La Paz (Roig, 1965);
Las Heras (Roig, 1965); Loncovaca (Roig, 1965); Lujan de Cuyo (Yepes, 1936b); Nacuiian, Reserva
Ecol6gica de Nacufian (Contreras, 1979); Punta del
Agua (Roig, 1965); Santa Rosa (Roig, 1965); 23 km W
Tunuyan (Mares, 1973); 33 km W Tunuyan (Mares,
1973); Tupungato (Roig, 1965; Tate, 1933).
NEUQUEN PROVINCE: Chos Malal {Tate, 1933);
Chos Malal, 805 m (Thomas and St. Leger, 1926);
Collon Cura {Tate, 1933); Las Lajas {Tate, 1933); Las
Lajas, 640 m (Thomas and St. Leger, 1926); Parque
Nacional Laguna Blanca (Heinonen Fortabat and Chebez, 1997); Zapala, 1062 m (Thomas and St. Leger,
1926). Rio NEGRO PROVINCE: Estancia Maria
Sofia, 40°37'S, 70°09'W (Birney et al., 1996b); General
Roca {Tate, 1933). SAN JUAN PROVINCE: Reserva
Natural Estricta El Leoncito (Heinonen Fortabat and
Chebez, 1997). SAN LIDS PROVINCE: Alto Pencoso
{Tate, 1933; type locality of Marmosa bruch,); Parque
Nacional Sierra de las Quijadas (Heinonen Fortabat and
Chebez, 1997); Villa Valeria {Tate, 1933). SANTIAGO
DEL ESTERO PROVINCE: Esteros {Tate, 1933); Lago
Muyo (Olrog, 1959); La Valle {Tate, 1933). TUCUMAN PROVINCE: Cerro Medici (Cajal, 1981);
Dique de Cadillal, 700 m (Olrog, 1959); El Bracho, 400
m (Olrog, 1959); Estacion Vipos {Tate, 1933); Las Mesadas, 2000 m, Depto. Trancas (Olrog, 1959); Tafi del
Valle {Tate, 1933); Tapia, 1 (USNM not examined;
Tate, 1933); 90 km NNW of Tucuman {Tate, 1933).
Measurements (from Specimens Examined;
Crespo, 1974; Olrog, 1959; USNM not examined).-Extemal measurements for 50 adults, unless
noted otherwise (30 males, 19 females, 1 sex unknown): total length, 190.7 (174.0-210.0); length of
head and body, 89.7 (73.0-105.0); length of tail, 101.1
(90.0-115.0); length of hindfoot, 14.2 (9.0-30.0); length
of ear, 22.3 (18.0-27.0, 49); weight, 19.3 (13.0-38.5,
48). Cranial measurements for 25 adults, unless noted
otherwise ( 15 males, 10 females): greatest length of
skull, 26. 7 (24.6-28.0); condylobasal length, 26.0 (21.127 .5); least interorbital breadth, 4.2 (3.9-4.5); zygomatic breadth, 13.9 (13.1-15.0, 24); breadth of braincase, 10.0 (9.4-10.4); length of max.illary toothrow,
10.3 (9.4-11.1); length of palate, 13.7 (12.8-14.2, 23);
length of mandibular toothrow, 11.0 (10.1-11.6); greatest length of mandible, 18.9 (17.6-19.9).
External measurements for 13 juveniles, unless
noted otherwise (6 males, 7 females): total length,
173.5 (150.0-193.0); length of head and body, 80.0
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(70.0-91.0); length of tail, 93.5 (75.0-104.0); length of
hindfoot, 12.3 (8.0-18.0); length of ear, 20.7 (18.025.0); weight, 12.9 (10.0-16.0, 12). Cranial measurements . for 6 juveniles (4 males, 2 females): greatest
length of skull, 24.3 (22.6-25.7); condylobasal length,
23 .9 (22.3-25.2); least interorbital breadth, 4.0 (3.44.2); zygomatic breadth, 13.2 (12.5-13.9); breadth of
braincase, 9.5 (9.3-9.9); length of maxillary toothrow,
9.5 (8.6-10.2); length of palate, 12.3 (I 1.4-13.0); length
of mandibular toothrow, IO. I (9.2-10.8); greatest length
of mandible, 17.3 (15.9-18.1).
Natural History.-This species feeds on insects (Cabrera and Yepes, 1940), including ants, and
fruit. Individuals enter torpor when temperatures drop
below I5°C (Roig, pers. comm.). Olrog (1979) captured
this species at Cerro Calilegua, Jujuy Province, only in
isolated sites below 2600 m.
Thomas (1919a) reported that specimens from
Chumbicha, Catamarca Province were captured in traps
placed among rocks. Mares (I 973) captured two individuals along the Rio Andalgala along a permanent
stream in dense riparian vegetation about 2 m in height;
a third individual was trapped on a high rocky desert
slope near an Echinopsis sp. with Opuntia sp., Larrea
cuneifolia, and Jatropha sp. nearby.
In Mendoza Province, Roig (1962) reported
that this species is nocturnal or crepuscular, eats small
birds and insects, lives in holes under shrubs and is
semiarboreal. He also noted a tendency to accumulate
fat in the tail and suggested that it was used as a food
reserve and to maintain hydric balance during periods
of stress. In Mendoza Province, Mares (1973) collected
this species in areas of typical Monte desert habitat up
to ca. 2000 m (Larrea divaricata, Geoffroya decorticans, Lycium sp., Prosopis sp., Trichocereus candicans,
Opuntia sp., Bougainvillea spinosa, Acacia aroma, and
Condalia microphylla). At the higher elevations in
Mendoza Province, this species was present with Phyllotis darwini and Lagidium viscacia (Mares, 1973). One
individual was captured in late July with scattered snow
on the ground; this species may be active, at least sporadically all year (Mares, 1973).
Pearson (1995) noted that in Neuquen and Rio
Negro provinces, this species is nocturnal, insectivorous, and semiarboreal and reported that the tail is used
to store fat. Thomas and St. Leger (I 926) commented
on specimens collected from Neuquen Province, noting
that they were captured in winter and exhibited conspicuously swollen tails (at least 45 mm in circumference).
Reproduction.--See Table I.
Comments.-Mares et al. (1981) listed two individuals from Cachi, Salta Province as M. pusilla; we
have re-identified them as T. pallidior. Heinonen Fortabat and Chebez ( 1997) listed this species as probable
for the Parque Nacional Lanin, Neuquen Province. It
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also has been cited for N euquen Province by Del Valle
et al. (I 989).
Birney et al. ( 1996b) listed various localities
(given above) for what they identified as possibly two
forms of Thylamys. According to Gardner (1993), these
animals would correspond to T. pallidior. The existence
of two apparent forms could indicate that both T.
pusil/a and T. pallidior could be involved (according to
Birney et al., 1996b).
Palma and Yates (1998) proposed that the distribution of T. pallidior be restricted to the prepuna and
puna on the eastern side of the Andes; the distribution
of T. pusilla extended from southeastern Bolivia, western Paraguay, southward through the Monte Desert and
Chaco to about 35° S lat. However, their cytogenetic
and molecular analyses did not include T. pusilla or T.
pal/idior from Argentina, nor did they examine specimens of Thylamys from Argentina in a morphological
analysis.
This situation remains to be clarified, especially since the occurrence of T. pusil/a in Patagonia
would be unlikely, given its northern Chacoan distribution. We have based our identifications on external and
cranial morphology following Tate (1933). In all of our
specimens examined, T. pallidior has supraorbital
ridges that are smooth and rounded, and a postorbital
constriction that is little pronounced. Specimens of T.
pusil/a have beaded supraorbital ridges that continue
posteriorly, merging with the temporal ridges on the
braincase, and a pronounced postorbital constriction.
Additionally, specimens of T. pusilla generally have a
longer tail, and a larger head and body, hindfoot, and
ear. Thus, while we recognize the results of Palma and
Yates (1998) for the phylogeny of Thylamys, we prefer
to use a more conservative approach until specimens of
Thylamys from Argentina are included in a revision of
. the genus.
Thylamys pusilla (Desmarest, 1804)
Specimens Examined (7).--CHACO PROVINCE: 20 km N and NW by road and 11 km NE by
road El Mangrullo, I (CML). FORMOSA PROVINCE:
35 km S, 5 km E Ing. Guillermo N. Juarez, Puesto Divisadero, 24°11.66', 61°53.29', 518 ft., 3 (2 CMIADIZA, I CML). SALTA PROVINCE: 6 km W of
Piquirenda Viejo, I (OMNH/CM-IADIZA); 5 km S
Tolloche, I (CM). SANTIAGO DEL ESTERO PROVINCE: 6 km S, 2 km E Pampa de los Guanacos, ca. 120
m, I (OMNH/CM-IADIZA); Virgen del Valle picnic
area on highway 64 between Santa Catalina and La
Puerta Chiquita, 2,300 ft., I (CML).
Additional Records-.--CORRIENTES PROVINCE: Estancia Coropa, Goya (Tate, 1933); Goya
(Tate, 1933); Goya, 600 ft. (Thomas, 1912; type locality of Marmosa cite/la). ENTRE Rios PROVINCE: La
Paz (Tate, 1933). FORMOSA PROVINCE: Parque
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Nacional Rio Pilcomayo (Heinonen Fortabat and Chebez, 1997). SALTA PROVINCE: Hickmann (Olrog,
1959).
Measurements (from Specimens Examined;
Olrog, 1959; Thomas, 1912).-Extemal measurements
(4 adult males, 5 adult females, unless noted otherwise):
total length, 202.9 (I 73.0-270.0); length of head and
body, 96.3 (77.0-125.0); length of tail, 106.6 (91.0145.0); length ofhindfoot, 13.2 (I 1.0-16.0, 8); length of
ear, 21.4 (15.0-26.0, 8); weight, 18.7 (13.0-29.0, 7).
Cranial measurements (3 adult males, 2 adult females,
unless noted otherwise): greatest length of skull, 27 .4
(25.8-30.4, 4); condylobasal length, 27.3 (25.4-29.8);
least interorbital breadth, 4.2 (3.7-4.7); zygomatic
breadth, 15.5 (14.9-16.5, 4); breadth of braincase, 10.5
(9.9-11.0, 4); length of maxillary toothrow, 9.9 (9.210.9, 4); length of palate, 13.7 (12.3-15.7); length of
mandibular toothrow, 10.2 (9.5-11.6, 3); greatest length
of mandible, 19.8 (18.5-21.7, 3).
Reproduction.--See Table 1.
Comments.-Mares et al. (1981) identified
three specimens from Salta as Marmosa pusi/la. Upon
re-examination we have determined that only the individuals from Tolloche are this species. The individuals
from Cachi are Thylamys pallidior (see above). Heinonen Fortabat and Chebez (1997) listed this species as
prob~ble for Parque Nacional Chaco, Chaco Province,
and Parque Nacional Mburucuya, Corrientes Province.
See comments under T. pallidior for reference to
specimens that were suggested by Birney et al. (1996b)
as possibly being T. pusilla.
Thylamys venustus (Thomas, 1902)
Specimens Examined (135).--CATAMARCA
PROVINCE: 5 km S Las Higuerillas on Hwy 9, 3,5800
ft., 1 (OMNH/CM-IADIZA). JUJUY PROVINCE: on
highway 9 at border with Salta, at campground on the
way to El Carmen, 4,600 ft., 22 (6 CML, 6 CMIADIZA, 10 OMNH/CM-IADIZA); El Simbolar, 25
km SW of Palma Sola, 1 (OMNH); Laguna La Brea, 23
km antes de Palma Sola (Ruta 1), 1 (OMNH); 25 km
SW Palma Sola, 4 (CM); 8.4 km E El Palmar, Sierra de
Santa Barbara, approx. 24°04'S, 64°34'W, 1
(OMNH/CM-IADIZA); 9.4 km E El Palmar, Sierra de
Santa Barbara, approx. 24°04'S, 64°34'W, 1
(OMNH/CM-IADIZA); on highway 29 (east off of
Hwy 9), 10 km W Tiraxi, 5,800 ft., 1 (OMNH/CMIADIZA); 4 km W along Hwy 3, jct. Hwys 34 & 3, 1
(CM). SALTA PROVINCE: Juntas de San Antonio, 1
(CM); 15 km S, 15 km W Oran, 3 (CM); 24 km NW
Agua Blanca, 1 (CM); 12 km NW Salta, 1 (CM); 27 km
E Tartagal, 1 (CM); Arroyo de los Noquez, Parque Nacional El Rey, 1 (CM); 8.2 km S, 8.4 km E Campo
Duran, 1 (CM). TUCUMAN PROVINCE: Aconquija,
3000 m, 9 (MACN); Burruyacu, 1300 m, 4 (BM); 45
km S Cafayate along Hwy 40, 1 (CM); Cerro del
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Campo, 1 (BM); Cerro de Tafi Viejo, 2400 m, 1 (BM);
Cerro San Javier, 6 (I CML, 5 MACN); Concepcion,
21 (5 BM, 1 CML, 15 MACN); El Cadillal, 25 km N
San Miguel de Tucuman, 1 (CM); Biological Reserve at
Horco Molle, near residencia, 2,400 ft., 17 (5 CMIADIZA, 6 CML, 6 OMNH/CM-IADIZA); 4 km W
junction Hwy 338 and road to Horco Molle along 338,
on road to San Javier, 2,750 ft., 1 (OMNH/CMIADIZA); Horco Molle, 15 km W San Miguel de Tucuman, 4 (CM); Horco Molle, 25 km NW San Miguel
de Tucuman, 2 (CM); La Higuera, 4 (CML); on Hwy
308, 5 km N of Las Higuerillas, 2,900 ft., 2 (I CMIADIZA, 1 OMNH/CM-IADIZA); 3 km W Lules, 1
(CM); Norco, Vipos, 2500 m, 5 (BM); Piedra Tendida,
12 km WNW Burruyacu along Rio Caj6n, 2,500 ft., 2
(OMNH/CM-IADIZA); San Pablo, 2 (BM); at km
marker 42, on highway 354, south of San Pedro de Colalao, 4,700 ft., 2 (OMNH/CM-IADIZA); 17 km NW
San Miguel de Tucuman, 3 (CM); 11 km S San Pedro
de Colalao, 1 (CM); Tucuman, 450 m, 1 (BM); Villa
Nougues, 1200 m, 2 (BM); Vipos, 2 (I CML, 1
MACN).
Additional Records.-JUJUY PROVINCE:
Calilegua (Tate, 1933); Carmencito, 400 m (Tate,
1933); Cerro Calilegua (Olrog, 1979); Higuerilla (Tate,
1933); Higuerilla, 2000 m (Thomas, 1921b); "Jujuy"
(Tate, 1933); Jujuy, 1258 m (Tate, 1933; Thomas,
1920a); Leon (Thomas, 1918); Leon, 1500 m (Tate,
1933); Parque Nacional Calilegua (Heinonen Fortabat
and Chebez, 1997); Sunchal, Sierra de Sta. Barbara
(Tate, 1933); Sunchal, Sierra de Santa Barbara, S.E.
Jujuy, 1200 m (Thomas, 1921c; type locality of Marmosa e/egans sponsoria); near Vala (probably Yala)
(Tate, 1933); Villa Carolina, 500 m (Thomas, 1920a);
Yuto (Olrog, 1959). SALTA PROVINCE: Aguaray
(Olrog, 1959); Oran (Olrog, 1959); Parque Nacional
Baritu (Heinonen Fortabat and Chebez, 1997); Parque
Nacional El Rey (Heinonen Fortabat and Chebez,
1997). TUCUMAN PROVINCE: Cerro de Campo,
Burruyacu {Tate, 1933); Cerro de Campo, Burruyacu,
1300 m (Thomas, 1926); Cerro de Raco (Capllonch et
al., 1996); Cerro de Raco, Trancas (Tate, 1933); Cerro
de Tafi Viejo (Capllonch et al., 1996; Tate, 1933);
Cerro de Tafi-Viejo, 2400 m (Thomas, 1926); Cerro
Medici (Cajal, 1981); Concepci6n, 2 (USNM not examined; Olrog, 1959; Tate, 1933); El Cadillal (R. A.
Ojeda, pers. obs.); Horco Molle, 650 m (Capllonch et
al., 1996); Horco Molle, 25 km al NW de San Miguel
de Tucuman (Capllonch et al., 1996); La Higuera, Dep.
Trancas (Olrog, 1959); Norco, Vipos, 2500 m (Thomas,
1926); Norreo-Vipos (probably Norco) (Tate, 1933);
Reserva Biol6gica de Horco Molle, cerca de la Residencia (Capllonch et al., 1996); San Javier (Capllonch
et al., 1996); San Javier, 1000 m (Olrog, 1959); Serra
de Tucuman (Tate, 1933); Tafi Viejo (Capllonch et al.,
1996); "Tucuman" (Tate, 1933); Tucuman, 450 m
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(Thomas, 1902b; type locality of Marmosa e/egans
cinderella); Villa Nougues, 1,200 m (Capllonch et al.,
1996); Villa Nogues, S. Pablo (Tate, 1933); Estacion,
Vipos, 800 m (Thomas, 1926); Vipos, 1000 m (Olrog,
1959); 4 km al oeste de la union de la ruta provincial
338 y camino a Horco Molle, sobre camino a San Javier
(Capllonch et al., 1996).
Measurements (from Specimens Examined;
Olrog, 1959; Thomas, 1921c).-Extemal measurements
for 80 adults (42 males, 38 females, unless noted otherwise): total length, 239.4 (202.0-284.0); length of
head and body, 106.9 (79.0-132.0); length of tail, 132.5
(100.0-152.0); length of hindfoot, 15.7 (5.0-20.0);
length of ear, 24.5 (18.0-30.1, 79); weight, 30.5 (17.655.0, 48). Cranial measurements for 35 adults (19
males, 16 females, unless noted otherwise): greatest
length of skull, 29.8 (27.4-33.3, 34); condylobasal
length, 28.9 (23.3-32.9); least interorbital breadth, 4.8
(4.2-6.0); zygomatic breadth, 16.1 (14.3-18.1, 33);
breadth of braincase, 11.1 (10.3-12.0); length of maxillary toothrow, 11.4 (10.4-12.2, 31 ); length of palate,
15.3 (14.0-17.2); length of mandibular toothrow, 11.0
(7.9-12.2, 28); greatest length of mandible, 20.7 (11.523.8, 28).
External measurements for 18 juveniles (8
males, 10 females, unless noted otherwise): total length,
175.1 (148.0-192.0); length of head and body, 78.9
(71.0-86.0); length of tail, 96.2 (75.0-113.0); length of
hindfoot, 13.2 (I 1.0-15.0); length of ear, 18.8 (16.020.0); weight, 11.6 (7.0-14.5). Cranial measurements
for 7 juveniles (4 males, 3 females, unless noted otherwise): greatest length of skull, 24.0 (22.2-25.7); condylobasal length, 23.2 (21.8-24.6); least interorbital
breadth, 4.1 (3.9-4.4); zygomatic breadth, 12.6 (11.813.4); breadth of braincase, 9.6 (9.2-9.9); length of
maxillary toothrow, 9.0 (7.7-9.7, 6); length of palate,
12.0 (11.0-12.8); length of mandibular toothrow, 10.0
(8.6-10.9); greatest length of mandible, 16.3 (14.916.9).
Natural History.--Over the last few decades,
several species and subspecies have been synonymized
under either M. e/egans or T. venustus, but much work
remains to be done on the systematics of this group in
order to clarify the actual situation. Olrog (1959) recognized several different subspecies of e/egans and
discussed the differences in the habitat selection of cinderella, Janetta, and venustus in northwestern Argentina: venustus prefers the humid Yungas forest of Salta
and Jujuy provinces; cinderella prefers humid Yungas
forest of Tucuman Province; and Janetta prefers transitional chacoan forest in the provinces of Salta, Jujuy,
and Tucuman. He noted distinct differences in coloration, as well. Cajal (1981) determined that in Tucuman
Province the home ranges of two individuals were 117
m2 and 442 m 2 •
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Olrog (1979) found this species (now recognized as T. venustus) common at elevations below 2000
m at Cerro Calilegua, Jujuy Province. He noted that it
was abundant in some years, possibly due to high
populations of sigmodontine rodents; he also noted that
it ate the young of other species.
Budin in Thomas ( 1926) noted that, in Tucuman Province, this species could be trapped in
"straw-covered fields" by placing traps at the entrances
to the burrows of cavies (Microcavia and Galea). Additionally, he reported that he usually captured them
under rocks and fallen trees and in holes on the slopes
of hills. This species will eat animals captured in traps
by opening the braincase and eating the brains (Thomas, 1918, 1926).
Reproduction.--See Table 1.
Comments.--Specimens of this species were
listed as M. elegans by Mares et al. (1981) for Salta
Province, Mares et al. (1996) for Tucuman Province,
and Mares et al. (1997) for Catamarca Province.
Specimens from the southern part of the range ( e.g.,
Tucuman) generally are recognized as the subspecies
cinderella, while those from the northern part of the
range in Argentina are considered sponsoria. Canevari
et al. ( 1991) cited this species from Meseta de Somuncura, Rio Negro Province. If true, this would be the
southernmost record for this species.
Order Paucituberculata
Family Caenolestidae
Rhyncholestes raphanurus Osgood, 1924
Additional Recor~.-NEUQUEN PROVINCE: Parque Nacional Nahuel Huapi (Heinonen Fortabat and Chebez, 1997). Rio NEGRO PROVINCE:
Parque Nacional Nahuel Huapi (Heinonen Fortabat and
Chebez, 1997); Puerto Blest, Parque Nacional Nahuel
Huapi, 41°02.15'S, 71°48.54'W, 780 m (Birney et al.,
1996b).
Natural History.-This species inhabits the
floor of the humid forests of southern Argentina and
Chile (Pearson, 1995). Its diet consists of earthworms
and larvae (Pearson, 1995). In Rio Negro Province,
Birney et al. (1996b) captured two individuals (females)
in dense, humid Nothofagus forest with an understorey
of bamboo (Chusquea), Podocarpus, and Saxegothaea);
both were captured in traps set under or in coihue trees
(Nothofagus dombeyi). At least one individual, captured
in March/April had an incrassated tail.
Comments.-lt is listed as Vulnerable in the
Libro Rojo (= Red Book) for Argentina (Fernandez et
al., 1997). The biology of this species was reviewed by
Patterson and Gallardo ( 1987). The locality of "Parque
Nacional Nahuel Huapi" cited by Heinonen Fortabat
and Chebez (1997) is given for the province of
Neuquen. However, all of the specimens cited above
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were collected in Rio Negro Province (E. C. Birney,
pers. comm.).

al. ( 1989). The biology of this species was reviewed by
Marshall (1978c).

Order Microbiotheria
Family Microbiotheriidae
Dromiciops gliroides Thomas, 1894
Specimens Examined (1 ).-Rio NEGRO
PROVINCE: 2 km E, 1 km S Co. Cathedral, 1
(OMNH).
Additional Records.-CHUBUT PROVINCE:
Parque Nacional Los Alerces (Heinonen Fortabat and
Chebez, 1997); Parque Nacional Lago Puelo (Heinonen
Fortabat and Chebez, 1997). NEUQUEN PROVINCE:
Beatriz, Nahuel Huapi, 800 m (Thomas, 1919c); Isla
Victoria, Lago Nahuel Huapi (Reig, 1955); Parque Nacional Lanin (Heinonen Fortabat and Chebez, 1997);
Parque NaC:ional Los Arrayanes (Heinonen Fortabat and
Chebez, 1997); Parque Nacional Nahuel Huapi (Heinonen Fortabat and Chebez, 1997). Rio NEGRO
PROVINCE: 5 km NW Pampa Linda (44 km W Bariloche), Parque Nacional Nahuel Huapi, 950 m (Pearson
and Pearson, 1982); Parque Nacional Nahuel Huapi
(Heinonen Fortabat and Chebez, 1997); Puerto Blest,
Parque Nacional Nahuel
Huapi,
41°02.15'S,
71°48.54'W, 780 m (Birney et al., 1996b); 0.5 km S
Puerto Blest, Parque Nacional Nahuel Huapi, 770 m
(Pearson and Pearson, 1982).
Measurements (from Specimens Examined).-External measurements (1 adult male): total
length, 201.0; length of head and body, 94.0; length of
tail, 107 .0; length of hindfoot, 19 .0; length of ear, 17 .0;
weight, 27.5. Cranial measurements (1 adult male):
greatest length of skull, 27 .1; condylobasal length, 26.1;
least interorbital breadth, 4.8; zygomatic breadth, 15.1;
breadth of braincase, 12.1; length of maxillary
toothrow, 8.4; length of palate, 12.2; length of mandibular toothrow, 8.4; greatest length of mandible, 18.2.
Natural History.-Tbomas (1919c) noted that
the specimen captured at Beatriz, Nahuel Huapi was
caught in a trap set among the roots of a fallen tree.
Pearson (1995) reported trap success of 0.1 % in the
forest (73% of Dromiciops caught) and 0.04% in shrub
habitat (27% of Dromiciops caught) in Neuquen and
Rio Negro provinces. Estimates of number of animals
per hectare are as follows: 0.2 (November), 0.5 (November), 0.5 (April) (Pearson, 1995). He also found
that this species is nocturnal, arboreal, uses bamboo
leaves to construct spherical nests, and forages on arthropods, and some seeds; it does not consume fungi.
This species enters torpor and may hibernate.
Reproduction.--See Table 1.
Comments.-Listed as Vulnerable in the Libro
Rojo (= Red Book) for Argentina (Fernandez et al.,
1997). Also cited for Neuquen Province by Del Valle et

RESULTS AND DISCUSSION
The biology of the marsupials of Argentina
presents a broad field that is ripe for additional research. To date, there has been no comprehensive overview of the taxonomy, systematics, and distribution of
this group of mammals in the country. Moreover, there
are almost no published data on the population ecology,
behavior, or even natural history of most species of
Argentine marsupials, and no study examines a single
species over any significant period of time. This may be
the result of the fact that most marsupials occur in regions that are fairly remote, such as the northeastern
and western rain forests, the vast plains of Patagonia, or
the arid deserts of the west. Additionally, marsupials
often occur in very low population densities and are
difficult to trap, thus making population data hard to
obtain.
In working throughout much of the country,
we have seldom found marsupials to be common, although some subset of the 13 genera represented in
Argentina occurs in all major habitats. Among the rain
forest species of northeastern Argentina (Caluromys,
Philander, Chironectes, Metachirus, Graci/inanus, and
Micoureus), most are uncommon. The larger species
(members of the first four genera listed) would be good
candidates for a research project that utilized radiotelemetric techniques, but so far no one has initiated such a
study.
Didelphis and Lutreo/ina can both be trapped
with some facility, and could be studied in the northern
mesic habitats of the country, across a broad band extending from Buenos Aires westward to Tucuman
Province. Indeed, these two marsupials occur in close
proximity to Thylamys pa//idior and T. venustus in parts
of Tucuman Province (Cajal, 1981). Didelphis, especially, offers opportunity for detailed study in the Yungas forest of northwestern Argentina or in the mesic
habitats of Formosa and Misiones provinces; some
short-term studies have examined aspects of its biology
(Cajal, 1981). With the exception of Cajal's (1981)
field research, Lutreo/ina, a fascinating, weasellike,
red-colored marsupial, has yet to receive more than
anecdotal attention (Barquez et al., 1991; Mares et al,
1989, 1996).
The most complex genus of marsupials in Argentina, Monodelphis, contains six species, but only
one has been examined in any detail (M. dimidiata:
Pine et al., 1985). Although Fernandez et al. {1997)
listed M. kunsi as "Endangered" for Argentina, we can
find no specimen citations to verify the presence of this
species in the country; it occurs just across the Bermejo
and Tarija rivers in Bolivia. Olrog and Lucero (1981)
list Monodelphis touan (= M. brevicaudata) for Misio-

42

nes Province, but we could find no specimen data to
verify the occurrence of this species in the country.
In many habitats, such as open desert, Thylamys is· represented by the occasional rare specimen that
appears serendiptously in a trapline. However, T. pallidior can be quite common in the dry desert scrubland
of central Mendoza Province, in the Nacufian Reserve
(M. Mares, pers. obs.), and T. venustus can be common
in the moist forests of northern Salta Province along the
Bolivian border (Mares et al., 1981). These areas would
be ideal for research on these species.
Argentina supports 311 species of native terrestrial mammals (excluding whales, dolphins, seals,
sea lions; Galliari, 1996), of which 23 are marsupials (7
percent). Although the number of marsupials comprising the mammal fauna is not great, they represent a
unique set of species with an ancient history. Moreover,
the marsupials ·have been shown to have fascinating
adaptations in their ecology, physiology, reproductive
biology, and general adaptation to their habitats, as well
as to competitors and predators. Unfortunately, in Argentina they have been generally ignored by ecologists
and taxonomists. We hope that this overview will help
stimulate studies on an interesting subset of the mammal fauna of Argentina by clarifying the research that
has been undertaken to date on the marsupials of the
country.
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Faunal Structure Of Small Mammals In Tallgrass Prairie:
An Evaluation Of Richness And Spatiotemporal Nestedness
By
DAWN M. KAUFMAN, GLENNIS A. KAUFMAN, and DONALD W. KAUFMAN
ABSTRACT

Small mammals were sampled from 14 local sites within an area of about 1,000 ha of tallgrass prairie at the
Konza Prairie Research Natural Area, Kansas, from autumn 1981 to spring 1996. Over the 15 years, we recorded 13
species of small mammals in autumn and 12 species in spring. Across species, spatiotemporal distribution (number of
site-seasons present) and average abundance were correlated positively for both autumn and spring. Both spatial and
temporal nestedness of communities of small mammals on Konz.a Prairie were tested by using the temperature
calculation method of Atmar and Patterson (1993). The significant structure demonstrated by this method revealed that
relatively species-poor communities were nested subsets of the richer communities of small mammals sampled on Konza
Prairie. This pattern held for both composite spatial nestedness (i.e., pooled across time) and composite temporal
nestedness (i.e., pooled across space) in autumn, spring, and year (autumn plus the following spring). Nestedness also
was evident among sites for each year (15 spatial analyses) and among years for individual sites (14 temporal analyses)
for each sampling period (autumn, spring, and year). Comparative analyses of temperatures of individual communities
revealed that small mammals were nested more strongly through space than through time during autumn but nested
similarly through space and time during spring and year. Finally, we used the temperature calculator to assess whether
individual species were ordered spatiotemporally among the 14 individual sites over the 15 years of the study. Western
harvest mice (Reithrodontomys megalotis), white-footed mice (Peromyscus leucopus), and prairie voles (Microtus
ochrogaster) were nested spatiotemporally during autumn, spring, and year. Of the remaining species, deer mice
(Peromyscus manicu/atus), short-tailed shrews (Blarina hylophaga), thirteen-lined ground squirrels (Spermophilus
tridecemlineatus), and hispid cotton rats (Sigmodon hispidus) were nested spatiotemporally in spring and autumn,
autumn and year, year, and autumn, respectively.
Key words: nested subsets, Konza Prairie, Long-term Ecological Research (LTER), spatial and temporal variation,
species diversity, rodents, shrews, Kansas
Our interests in the ecology of small
mammals in the Great Plains began when one of us
(DWK) conducted a study of habitat distribution of
rodents in the mixed-grass prairie region of northcentral Kansas (Kaufman and Fleharty, 1974). Since
then, we have focused on habitat associations,
community composition, and geographic variation of
small mammals in both mixed-grass and tallgrass
prairies in Kansas (Clark and Kaufman, 1990, 1991;
Kaufman and Kaufman, 1992, 1997; Kaufman et al.,
1988b, 1989, 1990a, 1990b, 1995), as well as on
large-scale patterns of the geographic distribution of
mammals (Brown et al., 1996; Kaufman, 1995;
Kaufman and Willig, 1998). Our studies of the
population and community ecology of small
mammals in tallgrass prairie in the Flint Hills region
of eastern Kansas began in autumn 1981. At that
time, we established an ongoing long-term study of
small mammals in native prairie on the Konza Prairie
Research Natural Area, Kansas, as part of the Konz.a
Prairie Long-Term Ecological Research Project. A
major goal of our project is an assessment of the

magnitude and pattern of temporal variation in population
and community characteristics of small mammals.
Further, we have used 14 permanent sampling sites to
facilitate the comparison of patterns and magnitudes of
variation in population and community characteristics
over space to those over time. Finally, an integral part of
the research design included the opportunity to assess the
effects of climatic conditions, prescribed fires, grazing by
bison (Bos bison), and topography on spatiotemporal
variability in characteristics of both populations and
communities of small mammals.
In this paper, we examined spatial and temporal
differences in the richness and composition of local
communities of small mammals.
For example, are
common (numerically abundant) species distributed
broadly in space and time while relatively rare species are
not, or are some common species distributed only
narrowly?
Also, is there a spatial and temporal
consistency with which species occur in rich or
depauperate communities and, therefore, is there a
nonrandom pattern to the likelihood that particular
species are present in or absent from local communities
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that vary in richness? To examine this latter question,
we have applied the statistical procedures of nested
subsets as applied to biogeographic issues concerning
the presence-absence of species within particular
faunas (Atmar and Patterson, 1993). We used this
procedure to assess the degree to which local
communities represent spatially or temporally nested
subsets of the small, prairie mammals found on
Konza Prairie. Finally, we have used the same basic
procedures to test whether individual species of small
mammals are spatiotemporally nested.
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Fig. 1. Locations of the seven experimental
treatments (ID, NIB, 4B, 4F, N4D, UB, and NUB) and 14
traplines sampled for small mammals during autumn and
spring from autumn 1981 to spring 1996 on the 3,400-ha
Konz.a Prairie site. Lines within the site denote the
boundaries of the many experimental treatments into which
Konz.a Prairie is divided. Closed circles denote the
position of the center of each 285-m trapline. Boundaries
between experimental treatments represent 5-m wide
mowed fireguards. (Current designations of UB and NUB
are 20B and N20B, respectively, due to recent renaming of
these treatments.)

FIELD METHODS
In autumn 1981, we initiated a long-term
study of the small mammals of the Konza Prairie,
located in the Flint Hills region of Kansas (in Riley
and Geary counties, approximately 10 km south of
Manhattan). Prairie habitats consist of dry, flat
uplands; rocky, steep-sided hills; and mesic,
relatively flat lowlands. Konza Prairie is divided into

numerous experimental treatments that are subjected to
periodic prescribed fires. These experimental fires are
applied at various intervals (from every year to once
every 20 years). We studied small mammals in seven
experimental areas that exp.e rienced different numbers of
spring fires from 1976 through 1995. These seven areas
were located within an overall study site of approximately
1,000 ha of tallgrass prairie (Fig. 1).
Site 1D was burned 18 times in spring from
1978 through 1995. Site NIB was burned during spring
in the eight years from 1988 through 1995, but was not
burned during 1976-1987. Sites 4B and 4F were burned
five times during 1976-1995 with 4B burned in springs of
1979, 1983, 1987, 1991, and 1994 (a wildfire) and 4F in
springs of 1981, 1985, 1989, 1991 (a wildfire), and 1993.
Site N4D was burned three times during 1976-1995; fires
occurred in springs of 1988, 1991 (a wildfire), and 1994.
Site NUB was burned only in the springs of 1980 (a
wildfire) and 1991 (a wildfire), whereas site UB was
burned only in 1991 (a wildfire). Sites NIB, N4D, and
NUB were subjected to grazing by bison from 1991
through 1995; however, the intensity of grazing was
highly variable among the three sites, among local areas
within the three sites, and among years.
We sampled small mammals for four
consecutive nights in both autumn and spring on each of
two permanent trap lines in each of the seven experimental
areas (Fig. 1). Trap lines consisted of 20 stations which
were spaced at 15-m intervals. At each station, we placed
two large Sherman livetraps (7 .6 by 8.9 by 22.9 cm)
within 1 m of the station marker. Because of the
variability in topography in the Flint Hills, each trapline
originated in upland and then crossed the slope and ended
in the lowland. However, the amount of upland, slope,
and lowland prairie sampled at each of the 14 traplines
differed due to the shape, size, and topographic
conditions present in each of the seven treatments. All
traplines were established in permanent sites beginning in
autumn 1981 except that the two sites used in autumn
1981 for NUB were shifted to new areas in spring 1982
due to management decisions beyond our control. For
this paper, we have assumed that data for small mammals
collected in autumn 1981 along NUB 1 and NUB2 were a
reasonable estimate of small mammals along the
permanent NUBN and NUBS sampling lines.
For our general analyses and descriptions of
small mammals on Konza Prairie, we summarized data on
abundance and on presence-absence of individual species.
Summaries were for individual sampling sites (area
sampled by a trap line) and for individual treatments in
autumns during 1981-1995 and springs during 19821996. Relative abundance was calculated as the number
of individuals captured per trapline.
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GENERAL DESCRIPTION
OF SMALL MAMMALS
We captured 13 species of small mammals
during the 15 years of sampling (13 species in 15
autumns and 12 species in 15 springs). The deer
mouse (Peromyscus maniculatus) was the most
common species in both autumn and spring (Tables 1
and 2).
Elliot's short-tailed shrew (Blarina
hylophaga) was the second most abundant species in
autumn, but was captured only infrequently in spring.
Other relatively common species in both autumn and
spring were the
western harvest mouse
(Reithrodontomys mega/otis), white-footed mouse (P.
leucopus), and prairie vole (Microtus ochrogaster).
Less common were the hispid cotton rat (Sigmodon
hispidus),
thirteen-lined
ground
squirrel
(Spermophilus tridecemlineatus), and southern bog
lemming (Synaptomys cooperi). Rare species were
the hispid pocket mouse (Chaetodipus hispidus),
plains harvest mouse (R. montanus), house mouse
(Mus muscu/us), eastern woodrat (Neotoma
j/oridana), and least shrew (Cryptotis parva).
Spatiotemporal distribution of individual
species varied markedly. P. maniculatus was caught
in 190 of 210 sites for autumn ( 14 sites times 15
autumns; henceforth, referred to as "site-autumns")
and in 156 of 210 sites for spring (14 sites times 15
springs; henceforth, referred to as "site-springs"). In
contrast, rare species were caught in only a few site-

49

seasons of the 420 possible (14 sites times 30 seasons
[autumns and springs]). For example, M. musculus was
caught in only 9 site-autumns and O site-springs (Tables I
and 2). Across species, the breadth of the spatiotemporal
distribution of a species (total number of site-seasons in
which it was present) was correlated positively to its
average relative abundance over the 15-year study period
for both autumn and spring (Fig. 2). The relationship
between site-seasons and relative abundance was not only
consistent among species, but also between autumn and
spring (compare data for spring and autumn in Fig. 2).
Because of its low abundance throughout the 15-year
period (only four individuals caught total), C. parva was
not included in any analyses of richness or nestedness of
the small mammals addressed in this paper.
For each of the eight common species in autumn,
the number of sites in which a species occurred during a
sampling period was correlated positively to the number
of individuals caught in the same sampling period (Table
3; years with zero abundance were excluded from
analysis). Relationships between the breadth of spatial
distribution and abundance were extremely high (r ~
0.87) for six of the eight common species (Table 3, Fig.
3).
The weakest relationship was found for P.
maniculatus.
This pattern likely was due to the
widespread .distribution and numerical commonness of P.
manicu/atus, as these mice never occurred in fewer than
10 of the 14 sites during a sampling period and averaged
12.7 sites per sampling period for the 15 autumns of the
study (Table 1).

Table 1. Abundance and distribution of 13 species ofsmall mammals captured on 14 sites during 15 autumns from 1981 to
1995 on Konza Prairie. For the total study area (14 sites over 15 autumns), characteristics are relative abundance (RA = individua/sltrapline), number of autumns in which a species was captured, number of sites at which species was captured, and number of the
210 site-autumns (S-A) in which a species was captured. For individual autumns, characteristics are the range in relative abundance
among the 15 autumns and the average and range of local sites in which a species was present during an individual autumn. For local sites, characteristics are range in relative abundance among the 14 sites and the average and range of individual autumns in
which a species was present.

Individual autumns

Total
Species

RA

Autumns

Sites

S-A

RA

P. maniculatus
B. hy/ophaga
R. mega/otis
P. /eucopus
M ochrogaster
S. hispidus
S. tridecemlineatus
S. cooperi
C. hispidus
R. montanus
M muscu/us
N. floridana
C. parva

5.50
2.83
2.58
1.71
1.17
0.52
0.25
0.17
0.05
0.05
0.05
0.04
0.02

15
15
14
15
11
9
12
6
7
4
8
6
3

14
14
14
13
14
12
13

190
152
110
103
65
34
41
22
11
8
9
7
3

1.9-16.5
0.1-7.0
0.0-6.6
0.4-5.0
0.0-6.0
0.0-2.5
0.0-1.4
0.0-0.9
0.0-0.3
0.0-0.4
0.0-0.1
0.0-0.2
0.0-0.01

11
6
6
7
4
3

Sites
12.7 (10-14)
IO.I (1-14)
7.3 (0-14)
6.9 (3-11)
4.3 (0-14)
2.3 (0-8)
2.7 (0-12)
1.5 (0-6)
0.7 (0-4)
0.5 (0-4)
0.6 (0-2)
0.5 (0-2)
0.2 (0-1)

Local sites

RA

Autumns

0.9-9.l
1.6-4.7
0.6-5.5
0.0-4.3
0.6-1.9
0.0-1.3
0.0-0.5
0.0-0.5
0.0-0.3
0.0-0.2
0.0-0.2
0.0-0.3
0.0-0.1

13.6 (6-15)
10.9 (8-13)
7.9 (5-11)
7.4 (0-14)
4.6 (3-7)
2.4 (0-5)
2.9 (0-6)
1.6 (0-4)
0.8 (0-4)
0.6 (0-2)
0.6 (0-2)
0.5 (0-4)
0.2 (0-1)
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Table 2. Abundance and distribution of 13 species of small mammals captured on 14 sites during 15 springs from 1982 to
1996 on Konza Prairie. For the total study area (14 sites over 15 springs), characteristics are relative abundance (RA = individualsltrapline), number of springs in which a species was captured, number of sites at which species was captured, and number of the
210 site-springs (S-S) in which a species was captured. For individual springs, characteristics are the range in relative abundance
among the 15 springs and the average and range of local sites in which a species was present during an individual spring. For local
sites, characteristics are range in relative abundance among the 14 sites and the average and range of individual springs in which a
species was present.

Species

P. maniculatus
B. hylophaga
R. megalotis
P. leucopus
M ochrogaster
S. hispidus
S. tridecemlineatus
S. cooperi
C. hispidus
R. montanus
M musculus
Njloridana
C. parva

Local sites

Individual springs

Total
RA

Springs

Sites

S-S

RA

Sites

RA

Springs

3.40
0.04
1.04
0.96
0.66
0.05
0.30
0.12
0.01
0.05
0
0.01
0.005

15
6
13
15
10
2
12
7
2
I
0
2

14
5
14
13
13
5
14
8
2
I
0
3
I

156
8
82
64
52
5
42
14
2
I
0
3

0.5-8.3
0.0-0.2
0.0-3.7
0.7-2.6
0.0-3.7
0.0-0.5
0.0-1.1
0.0-0.7
0.0-0.1
0.0-0. l
0
0.0-0.1
0.0-0.1

10.4 (3-14)
0.5 (0-2)
5.5 (0-11)
4.3 (1-8)
3.5 (0-12)
0.3 (0-4)
2.8 (0-8)
0.9 (0-3)
0.1 (0-1)
0.1 (0-1)
0
0.2 (0-2)
0.1 (0-1)

1.2-7.8
0.0-0.2
0.6-2.0
0.0-1.7
0.0-1.4
0.0-0.3
0.1-1.1
0.0-0.6
0.0-0.1
0.0-0.1
0
0.0-0.1
0.0-0.l

I 1.1 (7-15)
0.6 (0-3)
5.9 (3-8)
4.6 (0-8)
3.7 (0-7)
0.4 (0-1)
3.0 (1-8)
1.0 (0-4)
0.1 (0-1)
0.1 (0-1)
0
0.2 (0-1)
0.1 (0-1)

In spring, the relationship between number
abundance could be tested for only seven
and
of sites
hispidus was not tested because
S.
species;
individuals of this species were caught in only two
spring sampling periods (Table 3). As in autumn,
correlation coefficients for B. hylophaga, R.
megalotis, P. leucopus, M. ochrogaster, S.
tridecemlineatus, and S. cooperi were positive and
extremely high (r ~ 0.88). In contrast to autumn, the
relationship between sites and abundance also was
comparatively high for P. maniculatus (r = 0.87). In
spring, the number of sites with P. maniculatus
ranged from 3-14 sites per sampling period, which
was a much wider range than that observed in
autumn (Tables 1 and 2).
The total number of species caught at a local
site in autumn (based on all 15 years) averaged 9.1
species and ranged from 7 to 12 species across the 14
local sites, whereas the average number of species in
spring was only 6.6 species and ranged from 5 to 8
species. The total number of species caught in a
local site in the 15-year period was correlated
positively to the total number of individuals caught at
that site for autumn (one-tailed test: r = 0.55, df =
12, P < 0.05), but not for spring (one-tailed test: r
-0.02, df = 12, P > 0.10).
The number of species caught during a
single sampling period (based on all 14 sampling

sites) averaged 8.1 species per autumn, with a range of 6
to 11 species across the 15 autumns sampled. In spring,
the number of species caught per sampling period was
less than in autumn and averaged only 6.6 species with a
range of 4 to 9 species. The total number of species
caught during a sampling period in the 14 local sites was
correlated positively to the total number of small
mammals caught during the same sampling period for
both autumn (one-tailed test: r = 0.44, df = 13, P = 0.05)
and spring (one-tailed test: r = 0.55, df = 13, P < 0.05).
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Fig. 2. Relationship between number of site-seasons
present and relative abundance (indivi-duals/trapline) of a
species in autumn (plus sign) and spring (closed circle) on
Konza Prairie during autumns 1981-1995 and springs 19821996 (log site-seasons= 1.82 + 0.75[log relative abundance];
R2 = 0.92, d.f. = 23, P < 0.001). Points are for 13 species in
autumn and 12 species in spring (data from Tables 1 and 2).
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Table 3. Correlation coefficients (r) between number ofsites and number of individuals for the eight most common species
of small mammals in autumn, spring, and season (15 autumns and 15 springs). Number of sampling periods (n) in which each species was captured is given. Data for both sites and abundance were log-transformed before analysis. Probability levels (P) were
based on one-tailed tests.
Autumn

Spring

Season

Species

n

r

p

n

r

p

n

r

p

P. maniculatus
B. hylophaga
R. megalotis
P. leucopus
M ochrogaster
S. hispidus
S. tridecemlineatus
S. cooperi

15
15
14
15

0.61
0.97
0.98
0.87
0.94
0.71
0.99
0.99

<0.001
<0.001
<0.001
<0.001
<0.001
<0.05
<0.001
<0.001

15
6
13
15
IO
2+
12
7

0.87
0.96
0.94
0.87
0.98

<0.001
<0,001
<0.001
<0.001
<0.001

30
21
27
30
21

0.96
0.88

<0.001
<0.01

24
13

0.79
0.99
0.96
0.90
0.96
0.72
0.98
0.92

<0.001
<0.001
<0.001
<0.001
<0.001
<0.01
<0.001
<0.001
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Fig. 3. Relationships between number of sites present and number of individuals captured on Konz.a Prairie during autumns 19811995 for Blarina hylophaga (R2 = 0.95, df = 13, P < 0.001), Reithrodontomys me!alotis (R2 = 0.96, df = 12, P < 0.001), Microtus
ochrogaster (R2 = 0.88, df = 9, P < 0.001), and Spermophilus tridecemlineatus (R = 0.99, df = IO, P < 0.001).

ANALYSIS OF NESTEDNESS
IN FAUNAL PATTERN
"[U]seful null models for testing nested
subset patterns have been underexploited. The time
is long overdue for determining the frequency of
non-random nestedness patterns in natural
communities, and for recognizing that composition
patterns, in general, are important descriptors of
community composition."
-W. B. Worthen, 1996

Background and Application
Sets of coexisting species, or communities, often
exhibit some "type of organizational structure (Brown,
1995). One such type of structure is that in which
composition is nonrandom with respect to taxonomic
affiliation or ecological attributes as exemplified with
"assembly rules" (Diamond, 1975; Fox, 1989; Fox and
Brown, 1993). A second type is a compositional pattern
in which species are either common (numerically
abundant and geographically widespread) or rare
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(numerically scarce and geographically restricted);
these communities are said to exhibit "core-satellite"
organization (Hanski, 1982a, 1982b; Hanski and
Gyllenberg, 1993). A third, into which we delve in
detail, is a pattern of composition in which
communities of successively less species-rich biotas
tend to be subsets of more diverse communities;
these exhibit "nested subset" structure (Atmar and
Patterson, 1993; Brown and Gibson, 1983; Patterson
and Atmar, 1986).
The most obvious cases of nested subset
structure have come from island archipelagos or
insular habitats (Brown, 1995), including springs
(Kodric-Brown and Brown, 1993) and mountaintops
(Brown, 1971). Recently, nested subset theory (and
analyses following from that theory) has been applied
to conservation questions, with special reference to
extinction probabilities. Of particular interest is the
possible occurrence of nested subsets where habitats
are being fragmented and biotas are becoming
depauperate (e.g., Blake, 1991; Bolger et al., 1991;
Cutler, 1991; McCoy and Mushinsky, 1994; Telleria
and Santos, 1995; Thiollay, 1993). More recently,
Wright et al. (1998) conducted a comparative
analysis of nested subset patterns of species
composition for taxa including vertebrates,
arthropods, molluscs, and plants, with data collected
at differing spatial scales across various geographic
regions. Though nested subset theory also has been
applied to such non-traditional "islands" as fish hosts
(Guegan and Hugueny, 1994) and mushroom caps
(Worthen et al., 1996), most published studies have
examined patterns of nested subsets in a purely
spatial context for geographic ("real" or habitat)
islands.
The unique attributes of our data (detail and
consistency of data collected for 12 species of small
mammals across 14 geographic sites through 15
years) allowed for the assessment of nestedness over
both space and time. While spatial aspects of
nestedness have been explored widely, little
precedence exists in the literature for equivalent
temporal evaluations. Patterson ( 1990) was the first
to publish on the temporal development of nested
subset patterns. In his study, Patterson compared
changes in the nestedness of faunas from different
time periods, with intervals ranging from days or
months to portions of post-glacial time. He showed
that assemblages were nested significantly at
different time periods. However, his study did not
evaluate directly temporal nestedness; rather, it
showed that spatial nestedness was maintained
Simonetti (1994) examined
through time.
caviomorph rodent assemblages and found that the
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current fauna was an impoverished and nested subset of
prehistoric ones. These data were too limited to allow
rigorous quantitative temporal testing. In contrast to
these studies, we were able to assess nestedness on
"temporal" islands (measured across consistent
geographic space).
Finally, we assessed "nestedness" tendencies for
individual species. Kadmon's (1995) results indicated
that "isolation effects may interact with species-specific
dispersal properties to produce nested subsets of species
composition." Similarly, we were interested in speciesspecific properties and community organization. We
evaluated each species for spatiotemporal nestedness. In
addition, we examined all species to determine whether or
not they tended to exhibit a consistent level of nestedness
or lack thereof.
Indices of Nestedness
Several methods have been used to examine
nested subset structure (reviewed by Worthen, 1996;
Wright et al., 1998). These include incidence functions
(Diamond, 1975), Mann-Whitney Utests (Kadmon, 1995,
and references therein), logistic models (Ryti and Gilpin,
1987), and analyses that compare empirical data from
observed communities to random models. It is the final
group which we will address here. Comparisons of
communities and random models have been performed
either by computation or Monte Carlo simulation (Atmar
and Patterson, 1993; Cutler, 1991, 1994; Patterson and
Atmar, 1986; Wright and Reeves, 1992). These methods
have their foundation outside of traditional equilibrium
theory of island biogeography; that is, richness and
composition is not explained by an equilibrium between
colonization and extinction (equilibrium theory of
MacArthur and Wilson, 1963, 1967). Previous studies
using non-equilibrium approaches have used presenceabsence matrices to examine the distribution of species
across islands (e.g., Brown, 1971; Brown and Gibson,
Presence1983; Kodric-Brown and Brown, 1993).
absence matrices were arrayed with species ranked in
columns from those that were most ubiquitous to those
most narrowly distributed (left to right) and islands
ranked in rows. For matrices such as those used by
Brown and colleagues, island rank (top to bottom) was
based on geographical or ecological factors (e.g., largest
to smallest in size, or least to greatest distance/isolation
from a species source pool). For nested subset matrices,
species are ranked in the same manner, but islands are
ranked from most to least rich (for an example, see Table
4). Nestedness is perfect when (1) all species occur on all
islands richer than the most depauperate island where
each is present and (2) all islands contain every species
found on more depauperate islands. The earliest
nestedness analyses quantified deviations from perfect
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nestedness. These methods also assessed whether
deviations were small enough that the observed
matrix was nested significantly more than would be
expected for an assemblage structured solely by
stochastic factors.
In little more than a decade, several different
indices of nestedness have been developed (reviewed
by Wright et al., 1998). Patterson and Atmar (1986)
proposed an index, N (referred to as NJ by Cutler
[1991], No by Wright and Reeves [1992], and NO by
Wright et al. [l 998]). This index is based on the
number of unexpected absences or "holes" in the
matrix; a species is expected to be found at all sites
richer than the most depauperate site where it occurs.
Cutler ( 1991) developed additional indices. The first,
N2 (referred to as NJ by Wright and Reeves [1992]
and NJ by ·Wright et al. [ 1998]), is an alternative to
N. N2 is based on unexpected presences or "outliers"
in the matrix; a species is expected to be absent at all
sites more depauperate than the richest site where it
does not occur. Another metric, Ut, proposed by
Cutler (1991) essentially combined into a single
index the features of both of the above methods; Ut is
determined by both unexpected absences and
unexpected presences. Here, one chooses a fauna of
intermediate richness; based on that fauna, one adds
the number of unexpected absences in the richer
faunas to the number of unexpected presences in the
more depauperate faunas. For all of these indices (N,
N2, and Ut), zero represents perfect nestedness.
Wright and Reeves (I 992) posited another index, Ne,
which is based on the number of times that a species
present at a site correctly predicts its presence at sites
of equal or greater richness. Unlike N, N2, and Ut,
Ne increases with increasing nestedness. Finally,
Atmar and Patterson (1993) proposed the T metric
which is a "thermodynamic" measure of disorder(=
matrix "temperature") where deviation of the
observed matrix from a perfectly nested matrix of the
same size, fill, and shape is assessed. T ranges from
0° (indicating perfect nestedness) to 100° (complete
disorder).
We chose Atmar and Patterson's (1993)
temperature calculation method (reviewed by Kelt,
1997) to evaluate nestedness in our data for small
mammals in tallgrass prairie. All of the other metrics
were hampered by a strong dependence on matrix
size (Wright et al., 1998). However, a percent
transformation (Wright and Reeves, 1992) often can
eliminate this correlation. When a relationship exists
between matrix size and the nestedness metric, one
cannot directly compare nestedness between
matrices. For our study, it was important that we be

53

able to avoid this size dependency, as size of our test
matrices varied from IO to 330. Wright et al. (1998)
surveyed many datasets and found a negative correlation
between matrix size and fill (r = -0.38, df. = 161, P <
0.001); i.e., larger matrices tended to be less filled. For
some of the other methods, a correlation existed between
the metric and matrix fill even after the standardization
was performed. The T metric was not hampered by this
problem in general; specifically, no correlation was found
in our study (r = 0.07, df. = 163, P > 0.30). Therefore,
the T metric allowed for a comparison of test statistics
that was unbiased by matrix size and fill. In addition, T
was highly correlated to standardized (percenttransformed) N and Ne in the study of Wright et al. ( 1998;
their three chosen representative metrics for detailed
analyses). For these reasons, we felt that Twas the best
single metric for our study.

The Nestedness Temperature Calculator: Procedures
and Limitations
Use of the Nestedness Temperature Calculator
program (Atmar and Patterson, 1995) allowed us to ( 1)
characterize the nestedness of presence-absence matrices
and (2) test whether a matrix was more nested than
expected by chance. The first step in using the program
was to input a presence-absence matrix. The program
then packed the matrix; this was a rearrangement of the
matrix in which islands were ranked from those with the
most species to those with the least and species from most
widespread to least. In addition, the matrix might be
reduced in size. That is, any row or column that
contained only absences was removed and all but one row
or column that were completely filled also were removed.
Therefore, the test matrix could be smaller than that
Subsequently, the
based only on observed data.
temperature was calculated and the probability that the
observed pattern might be produced randomly was
estimated by Monte Carlo techniques. The calculated
probability was assessed by drawing randomly 1,000
matrices based on the size, shape, and fill of each test
matrix. Each of the randomly drawn matrices was
characterized by a temperature; these temperatures then
a frequency distribution.
If the
were plotted
temperature of a test matrix fell in the 5% tail of the left
side of the distribution (low temperature), then the test
matrix was nested significantly and unlikely the result of
chance events.
Characterization of temperature for test matrices
was independent of matrix size, shape, and fill (e.g., in
our study, no correlation existed between observed
temperature and log 10[size] for test matrices: r = -0.00017,
df. = 163, P > 0.99). Therefore, a temperature of 10° was
equal to 10°, regardless of matrix characteristics, and was

as
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Table 4. Composite spatial matrices showing presence of small mammals in 14 local sites and seven experimental treatments (Frt.) for
autumn, spring, and year (autumn plus following spring) from autumn 1981 to spring 1996 on Konza Prairie. For matrices shown, both Xs and dots
denote presence, whereas blanks denote absence. The full matrix shown is the observed matrix, with dots indicating presence that was ignored by
the nestedness temperature calculator. Each test matrix is the restricted subset of the observed matrix that contains only the Xs and blanks. For
each teit matrix, the matrix temperature (I', in degrees), matrix size (S, number of rows times columns), and probability (P) that the matrix could be

derived at random are shown
Treattnents

Sites
Autumn (T = 12.4°, S = 126, P
Site
NlBE
N4DW
4BW
NlBW
NUBN
4BE

4FW
lDE
NUBS
UBE
UBW
lDW
N4DE
4FE

Pm Bh Rm Mo Pl

•••

•
•
•
•
•
•
•
•

•
•
•
•
•
•
•

•
•
~

•
•
•
•
•

Autumn (f = 6.8°, S = 30, P

= 0.003)
St

Sh Sc Mm Ro Ch

Nf

xxxxxxxxx
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X X
X X
X X
X
X X
X X
X X
X X

X
X
X
X

X
X
X
X

X
X
X
X

X X
X
X
X X X
X
X

X

X

X

X
X

X

X
X X
X X X
X
X
X
X X
X
X
X X

X
X

Species

Trt.

12
11
11
11
10
9
9
9
8
8
8
8
7
7

NlB
N4D
4B
NUB
UB
4F
lD

4BE
N4nw ·
UBW
NUBS
UBE
N4DE
lDW
4FE
4BW
NlBW
4FW
lDE
NlBE
NUBN

Pm Rm

•
•
•
•
•
•
•
•
•
•
•
•

•
•
•
•
•
•
•
•
•
•
•
•
•

St

Pl Mo Sc Sh Bh

X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X

X X X
X
X
X
X
X
X
X X
X
X

Species

Trt.

8

UB
4B
N4D
NUB
lD
4F
NlB

7
7
7
7
6
6

X
X

NlBE
4BW
NUBN
N4DW
NlBW
4BE
UBE
4FW
lDW
UBW
lDE
N4DE
NUBS
4FE

•
•
•
•

•
•
•

•
•
•
•
•
•

•
•
•

•
•
•
•
•
•
•
•
•
•
•

...

Sh

Sc Mm Ro Ch

X X X

X X

X

X X

X

X X X
X X X

......

Nf

X

X

X

X X

Species
12
12
11
11
10
9
9

Pm

Rm

. .
•

•

•

•

•

•

..

X X
X X
X X

Species

Trt.

X
X
X
X

12
11
11
11
11

X

10

NlB
N4D
NUB
4B
UB
lD
4F

St

Sh Sc Mm Ch Ro Nf

X
X
X
X
X
X
X
X
X
X
X

•
•
•
•
•
•
•
•
•
•
•

X
X
X
X
X
X
X
X
X
X
X

•
•
•

•
•
•

X
X
X

X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X

X X
X
X
X
X X
X
X
X
X

X
X
X X

X
X

. .

..

X X X X

•
•

•
•

X
X

•

•

X X X

8
8
7
7
7

•

X

X

6

•

X

•

Year (f = 11.2°, S = 25, P

•
•
•
•
•
•
•
•
•
•
•

Species

Mo Sc Sh Bh

•

•

•

Pl

St

X
X

X
.X

6

X

6
5
5
5
5

X

Pm Bh Rm Mo Pl

St

6
6

X

Year (T = 14.4°, S = 98, P = 0.009)
Site

Pm Bh Rm Mo Pl

Spring (T = 23 .2°, S = 24, P = 0.47)

Spring (T = 11.4°, S = 84, P = 0.02)
Site

= 0.16)

X

9
9
9
9
9
8
8
7

= 0.26)

Pm Bh Rm Mo Pl

.. . . .. ..
•
•
•

•

•
•
•
•
•

•
•
•
•
•

•
•
•
•
•

•
•
•

•

St Sh

.
•
•
•
•
•

•
•
•
•

Sc Mm Ch Ro

Nf

. .. . . .
X
X
X
X
X

X X X X
X
X X
X
X
X X
X

Species
12
12
12
11
10
10
9

Note-Bh=Blarina hylophaga; Ch=Chaetodipus hispidus; Mm=Mus musculus; Mo=Microtus ochrogaster; Nf=Neotomajloridana; Pl= Peromyscus
leucopus; Pm=Peromyscus maniculatus; Rm=Reithrodontomys megalotis; Ro=Reithrodontomys montanus; Sc=Synaptomys cooperi; Sh=Sigmodon
hispidus; St=Spermophilus tridecemlineatus.
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directly comparable among matrices. In contrast,
probability determination was affected by the size,
shape, and fill of a matrix; the most important of
these was size. Given two matrices with the same low
temperature, the smaller of the two could be more
easily produced by random chance. Therefore, it was
more likely that a matrix would be significantly
nested if it was large rather than small (Atmar and
Patterson, 1995). Based on probability distributions,
a threshold temperature (the maximum temperature
that is cold enough to be nested significantly) could
be determined. For all of the analyses that we
conducted, matrix size explained a large portion of
the variation in the threshold temperature (R2 = 0.86,
Fig. 4). The variation around the regression equation
was due to .the fill and shape of the test matrices. Our
analyses of threshold temperatures showed that for
matrices of size 28 or smaller (number of rows times
number of columns in the test matrix), detection of
significance was not possible. That is, the threshold
temperature for these small matrices was below zero.
Significance was most easily detected for those
matrices that were 50% filled and square (Atmar and
Patterson, 1995); deviations (matrices being either
very full/empty or rectangular/elongated) reduced
threshold temperature and nestedness likelihood.
Finally, the fill of the observed matrix could have a
great impact on the size of the test matrix. An
observed matrix that was mostly empty likely would
lose rows or columns because of absences, whereas
an observed matrix that was mostly filled with
presences would lose all filled rows and columns
except one each. Therefore, the tendency of very
empty or very full observed matrices was to produce
relatively small test matrices (e.g., see Table 4).
Analytical Methods
Analyses of spatial patterns.-In our spatial
analyses, we included all 12 species of small
mammals, except for those captured in extremely low
abundance ~5 individuals) for any sampling period
across the 15 years. We felt that it was not possible
to accurately assess spatiotemporal distribution with
such limited data for species that were captured
rarely. Therefore, 12 species were included for
analyses of nestedness in autumn and year, whereas
only eight species were analyzed in spring. C.
hispidus, M. musculus, N. floridana, and R. montanus
were excluded, as only 2, 0, 3, and 1 individuals,
respectively, were captured throughout 15 springs.
We evaluated nestedness of the species
assemblages across the 14 local sites.
We
incorporated two temporal scales into our analysis of
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spatial nestedness; "composite" spatial analyses (i.e.,
pooled across time) evaluated the species assemblages
recorded at the 14 sites summed over the 15-year period,
whereas "individual" spatial analyses were used to
evaluate nestedness across the 14 sites of the study area
for each of the 15 years. One "composite" and 15
"individual" spatial matrices were examined for each of
the following times of year: autumn, spring, and year
(species recorded for an autumn plus the following
spring). In addition, we examined "composite" matrices
based on species captured in the seven treatments (for
autumn, spring, and year). These matrices were very
small, about one-half of the size of the matrices for sites.
Therefore, we did not conduct any "individual" spatial
analyses based on treatments. Our ability to detect
significance would have been hampered greatly by small
matrix size. We present temperatures for each analysis,
as well as simulation results, to indicate whether a matrix
was significantly nested.
For "individual" spatial
analyses, we also give mean values of matrix
temperatures across 15 autumns, 15 springs, or 15 years.
Analyses of temporal patterns.-By using the
same criterion to exclude species of low abundance as
used for analyses of spatial patterns, we evaluated
nestedness of the species assemblages across the 15 years
of the study. We incorporated two spatial scales into our
analysis of temporal nestedness; "composite" temporal
analyses (i.e., pooled across space) evaluated the species
assemblage recorded for years over the entire suite of 14
sites in the study area, whereas "individual" temporal
analyses were used to evaluate nestedness across the 15
years of the study period for each of the 14 sites. Four
"composite" temporal matrices were examined, one each
for autumn, spring, year, and season. The seasonal
"composite" matrix was based on small mammals
captured across our study area for each of the 30 seasons
(15 autumns and 15 springs). "Individual" temporal
matrices ( 14 based on single sites and 7 on single
treatments) were evaluated for autumn, for spring, and for
year. In contrast to our spatial analyses of nestedness, we
were able to perform meaningful temporal analyses based
on individual treatments. For "individual" temporal
analyses, the use of treatments did not reduce matrix size
and, therefore, did not hamper the possible detection of
significance from simulation results.
We present
temperatures for each analysis, as well as simulation
results, to indicate whether a matrix was nested
significantly. For individual temporal analyses, we also
give mean values of matrix temperature based on 15
autumns, 15 springs, and 15 years for both 14 sites and
seven treatments.
Comparison
of spatial
and temporal
nestedness.-Due to the array of our data (collected
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throughout 15 years across 14 sites), we were able to
compare the magnitude of spatial and temporal
nestedness. For autumn, spring, and year, we
compared the mean temperature of 15 individual
matrices (based on the 15 years) to the mean
temperature of 14 individual temporal matrices
(based on the 14 sites). We used a one-tailed MannWhitney U-test (Sokal and Rohlf, 1981) to evaluate
the prediction that spatial nestedness is greater than
temporal nestedness. Our prediction was based on
the following ideas. Spatially, we expected the
distributions of species to occur in an ordered fashion
(based on habitat) across sites during any one slice of
Temporally, we also expected species'
time.
occurrences to expand or contract in an ordered
fashion at any one site across years (relative to
weather conditions and primary productivity).
However, we anticipated that the level of temporal
order would be less than that of spatial order due to
interspecific variation in responses of small mammals
to inter-annual changes in weather and productivity
as well as other extrinsic factors (e.g., diseases,
parasites, and predators).
Evaluation of nestedness for individual
species.--Species were evaluated individually for
spatiotemporal nestedness. For these analyses, each
species was evaluated by two matrices; space by time
(where sites were rows and years were columns) and
time by space (where years were rows and sites were
columns). These analyses were done to test whether
our results were the same for a species regardless of
the orientation of the matrix. Of the 12 species
included in analyses of nestedness, eight were
common enough geographically to evaluate for
autumn, spring, and year; four were evaluated only
for autumn, as they were too rare to be evaluated for
spring.
NESTEDNESS OF COMMUNITIES
OF SMALL MAMMALS
Spatial Patterns
Composite spatial community.-During the

15 years of sampling in autumn and year, 12 species
of small mammals were caught in one or more sites,
whereas 11 species, all except M. musculus, were
caught during spring in one or more sites (Tables 1
and 2). However, over the 15-year study period,
many fewer species than the 12 possible usually were
Composite matrix
caught in each local site.
temperatures were 11.4° (P = 0.022), 12.4° (P =
0.003), and 14.4° (P = 0.009) for spring, autumn, and
year, respectively (Table 4). These significantly low
temperatures demonstrated that relatively speciespoor communities (represented by sites) were nested

subsets of the richer communities of small mammals
sampled on Konza Prairie.
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Fig. 4. Relationship between threshold temperature
(the maximum temperature that is cold enough to be nested
significantly) and matrix size of all test matrices evaluated by
the nestedness temperature calculator (threshold temperature = 67.2 + 46.5(log matrix size]; R2 = 0.86, df = 163, P < 0.001).
The horizontal line represents a threshold temperature of 0°; for
any points below this line, it is not possible to detect nestedness.
The vertical line represents a matrix size of 28; in general, it is
not possible to detect significant nestedness for any matrix
smaller than this size. The dot surrounded by the square is the
data point representing the spatiotemporal matrix for
Peromyscus maniculatus in autumn; it is depressed relative to
the regression because of extremely high fill (80. 7%).

We also examined spatial nestedness for the
communities of species recorded in experimental
treatments (data from the two sites in each treatment
combined). In these cases, richness ranged from 9 to 12
species across the seven treatments in autumn, 6 to 8
c.
species across treatments in spring (N. jloridana, _
hispidus, and R. montanus excluded), and 9 to 12 species
across treatments for year (Table 4). Temperatures of
treatment matrices were 6.8°, 11.2°, and 23 .2° for autumn,
year, and spring, respectively. In contrast to sites, species
were not nested significantly in treatments in autumn (P =
0.156), year (P = 0.262), or spring (P = 0.47~)_.
Aggregation of species from sites into commun1t1es
representing treatments and the high proportion of species
caught in all treatments resulted in very small test
matrices (Table 4). Although temperatures of matrices
were low in autumn and year sampling periods, the small
sizes of these matrices all but eliminated our ability to test
for significant patterns of nestedness among treatments
(see Fig. 4).
Individual spatial communities.-The 14
individual communities of small mammals were tested for
nestedness across space in each autumn, spring, and year
of the study. Matrices for individual sites were nested
significantly across space for each of the 15 autumns (P <
0.001: 7 autumns; P < 0.01: 5 autumns; P < 0.05: 2
autumns; P = 0.051: 1 autumn; matrices for four
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individual autumns shown as examples in Table 5).
Spatial nestedness also was significant in each of the
15 years for which it was tested (P < 0.001: 10 years;
P < 0.01: 4 years; P < 0.05: 1 year). · Matrix
temperatures averaged 15. 7° for autumn (1 SE = 1.5°;
range: 8.2°-26.6°) and 15.8° for year (lSE = 1.0°;
range: 9.7°-23.4°). In spring, matrix temperatures
averaged 16.9° (ISE = 2.0°; range: 7.0°-30.2°), which
was slightly higher but similar to average tempera-
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tures for autumn and year. In contrast to autumn and year,
local communities were nested spatially in only 11 of 15
springs (P < 0.001: 2 springs; P < 0.01: 4 springs; P <
0.05: 5 springs; P > 0.20: 4 springs). The fact that
probability values in spring generally were lower than
those in autumn and year was largely due to spring
matrices being smaller and less filled than autumn and
year matrices.

Table 5. Individual spatial matrices showing presence ofsmall mammals in local sites for autumn. Of the 15 test matrices
for individual years, the largest (1982), smallest (1991), coldest (1989), and warmest (1985) are shown. For matrices shown, Xs denote presence and blanks absence. In each case, the full matrix shown was both the observed matrix and the test matrix. For each
test matrix, the matrix temperature (I', in degrees), matrix size (S, number of rows times columns), matrix fill (F, as percent), and
probability (P) that the matrix could be derived at random are shown. See Table 4 for species names.
1982 (T = 17.3°, S = 154, F = 46.7%, P < 0.001)
Site

NIBE
4BW
4FE
NIBW
4BE
N4DW
IDE
NUBN
4FW
N4DE
UBE
IDW
NUBS
UBW

Bh Pm Mo Rm Pl

X
X
X
X
X

X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X

X

X

X

X
X

X
X
X
X

X
X
X

X
X

X
X
X
X

St

Ro Sh Mm Ch

X
X

X

X

X
X
X

X

X
X
X

X
X

X
X
X

X
X
X

Sc

X
X
X
X
X

1991 (T = 10.3° , S = 84, F = 36.9%, P = 0.003)

X

X
X

Species

Site

9
6
6
6
5
5
5
5
5
5
4
4
4
3

UBW
UBE
NIBE
4BE
NUBS
N4DW
4BW
NUBN
NIBW
4FW
N4DE
4FE
IDE
IDW

1989 (T = 7.7°, S = 112, F = 52.6%, P < 0.001)
Site

N4DW
UBE
4FE
NUBN
4FW
N4DE
NIBW
4BW
NUBS
UBW
NIBE
IDW
4BE
IDE

Pm Rm Pl Bh Mo Sh Sc

X
X
X
X
X
X
X
X
X

X
X
X

X
X
X
X
X
X
X

X
X
X
X
X
X

X

X
X

X

X

X
X
X

X
X

X
X
X
X
X

X
X

X
X
X

X

X
X

X
X
X

X
X
X

X

X
X

X

Pm Pl

X
X
X
X
X

X
X
X
X
X
X

X
X
X

Bh Sh Nf Mo

X

X

4
3
3
3
3
3
2
2
2
2

X
X
X

X
X

Species

X

X
X
X
X

X
X

X
X
X

1985 (T = 26.6°, S = 140, F = 34.2%, P = 0.01)

Nf

Species

Site

X

7
6
6
5
5
5
4
4
4
4
3
3
2

NIBW
4FW
NIBE
N4DW
IDE
4BE
N4DE
UBW
4FE
UBE
NUBN
NUBS
IDW
4BW

Pm Bh Mo Sc

X
X
X
X
X
X

X
X
X
X
X
X
X

X

X
X
X
X

X

X

X
X
X

Pl Rm St Ch

X
X

X

X

X

Nf Mm

X

X

X

X
X

X
X

X

X
X
X

X

X
X

X
X

X
X

X
X

Species

6
5
5
4
3
3
3
3
3
3
3
3
2
2
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Table 6. Composite temporal matrices showing presence of small mammals in sampling periods for autumn, spring, season, and year from autumn 1981 to spring 1996 on Konza Prairie. For matrices shown, both Xs and dots denote presence, whereas
blanks denote absence. The full matrix shown is the observed matrix, with dots indicating presence that was ignored by the nestedness temperature calculator. Each test matrix is the restricted subset of the observed matrix that contains only Xs and blanks. For
each test matrix, the matrix temperature (I', in degrees), matrix size (S, number of rows times columns), and probability (P) that the
matrix could be derived at random are shown. See Table 4 for species names.
Autumn (T = 25.1°, S = 150, P = 0.005)

Pm
1982
1986

•

1981

•
•

1985
1992

•

1993
1989

•
•
•
•

1987
1990
1988
1995
1994
1991
1983
1984

•
•

•
•

Bh

•
•
•
•
•
•
•
•
•
•
•
•
•

Pl

X
X
X
X
X
X
X
X
X
X
X
X
X

Spring (T = 11.9°, S

Rm St Mo Sh Mm Ch

X
X
X
X
X
X
X
,X
X
X
X
X

X X X X
X X
X
X X X X
X X
X
X X X X
X X X X
X X
X
X X
X X
X
X
X
X X
X
X X

X

X

X

X

X

X

X
X
X
X

X

Sc Nf Ro

X
X
X

X
X
X

Species

11
10
10

82A
81A
86A
85A
82S
92A
93A
87A

Pl

X
X
X
X
X

X
X
X
X
X

X
X
X
X
X

•
•
•

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X

X
X
X

X
X

X
X
X
X
X
X

X
X
X

X
X
X

X
X X
X
X X X
X X X
X
X X
X
X
X
X X X
X
X X
X
X
X

X

X

X

X

X X
X X

X
X

X
X

89A
90A

•

88A
94A

•
•

95A
91S
86S

•
•
•

87S
91A

•
•

83A
95S
93S
90S

•
•
•

94S
84A
83S

•

85S
89S

•

92S
88S
84S

•
•

96S

•

X
X
X
X
X

X

X

X

X
X
X
X

X

X

X

1994

8
8
8
7
7
7
6

1985
1987

•
•
•

1983
1989

•
•

1992
1995
1984
1996
1988

•
•
•
•
•

X

6

X
X
X
X
X
X
X
X
X
X

Species

X X X X
X X X
X
X
X X
X X
X X
X
X
X X
X

X
X
X

8
7
6

6
6

6
5
5
5
5
5

5
4
4

X
X

3

Year (T = 20.2°, S = 120, P = 0.03)
Sh Ch Mm Nf Ro

X X
X
X
X
X X

X X
X X

X
X

X
X

X

X
X
X
X
X X

X
X X
X
X
X

X

9

9
8

X
X

X

8
8

X

X
X
X

X

11
10
10
10
9

X

X

Species

X

X

X

7
7
7
7
7
6
6
6

X

6

X

6

X

6

X

6

X

X X
X
X X
X
X X X
X X X
X
X
X X
X X
X

X

X

•
•

9

6

X

X
X
X
X

X
X
X
X
X
X
X
X

•
•
•

9

6

X
X
X
X
X

X
X
X
X
X
X
X
X
X
X

1982
1986
1993

X
X X
X
X
X X

X

•
•
•
•
•

Rm St Mo Sc Bh Sh

1990
1991

X

Rm St Mo Bh Sc

Pl

10

Season (T = 20.1°, S = 330, P < 0.001)

Pm

Pm

X
X

X

= 105, P < 0.001)

X

5
5
5
5
4
4
4

Pm Bh Pl

x .x x x x x x x

81-2

•
82-3 •
86-7 · •

85-6
89-0
92-3

•
•
•

90-1

•

93-4
88-9
87-8

•
•
•

91-2
94-5

•
•

83-4

•

95-6
84-5

•
•

Rm St Mo Sh Mm Ch Sc Nf Ro

• •
• •

•
•

•

X
X
X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X

X X
X
X
X
X X
X
X X

X X
X
X X
X
X X X
X X
X
X X
X

X

X

X X

X

X
X

X
X
X

12
11
10
10
9

9
9
9

X X

X X
X X
X
X X

Species

8
8
8
8
7
7

6
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Table 7. Individual temporal matrices showing presence ofsmall mammals in local sites for autumn. Of the 14 test matrices for individual sites, the largest (NJBE), most filled (4FE), and coldest {JDW) are shown. Of the seven tests matrices/or individual treatments, the largest (NJB), coldest and most filled (4F), and smallest and least filled (JD) are shown. For matrices shown, Xs
denote presence and blanks absence. In each case, the full matrix shown is both the observed matrix and the test matrix. For each
test matrix, the matrix temperature (T, in degrees), matrix size (S, number of rows times columns), matrix fill (F, as percent), and
probability (P) that the matrix could be derived at random are shown. See Table 4 for species names.
NIBE (T = 17.5°, S = 180, F = 35.0%, P < 0.001)
Aut.

Pm Bh Pl Mo Rm

1982
1995
1990
1981
1985
1993
1986
1987
1991
1983
1988
1989
1992
1994
1984

X
X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X

St Ch Sh

Sc Mm Nf Ro

X

X X X X
X X
X
X
X X
X X
X X
X X X X
X X
X
X X
X
X
X
X
X
X
X
X X
X
X

X
X

X X
X

X

X

X

NIB (T = 23 .2°, S = 180, F = 44.4%, P < 0.001)

X

Species

Aut.

9
6
6
6

1982
1990
1985
1995
1983
1981
1993
1988
1992
1989
1986
1994
1987
1991
1984

5
5
4
4
3
3
3
3

2
2
2

X X

4FE (T = 14.1°, S = 105, F = 47.6%, P < 0.001)
Aut.
1981
1982
1989
1984
1993
1987
1983
1995
1985
1986
1990
1988
1994
1991
1992

Pm Bh Pl Rm Mo Sh
X

X

X

X

X

X X X X

X X

X

X

X

X

X

X

X

X

X

X
X
X
X
X

X X X
X
X
X
X X
X X

X

X

X

1990
1993
1982
1981
1983
1987
1989
1985
1994
1984
1986
1992
1995
1991

X

X

X

X

X

X

X

X

X

X

X

X

X

X

Sc Sh

X
X

X
X

X X
X X X
X X X
X
X
X
X
X

X

St

X

X
X

X

X
X
X
X
X

X

X

X

X
X
X
X
X
X
X

X X
X
X X
X
X X
X
X X

X
X X
X X
X X
X

Pm Pl

1981
1984
1982
1989

X
X
X
X

1990

X

X

1993
1985
1994
1992
1986
1987
1995
1983
1988
1991

X
X
X
X

X
X

X

Pl

X X
X X
X
X
X
X X
X X

6

X

Pm Bh Rm Mo

X X
X X
X X
X X
X X
X
X X

Aut.

IDW (T = 9.7°, S = ll2, F = 36.6%, P <0.001)
Aut.

X
X
X
X
X
X
X

Species

2
2
2

X
X

Bh Rm Mo St

Sh Ch

Sc Mm Ro Nf

X

X

X

X

9

X X
X

7

X

X
X
X

Species

6
6
6
6

X
X
X

X
X

6
5
5
5
5

X

X

X

X

4
4
3
3

4F (T = 15.4°, S = 135, F = 49.6%, P < 0.001)

6
6
4
4
4
3
3
3
3

X

X X X
X

X
X
X

St

Pm Pl

X
X
X
X

X

Bh Rm Mo Sh
X
X
X
X

X
X
X
X
X

X
X
X
X

X
X

X

X

X
X

X

Species
7
6
6
6

X
X

X

X

X
X

X

5
5
5
4

X

4

X

4

4
4
3

X

X X X X
X
X
X
X

Sc Ro

X

X X X
X

X
X
X
X

St

X

2
2

X

X

ID (T = 17.5°, S = 135, F = 39.2%, P < 0.001)
Species

Aut.

6

1990

5

1993
1982
1981
1992
1985
1983
1994
1987
1989
1984
1986
1988

4
4
3
3
3

2
2
2
2
2
2

Pm Bh Rm Pl

X
X
X
X
X
X

X
X
X
X
X

X
X

X

X

X

X

X X

X X
X
X X X X
X X X X
X
X X
X
X
X
X
X

X

X

X

X

1995

X
X

X
X

1991

X

St Mo Sc Mm Sh

X

X

Species
6
6
6

5
X

X

X

4
4

4
X

3
3
3

2
2
2

2
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Temporal Patterns
Composite temporal community.-All 12
species of small mammals were recorded in only one
of the 15 years (autumn 1981 through spring 1982),
whereas the maximum number of species recorded in
a single autumn (1982) and a single spring (1982)
were 11 and 8, respectively (Table 6). Fewer species
were caught in the remaining autumns, springs, and
All four of the matrices representing
years.
composite temporal nested.Dess (Table 6) were nested
significantly. Temperatures were as follows: autumn,
25.1° (P = 0.005); spring, 11.9° (P < 0.001); season,
20.1° (P < 0.001); and year, 20.2° (P = 0.003). We
suspect that the difference between autumn and
spring is due to the relative lack in spring of rare
species that tend to occur in a less ordered fashion. It
is interesting to note that, regardless of whether
autumns and springs are analyzed as 30 seasons or
collapsed into 15 years, the matrix temperatures are
approximately equal (Table 6).
Individual temporal communities.-Durin g
autumn, spring, and year, communities of small
mammals recorded for individual sites were tested
for temporal nested.Dess. Individual communities
recorded during autumn were nested temporally for
13 of 14 sites (P < 0.001: 10 sites; P < 0.01: 3 sites;
matrices for three individual sites shown as examples
in Table 7), but only marginally in I site (P = 0.069).
For year, individual communities were nested
significantly for all 14 sites (P < 0.001: 12 sites; P <
0.01: 2 sites). However, individual communities
present in spring exhibited temporal nestedness for
only 10 sites (P < 0.001: I site; P < 0.01: 3 sites; P <
0.05: 6 sites) and marginally in 3 sites (P < 0.10: 3
sites), but were not nested in I site (P > 0.10).
Temperatures of matrices averaged 18.6° for autumn
(ISE = 1.3°; range: 9.7°-30.1°), 18.6° for spring (ISE
= 2.2°; range: 6.0°-36.6°), and 16.5° for year (!SE=
1.2°; range: 6.4°-22.3°).
Reflecting patterns observed in local sites,
temporal nestedness for communities recorded in
each experimental treatment was significant for all
treatments during autumn (P < 0.001: 7 treatments;
matrices for three individual treatments shown as
examples in Table 7), spring (P < 0.00 I: 3
treatments; P < 0.01: 2 treatments; P < 0.05: 2
treatments), and year (P < 0.001: 7 treatments). As
with sites, temperatures of temporal matrices were
similar among seasons with average temperatures of
19.7° for autumn (ISE = 1.1°; range: 15.4°-23.2°),
16.3° for spring (ISE = 2.0°; range: 8.1°-25.6°), and
18.0° for year (ISE = 1.7°; range: 12.1°-24.2°).

EUGENE D. FLEHARTY FRESCHRIFT

Comparison of Nestedness in Space and Time ·
Over the spatial and temporal scales of sampling
used on Konza Prairie, individual communities in autumn
were more highly nested (i.e., colder) in space than in
time (U = 139, nJ = 15, n2 = 14, P < 0.05), although the
difference in average temperature was relatively small
(space: 15.7°; time: 18.6°; Fig. 5). In contrast, no
differences were found between spatial and temporal
temperatures of individual communities during spring ( U
= 108, nJ = 15, n2 = 14, P> 0.05) and year (U= 111, nJ
= 15, n2 = 14, P > 0.05). Average temperature of spatial
and temporal matrices were numerically more similar for
spring (space: 15.8°; time: 16.5°) than for year (space:
16.9°; time: 18.5°). I
'Note: We recognize that the same raw distributional data for
individual species of small mammals through space and time (presenceabsence) were used to create the matrices for · calculations of both
temporal nestedness for each of the 14 sites and spatial nestedness for
each of the 15 years. (In addition, these individual data points were
used a third time for the creation of matrices for individual species).
This might imply that results should be corrected for multiple
comparisons. However, statistical examination of nestedness did not
depend on the presence or absence of any individual data points, but on
their relationship to all of the surrounding data. Each time a data point
was used, it was surrounded by an entirely different array of data.
Therefore, because it was each matrix as a whole, as opposed to
individual data points, that was evaluated in the analysis of nestedness,
correction for multiple comparison was unnecessary. Further, although
each point of presence-absence data was used twice to create the
observed matrices for 15 spatial and 14 temporal analyses, these
observed matrices were collapsed into test matrices. Dependent on the
characteristics of each individual observed matrix, any single raw
datum might be excluded from any given test matrix, regardless of
whether it was a "presence" or an "absence"; it was these test matrices
on which analyses were performed. Therefore, the partitioning of the
presence-absence information into test matrices for temporal nestedness
creates new data (each characteristic test matrix and its temperature)
that are not predictable from those of spatial nestedness or vice versa;
that is, each contains unique metadata.

Based on composite matrices (spatial matrices:
Table 4; temporal matrices: Table 6), species composition
of communities in autumn appeared to be much more
nested (i.e., much colder) in space (12.4°) than in time
(25. I 0 ) , whereas, in spring, communities were similar in
nestedness in space (11.4°) and in time (11.9°). These
values suggested that the smaller communities of small
mammals in spring were much more similar in both space
and time than were the larger communities of small
mammals found in autumn. In addition, composite
matrices for year were more nested in space (14.4°) than
in time (20.2°). With regard to temporal nested.Dess, it also
appeared that the addition of information on the
occurrence of species in spring to information gathered
only during autumn tended to increase the nested.Dess of
In our study, the
communities of small mammals.

KAUFMAN ET AL.-FAUNAL STRUCTURES OF SMALL MAMMALS

temperature of the composite temporal matrix
decreased from 25.1° in autumn to 20.2° for year.
Temperatures, describing patterns of both
spatial and temporal nestedness (composite and
average individual values), indicated that spatial
temperatures were at least as cold, but usually colder,
than the temporal temperatures based on the same
data (Fig. 5).
Finally, the range of the six
temperatures describing spatial nestedness (11.4°16.90) was much lower and narrower than the range
of temperatures describing temporal nestedness
(11.9°-25.1°).
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widespread, it was present in sites where it was found
during those years in which it was geographically
restricted.
Second, in those years when a species
occurred in sites used only infrequently, it also was
present in those sites where it would be found in most
years. For common species, we performed these analyses
for autumn, spring, and year. Three species, R. megalotis,
P. /eucopus, and M. ochrogaster, were nested
significantly in space and time during our three sampling
periods (Table 9; for autumn, see Fig. 6). Patterns of
nestedness for other species were less consistent among
autumn, spring, and year. B. hy/ophaga was nested
significantly in autumn and year; P. manicu/atus was
nested significantly in spring and marginally in autumn (P
= 0.08); S. tridecem/ineatus was nested significantly in
year; and S. hispidus was nested marginally in autumn (P
= 0.08). Only S. cooperi was not nested in autumn,
spring, or year.
Rare species, C. hispidus, M. muscu/us, N.
jl.oridana, and R. montanus, could only be tested for
spatiotemporal nestedness in autumn. Matrices were
small with a relatively low proportion of cells filled.
None of the matrices for these species was nested
significantly (P > 0.50 for all four species; Fig. 6).
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Fig. 5. Comparison of temporal and spatial
matrix temperatures for species captured on Konza Prairie
from autumn 1981 to spring 1996 in autumn (circles),
spring (triangles), and year (squares).
Plotted are
corresponding spatial and temporal temperatures for
composite matrices (closed symbols) and for means based
on individual matrices (open symbols).
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NESTEDNESS OF INDIVIDUAL SPECIES
Using our information on the distribution of
individual species in 14 individual prairie sites over a
15-year period, we examined the nestedness of
individual species in space and time (matrices for
autumn in Table 8). These analyses focused on
testing whether species were nested spatiotemporally.
Spatiotemporal nestedness for a species can be
characterized in either one of two ways. First, in
those years when a species was geographically

Fig. 6. Plot of individual matrix temperatures for 12
species of small mammals, based on captures in 14 sites and for
15 autumns from 1981 to 1995 on Konz.a Prairie. The
probability that the matrix could be derived at random is shown
to the right of each bar (***: P < 0.001). Species are as
follows----Bh=Blarina hylophaga; Ch=Chaetodipus his-pidus;
Mm=Mus muscu/us; Mo=Microtus ochrogaster; Nf=Neotoma
jloridana;
Pl=Peromyscus
/eucopus;
Pm=Pero-myscus
maniculatus; Rrn=Reithrodontomys megalotis; Ro=Reithrodontomys montanus; Sc=Synaptomys cooperi; Sh=Sigmodon
hispidus; and St= Spermophilus tridecem-lineatus.
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Table 8. Individual species matrices showing presence of 12 species of small mammals in 14 sites and 15 autumns from 1981 to 1995
(labeled vertically above column) on Konza Prairie.· For matrices shown, both Xs and dots denote presence, whereas blanks denote absence. The
full matrix shown is the observed matrix; the test matrix is the portion of the observed matrix that contains only Xs and blanks. For some species,
the observed matrix and test matrix are one in the same; for other species, the test matrix is a restricted subset of the observed matrix. For each test
matrix, the matrix temperature (f, in degrees), matrix size (S, number of rows times columns), matrix fill (F, as percent), and probability (P) that the
matrix could be derived at random are shown.
Blarina hylophaga

Peromyscus maniculatus

(T = 20.4°, S = 168, F = 65 .4%, P < 0.001)

(T = 8.4°, S = 104, F = 80.7%, P = 0.08)
8 8 9 8 8 8 8 8 9 9 9 8 9 9 8
Site

5 9

4 7 2 6 0 2 3 3 5 4 8

4BE

• • • •
• • • •
• • • •
• • • •
• • • •
• • • •

• • •
• • •
• • •
• • •
• ••
• ••

N4DE
N4DW
4FE
NIBW
IDE
NUBN
NIBE
IDW
UBE
4FW
4BW

NUBS
UBW

•
•
•
•
•
•

•
•
•
•
•
•

•
•
•
•
•
• •

•
•
•
•
•

• • •
• • •
• • •
• • •
• • •
• • •

Autumns

Site

•
•
•

15

N4DW

15

UBW

15

NUBS

•

15

4FW

•
•

15

4BE

15

4BW

15

IDW

14

UBE

14

IDE

13

N4DE

••XXXXXXXXXXXXX
••XXXXXXXXX XXX
••XXXXXXXXXXXX
••X XXXXXXXXX X
••XXXXXXXXXX X
••XXXXXXXXXX X
XXXXXXX X
••XX
••XXXX

13

4FE

13

NUBN

12

NIBE

6

NIBW

1 7 0 2 9 4 5 8 6 3 3 5 4 2

Autumns

Site

NIBW

•XXXXXXXXXX
XX
•XXXXXXX
•XXXXXXXX X
•XXXXXXX X
X
•XXXXXXX
•XXXX X XX
X
•XXXXXX
•XXXXXXX
•XXXXXX X
•X XXXXX
X X
• XXX
•XXXXX
X
X
•XX
• XX XX

11

NIBW

10

UBE

10

4FW

9

NIBE

9

N4DW

8

NUBS

8

4BW

8

4FE

UBW

NUBN
4BE
4BW
NUBS
4FE
NIBE
N4DE
IDE

IDW

xx

13
13
11
11
11
11
11
IO

10
10

•••XXXXXX X
•••XXXXXXX
XX X
•••XX

IO

10
8

9 8 9 8 8 9 9 8 9 9 8 8 8 8 8

8 8 9 8 8 9 9 8 8 9 8 8 8 9
Site

UBE

••• xxxxx

13

(T = 26.4°, S = 195, F = 52.8%, P < 0.001)

(T = 21.1°, S = 182, F = 52.7%, P < 0.001)

N4DW

•••XXXXXXXX XX
•••XXXXXXXXX X
•••XXXXXXXX XX
X
•••XXXXX XX
XXX
•••X XXXX
•••XXXXXXX X
•••XXXX XXXX
•••XXXXXXXX
XX
•••XXXX X
•••XXXX X XX

Autumns

Peromyscus leucopus

Reithrodontomys megalotis

4FW

8 8 8 9 8 8 9 8 9 8 8 9 8 9 9
2 6 7 3 1 4 5 5 0 3 9 2 8 1 4

8

UBW

7

N4DE

6

NUBN

6

IDE

5
5

IDW

3 6 0 9 2 1 5 4 2 4 1 5 8 7 3

Autumns

xxxxxxxxxx xxxx
xxxx xx xx XXX
xxxxxxxxx xx
X XXX
xx xxxx

14

XXXX XX XXX X
XX X
XXXX XX
X
X
XX
XXX X
X
XX
X
xx xx

IO

xxxx xx xx
XXXXX
XXX
X
X

X

11

11
IO
9

8
8
8

X
X

6
4

X

2
2
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Table 8 (continued).
Microtus ochrogaster

Sigmodon hispidus

(T = 17.7°, S = 154, F = 42.2%, P < 0.001)

Site

NIBE
N4DW
4FW
NIBW
N4DE
UBE
IDW
NUBS
4FE
48W
4BE
UBW
IDE
NUBN

9 9 8 8 8 8 8 8 9 9 9
3 0 2 9 5 I 4 6 4 I 2

XXXXXX
XXXXXX

X
X

xxxxx xx
X
XX
xxxxxx

Autumns

Site

7
7

48W
NUBN
N4DW
4FE
UBE
NIBE
4FW
UBW
IDE
NIBW
4BE
IDW

7

XXX

XX X
X
XXX
X
X X XX

(T = 25.2°, S = 108, F = 31.4%, P = 0.08)

6
6

X

xxxx

5
4
4
4

XX X
XXX
XXX
XXX
XXX

3
3
3

X

3
3
3
3

xx

X
X
X

5
5
4

X
X

X
XX

XXX
X X
X X

xx

2

2
2

X
X

Synaptomys cooperi
(T = 24.8°, S = 66, F = 33.3%, P = 0.20)

8 9 8 8 8 8 8 8 9 8 9 9
Site

3 3 2 4 1 5 7 8 4 6 5 2

4BE
N4DW
NIBE
NUBS
N4DE
48W
NIBW
4FE
IDE
NUBN
4FW
UBW
IDW

XX X
XX
X
XX X
X
X X X
X
X
X
X
XX
X
XX
X
X X
X
X
XX
X X X
XXX
X
X
X
X

xx

9 8 9 8 8 8

Autumns

Site

3 5 0 2 6 9

Autumns

6

UBE
N4DW
NIBE
IDW
4BE
4FW
NUBN
4BW
NUBS
NlBW
IDE

X XX X
XXX X
X X
X X
X X
X X

4

4
4
3

3
3

3
3
3
3
2
2

xx

X
X
X

4
2
2
2

2
2
1
1

I
I

X

2

Chaetodipus hispidus

Reithrodontomys montanus

(T = 24.4°, S = 42, F = 26.1%, P = 0.50)

8 9 8 8 8 8 9
3 0 5 6 2 1 5

xx
xx

xx

X

X
X

X
X

xx

XX

3

(T = 30.3°, S = 156, F = 26.2%, P = 0.15)

NIBE
4BE
NUBN
4BW
N4DE
NlBW

XXX
XX XXX

Autumns

3

Spermophilus tridecemlineatus

Site

9 8 9 8 9 9 9 8 8
0 9 2 1 1 3 5 2 7

(T = 34.7°, S = 24, F = 33.3%, P = 0.79)

8 8 8 8
Autumns

Site

4
2
2

NUBS
N4DW
NIBW
NIBE
UBE
4FW

1
1
1

1 2 8 6

X

X

xx
X

X
X
X

Autumns
2
2
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Table 8 (continued).

Neotoma .floridana

Mus musculus

(T = 23.1°, S = 24, F = 29.1%, P = 0.58)

(T = 47.9°, S = 56, F = 16.0%, P = 1.00)

8 8 8 8 9 9 9 8
Site
NUBN
IDE
4BW
NIBW
NIBE
N4DW
UBW

6 5 I 2 2 3 4 7
X

X
X

X

9 8 8 8 8 9
Autumns

Site

2
2

4BW
4BE
N4DW
NIBE

X
X

I 7 8 9 5 2

X

XX X
X

Autumns
4
1

X

X

X
X
X

DISCUSSION
The 13 species of rodents and shrews captured
during 1981-1996 were expected in prairie habitats in
the Flint Hills region (Finck et al., 1986; Kaufman et
al., 1990b; McMillan et al., 1997). P. /eucopus, a
woodland species, has been unexpectedly abundant in
prairie habitats (Clark et al., 1987). Relative abundance
and spatiotemporal distribution, overall and in
individual sites and years, varied many-fold among the
13 species. However, all species in both spring and
autumn fit the same species richness-abundance curve
(Fig. 2), including P. leucopus and N. jloridana,
woodland species; S. hispidus, a recent immigrant; and
M. muscu/us, an introduced species (Finck et al., 1986;
McMillan et al., 1997). As shown by this richnessabundance pattern, the lower richness in spring
observed for both composite and individual
communities was related to a much lower abundance in
spring than in autumn. Further, the extremely low
abundance and spatiotemporal distribution of C.
hispidus, M. muscu/us, N. jloridana, and R. montanus
in spring generally were reflected in low abundance
and spatiotemporal distribution in the previous autumn.
In fact, M. muscu/us was the only small mammal
recorded in autumn that was not captured in spring.
Low abundance in native prairie habitats was not
unusual (Kaufman and Kaufman, 1990a).
Frankly, the ubiquity of nestedness for small
mammals on Konz.a Prairie was unexpected. We
thought that nestedness was likely to occur for
composite spatial matrices and was possible for
composite temporal matrices, but we never expected
the consistency of nestedness demonstrated for
individual matrices. For example, nestedness was
significant across all sites for all individual autumns of
the 15-year study and across all autumns for each site
but one. In addition, >75% of all test matrices, repre-

senting spatial and temporal communities, were
significantly nested for autumn, spring, and year.
All composite matrices for community
composition based on sites or sampling periods were
significantly nested. This was not true for spatial
matrices based on treatments; however, all of these
matrices were very small so that detection of nestedness
was either not possible or highly unlikely (Fig. 4).
Therefore, these matrices did not provide valid tests of
spatial nestedness. Despite this problem of detection, it
is interesting to note that temperatures of these nonsignificant composite matrices (treatments) were colder
in autumn and year than their significant counterparts
(sites).
For individual matrices, we used only sites for
tests of spatial nestedness, whereas both sites and
treatments were used for tests of temporal nestedness.
Use of treatments reduced the number of tests of
temporal nestedness to seven from the 14 for sites.
However, use of treatments did not alter greatly matrix
size compared to matrices for sites and, therefore, did
not compromise detection of significance for individual
matrices. For autumn and year, significant nestedness
was found in 30 of 30 spatial tests and 41 of 42
temporal tests for individual matrices. For autumn
only, the mean temperature for individual spatial
matrices was significantly lower than that for individual
This pattern suggested that
temporal matrices.
communities are more nested in space than in time in
autumn; a suggestion supported by other data. For
example, the temperature of the composite spatial
matrix (12.4°) in autumn was lower numerically than
that of the composite temporal matrix (25 .1 °) in
For composite matrices, temporal
autumn.
temperatures (11.9°-25.1°) also were more variable than
spatial temperatures (11.4°-14.4°; Fig. 5).
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Table 9. Matrix size (S, number of rows times columns), fill (F, as percent), and temperature (T, in degrees) oftest matrices used to test for spatiotemporal nestedness of the eight common small mammals captured during autumn, spring, and year
(aZftumn plus following spring) from autumn 1981 to spring 1996 on Konza Prairie.

Autumn
Species
P. maniculatus
B. hy/ophaga
R. mega/otis
P. leucopus
M ochrogaster
S. hispidus
S. tridecemlineatus
S. cooperi

Spring

Year

s

F

T

s

F

T

s

F

T

104
168
182
195
154
108
156
66

81
65
53
53
42
31
26
33

8.41
20.4***
21.1***
26.4***
17.7***
25.2 1
30.3
24.8

210
30
182
195
130
10
168
56

74
27
45
33
40
50
25
25

10.7***
26.3
37.8*
30.3**
20.3***
18.2
34.9
27.9

48
168
196
210
154
108
210
96

83
65
67
58
45
33
37
30

18.9
20.1***
22.3***
22.3***
16.2***
32.3
38.1*
34.8

1
0.05 < P < 0.10.
*P <0.05.
**P < 0.01.
***P < 0.001.

All composite matrices for community
composition were significantly nested, regardless of
whether data from autumn, spring, or year were
tested.
However, individual matrices produced
somewhat differing results among the different
sampling periods. The exceptions to this pattern
were individual temporal matrices based on
treatment, which were always significantly nested.
For individual spatial and temporal matrices (across
sites or at individual sites), presence of significantly
nested communities was high and consistent between
autumn and year (28 of 29 cases and 29 of 29 cases,
respectively).
In contrast to autumn and year,
individual matrices for spring were less nested in
space ( 11 of 15 cases) and time ( 10 of 14 cases).
Interesting differences in life history exist
for small mammals between autumn and spring in
our prairie habitats.
On Konza Prairie, the
composition of communities in autumn is dependent
on interspecific differences in dispersal into (local
colonization) and out of both burned and unburned
prairie (Kaufman et al., 1990b). Additionally, most
species in these communities have been through their
primary reproductive period.
In contrast,
communities sampled in spring generally are less
diverse than those sampled in autumn. This low
richness follows the reduction in populations due to
winter mortality that leads to local extinctions of
some species. Our data support the idea that the
communities of small mammals in spring typically
are impoverished in comparison to the communities
in autumn. For example, average richness per site
during our 15-year study was 9.1 species in autumn,
but only 6.6 species in spring. Further, we captured

an average of 14.9 small mammals/site/year in autumn,
but only 6.6 small mammals/site/year in spring. In
addition, we always recorded fewer total species in spring
than in the preceding autumn for the 14 sites.
Are spring communities an impoverished subset
of autumn communities? It is difficult to test this
question directly. This is due to the fact that there is not
an implicit expectation of the proportion of spring
communities that must be subsets of the previous autumn
for this to be true. Further, the level of "subsettedness" of
spring communities as compared to autumn includes a
continuum from ( l) true subsets in which there are many
fewer spring species than autumn species to (2)
communities that are the same in both seasons to (3)
spring communities that are subsets of autumn plus one
species to (4) spring and autumn communities that are
largely non-overlapping. Therefore, it is unclear where to
draw the line for an .impartial evaluation of the question.
However, we can provide some anecdotal information
that we consider to be affirmative evidence. Regardless
of whether we compared communities on Konza Prairie
between autumn and spring each year ( 15 comparisons)
or the communities at each of the 14 sites between
autumn and spring of each of the 15 years (210
comparisons), we found much the same pattern. In more
than 50% of the comparisons, small mammals captured in
the spring were a compositional subset of, or identical to,
those in the previous autumn (109/210 and 8/15 of
individual and composite comparisons, respectively). For
an additional 30% or more of comparisons, the
community in spring was a compositional subset of that
in the previous autumn plus one additional unexpected
species (72/210 and 5/15 of individual and composite
comparisons, respectively). Overall, these results, which
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accounted for >85% of comparisons, suggest that
spring communities tend to be impoverished subsets
of autumn communities. This is consistent with the
observation that spatial and temporal temperatures
from composite matrices were colder (numerically)
in spring than autumn (Fig. 5). This difference in
temperature was due, at least in part, to the loss of
species in spring that were rare in autumn. These
rare species tended to occur in less ordered patterns
than those patterns observed for the more common
species. One species, S. tridecem/ineatus, had a great
effect on those comparisons in which spring
communities differed by one species from being a
subset of autumn. In 35% or more of the cases
(25/72 and 2/5 of individual and composite
comparisons, respectively), spring was not a subset
of autumn due· to this relatively uncommon rodent
being recorded as absent for autumn. However, for
these comparisons, it is likely that S. tridecemlineatus
actually occurred on the sites in most of these
autumns but were not trappable due to the onset of
hibernation before autumn sampling. If we exclude
S. tridecemlineatus from these comparisons about
65% of the spring communities were subsets of those
in autumn.
The 12 species of small mammals tested
from Konz.a Prairie exhibited different levels of
We quantitatively
spatiotemporal nestedness.
analyzed the spatiotemporal nestedness of these
species for autumn (Table 8, Fig. 6). B. hylophaga,
M. ochrogaster, P. leucopus, and R. megalotis were
nested significantly through space and time. For
autumn, these were four of the five most common
species recorded; P. maniculatus was the most
common species (Table 1). P. maniculatus exhibited
the coldest autumn matrix (8.4°) among species in
autumn (Fig. 6), but was only marginally nested (P =
0.08). The matrix was mostly filled (80.7%) and
relatively small (size = 104) because of the
tremendous ubiquity (190 of 210 site-autumns) of P.
maniculatus. Therefore, detection of significance
was highly unlikely (threshold temperature= 6°) for
P. maniculatus (Fig. 4). S. hispidus, the sixth most
common species in autumn, also was nested
marginally (P = 0.08). The matrix was poorly filled
(25.2%) and relatively small (size= 108); S. hispidus
several
although
appeared nested,
visually
unexpected absences occurred. Thus, the six most
common species were nested in autumn, but none of
the six rare species were.
For rare species, it follows that their
individual spatiotemporal matrices would be small
and poorly filled (Table 8). Detection of nestedness
for such small and poorly filled matrices would be
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difficult at best. Detection of significant nestedness was
not possible (Fig. 3) for N. jloridana and R. montanus
because of their small matrices (size= 24 in both cases).
Visual inspection suggested that spatiotemporal
distribution o( S. tridecemlineatus and S. cooperi
appeared rather nested (P < 0.15 and P = 0.20,
respectively). In contrast, C. hispidus, N. floridana, and
R. montanus appeared to be distributed randomly in space
and time. In contrast to other rare species, M. musculus
appeared to exhibit a different nonrandom pattern, a
checkerboard distribution (Table 8; Diamond, 1975;
The probability that one would
Worthen, 1996).
randomly draw a spatiotemporal distribution at least this
nested was 100%. In fact, the matrix temperature for M.
muscu/us was relatively warm (42.9°) and fell 3.5
standard-deviation units to the right side of the mean
(13.8°) for the Monte Carlo simulations! It also is
interesting to note that M. musculus is the only introduced
species of small mammal that occurs on Konza Prairie.
Therefore, it has not evolved in the prairie community
and may respond very differently than the native species.
Because individual sites were all within a 1,000ha area of tallgrass prairie, the ranges in composite
richness among sites and treatments were quite
unexpected given the vagility of small mammals studied.
If richness of small mammals was not limited by spatial
isolation, then what factors constrain species and, thereby,
create the observed patterns of richness and composition?
First, individual study sites varied in the proportions of
trapping stations in dry, flat uplands; rocky, steep-sided
These
hills; and mesic, relatively flat lowlands.
have
vegetation
associated
and
topoedaphic conditions
the
on
influences
species-specific
considerable,
distribution and abundance of small mammals (Bixler and
Kaufman, 1995; Brillhart et al., 1995; Kaufman et al.,
1988b, 1995; Peterson et al., 1985). Second, prairie fires
(including fire history and time since last fire) influence
the distribution and abundance of small mammals
indirectly through alterations in the composition of the
vegetation (including invasion of woody species after
multi-year absences of fire) and the presence and depth of
the litter (mulch) layer (Clark and Kaufman, 1991 ;
Kaufman and Kaufman, 1990b; Kaufman et al., 1983,
1988b, 1989, 1990b, 1995; McMillan et al., 1995). In
fact, changes in litter and possibly other conditions can
cause some species of small mammals to emigrate from
prairie sites within hours or days of a spring prairie fire
and to immigrate into the burned area within a few weeks
of the fire (Clark and Kaufman, 1990; Kaufman et al.,
1988a). Grazing by bison and cattle can influence the
distribution and abundance of small prairie mammals
(Clark et al., 1989; Kaufman and Kaufman, unpublished
data); however, grazing influences on small mammals in
this study should be minimal because bison were able to
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graze only six of 14 sites and then only after 1991.
Topographic features, fire, grazing by large
mammals, and weather conditions affect and
constrain the distribution and abundance of small
mammals. These factors can influence the richness
and composition of the community of small
mammals found at a local site at any particular time.
But what mechanisms would result in species-poor
communities being nested subsets of the richer
communities of small mammals recorded in prairie
habitats on Konza Prairie? (It is interesting to note
that this pattern would not be expected where strong
competitive exclusion had occurred.) Possibilities
include any factors that cause the assembly, or
disassembly (Mikkelson, 1993), of communities in a
consistent order from a common species pool
(Wright et al., 1998). Four possible causes of
nestedness are potentially important (Cutler, 1994;
Worthen, 1996; Wright et al., 1998); those are
differential extinction, differential colonization,
nested habitats/niches (Patterson and Brown, 1991 ),
and passive sampling. It seems likely that the factor
contributing to nestedness of communities in autumn
( and year which was largely reflective of the autumn
fauna) was nested habitats/niches. Composition of
autumn communities result from differential
reproduction and dispersal of individual species.
Because of the nature of large-scale experimentation
on Konza Prairie, variability in extrinsic attributes
(e.g., fire and grazing regimes) found on the 1,000-ha
study area normally would occur over a much larger
area of prairie. It is this decoupling of geographic
space and habitat occurrence that suggests
habitat/niche
nestedness
over
differential
colonization as the cause of community nestedness.
(We would expect a similar pattern given a larger
geographic space, although the nestedness might
disintegrate if effects of differential colonization
were counter to the putative effects of habitat/niche
nestedness.) Given the vagility of small mammals, it
is unlikely that these species were unable to reach all
of the local sites (as required by the differential
colonization hypothesis). Additional support for the
nested habitat/niche hypothesis was that one-half of
the tested species exhibited significant or marginal
spatiotemporal nestedness.
We suggest that spring faunas were
impoverished
versions
of autumn
faunas.
Communities recorded in spring are affected by
mortality (local extinction). Certainly, mortality
affects all species of rodents and shrews. But, we
suggest that differential local extinctions may have
an effect. Support for this hypothesis comes from the
fact that faunas in spring tend to be subsets of the
faunas from the preceding autumn.

67

ACKNOWLEDGMENTS
The 15 years of field work on small mammals,
data summarization and management, and statistical
analyses of richness and abundance for our study were
completed as part of the Konza Prairie Long-Term
Ecological Research (LTER) Project, funded by National
Science Foundation grants DEB-8012166, BSR-8513327,
and BSR-9011662. The value of the Konza Prairie
Research Natural Area is immeasurable for this type of
ecological research; we thank The Nature Conservancy
for providing Konza Prairie. Konza Prairie is managed
for ecological research by the Division of Biology,
Kansas State University. DMK was supported by a
research assistantship provided by National Science
Foundation grant DEB-9318906 during data analysis and
manuscript preparation. Analyses of nestedness were
supported by the Department of Biology, University of
New Mexico. We thank W. Atmar and B. D. Patterson
for providing the Nestedness Temperature Calculator
Program. DWK thanks Kansas State University for
providing a spring-1998 sabbatical leave that greatly
facilitated the writing of this paper.
Manuscript
preparation was completed in spring 1998 when GAK and
DWK were associated with the Department of Biology,
University of New Mexico while on leave from the
Division of Biology, Kansas State University. We greatly
appreciate the field work of E. J. Finck, D. E. Brillhart,
and B. R. McMillan, without whose efforts this study
would not have been possible. We also thank an array of
volunteers who aided with field work during 1981-1996.
Finally, the quality of our manuscript was enhanced by
the constructive reviews of J. H. Brown, E. J. Finck, and
B. D. Patterson. This is contribution 98-512-B, Kansas
Agricultural Experiment Station, Kansas State University,
Manhattan.
LITERATURE CITED
Atmar, W., and B. D. Patterson. 1993. The measure of
order and disorder in the distribution of species
in fragmented habitat. Oecologia, 96:373-382.
Atmar, W., and B. D. Patterson. 1995. The nestedness
temperature calculator:
a visual BASIC
program.
World
Wide
Web
(http://www.fmnh.org/candr/zoology/zoo_ divisi
ons/nested.htm).
Bixler, S. H., and D. W. Kaufman. 1995. Local
distribution of prame voles (Microtus
ochrogaster) on Konza Prairie:
effect of
topographic position.
Transactions of the
Kansas Academy of Science, 98:61-67.
Blake, J. G. 1991. Nested subsets and the distribution of
birds on isolated woodlots. Conservation
Biology, 5:58-66.

68

Bolger, D. T., A. C. Alberts, and M. E. Soule. 1991.
Occurrence patterns of bird species in
habitat fragments: sampling, extinction, and
The American
nested species subsets.
Naturalist, 137:155-166.
D. W.
Brillhart, D. E., G. A. Kaufman, and
Kaufman. 1995. Small-mammal use of
experimental patches of tallgrass prairie:
influence of topographic position and fire
history. Pp. 59-65, in Prairie biodiversity
(D. C. Hartnett, ed.). Proceedings of the
Prairie
American
North
Fourteenth
Conference, Kansas State University Press,
Manhattan, 257 pp.
Brown, J. H. 1971. Mammals on mountaintops:
nonequilibrium insular biogeography. The
American Naturalist, 105:467-478.
Brown, J. H. 1995. Macroecology. The University
of Chicago Press, Chicago, 269 pp.
1983.
Brown, J. H., and A. C. Gibson.
Biogeography. The C. V. Mosby Company,
St. Louis, 643 pp.
Brown, J. H., G. C. Stevens, and D. M. Kaufman.
1996. The geographic range: size, shape,
boundaries, and internal structure. Annual
Review of Ecology and Systematics,
27:597-623.
Clark, B. K., and D. W. Kaufman. 1990. Short-term
to
mammals
small
of
responses
experimental fire in tallgrass prairie.
Canadian Journal of Zoology, 68:24502454.
Clark, B. K., and D. W. Kaufman. 1991. Effects of
plant litter on foraging and nesting behavior
of prairie rodents. Journal of Mammalogy,
72:502-512.
Clark, B. K., D. W. Kaufman, E. J. Finck, and G. A.
Small mammals in
1989.
Kaufman.
tallgrass prairie: patterns associated with
grazing and burning. The Prairie Naturalist,
21:177-184.
Clark, B. K., D. W. Kaufman, G. A. Kaufman, and E.
J. Finck. 1987. · Use of tallgrass prairie by
Peromyscus leucopus. Journal of Mammalogy, 68:158-160.
Cutler, A. 1991. Nested faunas and extinction in
fragmented habitats. Conservation Biology,
5:496-505.
Cutler, A. 1994. Nested biotas and biological
conservation: metrics, mechanisms, and
meaning of nestedness. Landscapes and
Urban Planning, 28:73-82.
Assembly of species
1975.
Diamond, J. M.
communities. Pp. 342-444, in Ecology and

EUGENE D. FLEHARTY FRESCHRIFT

evolution of communities (M. L. Cody and J. M.
Harvard University Press,
Diamond, eds.).
Cambridge, Massachusetts, 545 pp.
Finck, E. J., D. W. Kaufman, G. A. Kaufman, S. K.
Gurtz, B. K. Clark, L. J. McLellan, and B. S.
Clark. 1986. Mammals of the Konza Prairie
Research Natural Area, Kansas. The Prairie
Naturalist, 18: 153-166.
Fox, B. J. 1989. Small-mammal community pattern in
Australian heathlands: a taxonomically based
Pp. 91-103, in
rule for species assembly.
Patterns in the structure of mammalian
communities (D. W. Morris, Z. Abramsky, B. J.
Special
Fox, and M. R. Willig, eds.).
Publication, The Museum, Texas Tech
University, 28: 1-266.
Fox, B. J., and J. H. Brown. 1993. Assembly rules for
functional groups in North American desert
rodent communities. Oikos, 67:358-370.
Guegan, J. F., and B. Hugueny. 1994. A nested parasite
species subset pattern in tropical fish: host as
major determinant of parasite infracommunity
structure. Oecologia, 100:184-189.
Hanski, I. 1982a. Communities of bumblebees: testing
the core-satellite species hypothesis. Annales
Zoologici Fennici, 19:65-73.
Hanski, I. 1982b. Dynamics of regional distribution: the
core and satellite hypothesis. Oikos, 38:210221.
Hanski, I., and M. Gyllenberg. 1993. Two general
metapopulation models and the core-satellite
species hypothesis. The American Naturalist,
142:17-41.
Nested species subsets and
1995.
Kadmon, R.
geographic isolation: a case-study. Ecology,
76:458-465.
1995. Diversity of New World
Kaufman, D. M.
universality of the latitudinal
mammals:
gradients of species and bauplans. Journal of
Mammalogy, 76:322-334.
Kaufman, D. M., and D. W. Kaufman. 1992. Geographic
variation in length of tail of white-footed mice
(Peromyscus leucopus) in Kansas. Journal of
Mammalogy, 73:789-793.
Kaufman, D. M., and M. R. Willig. 1998. Latitudinal
patterns of mammalian species richness in the
New World: the effects of sampling method and
faunal group. Journal of Biogeography, 25:795805.
Kaufman, D. W., and E. D. Fleharty. 1974. Habitat
selection by nine species of rodents in northcentral Kansas. The Southwestern Naturalist,
18:443-452.
Kaufman, D. W., and G. A. Kaufman. 1990a. House

KAUFMAN ET AL.-FAUNAL STRUCTURES OF SMALL MAMMALS

mice (Mus musculus) in natural and
disturbed habitats in Kansas. Journal of
Mammalogy, 71 :428-432.
Kaufinan, D. W., and G. A. Kaufman. 1990b.
Influence of plant litter on patch use by
foraging Peromyscus maniculatus and
Reithrodontomys megalotis. The American
Midland Naturalist, 124: 195-198.
Kaufinan, D. W., B. K. Clark, and G. A. Kaufman.
1990a. Habitat breadth of nongame rodents
in the mixed-grass prairie region of north
central Kansas. Transactions of the Kansas
Academy of Science, 93:28-37.
Kaufman, D. W., E. J. Finck, and G. A. Kaufman.
1990b. Small mammals and grassland fires.
Pp. 46-80, in Fire in North American
taHgrass prairies (S. L. Collins and L. L.
Wallace, eds.). University of Oklahoma
Press, Norman, 175 pp.
Kaufinan, D. W., S. K. Gurtz, and G. A. Kaufinan.
1988a. Movements of Peromyscus maniculatus in response to prairie fire. The
Prairie Naturalist, 20:225-229.
Kaufinan, D. W., G. A. Kaufinan, and E. J. Finck.
1983. Effects of fire on rodents in tallgrass
prairie of the Flint Hills region of eastern
Kansas. The Prairie Naturalist, 15:49-56.
Kaufinan, D. W., G. A. Kaufman, and E. J. Finck.
1989. Rodents and shrews in ungrazed
tallgrass prairie manipulated by fire. Pp.
173-177, in Prairie pioneers:
ecology,
history, and culture (T. B. Bragg and J.
Stubbendieck, eds.). Proceedings of the
Eleventh North American Prairie Conference, University of Nebraska Press,
Lincoln, 292 pp.
Kaufman, G. A., and D. W. Kaufman.
1997.
Ecology of small mammals in prame
landscapes. Pp. 207-243, in Ecology and
conservation of Great Plains vertebrates (F.
L. Knopf and F. B. Samson, eds.). SpringerVerlag, New York, 320 pp.
Kaufinan, G. A., D. W. Kaufman, D. E. Brillhart, and
E. J. Finck. 1995. Effect of topography on
the distribution of small mammals on the
Konz.a Prairie Research Natural Area,
Kansas. Pp. 97-102, in Prairie biodiversity
(D. C. Hartnett, ed.). Proceedings of the
Fourteenth
North
American
Prairie
Conference, Kansas State University Press,
Manhattan, 257 pp.
Kaufinan, G. A., D. W. Kaufinan, and E. J. Finck.
1988b. Influence of fire and topography on
habitat selection by Peromyscus mani-

69

culatus and Reithrodontomys megalotis in
ungrazed tallgrass prairie. Journal of Mammalogy, 69:342-352.
Kelt, D. A. 1997. Nestedness temperature calculator.
Bulletin of the Ecological Society of America,
78:63-65.
Kodric-Brown, A., and J. H. Brown. 1993. Highly
structured fish communities in Australian desert
springs. Ecology, 74:1847-1855.
MacArthur, R. H., and E. 0. Wilson.
1963. An
equilibrium theory of insular zoogeography.
Evolution, 17:373-387.
MacArthur, R.H., and E. 0. Wilson. 1967. The theory
of island biogeography. Princeton University
Press, Princeton, New Jersey, 203 pp.
McCoy, E. D., and H. R. Mushinsky. 1994. Effects of
fragmentation on the richness of vertebrates in
the Florida scrub habitat. Ecology, 75:446-457.
McMillan, B. R., D. E. Brillhart, G. A. Kaufinan, and D.
W. Kaufman. 1995. Short-term responses of
small mammals to autumn fire in tallgrass
prairie. The Prairie Naturalist, 27: 15 8-166.
McMillan, B. R., D: W. Kaufman, G. A. Kaufinan, and R.
S. Matlack. 1997. Mammals of the Konz.a
Prairie: new observations and an updated
species list. The Prairie Naturalist, 29:263-271.
Mikkelson, G. M. 1993. How do food webs fall apart? a
study of changes in trophic structure during
relaxation on habitat fragments. Oikos, 67:539547.
Patterson, B. D. 1990. On the temporal development of
nested subset patterns of species composition.
Oikos, 59:330-342.
Patterson, B. D., and W. Atmar. 1986. Nested subsets
and the structure of insular mammalian faunas
and archipelagos. Biological Journal of the
Linnean Society, 28:65-82.
Patterson, B. D., and J. H. Brown. 1991. Regionally
nested patterns of species composition in
granivorous rodent assemblages.
Journal of
Biogeography, 18:395-402.
Peterson, S. K., G. A. Kaufinan, and D. W. Kaufinan.
1985. Habitat selection by small mammals of
the tall-grass prairie: experimental patch choice.
The Prairie Naturalist, 17:65-70.
Ryti, R. T., and M. E. Gilpin. 1987. The comparative
analysis of species occurrence patterns on
archipelagos. Oecologia, 73 :282-287.
Simonetti, J. A. 1994. Impoverishment and nestedness in
caviomorph
assemblages.
Journal
of
Mammalogy, 75:979-984.
Sokal, R. R., and F. J. Rohlf. 1981. Biometry: the
principles and practice of statistics in biological
research. Second ed. W. H. Freeman and

EUGENE D. FLEHARTY FRESCHRIFT

70

Company, New York, 859 pp.
Telleria, J. L., and T. Santos. 1995. Effects of forest
fragmentation on a guild of wintering
· passerines: the role of habitat selection.
Biological Conservation, 71 :61-67.
Response of a raptor
1993.
Thiollay, J. M.
and
shrinking area
community to
degradation of tropical rain-forest in the
southwestern Ghats (India). Ecography,
16:97-110.
Worthen, W. B. 1996. Community composition and
nested-subset analyses: basic descriptors for
community ecology. Oikos, 76:417-426.

Worthen, W. B., M. L. Carswell, and K. A. Kelly. 1996.
Nested subset structure of larval mycophagous
fly assemblages: nestedness in a non-island
system. Oecologia, 107:257-264.
Wright, D. H., and J. H. Reeves. 1992. On the meaning
and measurement of nestedness of species
assemblages. Oecologia, 92:416-428.
Wright, D. H., B. D. Patterson, G. M. Mikkelson, A.
Cutler, and W. Atrnar. 1998. A comparativeanalysis of nested subset patterns of species
composition. Oecologia, 113:1-20.

Department ofBiology, 167 Castetter Hall, University ofNew Mexico, Albuquerque, New Mexico 87131 (DMK.)
(present address: National Center for &ological Analysis and Synthesis, University ofCalifornia,
735 State Street, Suite 300, Santa Barbara, California 93101)
Division ofBiology, 232 Ackert Hall, Kansas State University, Manhattan, Kansas 66506 (GAK, DWK)

The Bats Of Wyoming
By
MICHAEL A. BOGAN and PAUL M. CRYAN
ABSTRACT

We examined 1280 bats of 12 species submitted to the Wyoming State Veterinary Laboratory (WSVL) for rabies testing between 1981 and 1992. The most abundant species in the sample was Myotis lucifugus, followed by Eptesicus fuscus, Lasionycteris noctivagans, M ci/iolabrum, and M volans. Using the WSVL sample and additional museum specimens, we summarized available records and knowledge for 1.7 species of bats in Wyoming. Records of the
WSVL show that, between 1981 and 1992, 113 bats actually tested positive for rabies. We examined 45 of those rabiespositive bats; E. fuscus had the highest incidence (60%) in the sample, followed by L. noctivagans (11 %) and L. cinereus
(9%).
Key words: bats, Wyoming, distribution, seasonal occurrence, relative abundance, rabies
Although much has been written on mammals
in Wyoming, especially large mammals, it is only recently that any real effort has been devoted to a better
understanding of bats in that state. Still, no comprehensive summary of distribution and abundance exists for
bats in Wyoming. Early reports on the state's mammals
provided only fragmentary information. Cary ( 1917)
listed eight species of bats as characteristic of the various life zones in the state and, not quite 50 years later,
Long (1965) provided records for 11 species, many of
these from surprisingly few localities. The most recent
compilation of Wyoming mammals by Clark and
Stromberg (1987) provides information on 16 species
presumed to occur in the state. Although they provided
considerable general natural history information on the
species and mapped their distributions, they did not
record lists of specimens examined and did not provide
specific locality information. A more general overview
of bats in the adjacent northern Great Plains is that of
Jones et al. (1983), and specific information on mammals in the Black Hills of South Dakota and Wyoming
is in Turner (1974).
Efforts are now underway in many states, including Wyoming, to obtain current information on
status and trends of bat populations because there are
widespread perceptions that bats as a group are declining in numbers (Bogan et al., 1996b). We believe that
such efforts must be based on an understanding of distribution and abundance, and other aspects of bat biology (Fenton, 1997), that is as complete as practicable.
We hope that this compilation will be useful in that
regard.
In the early 1980s, the senior author was offered the opportunity to obtain for examination specimens of bats submitted to the Wyoming State Veterinary Laboratory (WSVL) that tested negative for rabies,
much as Stromberg (1982) had done earlier. During the
period from about 1981 through 1992 we were able to

examine about 1300 specimens of bats submitted to
WSVL for examination. Previous collections of bats in
the state pale by comparison with this sample and, in a
day and age when collecting of specimens requires increasing justification, the opportunity to examine such a
sample is noteworthy. Our emphasis with this new information has been primarily to provide a better understanding of the distribution, seasonal occurrence, and
relative abundance of bats in the state. We also were
able to examine some bats that tested positive for rabies
and we present that information. However, that dataset
is incomplete, and we have been cautious in reporting
those results.
MATERIALS AND METHODS
We obtained bat specimens that had been
tested for rabies and found negative from the Wyoming
State Veterinary Laboratory (WSVL) for the period
from 1979 to 1992. The state of Wyoming, through
WSVL, maintains an active wildlife rabies monitoring
program in which veterinarians throughout the state
send suspect animals to WSVL for fluorescent-antibody
rabies testing. Between 1979 and 1992, WSVL received approximately 2000 bats for testing. We examined about 1300 of these bats, of which we saved more
than 400 specimens of uncommon and difficult-toidentify species for examination of cleaned skulls.
Other specimens, mostly of common and readily identifiable species, were discarded. Some specimens were
not identifiable to either species or sex, and dates were
missing for a few; this affects tabulated numbers.
Specimens were deposited in the U. S. Geological Survey's Biological Survey Collection, Fort Collins
(BS/FC), now in the Museum of Southwestern Biology,
University of New Mexico. Additionally, at facilities
of the WSVL, we examined 45 of 113 rabies-positive
bats recovered between 1981-1989. For every bat, Dr.
John Wiebel, WSVL, provided: locality of collection,
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date of collection, collector, receiving veterinarian, and
a WSVL identification number. It is this attention to
detail that makes this sample so valuable to those interested in bats in Wyoming.
Nearly all bats in our sample of WSVL bats
were attributed to a town or city in Wyoming. Thus, in
general, the locality information does not reflect natural
habitats of these species, although some, such as M
lucifugus and E. fuscus, are common house bats in urban North America. Nonetheless, we believe that most
of our records represent meaningful localities and provide an enhanced understanding of bats in the state.
Most bats that we examined were in advanced stages of
decomposition, a condition that we think makes it unlikely that those finding the bat would transport it any
great distance. We have no information that suggests
how far such a distance might be, but we did not find
localities for any species that seemed greatly at odds
with what is known of their habitat requirements.
In addition to the WSVL records, lists of
specimens examined include 107 specimens collected
between 1982 and 1993, as well as selected specimens
in other regional museums (University of Wyoming,
UWYO; University of Northern Colorado, UNC; and
University of Colorado, CU). Specimens listed as examined are in the Biological Survey Collection of the
Museum of Southwestern Biology unless otherwise
noted. Specimens from WSVL listed as discarded were
first examined and their identifications and other data
were recorded. The senior author examined all specimens (saved, discarded, and in museums) and made all
identifications. Distribution maps were plotted using
both WSVL and previously reported localities. Localities underlined in lists of specimens examined were not
mapped separately from the nearest non-underlined
locality. Unless otherwise noted, additional records are
those listed by Long (1965) and were mapped only if
the locality was not otherwise represented in our database. Clark and Stromberg (1987) did not provide specific localities for their distribution maps, thus their
records are not included in this report. We have chosen, for the most part, to present our data in the form of
individual species accounts. Usage and order of scientific and vernacular names follow Jones et al. (1997)
unless otherwise noted.
SPECIES ACCOUNTS
Myotis californicus (Audubon and Bachman)
The California myotis appears to be known
certainly only from southwestern Wyoming, specifically in Sweetwater County; it is moderately common
in adjacent parts of Colorado (Bogan, unpublished
data). At the time of Long's (1965) work, the species
was unknown from the state. Clark and Stromberg
(1987) depicted the range of the species across much of

western Wyoming on the basis of presumed specimens
from northern Wyoming. We examined two pertinent
specimens (BS/FC 10868, Big Hom Co.: Greybull;
10870, Park Co.: Powell, the latter reported by Stromberg, 1982) and believe. that they represent the more
common and widespread M ciliolabrum. Worthington
(1991), working in adjacent parts of Montana, found
only M ciliolabrum, further strengthening our belief
that M ca/ifornicus does not occur in northern Wyoming. The subspecies occurring in southwestern Wyoming is M c. stephensi, the race of the Great Basin and
much of the arid Southwest (Bogan, 1975; Hall, 1981).
Myotis californicus differs from most other
Myotis in Wyoming in having a keeled calcar, small
ears, and pale, reddish-blonde coloration. From M
volans it differs in having a smaller hind foot, shorter
forearm, and paler pelage. From M ciliolabrum it differs in being paler in color and in lacking the distinct
black mask of that species. Cranially, it differs from M
ci/iolabrum in having a more delicate and globose
braincase, smaller rostrum, and in having a distinct
"forehead" to the cranium (Bogan, 1974). All but one
of the nine WSVL specimens of this species examined
were male and were found between the months of July
and October. During the summer months, these bats
typically inhabit crevices in a wide variety of situations,
including rocks, cliffs, trees, and buildings (Barbour
and Davis, 1969), where they form small colonies or
roost solitarily. There were no winter records of this
bat in Wyoming, but elsewhere they are known to hibernate in mines (Barbour and Davis, 1969) and in
some areas they remain active throughout the winter
(Krutzsch, 1954; O'Farrell et al., 1967). Principal food
items are moths, flies, beetles, and bugs (Simpson,
1993).
Specimens Examined (8).-SWEETWATER
CO.: Green River (6), Rock Springs (2) (Not mapped).
Discarded Specimen.--SWEETWA TER CO.:
Rock Springs (1).
Myotis ciliolabrum (Merriam)
The western small-footed myotis occurs statewide in Wyoming and is fourth in abundance in our
sample from the WSVL (Fig 1). Previous investigators
(Long, 1965; Clark and Stromberg, 1987) also agreed
on the widespread distribution of this bat. This is typically a bat of yellow-pine and mixed coniferous forests
and yet, interestingly, there appear to be no records
from the mountainous part of western Wyoming (Lincoln and Teton counties and Yellowstone National
Park). Records from the WSVL provide new county
records for Sheridan, Platte, Albany, and Carbon counties. This species differs from other Wyoming myotis
in much the same way as M californicus, from which it
differs as explained in that account. M ciliolabrum has
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Fig. 1. Distribution map for Myotis ciliolabrum in Wyoming. Solid circles represent locality records of bats submitted to the
Wyoming State Veterinary Laboratory (WSVL) for examination, or of bats captured in mist nets, for which a specimen was kept.
Unless otherwise noted, all specimens listed as examined are housed in the Biological Surveys Collection in the Museum of Southwestern Biology. Open circles represent bats from the WSVL sample that were identified and discarded. Triangles represent previously published records of bat specimens for which there were no localities in the WSVL or mist-net samples. Multiple localities
within the same area (approx. 10 km.) are represented by a single symbol and are underlined in the species accounts. Shaded areas
represent highland areas above about 2,200 m. This map is modified from the Wyoming state map of the University of Kansas Museum of Natural History (1941 version).

been known by several names, among them M
subulatus and M leibii. According to Glass and
Baker (1965, 1968) the name subulatus applie"s to M
yumanensis (but see Hall [ 1981] for an alternative
opinion). Van Zyll de Jong (1984) has demonstrated
to our satisfaction that the eastern M leibii represents
a species distinct from western M ciliolabrum.
Specimens available to us suggest that most Wyoming specimens represent the race M c. melanorhinus and that M c. ciliolabrum occurs only in the
eastern prairie portions of Wyoming. A study of
geographic variation_in this species would be of interest.
We found a nearly equal sex ratio in our
sample, with both sexes being recovered between
May and October. The greatest number of individu-

als were recovered during the months of August and
September. Females were recovered more commonly
during May through July (21 vs. 5), whereas males were
more common in August and especially September (48
vs. 39). Maternity colonies have not been positively located in the state, but in South Dakota small groups of
reproductive females have been found roosting in crevices
at the base of sandstone cliffs (Bogan and Cryan, unpublished data) and in erosion crevices in the Badlands of
South Dakota (Tuttle and Heaney, 1974). Priday and
Luce (1996) located 39 wintering sites of M ci/iolabrum.
Most were found in mines, although eight sites were located in caves and one was in a tunnel. Hibernating colonies averaged 3.8 bats (range 1 - 31) and were found
mainly in the north-central and southwestern parts of the
state.
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Fig. 2. Distribution map for Myotis evotis in Wyoming. Symbols and features are as in Fig. I .

Specimens Examined (145).-ALBANY
CO.: North Laramie (1 UWYO). BIG HORN CO.:
Basin (2); Byron (3); Greybull (4); Little Mountain
(19.3 km NE Lovell] (7), Lovell (18). CARBON
CO.: Rawlins (1). CONVERSE CO.: Glenrock (1).
CROOK CO.: Sand Creek (1). FREMONT CO.: Gas
Hills (I); Lander (3); Riverton (l); Shoshoni (2).
GOSHEN CO.: Torrington (3). HOT SPRINGS CO.:
Thermopolis (18). LARAMIE CO.: Cheyenne (12);
Pine Bluffs (5). NATRONA CO.: Casper (1). PARK
CO.: Cody (I); Powell (7); unknown locality (1).
PLATTE CO.:, Wheatland (I); Bat Cave, [near] Sunrise (7 UWYO). SHERIDAN CO.: Sheridan (1).
SWEETWATER CO.: Green River (17); near Black
Butte Coal Mine (1 ); Rock Springs (18).
WASHAKIE CO.: Worland (7).
Discarded Specimens (4).-BIG HORN
CO.: Basin (2); Lovell (1). SWEETWATER CO.:
Green River (1 ).
Additional Records (17).-BIG HORN CO.:
Otto (Miller and Allen, 1928) (2). CAMPBELL CO.:
3 mi. N, 7.5 mi. W Spotted Horse (2), NW side Middle Butte, 38 mi. S, 19 mi. W Gillette (1), E side
Middle Butte, 39 mi. S, 19 mi. W Gillette (3). CONVERSE CO.: 12 mi. N, 7 mi. W Bill (1), 8 mi. S
Douglas (1). FREMONT CO.: Bull Lake (1).

LARAMIE CO.: Horse Creek, 6.5 mi. W Meriden (1).
NATRONA CO.: Rattlesnake Mtns. (1). SWEETWATER
CO.: Bitter Creek (Miller and Allen, 1928) (2); Kinney
Ranch (Miller and Allen, 1928) (1). UINTA CO.: Ft.
Bridger (Miller and Allen, 1928) (1).
Myotis evotis (H. Allen)
The WSVL samples of the long-eared myotis
provide new county records for Sheridan, Hot Springs,
Washakie, Johnson, Campbell, and Converse counties and
confirm the essentially statewide distribution of this species (Fig. 2). This species was seventh in abundance in
the WSVL sample. In much of the West, this species
seems most common in coniferous forests although scattered records exist for lower-elevation shrub and woodland habitats. M evotis is known from adjacent Montana
(Worthington, 1991 ), South Dakota (Jones and Choate,
1978; Cryan and T. Mattson, unpublished data), and
Colorado (Fitzgerald et al., 1994), but not Nebraska
(Czaplewski et al., 1979). M evotis can be distinguished
from M thysanodes by its longer (> 21 mm), glossy,
black ears and the absence of a fringe on the trailing edge
of the uropatagium. From M septentrionalis, only known
from eastern Wyoming, it differs in having black rather
than brown ears and in not having a yellowish appearance
to the pelage. Manning (1993) assigned Wyoming bats to
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the race M e. chrysonotus, the type of which comes
from the Kinney Ranch in Sweetwater County.
Negus and Findley (1959) captured three
individuals of this species over a waterhole in a sagegrass community north of Blacktail Butte; they found
no day or night roosts of M evotis. Priday and Luce
( 1996) found nine night roosts of this species in
caves, mines, and rock shelters and one possible hibernaculum in a cave. In New Mexico, maternity
roosts are known from rock crevices on or near the
ground (Bogan et al., 1998). The sex ratio of longeared myotis was nearly equal in WSVL samples.
Males were recovered from June through October
and females were found from May through September.
Specimens Examined (27).-BIG HORN
CO.: Little Mountain (2); Paint Rock Creek (I); Shell
(2). CAMPBELL CO.: Gillette (I). CARBON CO.:
North Platte River, Corral Creek Campground (I).
CONVERSE CO.: Glenrock (1). FREMONT CO.:
Riverton (I). JOHNSON CO.: Buffalo (1).
LARAMIE CO.: Cheyenne (4). LINCOLN CO.:
Freedom (I); Thayne (I). NATRONA CO.: Casper
(2). SHERIDAN CO.: Sheridan (1). SWEETWATER
CO.: Green River (I); Rock Springs (I); Alkali Draw
(I UWYO). TETON CO.: Jackson (2); Wilson (I); 8
mi. S. Moran (I UWYO). WASHAKIE CO.: Worland (I).
Discarded Specimens (5).-BIG HORN
CO.: Shell (1). HOT SPRINGS CO.: Thermopolis
(1). LINCOLN CO.: Afton (I). SHERIDAN CO.:
Sheridan (I). TETON CO.: Jackson (I).
Additional Records (?).-CARBON CO.:
Bottle Creek Picnic Ground, Sierra Madre Mtns. (2).
FREMONT CO.: Buffalo Lake (Miller and Allen,
1928) (I). PARK CO.: 15 mi. S, 21 mi. W Cody (I).
SUBLETTE CO.: 6 mi. N, 3 mi. E Pinedale (I).
SWEETWATER CO.: Kinney Ranch (Miller and
Allen, 1928) (I, holotype). WESTON CO.: 1.5 mi. E
Buckhorn (I).

Myotis lucifugus (Le Conte)
The little brown myotis is statewide in distribution and was the most frequently encountered
species in the WSVL sample (Fig. 3). We found new
county records for Uinta, Hot Springs, Weston, Niobrara, and Goshen counties. In Wyoming, this species is most likely to be confused with M volans,
from which it differs in lacking a keeled calcar and
extensive fur under the wing and in having shorter
tibia and larger hind feet. From M yumanensis it
differs in having membranes and fur that are generally darker in color (fur dark brown with a brassy
sheen as opposed to pale grayish-tan; membranes
dark brown, not grayish-tan). From Eptesicus fuscus
it differs in being smaller in overall size (forearm
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length 33-41 vs. 42-51) and it lacks the prominent rostral
glands of Eptesicus. Young animals, however, can be
difficult to identify with certainty. Presumably, bats of
this species in Wyoming belong to the race M I. carissima, although we have small series of specimens from
Big Hom County that are distinctly paler in color. There
is the possibility that more than one subspecies of M lucifugus occurs in Wyoming.
Of the specimens recovered, females outnumbered males almost two to one, likely due to the common
occurrence of maternity colonies in buildings. Both
males and females were found from April through October, with the greatest number of both sexes recovered in
July and August. Near Jackson Hole in June, Negus and
Findley (1959) found large numbers of little brown bats in
maternity colonies in Moran, in a chapel I mi. S Moran,
and at the JO Ranch. Specimens taken by them (Negus
and Findley, 1959) were predominantly from forested
areas. Findley (1954) found pregnant females in late June
at Jackson Hole. Priday and Luce (1996) found five hibemacula of this species, ranging in size from I to 28
bats, and four maternity colonies, numbering between 60
and more than 200 individuals. An additional maternity
colony was located in an abandoned house during the
summer of 1996 near Mule Creek Junction (B. Luce, personal communication). All hibernacula were located in
caves, whereas three of the maternity colonies were found
in buildings and one was in a cliff face.
Adams (1989, 1992a, 1992b, 1996, 1997) has
added much to our knowledge of this species with his
many studies of a large maternity population at Fort
Laramie National Historic Site. More recently, Bogan
and Geluso (unpublished data) initiated work on the
roosting ecology of this species at Fort Laramie. Bogan
and Geluso estimated that numbers of bats in maternity
colonies in individual buildings ranged from 50 to several
hundred. Maternity colonies were in buildings that had
more stable temperatures compared to uninhabited buildings and bats tended to use small tight crevices in buildings as refugia.
·
Specimens Examined (155).-ALBANY CO.:
Laramie (2). BIG HORN CO.: 12 mi. E and 0.5 mi. S of
Cowley (23); Basin (6); ca. 8 mi. ENE of Lovell (2);
Cowley (2); Greybull (4); Hwy. 14A at Five Springs (I);
Little Spring, Little Mountain (I); Lovell (2). CAMPBELL CO.: Gillette (4). CARBON CO.: Rawlins (I);
Shirley Basin (4). CONVERSE CO.: Douglas (2); Glenrock (I). CROOK CO.: _14 mi. N of Hulett (2); Sand
Creek (2). FREMONT CO.: Boysen State Park, 11 mi. N
Shoshone (3); Ethete (I); Lander (5); Riverton (I); Ft.
Washakie (2). LARAMIE CO.: Cheyenne (17). LINCOLN CO.: Frontier (I). NATRONA CO.: Casper (8);
Casper Mountain (1); Paradise Valley (I). NIOBRARA
CO.: Lance Creek (I). PARK CO.: 3 mi. SW of Cody (2);
Cody (2); Powell (4). PLATTE CO.: Guernsey (I);
Wheatland (I). SHERIDAN CO.: Beckton (I); Big Hom
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Fig. 3. Distribution map for Myotis /ucifugus in Wyoming. Symbols and features as in Fig. 1.

(1); Ranchester (1); Sheridan (18). SUBLETTE CO.:
Bondurant (1); Pinedale (2). SWEETWATER CO.:
Green River (4); Rock Springs (2). TETON CO.:
Jackson (6). UINTA CO.: Evanston (1). WASHAKIE
CO.: Worland (5). WESTON CO.: Newcastle (2);
Upton (1).
Discarded Specimens (235).-ALBANY
CO.: Laramie (13). BIG HORN CO.: Basin (8);
Cowley (l); Greybull (3); Lovell (6); Shell (1).
CAMPBELL CO.: Gillette (1). CARBON CO.: Elk
Mountain (2); McFadden (I); Rawlins (2); Saratoga
(3). CONVERSE CO.: Douglas (2); Glenrock (3).
CROOK CO.: Hulett (1). FREMONT CO.: Fort
Washakie (4); Hudson (6); Lander (18); Riverton (4);
unknown locality (1). GOSHEN CO.: Torrington (3).
HOT SPRINGS CO.: Thermopolis (5). JOHNSON
CO.: Buffalo (1); Kaycee (3). LARAMIE CO.:
Cheyenne (56). LINCOLN CO.: Bedford (l); Freedom (3); Kemmerer (I); Thayne (I). NATRONA
CO.: Casper (29); Evansville (2); unknown locality
(1). NIOBRARA CO.: Lusk (2). PARK CO.: Cody
(1); Powell (1). PLATTE CO.: Guernsey (2);
Wheatland (2). SHERIDAN CO.: Sheridan (7); Story
(1). SUBLETTE CO.: Boulder (1); Pinedale (1).
SWEETWATER CO.: Bairoil (l); Flaming Gorge
(l); Green River (4). TETON CO.: Jackson (I l);
Moose (2); Moran (1 ); Snake River (1 ); Wilson (2);

unknown locality (1). UINTA CO.: Evanston, (5).
WASHAKIE CO.: unknown localities (2).
Additional Records (44).-CAMPBELL CO.:
Rocky Point (1). CROOK CO.: 15 mi. ENE Sundance (l);
Sand Creek (2). LINCOLN CO.: 8 mi. N, 2 mi. E Sage
(2). TETON CO.: Leeks Lodge (I); 4 mi. N, 4 mi. E
Moran (I); Two Ocean Lake (4 ); Moran (I); Jackson
Hole Wildlife Park (I); 1 mi. S Moran (6); 1 mi. S, 3. 75
mi. E Moran (2), 1 mi. S, 4 mi. E Moran (2); Yellowstone
National Park: Mammoth Hot Springs, 18, Lake Hotel (I
USNM); Geyser Basin (I) (Miller and Allen, 1928).
Myotis septentrionalis (Trouessart)
Long (1965) noted three specimens of this
monotypic species (as M keeni,) for the state, all from 0.5
mi. E Buckhorn, 6100 ft, Weston County. Turner (1974),
working in the Black Hills of South Dakota and Wyoming, noted these same three specimens. Subsequently,
Clark and Stromberg (1987) depicted records for both
Crook and Weston counties. We found no specimens of
the northern myotis in the WSVL material and have been
unable to fmd a specimen associated with the Crook
County record. Priday and Luce (1996) reported fmding
two night roosts of this species, in a mine and a building,
in Crook County. In our own work (Cryan, 1997; Bogan
and Cryan, unpublished data) in the southern Black Hills
of South Dakota, we found M septentrionalis to be mod-

BOGAN AND CRYAN-BATS OF WYOMING

erately common. However, the species appears to be
uncommon in northeastern Wyoming, and additional
attempts should be made to determine the status of
this species in this area. The northern myotis is
known to form maternity colonies in dead trees
(Cryan, 1997; Sasse, 1995) and occasionally buildings (Cope and Humphrey, 1972), and forms large
hibernating colonies in other parts of its range (Jackson, 1961). Van Zyll de Jong (1979) clarified the
relationships among M keenii, M septentriona/is,
and M evotis, determining that each was a reproductively isolated species.
Additional Record.-WESTON CO.: 0.5 mi.
E Buckhorn (3) (not mapped).

Myotis thysanodes (Miller)
We are aware of fewer than 20 specimens of
the fringed myotis from Wyoming, mostly from the
eastern part of the state (Fig. 4). Long (1965) did not
report M thysanodes from the state, and Clark and
Stromberg (1987) reported the specie~ only from
eastern Wyoming. Clark and Stromberg (1987) assigned Wyoming animals to M t. pahasapensis,
originally thought to be restricted to the Black Hills.
This race was described by Jones and Genoways
(1967a) from 10 of 11 known specimens, including
two from Wyoming (Weston Co.: 1.5 mi. E Buckhorn; 6 mi. N Newcastle). Specimens from else-
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where in South Dakota as well as Nebraska also have
been referred to M t. pahasapensis (Jones and Choate,
1978; Czaplewski et al., 1979). Boyce (1980), however,
referred a specimen from Laramie, Albany Co., Wyoming, to the western and Rocky Mountain race, M t. thysanodes. There is some suggestion that M t. pahasapensis might be more widespread on the High Plains. Jones
et al. (1987) captured two bats in Crosby Co., Texas, and,
although they assigned them to nominate M t. thysanodes, they noted that the male exhibited characteristics in
size and color that were reminiscent of M t. pahasapensis. We have examined most of the pertinent material,
including the specimen from Laramie, and are of the
opinion that fringed myotis from east of the Continental
Divide in Wyoming represent M t. pahasapensis; bats to
the west (Sweetwater County) represent nominate M t.
thysanodes. In adjacent Montana, M thysanodes is
known only from the southwestern part of the state
(Hoffmann et al., 1969; Worthington, 1991).
The presence of a fringe on the trailing edge of
the uropatagium distinguishes this species from other
Wyoming bats. From close relatives, such as M evotis,
which occasionally may have a microscopic fringe of
hairs, it differs in lacking large, glossy, black ears. The
WSVL material contained only seven fringed myotis with
a nearly equal sex ratio. Females were recovered between
June and September, whereas males were found in September and October. Neither sex was recovered during
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Fig. 4. Distribution map for Myotis thysanodes in Wyoming. Symbols and features are as in Fig. 1.

EUGENE D. FLEHARTY FESTSCHRIFT

78

the month of August. Priday and Luce (1996) found
11 night roosts, one possible hibernaculum, and one
known hibernaculum that contained three individuals
in a cave in northwestern Goshen County. Maternity
colonies have not been reported from Wyoming, but
are known from buildings in the northern Black Hills
(J. Tigner, personal communication) and trees and
crevices in boulders and rock outcrops in the southern Black Hills (Cryan, 1997) of South Dakota.
Specimens Examined (13).-ALBANY CO.:
Laramie (3); UW Campus, Laramie (1 UWYO).
CROOK CO.: Sundance (1). JOHNSON CO.: Buffalo (1). LARAMIE CO.: Cheyenne (3); Table
Mountain Cave, 5 mi. W Federal (1 CU). PLATTE
CO.: cave near Sunrise (I UWYO). SWEETWATER
CO.: Henry's Fork I mi. E Manila, UT (1 UWYO);
Rock Springs (i).
Discarded Specimen (!).-LARAMIE CO.:
Cheyenne (I).
Additional Records (2).-WESTON CO.:
1.5 mi. E Buckhorn (1) (Jones and Genoways,
1967a), 6 mi. N Newcastle (1) (holotype; Jones and
Genoways, 1967a).
Myotis volans (H. Allen)
The long-legged myotis is the fifth most
common bat in Wyoming, as determined from our

WSVL sample, and is statewide in distribution (Fig. 5).
Specimens from the WSVL add new county records for
Uinta, Sublette, Carbon, Platte, Goshen, Sheridan, and
Johnson counties. It is one of three small-eared Myotis
that have keeled calcars (the others are M ca/ifornicus
and M ci/iolabrum), and it can be distinguished from M
lucifugus as noted in that account. All bats of this species
from Wyoming are referable to M v. interior. Bogan
( 1999) has suggested that nominate M v. volans from
Baja California may be specifically distinct from bats
from elsewhere and currently assigned to that species. If
so, then Wyoming bats would be called M /ongicrus interior.
This species is common at higher elevations in
the summer months but there were low-elevation records,
such as those from Big Hom and Sheridan counties ( approx. elevations 1142-1199 m), especially at cooler times
of the year. Both sexes were represented in nearly equal
numbers in the WSVL sample with females recovered
from May through September and males found only from
June through September. The greatest number of males
were recovered in July and September and the greatest
number of females in June and August. Negus and Findley (1959) found this species night-roosting in a cabin in
lodgepole pine forest, and pregnant females were obtained
in early July. Long-legged myotis are not known to form
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maternity colonies in caves and mines, and extensive
searches of such sites in Wyoming have revealed
none (Priday and Luce, 1996). In the southern Black
Hills, maternity colonies have been found in trees and
rock crevices (Cryan, 1997). Findley (1954) found
pregnant females in early July at Jackson Hole. Very
little is known about the winter habits of this species,
although small numbers hibernate in Jewel Cave,
South Dakota (Choate and Anderson, 1997; Jones
and Genoways, 1967b; personal observation).
Specimens Examined (36).-ALBANY CO.:
Laramie (I); Squaw Peak[s, nr. Converse Co.] (I).
BIG HORN CO.: 0.3 mi. E of Hyatt Ranch, Point
[Paint?] Rock Creek (6); Burlington (l); Greybull
(I); Lovell (3); Medicine Creek (not found) (2).
CARBON CO.: 11 mi. E Riverside, waterhole near
North Platte River (2). CONVERSE CO.: Glenrock
(1). NATRONA CO.: Casper (6). PARK CO.: Kirwin, Golden Ridge Tunnel (not found) (2); Powell
(2). SWEETWATER CO.: Green River (2); near
Black Butte Mine (I); Rock Springs (3). TETON
CO.: Moose (I); Wilson (1).
Discarded Specimens (68).-ALBANY
CO.: Laramie (3). BIG HORN CO.: Basin (3); Byron
(2); Lovell (4). CONVERSE CO.: unknown locality
(I); Douglas (l); Glenrock (2). FREMONT CO.:
Lander (4). GOSHEN CO.: Torrington (1). HOT
SPRINGS CO.: Thermopolis (1). JOHNSON CO.:
Buffalo (1). LARAMIE CO.: Cheyenne (2); Pine
Bluffs (I). LINCOLN CO.: Diamondville (1). NATRONA CO.: Casper (9); unknown locality (1 ).
PLATTE CO.: Guernsey (I). SHERIDAN CO.:
Clearmont ( 1); Ranchester (I); Sheridan (2). SUBLETTE CO.: Pinedale (1). SWEETWATER CO.:
Green River (6); Rock Springs (11). TETON CO.:
Jackson (2); Moose (2); Wilson (3). UINTA CO.:
Evanston (1).
Additional Records (14).-ALBANY CO.:
Univ. Wyoming Sci. Camp (1). BIG HORN CO.:
Otto (I) (Miller and Allen, 1928). FREMONT CO.:
Lake Fork (I) (Miller and Allen, 1928). HOT
SPRINGS CO.: 10 mi. S, 3 mi. E Thermopolis (1).
LINCOLN CO.: Afton (1). NATRONA CO.: Rattlesnake Mtns. (1). NIOBRARA CO.: S-Bar Creek (I)
(Quay, 1948); TETON CO.: Moran (I); 1 mi. S, 4 mi.
E Moran (1); 8 mi. S Moran (3); 2 mi. N Blacktail
Butte (1). WESTON CO.: 0.5 mi. E Buckhorn (1).

Myotis yumanensis (H. Allen)
The Yuma myotis is not surely known from
Wyoming. Long ( 1965) did not report it, but Clark
and Stromberg (1987) attributed a single record from
Sheridan County to M yumanensis. This record is a
specimen (BS/FC 10471; Sheridan Co.: Sheridan),
and we have examined it, along with all large-footed,
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small-eared Myotis from northern Wyoming. Although
the specimen has a fragmented skull, we believe it represents M lucifugus. We are unaware of any specimens of
M yumanensis from elsewhere in Wyoming. We carefully scrutinized all the WSVL samples for the presence
of this species and were unable to confirm its presence.
Subsequent samples provided by Bob Luce of Wyoming
Game and Fish Department and thought to contain M
yumanensis also proved to be M lucifugus. Harris (1974)
and Bogan et al. (1988) reported M yumanensis from
adjacent Uintah County, Utah, and Moffat Co., Colorado,
respectively, where the species is moderately common.
Jones and Genoways (1966) were among the first to refute distributional records of M yumanensis in the northern Rocky Mountains and Great Plains, and we agree with
them that the northern part of the range of this species is
limited to the region west of the Continental Divide.
Worthington ( 1991 ), working in the Pryor Mountains of
Montana, did not find M yumanensis, and Hoffmann et
al. (1969) reported this species only from southwestern
Montana. We suspect that, eventually, M y. yumanensis
will be shown to have a distribution in Wyoming much
like that of M californicus, in which it is restricted to the
southwestern comer of the state, including Sweetwater
County.

Lasiurus borealis (Miiller)
The monotypic eastern red bat is uncommon in
Wyoming, probably because it is at the western margin of
its range (Fig. 6). Long (1965) reported a single occurrence, that from Laramie Peak, originally reported by
Allen (1864). According to Long (1965), that specimen
no longer can be found. Stromberg (1982) reported two
specimens from earlier WSVL material, one a female
with four embryos. We also examined a specimen from
Thermopolis found by Bob Luce. In adjacent South Dakota, records of L. borealis are uncommon (Turner,
1974); since 1993 we have netted only three L. borealis
(two males, one female) in extreme western South Dakota
(Mattson, 1994; Bogan and Cryan, unpublished data). The
development of riparian vegetation along prairie streams
that now flow perennially rather than seasonally may be
contributing to the apparent recent increase in rFcords of
this species. Eastern red bats are migratory (Jones et al.,
1983) although we have no information on seasonal occurrence in the state. Baker et al. (1988) and Morales and
Bickham (1995) have shown that eastern red bats are genetically separate from western red bats, now assigned to
the species L. blossevillii.
Specimens Examined (3).-ALBANY CO.:
Laramie (1). CARBON CO.: Rawlins (I). HOT
SPRINGS CO.: Thermopolis (I, Bob Luce, WGFD).
Additional Record (1).-ALBANY CO.:
Laramie Peak (Long, 1965).
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Lasiurus cinereus (Palisot de Beauvois)
The hoary bat occurs virtually statewide in
Wyoming (Fig. 7). We are aware of records from all
counties except for Uinta, Sublette, Johnson, Carbon,
Crook, Niobrara, and Goshen. Among records from
the WSVL, this is the sixth most common bat. Findley and Jones (1964) discussed the seasonal occurrence of hoary bats in North America and noted that
most females migrate north and spend the summer in
the East, where they give birth and rear young.
Males, in contrast, tend to be summer residents in
much of the West, typically at higher elevations.
Interestingly, nearly equal sex ratios were represented
in the WSVL sample. Negus and Findley (1959) did
not capture or record this species in Jackson Hole but
noted a specimen from Leigh Lake, Grand Teton National Park. These bats tend to roost solitarily in trees
and give birth to multiple young in June or early July
(Bogan, 1972). In the WSVL samples, females were
recovered from May through October and males from
July through October. The absence of seasonally
bimodal peaks of recovery suggests no detectable
mortality associated with migratory movements
through the state (e.g., Constantine, 1967). North
American hoary bats are assigned to L. c. cinereus
(Hall, 1981).

Specimens Examined (13).-ALBANY CO.:
Laramie, University of Wyoming (1 UWYO), Squaw
Peak[s, nr. CONVERSE CO.] (1). FREMONT CO.:
Shoshoni (1). HOT SPRINGS CO.: Thermopolis (1).
LARAMIE CO.: Cheyenne (2). LINCOLN CO.: Kemmerer (1). NATRONA CO.: Casper (2). SWEETWATER
CO.: Alkali Draw (1 UWYO); Rock Springs (1). TETON
CO.: Death Canyon, Jackson Hole Wildlife Park (1
UWYO). WASHAKIE CO.: Worland (1).
Discarded Specimens (32).-ALBANY CO.:
Laramie (1). BIG HORN CO.: Lovell (1). CAMPBELL
CO.: Gillette (1). CONVERSE CO.: Glenrock (1).
FREMONT CO.: Riverton (1). HOT SPRINGS CO.:
Thermopolis (2). LARAMIE CO.: Cheyenne (8). NATRONA CO.: Casper (8). PARK CO.: Powell (1).
PLATTE CO.: Guernsey (1). SHERIDAN CO.: Sheridan
(3). SWEETWATER CO.: Green River (l); Rock Springs
(1). WASHAKIE CO.: Worland (1). WESTON CO.:
Newcastle (1).
Additional Records (3).--CAMPBELL CO.: 3
mi. N, 7.5 mi. W Spotted Horse (l); NW side of Middle
Butte, 38 mi. S, 19 mi. W Gillette (1). TETON CO.:
Leigh Lake, Grand Teton National Park (Negus and Findley, 1959) (1).
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Fig. 7. Distribution map for Lasiurus cinereus in Wyoming. Symbols and features are as in Fig. 1.

Lasionycteris noctivagans (Le Conte)
The silver-haired bat is the third most commonly recovered species in the WSVL sample and is
known statewide except for Campbell -and Sublette
counties (Fig. 8). In the Black Hills of South Dakota,
females of this species form small colonies in cavities
in ponderosa pines whereas males roost solitarily
under the bark of pines (Mattson et al., 1996). In
their work on mammals of Jackson Hole, Negus and
Findley (1959) noted that they shot a silver-haired bat
along the Gros Ventre River in a cottonwood-willow
community on 11 August. The occurrence of this
species in the WSVL records appears strongly tied to
times of migratory flights, particularly in urban areas
such as Cheyenne (Specimens examined; see also
Clark and Stromberg, 1987). Among animals that
could be identified to sex (about halt), females represented 61 % of the total number recovered and exhibited a strongly bimodal distribution in recovery date;
32% recovered from April through June, none in
July, and 56% in September. Males likewise display
a peak of recovery in September, but there were only
two recoveries before August. The seasonal (bimodal) peaks in recovery dates in this species suggest
mortality associated with spring and autumn move-

ments through the state (e.g., Constantine, 1967), probably due to extreme periods of cold or inclement weather.
There is the possibility that tree plantings in low-elevation
urban areas provide "stopover" sites for this species during migration. In turn, bats are probably more likely to be
recovered in such urban areas. The presumed migratory
habits of this species are not well known; Kunz (1982)
summarized evidence suggesting that, in the spring, the
range shifts to the north and, in the autumn, to the south,
with females moving farther than males. One silverhaired bat from Wyoming was recovered on 13 January
from Cheyenne; this species may overwinter in parts of
its range (Dorward et al., 1977; Izor, 1979; Perkins et
al., 1990). Subspecies are not recognized in L. noctivagans.
Specimens Examined (43).-ALBANY CO.:
Laramie (3). BIG HORN CO.: Greybull (1). CONVERSE
CO.: Glenrock (l); Shawnee (1). CROOK CO.: Sundance
(1). HOT SPRINGS CO.: Thermopolis (1). JOHNSON
CO.: Kaycee (1). LARAMIE CO.: Burns (l); Cheyenne
(22); Warren Air Force Base (3). NATRONA CO.:
Casper (2). PARK CO.: 20 mi. WSW Meeteetsee (1
UWYO). SHERIDAN CO.: Dayton (l); Sheridan (1).
SWEETWATER CO.: Rock Springs (2). TETON CO.:
Wilson (1).
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Discarded Specimens (202).-ALBANY
CO.: Laramie (10). BIG HORN CO.: Basin (3);
Greybull (1). CARBON CO.: Rawlins (1). CONVERSE CO.: Douglas (1). CROOK CO.: Moorcroft
(1). FREMONT CO.: Riverton (1). GOSHEN CO.:
Torrington (1). HOT SPRINGS CO.: Thermopolis
(3). JOHNSON CO.: Buffalo (1). LARAMIE CO.:
Cheyenne (123); Hillsdale (1); Pine Bluffs (1). LINCOLN CO.: Opal (1). NATRONA CO.: Casper (16);
unknown locality (1 ). NIOBRARA CO.: Lusk (1 ).
PARK CO.: Powell (3); unknown locality (1).
PLATTE CO.: Wheatland (2). SHERIDAN CO.:
Sheridan (2). SWEETWATER CO.: Green River (8);
Little America (l); Rock Springs (13).TETON CO.:
Wilson (1). UINTA CO.: Evanston (2). WASHAKIE
CO.: Worland (1). WESTON CO.: Newcastle (1).
Additional Records (3).-FREMONT CO.:
South Pass City (1). NATRONA CO.: Split Rock (1).
TETON CO.: Gros Ventre River (Negus and Findley,
1959) (1).
Pipistrellus subjlavus (F. Cuvier)
The eastern pipistrelle, previously unknown
from Wyoming, was first discovered in 1996 in a
natural cave in northern Goshen County (Priday and
Luce, in litt.; distribution in Wyoming not mapped).

During a visit in February, one male was found and retained as a voucher specimen (Denver Museum of Natural
History 851 O); on a subsequent visit in March, two more
individuals were found. All three bats were roosting
solitarily and appeared to be hibernating. Other species
found in the cave were M thysanodes and M lucifugus.
The nearest published record of which we are aware is a
specimen from Greeley, Colorado (Fitzgerald et al.,
1994). Whether eastern pipistrelles have always been in
Wyoming or whether they have followed riparian vegetation westward more recently is unknown. The subspecies
in Wyoming is presumably P. s. subjlavus.
We are aware of no records for the western
pipistrelle, P. hesperus, in Wyoming, although it has been
taken in small numbers in adjacent Moffat Co., Colorado
(Bogan et al., 1988). We expect that further work in
southwestern Wyoming will reveal the presence of this
species.
Eptesicus f uscus (Schreber)
The big brown bat was the second-most abundant species in the WSVL samples, and records were
from throughout the state (Fig. 9). Maternity colonies
commonly are found in association with human habitations, although they also are known from a variety of
other structures including rock crevices, caves, mines, and
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trees (Barbour and Davis, 1969). Priday and Luce
(1996) found eight small groups (n = 1-27) of hibernating E. fuscus in caves and mines in the southeastern and north-central regions of the state, as well as a
maternity colony (n = 53) in a building in Big Hom
County. The subspecies occurring in the state is E. f
pa/lidus (Hall, 1981; Burnett, 1983); Choate et al.
(1986) demonstrated that size and color in this species do not vary concordantly. We note here that
Koopman (1989, 1994; but not Koopman, 1993) suggested that North American bats of this species
should be known by the name E. serotinus, rather
than the more traditional E. fuscus. We further note
that most authors (e.g., Jones et al., 1997) continue to
use E. fuscus without acknowledging the alternative
suggested by Koopman (1989, 1994).
Females were slightly more common than
males among specimens identified to sex and exhibited a slightly greater temporal distribution in recovery than males (females, April through October;
males, May through September). Both sexes exhibited a peak of maximum number recovered in
August, which may be associated with juvenile mortality although our data do not establish that fact.
There were records for single males in both January
and February.

Specimens Examined (65).-BIG HORN CO.:
12 mi. E and 0.5 mi. S of Cowley (l); Basin (l); Greybull
(7); Little Spring, Little Mountain (5); Lovell (4); Paint
Rock (1). CONVERSE CO.: Douglas, State Fair Grounds
(1). LARAMIE CO.: Cheyenne (26). NATRONA CO.:
Casper (1). PARK CO.: Powell (1). PLATTE CO.:
Wheatland (1). SHERIDAN CO.: Beckton (l); Sheridan
(1). SWEETWATER CO.: Green River (l); Rock Springs
(7); unknown locality (1). UINTA CO.: Evanston (1).
WASHAKIE CO.: Worland (3).
Discarded Specimens (269).-ALBANY CO.:
Laramie (1). BIG HORN CO.: Basin (19); Burlington (4);
Cowley (l); Greybull (2); Lovell (9); Frannie (1). CONVERSE CO.: Glenrock (7). FREMONT CO.: Ethete (2);
Fort Washakie (l); Hudson (3); Lander (12); Riverton (8).
GOSHEN CO.: Fort Laramie (l); Torrington (3). HOT
SPRINGS CO.: Thermopolis (14). JOHNSON CO.: Buffalo (2). LARAMIE CO.: Cheyenne (47); Hillsdale (l);
Pine Bluffs (3); Warren Air Force Base (1). LINCOLN
CO.: Freedom (1). NATRONA CO.: Casper (22). NIOBRARA CO.: Lusk (1). PARK CO.: Meeteetsee (l);
Powell (9). PLATTE CO.: Wheatland (1). SHERIDAN
CO.: Big Hom (1); Sheridan (25). SWEETWATER CO.:
Green River (12); Rock Springs (26); Thayer Junction (1).
TETON CO.: Jackson (2); Triangle X Ranch (1).
WASHAKIE CO.: Worland (20). WESTON CO.: Newcastle (4).
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Fig. 9. Distribution map for Eptesicus fuscus in Wyoming. Symbols and features are as in Fig. 1.
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Fig. 10. Distribution map for Euderma macu/atum in Wyoming. Symbols and features are as in Fig. 1.

Additional Records (31).-ALBANY CO.:
Laramie (I). BIG HORN CO.: Shell Creek, lmi. NW
Shell (2). CAMPBELL CO.: 0.5 mi. S Rocky Point
(9); 3 mi. N, 7.5 mi. W Spotted Horse (2); NW side
Middle Butte, 38 mi. S, 19 mi. W Gillette (1).
CROOK CO.: Sand Creek (I). GOSHEN CO.: Fort
Laramie (I). HOT SPRINGS CO.: 9 mi. S, 2 mi. E
Thermopolis (1). LARAMIE CO.: Horse Creek, 6.5
mi. W Meriden (8). NATRONA CO.: 27 mi. N, 1 mi.
E Powder River (1). SHERIDAN CO.: 38 mi. E
Lovell (3). WESTON CO.: 1.5 mi. E Buckhorn (1).
Euderma maculatum (J. A. Allen)
For many years, the spotted bat was thought
to be absent or uncommon in the state. The first record was that of an individual captured in a warehouse
in Byron (Mickey, 1961). Subsequently, a live bat
was photographed at the headquarters of the Bighorn
Canyon National Recreation Area near Lovell (Clark
and Stromberg, 1987). In 1990, one of us (MAB)
helped capture two spotted bats in mist nets on Little
Mountain plateau, about 19 .3 km northeast of Lovell.
That this species would occur statewide in suitable
habitat is suggested by the captures of multiple individuals to the south in adjacent Moffat County, Colo-

rado (Bogan, personal observation; Fig. 10). Indeed, Priday and Luce (1999) heard audible calls of this species
(30 occasions) and captured three individuals at 10 different locations, mostly in northern Wyoming; one call was
heard in Sweetwater County. These bats are known to
roost in cracks and crevices in high cliffs throughout their
range in a wide variety of habitats (Easterla, 1970; Watkins, 1977; Leonard and Fenton, 1983). Their perceived
rarity in mistnet samples may be due to their propensity to
forage for long periods well above the ground (e.g., up to
15 m, Wai-Ping and Fenton, 1989). Winter habits are
unknown although there are multiple records from southwestern Utah in January and February (Ruffner et al.,
1979). Best (1988) found considerable geographic variation in Euderma but did not delineate subspecies. There
were no spotted bats among our samples from the WSVL;
rabies-positive individuals have been reported from elsewhere, however (Constantine, 1979).
Specimens &amined (2).-BIG HORN CO.:
Little Mountain (2).
Spring,
Little
Additional Records (2).-BIG HORN CO.:
Byron, 4020ft. (1 UWYO), Big Hom Canyon National
Recreation Area headquarters (photograph; Clark and
Stromberg, 1987).
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Corynorhinus townsendii (Cooper)
Townsend's big-eared bat likely occurs
statewide (Fig. 11 ). The WSVL material contained
specimen records for Yellowstone National Park and
Albany, Big Hom, Converse, Crook, Platte, Hot
Springs, and Sweetwater counties. Priday and Luce
(1996) found three maternity roosts, 37 hibemacula,
and 4 7 "summer" roosts at 66 different sites, all of
which were caves, mines, or rock shelters. The species also is known to use buildings as maternity
roosts (Cryan, 1997). Counties of roost occurrence
included Albany, Big Hom, Carbon, Converse,
Fremont, Goshen, Hot Springs, Johnson, Park, Platte,
Sheridan, and Washakie (Priday and Luce, 1996).
Most C. townsendii observed by Priday and Luce
were solitary individuals or small groups; maternity
colonies ranged from 27 to 200 bats. Although we
are unaware of any data on population trends for this
species in Wyoming, it is a species of concern here,
as elsewhere in the West. Individual C. townsendii
often roost in relatively exposed locations and seem
to be very susceptible to disturbance; great care
should be taken in or near such colonies (see, for example, Humphrey and Kunz, 1976). Numbers of
hibernating bats found by Priday and Luce (I 996)
generally were small, and the largest colony numbered only 49. The largest hibernating colony near
Wyoming of which we are aware is in Jewel Cave,
South Dakota; recent winter censuses there have estimated around 800 wintering Corynorhinus in the
cave (Cryan, personal observation; M. Curtin, in

litt. ). In the Badlands of South Dakota, small numbers of
this species seem to be fairly common in summer (Bogan
et al., 1996a).
Several recent studies (e.g., Frost and Timm,
1992; Tumlison and Douglas, 1992) have suggested the
name Corynorhinus, formerly used as a subgenus for
North American Plecotus, should be elevated once again
to generic status, and we follow this usage here. Anthony
and Kitchen (I 976) found Wyoming individuals of this
species to be very similar chromosomally to populations
studied from Arizona, New Mexico, and Utah, all of
which are assigned to C. t. pallescens. Only two individuals (both female) of this species were in the WSVL
material we examined, and one of those tested positive for
rabies. The infected bat was found in October and the
non-infected bat in September.
Specimens Examined (13).-ALBANY CO.: 10
mi. E top of Laramie Peak, Shaw Canyon on Cottonwood
Creek (I UWYO). CONVERSE CO.: Carenther's Cave,
17 mi. SW Douglas (1 UWYO); 18 mi. SW Douglas (I
UWYO); 8 mi. S Douglas (1 UWYO). PLATTE CO.:
Guernsey (I UWYO); 2 mi. E Guernsey (5 UWYO); JO
mi. N Guernsey (1 UWYO); Sunrise (1 UWYO); Wheatland (I UWYO). SWEETWATER CO.: Rock Springs (1).
Discarded Specimen (1).-HOT SPRINGS CO.:
Thermopolis ( 1).
Additional Records (19).-BIG HORN CO.: 25
mi. NE Greybull (I) (Handley, 1959). CROOK CO.: Sand
Creek (10). PLATTE CO.: 25 mi. NW Wheatland (2);
Yellowstone National Park: Mammoth Hot Spring (6).

Fig. 11. Distribution map for Corynorhinus townsendii in Wyoming. Symbols and features are as in Fig. 1.
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Fig. 12. Distribution map for Antrozous pallidus in Wyoming. Symbols and features are as in Fig. 1.
Antrozous pallidus (Le Conte)
This large and unique bat has an interesting
distribution in Wyoming (Fig. 12). That the pallid bat
should occur in Sweetwater County is not surprising, as
they are known to occur in adjacent Moffat County,
Colorado (Bogan et al., 1988). However, the presence
of a small colony in Torrington, Goshen County
(Stromberg, 1982; Clark and Stromberg, 1987), is surprising as there are no other records from the northern
High Plains. We suspect that the species is either more
widespread than presumed or occurs as isolated populations in Wyoming. Interestingly, Worthington (1991)
reported pallid bats from the Pryor Mountains in southcentral Montana. These bats are known to feed on
ground-dwelling arthropods and usually roost colonially, often in shallow caves or rock shelters; females
typically give birth to twins (Manning et al., 1987).
Populations in Wyoming presumably belong to A. p.
pallidus, although the Torrington animals should be
compared with the Great Plains subspecies A. p. bunkeri. In the WSVL sample, females were taken from
July through September, peaking in August; they outnumbered males, which were found in equal numbers
during July and August.

Specimens Examined (13).-GOSHEN CO.:
Torrington (4). SWEETWATER CO.: Green River (2);
Rock Springs (7).
Discarded Specimens (2).-FREMONT CO.:
Riverton (1). SWEETWATER CO.: Green River (1).
Additional Specimen (1 ).-HOT SPRINGS
CO.: unknown locality (Bob Luce, in litt.; not mapped).
Tadarida brasiliensis (I. Geof. St.-Hilaire)
Were it not for the samples forwarded to the
WSVL and subsequently identified by knowledgable
biologists, the Brazilian free-tailed bat would be unreported from Wyoming (Fig. 13). The first known record was reported by Stromberg (1982) in earlier material from WSVL. That individual came from F. E.
Warren Air Force Base in Cheyenne. Subsequently,
two females were recovered from Big Hom and Sublette counties. The records reported here are the northernmost known for T. brasi/iensis (Hall, 1981) in the
Rocky Mountains and High Plains. The records may be
attributed to wandering individuals, or they may represent still-undiscovered colonies in the state. Females of
this species typically roost in large colonies in caves or
mines (as at Carlsbad Caverns, New Mexico), whereas
males may occur in smaller colonies or as solitary individuals.
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Fig. 13. Distribution map for Tadarida brasiliensis in Wyoming. Symbols and features are as in Fig. 1.
The nearest large colony known to us is in an abandoned mine in the Sangre de Cristo Mountains, above
the San Luis Valley of Colorado (Armstrong et al.,
1994). Of the two females found in June and August
and submitted to WSVL for examination, neither
tested positive for rabies. The subspecies in Wyoming is T. b. mexicana.
Specimens Examined (3).-BIG HORN
CO.: Cowley (1). LARAMIE CO.: Cheyenne (1).
SUBLETTE CO.: Pinedale (1).

Nyctinomops macrotis (Gray)
The first record for this monotypic species
in Wyoming is a male from West Gros Ventre Butte.
There are scattered and widespread records of the big
free-tailed bat from the western United States; the
nearest published record is that from Grand Junction,
Colorado (Hall, 1981 ). Breeding colonies are known
from northern New Mexico (Constantine, 1961; Bogan et al., unpublished data) and southeastern Utah
(Bogan, unpublished data). So far as known, these
bats roost in cracks and crevices in high cliffs. There
were no records of this species among bats submitted
for analysis to the WSVL.

Specimen Examined-IBTON CO.: West Gros
Ventre Butte, 6168 ft, 1 mi. N, 3 mi. W Jackson (1) (not
mapped)
RESULTS AND DISCUSSION
Geographic Distribution.-Known changes in
the species richness of bats in Wyoming since Clark and
Stromberg (1987) include the deletion of one species--M
yumanensis, for which no definitive proof of occurrence
exists at present--and the addition of two species--P.
subjlavus in eastern Wyoming and N. macrotis in the
Northwest. This brings the known bat fauna to a total of
17 species. We suspect that M yumanensis and P. hesperus eventually will be found in southwestern Wyoming,
making a total of 19 species for the state.
Bat species are not uniformly distributed in
Wyoming. Two species (M californicus and A. pal/idus)
have distributions that are mostly restricted to the southwestern comer of the state, and two more species (M
yumanensis and P. hesperus) may yet be found in the
southwestern comer of Wyoming. All four of these species are relatively common farther south, for example in
Moffat County, Colorado, and Uintah Co., Utah, and represent species that are wide-ranging in the western United
States. There is one intriguing record of A. pallidus from
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cinereus, and our data show occurrence of this species
only from May through October. Recoveries of hoary
bats peak in July (n = 13) and August (11), with smaller
numbers of both sexes recovered through October. Only
females were recovered in May and June; otherwise, sex
ratios were about equal in animals in which sex could be
determined. Thus, both species appear to be resident
throughout summer in the state and may be more prone to
recovery in summer, but they seem to exhibit no mortality
that is tied to migratory flights (e.g., Constantine, 1967).
L. noctivagans is migratory (Jones et al., 1983), and recoveries appear to track movements through the state with
greater numbers recovered in spring (April-May, n = 26)
and especially in fall (September-November, 172, or 73%
of total recoveries). Such a pattern suggests mortality tied
to migration (Constantine, 1967), perhaps due to inclement weather. The other presumed migratory species in
Wyoming are both molossids (T. brasiliensis and N
macrotis), but too little information is available on them
to comment further. All other species in Wyoming likely
are resident throughout the year with animals moving
only short distances from summer to winter quarters. For
example, Priday and Luce (1996) have documented the
occurrence of seven species in hibernacula: M ci/iolabrum, M evotis, M lucifugus, M thysanodes, E. fuscus,
P. subflavus, and C. townsendii.

southeastern Wyoming (Torrington) that deserves
further study. The only record for N. macrotis is
from northwestern Wyoming at a site that seems suitable although more information is needed on the occurrence of this species. Several other species (M
septentrionalis, M thysanodes, L. borealis, and P.
subflavus) are limited primarily or exclusively to the
eastern part of the state, and except for M thysanodes, are species of eastern affinities. We suspect that
additional work will result in captures of the fringed
myotis statewide (e.g., Priday and Luce, 1996). The
remaining 10 species appear, on the basis of specimens or other evidence, to be essentially statewide in
distribution These IO represent species with nearly
continent-wide distributions (M lucifugus, L.
cinereus, L. noctivagans, E. fuscus, C. townsendii,
and T. brasi/iensis) or species with western affinities
(M cilio/abrum·, M evotis, M volans, E. maculatum).
Five species in Wyoming are presumed to
be migratory: L. borealis, L. cinereus, L. noctivagans,
T. brasi/iensis, and N macrotis. L. borealis is known
to be migratory (Jones et al., 1983), although the precise wintering grounds of Wyoming bats are unknown. Presumably, they are in the southern and
southeastern parts of the United States. Findley and
Jones (I 964) documented migratory patterns in L.

Table 1. Numbers of bats submitted by year to Wyoming State Veterinary Laboratory and made available for
this study.

1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 TOTAL
9
0
I
0
2
0
I
0
3
0
2
0
0
0
139
25
20
8
26
9
8
0
5
9
19
8
0

Species

1979

M californicus

0

M ci/iolabrum

I

M evotis

0

0

2

M lucifugus

2

0

13

M thysanodes

0

0

M volans

0

L. cinereus

3

0

5

0

3

3

6

3

I

2

29

37

39

3

59

0

37

49

59

9

15

43

365

0

0

0

0

0

0

2

I

I

0

2

I

7

8

4

8

19

4

12

0

7

15

9

5

3

12

106

0

0

3

4

I

11

0

2

9

7

0

4

0

42

L. noctivagans

0

0

8

21

23

34

39

I

22

27

28

0

9

23

235

E.fuscus

0

0

28

20

IO

6

26

0

49

52

63

7

32

35

328

C. townsendii

0

0

0

0

0

0

0

I

0

0

0

0

0

2

A. pallidus

0

0

5

2

0

0

0

3

3

0

0

0

0

15

T. brasiliensis

0

0

I

0

0

0

0

0

I

0

0

0

0

3

3

8

72

109

109

49

I

135

169

201

32

87

141

1280

TOTAL

2
164
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Relative Abundance.-The most common
bat species in the WSVL sample are M lucifugus, E.
fuscus, L. noctivagans, M ciliolabrum, and M volans
(Table I). The first two of these species are known to
roost in buildings and a high frequency of occurrence
in WSVL samples might be predicted. Recoveries of
L. noctivagans are strongly skewed by fall samples
from Cheyenne and other towns where these bats
may be using trees in urban areas as roosts. However, the other two species, although known to use
buildings occasionally, probably are more prone to
use natural structures (e.g., trees, rocks, cliffs) as
roosting sites and their abundance in the sample suggests to us that they are relatively common in the
state. Seven species of bats in the state were recovered less commonly (n = 2 - 42 individuals), and five
species (M septentrionalis, L. borealis, P. subjlavus,
E. maculatum, and N. macrotis) were not found in the
WSVL samples. Of 936 animals for which we could
determine sex, 544 (5 8%) were female (cf. Kurta and
Matson, 1980).
We examined the relationship between concentrations of people and numbers of bats recovered,
by county, and found a statistically significant correlation (Fig. 14; r = 0.79, p < 0.01), suggesting that the
more populous the county the more likely the possibility that bats would be recovered.
The most populous county (Laramie;
73,142) led the state in recoveries (339) in our sample, followed by Natrona (61,226; 112 bats). Only
two counties fell outside the general cloud of points:
Sweetwater County (38,823; 173 bats) in the southwestern part of the state and Big Horn County
( I 0,525; 194 bats) in the northcentral part. Both
these counties accounted for many more recoveries
than would be predicted based on population size
alone. Reasons for this are unknown, but there is the
possibility that bats are more common in these counties because there is more available habitat (sensu
Humphrey, 1975). Alternatively, residents of these
counties may be more inclined to recover and submit
bats, residents may be outside to a greater extent, or
human population flow through the area may be
greater (e.g., tourism).
There also was a relationship between number of bats recovered per county and the numbers of
species recovered in the county (r = 0.69, p < 0.01),
suggesting that the greater the number of individual
bats recovered, the greater the number of species
within that sample. Within the WSVL sample,
Sweetwater County led the state in species richness
( 11 species), followed by Laramie and Big Horn (9),
Fremont and Hot Springs (8), and Natrona, Sheridan,
and Converse (7 each). Again, we suspect that factors other than just population size are contributing to
the observed relationship. For example, Humphrey

(1975) showed a relationship between degree of physical
structure in the environment, a possible index of availability of roosting sites, and bat species richness.

Bats Recovered Versus Human Population By County
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Fig. 14. Numbers of bats recovered and submitted to
Wyoming State Veterinary Laboratory as a function of human
population size in counties in Wyoming. Population size taken
from the Rand McNally Road Atlas for 1995 (Skokie, Illinois).

Rabies lncidence.-We were able to examine the
records of the WSVL for the years 1981 through 1989,
years that included all but 270 bats of the total that we
examined. During those years, WSVL received 18 to 295
bats per year ( x = 194) and tested a total of 1746 bats for
rabies (of which we examined about 1021 ). Data were
missing for the second half of 1981 and the first half of
1982. Out of 1746 bats submitted for examination, 113
tested positive for rabies (mean = 6.5%; range 3.5% 10.8%/yr, Table 2). The mean overall infection rate of
bats submitted to the WSVL is lower than previously reported rates in California, Arizona, New Mexico, Colorado, and Kansas (Armstrong et al., 1994; Birney and
Rising, 1967; Constantine, 1967).
We examined 45 of the 113 rabies-positive bats
(the others having been destroyed) found between 1981
and 1989. Nine of the 17 bat species known to inhabit
Wyoming were included in the sample. No conclusions
can be drawn about overall rates of infection in individual
species as we did not examine all rabies-positive bats nor
did we examine all bats submitted during this time period.
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Nonetheless, within this particular sample of 45,
some species exhibited greater rates of infection: E.
fuscus, 27 (60% of total); L. noctivagans, 5 (11%); L.
cinereus, 4 (9%); M ciliolabrum, 3 (6%); M lucifugus, 2 (4%); four other species (M californicus, M
evotis, A. pallidus, and C. townsendii) were each
represented by one positive specimen each (2%).
These data demonstrate that, for this sample, M lucifugus and E. fuscus, the two most common species
in Wyoming (and recovered in almost equal numbers
in our sample; cf Armstrong et al., 1994) and also the
most likely to reside in buildings, had very different
incidences of rabies infection. Rabies-positive individuals of all species of bats known from Wyoming
appear to have been reported (Constantine, 1979,
1988), although we could not determine if this was
unequivocally true for M septentrionalis, whose taxonomy recently was revised.

Table 2. Total bats received by Wyoming
State Veteterinary Laboratory from 1981 to 1989
and numbers of individuals testing positive for rabies (WSVLjiles) .
Year

Total Bats

Number

Percent

Received

Positive

Positive
5.5

1981

18

1982

225

17

7.5

1983

175

10

5.7

1984

290

18

6.8

1985

185

6

3.5

1986

295

16

5.4

1987

185

10

5.4

1988

169

13

7.7

1989

204
1746

22
113

10.8
Mean=6.5

Rabies-positive bats were recovered only
from June through October, which also are the
months of greatest numbers of bats submitted for
examination. Constantine (1967) found that the observed rate of infection was highest during the summer months, although most infected bats were recovered during autumn. E. fuscus had the greatest incidence (27) of positive individuals, and from 1981 to
1989, there were six occurrences in which multiple,
rabies-infected E. fuscus were collected within the
same area during the same year. During June of
1988, two males and one female were taken in Worland; during August and October of 1988, two females were taken in Thermopolis; during September

and October of 1989, two males and one female were
taken in Sheridan (a male and a female were found at
same location); in July of 1989, two females were taken
in Basin; and in June and July of 1989, two males were
taken in Lovell.
Rabies-positive recoveries of L. noctivagans
included one male in August and one male and three females in September. A higher incidence of rabiespositive L. noctivagans has been observed in August and
September (Constantine, 1967; Dorward et al., 1977).
Hunt and Bhatnagar (1997) noted that the variant of rabies virus associated with L. noctivagans was identified as
the major source of human cases acquired within the
United States since 1980. Of the four L. cinereus that
tested positive for rabies, three were female and one was
male. All rabies-positive hoary bats were recovered in
September and October. The greatest number of rabiesinfected bats collected within a year at the same locality
was four: two female L. noctivagans and two female L.
cinereus collected in Casper during September and October of 1989.
A slightly higher number of females than males
(26:18, 59%) tested positive in the sample we examined.
Constantine (1967) reported equal rates of infection between male and female bats over the summer months in
the southwestern United States. Constantine ( 1967) sampled clinically normal bats and found rabies infection
rates no greater than 1% in most resident (i.e., nonmigratory) species such as Myotis, although the rate was 1.6 to
2.5% in Eptesicus. Additional sampling of E. fuscus has
shown an even higher prevalence of 1.6 to 4.1 % (Brass,
1994). Rates in migratory species (such as Lasiurus and
Lasionycteris) averaged between 2 to 3% and the stress of
migration may increase the susceptibility of these bats to
disease (Constantine, 1967; Burnett, 1989). Yancey et al.
(1997) sampled 171 free-flying bats of 12 species (including eight species known from Wyoming) for rabies in
Texas and found all were negative for rabies; they computed that the percentage of rabid bats in the population
they were sampling from was very low (0% to 1.74%, p ~
0.05).

CONCLUSIONS
Presently available data support the existence of
17 species of bats in Wyoming and we believe that additional work in southwestern Wyoming will eventually add
two more species to the known bat fauna of the state.
Several species appear to have restricted ranges in the
state and we encourage others to investigate the distribution, seasonal occurrence, population status, and trends in
roosting colonies of bats in Wyoming. Files of WSVL
and our examination of 45 rabies-positive bats suggest
that the incidence of rabies in bats in Wyoming is consistent with previously published reports.
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Small Mammal Assemblage Composition In Minnesota:
Ecogeographic Versus Ecological Influences
By
ELMER C. BIRNEY, GERDA E. NORDQUIST, ROBERTS. SIKES, AND J. ADRIAN MONJEAU

ABSTRACT
Assemblages of small mammals from 90 localities (representing a diversity of habitats within each of the three
landscape provinces and 7 of the 10 sections recognized by the recently developed Ecological Classification System for
Minnesota) were studied in an effort to gain insight on the relative importance of ecological versus ecogeographic influences on the composition of small mammal communities. Our question was: will small mammal assemblages in a highly
diverse and anthropogenically modified region such as Minnesota follow the upper levels of a hierarchical landscape
classification, or will landscape affinities be lost to local habitat variation? Number of species per assemblage ranged
from two to nine, with the 19 total species including 6 shrews and 13 rodents. Sites were coded for canopy cover, vegetation type, and soil moisture. Assemblages were compared using cluster analyses and non-metric multidimensional
scaling. Ecologically, soil moisture was the most important single environmental factor influencing small mammal assemblages. Forest type and density of the canopy layer were less important than expected, as was the presence or absence of graminoids within wooded habitats. Ecogeographically, small mammal assemblages tend to follow the landscape classification to the level of province, with only weak correspondence to sectional differences. Sectional differences might be more pronounced in more arid provinces, but more research is needed to test this preliminary idea. The
importance of patch relationships in landscape ecotones is discussed as a possible reason that small mammal assemblages appear to recognize provinces well but only weakly recognize sections.
Key words: small mammals, landscape classification, species assemblages, habitat variation, Minnesota, ecogeography
Armstrong (1996) emphasized the importance
of distinguishing between ecological (or /ocal--the distribution of species in and among local patches of
habitat), ecogeographic (or regional--the occurrence of
species and groups of species within and between regional landscapes), and areographic (the study of geographical ranges of taxa) analyses in studies of biogeography. Mammalogists and ecologists often use the
term "ecological" to refer to both ecological and ecogeographic phenomena in studies of both individual
species and species assemblages. We agree with Armstrong's perspective, and believe that our understanding
of the factors influencing local habitat patch selection,
species distributions, and community composition will
all be enhanced by comparative evaluation of the roles
of ecological (local) and ecogeographical (regional)
environmental influences on mammals. Climate and
geomorphology are common underlying determinators
of both ecological and ecogeographic patterns. The
major difference lies in the fact that, at the ecological
level, they are relatively constant whereas, at the ecogeographic level, spatial gradients in these and other
environmental parameters result in demonstrable geographic patterns best understood in the context of hierarchically classified landscapes.
Representative ecological studies of small
mammals are numerous and include studies of habitat
selection and use by individual species (e.g., Getz,
1960; Whitaker, 1963) as well as community composi-

tion studies as they relate to local habitats (e.g., Brown
1967; Buckner, 1966; Grant et al., 1982) and to habitat
changes and perturbations over time (e.g., Diffendorfer
et al., 1996; Valone and Brown, 1996). The cornerstone of ecogeographic studies is some form of landscape perspective, such as the biotic provinces of North
America described by Dice (1943), the biogeographic
provinces of Udvardy (1975), the ecoregions of Bailey
(1980), or the megabiozones of del Valle et al. (1995).
Historically, such designations have been based largely
or entirely on vegetation, considering it a surrogate for
abiotic landscape features such as climate, geomorphology, and soils (Grabherr and Kojima, 1993). Several authors have stressed the importance of classifying
landscape variation hierarchically with the upper (more
inclusive) divisions based largely on climate and geomorphology and the lower (less inclusive) divisions
primarily reflecting differences in vegetation (Urban et
al., 1987; Klijn and Udo de Haes, 1994).
In terms of ecosystem processes that determine
landscape boundaries, most ecologists would agree that
the descending hierarchy of influence is atmosphere
(including climate), parent material, groundwater, surface water, soil, vegetation, and, finally, fauna (reviewed by Klijn and Udo de Haes, 1994). However, to
our knowledge, fauna is never used in the construction
of landscape classifications even though vegetation is
an integral part of such classifications, especially at the
lower levels. Fauna! assemblages, on the other hand,
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do not follow vegetation in any clear hierarchical manner (Grant and Birney, 1979; Monjeau et al., 1998), so
the question is what ecological and ecogeographic parameters do they follow?
A recent study of small mammal assemblages
along relatively sharp moisture and elevational gradients in Patagonia, Argentina (Monjeau et al., 1997),
found that species composition followed both of these
gradients and that species assemblages matched well
with the holistically defined megabiozones described by
del Valle et al. (1995). However, mammal species assemblages did not reflect as well the traditional vegetational divisions such as Monte and Patagonian vegetation types (e.g., Cabrera, 1978; Soriano, 1983). A subsequent comparison of both plant and small mammal
assemblages in Patagonia (Monjeau et al., 1998) demonstrated that both responded to climatic and geomorphological features, but that small mammal assemblages did not simply follow plant assemblages. That is
to say, their results suggested that mammal assemblages
were determined more by the combination of climate,
geomorphology, and the structural nature of the vegetation than by the species of plants that make up local
habitats. It was this conclusion that prompted us to
look specifically at the interactions and relative importance of local habitat variation as compared to broader
landscape patterns in Minnesota in determining species
composition of small mammal assemblages. Our question was: will small mammal assemblages in a highly
diverse and anthropogenically modified region such as
Minnesota follow any of the levels of a hierarchical
landscape classification, or will landscape affinities be
lost to local habitat variation?
Minnesota lends itself well to this study for
several reasons: I) the landscape classification of the
state has recently been revised following a holistic, hierarchical model (Ecological Classification System, or
ECS; Hanson and Hargrave, 1996); 2) the state is ecologically diverse and includes three major landscape
provinces, the Laurentian Mixed Forest (often called
}?oreal forest, coniferous forest, or coniferous mixed
forest), the Eastern Broadleaf Forest (deciduous forest),
and the Prairie Parkland (prairie or tallgrass prairie); 3)
the state's ECS divides each of the three provinces into
sections and these into subsections (Fig. I) to form the
three levels of the classification hierarchy that are comparable to the levels found to be of greatest importance
to small mammal assemblages in Patagonia; 4) the regional gradients of precipitation and elevation are much
less dramatic in Minnesota than in the Patagonian region studied by Monjeau and colleagues; 5) the state
supports a much higher human population than the area
studied by the Monjeau team and shows considerable
local anthropogenic disturbance after more than a century of agricultural and forestry practices that have affected local habitat diversity within landscape units
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(Tester, 1995); and 6) Minnesota and Patagonia are at
similar latitudes, and both were partially glaciated during the early Quaternary (Mickelson et al., 1983; Clapperton, 1993).
STUDY AREA AND METHODS
Study area and landscape classification.Figure I is a map of Minnesota showing the provinces
and sections of the Ecological Classification System
(ECS) (Hanson and Hargrave, 1996). Development of
this ECS is part of a nationwide effort to classify, characterize, and delineate landscapes into functional ecological units based on climatic, geological, physical,
and biological features (Albert, 1995; ECOMAP,
1993). This system is organized hierarchically in decreasing spatial scale with each level defined by the
environmental factors that dominate ecosystem processes at that scale. The underlying principle in an ecological classification system is that it corresponds to the
structure and function of nested ecosystems. Thus,
each unit should reflect the interrelationships among its
components--climate, geology, geomorphology, hydrology, land history, soil, vegetation, and, presumably,
fauna. Abiotic factors clearly dominate the higher levels of the landscape classification, with biotic factors
being more important at the lower, finer levels.
The following definitions for ecological units
are based on Hanson and Hargrave (1996), ECOMAP
(1993), and Bailey (1989). Unfortunately, the terminology of the ECS for Minnesota does not employ
globally standard terminology as recommended by
Klijn and Udo de Haes (1994) and followed by Monjeau et al. (1998) for Patagonia. Landscape levels recognized by the Minnesota ECS are: Domainsubcontinental division of broad climatic similarity;
Division-subdivision of a domain determined by areas
of definite vegetation (e.g., prairie or forest) that fall
within the same regional climate (these two levels combined are roughly equivalent to the Ecozone of Klijn
and Udo de Haes, 1994); Province--subunit of a division corresponding to broad vegetational regions with
uniform regional climate and the same types of zonal
soils (= Ecoprovince); Section--subunit of a province
defined by broad areas of similar geomorphic process,
stratigraphy, geologic origin, drainage networks, topography, and regional climate (= Ecoregion); Subsection-subunit of a section with similar surficial geology, lithology, geomorphic processes, soil groups,
subregional climate, and potential natural communities
(= Ecodistrict). Below this level are Landtype Association, Ecological Land Type, and Landtype Phase, all of
which have not been fully delineated in Minnesota and
are beyond the discrimination capabilities of our data.
Therefore, they were not considered in this study.
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Sections

Fig. 1. Sketch map showing ecological provinces and sections currently recognized in the Ecological Classification System
for Minnesota. Shaded counties are those from which we have data on assemblages of small mammals. Letters indicate province with
A representing the Laurentian Mixed Forest, B denoting the Eastern Broadleaf Forest, and C the Prairie Parkland. Numbers indicate
sections as follows: I) Lake Agassiz, Aspen Parklands; 2) Minnesota & NE Iowa Morainal; 3) Paleozoic Plateau; 4) N Minnesota
Drift and Lake Plains; 5) N Minnesota & Ontario Peatlands; 6) Northern Superior Uplands; 7) Western Superior Uplands; 8) North
Central Glaciated Plains; 9) Red River Valley; and 10) Southern Superior Uplands.

Source of data.--Data used in this study include 90 sites selected from two earlier studies of small
mammals in Minnesota. The first of these (Nordquist
and Birney, 1980; Nordquist, 1992) was an investigation of small mammal assemblages in Minnesota's
peatland habitats. The 29 trapping sites selected from
that study all lie within the Laurentian Mixed Forest
Province (LMF). Names of habitats used in this report
follow the vegetation categories of peatlands proposed
by the Minnesota Natural Heritage Program (1993).
Eight sites in Lake County (localities O1-08) represent
habitat types within the Northern Superior Uplands
Section (NSU), eight in Koochiching County (localities
09-16) are within the Northern Minnesota & Ontario
Peatlands Section (NM&OP), five in Wadena County
(25-29) represent the Northern Minnesota Drift & Lake
Plains (NMD&LP), and eight from Carlton County (1724) represent the Western Superior Upland Section
(WSU). Within this province, only the Southern Superior Upland Section, a small area southwest of the westernmost tip of Lake Superior, is not represented in our
data set (Fig. 1).
The second source of data (Birney and Nordquist, 1991) was a survey of small mammals in seven
Minnesota counties as part of the state Department of
Natural Resources' ongoing investigations of flora and
fauna through its Minnesota County Biological Survey.
Washington County, which lies within the Minnesota &
Northeast Iowa Morainal Section (M&NIM) of the
Eastern Broadleaf Forest Province (EBF), was studied

at 33 sites. Habitat names used for individual trapping
sites in this study also follow Minnesota Natural Heritage Program (1993). Only a single small mammal
species was trapped at each of four sites--Peromyscus
leucopus in oak woodland (localities 91, 92) and a dry
prairie (locality 93); and Microtus pennsylvanicus in an
old field (locality 94). These sites were not used in the
analyses because the results almost certainly underestimate the assemblage of small mammals living there.
Thus, 29 sites within the EBF were included in our
analyses. Neither the Lake Agassiz Aspen Parklands
Section nor the Paleozoic Plateau Section of this relatively long, narrow province (Fig. 1) were represented,
so sectional comparisons were not possible for this
province.
Six counties forming a north-south transect
along the western border of Minnesota within the Prairie Parkland Province (PP) were studied at eight sites
each (Birney and Nordquist, 1991). The 16 sites within
the two northernmost counties, Norman and Clay (localities 30-45), are within the Red River Valley Section
(RRV), whereas the 16 sites in the southernmost two
counties, Big Stone and Lac Qui Parle (localities 4661 ), represent the North Central Glaciated Plains Section (NCGP) (Fig. 1).
A brief description of each of the 94 sites
studied is presented in Appendix I and more detailed
accounts are available in Nordquist and Birney (1980)
and Birney and Nordquist (1991). For use in tables and
some figures, the landscape classification and habitat at
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each site were coded into a 7-digit identifier as follows:
digit 1 denotes the province with 1 for the LMF, 2 for
the EBF, and 3 for the PP; digit 2 denotes section with
2 for M&NIM, 4 for NMD&LP, 5 for NM&OP, 6 for
NSU, 7 for WSU, 8 for NCGP, and 9 for RRV; digit 3
denotes canopy cover of the trapping grid with 1 for
closed forest, 2 for broken forest or shrubland, and 3 for
open habitats; digit 4 denotes dominant vegetation type
with 1 for coniferous forest without graminoids, 2 for
coniferous forest with graminoids (grasses, sedges other
than cattails, or both), 3 for deciduous forest without
graminoids, 4 for deciduous forest with graminoids, 5
for mixed forest without graminoids, 6 for mixed forest
with graminoids, 7 for shrubs without graminoids, 8 for
shrubs with graminoids, 9 for graminoids (exclusive of
cattails), A for herbaceous ground cover, and B for
cattails and rushes; digit 5 denotes moisture with 1 for
dry, 2 for mesic, 3 for wet without significant amounts
of moss, and 4 for wet with significant influence of
sphagnum moss; digits 6 and 7 denote the locality
numbers corresponding to the site descriptions provided
in Appendix I. Scoring for all environmental parameters was based on a combination of data recorded at the
time sites were sampled and the complete site descriptions in Nordquist and Birney (1980) and Birney and
Nordquist (1991).
Birney and Nordquist (1991) sampled grids in
the PP and EBF exclusively with museum special snap
traps baited with a mixture of peanut butter and rolled
oats. Grids typically consisted of 48 trap stations set in
four rows of 12 traps each with traps at IO-meter intervals and rows separated by 20 meters. If habitat shape
or other factors required modification of this protocol,
we have noted that in the site descriptions (Appendix I).
Traps were checked and rebaited as necessary morning
and evening of each day during a 4-day period at each
site. In the LMF (Nordquist and Birney, 1980) grids
were either 2 by 20 or 4 by 10 stations, depending on
habitat shape, with one museum special snap trap and
one Sherman livetrap set at each station. Victor rat
traps and cone-shaped pitfall traps were placed between
trap rows at alternate stations. Trapping was carried out
over a 4-day period with traps checked and rebaited as
necessary each morning and evening. Museum special
traps, livetraps, and rat traps were baited with a mixture
of rolled oats and peanut butter, but cone traps were not
baited. This study was conducted over a 2-year period,
1977 and 1978, with each site trapped both years.
Although sighted or trapped on one or more
grids, a few species of mammals were excluded from
the analyses either because we did not consider our
choice of trap types and placement sufficient to detect
their presence consistently or, in the case of the house
mouse (Mus musculus), because it was captured only on
sites near human dwellings or disturbance. Species in
the first category are: star-nosed mole (Condylura
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cristata), snowshoe hare (Lepus americanus), red squirrel (Tamiasciurus hudsonicus), northern flying squirrel
(Glaucomys sabrinus), Franklin's ground squirrel
(Spermophilus franklinii), plains pocket gopher ( Geomys bursarius), and ermine (Mustela erminea). In the
unique case of Peromyscus maniculatus, the two subspecies recognized in Minnesota, P. m. bairdii and P.
m. gracilis, are so different ecologically that we have
treated them as different species in all analyses, species
counts, and discussions.
In part because of the differences in trapping
techniques and effort, we used only presence or absence
of each species at each site in the analyses. Thus, despite differences in trapping protocols, the only assumption necessary is that effort was sufficient to detect
at least one individual of each species that occurred on
a grid. This simplification also renders our results directly comparable with those in a similar study of small
mammal assemblages and hierarchical landscape
boundaries in Patagonia, South America (Monjeau et
al., 1997, 1998), and is consistent with our basic interest in knowing what species assemblages occur in specific habitats and how these assemblages relate to the
upper levels of landscape classifications. The use of
pitfalls in the LMF but not the other two provinces undoubtedly resulted in the capture of more individual
shrews at sites within that province, but the representation of shrew species within specific habitats sampled
in the other two provinces matched well with our expectations. Although this and other differences in sampling procedures are potentially problematic, we consider the data sets comparable using presence/absence
but not proportional species composition.
Data analyses. -Mammal species presence or
absence at each locality was used in cluster analysis with
the simple matching option (UPGMA) of NT-SYS
(Rohlf, 1992). The same data were analyzed by nonmetric multidimensional scaling (NMMDA) to ordinate
localities following Monjeau et al. (1997, 1998). We
combined results of NMMDA with the groupings made
by cluster analysis into a single illustration using Venn
diagrams as recommended by Gauch (1982) to illustrate
how placement of individual localities correlates to the
hierarchical classification provided by cluster analysis.
These analyses were selected to maximize comparability
to previous studies by Monjeau et al. (1997, 1998). More
detailed discussion of the utility of these procedures for
the type of data available was presented by Monjeau et al.
(1997).
In our evaluation of cluster dendrograms, we
recognized two major clusters (i.e., those separated by
the lowest similarity value) as the A (upper) and B
(lower) clusters, then we selected an arbitrary cutoff
similarity value of 0.75 for recognition of subclusters
that might be expected to match with the various levels
of hierarchical landscape· classification, with similar
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habitat types, or with both. The 0.75 value was selected
after visual inspection of all dendrograms as a convenient, relatively uniform way in which to identify and
discuss groups of sites that supported similar assemblages of small mammal species. In every case, we
inspected the group of sites within these recognized
subclusters and commented on any groupings or patterns that emerged from closer inspection. The only
subcluster formed using this arbitrary means of subcluster recognition that needed further subdivision to
illustrate emergent trends was Bl in the dendrogram
comparing all 90 sites. In this subcluster, two very different groups of sites were separated by a similarity
value of0.78 and are discussed separately.

Some pattern of site clustering with regard to
habitat classification is evident in the LMF. For example, all 23 sites in cluster A were wet, 19 with moss and
4 without moss. In contrast, only two of the six sites in
cluster B were wet (bo~ with moss). All three of the
sites classified as mesic and the one site classified as
dry completed cluster B. Five of the six sites (locality
11 was an open sphagnum bog quite unlike the other
five) were characterized by a broken or complete canopy layer that included some deciduous trees. Each of
the six sites in cluster B supported a highly diverse assemblage of small mammals ( x number of species for
B = 7.8 compared to 4.9 for A) that invariably included
S. cinereus, S. hoyi, Blarina brevicauda, C. gapperi, P.
m. gracilis, and Tamias striatus. Although the first four
species commonly were taken at sites in cluster A, T.
striatus was taken at only one site (05) and P. m. gracilis at only five sites in the A cluster.
The multidimensional scaling plot (Fig. 3) of
relationships between LMF sites corresponds well to
the cluster dendrogram. Sites that formed the two major clusters show complete separation. Sites in the A
cluster are not obviously separated into the six subclusters noted in the dendrogram, but the Venn diagrams identify them as non-overlapping groups. Two of
the three single-site subclusters are upper left and lower
left points on the scatter plot, but the other (22) lies in a
more central position between sites in clusters A 1, A2,
andA3.
Eastern Broad/ea/ Forest (EBF).-Three species of shrews and seven of rodents were captured at the
33 sites trapped within the single section (M&NIM)
sampled within the EBF (Table 2). Range in species
number per assemblage was 1-8 (the four single-species
sites were not included in our analyses), with a mode of
4 and a mean of 4.3 species per site for the 29 sites included. Mean number of sites for each shrew species
was 16.3, whereas that for rodents was I 1.0. However,
the two nearly ubiquitous species taken were both rodents, P. /eucopus (25 sites) and M pennsylvanicus
(22), followed closely by the shrews B. brevicauda (20)
and S. cinereus (19).
The two major clusters of the dendrogram
(Fig. 4) join at a similarity of only 0.54. The upper (A)
cluster consists of 12 sites that form three subclusters
(similarity of 0.75 or less). Also using the 0.75 level of
similarity to recognize subclusters, the B cluster consists of five subclusters, two of which consist of a single site each and two of which consist of two sites each,
leaving 11 sites in subcluster B 1. Sites in cluster A
were higher in species richness, with a mean number of
species per site of 6.2 compared to only 3.0 species for
sites in cluster B.

RESULTS

Laurentian Mixed Forest (LMF).--Five species of shrews and IO of rodents were captured at the 29
sites representing four sections within this province
(Table I). Range in species number per assemblage
was 2-9, with a mode of 6 and a mean of 5.5.
Clethrionomys gapperi was collected at every site, and
Sorex cinereus was taken at all except a wet meadow in
the Northern Minnesota Drift & Lake Plains
(NMD&LP) (site 26, see Appendix
Three species,
Sorex palustris, Synaptomys borealis, and Napaeozapus
insignis, each were trapped at only a single site. Average number of sites for each of the shrew species was
15.2, whereas that number for rodents was 8.5. Four of
the five species most frequently represented in an assemblage were shrews (Table 1). Mean (and mode)
numbers of species at sites within each section were:
NMD&LP, 6.8 (8); Northern Minnesota & Ontario
Peatlands (NM&OP), 4.9 (4); Northern Superior Uplands (NSU), 5.6 (6); and Western Superior Uplands
(WSU), 5.2 (5).
The similarity dendrogram (Fig. 2) can be divided into two major clusters that join at a similarity of
0.59. The upper (A) cluster consists of 23 sites that
form six subclusters, whereas all six sites in cluster B
are more similar to each other than the arbitrary cutoff.
The dendrogram shows no pattern with respect to section, as sites from all four sections appear in both major
clusters. Even within each of the three larger subclusters (Al-3), sites from at least three sections are
represented. The other three subclusters each consist of
a single site, each from a different section but all characterized by wet, moss-covered substrate with overstory
vegetation no taller than broken or scattered shrubs.
Two of these sites each have a unique mammal species,
Synaptomys borealis at 15 and Sorex palustris at 06,
which undoubtedly contributed to the low similarity of
these sites to others in the study.

n.
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Table 1. Species ofsmall mammals captured at sites within the Laurentian Mixed Forest Province of Minnesota. The first
five characters of the identification number indicate province, section, and habitat parameters as described in text, and the last two
digits identify sites. Species abbreviations are as follows: SOAR = Sorex arcticus, SOC/ = S. cinereus, SOHO = S. hoyi, SOPA = S.
palustris, BLBR = Blarina brevicauda, TAMI= Tamias minimus, TAST = T. striatus, PELE= Peromyscus leucopus, PMGR = P.
maniculatus gracilus, CLGA = Clethrionomys gapperi, MIPE = Microtus pennsylvanicus, SYBO = Synaptomys borealis, SYCO = S.
cooperi, ZAHU = Zapus hudsonius, and NAIN = Napaeozapus insignis.
Ident

# Spp SOAR SOCI

1411429

7

1426227

8

1426425

9

1428326

2

1428328

8

1511410

2

1512409

4

1512412

4

1512416

6

1514213

8

1528411

7

1528414

4

1538415

4

1612401

6

1612407

4

1615103

6

1622404

6

1622408

4

1628305

7

1628406

6

1638402

6

1711418

5

1712417

5

1712420

4

1715219

9

1721421

2

1727422

5

1728324

6

1728423

6

SOHO

SOPA BLBR TAMI TAST PELE

PMGR

CLGA

MIPE

SYBO SYCO ZAHU

NAIN
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No sectional comparisons were possible for
this province as only a single section was represented,
but some habitat trends are evident. Again, soil moisture was most important, with 11 of the 12 sites classified as wet without moss grouping together in cluster A
together with one site (73) classified as a mesic aspen
forest. Site 73 (Appendix I) was bordered on one side
by a wetland, which probably explains the presence of
such species as C. gapperi and Zapus hudsonius and,
thus, its position in the cluster with the wetter sites.
0.560

0.6,o

0.720

Three sites (74, 75, and 77) classified as wet appear in
the B cluster together with 14 sites classified as either
mesic or dry, but we found nothing in the site descriptions to explain the absence of such wetland species as
Sorex arcticus and Z. hudsonius, which would have
placed them in the cluster with other wet sites. Seven
of the nine sites classified as closed canopy are found in
cluster B. Consistent with that observation, 5 of the 12
sites in cluster A were open, whereas only 3 of 17 sites
in cluster B lacked some form of an upper canopy layer.
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Fig. 2. Results of cluster analysis based on species assemblages of small mammals from 29 localities within the Laurentian
Mixed Forest Province of Minnesota. Cluster criterion used was simple matching and cluster type was UPGMA based on similarity.
Cophenetic correlation coefficient for the matrix was 0.68. The first five alphanumeric characters of the identification number represent province, section, and habitat parameters as described in the Methods and the last two digits identify the site. Letters on the right
refer to clusters as discussed in the text
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Fig. 3. Ordination of study sites from the Laurentian Mixed Forest province of Minnesota produced by non-metric multidimensional scaling based on species assemblages of small mammals. Major clusters shown in Fig. 2 are encircled using Venn diagrams.

The multidimensional scaling plot of relationships between sites in this province (Fig. 5) corresponds well to the cluster dendrogram. Cluster A
sites--those that tended to be wetter and more open and
with a higher species richness--tended to associate on
the left and lower portions of the plot with the drier,
more forested sites of cluster B generally being positioned toward the upper, right portion of the biplot.
There was no overlap between the placement of A and
B cluster sites, but the separation between these two
groups would not be obvious if sites were not labeled.
In every case, sites within subclusters also formed distinct entities as illustrated by the Venn diagrams.
Prairie Parkland (PP).--Six species of shrews
and seven of rodents were captured at the 32 sites representing two sections within the PP (Table 3). Range
in species number per assemblage was 2-8, with a mode
of 4.5 and a mean of 4.7. M pennsylvanicus was collected at 25 of the 32 sites, Peromyscus maniculatus

bairdii at 24, and S. cinereus and S. tridecem/ineatus
were both trapped at 16 sites. Three species of shrews,
S. arcticus, S. hoyi, and S. palustris were trapped at
only four, two, and one sites, respectively, all of which
·were in the Red River Valley (RRV). The only other
species trapped at fewer than 10 sites was Onychomys
/eucogaster, which was recorded from only four localities, all within the North Central Glaciated Plains
(NCGP). Mean number of sites for each of the shrew
species was 7.8 for this section, compared to 14.9 mean
sites for each rodent species. Four of the five species
most frequently represented were rodents. Mean (and
mode) number of species at sites within each section
were 5.9 (6) for the RRV and 3.5 (3) for the NCGP.
The mean nearest neighbor similarity value
between sites for this province was relatively low
(0.807-compared to 0.829 for the LMF and 0.864 for
the EBF), which makes the arbitrary cutoff of 0.75 for
the recognition of subclusters within the similarity
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Table 2. Species of small mammals captured at sites within the Eastern Broad/ea/ Forest Province of Minnesota. The first
five characters of the identification number indicate province, section, and habitat parameters as described in text, and the last two
digits identify sites. Species abbreviations are as follows: SOAR = Sorex arcticus, SOC/ = S. cinereus, BLBR = Blarina brevicauda,
TAST = Tamias striatus, SPTR = Spermophilus tridecemlineatus, PELE= Peromyscus leucopus, PMBA = P. maniculatus bairdii,
CLGA = Clethrionomys gapperi, MIPE = Microtus pennsylvanicus, and ZAHU = Zapus ~udsonius.
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3
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3
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Fig. 4. Results of cluster analysis based on species assemblages of small mammals from 29 localities within the Eastern
Broadleaf Forest Province of Minnesota. Cluster criterion used was simple matching and cluster type was UPGMA based on similarity. Cophenetic correlation coefficient for the matrix was 0.71. The first five alphanumeric characters of the identification number
represent province, section, and habitat parameters as described in the Methods and the last two digits identify the site. Letters on the
right refer to clusters as discussed in the text

dendrogram (Fig. 6) somewhat high and resulted in
recognition of eight subclusters in cluster A and four in
cluster B. A cutoff of O. 70 still would result in recognition of seven subclusters in A and two in B. One must
drop this value to 0.65 to alter substantially the number
of subclusters, which would leave 2 in A and 2 in B.
For the sake of uniformity, we retained the cutoff value
at 0.75. Similarity between the two major clusters was
0.52 with cluster A containing 24 sites and B 8 sites.
The mean number of species per site in A was 4.0,

compared to 7.0 in B. Sectional differences were obvious--all of the NCGP sites and eight of the RRV sites
were included in cluster A and the remaining eight
RRV sites in B. Subclusters Al-AS include all 16
NCGP sites, with four RRV sites mixed into the subclusters in no obvious pattern. The other four RRV
sites comprise subclusters A6-A8, but the single sites in
both A6 and A 7 are more similar to the sites in AS than
to the two sites that form AS.
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Fig. 5. Ordination of study sites from the Eastern Broadleaf Forest province of Minnesota produced by non-metric multidimensional scaling based on species assemblages of small mammals. Major clusters shown in Fig. 5 are encircled using Venn diagrams.

Clustering with regard to habitat classification
was evident in this province. Of the 24 sites in cluster
A, 22 were classified as open and two as having a broken canopy. All three sites having a closed canopy
were grouped with five broken canopy sites in cluster
B. All 10 sites classified as dry were in the A cluster
together with 13 classified as mesic and one as wet.
Two sites in B were classified as wet and six as mesic.
Basically, the A cluster sites are open, relatively dry,
mostly grassland habitats of relatively low small mammal species richness, whereas B sites are wooded or
partially wooded, relatively wetter habitats of greater
species richness. No small mammal species invariably
was associated with sites in cluster A, but all sites harboring S. tridecemlineatus and 0. leucogaster were
included in that cluster. Three species, M pennsylvanicus, S. cinereus, and C. gapperi, were trapped at all
eight B cluster sites, and all sites with S. hoyi and S.
palustris as well as three of the four with S. arcticus are
in B.
The multidimensional scaling plot of relationships between sites in this province (Fig. 7) corresponds well to the cluster dendrogram with the single
exception of one site (61 ), which is located much closer
to the sites from clusters A4 and A6 than with the other

two sites from A3. The reason for this is not clear, as
the lists of species trapped at these sites (Table 3) seems
much more consistent with the results shown in the
dendrogram. Site 61 is ecologically diverse, encompassing both dry, rocky patches and a very wet central
area, but despite the patch diversity only four species
were trapped. All sites in the A cluster plotted separately from those in B, and sites in the subclusters form
non-overlapping groups, although groupings were not
obvious in the absence of labeling.
Jnterprovince comparisons.-The similarity
dendrogram including all 90 sites is provided as Fig. 8.
To assist interpretation of the information therein, we
present a summary of cluster composition based on the
landscape and environmental data (Table 4).
The A and B clusters are separated by a similarity of 0.66 with A consisting of 50 sites and B of 40.
Each cluster contains three subclusters using the arbitrary 0.75 similarity value employed for comparison of
province dendrograms. However, subcluster Bl includes 17 sites in one grouping separated from 16 sites
in the other grouping by a similarity of 0.77. Inspection
of the sites in the two groups suggests they are obviously different in terms of several of the parameters of
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Table 3. Species of small mammals captured at sites within the Prairie Parkland Province of Minnesota. The first five
characters of the identification number indicate province, section, and habitat parameters as described in text, and the last two digits
identify sites. Species abbreviations are as follows: SOAR = Sorex arcticus, SOC/ = S. cinereus, SOHA = S. haydeni, SOHO = S.
hoyi, SOPA = S. Palustris, BLBR = Blarina brevicauda, SPTR = Spermophilus tridecemlineatus, PELE= Peromyscus leucopus,
PMBA = P. maniculatus bairdii, ONLE = Onychomys leucogaster, CLGA = Clethrionomys gapperi, MIPE = Microtus pennsylvanicus, and ZAHU = Zapus hudsonius.
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interest. Thus, we have listed this subcluster in Table 4
as separate groups identified as Bla and Blb.
Of the 29 sites in the LMF, 28 appear in cluster A. Furthermore, 15 of the 16 sites in subeluster Al
lie within this province. The 29 sites from the EBF
appear in two subclusters, A2 (I 4 sites) and B 1 (15).
Thirteen of the 15 Bl sites occur together in group Blb.
Eight PP sites are in cluster A, with 24 in cluster B.

The PP sites separated sharply by section,
similar to that observed in the dendrogram described
above for the intraprovince comparison (Fig. 6). Eight
of the RRV sites are in cluster B, one is with the 15
LMF sites in A 1, and 7 are in A2 together with 14 EBF
sites and 7 LMF sites. All 16 NCGP sites are in cluster
B, and 11 of those are closely associated with the 17
sites that form the Bl a grouping. When only sites from
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Fig. 6. Results of cluster analysis based on species assemblages of small mammals from 32 localities within the Prairie
Parkland Province of Minnesota. Cluster criterion used was simple matching and cluster type was UPGMA based on similarity.
Cophenetic correlation coefficient for the matrix was 0.74. The first five alphanumeric characters of the identification number represent province, section, and habitat parameters as described in the Methods and the last two digits identify the site. Letters on the right
refer to clusters as discussed in the text.

EUGENE D. FLEHARTY FESTSCHRIFT

108

2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6

N

-~>(

CZ)

<

0.4
0.2
-0.0
-0.2
-0.4
-0.6
-0.8

-1.0
-1.2

•

-1.4

•

-1.6

NCGP

RRV

-1.8

-2.0
-1 .1 -0.9

-0.7

-0.5

-0.3

-0.1

0.1

0.3

0.5

0.7

0.9

U

1.3

1.5

1.7

Axis 1
Fig. 7. Ordination of study sites from the Prairie Parkland province of Minnesota produced by non-metric multidimensional
scaling based on species assemblages of small mammals. Major clusters shown in Fig. 6 are encircled using Venn diagrams.

the LMF province were considered (Fig. 2), no pattern. with respect to section was obvious. However, in
the more inclusive dendrogram, some pattern emerges.
For example, six of the eight NM&OP sites are together
in subcluster Al. Similarly, five of the eight WSU sites
also were included in that cluster. On the other hand,
the five sites within the NMD&LP section are scattered
among four different subclusters, including one site in
cluster A. Although all eight sites in the NSU are in the
A cluster, they are spread among all three subclusters
Patterns were observed for most of the ecological categories considered. Sites in cluster A tended
to be forested with either a closed or broken canopy
layer (43 of 50), whereas sites in cluster B were much
more likely to be open (26 of 40)--16 of the 26 open
sites in B appear together among the 17 sites in the B la
grouping, and all 7 sites in subclusters B3 and B4 were
open. Similarly 13 of the 14 sites with at least broken
canopy were among the 16 sites in the B 1b grouping.
Most closed canopy sites (20 of 25) are in cluster A,
with 10 of those in subcluster A 1. A slightly lower
proportion (23 of 32) of broken canopy sites also are in
cluster A, with the majority of those (15) in the A2 subcluster.

We found no evidence that the presence or absence of graminoids in the forested sites influences the
composition of small mammal assemblages. Fewer
mixed forest sites and shrub sites lacking graminoids
were sampled, but we see n pattern in the dendrogram
clustering with respect to graminoids on the forest floor
in either coniferous or deciduous forest sites. The difference between coniferous and deciduous trees is of
demonstrable importance--12 of 16 coniferous forest
sites occur together in subcluster A 1, whereas 8 of 20
deciduous forest sites are among the 28 in subcluster
A2 and another 10 are among the 16 sites in grouping
B 1b. Despite the fact that the similarity value between
the two groupings of subcluster B was slightly greater
than the arbitrary cutoff we used for subcluster recognition, it is noteworthy that there are no forested sites in
B 1a. All 17 of those sites are characterized by the presence of graminoids, six with at least sparse overstory
shrubs and 11 with no canopy above the grass layer.
As was observed throughout the intraprovince
comparisons, moisture was a fundamentally important
environmental parameter in determining the assemblage
of small mammals at a given site. At wet sites, the
presence or absence of mosses also was important.
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Fig. 8. Results of cluster analysis based on species assemblages of small mammals from 90 localities within the three ecological provinces of Minnesota. Cluster criterion used was simple matching and cluster type was UPGMA based on similarity.
Cophenetic correlation coefficient for the matrix was 0.67. The first five alphanumeric characters of the identification number represent province, section, and habitat parameters as described in the Methods and the last two digits identify the site. Letters on the right
refer to clusters as discussed in the text

Fifteen of 16 dry sites were included in the B cluster,
and 12 of those were further restricted to the Bia
grouping; 21 of 32 mesic sites also were placed in the B
cluster, and IO of those were in BI b with only 4 in BI a
with the drier sites; only 4 of 42 sites classified as wet
were included in cluster B and of the 38 wet sites in
cluster A, all 16 of those with no moss were confined in
subcluster A2. Fifteen of 22 with moss were in subcluster Al.
The NMMDA plot (Fig. 9) of all 90 localities
bears a strong resemblance to the dendrogram, with a

few noteworthy exceptions, and appears to group localities in a pattern generally consistent with province.
LMF sites were placed mostly in the lower left third of
the biplot, and EBF sites formed a "band" of sites intermediate between sites of the other two provinces.
More heavily forested sites from this province generally
lie toward the left side with the more open, drier sites
being positioned toward the right, where they often are
in close association with some of the drier grassland
sites of the PP. Most of the PP sites are along the upper
part of the biplot, with the eight wooded or partially
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wooded sites in the RRV that appear in cluster A of the
dendrogram positioned toward the left margin of the
biplot, in some cases being in close association with
sites of similar habitat type from the other two provinces.
The placement of the four sites in cluster B3 is
somewhat unique, as shown by the encircling Venn
diagram in Fig. 9. Those sites were all open, mesic
grasslands having moderate diversity (5-6 species each)
of mostly commonly encountered species shared in
various combinations by the lower diversity (mostly 2-4
species each) sites in cluster B 1.

cipitation is actually greater on average in the North
Central Glaciated Plains (NCGP) than the Red River
Valley (RRV) section (Wright, 1992), but evapotranspiration also is greater in the southern section owing to
much warmer summer . temperatures (Tester, 1995).
Thus, the soil moisture gradient is opposite that of the
precipitation gradient in the grasslands of western Minnesota, which is reflected in both vegetation and small
mammal assemblages. Soil type and topography, especially that resulting in little or no ground water drainage, has an even greater influence in the Laurentian
Mixed Forest (LMF) where soils typically were saturated at all except the upland sites. Mean summer temperatures are sufficiently low in the peatland bogs and
fens of the LMF that evaporation is significantly less
than annual precipitation (Wright, 1992). In terms of
both precipitation and summer temperature, the area
studied within the Eastern Broadleaf Forest (EBF) was
somewhat intermediate, with some well-drained sites
and others that drain little if at all. EBF plant communities sampled also were diverse, especially compared
to those in the LMF, and supported similarly diverse
small mammal assemblages. Invariably, however, in
both intra- and interprovince analyses the sites segregate (Figs. 4, 5) according to soil moisture, suggesting
it is a major factor influencing small mammal assemblage composition.

DISCUSSION
The results described above show clear and
demonstrable patterns of both ecological and ecogeographic influence on small mammal assemblages in
Minnesota.' This conclusion is especially apparent in
both the dendrogram (Fig. 8; Table 4) and the non-metric multidimensional analysis (NMMDA) biplot (Fig. 9)
of the interprovince comparisons. The existence and
demonstration of ecological pattern was, of course, expected, as it has been observed many times in ecological studies conducted on small mammals in the state.
Examples include significant investigations such as
those by Tester and Marshall (1961) in northwestern
Minnesota, Timm (1975) and Batten (1980) in the extreme northeast, Nordquist (1992) at the peatland sites
discussed here, and Kalin (1976) in a statewide investigation of small mammal ecology. In fact, information
on habitat utilization and preference for Minnesota
mammals is available for every species in the state, as
summarized in such general references as Hazard
(1982) and Jones and Birney (1988).
Ecological Considerations
Because we were interested primarily in the
ecogeographic relationships of small mammals, we
considered only three ecological parameters: 1) dominant vegetation type; 2) presence or absence of an upper canopy layer; and 3) level of soil moisture together
with the association of moss, especially sphagnum, with
saturated soils. Within all three provinces and especially in interprovince comparisons, each of these parameters showed clear trends in the composition of small
mammal assemblages.
Soil moisture.-Of the environmental variables scored, we judge soil (including peat as used here)
moisture to be the single most important factor influencing small mammal assemblages in Minnesota. This
pattern emerges for sites within all three provinces and
is especially evident in the interprovince comparisons
of all localities (Figs. 8 and 9; Table 4). Soil moisture
levels are influenced by a combination of precipitation,
evapotranspiration, and soil type and topography
(Tester, 1995). Within the Prairie Parkland (PP), pre-

Woody vegetation and nature of the canopy
/ayer.-The presence of woody vegetation tall enough
to provide an upper canopy layer is related to moisture
and temperature (Tester, 1995). The presence of woody
vegetation with at least a partial canopy influences
small mammal assemblage composition in predictable
ways, most obviously by an increase in arboreal and
semi-arboreal species such Peromyscus maniculatus
graci/is, P. leucopus, and Tamias striatus. A canopy
layer also influences the composition and growth rate of
ground vegetation. Where the canopy is sufficiently
dense to provide nearly complete shade, many forest
floor plants, particularly grasses, are absent, greatly
reducing the probability that litter dwelling folivores
such as Microtus pennsylvanicus will be present (Kalin,
1976). However, the absence of graminoids in forested
habitats did not appear to affect assemblage composition of small mammals as much as we expected (Fig. 8;
Table 4).
Sites with partial canopy tended to cluster
more closely with closed canopy sites than with open
sites (e.g., 20 of 25 closed canopy sites are in the A
cluster of Fig. 8 together with 20 of 32 broken canopy
sites compared to only 7 of 32 open sites in that cluster-Table 4). At the level of subclusters in the dendrogram, however, broken canopy and closed canopy
sites showed some segregation as 10 of 25 closed canopy sites appeared in subcluster Al whereas 15 of 32
broken canopy sites were in subcluster A2. This
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Table 4. Cross-classification of sites by various parameters used in a study of small mammal assemblages within
Minnesota. Clusters are those identified by analyses of species present for all sites combined. See Fig. 1 for names of
landscape abbreviations.
Cluster

Parameter

Al

A2

A3

Bla

Blb

B2

B3

Totals

# Sites

16

28

6

17

16

3

4

90

LMF

15

7

6

I

0

0

0

29

EBF
pp

0

14

0

2

13

0

0

29

7

0

14

3

3

4

32

Province

Section

M&NEIM

0

14

0

2

13

0

0

29

NMD&LP

I

I

2

I

0

0

0

5

NM&OP

6

0

2

0

0

0

0

8

0

0

0

0

0
I

8
8
16

NSU

3

4

I

0

wsu

5

2

I

0

0

NCGP

0

0

0

11

3

RRV

I

7

0

3

0

2

3

16

Closed

IO

7

3

0

5

0

0

25

Broken

5

15

3

8

0

0

32
33

Canopy

Open

I

6

0

16

3

3

4

0

0

I

0

0

6

0

0

0

0

0

0

0

IO
8

Dominant vegetation
Coniferous forest without graminoids

4

Coniferous forest with graminoids
Deciduous forest without graminoids

8
I

4

0

0

3

Deciduous forest with graminoids

0

4

I

0

7

0

0

12

Mixed forest without graminoids

0

I

2

0

I

0

0

4

Mixed forest with graminoids

0

0

2

0

0

0

0

2

Shrubs without graminoids

I

0

0

0

0

0

0

I

Shrubs with graminoids

2

12

I

6

3

I

0

25

Graminoid (exclusive of cattails)

0

I

0

11

0

2

4

18

0

2

2

Herbaceous

0

I

0

0

I

0

Cattails

0

2

0

0

0

0

0

2

Dry

0

0

12

3

0

0

16

Mesic

I

7

3

4

IO

3

4

32

Wet without moss

0

16

0

I

2

0

0

19

Wet with moss

15

5

2

0

I

0

0

23

Soil moisture
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Fig. 9. Ordination of study sites from all ecological provinces of Minnesota produced by non-metric multidimensional
scaling based on species assemblages of small mammals. Major clusters shown in Fig. 8 are encircled using Venn diagrams.

clustering pattern reflects the fact that broken canopy
sites support a mixture of mammal species characteristic of both open and forested habitats (Tables 1, 2, 3).
The characteristics of woody vegetation when present
(i.e., coverage, dominant canopy species, and probably
height), appear to be of less importance for the small
mammal species included in our analyses than is complete absence of trees and shrubs. However, we did nQt
include the more arboreal taxa such as Sciurus, Tamiasciurus, and Glaucomys, all of which are more dependent on dense canopy and relatively more mature trees
than are the species included (Kalin, 1976). Also, the
resolution of our analyses did not take into account the
effect of woody structural diversity on small mammal
assemblages. Finally, open grassland sites tended to be
drier, supporting a relatively dense stand of grasses and
tall forbs. Thus, the differences in mammal assemblages undoubtedly are related to habitat variables other
than simply presence or absence of woody vegetation.
Vegetation type.-As others have observed
( e.g., Kalin, 1976), forest type was an important factor
in determining small mammal species assemblages in
our study. Mixed forest sites showed afftnities to several coniferous forest sites and some deciduous forest
sites. Interestingly, however, sites representative of

habitats associated with the three forest types were
somewhat separated within cluster A (Fig. 8; Table 4),
confirming that each forest type tends to support unique
combinations of small mammal species. The cooccurrence of such species as Sorex cinereus, S. arcticus, and Clethrionomys gapperi in both coniferous and
mixed forests and the absence of the latter two from
most of our deciduous forest sites appears to have contributed to the segregation based on forest type. The
remaining deciduous forest sites appear together with
one coniferous forest site and one mixed forest site in
the BI b subcluster of that dendrogram. Inspection of
the assemblage data (Tables 1, 2, 3) shows that all of
the 16 sites in this subcluster are low in species richness
(x = 3.1 species) and that P. leucopus is common to
all. Kalin (1976) also found that P. leucopus tends to
dominate deciduous forest habitats in the southern twothirds of Minnesota and that, compared to most other
habitats, small mammal species richness often is low in
dense deciduous forests. The wetter, shrub-dominated
sites tended to cluster with deciduous forest, coniferous
forest, and mixed forest sites, whereas the drier shrubby
sites clustered with graminoid-dominated sites. These
results reflect the intermediate nature of small mammal
faunas in shrubby habitats.
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The drier grassland sites supported a similar
fauna of typically three or four species, including Sorex
haydeni, Spermophilus tricedemlineatus, M pennsylvanicus, and/or P. m. bairdii, with Onychomys leucogaster present only on the sparsely vegetated sites, often with sand or gravel substrates. In contrast, our mesic grassland sites, especially those in the more northern
RRV, often included S. cinereus and C. gapperi, and in
this way showed affinities with other northern sites
from the LMF. Additionally, all three of our wet sites
dominated by herbaceous vegetation and cattails were
included in the A2 cluster of Fig. 8 together with most
of the other wet, non-moss (i.e., relatively higher nutrient and higher pH environments) sites and some mesic
and shrub-dominated sites.
Significance of sphagnum moss in wet
sites.-Sphagnum moss tends to dominate those peatland sites in Minnesota where the surface is slightly
raised relative to surrounding areas so that rainfall is the
predominant source of water and mineral-rich ground
water drains away from the area. This leaves these
bogs low in nutrients and highly acidic (Wright, 1992).
Underlying soils of moss-covered bogs are relatively
impermeable clayey or loamy soils, whereas those underlying fens are more permeable sands (Glaser, 1992a,
b). The small mammal assemblages of these two peatland types share S. cinereus at nearly 100% occurrence
(23 of 23 sites with moss and 18 of 19 without moss).
The only other species that occurred in more than 50%
of both peatland types were C. gapperi and B. brevicauda. M pennsylvanicus was trapped in all wet sites
lacking moss but in only 8 of 23 with moss. Synaptomys cooperi and S. borealis were trapped only at sites
dominated by sphagnum. Moss sites supported a mean
of 5.0 species (range 2-9) compared to 6.2 (2-8) in nonmoss sites. The site with only two species (26) was a
wet meadow within the Northern Minnesota Drift &
Lake Plains (NMD&LP) that yielded only C. gapperi
and M pennsylvanicus. No other non-moss wet site
had fewer than four species in its assemblage. Assemblage differences between moss and non-moss habitats
are reflected clearly in Fig. 8, where subcluster A 1 is
dominated by moss-covered sites ( 15 of 16 sites) and
A2 contains 16 of the 19 non-moss sites. We interpret
the difference in species richness and probably those of
assemblage composition to reflect the lower primary
productivity and lower plant species diversity of the
nutrient-poor, moss-covered sites (see also Nordquist,
1992). These results demonstrate clearly that soil
moisture does not act alone in determining habitat
quality differences for small mammal species and that,
even though most peatland sites share the characteristics of peat and a saturated substrate throughout the
growing season, they differ greatly in floral and other
characteristics and in the small mammal species assemblages they support (Nordquist, 1992).
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Concluding comment.-The ecological patterns detected are generally consistent with those reported by Nordquist (1992) for peatland mammals and
Kalin (1976) for all small mammals in Minnesota, although neither of these ipvestigators compared the relationships among diverse assemblages of mammals.
Our results are fully consistent with theirs and provide
the background information on ecological associations
necessary to make the ecogeographic comparisons considered in the following paragraphs.
Ecogeographic Considerations
Jones and Birney (1988) demonstrated that the
range limits of Minnesota mammals whose distributions
are not statewide tend to correspond with the three major ecogeographic regions of the state. Prior to the development of the Ecological Classification System
(ECS) for Minnesota (Hanson and Hargrave, 1996),
these regions commonly were referred to as biomes,
specifically the coniferous forest, deciduous forest, and
grassland biomes. Lists of species (i.e., faunal elements) whose biogeographic affinities lie within one or
another of these . major ecological regions have been
compiled and discussed (Jones and Birney, 1988;
Nordquist, 1992). In the ECS for Minnesota, the historically recognized biomes correspond closely to the
hierarchical level of province, with the next lower levels of the hierarchy being section and subsection.
Above the level of province are domain and division.
Our expectation, based largely on the results of Monjeau et al. (1997, 1998), who conducted comparable
studies in a region of southern Argentina characterized
by sharp environmental gradients, was that small
mammal assemblages would correspond well to landscape differences at the level of province and above but
less well, if at all, to the hierarchical levels of section
and below.
Small mammal assemblage correspondence at
the level of province.-The anticipated relationship
between small mammal assemblage composition and
province is manifested clearly in all of the interprovince
analyses (Figs. 8, 9; Table 4). LMF sites appear to be
the most distinctive, with all but one site (26--the wet
meadow with only two mammal species noted as being
anomalous in the discussions of ecological trends
above) included in cluster A (Fig. 8). Jones and Birney
(1988) assigned 9 of the 15 species included in our
analysis to the Boreomontane Faunal Element, and it is
the preponderance of these species that renders the assemblages of small mammals from this province
unique.
The PP is the second most distinct province
based on small mammal assemblages with 24 sites in
cluster B. The other eight PP sites, all from the RRV,
showed affinities with the LMF and the forested EBF
sites in cluster A (Fig. 8). Our northern PP sites are
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quite far north in this province, and geographically
closer to some of our LMF sites than to the southern PP
sites. Not surprisingly, those northern sites characterized by high soil moisture, woody vegetation, or both
harbor small mammal assemblages that include several
Boreomontane species, and also are more similar to
some LMF sites than other PP sites. The cartographic
line separating the Humid Temperate Domain and the
Dry Domain of Bailey (1989) is near our southern PP
localities and, thus, some of the differences observed in
the small mammals from these 16 sites and those from
elsewhere in the state perhaps were influenced by domain-level climatic differences. Only two species,
Spermophilus tricedemlineatus and Onychomys leucogaster, assigned by Jones and Birney (1988) to the
Plains/Grassland Faunal Element were trapped in our
study. Other grassland species known to occur in the
NCGP (Hazard, 1982; Jones and Birney, 1988) but not
trapped include Perognathus jlavescens, Microtus
ochrogaster, and Reithrodontomys megalotis (Southwestern Faunal Element). Inclusion of these species
would make the PP even more distinct.
EBF sites support small mammal assemblages
that are somewhat intermediate relative to the other two
provinces. For example, approximately half the sites
from the EBF appear in cluster A (Fig. 8) with LMF
sites, and the other half are grouped in cluster B along
with the drier, more open PP sites. In the NMMDA
plot of all 90 localities (Fig. 9), EBF sites form a distinct band owing to their intermediate position on axis
2, with LMF sites tending to be separated below and PP
sites above them. In Minnesota, the EBF forms a rather
narrow band geographically between the other two
provinces (Fig. I). Habitats typical of this province
extended deep into the PP in the form of gallery forests
along rivers and streams in the area. Also, many of the
second growth forests of the LMF, especially those on
upland soils, are predominantly deciduous. Thus, species of the Eastern Widespread Faunal Element (Jones
and Birney, 1988), such as P. leucopus and T. striatus,
frequently are trapped in habitats outside the EBF and
contribute to the intermediate nature of the mammalian
assemblages from this province. In fact, only in the
EBF did we not trap any species unique to the province,
whereas each of the others yielded two such species.
Based on these province-level interpretations
of the data, a partial answer is available to the question
posed in the Introduction: "Will small mammal assemblages in a highly diverse and anthropogenically modified region such as Minnesota follow any of the levels
of a holistic landscape classification, or will landscape
affinities be lost to local habitat variation?" Although
the separation of small mammal assemblages between
provinces is not complete, our analyses show clearly
that they tend to differ in species composition and that
assemblages are more likely to resemble those from

within the same province than those from a different
province.
As shown for Patagonia by Monjeau et al.
(1997), a pattern of province-level landscape recognition by small mammal assemblages emerges despite the
fact that Minnesota supports a large human population
that has greatly impacted the landscape (Tester, 1995).
Our EBF study area is a peripheral part of the greater
Minneapolis-St. Paul metropolitan area and shows pervasive human impact related to urban sprawl and development. The PP portion of Minnesota long has been
disturbed by agriculture, with many of our study sites
being managed patches of either original or restored
prairie. Obvious human disturbance on or near our sites
within the LMF was appreciably less than for the other
two provinces, at least in part because of a less dense
human population. Nevertheless, the habitats of this
province have not escaped the effects of human activities, including historical and ongoing timber harvesting
and localized peat and iron ore mining.
An argument could be made that the nature of
the two studies from which our data were taken introduced a bias that reinforced landscape resolution. The
focus of the study conducted by Nordquist and Birney
(1980) in which our LMF data were collected was on
small mammals associated with peatland habitats.
Thus, we trapped a variety of peatland types (Nordquist, 1992) but only one upland site within each section that served as a type of "control" for our studies of
peatland mammals. These upland sites (03, 13, 19, and
27) show strong affmities to the ·peatland sites within
the LMF in both the dendrogram (Fig. 8) and the
NMMDA biplots (Fig. 9). In Fig. 8 they cluster with
two peatland sites and appear in a group with the same
sites far from the ecologically similar forested sites of
the EBF in Fig. 9. Thus, we believe that, although the
emphasis on peatland sites for this province resulted in
a higher proportion of wet sites than would have been
trapped with random site selection in this province, our
conclusion that LMF small mammal assemblages are
highly distinctive appears valid. Similarly, the focus of
the study in the PP was on grassland mammals (Birney
and Nordquist, 1991) and, again, sites were not selected
at random. Nevertheless, attempts were made to sample the variety of habitats represented in the region.
Small mammal assemblage correspondence at
the level of section.-Small mammal assemblages from
the two sections within the PP show a high degree of
sectional segregation in both the intra- and interprovince analyses, as elucidated in the results (Figs. 69). A few RRV sites supported small mammal assemblages similar to those from the NCGP. Sites in this
group tended to have low diversity (3-5 species) and
were classified as either dry or mesic. Even in this
province, where sectional segregation of sites was
greatest, recognition of sectional differences by small
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mammals was incomplete. Furthermore, we consider it
possible that the magnitude of segregation between
sectior,is in the PP might be attributable to higher-level
ecogeographic influence. As noted above in discussion
of province-level differences in small mammal assemblages, the line of demarcation between two domains,
as classified by Bailey (1989), is not far to the west of
our study area and, thus, differences observed between
these two sections probably reflect the markedly different climatic regimes associated with these two domains.
Sectional comparisons are not possible for the
EBF, but the fact that we have sites in four sections of
the LMF provided an opportunity for sectional differences to manifest themselves if present. However,
throughout the relevant dendrograms and biplots, the
only obvious patterns tended to be ecological rather
than ecogeographic. No evidence of sectional segregation was evident in the intraprovince analyses (Figs. 2,
3), but some grouping by section was suggested in the
more inclusive interprovince analyses (Figs. 8, 9).
Thus, at least for the sites studied, small mammal assemblages within the LMF appear not to respond
sharply, if at all, to differences between sections.
Again, our results are similar to those of Monjeau et al.
( 1998), who found that, in Patagonia, small mammal
assemblages correspond well to ecoprovinces (= province in the Minnesota ECS) but less well to ecoregions
(= section in the ECS).
Importance of the ecotonal nature of landscape boundaries .-Despite the fact that ecotonal areas
between landscape units at all levels of a hierarchical
classification appear cartographically as lines, they are
in fact ecological transition zones of varying geographic dimension (Forman and Godron, 1986). Furthermore, such areas often are not simple averages of
adjacent areas (Hansen and di Castri, 1992; Holland et
al., 1991; Wiens et al., 1985). Rapoport (1982) referred
to this intermingling of patches as the "Gruyere effect,"
leading one to imagine the size of the holes in cheese
becoming ever larger until eventually there are only
small bits of cheese suspended in space as the influence
of one landscape gives way to the adjacent landscape.
For each small mammal species, the Gruyere effect is
similar to the more commonly used ROMPA (the ratio
of optimal to marginal patch area for each species) hypothesis proposed by Lidicker (1988) and discussed by
Lidicker (1995) and Hansson (1995). As one passes
through the transition of an ecotonal area between landscapes, ROMPA would be expected to change for each
small mammal species until only marginal or submarginal patches would be present near the perimeter of the
species distribution. Our data for C. gapperi show this
pattern especially well, as this Boreomontane species is
present at every site sampled within the LMF, but at
only 13 of 29 of the more southerly EBF sites and 11 of
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16 RRV sites, and was absent from all of those PP sites
within the NCGP.
In some ways, our data indicate that small
mammal assemblages respond to the EBF as though it
were an ecotone between the LMF and the PP instead
of as a separate province (this is especially evident in
Fig. 9). Would the same be true if one repeated our
analyses using plant species assemblage data? Perhaps,
but not necessarily--although both plant and small
mammal assemblages respond primarily to climatic and
geomorphological influences rather than simply to each
other (Monjeau et al., 1998), the nature of the response
on both individual species and assemblages can vary
substantially. The fact that landscape boundaries are
ecotonal transitions for both flora and fauna does not
help to understand why vegetation tends to track the
lower levels of a hierarchical landscape classification
much better than does fauna (Monjeau et al., 1998).
However, this observation, considered in combination
with the effects of movement by animals within and
between patches (Kozakiewicz and Szacki, 1995) and
the indication that consumers at different tropic levels
almost certainly respond to landscape boundaries in
different ways (Monjeau et al., 1998), suggests three
important matters for consideration.
First, ecotonal transitions between provinces
(ecoprovince of Klijn and Udo de Haes, 1994) are expected to be relatively much more distinct than those
between the more similar sections (ecoregion) of a hierarchical classification system. Thus, the ecotones between sections would be expected to have a more gradual Gruyere effect than those between provinces or
higher categories. Similarly, we would predict that
ROMPA values for any given species should be less
predictable and change more gradually between sections than between provinces.
Second, what is the effect of pooling a small
mammal fauna made up of a mixture of shrew and rodent species? Is it meaningful to combine folivores,
omnivores, and insectivores in a single analysis? The
research presently available on the fit of assemblages to
hierarchical landscape boundaries is inadequate to answer these questions. Although the specific results are
not included here, we did conduct clustering analyses
on the two groups separately. The significantly reduced
number of species at many localities in our data set was
problematic, but the results of our preliminary analyses
suggest that both groups track at the level of province
and that both clearly respond to ecological variation,
especially soil moisture.
In general, we doubt that carnivores track
landscapes at the same hierarchical levels as herbivores,
and we predict that mobility and body size also will be
factors in how well faunal assemblages correspond to
landscape classifications. We strongly encourage research on the relationship of consumers other than
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small mammals relative to hierarchically classified
landscapes.
Finally, we are forced to question our own use
of presence/absence data for evaluating the relationship
between small mammals and sectional and lower level
landscape differences. Consider an optimal habitat site
for species A that is marginal for species B. At this site
one might trap a large number of individuals of A and
only one or a few of B. At a site in an adjacent section
we can imagine a situation of optimality where relative
capture numbers might be reversed.
With presence/absence data the two sites are treated as though
they were identical, but of course they are not. Grant
and Birney (1979) and Grant et al. (1982) used proportional numbers based on individuals and on biomass
averaged over several trapping periods. Population
densities of species are not stable from season to season
and year to· year, and data of this type vary significantly
(MacMahon, 1976; Grant and Birney, 1979). Thus,
analyses based on relative abundance or biomass must
be based on several trapping sessions. We presently are
investigating the use of a "distributional function of
abundance" to deal with this problem.
Presence/absence data appear to be superior to density data
from a single trapping session because density data are
so variable. However, if several data points per site are
available, we tentatively recommend use of an averaged
rank · order of species abundance over either presence/absence or straight estimates of abundance. Despite this admonition, however, it is noteworthy that
Monjeau et al. (1998) investigated the relationship between plant species and lower hierarchical levels of
landscapes using only presence/absence data and found
that plant assemblages did track Patagonian landscapes
at the lower levels, as expected, even though mammals
did not. They presented and discussed three hypotheses
that might help to explain this difference: 1) plant species versus plant life form in habitat selection by mammals; 2) trophic level differences between plants and
small mammals; and 3) species pool size.
Concluding comment.--Small mammal assemblages change geographically at the hierarchical
level of ecoprovince (using the global terminology of
Klijn and Udo de Haes, 1994) in both geographic regions where this level of correspondence has been investigated. Similarly, the correspondence of small
mammal assemblages with lower level landscape types
is typically weak or absent. Nevertheless, results from
the PP of Minnesota and the Extra-Andean Occidental
and Extra-Andean Oriental of Patagonia (Monjeau et
al., 1997) suggest that correspondence at the level of
ecoregion might be better in arid landscapes than in
more mesic areas. The study sites in Minnesota and
Patagonia share many similarities but also differ greatly
in such factors as the sharpness of environmental gradients and the amount and extent of human disturbance.

We are curious to learn if these preliminary interpretations are robust enough to be indicative of global patterns.
Soil moisture, as influenced by precipitation,
seasonal patterns of precipitation, evapotranspiration,
soil type, and drainage patterns, appears to be the single
most important common determinator of both ecological and ecogeographic differences in the flora and fauna
of landscapes owing to its influence on vegetation type
and structure, which is of primary importance to small
mammal assemblages. Nevertheless, it is important to
recognize that assemblages of small mammals, and
presumably those of most other consumers as well, do
not simply follow vegetation, but instead respond to
upper level phenomena (sensu Klijn and Udo de Haes,
1994), such as climate and geomorphology, as well as
to vegetative structure.
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APPENDIX I.
Site locations and brief descriptions of habitats (Sites 1-29 from Nordquist and Birney, I 980, Sites 30-90 from
Birney and Nordquist, 1988; original site numbers are in parentheses. Plant community names follow Minnesota Natural Heritage, 1993; scientific names are given/or plant species whenfirst mentioned, common names only thereafter).
LAURENTIAN MIXED FOREST PROVINCE
Northern Superior Uplands Section
Site I (1) - SE¼, SW¼ sec. 34, T60N, RI IW, Lake Co." Black spruce swamp: Dense canopy of black spruce (Picea
mariana), balsam fir (Abies ba/samea), tamarack (Larix laricina); sparse shrub layer; diverse, ground vegetation with
isolated clumps of graminoids; wet site with continuous carpet of feathermoss, sphagnum moss (Sphagnum sppJ.
Site 2 (2) - NW ¼, SW ¼ sec. 2, T59N, RI I W, Lake Co. Poor fen: Treeless wetland with large patches of leather-leaf
(Chamaedaphne calyculata), bog-rosemary (Andromeda glaucophylla); sparse herbaceous cover; continuous cover
of tall sedge; localized patches of sphagnum moss.
Site 3 (3) - NW ¼, SW ¼ sec. 2, T59N, RI I W, Lake Co. Mixed pine-hardwood forest: Dense canopy of jack pine
(Pinus banksiana), paper birch (Betula papyrifera), with mountain maple (Acer spicatum), white pine (Pinus strobus), balsam fir; diverse shrub and ground layer; mesic-to-dry site with sparse patches of brown moss (Bryidae).
Site 4 (4) - SW¼, SW¼ sec. I, T59N, RI IW, Lake Co. Black spruce bog: Sparse, stunted black spruce, tamarack;
shrub layer of ericaceous species; diverse ground vegetation with sedge abundantly distributed throughout; wet site
with continuous carpet of sphagnum moss.
Site 5 (5)- NE¼, SW¼ sec. 31, T61N, RlOW, Lake Co. Shrub swamp: Wetland with large, patches of sweet gale (Myrica gale), willow (Salix spJ, steeple-bush (Spiraea tomentosa); forbs sparse; dense cover of sedge, grass; moss very
sparse.
Site 6 (6) - SE¼, SE¼ sec. 36, T61N, RI 1W, Lake Co. Open sphagnum bog: Sparse, stunted black spruce, tamarack;
localized shrub patches; sparse ground vegetation; wet, floating bog with continuous sedge cover over carpet of
sphagnum, feathermoss.
Site 7 (7) - NW¼, NW¼ sec. 3, T61N, RllW, Lake Co. Black spruce swamp: Moderately dense canopy of black
spruce; open understory with small patches of shrubs; wet site with sedge common over continuous carpet of sphagnum, feathermoss.
Site 8 (8) - NW¼, NW¼ sec. 3, T61N, RllW, Lake Co. Black spruce swamp: Patchy stand of stunted black spruce,
tamarack; dense low shrubs; sparse ground vegetation; very wet site with dense layer of sedge over continuous
sphagnum carpet.
Northern Minnesota and Ontario Peatlands Section
Site 9 (9)-NE ¼,NE¼ sec. 21, Tl55N, R27W, Koochiching Co. Black spruce swamp: Dense canopy of black spruce;
open understory with patches of ericaceous shrubs; wet site with large patches of sedge over continuous carpet of
feathermoss and sphagnum.
Site 10 (10) - NW¼, NW¼ sec. 22, Tl55N, R27W, Koochiching Co. Black spruce swamp: Open black spruce canopy;
continuous layer of low shrubs; sparse ground vegetation, sedge scarce; wet site with continuous carpet of sphagnum
moss.
Site 11 (11) - NW ¼, SW ¼ sec. 10, Tl55N, R27W, Koochiching Co. Open sphagnum bog-. Sparse, stunted black
spruce; tamarack; continuous low shrub layer; abundant ground vegetation; patches of sedge; wet site with continuous layer of sphagnum moss.
Site 12 (12) - NE¼, SE¼ sec. 21, Tl55N, R26W, Koochiching Co. Tamarack swamp: Dense canopy of tamarack;
dense shrub layer; diverse ground vegetation with abundant sedge cover; very wet site with continuous mat of sphagnum moss.
Site 13 (13) - SW¼, SW¼ sec. 33, Tl54N, R25W, Koochiching Co. Aspen-birch forest: Dense stand of quaking aspen
(Populus tremuloides), balsam poplar (Populus balsamifera), paper birch; dense, diverse shrub layer; ground vegetation diverse with nearly continuous cover of sedge, grass; mesic site with moss sparse and localized.
Site 14 (14) - NE¼, NW¼ sec. 4, Tl53N, R25W, Koochiching Co. Black spruce bog: Sparse stand of stunted black
spruce; dense low shrub layer; sedge abundant; wet site with continuous carpet of sphagnum moss.
Site 15 (15) - S ½,SW¼ sec. 33, Tl54N, R25W, Koochiching Co. Open sphagnum bog: Open site with a dense layer
of low, ericaceous shrubs; sedge abundant; very wet site with continuous cover of sphagnum moss.
Site 16 (16)- SW¼, NW¼ sec. 26, T66N, R26W, Koochiching Co. White cedar swamp: Dense canopy of white cedar
(Thuja occidentalis), black spruce, balsam fir; sparse, localized shrub cover; herbaceous cover diverse, but sparse;
sedge , grass common throughout; wet site with feathermoss, sphagnum moss.
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Western Superior Highlands Section
Site 17 (24) - NE ¼ NW ¼ sec. 18, T49N, Rl 9W, Carlton Co. White cedar swamp: Dense stand of white cedar with
balsam fir; sparse shrub layer; diverse, sparse herbaceous vegetation; dense, low cover of sedge, grass; wet site with
. sphagnum moss.
Site 18 (25) - NW ¼, NE ¼ sec. 18, T49N, Rl 9W, Carlton Co. Black spruce swamp: Dense canopy of black spruce;
large patches of low shrubs; ground vegetation, including sedge, grass very sparse; wet site with continuous carpet of
sphagnum moss.
Site 19 (26) - NE ¼, NW ¼ sec. 16, T49N, Rl9W, Carlton Co. Boreal hardwood-conifer forest: Stand of balsam fir
with jack pine, quaking aspen, paper birch; dense, diverse shrub layer; ground vegetation diverse, grass sparse; dry
site with localized patches of brown and feathermoss.
Site 20 (27) - NE¼, SW¼ sec. 22, T49N, Rl9W, Carlton Co. Tamarack swamp: Closed-canopy tamarack stand with
balsam fir, black spruce; dense shrub cover; sparse herbaceous vegetation, sedge abundant; wet site with continuous
layer of sphagnum moss.
Site 21 (28)- NW¼, SE¼ sec. 22, T49N, Rl9W, Carlton Co. Black spruce swamp: Open canopy of black spruce with
dense low shrub layer; ground vegetation abundant, sedges very sparse; wet site with continuous carpet of sphagnum
moss.
Site 22 (29) - SW ¼, SE ¼ sec. 34, T49N, Rl9W, Carlton Co. Open sphagnum bog: Widely-spaced, stunted black
spruce; · tamarack; continuous layer of low shrubs; sedges sparse; mesic site with continuous carpet of sphagnum,
hair-cap moss (Polytrichum spJ.
Site 23 (30) - NE¼, NE¼ sec. 1, T49N, R20W, Carlton Co. Alder swamp: A few widely-spaced tamarack among dense,
tall shrub layer of speckled alder (A/nus incana), bog birch (Betula glandulifera), steeple-bush, willow; grass, sedge
common throughout; wet site with continuous cover of sphagnum, feathermoss, hair-cap moss.
Site 24 (31) - SE ¼, NW ¼ sec. 28, T49N, R20W, Carlton Co. Willow swamp: Dense layer of tall willow; tall, diverse
herbaceous layer, grasses, rushes, sedges abundant; wet site, moss uncommon and localized.
Northern Minnesota Drift and Lake Plains Section
Site 25 (32)- NE¼, NW¼ sec. 36, Tl36N, R33W, Wadena Co. Black spruce swamp: Dense stand ofblack spruce with
tamarack, quaking aspen, balsam fir; diverse shrub and ground layer, with grass, sedge locally abundant; wet site
with continuous cover of sphagnum, feathermoss.
Site 26 (33) - NE¼, SE¼ sec. 15, Tl38N, R33W, Wadena Co. Wet meadow: Scattered clumps of willow; dense layer
of herbaceous plants, continuous cover of grasses, sedges; wet site, moss very sparse.
Site 27 (34)- SW¼, NE¼ sec. 7, Tl36N, R33W, Wadena Co. Jackpineforest: Canopy of jack pine with subcanopy of
oak (Quercus spJ; dense shrub layer dominated by hazel (Cory/us spJ; tall forbs locally abundant; continuous cover
of grasses, sedges; dry-to-mesic site, moss scarce and localized.
Site 28 (35)- SW¼, SE¼ sec. 7, Tl36N, R33W,Wadena Co. Shrub swamp: Dense shrub layer dominated by bog birch
with speckled alder, willow, red-osier dogwood (Cornus stolonifera); sparse herbaceous vegetation, grasses, sedges
abundant throughout; wet site with large patches of feathermoss, brown moss.
Site 29 (36) - SE¼, SE¼ sec. 7, Tl36N, R33W, Wadena Co. Tamarack swamp: Closed canopy of large tamarack;
dense shrub layer; ground vegetation, grass, sedge sparsely distributed; wet site with continuous carpet of sphagnum,
feathermoss.
PRAIRIE PARKLAND PROVINCE
Red River Valley Section
Site 30 (1) - SE¼, SW¼ sec. 17, Tl46N, R44W, Norman Co. Aspen woodland: Open-canopy quaking aspen; sparse
shrub layer of willow and dogwood; ground cover of grass, sedge, composites; mesic site.
Site 31 (2) - NE ¼, NE ¼ sec. 28, Tl46N, R45W, Norman Co. Willow swamp: Dense shrub layer of willow; heavy
cover of grass, sedge; wet site.
Site 32 (3) - SW¼, SW¼ sec. 22, Tl46N, R45W, Norman Co. Aspen woodland: Dense canopy of quaking aspen;
patchy shrub layer dominated by poison ivy (Rhus radicans), willow; herbaceous layer dense, very little grass, sedge;
mesic site.
Site 33 (4) - SE ¼, SW ¼ sec. 21, Tl46N, R45W, Norman Co. Dry-to-mesic grassland (disturbed): Dry, hilltop grassland extending downslope to mesic wetland next to willow swamp; moderate-to-heavy cover of grass, few composites; range of moisture from dry to mesic.
Site 34 (5) - NE¼, NE¼ sec. 15, Tl43N, R45W, Norman Co. Mesic prairie: Continuous grass cover with patches of
sedge, forbs; small stand of trees nearby; mesic site.
Site 35 (6) - S ½, SE ¼ sec. 30, Tl43N, R44W, Norman Co. Old field: Grassland dominated by brome (Bromus spJ,
cool-season grasses; low woody and herbaceous plants common; mesic site.
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Site 36 (7) - SE¼, SW¼ sec. 27, T143N, R44W, Norman Co. Aspen woodland (disturbed): Isolated woodlot of quaking aspen; understory included dogwood, willow, thistle (Cirsium sp.), red raspberry (Rubus strigosus); bare soil,
mesic site.
Site 3'J (8) - SW¼, NW¼ sec. 23, T143N, R45W, Norman Co. Mesic prairie: Prairie dominated by tall, native grasses
and forbs, with sedge in lower portions; mesic site.
Site 38 (9) - NW¼, NW ¼ sec. 36, T142N, R46W, Clay Co. Mesic prairie: Prairie dominated by prairie cordgrass
(Spartina pectinata), sedge; dense patches of Canada thistle (Cirsium arvense); cattails (Typha sp.) and willow in low
spots; mesic site.
Site 39 (10) - NE¼, NE¼ sec. 35, T142N, R45W, Clay Co. Rich fen: Wetland with scattered willow patches; dense
cover of graminoids with isolated boulders; wet site.
Site 40(11) - NW¼, SW¼ sec. 30, T142N, R44W, Clay Co. Wooded grassland: Grassland with a few large cottonwoods (Populus deltoides), green ash (Fraxinus pennsylvanica); willow and sedge in lower areas; mesic site.
Site 41 (12) - NW¼, NW¼ sec. 30, T142N, R44W, Clay Co. Aspen woodland: Dense woodland of aspen, green ash,
other tall deciduous trees; thick, tall shrub layer of willow; diverse ground vegetation, grass present in a few patches;
mesic site.
Site 42 (13) - SW¼, SW¼ sec. 15, T139N, R46W, Clay Co. Mesic prairie: Bluegrass-dominated prairie with patches of
prairie cordgrass, sedge, forbs; shelterbelt adjacent to grid; mesic site.
Site 43 (14) - SW ¼, NE ¼ sec. 15, T139N, R46W, Clay Co. Dry prairie: Prairie composed mainly of cool season
grasses; lead-plant (Amorpha canescens) common; horsetail (Equisetum spJ, willow growing in lower areas; primarily a dry site.
Site 44 (15) - SW¼, NW¼ sec. 14, T139N, R46W, Clay Co. Dry prairie (disturbed): Abandoned gravel pit in sandgravel esker; grid included upper slopes with sagebrush {Artemisia spJ and lower slopes with cattail and willow;
primarily a dry site.
Site 45 (16) - SE¼, NW¼ sec. 14, T139N, R46W, Clay Co. Willow swamp: Tall willows with a thick understory of
reed canary grass (Phalaris arundinacea), sedge; wet site.
North Central Glaciated Plains
Site 46 (33) - SE ¼, NE ¼ sec. 1, T131N, R46W, Big Stone Co. Dry prairie: Uniform cover of very sparse, short
grasses with forbs, a few shrubs, exposed rock; dry site.
Site 47 (34)- NW¼, NW¼ sec. 13, T122N, R48W, Big Stone Co. Wooded creek: Grid ran through creek bottom with
dense canopy of green ash, box elder (Acer negundo), buckthom (Rhamnus spJ and adjacent disturbed grassland,
dominated by reed canary grass, brome; mesic-to-wet site.
Site 48 (35) - SE¼, SW ¼ sec. 11, T122N, R48W, Big Stone Co. Oldfield: Uniform, dense brome grass with few
forbs, shrubs; mesic site.
Site 49 (36) - NW¼, NW¼ sec. 13, T122N, R48W, Big Stone Co. Mesic grassland (disturbed)-creek bottom: Grid ran
from hilltop brome grassland with shrub patches, down to wetter areas of dense reed canary grass, goldenrod (Solidago spJ; willow, coarse sedge along creek; mesic-to-wet site.
Site 50 (37)- NW¼, SW¼ sec. 26, NE¼, SE¼ sec. 27, T121N, R46W, Big Stone Co. Granite outcrops: Large granite outcrop with cactus, grama-grass (Bouteloua spJ; occasional box elder; dry site.
Site 51 (38)- SW¼, NE¼ sec. 27, T121N, R46W, Big Stone Co. Floodplainforest: Canopy of ash, elm (Ulmus spJ,
silver maple (Acer saccharinum), box elder; understory of reed canary grass, willow; wet she.
Site 52 (39) - SW¼, NW¼ sec. 26, T121N, R46W. Big Stone Co. Mesic prairie (burned): Sparsely vegetated by sideoats grama (Bouteloua curtipendula), big bluestem (Andropogon gerardii), Indian grass (Sorghastrum nutans);
patches of sumac (Rhus spJ; forbs numerous; mesic site.
Site 53 (40) - NE¼, NE¼ sec. 27, T121N, R46W, Big Stone Co. Mesic prairie (disturbed): Dense cover of switchgrass
(Panicum virgatum), big bluestem, Indian grass; mesic site.
Site 54 (41) - NE ¼, NW ¼ sec. 2, T120N, R46W, Lac Qui Parle Co. Granite outcrop: Grid ran over several rock
domes with patches of short grass, cactus, a few cottonwoods, shrubs into surrounding vegetation of reed canary
grass, tall forbs; dry-to-mesic site.
Site 55 (42) - SE¼, NE¼ sec. 2, T120N, R46W, Lac Qui Parle Co. Dry prairie: Cover of short grasses, some brome;
scattered short woody plants; variety of forbs throughout; dry site.
Site 56 (43)- SW¼, SE¼ sec. 8, T120N, R45W, Lac Qui Parle Co. Restored mesic prairie (burned): Site seeded to big
bluestem, recently burned; dense, uniform cover with occasional milkweed (Asclepias spJ; mesic site.
Site 57 (44) - SE¼, NE¼ sec. 4, Tl 18N, R46W, Lac Qui Parle Co. Dry prairie: Sparse cover by short grasses; sagebrush, few forbs ; dry site.
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Site 58 (45) - SW ¼, SE ¼ sec. 32, Tl 17N, R44W, Lac Qui Parle Co. Mesic-to-wet grassland: Grid extended from
hilltop grassland of short brome, low shrubs down to small wetland with reed canary grass, goldenrod, cattails; mesic-to-wet site.
·
Site 59 (46) - SE¼, SE¼ sec., Tl 16N, R45W, Lac Qui Parle Co. Mesic prairie: Cover predominantly little bluestem
(Schizachyrium scoparium) with numerous forbs; mesic site.
.
Site 60 (47) - SW ¼, SE ¼ sec. 9, Tl 16N, R45W, Lac Qui Parle Co. Dry prairie: Cover dominated by cool season
grasses; milk-vetch (Astragalus sp.), lead-plant, goldenrod, blazing star (Liatris spJ numerous; dry site.
Site 61 (48) - S ½, sec. 16, Tl 16N, R45W, Lac Qui Parle Co. Dry-to-mesic prairie (disturbed): Active gravel mining,
grid was set along edge of pit; cover predominantly weeds, patches of brome; dry-to-mesic site.
EASTERN BROADLEAF FOREST PROVINCE
Minnesota and Northeastern Iowa Morainal Section
Site 62 (50) - SW¼, SE¼ sec. 3, T31N, R21W, Washington Co. Willow swamp: Dense patches of tall willow, other
shrubs; open areas covered by brome grass; wet site.
Site 63 (51) - SW¼, SE¼ sec. 3, T31N, R21W, Washington Co. Rich fen: Cover dominated by sedge; few willows;
wet site.
Site 64 (52) - NW¼, NE¼ sec. 2, T31N, R21W, Washington Co. Tamarack swamp: Open canopy oftamarac~ paper
birch; occasional shrubs; patches of cattails, emergent vegetation; wet site.
Site 65 (53)- NE¼, NE¼ sec. 3, T31N, R21W, Washington Co. Mixed hardwood swamp: Open canopy of ash, other
hardwoods; dense, tall herbaceous layer of jewel-weed (Impatiens capensis), arrowhead (Lophotocarpus calycinus),
marsh marigold (Caltha palustris), cattails; wet site.
Site 66 (54) - SE¼, SE¼ sec. 34, T32N, R21W, Washington Co. Mixed emergent marsh: Floating mat of sedge, some
cattails, emergent vegetation; wet site.
Site 67 (55) - SE ¼, SE ¼ sec. 34, T32N, R21 W, Washington Co. Tamarack swamp: Moderate canopy of tamarack;
poison sumac (Rhus vernix), brome grass abundant in imderstory; cattails in wetter areas; wet site.
Site 68 (57)- SW¼, SE¼ sec. 26, T32N, R21W, Washington Co. Mixed hardwood swamp: Dense canopy of ash, paper
birch, other hardwoods; shrub layer sparse; dense, diverse ground layer, patches ofbrome grass, cattails in wettest areas; wet site.
Site 69 (58) - NE¼, SW¼ sec. 10, T31N, R21W, Washington Co. Willow swamp: Dense willow swamp with some
speckled alder; thick ground layer of herbaceous vegetation; wet site.
Site 70 (59) - SE¼, SE¼ sec. 7, T32N, R19W, Washington Co. Floodplain forest: Open canopy of ash, silver maple;
patchy ground cover of grass; mesic-to-wet site.
Site 71 (60) - NE ¼, SE¼ sec. 12, T32N, R20W, Washington Co. Northern hardwood-conifer forest: Dense canopy
comprised of white pine, oak, maple, basswood {Tilia americana); moderate shrub understory; sparse ground cover;
mesic site.
Site 72 (61) - NE¼, SE¼ sec. 31, T32N, Rl9W, Washington Co. Floodplain forest: Open canopy of silver maple;
sparse ground cover of grass; mesic-to-wet site.
Site 73 (62) - SE¼, SW¼ sec. 33, T32N, R21W, Washington Co. Aspen forest: Canopy of quaking aspen, oak, ash;
dense shrub layer; sparse ground layer; adjacent to old field, wetland; mesic site.
Site 74 (63)- SE¼, SE¼ sec. 24, T32N, R21W, Washington Co. Tamarack swamp: Closed-to-broken canopy of tamarack, some birch; ground layer diverse, numerous over continuous sphagnum moss cover; wet site.
Site 75 (64) - NW ¼, NW ¼, sec. 12, T32N, R20W, Washington Co. Tamarack swamp: Canopy of tamarack; sparse
_ground cover with cotton-grass (Eriophorum angustifolium) and sedge scattered over continuous cover of sphagnum
moss; wet site.
Site 76 (66) - SW¼, SE¼ sec 18, T31N, Rl9W, Washington Co. Tamarack swamp-seepage subtype: Open site with
few tamaracks; dense, diverse layer of tall herbaceous plants, cow-parsnip (Heracleum lanatum), skunk cabbage
(Symplocarpus foetidus), jewel-weed, stinging nettle (Urtica dioica) associated with springs; wet site.
Site 77 (67) - NW¼, SE¼ sec 18, T31N, Rl9W, Washington Co. Mixed hardwood swamp-seepage subtype: Sparse
shrub layer; dense, tall herbaceous layer of sweet joe-pye weed (Eupatorium purpureum), jewel-weed, cow-parsnip,
fems, cattails associated with springs; some sedge present; wet site.
Site 78 (68)- SW¼, NE¼ sec 13, T31N, R20W, Washington Co. Oakforest: Closed canopy of mixed oak, maple, elm;
sparse shrub layer; little ground cover; mesic site.
Site 79 (69)- NE¼, NE¼ sec. 15, T21N, R20W, Washington Co. Aspen forest: Closed canopy of quaking aspen; dense
shrub layer; very dense herbaceous ground vegetation; mesic site.
Site 80 (70) - SW ¼, SE ¼ sec. 10, T29N, R20W, Washington Co. Oak forest: Closed canopy of mixed oak; moderate
shrub and ground layers; mesic site.
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Site 81 (71) - SE¼, NE¼ sec. 21, T31N, R21W, Washington Co. Cattail marsh: Dense, floating mat of tall cattails;
sparse ground layer of emergent plant species; wet site.
Site 82 (72) - SW¼, SE¼ sec. 20, T31N, R21 W, Washington Co. Mixed emergent marsh: Lake edge vegetation dominated by rushes (Juncus spJ, cattails; wet site.
Site 83 (73) -SE¼, NE¼ SEC. 31, T32N, Rl9W, Washington Co. River beach: Sandy beach adjacent to floodplain
forest; ground vegetation sparse grass; mesic-to-wet site.
Site 84 (74)- SW¼, SW¼ sec. 14, T29N, R20W, Washington Co. Oak savanna: Scattered oak on steep slope; ground
vegetation included low shrubs, grasses; dry site.
Site 85 (75) - SE ¼, NW ¼ sec. 32, T29N, R20W, Washington Co. Old field: Continuous cover of brome grass with
occasional wild strawberry (Fragaria spJ; dry-to-mesic site.
Site 86 (76) - NW ¼, SW ¼ sec. 22, T28N, R20W, Washington Co. Northern hardwood forest: Canopy of oak, basswood, paper birch; moderate shrub layer; dense, diverse ground layer; mesic site.
Site 87 (79) - SE¼, NW¼ sec. 35, T28N, R20W, Washington Co. Dry prairie: Steep hill prairie with patches of bush
juniper (Juniperus communis), sand cherry (Prunus pumila); occassional forbs, sparse grass cover; dry site.
Site 88 (80) - SE ¼, SW ¼ sec. 29, T27N, R2 l W, Washington Co. Dry prairie: Diverse prairie forbs, short grass formed
sparse cover; dry site.
Site 89 (81) - SW¼, NE¼ sec. 30, T27N, R21W, Washington Co. Oldfield: Continuous cover of brome grass; scattered bush juniper; mesic site.
Site 90 (82)- NE¼, NE¼ sec. 34, T27N, R21W, Washington Co. Oak savanna: Widely-spaced oak; dense grass layer
of several species; dry site.
Site 91 (56) - SW ¼, SE ¼ sec. 26, T32N, R2 l W, Washington Co. Oak forest Canopy of oak, elm, ironwood (Ostrya
virginiana); sparse understory and ground cover; mesic site.
Site 92 (65)- NE¼, NW¼ sec. 13, T31N, R20W, Washinton Co. Oakforest: Dense canopy of mixed oak; thick understory of prickly-ash (Zanthoxylum americanum); herbaceous layer nearly absent; mesic site.
Site 93 (77) - SW¼, NW¼ sec. 2, T27N, R20W, Washington Co. Dry prairie: Prairie on steep slope with patches of
oak, bush juniper; rock outcrops; lead-plant, other native forbs present, short grasses sparse; dry site.
Site 94 (78) - SE¼, NW¼ sec. 35, T29N, R20W,Washington Co. Oldfield Uniform cover ofbrome grass; dry site.

The Red Wolf (Canis rufus) Recovery Program:
Things They Didn't Tell Me In School
By
CURTIS J. CARLEY

ABSTRACT
In the 1970s, the red wolf (Canis rufus) was considered America's most endangered mammalian species. Suffering from persecution and loss of habitat, the species was further threatened by hybridization with the coyote (C.
latrans). In the fall of 1973, the U.S. Fish and Wildlife Service established a Red Wolf Recovery Program consisting of
a field office, captive breeding program, and recovery team. The field program evaluated canines in southeast Texas and
southwest Louisiana. The captive breeding program certified canines received from the field office and propagated the
species. Shortly after the program was established, it was determined the status of the species in the wild had been misinterpreted by the scientific community and the U. S. Fish and Wildlife Service. Biologists could not locate viable wild
populations, nor could they separate wolf-like hybrids from wolves. Program emphasis shifted to certification of wolves
through captive breeding and pursuit of reestablishing the species in the wild. The program became a pioneering force in
the recovery of endangered species and accomplished the first successful reintroduction of wolves. Today approximately
275 red wolves exist. Approximately 80 are in the wild.
Key words: Canis rufus, red wolf, endangered species, recovery program, captive breeding, reintroduction.
Although the Red Wolf (Canis rufus) Recovery Program is scientifically based, most of the program's activities do not lend themselves to the requirements of scientific reporting. This was particularly true
during the early years of the program. At that time, the
red wolf was considered America's most endangered
mammalian species. However, we quickly discovered
the wolfs status was even more precarious than first
assumed. If the road to biological extinction is 100
miles long, the red wolf was rapidly approaching the
99th mile. We were documenting the extinction of a
species.
As Field Supervisor of the newly established
program, I soon concluded the situation was nearly
hopeless. To reverse the circumstances would require
quick, decisive actions based on limited information.
There was not time for lengthy studies and full development of scientific proofs. It became necessary to
employ what I came to call "Triage Biology." We limited work to only the most critical problems. The process involved study only to the point where corrective
actions could be ascertained. Although highly respectful of scientific procedure, I embraced two common
acronyms of the time, KISS (Keep It Simple Stupid)
and SWAG (Scientific Wild Assed Guess). These became my guide posts. If I felt my thoughts might be
getting too academic or philosophical, I would gauge
them against KISS and SWAG and redirect myself accordingly.
Some years ago, it became evident the public
found the unusual development and operation of the
program more intriguing than the scientific aspects of
the wolves. Therefore, rather than attempting a scien-

tific paper for this festschrift, I have elected to provide
a first-person account of the problems the program encountered and the rationale behind the actions taken to
recover the species.
The red wolf is a little-known North American
canid that once ranged over the southeastern United
States from the Atlantic Ocean to central Texas and
from the Gulf of Mexico at least to central Missouri and
southern Illinois. First described by Bartram ( 1791 ),
little factual information had been gathered on the animal. Most literature on the species consisted of diary
entries and popularized writings drawn from fantasy or
casual observations. Young and Goldman (1944) described three subspecies of red wolves: 1) C. rufus jloridanus, a large wolf found east of the Mississippi
River and presumably extinct by about 1900; 2) C. r.
gregoryi, a medium-sized wolf found westward from
the Mississippi Valley to eastern Texas and Oklahoma;
and 3) C. r. rufus, the form living in central Texas and
Oklahoma.
Although Young and Goldman (1944) mentioned the possibility of hybridization of red wolves, it
was assumed until the early 1960s that viable populations of the species still existed. "Wolf' reports were
numerous throughout Texas, Oklahoma, Missouri, Arkansas, Louisiana, Mississippi, Tennessee, and Kentucky. However, Mccarley (1962), based on his inability to locate wolf-like specimens in Texas, Oklahoma, Arkansas, and Louisiana, concluded that the red
wolf no longer inhabited much of its former range.
Examination of a number of Canis specimens from the
area soon confirmed McCarley's findings. Subsequently, Paradiso (1965, 1968) and Pimlott and Joslin
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( 1968) discovered what were believed to be surviving
red wolf populations on the Gulf Coast in southeast
Texas and southwest Louisiana.
· At the time of McCarley's announcement, no
State or Federal Agencies had authority or funds for
working on endangered species. It was not until 1966
that an Endangered Species Preservation Act was
passed by Congress. This Act authorized the Secretary
of Interior to create a list of species that were in danger
of becoming extinct. The red wolf was listed as an Endangered Species on March 11, 1967; however, it did
not appear in the Federal Register until . October 13,
1970.
When the Endangered Species Preservation
Act was passed, the usual practice was to assign listed
terrestrial species to appropriate divisions of the U. S.
Bureau of Sport Fisheries and Wildlife (which later
became the U. ·s. Fish and Wildlife Service). Responsibility for the red wolf was assigned to the Bureau's
Division of Wildlife Services (In 1986, the Division
was transferred to the Department of Agriculture under
the Animal and Plant Health Inspection Service). This
division was responsible for animal damage control
activities across the nation, and its Texas State Office
oversaw much of what was believed to be the remaining range of the red wolf. The Act didn't provide legal
protection; however, it did make federal agencies responsible for actions taken that might further endanger
listed species. Later Acts of 1969 and 1973 expanded
the authority of the Secretary to conduct endangered
species recovery programs and provided legal protection.
In March of 1968, under the supervision of the
Texas State Supervisor of the Division of Wildlife
Services, Mr. John L. Steele Jr. was employed as a
Wildlife Biologist and transferred to southeast Texas.
Steele's assignment was to gather additional information on the status and problems of the red wolf. He
confirmed what was already feared, that the red wolf
was faced with a number of serious problems; the most
critical being the dilution of the wolf gene pool by hybridization with coyotes (C. latrans) and the extermination of animals by private predator control programs.
In addition, the wolf was faced with a problem common
to endangered species, the loss of habitat (McCarley,
1962; Carley, 1975; Mccarley and Carley, 1979).
Steele left the program in October of 1969 and
was replaced by Mr. Glynn A. Riley Jr., a Biological
Technician. Riley's assignment was to gain the confidence of landholders while compiling more ecological
and behavioral information on the wolf. At that time,
there was little federal- or state-owned land in the area.
Government-controlled lands along the Gulf Coast were
largely waterfowl habitat that was thought unsuitable
for the continued existence of the wolf.
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Riley began by contacting landowners and offering assistance in removing depredating canids. The
strategy was that granting a needed service to the landowner provided an opportunity to disseminate information to those who might pave the greatest influence on
the species' survival. Another benefit of this action was
that wolves that otherwise might be killed could be
taken alive and included in a captive breeding program
or released in areas where they would not be in conflict
with man. In addition, coyotes and obvious hybrids
could be removed from the area, thus slowing the progress of gene pool dilution. In 1971, the Office of Endangered Species began developing a Red Wolf Recovery Plan. The plan was to recognize the many problems
confronting the red wolf and list a number of activities
that would contribute toward the preservation of the
species. In June of 1973, Mr. John W. Dorsett, a Biological Technician, was assigned to assist Riley.
Hybridization between the red wolf and coyote
led to difficulty in identifying specimens and resulted in
questions as to the validity of the red wolf as a species.
The subject was (and continued to be) a major point of
discussion and 4issension among canid taxonomists;
however, the red wolf eventually was treated by many
wolf biologists as a valid species because differences
between it and the coyote are greater than differences
among various coyote subspecies (Paradiso and Nowak,
1971; Nowak, 1973, 1979). The identity of individual
live specimens was further confused in some areas of
the red wolf range by hybridization with dogs ( C. familiaris).
Nowak (1973, 1979) investigated systematic
problems in the genus Canis by subjecting skull characters of approximately 5,000 specimens to a multivariate analysis. He found that the earliest eastern red wolf
specimens showed no statistical overlap with standard
samples of gray wolves (C. lupus), coyotes, or dogs.
Red wolf specimens collected from 1919 to 1929 in
Arkansas, Louisiana, southern Missouri, and eastern
Oklahoma had almost the same multivariate distribution. Specimens taken before 1930 indicated hybridization between red wolves and coyotes generally was
uncommon where their ranges approached or overlapped except in the Edwards Plateau area of central
Texas. Therefore, before the arrival of European man,
red wolves and coyotes existed without appreciable
hybridization.
In his examination of the paleontological history, Nowak pointed out that the genus Canis arose in
the New World by the middle Pliocene. He proposed
that the red wolf was an immediate relative of a primitive wolf known as C. edwardii. During the early
Pleistocene C. etruscus, an even earlier primitive wolf,
entered Eurasia, where it gave rise to the gray wolf (C.
lupus). C. lupus probably returned to North America
during the Illinoian glaciation. C. latrans appeared to
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have evolved in the New World as an offshoot of C.
etruscus. If the hypothetical evolution presented by
Nowak was correct, it meant only the coyote and red
wolf were native to North America and that the red
wolf was a more primitive form than the gray wolf.
Nowak's hypothesis is still accepted by many persons
and continues to be supported by the Red Wolf Recovery Program (Gary Henry, Pers. Comm.); however,
most wolf biologists acknowledge that other interpretations also are possible.
ESTABLISHMENT OF THE
RECOVERY PROGRAM

The Endangered Species Act (ESA) .-In the
1950s and 60s, the American public developed an
awareness that Man was irreparably damaging the environment. This awareness probably was first stimulated
by writings such as A Sand County Almanac, by Aldo
Leopold (1949), and then was fueled by the growing
medium of television, which exposed the public to programs such as Mutual of Omaha's Wild Kingdom,
hosted by Marlin Perkins. Although this program
might be considered amateurish by today's standards, it
was a pioneering program with a tremendous following.
It exposed millions of developing minds to the wonders
of nature. If credit were to be assigned to just one
source as the primary catalyst of the environmental
movement among the general public, I would nominate
Wild Kingdom for that honor. The program's popularity contributed to the development of other environmentally oriented programs. The growing environmental movement was sweeping the nation and was
spurred on by books such as Rachel Carson's Silent
Spring ( 1962), a book of tremendous impact. Congress
responded to increasing public pressure for the recovery
of species by passing preservation acts in 1966 and
1969. However, the public did not feel enough had
been done until Congress finally passed what is said to
be the most far reaching environmental legislation ever
adopted by any government, the Endangered Species
Act of 1973.
Development of the Field Supervisor position.-It was anticipated Congress would pass the Endangered Species Act sometime in 1973. Early in that
year, Nathaniel P. Reed, Assistant Secretary of the Departm_ent of Interior, and Keith Schreiner, Chief of the
Office of Endangered Species, received chronic complaints about how the program for the red wolf was
being conducted. Some of the concerns cited were: 1)
lack of a recovery plan and failure to establish a sophisticated management study; 2) lack of funds for red
wolf work; 3) lack of action in general; 4) supervision
of the program by the Division of Wildlife Services; 5)
lack of coordination and communication between the
field, state, regional and central office levels; and 6)
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withholding of information from the central office by
regional, state and field offices.
In June, 1973, Schreiner investigated the complaints. He toured the red wolf range and, among others, met with the Manager of the Anahuac National
Wildlife Refuge, the State Supervisor of the Division of
Wildlife Services, the local State Representative and the
Director of the Texas Parks and Wildlife Department.
The State Supervisor recommended a GS-11/12 supervisory position to manage the program under his direct
supervision. He went on to recommend me as a likely
candidate for the position, noting I was a GS-11 in the
Division of Wildlife Research and probably would be
agreeable to transfer to the Division of Wildlife Services if offered a GS-12.
Schreiner considered: I) leaving the program
the way it was; 2) placing it in the Division of Wildlife
Refuges; 3) placing it directly under the Regional Office; and 4) placing it under the Washington Office, but
serviced by the Regional Office. He concluded the
program should remain under the supervision of the
Division of Wildlife Services State Supervisor but that
a "competent biologist who has a Bureau background"
be appointed to supervise the program from the Liberty,
Texas area. He acknowledged that leaving the program
in the Division of Wildlife Services probably did not
resolve one of the expressed concerns. He went on to
say that I would probably be an excellent choice for the
biologist position and recommended that the possibility
of this assignment be explored with me.
In late July, Regional Director W. 0. Nelson,
Jr. requested authorization to establish a GS-11/12 "biologist-in-charge" position to oversee the Red Wolf
Recovery Program. The State Supervisor and the Albuquerque Regional Office discussed the position with
me. I was open to the possibility. On September 4, the
position was opened for applicants until September 17.
The position announcement was qualified by the statement "Applicants should have recent experience in carnivore management and/or investigations." However,
the position was announced at only the GS-11 level, a
lateral transfer for me. I inquired about the change and
was told not to worry. If the person selected for the
position proved his supervisory abilities in the first
year, the position could be upgraded to a GS-12. I applied for the job on September 7 and was selected on
September 27 with a reporting date of October 14. I
never knew how many applicants there were or who
they might have been.
I was actually the "compromise candidate."
From the beginning there were those who felt Glynn
Riley should manage the program. However, Glynn did
not have a degree and could not qualify under the government's "Wildlife Biologist" classification. The
Washington Office wanted a Ph.D. to head each recovery program; however, there did not seem to be a quali-
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tied Ph.D. available at the time. The State Supervisor
wanted someone he knew, someone familiar with the
animal damage control program, and someone he
thought would be receptive to his supervision.
Things moved fast after my appointment. Although I was still officially in the Division of Wildlife
Research, on October 9 Glynn and I found ourselves in
Washington D. C. to discuss the Red Wolf Recovery
Plan. During an after-hours social event, I accidentally
overheard Schreiner say to Glynn "Let me know if this
new guy causes you any problems." There were several
times in my career that I overheard things not intended
for my ears. Overhearing this comment was a reality
check. I now knew I was still under scrutiny and would
have to be careful..
Further evaluations by the State Supervisor
and me led to relocation of the Field Supervisor position to Beaumont, Texas. Liberty, Texas, had been
considered only because that was where Riley and Dorsett lived at the time. It was determined that Beaumont
was a better location in that it was centrally located in
the work area, had more services available, and most
importantly, provided direct access to the Federal Telephone System {FTS).
I was able to make personal arrangements
much faster than the government could obtain approvals for program actions. My wife and I signed a contract for a home on October 27, and located a potential
office space. However, the matter of securing an office
had to be handled through negotiation by the Regional
Office and the State Office with the General Services
Administration (GSA) in Fort Worth, Texas. There was
no way to hurry GSA. They felt it much simpler to put
us in the downtown Federal Building with other government agencies. We argued the other agencies might
become upset as we moved wolves through the lobby
and took them up the elevator to our office. In February, GSA finally secured the space identified in October. However, our FTS telephones were not installed
until early April. We finally opened the office on April
15, 1974.
In the meantime, we sold our house in San
Antonio and were in Beaumont by Thanksgiving. The
early months of the program were conducted from our
dinning room table. Our garage and a rental storage
unit served as warehouses. Working at home was not
as great as one would assume. It was difficult to hold
meetings or talk on the telephone with a demanding
two-year old screaming in the background.
My training.-Reporters, writers, and students
were often curious about my background and how one
becomes an active participant in an endangered species
program. Like most of my peers at the time, there
really was not any particular thing in my background
that made me uniquely qualified. The direction taken
by my career appears to have largely been due to fate.
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In addition, students should recognize that although
training and ability may qualify one to compete for a
particular position, in the final analysis, selection is
often based on politics. All too often it is not only a
matter of being in the right place at the right time with
the proper training, but also being there with the right
support.
Due to the frequency of questions about my
background and selection to head the Red Wolf Recovery Program, I feel it appropriate to roughly outline my
history. I completed a Bachelor of Arts in Zoology at
Fort Hays Kansas State College (now Fort Hays State
University) in the summer of 1963, and in the spring of
1965 found myself finishing a Master of Science in
Zoology with a minor in Botany. This was somewhat
of a surprise as I had never intended to go to college. I
also found I had a wife, a 15-month old daughter, and
another child expected in September. I explored getting
yet another degree, but it just did not seem to be the
thing to do. I needed a job. Max Schroeder, an alumnus I knew, visited the campus that spring and gave me
a lead on a GS-7 ($6,050) Wildlife Biologist position
with the Bureau of Sport Fisheries and Wildlife's Denver Wildlife Research Center (DWRC). Years later,
Max was overseeing the recovery program for the
black-footed ferret (Mustela nigripes) and our paths
crossed again.
I applied for the position and was hired. It was
at this time I learned that although my education allowed me to compete for the position, it was my work
history that led to my selection. I was nearly passed
over for another applicant with similar academic creIt was work history that separated us.
dentials.
Through high school I worked summers as a farm hand.
This indicated to the selecting official that I knew
something of what agriculturalists had to deal with in
trying to make a living. As an undergraduate, I spent
summers guiding wilderness canoe trips in the Boundary Waters Canoe Area of northern Minnesota and
southern Ontario, Canada. This indicated I was comfortable working outdoors and could work with a group.
Lastly, I spent the summer of my graduate studies as a
laborer constructing bridges on Interstate 70. This indicated I could work for long hours at physical labor. I
recalled my major professor, Dr. E. D. Fleharty, was
disappointed when I reported acceptance of a construction job. He felt I should have sought summer employment in my field. I thought he might be right;
however, I needed the money. In the final analysis, the
construction job helped me compete for a position in
my field and the savings from the summer's work
funded my family's move to my first career position.
The job with DWRC was my introduction to
government logic. I was obviously a mammalogist, but
the DWRC decided my first assignment would be to its
"Northwest Bird Control Research Station" at Cor-
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nelius, Oregon. The primary concern of the station was
the control of European Starlings (Sturnus vulgaris)
roosting in holly orchards. We experimented with wetting agents, frightening devices, and toxicants.
In 1967, DWRC had a GS-9 opening for an assistant mammalogist at their "Predator Ecology Research Station" in San Antonio, Texas. I was selected
for the position ·and reported for duty in late May. The
station was housed in the office of the State Supervisor
of the Division of Wildlife Services. The primary work
of the station concerned coyote ecology. I spent over
six years becoming a predator ecologist, more or less.
Although the Red Wolf Recovery Program severely taxed my knowledge, it was the job in San Antonio that probably best prepared me to lead the program.
One of the invaluable experiences was getting in on the
development of radio telemetry as a tool in wildlife
studies. I learned about wildlife radios from the ground
up and, with guidance from technicians of the research
center, had the opportunity to build transmitters and
study antenna systems.
It was here that I also learned that the application of new technology can subtly lead one into a technological trap. Trying to apply new technology and
make it work toward achieving an objective can result
in a change· where the application of the technology
itself becomes the objective. The tail ends up wagging
the dog. When working with wildlife radios there is a
tendency to add functions such as mortality or activity
indicators. However, the addition of each new function
can lead to a catastrophic failure of the entire system.
After a time, making the radio and all of its functions
work can override the original purpose which, in our
work, was to gain activity, home range, and movement
data on coyotes. The additional functions were seldom
needed. One experienced in monitoring radios can usually determine activity and mortality simply by noting
variances, or lack of variation, in signal strengthKISS.
The San Antonio position also provided the
opportunity to investigate non-lethal census techniques
and develop a systematic process for the census of
canids using an electronic siren to elicit howls (Carley,
1973). Human voice howling is impressive to observers, but the technique is fraught with uncontrollable
variables.
Probably the most valuable and unique experience was the opportunity to work with and learn from
around 30 "old timers" who were experienced coyote
trappers. These men were the best trappers in the state
program, and as a group, were the most ethical and
moral men I ever encountered. In addition to providing
me with skills I could never have acquired otherwise,
they gave me a different perspective on animal damage
control and predator ecology.
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It is difficult to put a value on another aspect
of the assignment. I had the opportunity to come to
know the State Supervisor and his staff. I observed
how he operated and became familiar with his management style. He had been in the position for a number of years and was overseeing a complex program.
He was a masterful politician with unusual insight into
the Fish and Wildlife Service, agricultural associations,
and Texas politics. The decision to leave the red wolf
program under his direction and my selection as the
Field Supervisor are examples of the power he wielded.
While at the "Predator Ecology Research Station," I received a promotion to a GS-11 due to increased responsibilities and sustained high performance. Although I had done well in the Division of
Wildlife Research, it was evident that further advancement opportunities would be limited without a doctorate. I had a growing family and I was finding it necessary to look to the future.
As far as my experience with wolves goes, it
was quite limited. My first encounter was about the
summer of 1960 when I was guiding canoe trips. One
evening we camped on the Beartrap River in northern
Minnesota. We had just finished supper and a dense
fog was settling over the river. Suddenly I could feel
the hair standing up on the back of my neck. It was a
strange sensation--it was as though you felt the sound
before you heard it. Across the river came a long low
wolf howl that slowly increased in volume. It was answered by a similar howl from down river. This built a
crescendo of howls from 4-5 wolves. I had never experienced anything like it. It was exhilarating beyond
belief.
My next wolf recollection is from an advanced
mammalogy class taught by Gene Fleharty. We were
required to memorize the common name, scientific
name, and distribution of each species in the United
States. The red wolf, Canis niger at that time, was one
of those species. Due to a zoological nomenclature
review, the scientific name of the red wolf was changed
to Canis rufus about a year after I came to the recovery
program.
My only other wolf experience resulted from
the Division of Wildlife Services' efforts to protect the
red wolf during the late 1960s and early 1970s. As a
Research Biologist housed in the Texas State Office of
the division, I was called on by the State Supervisor to
provide John Steele and Glynn Riley with taxonomic
and ecological information on the red wolf. John was
new to the division; however, I had known Glynn for
several years and provided him with information on
prairie dog ecology when he was working in the Texas
panhandle. Both men visited the office and shared wolf
stories with my supervisor and me. At one point I also
was asked to put radio transmitters on several animals
that I was told were red wolves. It was obvious the
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animals were not coyotes and I accepted them as
wolves at the time. As I said, my experience was limited; however, looking back, I now think that was to my
advantage. It seemed to allow me to · take an open
minded view of wolves and wolf ecology without the
preconceived notions that might have affected my
thinking had I been groomed as a wolf biologist.
The Red Wolf Recovery Plan.-The Office of
Endangered Species had been working on a draft Red
Wolf Recovery Plan for several years. The final plan
was not approved until July 12, 1982, two years after
the field recovery program ended. The 1973 draft of
the plan was complex and difficult to follow. It attempted to include every possible action, realistic or
not, that might be employed to recover the species. At
that time the draft plan contained four primary objectives: (1) restore surviving red wolf subspecies in their
present ranges fo desirable population levels; (2) maintain an adequate captive red wolf gene pool; (3) reestablish surviving red wolf subspecies in additional locations within their historic range; and (4) determine
the location and abundance of each surviving red wolf
subspecies population. The last objective became the
priority of the field program.
The draft plan also called for the recovery program to be formed of three basic units, a: ( 1) recovery
team; (2) field office; and (3) captive breeding program.
The recovery team was to develop an approved recovery plan, advise the field office and breeding program,
and assist in acquiring technical assistance. The field
office was to capture and evaluate wild canines, provide
animals for captive breeding, and assist the recovery
team in attempts at reintroduction of the red wolf. The
captive breeding program was to maintain and produce
animals that would preserve the species in captivity. As
the program developed, it was the field office that became the directing force of the recovery effort.
The three units of the program were to be
overseen by the Chief of the Southwest Regional Office
of Endangered Species. He would act as the Project
Leader, now called Recovery Coordinator. The program started this way; however, due to an administrative reorganization in July, 1975, I was made Project
Leader and oversaw the operations of the field office
and captive breeding program. I served as a consultant
to the team and coordinated closely with the team
leader. I was directly supervised by the regional endangered species chief.
The recovery team.-"Recovery Team" was
an unfortunate choice of name for the advisory groups
established to aid species recovery programs. The
name has confused the public by implying the team is
composed of the people who are actually working with
the species. The primary responsibility of a recovery
team is to develop an approved recovery plan. They
also advise recovery personnel on needed actions and
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help obtain assistance for the recovery program. Recovery teams are appointed by the Director of the U. S.
Fish and Wildlife Service based on recommendations
from Regional Directors. Teams are usually formed of
biologists who have expertise with the species and representatives from cooperating agencies. Usually the
species Recovery Coordinator is a member of the team
and is often appointed team leader.
I was fortunate the ESA had not yet passed
and there were only guidelines rather than regulations
on establishment of recovery teams. I was also fortunate the Red Wolf Recovery Program was established
prior to the formation of the Red Wolf Recovery Team.
As the Field Supervisor, I could influence the team
formation. I did not want a formalized team of biologists to advise me. I had authority to communicate with
any biologist in the world. They were as close as the
telephone. What I felt I needed were people with a
biological background who also had intimate knowledge of how government agencies operated, what resources the agencies might provide, and how to get
things done in a bureaucracy. I intended to use the recovery team as a sounding board on recovery proposals
and then use its recommendations as leverage in obtaining authorizations and funding. Because I would be
submitting my proposals to the team, as well as proposals received from researchers, I did not feel I should be
a team member. It would be unethical for me to vote
on proposals I had submitted, particularly if I became
the team leader. I felt I could best serve as a consultant.
My desire to appoint knowledgeable agency
representatives fit well with the Service's desire to have
state wildlife agencies represented. However, there was
another administrative problem affecting team formation. Our work area extended from Brazoria County in
Texas to Calcasieu Lake in Louisiana. Service activities in Texas were overseen by the Southwest Regional
Office in Albuquerque, New Mexico. Activities in
Louisiana were overseen by the Southeast Regional
Office in Atlanta, Georgia. Albuquerque had been
designated the "lead region" for the recovery effort;
however, for reasons I never fully understood, there
was often a rivalry between Service regions. One region was not to have personnel working in another region for fear they might cause problems with cooperating agencies or political figures. I had not encountered
this problem while in the Division of Wildlife Research. Although we coordinated with regional offices,
we could cross regional boundaries without difficulty
and understood we were responsible for our actions.
The Atlanta Office was concerned about
agreements we might reach with their cooperating
agencies, political contacts we might make, and incidents we might create that would cause hard feelings
toward the U. S. Fish and Wildlife Service in their region. They wanted a representative on the team to keep
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an eye on us and vote on actions they might not want to
support. Providing them a position on the team was
better than having to get permission each time we
wanted to cross the Sabine River, or having to wait for
a regional escort to watch us perform work in Louisiana. Such options were considered. As I recall, a compromise was finally reached that allowed the Southeast
Regional Representative to serve as a consultant to the
team. He was later appointed to the team.
Atlanta selected Mr. G. R. "Buddy" Abraham,
the Wildlife Services State Supervisor in Louisiana.
The Wildlife Services operation in Louisiana was quite
different from that in Texas. Buddy had only one assistant and they both worked primarily on bird damage
control problems. Predator trapping was handled by
state trappers working for the Louisiana Department of
Wildlife and Fisheries. Because of my first research
position, I could identify with Buddy's work, primarily
starling damage in rice fields, and converse on the subject of bird control. Buddy was well liked within the
state and became an asset in helping us make needed
contacts.
It is amazing how slowly bureaucracies move.
The "Red Wolf Recovery Program Interim Recovery
Team" was not established until August 4, 1974, nearly
a year after the establishment of the field office. The
team first met on October 8 and elected Mr. Russel
"Russ" Clapper, Manager of the Anahuac National
Wildlife Refuge, as its chairman. Russ was well
thought of throughout the Service and all along the
Texas Gulf Coast. He seemed to know nearly everyone
in the agency and knew its administrative procedures
from the bottom up. Russ was the person I wanted to
lead the team. He was experienced, easy going, and
saw each "crisis" as only another bump in the road of
life. The Anahuac Refuge was located in the red wolf
range and Russ was readily accessible to the field program. He had already loaned us equipment, provided
care for canids we maintained in pens on the refuge,
and his clerical staff had provided training for our parttime clerk and helped us establish our office. He was
one of the really nice people in my life.
Another team member was Mr. Joe L. Herring,
Chief of the Game Division, Louisiana Department of
Wildlife and Fisheries. Joe was highly regarded by the
Atlanta Office and went on to become the Assistant
Secretary and then the Secretary of his agency. Joe
could not have been more supportive of the recovery
program. Along with aiding us in obtaining necessary
collecting permits in the state, he provided agency trappers to work under my direction when my staff was
over-extended, and he arranged for student employees
of the agency to work with us for a semester as part of a
work-study program. We took care to provide the students with every training experience possible.
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The last member of the team was Mr. Donald
Frels of the Texas Parks and Wildlife Department. I
did not know Don well; however, he was supportive of
the recovery program and its objectives. His agency
was involved to a limited extent, and we sought little
assistance from them. Don did aid us in obtaining necessary collecting permits and kept his superiors informed of our activities. One of the problems he
smoothed over was the fact that it was illegal to transport or release a wolf within the State of Texas. He
also stepped in when agency administrators became
concerned about our shipping "their wolves" out of the
state. The Red Wolf Recovery Team was fmally officially appointed in January, 1975.
The captive breeding program.-While creating the Red Wolf Recovery Program Field Supervisor
position, the Service also was searching for an organization interested in managing a captive breeding program for the species. I had little to do with the selection; however, it was discussed with me and I was in
agreement. After several inquiries and interviews, in
November, 1973, the Albuquerque Regional Office
signed a Memorandum of Agreement with the Point
Defiance Zoological Park of the Metropolitan Park
District of Tacoma, Washington for captive maintenance and propagation of red wolves. Although a number of people questioned "why Tacoma?", this was
probably one of the best decisions made during the
early years of the program. The Point Defiance Zoo, in
cooperation with the Tacoma Zoological Society, was
the only organization that had established initial facilities for the propagation of animals and expressed a desire to participate in the program. They had constructed
three breeding pens at the zoo and had the use of two
additional pens at a site belonging to Mr. Dale Pedersen, a member of the Mammal Committee of the Tacoma Zoological Society. The zoo had already acquired six animals that were said to be red wolves and
had produced four pups.
The driving force behind the zoo's interest in
the red wolf was its director, Mr. Norman Winnick, and
three influential members of the zoological society's
mammal committee; Dr. Murray Johnson, Dale Pedersen, and Dr. Marlo Jones. As I recall, the group felt
zoos had a responsibility to do all they could to contribute to the recovery of endangered species.
Norm was director of the zoo from 1966 to
1980 and was its first director with zoo experience. He
had been the Senior Keeper at the Calgary Zoo. When
Norm was hired, there were no established standards
for zoo directors. If you were being laid off at the water department, you could fmd yourself as the new zoo
director. The facilities at the Point Defiance Zoo were
quite old and substandard. Norm, with the help of the
Tacoma Zoological Society, began rebuilding. By
1973, under Norm's direction, the zoo had gained noto-
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riety as the first facility to successfully breed aardvarks
(Orycteropus afer) and sea otters (Enhydra lutris).
Murray Johnson was the mammal committee's
"science expert." He was a highly regarded surgeon in
Tacoma; however, his real love was mammalogy. He
was a respected member of the American Society of
Mammalogists, the curator of the mammal collection at
the University of Puget Sound, and served for a number
of years on the Marine Mammal Commission. Murray
provided me with sound advice over the years and was
of great assistance in explaining the problems of the red
wolf to the Tacoma Zoological Society and the scientific community.
Dale Pedersen was a successful mink (Mustela
vis on) rancher who expressed to me that animals had
provided him with a respectable living and he always
felt he should give something back. Although his occupation was lield in disdain by animal activists, we
saw it as being no different than that of any other livestock producer. It is often overlooked that raising improved breeds of furbearers reduces trapping pressure
on wild populations. I still find it disappointing that
many wildlife preservationists allowed popular negative
views of the fur industry to obscure their understanding
and recognition of Dale. He could not have been more
helpful, sincere, or generous throughout the program.
His interests ran beyond red wolves. In cooperation
with the state game department, he had taken in black
bears (Ursus americanus), mountain lions (Fe/is concolor), lynx (Lynx canadensis), river otters (Lutra canadensis), and other assorted orphans. Some years
later, he acquired several wolverines (Gulo luscus) and
was among the first to successfully breed the species.
Marlo Jones owned a veterinary practice in
Tacoma and, along with membership in the Tacoma
Zoological Society, provided free veterinary assistance
to the Point Defiance Zoo. He was supportive of
Norm's efforts and the zoological society. In 1973, his
son Michael graduated from veterinary school and took
over his father's practice. Following in his father's
steps, Mike continued work at the zoo, participated in
the Tacoma Zoological Society, and became a key
player in the propagation of the red wolf.
Under the terms of the agreement with the zoo,
I was responsible for selection of animals to be bred
each year. I developed my decisions through consultations with Norm, the Mammal Committee of the Tacoma Zoological Society, field program personnel, and
Dr. Aaron H. "Buddy" Long, the contract veterinarian
for the field program. Buddy was a country veterinarian who was highly respected in the agricultural community. He had a personal interest in the red wolf and
seemed to know innately what sick wolves needed.
Buddy is another person who made extensive contributions toward the recovery of the species.
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OPERATION OF THE RECOVERY PROGRAM
Managing the Red Wolf Recovery Program
was the most gut wrenching, frustrating, humiliating,
tiring, humbling, challenging, exhilarating, and rewarding job of my career. The first thing I learned was
that being in charge means you do not get to have any
fun. It is your staff that gets to do all of the fun things a
biologist is supposed to do. Although my staff was
quite good at reporting their observations and keeping
me advised, I had always been a "hands on" person
who needed to see things for himself. We were getting
into so many new areas that I had to actually experience
and develop every job in the program. I was burning
the candle at both ends, Our vendors, cooperators, and
administrative offices operated during the day five days
a week, and the wolves operated at night seven days a
week, holidays included. I was working 12-18 hours a
day most days of the week. For nearly five years, it
was much like being in graduate school.
I do not think my mind has ever been more
active than it was during the course of the field program. I felt I was thinking on multiple levels. I would
be driving to a meeting and thinking about whom I
needed to see. Suddenly it would come to me that I
needed to send a tape recorder in for repair. I would be
thinking about the cover letter for the recorder, when it
would come to me there was a flaw in the proposal for
the experimental reintroduction. I would be thinking
about how to correct the oversight when I would recall
that I needed to call Norm about proposed pairings of
animals. Then my mind might shift to the need for an
additional paragraph in a monthly report, or talking
with our radio telemetry vendor about an idea I had.
My mind would not stop.
The only thing I can liken management of the
program to is a plate spinning act one might see at a
circus. The problem with my "red wolf act'' was that
occasionally someone from the audience would jump
up and start a new plate spinning. Another might jump
up to disrupt an already spinning plate. I would have to
rush back to rescue the wobbling plate before it fell and
then rush to inspect the audience-initiated plate to make
sure it was consistent with the other plates. To further
complicate things, all of this had to be done while juggling a chain saw representing the highly political and
egotistical bureaucracy.
Working.-A typical day started at 7:30 a.m.
If I had not talked with them the night before, I would
talk with staff members about predator damage complaints they were working on, equipment problems they
were having, or needed vehicle repairs. We would then
discuss work schedules and weather conditions that
could affect field work. I would then check the mail to
see what new crises had arisen. I often spent the day
preparing reports, updating personnel records, arranging vehicle repairs, calling vendors, fielding calls from
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cooperators and administrative offices, arranging animal shipments, or any number of unforeseen activities.
Sometimes I met with a land owner to explain the program and get a signed agreement authorizing trapping.
I usually returned home about 4:30 p.m., had supper,
watched the evening news while going through the
day's mail, took a 45-minute nap if there was time, and
returned to the office around 7:00 or 7:30 p.m.
Evenings, weekends and holidays were my
quiet time. These were times I could reflect on activities and evaluate program direction. I used the time to
draft reports, write papers, or just organize my
thoughts. I always liked to work with my hands and
often found it relaxing during these times to repair
equipment or fabricate new devices. Sometimes one of
the staff or one of the Louisiana students would return
from the field in the late evening. I would help them
unload equipment and talk about their observations. I
usually returned home about I :00 or 2:00 a.m. Along
with the fact that the work was necessary, I think it was
the wide variety of tasks that allowed me to sustain my
interest and maintain the schedule.
If the weather was cooperative I sometimes
ran traps on the weekend, or hunted nutria (Myocastor
coypus) to increase our stock of wolf food. I tried to
stay abreast of what the staff was experiencing in the
field. When I could, I assigned myself to some of the
evening work of radio tracking or howling surveys, or
used the time to go out with one of the staff or students
to train them in the use of new equipment and data recording. I tried to have everyone on the program crosstrained so each could handle any job that came up.
Having them trained for all activities gave me flexibility in personnel assignments and reduced dependence
on any one person for a particular job. Cross training
also improved morale in that it tended to allow each
staff member or student to feel fully involved in the
field program. Cross training also appeared to increase
the overall quality of work and the camaraderie among
the staff. They shared experiences on each activity and
identified with problems their peers encountered. They
often learned from each other's experiences.
During the course of the field program, one at
a time, we had four separate part-time clerk/secretaries.
I had observed that clerks were often an overlooked
resource in government offices. They often seemed
neglected by administrators, yet they were often the
first person contacted by the public and could make the
all important first impression for the office. I felt it
advisable to give the clerks a feel for what the program
involved and knowledge of what other staff members
did for a living. Each clerk was given the opportunity
to accompany a staff member on trapping assignments,
radio telemetry monitoring, and howling surveys. I
assigned a different staff member to take them out on
each activity. This exposed them to field work and
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gave them shared experiences with other members of
the staff. They had new exciting experiences to share
with their families. They could actually talk about
where they worked. They seemed to feel involved in
the recovery program and developed respect for their
fellow workers.
I was usually able to get away with my family
for two weeks each summer; however, even then my
mind was on program activities. We were usually visiting with family on our trips, and it was not uncommon
for someone from the program to contact me about a
new problem. Sometimes our family trips would include stopping at a zoo to examine alleged red wolves.
My family had the rare opportunity to observe behindthe-scenes activities at a number of facilities.
Maintenance of our family and our home fell
largely on my wife Sara. When possible, I took my
family on trap lines, howling surveys, or hunting nutria
and swamp rabbits (Sylvilagus aquaticus) to feed newly
captured wolves. Our two older children assisted me on
weekends cleaning cages and treating sick animals.
This portion of their childhood was unique. To this
day, our children cannot watch a wolf program on television without questioning, out loud, many of the narrative statements about wolves. With no more than a
glance, they can often tell if a wolf is wild or captive
raised, or if it is a possible wolf x dog hybrid.
Program personality.--Groups (agencies, offices, businesses, schools) all develop personalities over
time. Because we were a government agency working
across a broad spectrum that included agriculturists,
environmentalists, activists, the scientific community,
the news media, and other government offices, I felt it
imperative the program develop a positive image as
soon as possible. Everyone that came in contact with
us had to feel they had a rewarding professional experience.
Conscious development of a personality or image for a program draws on all of one's life influences.
As I tried to evolve an image for the program, I found
there were five influences on my thoughts. For one, I
was an Eagle Scout. Scouting dictates a standard of
conduct. Next, I was trained as a biologist, respected
scientific procedures, and held accurate data as sacred.
Another influence was that I subscribed to the positive
attitude teachings of Dr. Norman Vincent Peale and Dr.
Robert H. Schuller. The fourth influence came from
my being an avid follower of the National Aeronautics
and Space Administration (NASA) space program. I
had followed every launch and was impressed by the
way NASA, at that time managed by scientists, appeared to present all of the facts surrounding a proposed
launch. They told the objective, how it would be
achieved, and what they foresaw as things that could go
wrong. If something did go wrong it was seldom a surprise to the public because it was most likely a problem
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that had been mentioned. My impression of NASA was
enhanced when a brother-in-law arranged for me to
accompany him as a media representative to participate
in the launch of Apollo 17.
The last influence was that I had come to admire the reported standards of General George F. Crook
in dealing with Indians in the southwest. I found his
four precepts of conduct to embody all of the above
influences. I hung a framed copy of General Crook's
precepts beside my desk where it could be seen by me,
the staff, cooperators, and visitors:
Make no promises that can not be kept.
Tell the truth always.
Provide remunerated labor.
Be patient, be just, and fear not.
General George F. Crook
1873
Applying the second precept was entertaining
at times. Many bureaucrats, reporters, and writers
seemed to feel everyone was playing a game. When
talking with them, I would often sense that their minds
were actively trying to determine what I was really up
to. By telling the truth I was throwing them a curve.
They did not seem programmed for dealing with truth.
For a time I had difficulty with the third precept. We had so many cooperators giving beyond their
contractual agreements that there was not any way they
could be appropriately compensated. Then I discovered
they were being compensated from within. They
seemed happy to just be allowed to participate in the
program. They wanted to be involved with endangered
species recovery and be part of a professional effort.
When I discovered this feeling seemed prevalent among
cooperators, I knew we had established our personality.
Hybridization and misunderstandings.--One
of the more difficult aspects of the program was explaining why the red wolf was being threatened by hybridization with the coyote. Most people we encountered had only a high school or college biology course
as background. It was their understanding that species
generally did not crossbreed and that if they did, they
did not produce viable hybrid offspring. I adopted the
position that the confusion centered around the fact that
the genus Canis does not seem to be represented by
classical species. I then pointed out that wolves, coyotes, and dogs can all interbreed and produce viable hybrid offspring. It appears it is primarily social structure
that reduces the likelihood of crossbreeding in canids.
When social structure is disrupted, crossbreeding can
become common.
The next most common question was "how did
hybridization arise to the extent that the red wolf became endangered?" The answer was Man. The pale-

ontological record showed the red wolf and coyote existed for thousands of years without significant hybridization where their ranges approached or overlapped
(Nowak, 1979). By the late 1800s and early 1900s, the
red wolf was nearing extinction throughout most of its
former range in the southeast (Nowak, 1970, 1972). As
the number of humans increased in the southeast, the
wolf and other predators such as the black bear and
mountain lion were being hunted out of existence.
However, in the late 1800s, where the red wolf's range
overlapped with that of the coyote in central Texas, the
two canids hybridized. Why?
The recovery program's evaluation was that
had the coyote not been present, as the number of humans increased in central Texas, the western red wolves
probably would have succumbed to the same persecution that was annihilating their eastern cousins. However, because the range of the red wolf overlapped that
of the coyote in this area, reduced wolf numbers probably led to some wolves breeding with coyotes. It appeared to me that the ending of the longhorn cattle
drives out of Texas and southern Oklahoma might have
marked the beginning of the end for the red wolf. With
the end of the cattle drives more and more land was
fenced. As the human population increased, there was
an increase in the persecution of predators as farmers
and ranchers concentrated on ridding the land of vermin. Newspapers of the time reported bounties of $2
for a coyote and $20 for a wolf. At that time, $20
would have been a considerable prize and it stands to
reason that anyone with a gun or trap had to be watching for a wolf.
Wolves are not too bright. My statements to
this effect never went over very well with wolf activists. Wolves are primitive canids and are very much
creatures of habit. They are not dumb or stupid; however, they are slow to adapt to changing situations.
From experience I can report that, once one determines
what a wolf is doing, it is fairly easy to catch; much
easier than the more adaptable coyote. As a result of
changing conditions, slowness in adapting, and an attractive bounty, one can surmise that the wolf suffered
the brunt of predator control activities. This most likely
resulted in a population of a few widely scattered
wolves among a continuing population of coyotes. The
wolfs all-important family unit and social structure
would have been destroyed.
We went on to explain that wild canids,
wolves and coyotes, breed only once a year and are on
the same breeding schedule. When breeding season
came for the persecuted red wolf population, wolves
without wolf mates undoubtedly sought the next closest
thing, a coyote mate. There may not have been much
direct breeding between wolves and coyotes; however,
under the circumstances, there only had to be a few to

CARLEY-RED WOLF RECOVERY PROGRAM

initiate the formation of what we called a "hybrid
swarm."
Litters of red wolf x coyote crosses appear
mixed. Some members of a given litter might appear
coyote-like, some might appear wolf-like, and some
might show characteristics of both parents. The recovery program recognized the likelihood that creation of
the first hybrid litters probably accelerated the creation
of more hybrids by bridging the size and behavioral
gaps between the two canid forms. It was reasonable to
conclude that coyote-like hybrids could more readily
breed with coyotes and wolf-like hybrids could more
readily breed with remaining wolves. However, regardless of external appearance and behavior, hybrids
carried genes of both canids. It was also reasonable to
conclude, with thousands of coyotes to the north and
west of the area of hybridization, the pressure of the
genetic flow through the central Texas canid population
would had to have been from the coyote toward the
remaining red wolves residing in eastern Texas. Once
the hybrid population formed, it and the genetic pressure behind it flowed to the southeast, eroding the gene
pool of the remaining red wolves. When I arrived on
the Texas/Louisiana Coast in 1973, the hybrids were
rapidly invading the last remaining range of the red
wolf.
A common misunderstanding was that red
wolves were red like a red fox (Vulpes vulpes). This
misconception appeared to have come about simply
through the common name applied to the animal. The
term "red wolf' originally was used in reference to
animals that lived in central and southern Texas. It
probably referred to the sometimes pronounced cinnamon-buff coloration appearing on top of the muzzle, the
backs of the ears, and the nape of the neck of canines of
the area. In common usage we can think of the name
red wolf as meaning the animal is usually redder than
its northern cousin, the gray wolf. Most red wolves
display the common tawny color seen in coyotes; however, there are historic records of a black phase of the
species (Gregory, 1935). Red wolves can appear
tawny, buff, or gray. Gray wolves and coyotes show
the same color variations.
The most common misunderstanding we encountered was that red wolves were so similar to coyotes that only a trained biologist could distinguish between the two. This impression, apparently resulting
from misinterpretation of the difficulty we were having
in telling wolf-like hybrids from true wolves, was widespread among wolf biologists and biologists in the academic community, as well as the general public. As a
result of this misunderstanding, we commonly received
research proposals for determining how to tell a red
wolf from a coyote. The misimpression could not have
been farther from the truth. Simply put, red wolves
look like wolves, whereas coyotes are much smaller
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and look like coyotes. We could readily identify all of
the coyote-like animals and many of the coyote x red
wolf hybrids. The problem was, we were not at all
certain when a wolf-like animal might actually be a
wolf-like hybrid rather than a red wolf.
The flawed program.-The Endangered Species Act (ESA) was passed by Congress on December
28, 1973. I cringed when the Washington Office, in the
hoopla promoting the ESA, announced the Red Wolf
Recovery Program was one of ten flagship programs of
the ESA. I had barely touched the wheel of our flagship when I sensed we were hard aground and taking on
water. I was not at all sure but that I would soon have
to give the order to abandon ship.
Like most graduate school major professors,
Gene Fleharty made me complete what seemed to be a
lot of extra requirements for graduation and made me
take a number of courses I did not want. As a result, I
found myself well grounded in ecology and mammalian
taxonomy. Having been on the job no more than 76
days when the ESA passed, I was becoming quite uncomfortable with my field observations. The field program had been established with the understanding there
was a viable population of red wolves along the
Texas/Louisiana Coast and we were capable of identifying them. I was about to conclude that neither premise was true and that recovery of the red wolf was
highly unlikely.
I had observed a variety of canine tracks in
what was supposed to be the final range of the red wolf.
The few small canines I had examined were adults.
They were not young of the year. They appeared to be
coyotes. Others appeared to be hybrids. Although
there might have been a few pockets of wolves, it was
obvious hybrids had already invaded the area. I had not
known John Steele well, but I knew his background
with canids was limited. However, in reviewing his
notes from 1968 and 1969 I had come to admire him for
all the work he had done in a short time. Even though
he was not a taxonomist, it appeared he was about to
conclude hybrids were already in the area when he left
the program. That was four years earlier. It did not
appear his observations had been reported to the regional or Washington offices.
In addition, we were not capable of identifying
true red wolves. All of the taxonomic descriptions of
the animal were generalized. They might have been
adequate prior to the hybridization problem; however,
all that had been needed at that time was descriptive
information that would separate red wolves from the
generalized descriptions of coyotes. The problem in
1973 was how to tell a wolf-like hybrid from a true
wolf. We could not do it.
Several things bothered me about my conclusion. I was the new guy. I had been on the job only a
short time when the ESA passed. Yet, without exten-
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sive study, I had arrived at a conclusion that differed
significantly from the information that established the
program. I went over and over the material, the conclusions were always the same. I nearly failed the positive
attitude philosophy I had adopted. If the situation was
not impossible, it was about as close as one could get.
How was I going to convince the bureaucracy and the
scientific community that the situation was nearly
hopeless?
One evening I finally accepted the facts. Then
there was an unexpected change in my thinking. Once I
had accepted the deplorable situation, the focus became
the fact that I was the one responsible for fixing it. I
reviewed that conclusion a number of times also. I believe the next thought was to the affect of, "even though
the situation is nearly hopeless, if it can be fixed, how
would one go about fixing it?" The only way I could
see to fix it was to remove all animals determined to be
likely wolves and place them in captivity. This would
mean we would be intentionally causing the extinction
of the red wolf in the wild. Next we would have to pair
the animals, monitor their offspring to skeletal maturity,
and then select for those animals who produced litters
not containing hybrid pups. Once we had certified red
wolves in captivity we could increase their numbers
through breeding and attempt to return the species to
the wild. Although it had been tried several times, there
had never been a successful wolf reintroduction.
The first problem was that I would have to
change the direction of the recovery program. The
wheels of bureaucracy turn slowly; however, I knew it
would be next to impossible to stop and redirect them in
time. It took about one and a half years.
I was going to have to develop simple visual
proofs that could be analyzed by anyone. I had already
developed an animal capture data card on which all data
concerning captured animals was being recorded. We
were also systematically photographing each animal
and had created a "mug shot" file. In graduate school
part of my assistantship had been to work as a curator
in the Museum of the High Plains. Because mammal
skulls provide invaluable taxonomic information, using
my museum skills, I was creating a cleaned and labeled
skull collection from the animals we euthanized. In
previous years there had not been any provision for
retention of all skulls collected by the program. The
next thing I did was obtain I-inch to I-mile county and
parish maps from the state highway departments. I
made a large bulletin board and mounted the maps as
one large composite map. I then gridded the composite
map into nine square mile blocks lettered on the vertical
axis and numbered on the horizontal axis. The grid
number in which each animal was captured was recorded on the data card. Each time we captured and
identified a canine I put a colored push pin in the map,
yellow for likely coyotes, orange for obvious hybrids,
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and red for possible wolves. At the base of each pin
was a slip of paper with the animal's log book number.
Anyone questioning the identification of the animal
could review the animal's data card, the "mug shot"
file, the skull, if available, and the program log book.
I realized I would also have to find a reasonable explanation for why authorities had been misled in
their original evaluation of the status of the red wolf. I
began asking questions of trappers, biologists, and local
residents who had been in the area during the 1960s. It
appeared that prior to about 1961 all of the canids observed in the area had been large wolves. However,
attention was drawn to a group of 46 canids captured
during the winter of 1964 and 1965 in Liberty and
Chambers County. Dr. Joseph Whitehead, a rancher,
veterinarian, and Audubon Warden living on Smith
Point in Chambers County recalled the animals. Joe
had examined many of them and said he considered
several to have been possible wolf x dog hybrids. He
recalled they varied in size. This led me to Russel
Clapper at the Anahuac National Wildlife Refuge.
Russ recalled the animals and said he sent the skulls of
several of them to Washington. This was prior to the
passage of the first endangered species legislation in
1966, and Russ knew scientists were interested in the
red wolf. He recalled the animals did vary in size and
that he carefully selected only 7 skulls from the 46
available. He only collected material from the ones that
struck him as being most wolf-like. Not being fully
aware of the red wolf hybridization problem at the time,
he did not carefully examine the remaining 39 specimens. During the discussion Russ came to realize he
had unintentionally biased the sample by selecting only
the largest, most wolf-like animals. This was true of
most canine samples from the area. Only a few small
animals had been brought to the attention of taxonomists.
I shared the new information and my recommendations on redirecting the program with the administration, John Paradiso and Ron Nowak. The administration was quite disturbed by my recommendations.
The red wolf was one of the ESA flagship species. As
the leader of the recovery program I was recommending
we intentionally cause the species' extinction in the
wild. Washington was not at all sure Congress had
intended our agency to be the cause of a species' extinction. What would Congress, the scientific community, and the public think if such a plan was announced?
How would the agency ever survive the embarrassment
of such a dramatic program redirection after all the
press releases on the positive efforts it was making toward recovering endangered species? Among other
options, in the interest of saving face, the agency even
considered killing the messenger.
Paradiso and Nowak, both of whom were then
Service biologists in Washington, D.C., immediately
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and professionally saw the significance of the new information. They wanted to see more recent specimens.
Because of the new procedures established within the
program, we were able to provide data and materials
from animals captured during the recent months. The
evidence was overwhelming.
X-raying skulls.-When the recovery program
was initiated, the only known red wolf specimens resided as skulls and a few skins in the U. S. National
Museum. The material represented wolves collected
prior to the presumed red wolf x coyote hybridiz.ation.
Although we appeared to be making reasonable guesses
on the identification of likely live red wolves, we
lacked information that might be provided by the animal's skull.
In February, 1974, I was invited to make a
presentation on the Red Wolf Recovery Program before
a meeting of the Sierra Club, Houston Regional Group.
In giving my standard "feel good" slide show outlining
the recovery program, I mentioned the problem of not
having access to the animal's skull and that there were a
number of skull characters that could be quite helpful in
screening likely red wolves.
After the presentation a member of the audience came forward and requested a demonstration of
the No. 4 Newhouse steel trap we were using in the
program. I was bracing myself for what I anticipated
would be an emotional discussion on the cruelty of leghold traps. Steel traps were, and still are, quite controversial. Due to the controversy over traps, I had taken
it upon myself to boldly make a point before environmental groups that the model of trap we were using had
been carefully selected for the project. With the addition of trap tranquilizer tabs (Balser, 1965), it was the
safest and most efficient device we could use to capture
animals. I pointed out that in order to recover the red
wolf, we must first be able to catch it. Environmental
group members often suggested cage traps; however,
we knew such traps were inefficient. It is difficult to
get a wild canine to intentionally walk into a cage. Often padded leg-hold traps were suggested. However,
experiments we conducted demonstrated that although
the thought of using such traps might soothe the conscience of cooperators, the traps frequently did more
damage to the animal than a professionally designed
steel trap. The soft pads tended to restrict circulation in
the animal's foot causing tissue necrosis and the onset
of gangrene.
I explained the various features of the trap to
the gentleman and probably made it sound as though
being trapped is such a wonderful experience that
wolves seek out our traps. He asked me to set the trap.
I did and he went to the comer of the room to get a
broom from where it had been leaning against the wall.
He sprung the trap with the broom handle, extracted the
broom and examined the dented wood. To my relief he
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commented that the wood was not as damaged as he
had anticipated. I pointed out that an animal's foot has
a bit more give than a piece of wood and would not
sustain as much pressure. Although he still had mixed
emotions about steel traps, he seemed satisfied with the
demonstration.
Several weeks later I got a call from a man
who identified himself as Mr. Donald T. Schaefer,
Chief of the Control Section of the Department of Radiology at Hermann Hospital in Houston, Texas. I
cringed (I did that a lot in the program) when he said he
was the man who talked to me about traps at the Sierra
Club meeting. I braced myself for an emotional discussion on the subject of traps. He went a different direction. He possessed a female "red wolf' he had obtained
as a pup prior to the passage of the ESA. His readings
on the species led him to question the purity of his wolf.
He was attached to the animal and intended to keep it;
however, he had decided it was a hybrid. He had come
to the Sierra Club meeting to learn more about the species and confirm that his identification of his "wolf'
was correct.
He was calling because he had become intrigued by the complex problems we were facing. He
had discussed the red wolfs plight with several colleagues. They offered that there were standard radiological techniques that might aid in the identification of
wolves and non-wolf canids if we could x-ray the skulls
of the live animals.
I scheduled several meetings with Mr. Schaefer and his associates. The early meetings indicated the
use of x-ray could provide a number of benefits. From
the x-ray of the skull of a live animal we would not
only be able to view diagnostic features and obtain
measurements, but we would be able to send the film to
other authorities for examination. In addition, x-ray
films could be retained as hard data and re-examined
long after an animal had ·been released or shipped to a
zoo. X-ray films could also provide information on
previously unmeasurable characteristics such as inflated
frontal sinuses and the positioning of the brain case,
information that might indicate hybridization by dogs.
While examining the use of x-rays Dr. Yoram
Ben-Menachem, an Associate Professor of Radiology at
the University of Texas Medical School at Houston,
Texas, suggested radiological volumetric techniques
employed by Haas (1952), Lusted (1959), Silverman
(1957, and Szwaykow (1968) could further aid the
identification of animals. He noted that since there
were obvious differences in the size of the coyote skull
compared to that of the red wolf, the ratio produced by
dividing the volume of the brain cavity by the skull
volume might act as an indicator of species conformation. Measurements necessary to obtain this ratio were
routinely taken in medical radiography. We would
need to define the brain/skull ratio using verified red
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wolves and coyotes. The verified specimens were
available in the U. S. National Museum.
The administration was reluctant to commit to
exploring the use of x-rays. While waiting for approval, Don formed the "Red Wolf Underfire Team," a
group of private citizens from the fields of radiology,
engineering, computer sciences, and other specializations. I was able to lend them field program unverified
skulls that they used to develop x-ray techniques. It
was not until early October, in the first meeting of the
Interim Red Wolf Recovery Team, that I received a
recommendation for further investigation of the proposed x-ray technique and the purchase of an x-ray machine.
There was a whirlwind of preparations for xraying the collection at the U. S. National Museum. I
contacted Dr. Donald Wilson and Dr. Michael Bogan in
the Mammal Section of the National Fish and Wildlife
Laboratories to arrange access to the skull collection.
Mike and I had been in graduate school together at Fort
Hays. I contacted Ron Nowak and arranged for him to
assist in selecting verifiable red wolf and coyote specimens. On behalf of the "Red Wolf Underfire Team,"
Houston hospital administrators arranged for use of the
Veterans Administration Hospital x-ray laboratories.
On October 20, Don Schaefer and his wife Donna, Assistant Chief Radiology Technician, Department of Radiology, Hermann Hospital, and I flew to Washington,
D.C. In two and a half days we selected, logged out,
transported, x-rayed, transported, and logged in 107 red
wolf and 113 coyote skulls. The skulls were packed by
museum personnel in six footlockers that we had to
transport to the Veterans Administration Hospital in a
taxi cab. At the hospital Don and I unpacked the skulls,
recorded the data from them, and placed a lead gender
symbol and lead numbers representing the specimen on
tape that was placed with the skull on the x-ray film
holder. Donna positioned the skulls, took the x-rays,
and delivered exposed film holders to the processing
lab for development and reloading. Don then confirmed the quality of the x-ray before I repacked the
skull for return to the museum.
A used Profexray Model TC3D x-ray machine
was installed in the field office on November 7, 1974,
just under a month after receiving the recommendation
from the Interim Red Wolf Recovery Team. The x-ray
technique did not solve all of our problems; however, it
did provide the advantages identified early in the investigation and a brain/skull volume ratio that contributed
another element to be considered in the evaluation of
animals. We found male red wolves should have a
brain/skull volume ratio ofless than 23 .0. Females, due
to sexual dimorphism, should have a ratio of less than
23.5. Ratios for coyotes were much higher.
The ability to compare skulls of live animals to
wolf skulls allowed us to begin studying
red
known

EUGENE D. FLEHARTY FESTSCHRIFT

what kind of animal should be attached to a wolf-like
skull. We concluded an adult male wolf should weigh
more than 50 pounds while a female should exceed 42
pounds. The hind foot of a male should exceed 9.0
inches in length, while t~at of a female should exceed
8.75 inches. Males should have an ear length greater
than 4.75 inches and females greater than 4.5 inches.
Males should be at least 27 inches at the shoulder while
females should be at least 26.5 inches tall. Other taxonomic measurements such as tail length did not seem to
be meaningful-SWAG.
Census of the work area.-Under the circumstances, we had to quickly determine where wolves
might be found in the work area. We could no longer
wait for land owner damage complaints to provide access to private lands. Since late 1972, Dr. Howard
McCarley and his students at Austin College in
Sherman, Texas, had been attempting to describe red
wolf vocalizations and determine if coyote and red wolf
howls were species specific enough to be used for field
identification. Howard was making progress in his
evaluations, but he was encountering a number of logistical problems. Because of teaching commitments,
he could not regularly visit the Gulf Coast during the
fall and winter, the best times for eliciting and recording canid howls. When he could get to the field, bad
weather often prevented him from gathering data. In
addition, he did not know the identity of the individual
animals he was recording (Carley, 1975; Mccarley,
1978; Mccarley and Carley, 1979).
I was preparing to establish siren census routes
through the work area. From my work with coyotes, I
knew how to employ the technique and that it would
provide auditory access to canids on private lands. If
wolf-like howls were heard, we could then contact specific land owners for permission to trap. However,
evaluation of the howls was subjective and depended on
the ability of individual staff members conducting the
census. We did not have a means of objectively evaluating the howls or sharing what was heard with associates. By sonographically considering the fundamental
frequency, duration, and configuration of recorded
howls, Howard could provide a degree of objectivity to
the identification process. In return, we could provide
him recorded howls from known radio collard canids,
as well as reduce his scheduling conflicts by conducting
census surveys throughout the fall and winter as
weather permitted. Howard submitted a study proposal
and advised the recovery program on the quality of recording equipment that would be required. His proposal was approved by the Interim Red Wolf Recovery
Team during its first meeting in October, 1974.
The census and sonographic evaluations did
concentrating our capture efforts. The techin
us
aid
nique also provided another indication of how extensive
the hybridization was in the final range of the wolf
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(McCarley and Carley, 1979). Recording howls also
provided some interesting tapes. One noteworthy tape
was of a young canid that did its best to imitate the up
and down modulation of the electronic siren.
The captive breeding program.-An identified
threat to the captive breeding program was the approximately 50 alleged red wolves. housed in the nation's zoos. We did not have authority over the animals
because they had been obtained prior to the passage of
the ESA. With the cooperation of the involved zoos
and the American Association of Zoological Parks and
Aquariums (AAZPA, now the American Zoo and
Aquarium Association), we were permitted to evaluate
the animals. Only one was determined a likely red wolf ·
and it was transferred to the Point Defiance Zoo. The
others were destroyed or relabeled as coyotes.
The field program had sent only a few animals
to the Point Defiance Zoo; however, by the fall of 1974,
the pens of the breeding program were filled to capacity. I had become increasingly concerned about the
identification of some of the animals that had been acquired by the zoo. In December, 1974, Howard
McCarley and Buddy Long accompanied me to Tacoma
to evaluate 16 of the 18 animals there.
Not surprisingly, the findings of our investigation were devastating. Eleven of the 18 animals at Tacoma had to be removed from the program. Included
were all offspring born at the zoo. The evidence was
irrefutable, upsetting to the zoo and the administration.
Murray Johnson's concurrence with our evaluation led
the zoo to accept the findings. The administration, with
a recommendation from the Red Wolf Recovery Team,
eventually authorized removal of the animals.
With an interest in providing more space for
the captive breeding program, Dale Pedersen offered to
lease five acres of his mink ranch to the zoo for $1 a
year. We were not allowed to build permanent facilities
on private lands; however, we were eventually able to
amend the zoo contract to provide funds with which
they could build pens. A dozen l00'xlO0' naturally
vegetated pens, designed by Dale and surrounded by a
security fence, were built on the site. A few years later
we obtained funds for an additional pen and then funds
to cross-fence some of the earlier pens. Today there are
18 pens, 8 ofwhich are lO0'xlO0'.
Dale employed Ms. Susan Behrns to care for
the wolves as well as his growing menagerie. Sue received a Bachelor of Science in Horticulture in 1976
from Washington State University. Not finding a position in her field, she worked for Dale a short time and
then became a veterinary assistant, only to return to
work for Dale in 1978. Though a horticulturist, Sue
became the best animal handler and care giver any of us
had ever seen. There are a number of animals, not just
wolves, which owe their lives and their health to her.
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Dr. George Blanks and Mr. Roland Smith were other
significant contributors to the early breeding program.
In 1984, the red wolf was approved by the
AAZPA for development of a Species Survival Plan
(SSP). In 1986 the AAZPA acknowledged the accomplishments of the Red Wolf Captive Breeding Program
by awarding it the coveted Edward H. Bean award for
long-term propagation.
Reorganization.-All through 1974, the State
Supervisor of the Division of Wildlife Services was
becoming displeased with my conduct of the recovery
program. Our meetings became more confrontational.
The situation became untenable. With sound council
from Russ Clapper, I filed a formal appeal with the Regional Office of Personnel Management. A properly
filed appeal cannot be ignored, and the administration
was forced to resolve the conflict. The following
months were unpleasant; however, the bureaucracy
found in my favor. I attributed the success of the appeal to my extensive record keeping and accurate reporting. On July 1, 1975, the beginning of the government fiscal year at that time, the program was placed
directly under the Regional Office of Endangered Species. I officially became the program's Project Leader.
All staff remained, except Glynn Riley, who was retained by the Division of Wildlife Services and went on
to become a Wildlife Services District Supervisor. All
of my proposals were accepted, and the program was
redirected toward removal of all likely wolves from the
wild, certification of captive animals, and pursuit of
reintroduction. Removal of non-wolves from the captive breeding program also was approved.
I inquired about the GS-12 promotion I should
have received by no later than the fall of 1974. The
administration stated that, because of my conflicts with
the State Supervisor, it still had concerns about my
ability. I felt I had more than upheld my obligation to
the program and that the administration was hedging. I
started applying for positions in other regions. I received the promotion in May, 1976.

CARRYING ON
Limitations on space have precluded discussing many other aspects of the Red Wolf Recovery Program. These included the failed attempt to establish a
"buffer zone" around the last range of the species;
electrophoretic studies conducted by Dr. Donald Morizot; and the assistance provided by Durwood
Blasingame of Saber Helicopters in development of
helicopter techniques used to capture wolves. Also
missing is discussion of the deplorable health of the
animals captured in the wild; problems caused by parasites and disease; further development of the captive
breeding program; production of the movie "Recovery
I"; development of techniques for reintroduction of
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wolves; and the many other outstanding people who
worked with us.
The Red Wolf Recovery Program was and is a
pioneering program. It has contributed not only to the
recovery of other wolves, but established precedents
that aided recovery programs for such species as the
California condor (Gymnogyps californianus) and
black-footed ferret, both of which have required removal from the wild, breeding in captivity, and reintroduction. The program also contributed significantly to
the effort to have Congress add the "Experimental"
classification to the ESA, an amendment needed to aid
reintroduction of endangered species. The program
achieved a number of "firsts" and developed several
new wildlife management tools, such as beacon and
dual radio transmitters. It was the first program to
capture wolves with tranquilizer darts fired from a helicopter and went on to develop the technique for general
application in the field. It was the first program to successfully reintroduce wolves and the first to employ
implanted radio transmitters in wolves. Procedures
developed by the program have been used on all subsequent wolf reintroductions in the United States. The
program established the first multi-facility captive
breeding program for wolves and developed a number
of procedures and protocols for shipping, handling, and
breeding wolves.
By August, 1978, I had worked myself out of a
job in the field and transferred to the Albuquerque Regional Office where, along with other duties, I continued to oversee the program. John Dorsett, who had
become my right hand, remained in Beaumont to finish
the field work. He closed the field office in July, 1980,
when it was determined the last of the likely wolves had
been removed from the wild. John returned to the Division of Wildlife Services and went on to become a District Supervisor. The red wolf was extinct in the wild.
More than 400 canids were examined by the
field program. Forty were placed in the captive breeding program. We were able to certify 14 as red wolves.
Others may have been wolves; however, they died before they could be proven. Today, 13 of the founder
animals are represented in approximately 275 red
wolves. There are now 33 facilities participating in the
Approximately 80 red
captive breeding program.
wolves exist in the wild.
While in the regional office, I conducted a few
unsuccessful surveys for black-footed ferrets and went
on to establish recovery programs for the Mexican wolf
( C. I. baileyi), Sonoran pronghorn (Antilocapra americana sonoriensis), ocelot (Fe/is pardalis) and jaguarundi (Fe/is yagouaroundz), and Ozark big-eared bat
(Plecotus townsendii ingens). Although I met some
wonderful people, I never again encountered the
warmth, professional camaraderie, and giving that I
experienced in thf; recovery program for the red wolf.
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From time to time, every endangered species
coordinator must place his or her career in jeopardy.
The hazard is inherent to the position in that coordinators are hired to be the advocate of the species. Unfortunately, as the species' advocate, .they often find themselves in an adversarial relationship with their employing agency. It is not uncommon for agency administrators to rationalize administrative actions in order to
find politically acceptable ways to nullify difficult obligations. As a result, coordinators expend a great deal of
effort trying to get the administration to fulfill its commitments. After 13 years as an endangered species
advocate, I got cut by the bureaucratic chain saw I was
juggling in the recovery program for the Mexican wolf
(Begley et al., 1991 ). I was reassigned to the National
Wetlands Inventory Program (NWI), where I developed
a classification system for remote census mapping of
wooded riparian habitats. I retired in January, 1996.
When I left the Endangered Species Program,
Mr. Warren Parker became the Red Wolf Recovery
Coordinator. Warren brought about the first mainland
reintroduction of the species. He retired in 1990 and
was replaced by Mr. Gary Henry, a friend of mine from
the early years of the red wolf field program.
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A Local Decline In Brown-Headed Cowbird Populations
In The Middle Rio Grande Valley
By
JAMES S. FINDLEY
ABSTRACT

The brown-headed cowbird (Molothrus ater) has increased in abundance and in extent of geographic distribution in North America since consistent record-keeping began early in the twentieth century. From a heartland in the
central and northern Great Plains, cowbirds have spread eastward and westward, possibly because of forest fragmentation and the spread of livestock pasturage (Robinson, et al., 1995). Although New Mexico provides relatively few cowbird records on North American Breeding Bird Survey census routes (Robinson, et al., 1995), the species has been increasing in abundance and distribution in the state since 1968 (Mehlman, 1995). The trends reported by Mehlman are
strong and unequivocal: on Breeding Bird Survey routes in New Mexico mean cowbird abundance has risen rectilinearly, and proportion of routes on which cowbirds are reported has risen from about 50 percent to an asymptote at about
90 percent. In searching for evidence of this pattern in a 20,000-record database of bird observations gathered from 1960
to date in the village of Corrales, Sandoval and Bernalillo counties, New Mexico, I was surprised to find exactly the opposite trend in numbers (and no increase in frequency of observation) over this period.
Key words: Brown-headed Cowbird, New Mexico, populations
Corrales occupies the narrow floodplain on
the west bank of the Rio Grande approximately 24
km north of Albuquerque in central New Mexico.
The corporate limits of the village extend approximately 12 km along the river and up to 3 km to the
west where the floodplain gives way to a series of
aeolian deposits and a bluff rising steeply to an arid
grassland plateau, locally called the West Mesa.

The floodplain formerly was occupied by a mixture of
riparian communities, including patches of cottonwood
(Populus deltoides) and willow (Salix spp.) forest. Agriculture and reclamation practices beginning in the eighteenth century resulted in a landscape of irrigated pastures,
fields of row-crops, and orchards by the mid-twentieth
century. In the last half of the century, a growing population of urban commuters has transformed the floodplain
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into an edificarian habitat where open fields and
pasturelands have been largely replaced by singlefamily dwellings and suburban landscaping of lawns,
shrubs, and trees. The river (east) side of Corrales is
a continuous strip of cottonwood forest (locally
called the Bosque) cut off from the rest of the village
by a continuous flood-control levee. This forest has
been designated by the village as the Corrales Bosque
Preserve, where motorized vehicles, firearms, woodcutting, and the like are prohibited.
I began recording bird observations in Corrales in 1960, focusing on the bosque and the
adjacent floodplain. In 1966 I conducted weekly
censuses along two designated routes, recording
kinds and numbers of birds and time spent in
observation. Records were accumulated sporadically
thereafter until 1994, when systematic timed
censuses again were conducted along one of the 1966
routes. These efforts continue.
To look for trends in brown-headed cowbird
populations I calculated the number of individuals
seen per hour for all years in. which timed censuses
were conducted (Fig. 1). In addition, to index frequency of occurrence, I examined proportion of days
during the months when cowbirds are present in Cor-

rales (April to September) on which the birds were seen,
confining the analysis to years with at least 50 observation days (Fig. 2). The decline in birds per hour is highly
significant. There is no significant trend in frequency of
sightings.
Why does this local pattern fly in the face of an
undeniable regional and continent-wide trend? A contributing factor may be the conversion of Corrales from
an open, rural landscape with livestock pasturage to a
closed, wooded, suburban one, perhaps coupled with
maturation and closing of the riverside cottonwood forest.
If that change was enough to reduce local brown-headed
cowbird populations, its effect should be noticeable on
other birds as well. Forest and woodland species would
be expected to increase, while open-country kinds declined.
Mockingbirds (Mimus polyglottos), western
meadowlarks (Sturnella neglecta), and lark sparrows
(Chondestes grammacus) are species common in agricultural lands and grasslands in central New Mexico. In
the 1960s all three were commonly observed on censuses
in Corrales. During the breeding season, mockingbird
and meadowlark songs were heard on a daily basis in
most parts of the village. By the 1990s all three had become rarities (Fig. 3).
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Three now-common woodland/forest species, the black-capped chickadee (Poecile atricapi/lus), downy woodpecker (Picoides p7:'bescens), and
white-breasted nuthatch (Sitta caro/inensis), have
increased markedly in the study area since 1962 (Fig.

4). During the 1960s all three were seen only sporadically, and mostly during the non-breeding season. By the
l 990s all three had become common permanent residents,
with abundant evidence of nesting.
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Of course, changes in some of these species
could simply reflect regional trends. That this is
probably not the case, at least for the open-country
kinds, is suggested by some data from the grassland
plateau immediately west of Corrales (the West
Mesa). This flat to rolling landscape is vegetated
with warm-season grasses (e.g., Bouteloua, Oryzopsis, Sporobolus, Hilaria), shrubs (e.g., Artemisia,
Atriplex, Ephedra, Fallugia), scattered cane cactuses
(Opuntia imbricata) and one-seeded junipers (Juniperus monosperma). Until the late 1950s the area
was occupied by a cattle ranch, and sporadic grazing
continues. I conducted regular censuses on the West
Mesa over a 32-km route in 1995-96. All of the
open-country birds that have become rare in Corrales, including the brown-headed cowbird, were present on the West Mesa with relatively high frequencies (Fig. 5). In this habitat, as in Corrales in the
1960s, western meadowlark and northern mockingbird songs were constantly heard during the breeding
season.
Clearly trends in the populations of birds
can be very local and habitat dependent, and they

can change with the scale of the investigation as reviewed
by Wiens (1989). In local conservation planning, data
appropriate to the scale of the project are essential, as is
information from a wider perspective. In the present
case, it may well be that the effect of cowbirds on their
hosts is less in the local floodplain environment than it is
in the surrounding grasslands.
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Temporal And Spatial Variation In A Small Mammal Community:
An Example From The Mixed-Grass Prairie In Kansas
By
GLENNIS A. KAUFMAN and DONALD W. KAUFMAN

ABSTRACT
Small mammals were sampled on a 10.8-ha study site in Watts Prairie, a grazed mixed-grass prairie in northcentral Kansas, during September 1984-October 1989. Using data from 1985-1989, we examined temporal and spatial
variation (percent coefficient of variation = CV) in abundances of eight species of rodents and two species of shrews by
use of a square and a rectangular subregion on the larger study site. Both the square and rectangle encompassed four 1.1
ha grids. Common species were the deer mouse (Peromyscus maniculatus; 67-69% of individuals captured per year),
thirteen-lined ground squirrel (Spermophilus tridecemlineatus; 12-16%), hispid pocket mouse (Chaetodipus hispidus; 47%), northern grasshopper mouse (Onychomys leucogaster; 5-11.%), and prairie vole (Microtus ochrogaster; 6-7%). P.
maniculatus was least variable among years of all species ( CV: 23-28% on the square and rectangle). Three species, S.
tridecemlineatus, C. hispidus, and 0. /eucogaster, exhibited intermediate levels of inter-annual temporal variation (CV:
61-92%), whereas the remaining species exhibited high to extremely high levels of temporal variation. Spatial variation
was relatively low for P. maniculatus, S. tridecemlineatus, C. hispidus, and 0. /eucogaster, intermediate for M. ochrogaster, and high for all other species. Temporal/spatial (TIS) indices were .2:_l.1 (maximum TIS = 5.8 for S. tridecem/ineatus on the rectangle, indicating much greater variation in time than space) for all species except the house mouse
(Mus musculus; TIS= 0.7 on the square, indicating more variation in space than time). · Abundances of P. maniculatus
generally showed greater temporal variation among years and greater spatial variation within years for both the square
and rectangle grids.
Key words: temporal variation, spatial variation, rodents, shrews, mixed prairie, Kansas
We have been interested in patterns of abundance, distribution, and habitat association for small
mammals of natural and anthropogenic habitats in the
mixed-grass prairie region of north-central Kansas
since the mid- l 960s. Our initial study of the region,
conducted in Russell, Lincoln, and Osborne counties in
1966, was focused on habitat associations of small
mammals with different types of grasslands, some native and some anthropogenic, and woodlands (Kaufman, 1967; Kaufman and Fleharty, 1974). Since then,
we have continued our study of the ecology and behavior of small mammals in rangeland, cropland, and
woodland in the region of Russell and Lincoln counties.
These have included an assessment of habitat breadth
based on several projects conducted in the region
(Kaufman et al., 1990a); nongame management implications of the use of fencerows and crop fields by small
mammals (Kaufman and Kaufman, 1989a), and differential use of wheat fields and fallow wheat fields by
small mammals (Kaufman and Kaufman, 1990a).
These studies yielded new information concerning the abundance and habitat distribution of small
mammals in native prairie, anthropogeni
c grasslands, and croplands. However, all
were .:5,2 years and did not allow us to assess temporal

variation in abundance and habitat distribution. Further, we did not design these studies to assess spatial
variation in abundance over localized areas. In 1984,
we initiated a multi-year (September 1984-October
1989), large-space (10.1 ha trapping grid) study of the
small mammals in Watts Prairie, a grazed, native
mixed-grass prairie, in Lincoln County, Kansas. A
major focus of this project was an intensive study of
social behavior and population ecology of the deer
mouse (Peromyscus maniculatus), including temporal
variation in behavioral and ecological characteristics of
these common prairie mice (Kaufman, 1990). Secondarily, we were interested in assessing patterns of spatial-temporal variation in abundance of small mammals,
including both community characteristics and interspecific differences in abundance and other population
characteristics, that occurred in the mixed-grass prairie
of north-central Kansas.
In this paper, we examined both temporal and
spatial variation in abundance of the eight species of
rodents and two species of shrews found on the site.
For temporal variation, we examined both inter-annual
variation ( differences in abundance among years with
two different spatial scales assessed) and intra-annual
variation (differences in abundance among sampling
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periods within the same year). For spatial variation, we
examined differences in abundance among subregions
of the study site by use of two sets of subregions. Because of a high degree of variability in abundance
among species, we could not assess spatial or temporal
variation to the same degree of detail for all species.
For example, P. maniculatus, the most common species
on the site, was examined in detail over time and space,
whereas rare species were examined only at the broadest of scales.
MATERIALS AND METHODS
Study site.--Small mammals were studied in
Watts Prairie, a grazed native prairie site, located in the
Rolling Plains and Breaks region (Barker and Hamilton, 1985) of north-central Kansas near Lucas. This
region is characterized by gently sloping to steep-sided
hills (1-25% slopes; Barker and Hamilton, 1985) with
flat-topped ridges and wide valleys. The study site
exhibited the general topography of the region with the
lowest elevation (485 m) about 25 m below the highest
point (509 m) on the site.
More than 80 species of grasses, sedges, and
forbs were found on the site. Dominant grasses in the
area were big bluestem (Andropogon gerardii), little
bluestem (Schizachyrium scoparius), and sideoats
grama (Bouteloua curtipendula) and, to a lesser extent,
indiangrass (Sorghastrum nutans), blue grama (B.
gracilis), and western wheatgrass (Agropyron smithii;
Barker and Hamilton, 1985). Some common forbs
were broom snakeweed (Gutierrezia sarothrae), resinous skullcap (Scutellaria resinosa), slimleaf scurfpea
(Psoralea /inearfolia), wavyleaf thistle (Cirsium undulatum ), Fremont's clematis (Clematis fremontii), wild
onion (Allium drummondii), purple coneflower (Echinacea angustifolia), stemless hymenoxys (Hymenoxys
scaposa), and blue funnellily (Androstephum caeruleum).
Based on vegetation and topoedaphic conditions, we recognized seven types of habitat on the study
site. The five natural habitats were upland prairie (upland prairie free of limestone outcrops), rocky upland
prairie (upland prairie with limestone rocks exposed on
the soil surface), upper breaks prairie (sloped prairie
above the outcropping limestone), lower breaks prairie
(sloped prairie from the limestone outcrop downward to
where surfacial limestone rock ended), and lowland
prairie (prairie below the lower breaks region where
soil was deep). The two anthropogenic habitats were
quarries (two relatively small areas where limestone
rocks were removed before 1950) and associated spoil
banks (two mounded areas created by the soil removed
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from the quarries). Cattle grazed the study area each
year from late summer until autumn (generally during 1
September- I November).
Field methods.-A grid of 480 stations, with
an interstation interval of 15 m, was established in
Watts Prairie in September 1984 (Fig. 1). One Sherman
live trap (5.1 by 6.4 by 16.5 cm) was placed at each
permanent station marker and left in place except in
winter and during periods of grazing. Traps were
baited with a mixture of peanut butter and rolled oats
suspended from the backdoor of the trap (Kaufman et
al., 1988). Polyester fiberfill was provided as a nesting
material during trapping periods in spring and autumn.
A trap shelter (described in Kaufman and Kaufman,
1989b) was placed over the trap at each station to ameliorate the microclimate around each trap relative to
solar radiation and precipitation.
Trapping was initiated in mid-September in
1984. Thereafter, traps on alternate north-south lines
(e.g., lines A, C, E, etc. or B, D, F, etc.; Fig. 1) were set
at approximately biweekly intervals from mid-March to
late-October from 1985 to 1989 with the exceptions of
1988, when trapping was initiated in mid-May, and
1987, when trapping was discontinued on 8 October.
Traps were set for 2 consecutive nights in each trapping
session except that traps were closed after 1 night of
trapping in late-June 1988, when ants remained active
through the night due to drought.
Each small mammal captured was identified to
species, and then location of capture, identification
number, sex, and live weight were recorded. All small
mammals were toe-clipped for individual identification.
In addition, deer mice were ear-tagged with uniquely
numbered tags.
Statistical analysis.-The number of sampling
periods [defined as sets of adjacent north-south lines
(e.g., lines A and B, C and D, etc.; Fig. 1] trapped for a
total of 4 nights) in a year ranged from five to eight
over the 5 years. To minimize any effect of time of
year, we used four standardized sampling periods for
our analyses of the temporal variation of abundance of
small mammals. These sampling periods were MayJune (first and last trapping dates over the 5 years were
16 May-8 June), June-July (11 June-14 July), JulyAugust (12 July-12 August), and September-October (I
September-9 October).
We characterized local spatial variation on the
study site by analyzing two configurations. Each configuration consisted of four 8 by 8 grids (Fig. I). Each
8 by 8 grid covered an area of 1.1 ha. Grids A, B, C,
and D formed a 225 m by 225 m square, whereas Grids
1, 2, 3, and 4 formed a 105 m by 465 m rectangle.
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Fig. 1. Spatial arrangement of four 8 by 8 grids in the square and rectangle within a larger study site (10.8 ha) in Watts
Prairie, a mixed-grass prairie site near Lucas in north-central Kansas. Each 8 by 8 grid covered 1.1 ha. Letters or numbers within
small grids identify each outlined grid and also represent trap stations on that grid. Dots outside of the outlined grids represent trap
stations where traps were set at the same times as those on the smaller grids. Each trap station was 15 m from its adjacent trap stations.

We used percent coefficient of variation ( CV

= SDI x * 100) to characterize both spatial and temporal variation in abundance of small mammals. CVvalues were calculated among years or sampling periods for mammals on each grid within the square or
within the rectangle to assess temporal variation in
abundance. Similarly, CV-values were calculated
among grids to assess spatial variation within the
square or within the rectangle during each year or

sampling period. The index for temporal:spatial variation
{T/S) was calculated by dividing the mean of the CV for
temporal variation by the mean of the CV for spatial
variation.
We used abundances of P. maniculatus in preliminary tests to determine whether yearly estimates of
temporal variation (CV) from the four standardized sampling periods were correlated to yearly estimates of temporal variation from the total numbers of sampling peri-
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ods (5-8) during 1985-1989 on the square and rectangle. We found a strong, positive, and proportional
relationship between these two estimates for both
magnitude and rank order of CV-values (r = 0.86 and
rs= 0.84, respectively, d.f = 8, P,::: 0.002). We also
found a similar correlation between yearly estimates
of spatial variation (CV) from the four standardized
sampling periods and yearly estimates of spatial
variation from the total numbers of sampling periods
(5-8) during 1985-1989 on the square and rectangle
(magnitude: r = 0.84 and rank order: rs= 0.85, df =
8, P,::: 0.002). Therefore, if P. maniculatus can serve
as a model for other small mammals, these four sampling periods could approximate the temporal variation (84%) and spatial variation (46%) observed from
spring (mid-March) through autumn (late October).
Topography.-Limestone-free upland prairie, the only habitat type found on all eight grids (Table 1), was the most common habitat on both the
square (35.6% of stations) and rectangular areas
(34.8%). Upland prairie was the most evenlydistributed habitat (CV= 52.8%) across the grids of
the rectangle, whereas rocky upland, the second most
common habitat, was the most evenly-distributed
habitat (CV= 14.3%) across the grids of the square.
Rocky upland prairie was found on seven of eight

grids (21.9% of the square and 19.2% of the rectangle).
Limestone-breaks habitats (upper breaks prairie and lower
breaks prairie) were found on two grids of the square and
two grids of the rectangle. The same was true for lowland
prairie (Table 1). The grids that showed the lowest spatial
variation were those with similar percentages of natural
habitats (Grids Band Din the square and Grids 3 and 4 in
the rectangle). Overall, the square was less variable
(mean CV= 91%) than was the rectangle (106%).
Small mammals used trap stations in and around
two human-created habitats, quarries and spoil banks.
These disturbances were restricted to the northern area
(Grids A and C of the square and Grids 1 and 2 of the
rectangle) of the large grid (Fig. 1). Grid A had the largest percentage of stations impacted by this disturbance
followed by Grid 1 (Table 1). When both natural and
man-made habitats were considered, Grids B and D on
the square became more spatially variable because of the
lack of anthropogenic habitats, but remained less variable
than Grids A and C. Within the rectangular area, Grids 3
and 4 increased in spatial variation due to the lack of
these man-made habitats, but Grid 3 remained the least
variable grid when compared to the other three. Overall,
the square remained less variable (mean CV= 107%) than
the rectangular area (120%) when man-made habitats
were included.

Table 1. Percent of stations (n = 256) in each habitat type (HB) on each grid (1 .1 ha) in mixed-grass prairie in northcentral Kansas. Habitat types included five natural habitats (upland prairie without limestone outcrops, UP; rocky upland prairie,
RU; upper breaks prairie, UB; lower breaks prairie, LB; and lowland prairie, LL) and two human-disturbed habitats (quarry, QR;
and spoil bank, SB). Percent coefficient of variation (CV) for habitat types was calculated within habitat types across grids in the
square (A through D) and rectangle (1 through 4) and also across natural habitats (CV5) within a grid and all habitats (CV7) within
a grid.

Rectangle

Square

HB

A

B

C

D

CV

UP

10.2

5.1

16.0

4.3

61.0

RU

5.1

5.1

6.6

5.1

14.3

2

3

4

CV

10.9

12.1

9.8

2.0

52.8

6.6

10.6

2.0

99.2

UB

2.0

3.5

124.5

3.5

6.2

124.2
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6.2

5.9

115.6

5.9

10.6
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6.6
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3.9
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1.2
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3.1

1.2
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6.2

1.2

160.7

4.3

1.2

148.5

CV5

149.1

36.8

155.2

22.4

143.6

137.5

60.1

82.6

CV7

109.1

80.2

167.2

72.9

115.8

149.6

96.9

116.5
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Precipitation.-Daily records of precipitation were obtained from the official weather station
at Lake Wilson, Kansas (National Oceanic and Atmospheric Administration, 1985, 1986, 1987, 1988,
1989). This weather station, elevation of 461 m, was
about 11 km S of Watts Prairie. Precipitation included moisture received from rainfall, snowfall,
sleet, and hail.
Climate at our study site is classified as
continental with considerable variation in annual and,
in some cases, daily climatic factors (Bark, 1985). On
average, Lincoln County receives about 70 cm of
precipitation per year with about 75% occurring between April and September. Because of our interest
in temporal variation in abundance of small mammals, we characterized amounts of precipitation and
its variation in two ways, a long-term and a shortterm estimate.
Long-term estimates used daily
amounts of precipitation or accumulated precipitation
from 30 days before the first May sampling date to
the beginning date of the last sampling period in
September. Short-term estimates used daily amounts
of precipitation or accumulated precipitation during
the 30 days before the first day of sampling in each
of the four standardized sampling periods of each
year. Our rationale for using 30 days in advance of a
sampling date was that many small mammals have
short gestation periods and could produce offspring
that could be trapped by the end of individual sampling periods if that species responded to precipitation. Also, if small mammals emigrated from or immigrated to an area in response to precipitation, these
patterns of movement also would be included.
The greatest amount of precipitation recorded during April to September-October occurred
in 1985, with 50.7 cm falling during 19 April-I September. This amount was followed closely by 48.8
cm of precipitation, which was recorded in 1986
during 18 April-20 September. About IO cm less of
precipitation was recorded in 1987 and 1989 when
41.l cm and 42.2 cm fell during 18 April-13 September and 30 April-I October, respectively. The
lowest precipitation occurred in 1988 when only 18.2
cm fell during 16 April-21 September. On average,
71 % (SE = 1.5%) of the days recorded no precipitation and 85% (SE= 0.7%) of the days recorded no or
,S0.5 cm precipitation in 1985-1987 and 1989 as
compared to 80% and 94% of the days in 1988, respectively. This pattern also was reflected in average
daily precipitation for the 4 years (0.31 ± 0.03 cm) as
compared to 1988 (0.12 cm). Distribution and
amount of daily precipitation events also were quite
variable over the 5-year period. For example, the
largest amount of precipitation within a 24-h event
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varied from 3.1 cm in 1989 to 13.0 cm in 1985, a difference of over four-fold. Single large precipitation events
across the 5 years accounted for 21% (SE= 4.4%) of the
total precipitation with a range of 7.3%-29.3%.
Average precipitation in the 30 days preceding
each sampling period varied from 3.8 cm in 1988 to 10.7
and I 0.8 cm in 1985 and 1986, respectively (Table 2).
Table 2. Short-term estimates of precipitation (cm)
and number ofprecipitation events (in parentheses) by sampling
period for Lake Wilson, Kansas from 1985-1989. Mean ( X)
and percent coefficient ofvariation (CV) for amounts and events
are given across sampling periods for each year and across
years for each sampling period. Precipitation events were accumulated for the 30 days before the first day of the sampling of
small mammals in each standardized period across the 5 years.
The four standardized sampling periods for small mammals
were May-June (M-J), June-July (J-J), July-August (J-A), and
September-October (S-0) .
Year

M-J

J-J

J-A

S-0

X

CV

1985

14.1
(11)

7.3
(10)

1.8
( 3)

19.4
( 6)

10.7
( 7.5)

72.1
(49.3)

1986

7.2
( 9)

10.0
(12)

15.3
( 6)

10.7
( 6)

10.8
( 8.2)

31.2
(34.8)

1987

3.2
( 6)

7.0
(13)

11.4
(13)

9.9
(10)

7.9
(10.5)

45.6
(31.6)

1988

3.0
( 7)

3.6
( 7)

5.6
( 3)

3.1
( 4)

3.8
( 5.2)

32.3
(39.3)

1989

5.6
(14)

10.4
(11)

8.5
( 6)

5.0
( 7)

7.4
( 9.5)

34.2
(38.9)

X

6.6
( 9.4)

7.7
(10.6)

8.5
9.6
( 6.2) ( 6.6)

CV

68.4
(34.1)

35.8
(21.7)

61.0 65.9
(65.9) (33.2)

Average number of precipitation events preceding each
sampling period varied from 5.2 in 1988 to 10.5 in 1987.
The magnitude of the differences in the extreme numbers
of precipitation events among years (2-fold differences)
was narrower than that observed for amount~ of precipitation (about 3-fold differences). The same general pattern was reflected in magnitudes of CV-values of precipitation for years (events: 1.6; amounts: 2.3). Generally,
the amount of precipitation in the 30 days preceding a
sampling period was lowest in May-June (6.6 cm) and
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precipitation increased through September-October
(9 .6 cm). Variation in precipitation among years for
sampling periods was large (61 %-68%), except for
the June-July sampling period (36%). Number of
precipitation events preceding our sampling periods
did not reflect the patterns seen for amounts of precipitation. On average, 9 to 11 events preceded the
May-June and June-July sampling periods, whereas
only 6-7 preceded the July-August and SeptemberOctober sampling periods. Variation in precipitation
events per sampling period generally was low (CV=
22%-34%) except for the July-August sampling period (66%). This large CV among years was due to a
range of three precipitation events in 1985 and 1988
to 13 events in 1987.
Table 3. Mean ± 1 SE and percent coefficient of
variation (in parentheses) for the number of individuals
per trapping grid per year for small mammals captured in
a square and a rectangle in mixed-grass prairie in northcentral Kansas from 1985 to 1989. Each of the four grids
in the square and rectangle covered an area of 1.1 ha.
Species are listed in order of increasing variation on the
square.

Species

Square

Rectangle

Peromyscus
maniculatus

21.45 ± 1.53
( 31)

19.75 ± 1.39
( 31)

Spermophilus
tridecemlineatus

3.90± 0.63
( 70)

3.10 ± 0.58
( 82)

Chaetodipus
hispidus

1.35 ± 0.32
(103)

1.40 ± 0.26
( 82)

Onychomys
leucogaster

1.70 ± 0.41
(105)

2.20±0.44
( 87)

Microtus
ochrogaster

1.95 ± 0.66
(146)

1.30 ± 0.38
(128)

Blarina
hylophaga

0.70 ± 0.28
(174)

0.40 ± 0.20
(221)

Mus musculus

0.20±0.09
(205)

0.15 ± 0.08
(244)

Reithrodontomys
megalotis

0.30 ± 0.17
(244)

0.10 ± 0.07
(308)

Cryptotis parva

0.15 ± 0.08
(244)

0.05 ± 0.05
(447)

Peromyscus
leucopus

0.10 ± 0.07
(308)

RESULTS
Occurrences of species.--Seven species of rodents and two of shrews were captured on the four grids
forming the square, whereas eight species of rodents and
two of shrews were found .on the four grids forming the
rectangle (Table 3). The deer mouse (P. maniculatus) was
the most common species on both the square and the rectangle, followed by the thirteen-lined ground squirrel
(Spermophilus tridecemlineatus), northern grasshopper
mouse (Onychomys leucogaster), prairie vole (Microtus
ochrogaster), and hispid pocket mouse (Chaetodipus hispidus). Five species were relatively uncommon (<1.0
individual per grid per year). These were Elliot's shorttailed shrew (Blarina hylophaga), western harvest mouse
(Reithrodontomys megalotis), house mouse (Mus musculus), · least shrew (Cryptotis parva), and white-footed
mouse (P. leucopus). Occurrences of species and relative
abundances (individuals per grid) of each species were
similar between the square and rectangle except that P.
leucopus was not captured on the square.
Only two species, P. maniculatus and S. tridecemlineatus, were captured within the square and the
rectangular area in ·an five years. 0. leucogaster and C.
hispidus were captured in both the square and rectangle in
1985, 1987, and 1989, whereas B. hylophaga was present
in both the square and rectangle in 1987 and 1988. Other
species were less consistent in their presence through
time. M. ochrogaster was present in the square in 1985,
1987, and 1988 and in the rectangle in 1985, 1987, 1988,
and 1989. R. megalotis was present on the square in
1986, 1988, and 1989 and the rectangle in 1988 and 1989.
Other species were both rare in abundance and sporadic
in occurrence (M. musculus: one in 1986, two in 1987,
and one in 1989 in the square, and one in 1986 and two in
1987 in the rectangle; C. parva: one in 1986 and two in
1987 in the square, and one in 1987 in the rectangle; P.
leucopus: one in 1987 and one in 1989 in the rectangle).
At least one P. maniculatus, S. tridecemlineatus,
0. leucogaster, M. ochrogaster, and C. hispidus were
captured on each grid of the square and rectangle over the
5 years. B. hylophaga occurred on all grids in the square,
but was absent from grid 3 in the rectangle. R. megalotis
was present on grids B and D in the square and 3 and 4 in
the rectangle, whereas M. musculus was present on A and
C and 1 and 3. C. parva was captured on Grids A, D, and
1, whereas P. leucopus was trapped on grids 3 and 4 only.
Peromyscus maniculatus was the least variable
species (CV= 31 %) in abundance among grids and years
(Table 3). Four species showed intermediate variation: S.
tridecemlineatus (70-82%), C. hispidus (82-103%), 0.
leucogaster (87-105%), and M. ochrogaster (128-146%).
The remaining species, B. hylophaga, M. musculus, R.
megalotis, C. parva, and P. leucopus, were highly variable.
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Temporal variation in abundance.-To examine inter-annual temporal variation, we counted
the number of unique individuals of each species
captured in the square and rectangle in each year.
Abundances of P. maniculatus were least temporally
variable over the 5-year period (Table 4). S. tridecemlineatus and C. hispidus were the next least variable species, but were over twice as variable in abundance as P. maniculatus. 0. leucogaster and M.
ochrogaster exhibited three and four times more
variation in abundance, respectively, than did P.
maniculatus. Finally, M. musculus, R. megalotis, P.
leucopus, B. hylophaga, and C. parva were 2:5 times
more variable than P. maniculatus.
Temporal variation was similar between the
square and rectangle for R. megalotis, C. hispidus, P.
maniculatus, and S. tridecemlineatus (Table 4). Temporal variation was greater for B. hylophaga, M.
musculus, and C. parva on the grids of the rectangle
than on the grids of the square, whereas the opposite
pattern was found for 0. leucogaster and M. ochrogaster.
Spatial variation in abundance.-To examine spatial variation, we counted the number of
unique individuals of each species captured in each
grid in the square and in each grid in the rectangle
over the 5-year period. P. maniculatus and S. tridecemlineatus exhibited low and similar spatial variation in abundance (Table 4). C. hispidus and 0. leucogaster were slightly more variable among grids
than were P. maniculatus and S. tridecemlineatus. B.
hylophaga and M. ochrogaster were intermediate in
spatial variation, whereas R. megalotis, P. leucopus,
M. musculus, and C. parva were highly variable over
space.
Spatial variation was similar for the grids in
the square and grids in the rectangle for R. megalotis,
P. maniculatus, M. ochrogaster, and C. hispidus (Table 4). 0. leucogaster, S. tridecemlineatus, and M.
musculus showed intermediate differences in spatial
variation between the square and the rectangle. 0.
leucogaster exhibited greater spatial variation within
the rectangle than within the square, whereas the opposite pattern was found for S. tridecemlineatus and
M. musculus. The greatest differences in spatial
variation between the square and the rectangle was
found for B. hylophaga and C. parva; spatial variation was greater within the rectangle than within the
square for both species.
Temporal-spatial variation indices.-Nine
of 10 species of small mammals in Watts Prairie exhibited greater variation in time than space over the 5
years (Table 5). Only one species, M. musculus,
showed greater variation in space than in time. The
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largest TIS-index (5.83) was observed for S. tridecemlineatus on grids in the rectangle, whereas the smallest
TIS index (0.74) was found for M. musculus on grids in
the square. Based on average values from the square and
rectangle, S. tridecemlineatus, 0. leucogaster, C. hispidus, and B. hylophaga exhibited more than twice as much
variation in time as in space. C. parva, P. leucopus, and
R. megalotis exhibited similar amounts of variation in
time and space, whereas P. maniculatus and M. ochrogaster exhibited slightly greater temporal than spatial
variation.
Table 4. Percent coefficient of variatio~ for time
(1985-1989 for combined grids in square (SJ and rectangle (R),
respectively) and space (Grids A through Din square and Grids
1-4 in rectangle with years combined) for species observed on
eight grids (1.1 ha each) in mixed-grass prairie in north-central
Kansas. Species are listed in order of increasing temporal
variation.
Temporal

Spatial

Species

s

R

s

R

Peromyscus
maniculatus

27.7

23.5

17.3

13.5

Spermophilus
tridecemlineatus

66.2

61.3

20.8

10.5

Chaetodipus
hispidus

64.9

65.0

25.3

20.2

Onychomys
leucogaster

91.9

73.5

23.0

30.6

Microtus
ochrogaster

120.7

101.4

63.4

68.2

Mus musculus

104.6

149.1

141.4

127.7

Reithrodontomys
mega/otis

136.9

136.9

115.5

115.5

Peromyscus
/eucopus

115.5

136.9

Blarina
hylophaga

140.1

156.5

36.9

91.3

Cryptotis parva

149.1

223.6

127.7

200.0

TIS-indices were similar in the grids in the
square and in the rectangle for most species (Table 5);
however, three species showed conspicuous differences.
TIS was >2.0 times larger on the square than the rectangle
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for B. hylophaga, whereas T/S was >1.8 times larger
on the rectangle than the square for S. tridecemlineatus. In contrast, M. musculus showed greater
spatial· variation (0.74) on the square, but greater
temporal variation ( 1.17) on the rectangle.
Table S. Temporal-spatial variation indices
(temporal coefficient of variation/spatial coefficient of
variation) for all species captured in m-Jxed-grass prairie in
north-central Kansas during 1985-1989. Species are
ranked from species which showed greater variation in
time than space to species which showed greater variation
in space than time. Indices of 1.0 indicate equal variation
in time and space, whereas indices > 1 indicate greater
variation in time than space and indices <1 indicate
greater variation in space than time.
Species

Square

Rectangle

x ±SE

Spermophilus
tridecemlineatus

3.19

5.83

4.51 ± 1.86

Onychomys
leucogaster

4.00

2.40

3.20± 1.13

variation that required a species be captured at least once
each year and at least once on each of the eight grids.
Average numbers of P. maniculatus per grid per year
ranged from 16.0 (1986) to 29.2 (1985) for the square,
whereas range was 15.0 (1988) to 25.2 (1985) in the rectangle {Table 6). Inter-annual tern- poral variation on
individual grids was similar among grids in the square
(mean CV = 28.4%, range of CV: 20.6-37.2%) and
among grids in the rectangle (mean CV= 30.4%, range of
CV: 24.5-35.1%; Table 6). The greatest ranges in abundance of P. maniculatus for individual grids were 17
(1986 and 1988) to 38 (1985) individuals in Grid A and
10 (1988) to 31 (1989) individuals in Grid 4.
Table 6. Mean number ( X ± 1 SE) and percent coef
ficient of variation (CV) for Peromyscus maniculatus and Spermophilus tridecemlineatus on each grid (A-D and 1-4; each grid
was 1. 1 ha) and during the 5 years (] 985-1989) in m-Jxed-grass
prairie in north-central Kansas. .Values for X , SE, and CV
were calculated across years for temporal variation and among
grids for spatial variation.

Peromyscus
Chaetodipus
hispidus

2.56

3.22

2.89 ± 0.46

Blarina hylophaga

3.80

1.71

2.76 ± 1.47

Microtus
ochrogaster

1.90

1.49

1.69 ± 0.29

Peromyscus
maniculatus

1.60

1.75

1.68 ± 0.10

Reithrodontomys
mega/otis

1.19

1.19

1.19 ± 0.00

Peromyscus leucopus

Area
Scale

Square
Temporal Grid A
GridB
GridC
GridD
Spatial

1.19

Cryptotis parva

1.17

1.12

1.14 ± 0.04

Mus musculus

0.74

1.17"

0.95 ± 0.30

NOTE.--Estimates for temporal coefficients of
variation were made annually for combined grids in the
square and in the rectangle, whereas estimates for spatial
coefficients of variation were made for each grid in the
square (Grids A through D) and in the rectangle (Grids 1-4)
for all years combined. Grids and years had to be combined for estimates of temporal variation and for spatial
variation, respectively, because of the absence of species in
some years and on some grids.

Temporal and spatial variation in Peromyscus maniculatus.-Peromyscus maniculatus could be
evaluated for annual patterns of temporal and spatial

Grid/Year

1985
1986
1987
1988
1989

Rectangle
Temporal Grid 1
Grid2
Grid3
Grid4
Spatial

1985
1986
1987
1988
1989

Spermophi/us

x ±SE

CV

x ±SE

CV

23 .2 ± 4.3
24.4±2.6
15.8 ± 2.4
22.4 ± 2.8

37.2
20.6
30.8
25.0

3.2 ± 1.3
4.6 ± 1.5
4.0 ± 1.4
3.8 ± 1.6

80.9
66.3
70.7
84.0

29.2 ± 3.8
16.0 ± 1.9
22.0 ± 1.7
17.2 ± 1.9
22.8 ± 4.5

22.2
21.0
13.4
19.2
34.3

4.2 ± 1.5
6.0± 0.5
6.8 ± 0.6
0.5 ± 0.3
2.0±0.7

61.9
13.6
14.2
115.5
57.7

21.2 ± 3.2
17.2±2.1
18.4 ± 3.0
22.2 ± 3.9

29.7
24.5
32.3
35.1

3.8 ± 1.7
2.8 ± 1.4
2.6±0.9
3.2 ± 1.2

91.9
99.1
69.9
77.8

25.2 ± 2.9
16.2 ± 3.1
21.0±2.4
15.0 ± 2.9
21.2 ± 3.8

19.8
33.1
19.8
33.1
31.3

2.5 ± 1.2
5.0± 1.8
5.2 ± 1.2
0.5 ± 0.3
2.2 ± 0.3

83.3
63.2
39.3
115.5
22.2

For the 5-year study, spatial variation (CV)
among grids averaged 27.4% (range: 19.8-33.1%) for the
rectangle, which was slightly higher than the 22.0%
(range: 13.4-34.3%) for the square {Table 6). In the
square, the largest range of numbers of P. maniculatus
between grids within a year was 12-29 individuals in
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Grids C and B (1989). The largest range in the rectangle was 16-31 individuals in Grids 2 and 4 ( 1989).
P. maniculatus was slightly more variable in time
than in space on both the square (TIS = 1.29) and
rectangle (TIS = 1.10)
Temporal and spatial variation in Spermophilus tridecemlineatus .--Spermophilus tridecemlineatus was not as common as P. maniculatus but
was captured at least once in each year and in each
grid. Average numbers of S. tridecem/ineatus per
grid per year ranged from 0.5 (1988) to 6.8 (1987)
for the square and from 0.5 (1988) to 5.2 (1987) for
the rectangle (Table 6). Inter-annual temporal variation was larger for the grids in the rectangle (mean
CV= 84.7%, range of CV: 69.9-99.1%) than for the
grids in the square (mean CV= 75.5%; range of CV:
66.3-84.0%; Table 6), although the means were not
significantly different. The greatest ranges in abundances for individual grids were O to 8 individuals
(1988 and I 987) in Grid D and O to 7 individuals
(1985 and 1987) in Grid 2.
For the 5-year study, spatial variation (CV)
among grids was large for the square (mean CV:
75.5%, range: 13.6-115.5%) and for the rectangle
(mean CV: 84.7%, range: 22.2-115.5%). The largest range in numbers of S. tridecemlineatus among
grids within a year was 2-7 individuals in Grids A
and C (1985) and 1-8 individuals in Grids 3 and I

(1986). Like P. maniculatus, S. tridecem/ineatus also was
more variable in time than in space on both the square
(TIS= 1.44) and the rectangle (TIS= 1.3 I).
Intra-annual temporal and spatial variation in
Peromyscus maniculatus.~Peromyscus maniculatus was
the only species captured in all sampling periods and all
grids of the square and rectangle. On the square, average
numbers of P. maniculatus per grid per sampling period
varied two- to three-fold among years (May-June: 6.014.0, June-July: 5.8-13 .8, July-August: 7.0-16.2, and
September-October: 4.5-13.2, Table 7). Average numbers of P. maniculatus on the grids of the rectangle were
less than those on the square, but ranges were similar.
The minimum range in intra-annual temporal
variation ( CV) among grids on the square was from 18%
in Grid A to 30% in Grid C (I 986), whereas the maximum range was from 27% in Grid D to 67% in Grid B
(1988, Table 7). For the rectangle, the minimum range in
intra-annual temporal variation was from 12% in Grid 2
to 25% in Grid 4 (1987), whereas the maximum range
was from 15% in Grid 1 to 57% in Grid 3 (I 985). Intraannual temporal v~iation was highly variable among
years for the square (mean CV = 16.4%, 22.9%, 18.5%,
41.2%, and 39.0% for 1985-1989, respectively) and the
rectangle (mean CV= 32.2%, 31.4%, 19.8%, 41.0%, and
35.6% for 1985-1989, respectively), although overall
averages for the square (mean CV = 27.6%) and rectangle
(mean CV= 32.0%) were similar.

Table 7. Mean number and percent coefficient of variation (in parentheses) for Peromyscus maniculatus on each grid (A-D
and 1-4; each grid was 1.1 ha) and during the four standardized time periods in 1985-1989 in mixed-grass prairie in north-central
Kansas. Means and coefficients of variation were calculated among time periods for temporal variation and among grids for spatial
variation. The four time periods were May-June (M-J), June-July (J-J), July-August (J-A), and September-October (S-0) .

Temporal
Square
Year

A

B

C

Spatial
Rectangle

D

2

3

Rectangle

Square

4

M-J

J-J

J-A

S-O

M-J

J-J

J-A

S-O

1985

19.8 12.5 11.5 11.2
(26) (10) (21) ( 9)

16.0 9.2 9.5 9.2
(15) (24) (57) (32)

11.8 13.8 16.2 13.2
(16) (40) (36) (30)

11.0 11.8 12.0 9.2
(45) (30) (39) (58)

1986

8.0 6.2 4.2 7.0
(18) (24) (30) (20)

7.2 4.2 4.2 7.8
(13) (30) (30) (53)

6.0 5.8 7.0 6.8
(24) (46) (31) (25)

4.2 5.5 6.0 7.8
(30) (52) (24) (50)

1987

10.0 9.8 7.0 10.2
(16) (10) (26) (22)

7.5 7.8 9.5 11.8
(23) (12) (18) (25)

9.0 9.2 10.5 8.2
(33) (14) (20) (21)

10.8 9.8 8.8 7.2
(31) (28) (20) (13)

1988

9.0 7.8 5.5 6.0
(33) (67) (38) (27)

9.5 6.8 5.2 4.2
(47) (33) (55) (30)

10.5 6.2 7.0 4.5
(29) (46) (45) (13)

8.2 7.2 6.2 4.0
(53) (31) (64) (35)

1989

12.2 12.2 7.2 12.0
(37) (45) (28) (46)

10.5 8.0 8.5 11.3
(23) (32) (35) (52)

14.0 13.0 12.0 4.8
(24) (36) (18) (20)

11.5 11.8 10.0 5.0
(11) (40) ( 8) (28)
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variation in abundance within a sampling period across
years. On the square, average numbers of P. maniculatus per grid varied one- to three-fold among sampling
periods in all years (1985: 11.8-16.2, 1986: 5.8-7.0,
1987: 8.2-10.5, 1988: 4.5-10.5, and 1989: 4.8-14.0;
Table 8). Ranges among sampling periods for grids in
the rectangle were similar.
Minimum range in inter-annual temporal
variation (CV) in abundance for individual grids on the
square was observed in May-June (28-35%), whereas
the maximum range occurred in July-August (26-58%,
Table 8). This pattern in ranges was not repeated on
the rectangle as minimum range was observed in JuneJuly (36-48%) and maximum range in May-June (2962%). For the square, intra-annual temporal variation
was greater among years (range of mean CV: 16.441.2%, CV-values in Table 7) than inter-annual variation observed for individual sampling periods on each
grid (mean CV= 31.8% for May-June, 45.9% for JuneJuly, 41.9% for July-August, and 48.1 % for SeptemberOctober; CV-values in Table 8). The same pattern was
repeated in the rectangle relative to intra-annual temporal variation across _years and inter-annual temporal
variation across sampling periods within years (mean
CV= 44.9% for May-June, 39.7% for June-July, 37.0%
for July-August, and 47.6% for September-October;
CV-values in Table 8). Overall averages for intraannual temporal variation among sampling periods and
grids were almost identical for the square (mean CV =
41.9%) and rectangle (mean CV= 42.3%) and 1.3-1.5
times greater than those observed for intra-annual temporal variation among years.

The annual average abundance per grid of P.
maniculatus in the square ranged from 4.2 (Grid C,
1986) to 19.8 individuals (Grid A, 1985; Table 7).
Similarly, range of annual average abundance per grid
in the rectangle was 4 .2 individuals (Grids 2 and 3,
1986; Grid 4, 1988) to 16.0 (Grid 1, 1985). Minimum
range of intra-annual spatial variation ( CV) in the
square was found in 1989 (18% in July-August to 36%
in June-July), whereas maximum range occurred in
1988 (13% in September-October to 46% in June-July,
Table 7). For the rectangle, minimum range of intraannual spatial variation was from 13% in SeptemberOctober to 31 % in May-June ( 1987), whereas maximum range was from 31 % in June-July to 64% in JulyAugust ( 1988). Spatial variation among grids was
more similar across years for the square (mean CV=
30.8%, 31.4%; 21.7%, 33.1%, and 24.6% for 19851989, respectively), than for the rectangle (mean CV=
43.0%, 38.9%, 22.9%, 45.8%, and 21.8% for 19851989, respectively).
Generally, P. maniculatus was more variable
in space (among grids) than in time (among sampling
periods) within individual years. TIS indices were
0.53, 0.73, and 0.85 in 1985-1987, respectively, in the
square and 0.75, 0.81, 0.86, and 0.89 in 1985-1988,
respectively, in the rectangle. P. maniculatus was more
variable in time than in space only in 1988 and 1989 on
the square (T/S = 1.24 and 1.59, respectively) and only
in 1989 on the rectangle (T/S = 1.63).
Temporal and spatial variation of Peromyscus
maniculatus within sampling periods.~ecause characteristics of life history of P. maniculatus vary annually, we evaluated patterns of temporal and spatial

Table 8. Mean number and percent coefficient of variation {in parentheses) for Peromyscus maniculatus on each grid (A-D
and 1-4; each grid was 1.1 ha) in mixed-grass prairie in north-central Kansas during 1985-1989. Means and coefficients ofvariation were calculated among years for temporal variation and among grids for spatial variation. The four standardized time periods
were May-June (M-J) , June-July (J-J), July-August (J-A), and September-October (S-0).

Spatial

Temporal

Time

A

M-J

11.8

B

C

D

2

3

Rectangle

Square

Rectangle

Square

4

85

86

87

88

89

85

86

87

88

89

(31)

11.8 7.0
(28) (34)

10.4
(35)

11.0 7.4
(29) (37)

9.6 8.6
(52) (62)

11.8 6.0 9.0 10.5 14.0
(16) (24) (33) (29) (24)

11.0 4.2 10.8 8.2 11.5
(45) (30) (31) (53) (11)

J-J

12.6
(48)

8.8 6.8
(62) (41)

10.2
(34)

10.2 7.2
(37) (36)

8.2 11.2
(38) (48)

13.8 5.8 9.2 6.2 13.0
(40) (46) (14) (46) (36)

11.8 5.5 9.8 7.2 11.8
(30) (52) (28) (31) (40)

J-A

13.0
(52)

11.2 7.6
(26) (58)

10.4
(31)

11.2 7.2
(44) (41)

7.2 8.8
(39) (25)

16.2 7.0 10.5 7.0 12.0
(36) (31) (20) (45) (18)

12.0 6.0 8.8 6.2 10.0
(39) (24) (20) (64) ( 8)

S-O

9.8
(57)

7.0 7.0
(44) (48)

6.2
(43)

8.2 7.0
(56) (34)

4.6 6.8
(42) (58)

13.2 6.8 8.2 4.5 4.8
(30) (25) (21) (13) (20)

9.2 7.8 7.2 4.0 5.0
(58) (50) (13) (35) (28)
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The lowest inter-annual average abundance of

P. maniculatus in a sampling period on the square was
6.2 individuals in Grid D during September-October,
whereas the highest average was 13.0 in Grid A during
July-August (Table 8). Similarly, for the rectangle, the
lowest average was 4.6 individuals in Grid 3 during
September-October, whereas the highest average was
11.2 in Grids 4 and 1 during June-July and JulyAugust, respectively. These ranges were narrower than
those observed across years for the square (4.2-19.8)
and rectangle (4.2-16.0, Table 7). The same minimum
range of spatial variation within the square (Grids A-D)
across years within a sampling period was found in
May-June (CV: 16-33%) and September-October (CV:
13-30%), whereas the maximum range occurred in
June-July ( 14-46%; Table 8). In contrast to the square,
spatial variation within the rectangle ( Grids 1-4) was
higher with wider ranges. The minimum range in spatial variation within the rectangle occurred in June-July
(28-52%), whereas the maximum range occurred in
July-August (8-64%). Spatial variation within the
square and rectangle was similar in June-July and JulyAugust (square: 36.4% for J-J, 30.5% for J-A; rectangle: 36.1% for J-J, 31.0% for J-A), but dissimilar in
May-June and September-October (square: 25.0% for
M-J, 21.9% for S-O; rectangle: 33.9% for M-J, 37.0%
for S-O).
Peromyscus maniculatus was more variable in
time than in space when assessed across years for grids
and sampling periods (Table 8). In all cases for the
square, the TIS indices for sampling periods were > 1.0.
P. maniculatus was >2 times more variable in time than
in space for September-October (TIS = 2.20), but this
magnitude decreased to 1.2-1.4 times for the remaining
sampling periods (May-June: TIS = 1.27, June-July:
1.26, July-August: 1.37). All TIS indices were> 1.0 for
the rectangle, ranging from 1.1 to 1.3 times more
variation in time than space (June-July: 1.10, JulyAugust: 1.20, September-October: 1.29, May-June:
1.32). These patterns contrasted to those found for TIS
indices across sampling periods within years, which
generally indicated more variation in space than in
time.

Correlates of temporal and spatial variation in
abundances of Peromyscus maniculatus.-For grids in
the square, intra-annual temporal variation in abundance of P. maniculatus was correlated to total precipitation (r = -0.55, df. = 18, P < 0.02) and variability
in precipitation (r = -0.51, dj = 18, P < 0.03). In contrast, intra-annual variation in abundance for grids in
the rectangle was not correlated to these two abiotic
factors (both P >> 0.10). For grids in the _rectangle,
intra-annual temporal variation in P. maniculatus was
correlated to CV-values for numbers of trapping sta-
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tions in each natural habitat type on the grids (r = -0.49,
df. = 18, P < 0.05). This relationship was not found
for grids in the square (r = -0.31, df. = 18, P > 0.10) or
for grids of the rectangle or square for anthropogenic
and natural habitats combined (r = -0.01 for square and
r = 0.03 for square). Inter-annual temporal variation in
numbers of P. maniculatus within a sampling period
was not correlated to inter-annual variation in precipitation within a sampling period for either the square (r
= -0.25, df = 14, P > 0.10) or rectangle (r = 0.21, df. =
14, P > 0.10).
CV-values among grids of the square and
among grids of the rectangle for individual sampling
periods were only weakly correlated (r = 0.44, df. =
18, P = 0.05). This weak correlation suggested that
patterns of spatial variation differed between the square
and the rectangle. We assessed similarities in abundance through time by using a matrix which tracked the
number of P. maniculatus for the eight grids through
the 20 sampling periods. Numbers of P. maniculatus
were correlated highly (P < 0.01) through time among
the four grids of the square (range of six pairwise r values was 0.56-0.83). Grids A and C and Grids B and D
showed the strongest correlations (r = 0.81 and 0.83,
respectively). In contrast, only two of six pairwise correlations were significant for the four grids of the rectangle (Grids 1 and 2: r = 0.59, df. = 18, P < 0.01;
Grids 3 and 4: r = 0.49, dj = 18, P < 0.05). The remaining correlation coefficients (range: 0.25-0.37)
suggested that factors affecting numbers of P. maniculatus differed from the north to south end of the rectangle. Finally, amount of precipitation, number of precipitation events, and CV-values for daily amounts of
precipitation during the 30 days preceding each sampling period were not correlated to the spatial variation
among grids in the square or rectangle (range of r: 0.10
to -0.36, P > 0.10).

DISCUSSION
Consistent with species of rodents and shrews
present in the general region (Bee et al., 1981; Choate
and Fleharty, 1975; Kaufman and Fleharty, 1974;
Kaufman and Kaufman, 1997), we captured 11 species
of small mammals in Watts Prairie during 1985-1989.
Nine and 10 of these species were captured on the
square and rectangle, respectively, during the 20 sampling periods used in our analyses (Table 3). The
plains harvest mouse (R. montanus) was caught infrequently on both the square and rectangle, but only during sampling periods not included in our analyses. Over
the 5-year period, P. maniculatus was the most abundant small mammal on both the square and rectangle
(67% and 69% of individuals captured per year, respectively). This numerical domination by P. manicu-
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latus was consistent with other studies in prairie and
crop fields in the region (Kaufman et al., I 990a; Kaufman and Fleharty, 1974; Kaufman and Kaufman,
1989a; 1990a). Also as expected, S. tridecemlineatus,
C. hispidus, 0. leucogaster, and M. ochrogaster, all
prairie species, were relatively common on both the
square (12%, 4%, 5%, and 6%, respectively, of individuals captured per year) and rectangle ( 16%, 7%,
11 %, and 7%, respectively). As suspected, B. hylophaga, R. megalotis, M. musculus, P. leucopus and C.
parva were uncommon and temporally variable in both
the square and rectangle.
We chose to use percent coefficient of variation (CV) to characterize temporal and spatial variation
of abundance of small mammals because of the number
of zeros in the matrices both in time and in space. We
did not want to •bias our results because of a decision of
how to deal with zeros in calculating the standard deviation (s) for the log of abundances for small mammals. However, for purposes of comparison to the
published literature on temporal variation in populations of small mammals, we calculated s by substituting
0.1 and 0.01 for zeros for common and rare species,
respectively, in the matrices. When these substitutions
were used, the rank order of species was maintained
between values of CV and s except for some of the rare
species whose matrices mostly were filled with zeros.
These species were less variable temporally based on s
than on CV.
The temporal variation in abundance of P.
maniculatus that we observed on the square and rectangle (range of CV: 24-28%, Table 4) indicated that
populations of P. maniculatus were more constant
through mixed-grass prairie than in successional habitats in northeastern Kansas (CV= 92%; calculated from
Swihart and Slade, 1990) and in deciduous and coniferous forests in Ontario (CV= 49%; Fryxell et al., 1998).
Differences in temporal variation among these sites
generally held whens-values were compared. s-values
were 0.10-0.11 in mixed-grass prairie, whereas s-values
were 0.25 for meadow habitat in Michigan (Ostfeld,
1988) and 0.35 for successional prairie habitats in
northeastern Kansas (calculated from Swihart and
Slade, 1990). Generally, s was lower for P. maniculatus in mixed-grass prairie than in forested habitats; svalues ranged from 0.07-0.26 in boreal and coniferous
forests in Canada (Fryxell et al., 1998; Ostfeld, 1988)
and 0.18-0.30 in deciduous forests in Virginia and
Pennsylvania (Krohne et al., 1988).
In contrast to P. maniculatus, temporal variation for P. leucopus in mixed-grass prairie (CV= 137%,
s = 1.09) was higher, due to rarity in abundance, than
that observed in successional grasslands in northeastern
Kansas (CV= 70%, s = 0.49; calculated from Swihart
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and Slade, 1990). As expected, temporal variation in
grassland habitats was greater than that observed for
forested habitats in Kansas (most seasonal estimates of
s < 0.30; Kaufman et al., 1995); in Indiana, Virginia
and Pennsylvania (range of s: 0.22-0.37; Krohne et al.,
1988); and various forested habitats in Illinois and
Connecticut (range of s: 0.07-0.27; Ostfeld, 1988).
Few estimates of temporal variation exist for
other rodents in grasslands. Temporal variation for R.
megalotis in mixed-grass prairie (CV= 137%, s: 1.101.23) was greater than that observed in successional
habitats in northeastern Kansas (CV= 61%; s = 0.19;
calculated from Swihart and Slade, 1990). M. ochrogaster (CV: 101-121%, s: 0.87-1.14) and M. musculus
(CV: 105-149%, s: 1.16-1.19) also were more temporally variable in mixed-grass prairie than in successional habitats in northeastern Kansas (CV= 58%, s =
0.30 for M. ochrogaster; CV= 77%, s = 0.33 for M.
musculus; calculated from Swihart and Slade, 1990).
However, M. ochrogaster showed a wide range in s
(0.23-0.82) for a variety of grassland, successional, and
cropland habitats (Ostfeld, 1988). S. tridecemlineatus
exhibited similar· temporal variation in mixed-grass
prairie (CV: 70-82%, s: 0.39-0.54) relative to that observed for other sciurids in forested habitats ( CV: 8593%, s: 0.31-0.40; Fryxell et al., 1998). Finally, C.
hispidus and 0. leucogaster, which were widespread at
low abundance, have intermediate levels of temporal
variation in mixed-grass prairie (CV: 82-103%, s: 0.800.82 and CV: 87-105%; s: 0.76-0.87, respectively).
The two insectivores, B. hylophaga (CV: 140156%, s: 1.38-1.52) and C. parva (CV: 149-244%, s:
0.89-1.18), were the most temporally variable species
in mixed-grass prairie. This pattern was observed for
C. parva (CV= 176%, s = 0.43) in successional grasslands in northeastern Kansas, but not for B. hylophaga
(CV= 65, s = 0.40; calculated from Swihart and Slade,
1990). The two insectivores, Sorex cinereus (CV =
104%, s = 0.44) and B. brevicauda (CV= 191%, s =
0.49), were the second and third most temporally variable species observed in a community of eight small
mammals in forested habitats in Ontario (Fryxell et al.,
1998).
Peromyscus maniculatus exhibited greater intra-annual variation in space than in time, whereas inter-annual variation was greater in time than in space.
Precipitation appeared to influence patterns of temporal
variation in abundance within the square, but habitat
variation appeared to influence abundances in the rectangle. As we expected, abundances on the rectangle
were more variable than those on the square. This pattern likely was due to the linear arrangement of the
grids in the rectangle as compared to the compactness
of grids in the square. Habitat appeared to be an im-
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portant factor underlying spatial variation of P.
maniculatus within the square as the two grids in the
lowland prairie (Grids B and D) and the two grids in
the upland prairie (Grids A and C) were more similar in
abundance through time than other pairwise comparisons. Similarly, in the rectangle, the two grids in upland and upper breaks prairie (Grids 1 and 2) and the
two grids in breaks and lowland prairie (Grids 3 and 4)
were more similar in temporal patterns of abundance
than were other pairwise comparisons. This spatial
variation was observed over a smaller landscape scale
than that observed for a conspecific species in forested
habitats (P. leucopus; Krohne and Burgin, 1990).
Inter-annual temporal variation (within sampling periods) was not correlated to any measure of
precipitation or habitat heterogeneity. It is likely that
the patterns observed were due to complex interactions
among abiotic and biotic factors that affect populations
of P. maniculatus. For example, the reproductive cycle
of this species and other life history characteristics were
affected by ambient temperature and annual precipitation (Kaufman, 1990). In addition, immigration into
Watts Prairie was high following the drought of 19881989, a pattern not observed in years of above-normal
or normal precipitation (Kaufman, 1990).
Due to the lack of published studies focused
on spatial variation at a local scale, we calculated TIS
indices for small mammals captured in autumn on
twelve 20-station trap lines from two drainage systems
[Kings Creek (6 trap lines) and Swede Creek (6)] on
Konz.a Prairie Research Natural Area near Manhattan,
Kansas. This allowed us to compare temporal and spatial variation of abundances of small mammals between
our site in mixed-grass prairie and two sites in tallgrass
prairie. The area over which spatial variation was calculated for small mammals in the two creek drainage
systems on Konz.a Prairie (Swede Creek: all trap lines
within 150 ha, Kings Creek: all trap lines within 200
ha) was larger than that in Watts Prairie. For these
comparisons, 8, 10, and 13 species were captured in
sampling periods during six autumns (1984-1989) in
Watts Prairie, Swede Creek, and Kings Creek, respectively.
The most common pattern, greater variation in
time (inter-annual) than in space, was exhibited consistently by P. maniculatus, M. ochrogaster, and R.
megalotis. P. maniculatus was less variable in both
space and time in Watts Prairie than on Konz.a Prairie
(Fig. 2). Because P. maniculatus was the most common species in both prairie regions, this difference
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likely resulted from assessing variation in abundance
over a smaller spatial scale in Watts Prairie than on
Konz.a Prairie. However, it is interesting to note that
TIS-indices were more similar for Watts Prairie (1.61)
and Swede Creek (1.76) than for Kings Creek (2.17). In
contrast, TIS for M. ochrogaster was intermediate for
Watts Prairie (1.95) as compared to Swede Creek (1.06)
and Kings Creek (2.75).
Reithrodontomys megalotis was not captured
in Watts Prairie during the September-October sampling periods, so no direct comparison could be made
to variation in abundance in autumn on Konz.a Prairie
(Fig. 2). However, temporal variation (based on captures during the four sampling periods each year) for R.
megalotis in Watts Prairie was similar to temporal
variation for these mice in autumn in the two Konz.a
Prairie sites. In contrast, spatial variation was much
larger on the square and rectangle than that observed
for the two much larger Konz.a Prairie sites. This high
level of spatial variation in Watts Prairie likely was due
to low abundance and spatial variation in heavy plant
litter on our grids (litter is a preferred habitat feature for
R. megalotis: Clark and Kaufman, 1991; Kaufman and
Kaufman, 1990b; Kaufman et al., 1988).
Abundances of S. tridecemlineatus were more
variable in time than in space in Watts Prairie {TIS =
1.35), whereas temporal and spatial variation was
similar in both sites (TIS = 1.00 in both cases) on
Konz.a Prairie. Differences in TIS-indices for S. tridecemlineatus between Watts Prairie and Konza Prairie
suggested that TIS decreased considerably and approached unity as the spatial scale of the study site increases from <l O ha to > 100 ha. However, decreases in
TIS-indices with the increased spatial scale (from Watts
Prairie to Konz.a Prairie) did not occur consistently for
other species including the more abundant P. maniculatus. This lack of consistency among species does
raise uncertainty about the change in spatial scale
causing the change in TIS-indices observed for S. tridecemlineatus. Additionally, absolute values of temporal
and spatial variation in Kings Creek and Watts Prairie
were more similar than was the variation in the two
samples from Konz.a Prairie (Fig. 2). This pattern may
be associated with the prominence of limestone outcrops in the Kings Creek drainage and in Watts Prairie
as compared to that in the Swede Creek drainage. S.
tridecem/ineatus preferentially placed their burrows in
protected sites (Kaufman and Kaufman, 1989b), and
abundance was greater on both Watts Prairie and Kings
Creek than on the Swede Creek.
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Fig. 2. Relationship for spatial and temporal variation (percent coefficient of variation, CV) in autumn abundances of 14
species of small mammals in mixed-grass prairie on Watts Prairie in north-central Kansas and tallgrass prairie on Konz.a Prairie Research Natural Area in northeastern Kansas during 1984-1989. Data points that fall on the diagonal lines show equal variation in
abundances in time and space, whereas points above the diagonal show greater variation in space than in time and below the diagonal
show greater variation in time than in space. Dots represent data from Watts Prairie, whereas triangles and squares represent data
from Kings Creek and Swede Creek drainages, respectively, on Konza Prairie. Abbreviations are as follows: Pm = Peromyscus
maniculatus, Bh = Blarina hylophaga, Ch= Chaetodipus hispidus, Cp = Cryptotis parva, Mm= Mus muscu/us, Mo= Microtus
ochrogaster, Pl = Peromyscus leucopus, Rme = Reithrodontomys megalotis, Sc = Synaptomys cooperi, Sh = Sigmodon hispidus, St=
Spermophilus tridecem/ineatus, Nf= Neotomajloridana, Ol = Onychomys leucogaster, and Rmo = Reithrodontomys montanus. The
asterisk on the graph for C. parva indicates that all three localities fall under the square.
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On Konz.a Prairie, C. hispidus is a rare species
(Finck et al., 1986; Kaufman et al., this volume, 1998)
and was captured only in the Kings Creek drainage. In
north-central Kansas, in contrast, it is a widespread
species, albeit in low abundance, in a wide array of
prairie habitats (Kaufman and Fleharty, 1974; Kaufman
and Kaufman, 1989a, 1990a; Kaufman et al., 1990a).
The rare nature of this species on Konz.a Prairie likely
resulted in the higher temporal and spatial variation
observed in the Kings Creek drainage than in Watts
Prairie (Fig. 2).
Onychomys leucogaster was the third most
common species in Watts Prairie, but has not been
captured on Konz.a Prairie in 17 years of trapping
(McMillan et al., 1997). In Watts Prairie, 0. leucogaster, like other native species, showed much greater
variation through time than over space on both the
square and rectangle. In fact, these mice exhibited a
much greater average TIS-index than all other species
except for S. tridecemlineatus {Table 5, Fig. 2).
Blarina hylophaga showed greater variation in
time than space in both Watts Prairie and the Swede
Creek drainage, whereas it showed slightly greater
variation in space than time in the Kings Creek drainage (Fig. 2). The larger variation in time and in space
obsezyed in Watts Prairie likely was due to the general
lack of heavy plant litter on most grids, a habitat feature
which is known to affect the presence of this species on
Konz.a Prairie (Clark and Kaufman, 1990; Clark et al.,
1995; Kaufman et al., 1989). In addition, B. hylophaga
was one of the most common species observed on
Konz.a Prairie in autumn samples (Finck et al., 1986;
Kaufman et al., 1990b, this volume).
Only two species, M. musculus and P. leucopus, showed markedly greater variation in space than in
time (Fig. 2). M. musculus showed this pattern in both
Watts Prairie and Kings Creek, but not in Swede Creek,
where variation was similar in space and time. Interestingly, M. musculus, a non-native species typically
commensal with humans, was uncommon in both
mixed-grass and tallgrass prairies in Kansas (Kaufman
and Kaufman, 1990c). This introduced mouse also
showed a spatiotemporal distribution uncharacteristic
of native species, all of which were more nested, on
Konz.a Prairie (Kaufman.et al., this volume).
Peromyscus leucopus was not observed during
autumn samples in Watts Prairie, but occurred commonly in many sites in ungrazed tallgrass prairie (Clark
et al., 1987). Only two individuals were captured in
Watts· Prairie, each on a single night, suggesting that
each was dispersing across the grids ( as no trees were
present in Watts Prairie). The high spatial variation in
abundances of P. leucopus on Konz.a Prairie likely was
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due to large differences in the amount of woody vegetation associated with individual trap lines.
Other species were uncommon and captured
only on Konz.a Prairie, except for C. parva. In fact, C.
parva was captured in both the square and rectangle in
Watts Prairie and in both drainages on Konz.a Prairie.
However, this small shrew was extremely rare in all
situations and, therefore, exhibited a high degree of
variation in both space and time (Table 5, Fig. 2). Sigmodon hispidus captured in the Kings Creek and Swede
Creek drainages and Synaptomys cooperi captured in
the Kings Creek drainage were more variable in time
than space, whereas S. cooperi in the Swede Creek
drainage, R. montanus in the Kings Creek drainage, and
Neotoma j/oridana in the Kings Creek drainage exhibited similar levels of variation in both time and space.
In summary, more studies are needed to focus
on simultaneous assessment of temporal and spatial
variation in grassland species of small mammals. Also,
effect of geographic scale on the magnitude of spatial
variation of abundances of small mammals needs to be
explored from a microscale (as done in this study) to
increasingly larger spatial scales. This would enable an
assessment of whether general patterns emerge for species in tallgrass, mixed-grass, and shortgrass prairies.
We found that P. maniculatus was more spatially variable in abundance in mixed-grass prairie across sampling periods within a year, whereas temporal variation
was larger than spatial variation across years. Additional studies are needed to examine whether these
patterns are consistent for P. maniculatus in other types
of grasslands and for other small mammals in a variety
of grassland habitats.
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The Role Of The Bald Eagle As A Flagship Species For The Rocky
Mountain Arsenal: From Superfund Site To Wildlife Refuge
By
CHERI A. JONES AND CHARLES R. PRESTON

ABSTRACT
Because of agriculture and urban growth, few places for prairie wildlife remain along the Front Range near the
rapidly growing metropolis of Denver, Colorado. In 1986, bald eagles (Haliaeetus leucocephalus) were discovered
roosting on the Rocky Mountain Arsenal. The Arsenal covers 70 km 2 of what was largely shortgrass prairie before settlement of the area in the 19th century. The site, adjacent to Denver and Commerce City, has been regarded as one of the
most polluted areas in the United States. The land was settled by farmers in the mid-1800s and was used for the manufacture of munitions, rocket fuel, and pesticides from 1942 until 1982. For the last four decades, the extent of contamination and the proximity of a large urban area have caused the Arsenal to be the subject of contentious debate regarding
the means and costs of its cleanup and subsequent use. Designated the Rocky Mountain Arsenal National Wildlife Refuge in 1992, the Arsenal will become a permanent part of the National Wildlife Refuge System after cleanup is complete. The unexpected discovery of the bald eagle roost along waterways traversing the Arsenal provided the site with a
flagship that increased positive public interest in _the Arsenal and led to its establishment as a wildlife refuge.
Key words: Bald Eagle, flagship species, Rocky Mountain Arsenal

"Pollution problems can be solved But environmental enhancement will require careful technological research, international cooperation, population
control, effective political leadership, and changes in
lifestyles. Only by deciding and acting on what is advisable for mankind will we avoid what seems inevitable for the planet" (Fleharty and Hulett, 1977:447).
Colorado is the fourth fastest-growing state in
the United States, with the metropolitan area of Denver
containing a population of more than 2 million (U.S.
Bureau of the Census, 1996). In spite of (or perhaps
because of) this rapid growth and increasing urbanization, many Coloradoans value the state's wildlife. Evidence of this interest includes the donation of more
than 36,000 volunteer hours, totaling more than
$285,000 worth of work, to the Colorado Division of
Wildlife in 1996, and the expenditure of approximately
$430,650 for hunting, $578,826 fishing, and $745,066
watching wildlife by Colorado residents in 1996 (Colorado Division of Wildlife, 1996).
In spite of the level of interest in wildlife and
natural history, our rapid population growth is inexorably altering Colorado's ecosystems, particularly along
the Front Range. The Denver area lies within the Great
Plains Physiographic Province. Before European settlement, native vegetation of the area consisted primarily of shortgrass prairie dominated by buffalo grass
(Buchloe dactyloides) and blue grama (Bouteloua
gracilis) interspersed with stands of yucca (Yucca

glauca), sand sagebrush (Artemisiafilifolia), and rubber
rabbitbrush (Chrysothamnus nauseosus) and with narrow strips of plains cottonwoods (Populus sargentii)
along waterways (e.g., Lovell et al., 1985; MorrisonKnudsen, 1989). First altered by agricultural activities
in the mid-1800s, and more recently by expanding urbanization, the Denver area now contains few patches
of unplowed, unpaved grasslands, and most of these are
dominated by crested wheatgrass (Agropyron desertorum and A. cristatum) and other exotic species. One of
the largest remaining grassland patches is on the Rocky
Mountain Arsenal, a surprising haven for prairie wildlife near the northeastern edge of Denver. The purpose
of this paper is to discuss the history of the Arsenal and
how the bald eagle as a flagship species has affected its
future.
The term "flagship species" has been applied
to a variety of organisms ranging from butterflies
(New, 1996) to elephants (used by the World Wildlife
Fund for Asian conservation programs centered on Elephas maximus). A designated flagship species is a
pragmatic tool, usually a prominent and charismatic
species, used by conservation biologists to represent the
health of a given ecosystem or site; many (such as the
northern spotted owl, the flagship for old-growth
Douglas-fir stands in the Pacific Northwest) are among
the top carnivores in the system they represent (Noss,
1991; C.R. Preston, unpubl.).
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Table 1. Key events in the history ofthe Arsenal and its flagship.
Date

Event

1782

Bald eagle named the national emblem of the U.S.

Mid- l 800s

Settlers come to the Great Plains of eastern Colorado

1940

Congress protects the bald eagle in all states except Alaska

1941

U.S. enters World War II; land near Denver condemned for the manufacture of weapons

1942

Local farmers are displaced and plant construction begins

1943

Manufacture of weapons on the Rocky Mountain Arsenal begins

1952

Protection of the bald eagle extended to include Alaska;
Arsenal facilities leased to Shell and other private companies

1950s

Nearby farmers lose crops to groundwater contamination

1960s

Waterbirds die after contact with contaminated evaporation basin

1967

Bald eagle declared endangered through much of the U.S.

1969

U.S. Army ceases production of weapons and rocket fuel at Arsenal

1970-73

Nerve gas and other weapons stored at Arsenal destroyed

1974

U.S. Army begins study of contamination of off-site groundwater

1979

Army requests $6.5 M to stop spread of contamination off-site

1982

Shell Chemical Company ceases chemical production at the Arsenal

1983

Arsenal named Federal Superfund Site

1984

Army defines goal to contain pollution and prevent additional migration; later expanded to include
cleanup

1986

Bald eagles found roosting at the Arsenal

1989

Federal Facility Agreement by Army, EPA, Shell Oil Company, and other agencies outlined
cooperation in cleanup activities

1990

Public viewing area established to highlight eagle roost

1992

Rocky Mountain Arsenal Wildlife Refuge Act

1995

Bald eagle removed from federal endangered species list

1996

Cleanup plan is made public; Fish & Wildlife Service releases multi-use plan for the new refuge
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A Brief History of the Rocky Mountain Arsenal. -The Rocky Mountain Arsenal, located 16.5 km
northeast of downtown Denver, was established on land
condemned by the U.S. Anny in 1941 (Table 1). Local
farming families were displaced from 70 km 2 of prairie
to make way for the manufacture of mustard gas, napalm, and other weapons for use in World War II. Plant
construction started in 1942, and weapons production
began the following year. By the end of World War II,
the Arsenal had produced more than 100,000 tons of
incendiary munitions and also had served as a prisoner-of-war camp (RMA Public Affairs Office, 1992).
The Army continued to produce weapons (and rocket
fuel for the Titan II Missile Program and the Apollo
space programs) until 1969, and it leased the facility to
Shell Chemical (now Shell Oil) Company and other
private companies from 1952 to 1982 for the manufacture of herbicides and pesticides (RMA Public Affairs
Office, 1992, 1995).
During four decades of manufacturing (I 9431982), more than 390 structures near the center of the
Arsenal housed boiler and power plants, chemical production factories, warehouses, and other support facilities (RMA Public Affairs Office, 1995). Waste disposal
methods included incineration, off-site disposal, and
evaporation from open pools. Although these disposal
methods were considered appropriate at the time, they
resulted in contamination of soil and groundwater both
on- and off-site. Public awareness of Arsenal-generated
pollution arose in 1951, when contaminated groundwater caused minor crop damage north of the Arsenal
(Wiley and Rhodes, 1987; RMA Public Affairs Office,
1995). This event, followed by on-site mortality of
waterfowl and by other incidents, led the Army to construct a groundwater purification system and to initiate
other pollution-containment activities between 1975
and 1980 (Wiley and Rhodes, 1987; Gerhardt, 1990a).
However, by the 1980s, the public regarded the Arsenal
as one of the most polluted areas on earth (e.g., Atchison, 1989; Danish, 1991; Gerhardt and Brinkley, 1992;
Harvey, 1991).
In 1983, the Arsenal was designated a Superfund Site; i.e., it was one of hundreds of sites on a National Priorities List maintained by the Environmental
Protection Agency designated for cleanup of hazardous
wastes. In 1984, the U.S. Army began studying local
contamination with the primary goal of containing the
pollution and preventing its additional migration off the
Arsenal (RMA Public Affairs Office, 1995). This initial
goal was expanded to include cleanup because of the
national increase of legislation and public awareness
regarding pollution. The future use of the Arsenal,
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however, was affected by the discovery of a bald eagle
roost in cottonwoods near the southeastern edge of the
Arsenal in 1986.
The Bald Eagle as a Flagship Species.-Toe
bald eagle (Accipitridae: Haliaeetus leucocephalus) has
long attracted human attention. Native Americans used
bald eagles in many ways, and in many tribes the bird
still plays a special role in religious ceremony (Stalmaster, 1987). In 1782, the Continental Congress designated the bald eagle the national symbol of the United
States.
In spite of this special status, widespread depredation was sufficient to lead to a Congressional act in
1940 prohibiting destruction of bald eagles in all states
except Alaska (Matthiessen, 1987). Populations continued to decline due to intentional take, habitat destruction, and environmental contamination. Protection was
extended to include Alaska in 1952; although the bird
was never listed as endangered in Alaska, the Chilkat
River Bald Eagle Reserve was created to protect the
world's largest known concentration of bald eagles
(Matthiessen, 1987; Stalmaster, 1987; Willson et al.,
1997). The bald eagle was listed on 11 March 1967
under the Endangered Species Preservation Act of
1966. In the 1986 Endangered Species Act, it was listed
as endangered throughout the continental United States
except Alaska, Michigan, Minnesota, Oregon, Washington, and Wisconsin (Lowe et al., 1990; Hunt et al.,
1992). Recovery efforts (including the ban of DDT and
the use of captive breeding and relocation) led to
de-listing in 1995 (Lowe et al., 1990; U.S. Department
of Interior, 1995). In 1982, only 1,482 breeding pairs
(including six pairs in Colorado) were reported in the
48 contiguous United States; in 1990, 3,014 pairs (10 in
Colorado) were known (Hunt et al., 1992). Direct winter counts indicate at least 1,000-1,200 birds currently
in Colorado, and the number appears to be gradually
increasing (J. Craig, pers. comm.).
The recovery and national symbolism of the
bald eagle, together with its striking appearance, its
widespread distribution over most of the United States,
and its fascinating behavior intrigue the birdwatching
public. Birdwatching has become a major recreational
activity in the United States. Forshaw et al. (1995) included more than 110 hotlines and listed 60 birding
organizations in their resource directory for the United
States and Canada, and the birding web page
(www.birdwatching.com) reports that birding is the
fastest-growing outdoor activity, with an estimated 51.3
million Americans considering themselves birdwatchers. In the Denver metro area, one survey indicated that
wildlife viewing was the third most popular outdoor
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recreation activity, and "eagles" and "rare and endangered species" were valued the most highly for viewing
(Manfyedo and Larson, 1993).
Therefore, the discovery of the roost on the
Arsenal in 1986 attracted widespread attention. At the
time of its discovery, Stalmaster (1987) had estimated
that fewer than 10 nesting pairs and fewer than 1,000
wintering bald eagles (mainly in the San Luis Valley)
remained in Colorado. This particular roost is significant biologically because it might be the largest of five
or six roosts along the South Platte River in eastern
Colorado. The roost is significant politically and socially because its unexpected discovery provided the
Arsenal with a flagship species that changed the focus
of public interest in the site.
The Bald Eagle and Its Impact on the Arsenal.-Cleanup activities pre-date the discovery of the
eagle roost. The Arsenal already had been named a
Superfund Site, and the cooperative agreement defining
the goals of cleanup and signed by the U.S. Army, the
Environmental Protection Agency, the Department of
Justice, the Department of Health and Human Services,
and Shell Oil eventually might have occurred anyway.
However, interest in the bald eagle generated the momentum needed to designate the Arsenal as a future
wildlife refuge (McGrath, 1992; Webb, 1992) rather
than just another area open for urban development after
cleanup.
Ecologically, the bald eagle probably is not
the most significant Arsenal inhabitant. The Arsenal
also is home to the black-tailed prairie dog (Cynomys
ludovicianus), a species that is an important food for
raptors and other predators and whose burrows are
known to be used by more than 100 animal species
(Hoogland, 1995; Fagerstone and Ramey, 1996). The
prairie dog, however, is an unpopular rodent in the
United States, where it is widely perceived as a pest and
still subject to extermination programs, many of them
government-supported. Other Arsenal residents, which
include hundreds of vertebrate species (MorrisonKnudsen, 1989; Boone and Preston, 1994; Preston et
al., 1994), also are perceived negatively or remain unknown to the public at large. Although 12 species of
diurnal raptors have been recorded on the Arsenal (Preston and Beane, 1996), public interest in the bald eagle
alone was sufficient to generate the establishment (in
1990) of the Eagle Watch, an observation blind on the
east side of the Arsenal from which the roost can be
viewed. The Watch is open to the public December
through March, and attendance has been great enough
that closed-circuit television was added in 1992 for
close-up coverage of the birds. More than 100 eagles
use the winter roost, and the eagle has become the Arsenal's most famous winter resident (Kampert, 1993).
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From 1990 through 1997, 23,865 people visited the
Eagle Watch (D. Long, in litt.).
The Rocky Mountain Arsenal National Wildlife Refuge Act of 1992 (H.R. 1435) was sponsored by
U.S. Representative Patricia Schroeder. Its provisions
included a transfer of responsibility for wildlife management at the Arsenal from the Army to the Secretary
of the Interior, defined the responsibility of the Secretary of the Army for continuing environmental cleanup,
and designated the Arsenal as a National Wildlife Refuge after completion of cleanup. The Army and Shell
Oil share the costs and major responsibilities for
cleanup activities while the area is being managed by
the U.S. Fish and Wildlife Service, the U.S. Army, and
other agencies as an urban wildlife refuge.
Flagship Species: What Works, What Doesn't. -In the case of the Rocky Mountain Arsenal, the
presence of a flagship species helped generate technical
and popular interest in the local flora and fauna. The
U.S. Fish and Wildlife Service has coordinated scientific studies by several organizations, including Colorado State University, the Denver Museum of Natural
History, Texas Tech University, the University of
Wyoming, the University of Minnesota, and the Institute of Wildlife and Environmental Toxicology at
Clemson University. Several technical reports and publications have been produced, of which the series by the
Denver Museum of Natural History (Beane and Preston, 1995; Boone and Preston, 1994; Jones et al.,
1994; Preston and Beane, 1996; Preston et al., 1994) is
but one example. The Arsenal provides a unique opportunity for public education about wildlife, conservation, and history. From 1990 through 1997, more than
298,000 visitors participated in tours, educational field
trips, scout programs, and other activities conducted by
the U.S. Fish and Wildlife Service at the Arsenal (D.
Long, in litt.). Tours, conferences, and other educational events also have been sponsored by local museums and colleges, local chapters of the National Wildlife Federation and the National Audubon Society, and
other organizations. Carol Kampert (1993) produced a
resource guide for elementary and middle school teachers. The Army awarded the Denver Museum of Natural
History a grant of $100,000 to create an exhibition
("The Urban Refuge") about the history and natural
history of the Arsenal, currently on display in the Arsenal's visitors' center. The Denver Museum published
two books in The Wonder Series (Cooper, 1992, 1994)
with support from the Army, and also recently produced a video about the Arsenal and conservation of
shortgrass prairie (Denver Museum of Natural History,
1996). Information about the site has been incorporated
into both local and national natural history publications
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(e.g., Anon., 1992; Gerhardt, 1990a, b; Jones, 1994;
Preston, 1994a, b; Rinehart and Webb, 1990; Taylor
Gray, 1992; Webb, 1992), and the Arsenal is publicized
widely as a place to watch eagles and other wildlife
(e.g., Schmidt, 1989; Baca, 1992; Colorado Division of
Wildlife, 1993; Grudowski, 1993; McGrath, 1992;
Smith, 1998). In the early 1990s, the Colorado Wildlife
Federation produced a newsletter, "The Wildlife
Times," that featured wildlife and nature programs at
the Arsenal. The Fish and Wildlife Service hosts public
tours and lectures, maintains nature trails, co-sponsors a
walking/hiking club, and produces a calendar featuring
photographs of Arsenal wildlife by well-known photographers. Many of these activities are supported by the
Rocky Mountain Arsenal Wildlife Society, a nonprofit
organization of interested citizens.
So "what works" has been the protection of a
piece of land that, although far from pristine, still is
inhabited by more than 300 species of fishes, amphibians, reptiles, birds, and mammals. We are certain that
without the attention drawn by the flagship species, the
impetus needed to designate the Arsenal as a refuge,
rather than eventually being developed for urban use,
would not have been as powerful. Two other major
properties in Denver (Stapleton Airport and Lowry Air
Force Base) recently were vacated, and plans for their
development consist mainly of industrial and residential
use with conservation of some "green space" appropriate for human recreational use, but not for wildlife.
"What doesn't work," what cannot be solved
by a flagship, relates to the high cost of failures in
"careful technological research, international cooperation, population control, effective political leadership,
and changes in lifestyles." In the 19th century we deliberately exterminated native species such as the wolf
(Canis lupus) and the prairie dog (Cynomys ludovicianus) (thus inadvertently eliminating the black-footed
ferret [Mus tela nigripesJ and others), and we continue
to do so. We unwittingly disrupted prairie ecosystems
by the plow and by the inadvertent introductions of
plants and animals, and now we struggle to manage and
preserve what little remains of degraded grasslands. In
the 1940s, the production of chemical weapons led to
serious pollution problems that we still are trying to
clean up, and more recent wars continue to create environmental havoc. Our continued population growth
combined with little change in lifestyle have resulted in
the battle to preserve a wildlife refuge surrounded by
the cities of Denver and Commerce City, the former
Stapleton Airport, and by the new Denver International
Airport (the tenth busiest airport in the world), in a state
that still prides itself on economic growth and development. The Arsenal truly is an island, too small to
maintain viable populations of ungulates or large cami-
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vores without intensive management. Its residents are
subject to the same factors that negatively impact
populations on oceanic islands; e.g., prairie dogs had to
be reintroduced to many areas after being decimated by
sylvatic plague in 1989.
The Arsenal is noteworthy because:
• It is among the first military bases in the
United States to be closed after the Cold War;
• It is the largest Superfund Site converted to a
national wildlife refuge, and the first designated as an urban wildlife refuge;
•
It will be one of the largest wildlife refuges located close to a major metropolitan area;
• It is a pioneer in developing new technologies
to clean contaminated soil and water;
• It provides diverse opportunities for public
education in the fields of United States history,
ecology, and conservation/restoration ecology;
• It will be one of the few attempts to preserve
shortgrass prairie, an ecosystem unique to
North America (modified after Kampert,
1993).
But the irony, of course, is that the Arsenal is only one
of a number of military installations throughout the
country that are now valued as places for wildlife (e.g.,
Mount et al., 1988; U.S. Department of the Interior,
1996). Areas designated as unfit for human occupation
have become refuges for plants and animals marooned
in a sea of agricultural and urban development. The
successes and failures of the Rocky Mountain Arsenal
will provide a model for management of other former
military installations in the United States and elsewhere. The wildlife at the Rocky Mountain Arsenal
have taught us that, when faced with the inevitable
storm of activity that accompanies human settlement,
they will seek any shelter from that storm--even a
small, contaminated, patchwork prairie.
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Distribution, Natural History, Conservation Status,
And Biogeography Of Bats In Kansas
By
DALE W. SPARKS and JERRY R. CHOATE
ABSTRACT

This paper describes the distribution, natural history, conservation status, and biogeography of the 15 species of
bats known to occur in Kansas. Nine species appear to have undergone noteworthy increases in distribution or
improvements in conservation status after Kansas was settled. These include the big brown bat (Eptesicus fuscus),
eastern red bat (Lasiurus borea/is), hoary bat (Lasiurus cinereus), gray myotis (Myotis grisescens), northern myotis
(Myotis septentrionalis), cave myotis (Myotis velifer), evening bat (Nycticeius humeralis), eastern pipistrelle (Pipistrellus
subjlavus), and Brazilian free-tailed bat (Tadarida brasiliensis). For the big brown bat, gray myotis, evening bat, and
eastern pipistrelle, these changes reflect increases in the overall range of the species. For the remainder (red bat, hoary
bat, northern myotis, cave myotis, and Brazilian free-tailed bat), these ·changes pertain primarily to the parturative range,
a term equivalent to the nesting range of birds. Three species have smaller distributions or are less numerous in Kansas
today than before non-Native Americans arrived. The pallid bat (Antrozous pallidus) has been severely reduced in
number (having possibly been extirpated and since recolonized). The western small-footed bat (Myotis ciliolabrum) may
be slightly less abundant in Kansas than it once was because of elimination of habitat. Townsend's big-eared bat
(Corynorhinus townsendiz) likely has declined in number (but not distribution) even though the amount of suitable
habitat may have increased. The remaining three species appear to have undergone no noticeable changes in number or
distribution. The silver-haired bat (Lasionycteris noctivagans) continues to be common during migration, the big freetailed bat (Nyctinomops macrotis) likely occurs in Kansas only during extralimital wandering, and the little brown bat
(Myotis lucifugus) remains a peripheral species in Kansas.
Five species of bats have not been documented in Kansas but conceivably will be found here. Two of these, the
Indiana myotis (Myotis soda/is) and the Yuma myotis (Myotis yumanensis), may have occurred in Kansas in the past.
The others, Rafinesque's big-eared bat (Corynorhinus rajinesqui1), the eastern small-footed myotis (Myotis leibiz), and
the fringed myotis (Myotis thysanodes), probably never occurred in Kansas.
Key words: distribution, natural history, conservation, biogeography, bats, Kansas
INTRODUCTION
It has been more than 30 years since the
completion of the last comprehensive study of bats in
Kansas (Jones et al., 1967). In the intervening years, the
only publications that mapped the distribution of all
bats in Kansas were the general guides by Bee et al.
(1981 ), Hall ( 1981 ), and Jones et al. (1985).
Unfortunately, these guides did not provide precise
localities of record, identify where additional research
was needed, or provide information about the numbers
and museum locations of specimens examined.
Other important publications in the past 30
years include a monograph on bats in the United States
(Barbour and Davis, 1969) and several Mammalian
Species accounts published by the American Society of
Mammalogists (Watkins, 1972; Jones, 1977; Fenton
and Barkley, 1980; Fitch and Shump, 1979; O'Farrell
and Studier, 1980; Fitch et al., 1981; Kunz, 1982; Kunz
and Martin, 1982; Shump and Shump, 1982a; 1982b;
Thompson, 1982; Hermanson and O'Shea, 1983; Fujita
and Kunz, 1984; Wilkins, 1989; Kurta and Baker, 1990;
Milner et al., 1990; Decher and Choate, 1995).
Additionally, several new distributional records for bats

in Kansas were published (Birney and Rising, 1968;
Kunz et al., 1980; Pitts et al., 1987; Sparks and Choate,
1996). Accordingly, one objective of this paper was to
provide an updated account of the distribution and
natural history of bats in Kansas.
The 15 species of bats that are known from
Kansas have acquired their current distributions as the
result of several natural and man-mediated events. A
second objective of this study was to explain some of
these events.
Consideration of new information relating to
the distribution, natural history, and biogeography of
bats shed light on factors that impact the survival of
bats in Kansas. Thus, the final objective of this study
was to assess the conservation status of bats in the state.
METHODS
Lists of specimens examined and other records
of occurrence were compiled for each species.
Collection abbreviations follow Yates et al. ( 1987),
with the addition of the Byron Walker Wildlife
Management Area Collection (BWWMA). In these
lists, localities are arranged alphabetically by county
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and by reference points within a county, and from north
to south with respect to a reference point. Localities in
lists correspond to dots on distribution maps, but
localities in italics are not mapped separately to avoid
crowding.
Information about the distributions of bats in
neighboring states was obtained from several sources:
Schwartz and Schwartz (1981) and Pitts et al. (1996)
for Missouri; Caire et al. (1989) and Stangl et al. (1992)
for Oklahoma; Webb and Jones (1952), Jones (1964),
Farney and Jones (1975), Czaplewski et al. (1979), and
Jones and Choate (1980) for Nebraska; and Armstrong
(1972), Armstrong et al. (1994), and Fitzgerald et al.
(1995) for Colorado. Jones et al. (1983), Jones et al.
(1985), and Dalquest et al. (1990) provided overviews
of bats on the Great Plains. For information about the
overall ranges of species, we consulted Barbour and
Taxonomy and the
Davis (1969) and Hall (1981).
order of species accounts follow Koopman (1993)
except where noted. Vernacular names used are those
published by Jones et al. (1992).
BIOGEOGRAPHY
Fossil Record-Despite a nearly global
distribution (being absent only from the continent of
Antarctica), the order Chiroptera has perhaps the
poorest fossil record of all the major groups of
mammals. Martin (1972) listed only three species of
fossil bat from Kansas, and only one additional
specimen is known today. Two are extinct forms:
Lasiurus fossi/is (Hibbard, 1950) and L. golliheri
(Hibbard and Taylor, 1960). A hoary bat (L. cinereus)
also has been recorded in the fossil record of Kansas
(Hibbard, 1963). Finally, a bat identified only as
Myotis was reported from Trego County, Kansas, by
Wilson ( 1968). Wilson reported the site as being from
the Lower Pliocene, but the site actually is from the
Upper Miocene (R. J. Zakrzewski, pers. comm.). It is
possible, therefore, that the specimen in question is not
a Myotis.
Despite the poor representation of bats in the
several authors have presented
record,
fossil
biogeographic hypotheses for bat species that inhabit
Kansas. These hypotheses are included in the notes
sections of species accounts.
Historical Biogeography.-The term historical
biogeography often is used in reference to the study of
the effects of past geologic events on the flora and
fauna of the modem world (Brown and Gibson, 1983).
We use the term historical biogeography to refer to
changes in distribution that have occurred during
historical times (Choate and Krause, 1974; Choate et
al., 1979; Sexson and Choate, 1981; Sexson et al.,
1981; Choate and Reed, 1986), often as a result of
human activities.
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Settlement of the Great Plains resulted in
noteworthy changes in the flora, fauna, and
geomorphology of Kansas. Three of these changes had
profound effects on the distributions of bats: a greater
abundance and distribution of trees; changes in the
distribution of surface water; and the presence of manmade structures.
Forests in Kansas prior to settlement generally
were restricted to the eastern region of the state.
Farther west, scattered trees and groups of trees
occurred almost exclusively along waterways. Some of
these waterways, such as Big Creek in Ellis County
(Tomelleri et al., 1986), Mulberry Creek in Ford
County (Tomelleri, 1984), Paradise Creek in Osborne
and Russell counties, (Mead, 1986), and parts of the
Saline and Kansas rivers (Mead, 1986) appear to have
been heavily wooded. Others, such as the Arkansas
River, had a few trees and scattered groves along their
banks (Tomelleri, 1984). These primordial forests
differed from the forests of modem Kansas. First, they
were scattered in distribution, whereas today many
streams in Kansas have extensive and continuous
riparian corridors. Second, trees are much more
abundant in western Kansas today than in presettlement time.
Wooded habitats on the prairie benefited from
settlement in several ways. First, suppression of fire
allowed a westward expansion of riparian corridors
onto the Great Plains (Kuchler, 1974; Tomelleri, 1984).
Second, trees were planted (Ware and Smith, 1939;
Fleharty, 1995) as shelterbelts, wind breaks, wildlife
habitat, and landscaping. Third, the removal of surface
water from large streams, such as the Arkansas River,
contributed to the growth of woody vegetation in the
channels (Tomelleri, 1984). Additionally, trees such as
salt cedar (Tamarix sp.) that were planted in shelterbelts
dispersed into other areas. Finally, the lag between the
extermination of bison (Bos bison) and development of
the livestock industry in Kansas enabled trees to grow
too large to be growsed to ground level (Tomelleri,
1984).
Information about the distributions of certain
animals is helpful in understanding the expansion of
trees across the plains of Kansas. In this regard, Choate
(1987) summarized an earlier, unpublished study by
Carter (1939), in which the surviving, original settlers
of western Kansas were questioned about wildlife they
saw during and after settlement. They reported that
several animals known to be strongly tied to woodlands
evidently did not occur as far west in Kansas before
settlement as they do now. Those animals, including
the Virginia opossum (Didelphis virginianus), fox
squirrel (Sciurus niger), and common raccoon (Procyon
lotor), eventually benefited from the development of
woodlands in what at one time was an area with few
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trees. Several bat species are hypothesized herein to
have undergone similar changes in distribution.
The history of timber on the prairies is
an¥thing but clear. Custer (1966) noted that members
of the plains tribes fed cottonwood (Populus sargentii)
bark to their ponies in winter when other forage was not
available. Subsequently, most remaining woodlands in
Kansas were cut for lumber and firewood by fur traders,
persons traveling westward across the Plains, and
settlers (Mead, 1986; E. D. Fleharty, pers. comm.).
Though it is possible that numerous animal species
characteristic of the eastern deciduous forest occurred
on the plains prior to settlement, many of those would
have been extirpated by the activities of the first wave
of settlers.
The distribution and abundance of water on
the plains were altered by settlement. Sewage effluent,
reservoirs, and run-off from irrigation-based agriculture
resulted in a greater amount of water available at the
surface (Ely, 1971, presented an account of man-made
aquatic habitats in Ellis County alone). However,
mining of water for irrigation-based agriculture caused
a lowering of the water table, and this caused many
streams to cease flowing in all or part of the area they
once drained (Tomelleri, 1984; Layher, 1986; Kromm
and White, 1992). This lowering of the water table is
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beginning to decrease the amount of riparian woodland
in Kansas and neighboring states (Tomelleri, 1984;
Snyder and Miller, 1991). Also, the elimination of
bison stopped production of bison wallows, which in
pre-settlement time may have contained a substantial
amount of surface water (E. D. Fleharty, pers. comm.).
Finally, as the prairies were settled, buildings
and other structures were constructed. These structures
provided roost sites for bat species that otherwise would
be rare or absent in Kansas, as well as bat species that
were relatively common prior to settlement. The use by
bats of abandoned or seldom-used structures is so
common today that it has become a literary device for
depicting such places. Thus, the presence of man-made
structures, particularly in areas (such as the High Plains
Physiographic Province) with limited natural structure,
have affected the chiropteran fauna of those areas. The
effects of man-made structures on bats on the High
Plains may parallel those of similar structures on the
avifauna of the High Desert of Oregon. Abandoned
homesteads on the High Desert have allowed several
species of birds to occur in the area that are otherwise
absent from the region (Bohn et al, 1980). We propose
that at least four species of bats have been able to
expand their distributions by roosting in man-made
structures.
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Fig. 1. Physiographic regions of Kansas. l. High Plains; 2. Smoky Hills; 3. Great Bend Prairie; 4. Red Hills; 5. Wellington
Plain; 6. Flint Hills; 7. Kansas Drift Plain; 8. Osage Cuestas; 9. Chautauqua Hills; 10. Cherokee Plain; 11. Ozark Plateau.
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Unfortunately, bats seldom were mentioned in
accounts by ·settlers and others who were present prior
to the . tum of the century. In fact, Fleharty (1995)
failed to note any record of bats is his sample of Great
Plains newspapers from the years 1865-1879. Bats also
are difficult to identify. Choate and Fleharty (1975)
interpreted comments in military records to imply that
seven species of bats were present at Fort Hays (and its
precursor, Fort Fletcher) in Ellis County, Kansas, in
1865-1889. Today, seven species of bats are known
from Ellis County, but one of those species likely was
not present at the time of operation of Fort Hays.
Because no specimens were taken to document the
records kept at Fort Hays, the fort records are of little
use other than to provide evidence that bats were seen
by the soldiers.
CURRENT ENVIRONMENT
The physiographic regions of Kansas (Fig. 1)
provide specialized habitats that greatly affect the
distributions of bats. When the physiographic regions
of Kansas are examined with a knowledge of both the
potential natural vegetation of Kansas (Kilchler, 1974)
and the distribution of bats, areas of both high and low
chiropteran diversity become recognizable.
The area of Kansas with the greatest
chiropteran diversity is the Red or Gypsum Hills in the
south-central region. Three species (pallid bat,
Antrozous pallidus; Townsend's big-eared bat,
Corynorhinus townsendii; and cave myotis, Myotis
velifer) that are found nowhere else in the state occur in
this area. Other than in the Gypsum Hills, chiropteran

diversity is similar across much of Kansas, with a
gradual decrease in number of species from east to
west.
The Cherokee Plains and the Ozark Plateau are
notable for the westernmost occurrence of the gray
The only other
myotis (Myotis grisescens).
physiographic region that is particularly noteworthy so
far as bats are concerned is the High Plains. Six species
have been documented on the High Plains of Kansas,
but four of those are migratory (silver-haired bat,
Lasioeycteris noctivagans; eastern red bat, Lasiurus
borealis; hoary bat, L. cinereus, and Brazilian freetailed bat, Tadarida brasiliensis) and one apparently
would not be there were it not for man (big brown bat,
Eptesicus fuscus). The only species that occurs
exclusively in this physiographic province is the
western small-footed bat (Myotis ciliolabrum), a
species that is particularly well suited to take advantage
of the occasional outcroppings of the Niobrara
formation (Robbins et al., 1977). This low diversity of
bats on the High Plains is due to the nearly complete
absence of suitable roosting sites in the region prior to
settlement.
Much of the historical survey work for
mammals in Kansas was conducted in areas of
particular interest, such as border counties and unusual
geologic formations. As a result, the distribution of
most bats in Kansas remains poorly known. Thus, for
every county in Kansas (Fig. 2) we have compiled two
numbers: 1) the current known species diversity, and 2)
the maximum likely species diversity (Fig. 3).

Fig. 2. Counties in Kansas, in
alphabetical order of their abbreviations:
AL=Allen; AN=Anderson; AT=Atchison;
RA
CN
BA=Barber; BB=Bourbon; BU=Butler;
BR=Brown; BT=Barton; CA=Clark; CD=
Cloud; Cf=Coffey; CK=Cherokee; CL=
Cowley; CM=Comanche; CN=Cheyenne;
39
CQ=Chautauqua; CR=Crawford; CS=
Chase; CY=Clay; DC=Decatur; DG=
Douglas; DK=Dickinson; DP=Doniphan;
ED=Edwards; EL=Ellis; EK=El.k; EW=
Ellsworth; FI=Finney; FO=Ford; FR=
38
Franklin; GE=Geary; GH=Graham; GL=
Greeley; GO=Gove; GT=Grant; GW=
Greenwood; GY=Gray; HG=Hodgeman;
HP=Harper; HM=Hamilton; HS=Haskell;
HV=Harvey; JA=Jackson; JF=Jefferson;
JO=Johnson; JW=Jewell; KE=Kearney;
L......J._.J..___;:::L._.L...c:::::i:a..._.L_..J._.J._ _D:;:._..J...._..L-___,1i....-_..---- 37
KM=Kingman; KW=Kiowa; LB=Labette;
~km
LC=Lincoln; LE=Lane; LG=Logan; LN=
Linn; LY=Lyon; LV=Leavenworth; MC=Mitchell; ME=Meade; MG=Montgomery; MI=Miami; MN=Marion; MP=McPherson; MR=Morris;
MS=Marshall; MT=Morton; NM=Nemaha; NO=Neosho; NS=Ness; NT=Norton; OB=Osbome; OS=Osage; OT=Ottawa; PL=Phillips;
PN=Pawnee; PR=Pratt; PT=Pottawatomie; RA=Rawlins; RC=Rice; RH=Rush; RL=Riley; RN=Reno; RO=Rooks; RP=Republic; RS=Russell;
SA=Saline; SC=Scott; SD=Sheridan; SF=Stafford; SG=Sedgwick; SH=Sherman; SM=Smith; SN=Shawnee; ST=Stanton; SU=Sumner; SV=
Stevens; SW=Seward; TH=Thomas; TR=Trego; WA=Wallace; WB=Waubunsee; WH=Wichita; WL=Wilson; WO=Woodson; WS=
Washington; and WY=Wyandotte.
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Fig. 3. Hypothetical distribution of bats in Kansas. The left number in each county represents the number of species
currently known. The right number is the maximum number of species that might be found in the county, including both migrants
outside their normal range and species not yet documented.

FAMILY VESPERTILIONIDAE
Antrozous pallidus ·
Distribution.-The pallid bat is a member of
the Chihuahuan faunal element (Armstrong et al.,
1986). It has a broad distribution in western North
America, ranging from south-central British Columbia
southward along the Pacific Coast to central Mexico,
and reaches its northeastern limit in Barber County,
Kansas (Hall, 1981). In Kansas (Fig. 4), the species
currently is known to occur only infrequently in a rock
crevice near the former Natural Bridge (Adams, 1995).
Previously, this bat was known as far north in Kansas
as a barn in Aetna (Barber County), where a maternity
colony once was located {Twente, 1955a).
Taxonomy.--Pallid bats in Kansas were first
discovered by Hibbard (1934a), who named the species
Antrozous bunkeri. Later reviews relegated A. bunkeri
to subspecific status as Antrozous pallidus bunkeri
(Morse and Glass, 1960; Martin and Schmidly, 1982).
Historical Biogeography.-Until 1964, pallid
bats appeared to be a rare resident of Barber County,
Kansas. In 1964, about 200 of these bats were burned
out of a crevice near the entrance to May Cave by ranch
hands (Jones et al., 1967; Barbour and Davis, 1969). A
few pallid bats from that colony survived (Jones et al.,
1967) and continued to roost in a crevice below Natural
Bridge until 1980 (Adams, 1995). Pallid bats were not
seen again in Kansas until 1991, when about a dozen
individuals were found hibernating in the crevice.

Since that time, no more than 15 bats have been found
in the crevice at any one time in winter and only one
pallid bat has been netted (over Bear Creek, near the
crevice) in spring. The maternity roost near Aetna has
not been occupied by pallid bats since the early 1960s
(Jones et al., 1967), and we know of no summer roost
of this species in Kansas. We suspect that the species
was actually or nearly extirpated in Kansas and has
recolonized the state.
Natural History.-The pallid bat is saxicolous
(Barbour and Davis, 1969) and periodically switches
roosts (Lewis, 1996). In Kansas, these animals have
been reported to roost in a variety of locations, such as
crevices, buildings, and caves (Jones et al., 1967). In
other parts of its range, the species frequently is found
in and around human habitation, leading Tuttle (1988)
to consider the species a common neighborhood bat.
Pallid bats readily roost in bat boxes {Tuttle and
Hensley, 1993).
Matell).ity colonies begin to form in early April
(Barbour and Davis, 1969). Twente (1955a, 1955b)
observed both adult males and females using the site of
the former maternity colony near Aetna, Kansas.
Maternity colonies in other areas are composed
primarily of females (Hermanson and O'Shea, 1983).
Pallid bats typically give birth to two pups each year
(Orr, 1954; Twente, 1955a; Barbour and Davis, 1969),
although extremes of one and three have been
documented (Orr, 1954; Bassett et al., 1983). Pups
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Fig. 4. Distribution of Antrozous pallidus in Kansas. Filled round symbols represent specimens that we examined from a
known specific locality.

generally are born in late June or early July (Twente,
1955a) and are volant by six weeks of age (Orr, 1954;
Under laboratory
Barbour and Davis, 1969).
conditions, twins develop as rapidly as single young,
and there is no advantage gained by a twin if its sibling
is removed from the mother (Bassett, 1984).
Hibemacula typically are located in crevices.
Of the bats inhabiting the Gypsum Hills region of
Kansas, Twente (1955a) noted that pallid bats have the
warmest hibemacula and suggested this was due to the
large size of the species.
Pallid bats emerge after full darkness. They
are slow fliers and are easily captured in mist nets
(Armstrong et al., 1994). Pallid bats feed primarily by
capturing insects on the ground, although some prey are
taken on the wing (Ross, 1967). Pallid bats take a wide
variety of prey (Ross, 1967), although Jerusalem
crickets, grasshoppers, scorpions, scarab beetles, ·and
ground beetles appear to be the predominant food items
Small
(Orr, 1954; Barbour and Davis, 1969).
vertebrates occasionally are eaten (Bell, 1982). Most
food items are of lengths greater than 17 mm.
Prey are attacked on the basis of sound alone
(Bell, 1982). These bats avoid orthopterans, most of
which call from hidden locations (Bell, 1982). After
capturing prey, pallid bats fly to a night roost, where
they hang apart from other bats and protect their food
with their wings and body while they consume it (Bell,

1982). Sites used as night roosts by this species are
highly variable (Hirshfeld et al., 1977).
Bats have few natural enemies other than man.
A combination of small size, the ability to fly, nocturnal
activity, and roost selection of bats all serve to reduce
On occasions, however, a variety of
predation.
predators may take bats. Any animal capable of
catching bats and found within a cave containing bats
occasionally may kill and eat them. Bats that roost in
buildings, crevices, or trees may be particularly
vulnerable to climbing snakes, such as certain members
of the genus Elaphe. When bats are grounded or utilize
low roosts, they fall prey to many terrestrial predators.
Finally, raptors occasionally take bats both on and off
the wing.
Documented predators of the pallid bat are
listed by Sparks et al. (2000). The only parasites
known from this bat in Kansas are the chiggers
Trombicula twenti and T. hoplai (Loomis, 1956).
Known parasites of the pallid bat from other areas are
listed in Table 1. Cancer, in the form of a bile duct
carcinoma (Beck and Howard, 1982), also is known
from this species.
Conservation.-The pallid bat, on a local
scale, is the most endangered bat in Kansas. Thus, the
pallid bat is listed by the Kansas Department of
Wildlife and Parks (KDWP) as a "species in need of
conservation" (SINC). Adams (1995) recommended
that the species be upgraded on the Kansas list to the
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Table 1. Parasites and commensal organisms ofAntrozous pallidus from states other than Kansas.
Type of Organism
Chiggers

.Mites Excluding Chiggers

Ticks
Bat (Bed) Bugs

Nycteribiid (Wingless) Bat Flies

Fleas

Cestodes
Nematodes
Trypanosomes

Plasmodium (the causative agent of malaria)
Rabies Virus

Borrelia (a bacterium)
status of a threatened or endangered species. We also
think the pallid bat should be listed as endangered in
Kansas. Further, an effort should be made to obtain a
conservation easement including the area around the
former Natural Bridge to protect the only known pallid
bat roost in Kansas. In this manner, the conservation of
habitat for the bat could be assured without costing
taxpayer money or jeopardizing the rights of private
landowners.
Pallid bats collected in Arizona were found to
contain metabolites of DDT (ODE, ODD) (Reidinger,

Source
Bradshaw and Ross, 1961
Vercammen-Grandjean and Watkins, 1966
Whitaker and Easterla, 1975
Dooley et al., 1976
Whitaker, et al., 1983
Orr, 1954, 1958
Krutzsch, 1955
Bradshaw and Ross, 1961
Herried, 1961
Allred and Goates, 1964
Whitaker and Easterla, 1975
Dooley et al., 1976
Whitaker et al., 1983
Orr, 1954
Krutzsch, 1955
Orr, 1954
Peterson, 1960
Bradshaw and Ross, 1961
Usinger, 1966
Dooley et al., 1976
Townsend, 1893
Stiles and Nolan, 1930
Orr, 1954
Krutzsch, 1955
Peterson, 1960, 1963
Bradshaw and Ross, 1961
Whitaker and Easterla, 1975
Orr, 1954
Peterson, 1960
Whitaker and Easterla, 1975
Webster, 1973
Webster, 1973
Specian and Ubelaker, 1986
Mitchell, 1956
Wood, 1962
Wood, 1962
Burns et al., 1956
Constantine, 1967, 1970
Wood, 1962
1976). Thus, environmental toxins may pose a threat to
this species.
Specimens Examined, 154.-BARBER CO.:
Aetna (5 KU); near Aetna (2 KU); 1 mi. SW Aetna (4
KU); 2 mi. SSW Aetna, May's Cave (41 OAM); 3 mi.
S, 1/2 mi. W Aetna May's Cave (2 UU); T34S, Rl5W,
SW 1/4 sec 16 (13 MHP); 4.5 mi. S, 0.25 mi. E Sun
City (4 KU); 4.5 mi. S, 0.5 mi. E Sun City, Natural
Bridge (1 MHP); 4.5 mi. S Sun City (2 MSU); 5.5 mi. S
Sun City (2 CMNH, 49 KU); 7 mi. S Sun City, Natural
Bridge (24 KU); specific locality unknown, but
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probably from Havard Cave as these are labeled as
topotypes (5 KU).
Other Records, 21.-BARBER CO.: Aetna (2
LACM, 2 ROM); 2 mi. SSW Sun City (3 USNM); 5.5
mi. S Sun City (3 FMNH, 4 MVZ); 7 mi. S Sun City,
Natural Bridge (1 ITU, 2 USNM); specific locality
unknown (6 USNM).
Corynorhinus townsendii
Distribution.-Townsend's
big-eared bat
ranges from south-central British Columbia to central
Mexico, and from the West Coast eastward to central
South Dakota and south-central Kansas, with isolated
subspecies in both the Ozark (C. t. ingens) and
Appalachian (C. t. virginianus) mountains (Hall, 1981).
In Kansas (Fig. 5), the species is known only from
Barber, Com~che, and Kiowa counties, where it
inhabits caves, mines, and abandoned buildings.
This species is so widely distributed in North
America that Choate et al. (1994) could not assign it to
a faunal element. Earlier, Armstrong et al. (1986)
suggested that it belonged to the Chihuahuan faunal
element. If only the three western subspecies, including
populations in Kansas, are considered, Townsend's bigeared bat indeed appears to have Chihuahuan affinities,
with a distribution remarkably similar to that of
Antrozous pallidus and somewhat similar to that of
Myotis velifer, both well-documented Chihuahuan
species.
Taxonomy.--Corynorhinus townsendii pa/1escens is the only subspecies known to occur in Kansas.
Hall (1981) and Jones et al. (1967) hypothesized that C.
102

100

t. ingens might be found in Cherokee County, but this
subspecies has become rare in the heart of its range and
doubtfully will be found in Kansas.
Until recently, Corynorhinus was considered a
subgenus of the now strictly European genus Plecotus
(Handley, 1959).
Phylogenetic analysis recently
revealed that the old name Plecotus actually consists of
bats representing three genera (Frost and Timm, 1992;
Tumilson and Douglas, 1992; Bogdanowicz et al.,
1998). The name Corynorhinus thus was resurrected
for Townsend's big-eared bat.
Historical Biogeography.-Townsend's bigeared bat appears to have experienced no obvious
change in distribution in the last 300 years.
Natural History.-Townsend's big-eared bat is
among the most cavemicolous of bats. In all parts of its
range, it relies primarily on caves for shelter although
individual males occasionally are found in man-made
habitats.
Females gather in small nursery colonies in
May and give birth to a single pup in early June.
Nursery colonies in Kansas often are near the openings
of caves with low ceilings. This may be responsible
for a high rate of predation on bats of this species
(Adams, 1995). Pups generally are volant by the end of
July.
As in most other North American bats, males
are widely scattered during summer. In fact, most bigeared bats captured in man-made dwellings are males.
Although they have not been reported to occupy bat
houses (Tuttle and Hensley, 1993), it is possible that
males of this species might do so.
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Fig. 5. -Distribution of Corynorhinus townsendii in Kansas. See Fig. 4 for an explanation of symbols.
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The scattering of males (and nonreproductive
females) may have evolved among bats for a variety of
reasons. First, individual males can use roosts that are
unsuitable for large numbers of bats, thus reducing
competition between the sexes for roosts. Second, the
optimal temperature for development of young might
be warmer than the optimal temperature for
maintenance of daily torpor in adults (as hypothesized
by Tuttle, 1976a, for Myotis grisescens). Third, widely
scattered males presumably access different food
resources than females (as hypothesized by Kunz, 1973,
for Myotis velifer). Fourth, an additional benefit to
males of being widely scattered in summer is a lower
parasite burden, as documented by Kunz (1976) for
streblid bat flies.
Winter -colonies are formed of all sex and age
classes, and hibernacula often are in the coldest parts of
caves (Humphrey and Kunz, 1976).
Hibernating
individuals tend to keep their large ears coiled behind
the head in a way that is visually reminiscent of a bighomed sheep, whereas animals in a group tend to keep
at least one ear uncoiled {Humphrey and Kunz, 1976).
Winter colonies disband in late April. The extreme
sensitivity of this species to human disturbance during
winter has contributed to population declines in other
parts of its range (Barbour and Davis, 1969, 1974;
Humphrey and Kunz, 1976).
Townsend's big-eared bat and the related
Rafinesque's big-eared bat (Corynorhinus rafinesquii)
emerge after it is completely dark. In flight, both bigeared bats have a characteristic "head · down"
appearance because they extend their large ears nearly
directly out in front of them. In oklahoma, Townsend's
big-eared bats foraged closer to the canyon walls than
four other species, and often flew close enough to
heavy cover to come into contact with surrounding
vegetation (Caire et al., 1984).
Townsend's big-eared bats feed primarily by
capturing flying insects close to, or by gleaning resting
insects from, foliage. The diet consists primarily of
insects of the order Lepidoptera (Hamilton, 1943; Ross,
1967; Whitaker et al., 1981a). Often the bats land to
feed. A night roost used frequently by this species may
be littered with moth wings.
Predation on Townsend's big-eared bat has not
been documented (Sparks et al., 2000). Raccoons and
snakes are potential predators. In Kansas, this bat often
is parasitized by the bat flies Trichobias cornorhini
(Kessel, 1952; Ross 1961a; Kunz, 1976) and T. major
(Ubelaker, 1966). Known parasites of this bat in other
areas are listed in Table 2. On average, the rabies virus
is present in less than 1% of these bats (Constantine,
1967).
Conservation.-Both eastern subspecies of
this animal currently are listed as endangered by the
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United States Fish and Wildlife Service (USFWS). The
subspecies in Kansas is listed by KDWP as a SINC.
Adams (1995) recommended upgrading Townsend's
big-eared bats to a st~te listing of threatened or
endangered. The species, however, appears to have
suffered no serious declines in recent years (Adams,
1995), and it continues to maintain a small population
in the state. Thus, we recommend upgrading the animal
to a status of no higher than threatened. The public
should be educated about the fragility of this and other
bat species. Such efforts should include a layperson's
guide to the bats of Kansas for use by school teachers,
agricultural extension agents, spelunkers, and other
interested parties.
Table 2. Parasites and commensal organisms of
Corynorhinus townsendii.from states other than Kansas.
Type of Organism

Source

Nycteribiid (Wingless) Bat Flies

Mites Excluding Chiggers

Nematodes
Cestodes
Trypanozomes

Stiles and Nolan, 1930
Dalquest, 1947
Krutzsch, 1955
Bradshaw and Ross, 1961
Peterson, 1963
Whitaker and Easterla, 1975
Krutzsch, 1955
Jameson, 1959
George and Strandtmann, 1960
Bradshaw and Ross, 1961
Allred and Goates, 1964
Radovsky, 1967
Whitaker and Easterla, 1975
Whitaker et al., 1983
Specian and Ubelaker, 1976
Rausch, 1975
Mitchell, 1956

Notes.-Tbe ecology of Townsend's big-eared
bat in Kansas was reviewed by Humphrey and Kunz
(1976), who presented evidence that the species spread
across the southern United States and northern Mexico
during the Wisconsinan glaciation and subsequently
retreated into cave refuges to escape colder winters of
the modem era.
Specimens Examined, 49.-BARBER CO.:
Aetna ( 1 MHP); 4 mi. W Aetna (2 FSM); 3 .5 mi. S, 1
mi. W Aetna (1 CMNH); 4 mi. S, 0. 5 mi. W Aetna (1
VMKSC; 1 UNSM); Havard Cave ( 1 KU); 2.25 mi. N,
19 mi. W Medicine Lodge ( 1 MHP); S of Sun City ( 1
KU); 4 mi. S Sun City, Triple Arch Cave (2 KU); 4.5
mi. S, 0:5 mi. E Sun City (2 MHP); 4.5 mi. S Sun City
(1 MHP); 4.5 mi. S, 0.25 mi. E Sun City (2 KU); 4.5 mi.
S Sun City, Natural Bridge {l KSTC, 1 CMNH labeled
as Dancer's Cave, 1 MMNH labled as Triple Arch
cave); 5 mi. S Sun City (1 KSTC); 5.3 mi. S, 0.5 mi. E
Sun City, Natural Arch (1 KU); 5.5 mi. S Sun City (1
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CMNH); 7 mi. S Sun City, Fallen Arch Cave and
Dancer's Cave (3 KU); 7.5 mi. S Sun City (1 MHP); 18
mi. S Sun City, Steven's Cave (1 KU); 20 mi. S Sun
City ( 1- MHP); 21 mi. S Sun City (I MHP); specific
locality unknown (1 KSTC; 1 KU). COMANCHE
CO.: 6 mi. NW Aetna (Barber CO.), "S" Cave (3 KU);
4 mi. W Aetna (Barber CO.), Schwartz Canyon (10
KU, 2 FSM); Schwartz Canyon (1 KU); 1 mi. S, 4 mi.
E Wilmore (1 KU). KIOWA CO.: 1 mi. E Belvidere
(I MHP).
Eptesicus fuscus
Distribution.-T he big brown bat ranges from
northern Canada south into South America (Hall, 1981)
and is not recognized as a member of a particular fauna!
element (Armstrong et al., 1986). The species may
occur, at least sporadically, throughout Kansas (Fig. 6).
The fact that few specimens are available from the Flint
Hills likely represents collecting bias inasmuch as this
area has not been extensively surveyed for bats. Also,
we received reports of several colonies of bats in the
Flint Hills that likely will prove to be big brown bats.
Except in the Gypsum Hills, no specimens of this
species are known from Kansas south and west of the
Arkansas River. This area includes the cities of
Wichita, Hutchinson, and Pratt, which presumably
provide opportunities for roosting by big brown bats.
We interviewed local residents but received only a few
reports of large colonies of bats in the region. Some of
100

102

these colonies no longer are active, and examination of
active colonies invariably revealed the presence of cave
myotis rather than big brown bats. We therefore
hypothesize that big brown bats occur only infrequently
in southwestern Kansas even though the species is
known from counties in Oklahoma and Colorado
adjacent to southwestern Kansas (Armstrong, 1972;
Caire, et al., 1989; Armstrong et al., 1994; Fitzgerald et
al., 1995) as well as the nearby Texas Panhandle
(Dalquest et al., 1990; Schmidly, 1991; Davis and
Schmidly, 1994).
Taxonomy.-Th e subspecific status of the big
in Kansas is uncertain. Based on skull
bat
brown
morphometrics, Choate et al. (1986) referred all known
specimens from Kansas to Eptesicus fuscus fuscus.
Earlier authors followed the example of Engles (I 936),
who referred big brown bats from eastern Kansas to E.
f fuscus and those from western Kansas to E. f
pallidus, a paler western form originally described from
Boulder, Colorado (Young, 1908). We suspect that a
taxonomically distinct population of big brown bats
may occur from the Gypsum Hills region of Kansas
south across Oklahoma to the Texas Panhandle and
west at least to the Front Range of the Rockies.
Barbour and Davis (1969) noted that eastern
populations of big brown bats produce two pups per
year, whereas populations west of the Rocky Mountains
produce a single pup per year. Whether geographic
variation in this reproductive characteristic has
98
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Fig. 6. Distribution of Eptesicus fuscus in Kansas. Round symbols indicate records that are known to a specific locality.
Square symbols represent records that are known only to a county. Filled symbols represent specimens that we have examined. Open
symbols indicate specimens that we have not examined.

SPARKS AND CHOATE-BA TS IN KANSAS

taxonomic significance is not known.
Different
reproductive rates for big brown bats in Nebraska were
noted by Czaplewski et al. (1979), and these differences
also may occur in Kansas. The only study of the
reproductive biology of the big brown bat in Kansas
was limited to just one locality in Russell County
(Kunz, 1974a).
Big brown bats in Colorado (Armstrong et al.,
1994; Fitzgerald et al., 1995), and Oklahoma (Blair,
1939) continue to be referred to E. f. pallidus. In the
Panhandle of Texas, some authors (Manning et al.,
1989; Schmidly, 1991; Davis and Schmidly, 1994) use
the name E. f. pallidus, whereas others (Dalquest et al.,
1990; Jones and Manning, 1990) use the name E. f.
fuscus. Future investigations hopefully will resolve this
problem. Until then, we apply the name E. f. fuscus to
all big brown bats in Kansas.
Historical Biogeography.---Before settlement,
big brown bats probably were confined to trees, caves,
and rock outcrops in eastern Kansas and the Gypsum
Hills. We would be surprised if the big brown bat
occurred in western Kansas before settlement, and if it
did it certainly was less abundant then than it is today.
Today, the big brown bat is a frequent
commensal of man. Most known colonies are in manmade structures (including, in Ellis County alone, a
football stadium, school buildings, houses, churches,
and bridges). Early authors (e.g. Baker, 1889) failed to
note the existence of this species in western Kansas
until well after settlement. We find it noteworthy that
collections of mammals from Kansas amassed by early
naturalists included specimens of the relatively rare
western small-footed myotis but no big brown bats,
even at sites where the latter is common today.
Moreover, because of its large size and its tendency to
inhabit man-made structures, the big brown bat is more
prone to discovery by man than most other bats. Thus,
we conclude that failure to note the presence of this
species was indicative of its absence, at least from
western areas of Kansas, before these areas were
settled.
Natural History.-Non-commensal roosts of
the big brown bat may be located in large trees with
hollow trunks (Brigham, 1991; Betts, 1996; Vonhof,
1996; Vonhof and Barkley, 1996; Whitaker and
Gummer, 1992). These may have been typical for the
species before human intervention. The arrival of
settlers allowed this species to greatly expand both its
reproductive and hibernating range to take advantage of
a variety of previously unavailable roosts.
In modem-day Kansas, nursery colonies often
are found in seldom-used parts of buildings. At least as
far west as Russell County, big brown bats produce two
young per year (usually in early June), and juveniles
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typically are volant by early July (Kunz, 1974a). Litter
size in western Kansas is not known.
As in other Kansas species, male big browns
are widely scattered in summer. Males may be found
roosting either in small colonies or individually. One
such colony exists in the expansion joints of the bridge
over the Saline River on U.S. highway 183 north of
Hays (Ellis County). Individual males may be seen
roosting during the day on the sides of buildings with
little or no apparent protection and occasionally may be
found within maternity colonies.
Big brown bats are among the most hardy of
North American bats and use a wide variety of
hibernacula. Although some individuals hibernate in
their summer quarters (Whitaker and Gummer, 1992),
most migrate short distances to hibemacula, possibly
using stars as orientation cues (Childs and Buchler,
1981).
Big brown bats have been documented
hibernating in bat houses as far north as New York
{Tuttle and Hensly, 1993). Although most hibernate in
buildings, comparatively few remain in the same
buildings used by maternity colonies (Whitaker and
Gummer, 1992). The most important factor determining
the use of buildings in Indiana is whether the
temperature of the hibemacula drops below freezing
(Whitaker and Gummer, 1992). Additionally, in 1996
we removed a torpid individual from the nest of a cliff
swallow at Castle Rock in Gove County, Kansas and
have noticed these bats hibernating in horizontal cracks
in both buildings and caves. In Missouri, big brown
bats go in and out of torpor at intervals of from 7 to 25
days on average, with an extreme of 72 days (Brack and
Twente, 1985). In between periods of torpor, the bats
awaken and move to different locations within the
hibernacula, drink, or copulate.
In this regard,
Medonca et al. (1993) found that exposure to cold
initiated copulation by big brown bats in Alabama.
Big brown bats emerge at dusk. Emergence is
positively associated with cloud cover and negatively
associated with light intensity (Laborda and Cartwright,
1994). The bats follow a nearly direct path toward their
feeding areas and apparently use the setting sun as an
orientation cue (Buchler and Childs, 1982). Flight
appears slow to observers because of the relatively
large size of the animal and the direct path of flight, but
it actually is quite rapid (Barbour and Davis, 1969,
1974). These bats often forage around lights, even in
urban settings (Furlonger et al., 1987). In Oklahoma,
they generally forage at a height of about 30 m (Caire et
al., 1984).
Big brown bats are generalized feeders,
although insects of the orders Coleoptera and
Hemiptera predominate (Hamilton, 1933; Ross, 1967;
Whitaker, 1972, 1995). Additionally, these bats prey
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on winged ants (Hamilton, 1933; Ross, 1967; Whitaker,
1972). The latter pose a hazard in that big browns have
been captured with the heads of winged ants firmly
attached to their faces (Handley, 1956; Wilson, 1958).
Big browns occasionally are preyed upon by a
wide variety of predators (Sparks et al., 2000).
Accidental causes of death of big brown bats include:
being entangled in burdock (Actium sp.) (Walley et al.,
1969); being overcome by severe winter storms
(Rysgaard, 1941, 1942); exhaustion of winter fat stores
(Brigham, 1987); and striking radio towers (Crawford
and Baker, 1981). They also have been shown to
accumulate organochlorine residues in the wild (Clark
and Prouty, 1976; Reidinger, 1976; Henny et al., 1982).
Known parasites of the big brown bat in Kansas are
listed in Table 3. In Indiana, only 2.6% of 2,336 big
brown bats examined tested positive for the rabies
virus. The actual incidence of infection may be much
lower than this because the sample included animals
collected because of suspicious behavior (Whitaker and
Douglas, 1986). Big brown bats also are documented
carriers of the fungus (Histop/asma capsulatum) that
causes histosplasmosis in humans (Tesh and Schneidau,
1967).
Conservation.-The big brown bat is not in
Educational
need of protection within Kansas.
programs, however, should be directed at laypersons in
order to limit the occasional large-scale eradication
efforts that are directed at this and other species. Such
educational efforts should include a laypersons' guide to
bats in Kansas (Sparks and Choate, in preparation) and
a slide show about Kansas bats to be made available to
school teachers. Additionally, because of the ability of
this species to tolerate extreme climatic conditions and
inhabit bat boxes, the big brown bat may hold promise
for agricultural applications within the framework of an
integrated pest management system.
The greatest dangers faced by most bats are
These actions often are
the actions of man.
intentionally directed at eliminating bats. In Indiana,
removal or exclusion from a roost was the number one
reason previously occupied bat colonies became
uninhabited (Cope et al., 1991). Bats become a
nuisance whenever they enter a structure where they are
unwelcome. Methods exist that allow the exclusion of
bats without resorting to extermination (Tuttle, 1988).
When bats are excluded from any structure, a variety of
bat houses may be placed in order to provide the bats a
new home and to lessen the chances of the bats simply
moving from one bothersome location to another.
Other human activities have had inadvertent
effects on chiropteran populations. The invention of
organochloride pesticides, for example, proved to be a
mixed blessing. Whereas they allowed previously
unimaginable agricultural advances, they also led to
serious environmental consequences that are only now

becoming fully understood. As with many other types
of organisms, the interactions between bats and
Bats are susceptible to
pesticides are complex.
pesticide poisoning (Clark et al., 1975; Clark and
Prouty, 1976; Clark et ~I., 1978; Clark, 1981, 1988),
and these toxins appear, in some cases, to accumulate in
bats in a manner similar to that seen in predatory birds
(Clark and Prouty, 1976; Clark et al., 1978; Henny et
al., 1982).
Table 3. Parasites and commensa/ organisms of
Eptesicus fuscus from Kansas.
Organism

Source

Bat Fleas
Myopsylla insignis

Phillips, 1966

Mites
Androlae/aps g/asgowi
Steatonyssus occidentalis
Spiturnix americanus
Myobia sp.

Phillips,
Phillips,
Phillips,
Phillips,

Ticks
Ornithodorus kelleyi

Phillips, 1966

Cestodes
Hymenolepis raoudabushi

Phillips, 1966

1966
1966
1966
1966

Nematodes
Allantoshius travassosi

Nickel and Hanson, 1967

Trematodes
Allantoshius travassosi

Phillips, 1966

P /agiorchis vesperti/ionis
Prosthodendrium /ongiforme

Nickel and Hanson, 1967
Nickel and Hanson, 1967

Other human activities that may be detrimental
to bats include urbaniz.ation (Geggie and Fenton, 1985;
Kurta and Teramino, 1992), spelunking, and even the
Even non-tactile
research activities of scientists.
disturbance of hibernating bats can lead to their arousal
(Thomas, 1995). The arousal of hibernating bats is
energetically expensive and may lead to the death of
animals that have low fat reserves. Thus, disturbance
of bats in hibernacula should be kept to a minimum,
even if the bats are not handled.
Notes.-The only bat represented in Oyer's
(1946) survey of hair from mammals from western
Kansas was that of a big brown bat.
Specimens Examined, 966.-ATCHINSON
CO.: Atchinson (4 KU); 2 mi. S, 0.75 mi. E Atchinson
Court House (7 KU); Atchinson, St. Benedictine
College (1 KU); T6S R21E NE 1/4 Sec 19 (1 KU).
BARBER CO.: 15 mi. W Hardtner (1 Ml-IP); Lake
City (2 SCMNH); 10 mi. NW Medicine Lodge (1
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KSTC); Medicine Lodge (46 KU); 5 mi. S Sun City ( I
KSTC); 30 mi. SW Pratt (Pratt CO.) (I KSTC).
BARTON CO.: 4 mi. N, 7 mi. W Albert (I MHP);
Great Bend (2 MHP). CHEROKEE CO.: I mi. S, I
mi. E Galena (3 KU); 2.25 mi. S Galena, Schermerhorn
Cave (1 MHP). CHEYENNE CO.: 15 mi. N St Francis
( 1 MHP); 14. 5 mi. N, 1 mi. E St Francis (2 MHP); 11
mi. N, 11 mi. W St Francis (2 MHP). COFFEY CO.: I
mi. S, I mi. W Burlington (I MHP). COMANCHE
CO.: 6 mi. NW Aetna (''S" Cave) (3 KU); Double S
Cave ( I KU); I mi. S, 4 mi. E Wilmore ( I KU).
CRAWFORD CO.: Pittsburg (II PSUMC); 0.5 mi. S,
0.5 mi. W Pittsburg (1 PSUMC). DECATIJR CO.:
Oberlin (I KU). DOUGLAS CO.: I mi. N, I mi. W
Lawrence (I KU); Lawrence, Haskell Institute (15 KU);
Lawrence, University of Kansas (I KU); Lawrence (1
CMNH, 1 MMNH, 52 KU); specific locality unknown
(5 KU). ELLIS CO.: 15.5 mi. N, 1.5 mi. E Hays (I
MHP); Hays, Fort Hays State University (5 KU, 74
MHP); Hays (13 MHP); 0.5 mi. S, 0.5 mi. E Hays (1
MHP); Victoria, Cathedral of the Plains (32 MHP);
Victoria (25 MHP); Yocemento, Big Creek (I MHP).
ELLSWORTII CO.: Ellsworth (I 7 KU); Kanopolis
State Park, Farris Caves (1 MHP). FRANKLIN CO.:
specific locality unknown (1 KU). GOVE CO.: Castle
Rock (24 KU); Monument Rocks (2 KU); 1 mi. S
Monument Rocks= 11.5 mi. S, 14 mi. W Gove (4 KU, 8
MHP). GRAHAM CO.: 0.5 mi. S, 5.5 mi. E Hill City
(4 MHP, 4 NEK). JACKSON CO.: Holton (2 MHP).
JEWELL CO.: Jewell (3 MHP); 7 mi. N, 7 mi. E
Lebanon (20 KU); Mankato (I MHP). LABETTE CO.:
Oswego (3 MHP).
LEAVENWORTH CO.:
Ft.
Leavenworth (9 KU); 1 mi. NE Leavenworth (6 MSU)
Leavenworth (6 CMNH; 103 KU); Leavenworth, SE
edge (4 MMNH, IO KU); 0. 5 mi. SE Leavenworth (2
KU); 1 mi. SE Leavenworth, Cave on Missouri River (1
MMNH, 4 KU); 1 mi. SSE Leavenworth (8 CMNH); 2
mi. S Leavenworth (1 MSU). LINCOLN CO.: Beverly
(13 KU); Lincoln (I MHP). LOGAN CO.: Elkader (29
MHP); 5 mi. W Elkader (35 KU); SW Elkader (2 KU);
20 mi. S, 8 mi. W Oakley (11 KU). LYON CO.:
Emporia, Emporia State University (5 KU); Emporia (6
KSTC). MIAMI CO.: I mi. N, 0.5 mi. E Osawatomie
(I MHP). MITCHELL CO.: Beloit (I KU, 2 MHP).
MONTGOMERY CO.:
Independence (I KU).
NEMAHA CO.: Baileyville (10 MHP); Seneca (25
MHP). NESS CO.: Ness City (6 MHP). OSBORNE
CO.: O~borne (11 KU, 21 MHP). OTTAWA CO.:
Minneapolis (10 MHP). PAWNEE CO.: Lamed (5
KU). PHILLIPS CO.: 0.5 mi. S Glade (I MHP);
Phillipsburg (I MHP). RAWLINS CO.: Atwood (19
KU, 11 MHP); Herndon (24 KU). RILEY CO.:
Manhattan (1 MHP); 5.5 mi. S, 2.5 mi. W Manhattan,
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Konza Prairie Research Center (MHP I), ROOKS CO.:
6.3 mi. S, 5.5 mi. E Plainville (I MHP). RUSH CO.:
Liebenthal (I MHP); 2 mi. S, 4 mi. E Liebenthal (I
MHP); McCracken (I MHP); I mi. S Rush Center (I
MHP). RUSSELL CO.: 5.5 mi. S, 1.75 mi. W Bunker
Hill (I MHP); Dorrance (102 KU, 4 MHP). SALINE
CO.: Salina (2 KSTC). SCOTT CO.: 12 mi. N, I mi.
W Scott City (8 MHP); IO mi. N, 0.25 mi. W Scott City
(17 KU); Scott County State Park (I KU). SHAWNEE
CO.: Topeka High School (I MHP). SMITH CO.:
Lebanon (I KU). WILSON CO.: Neodesha [listed as
Montgomery CO. on specimen label] (I PSUMC).
Other Records, 16.-BARBER CO.: Sun City
(Kellogg, 1915); specific locality unknown (9 MVZ).
COWLEY CO.: Winfield (I FMNH, 2 USNM).
LEAVENWORTH CO.: Fort Leavenworth Military
Reservation, UTM= 334.2, 43 59.2 (K. Brunson, in litt.).
WOODSON CO.: Neosho Falls (2 USNM).

Lasionycteris noctivagans
Distribution.-The silver-haired bat ranges
from the southeastern border of Alaska south to central
Canada, across nearly the entire United States, and into
northern Mexico (Hall, 1981 ). The species occurs
throughout Kansas (Fig. 7), although it is captured most
frequently in western counties. Most specimens have
been taken in the months of May and September,
suggesting that the animal migrates twice annually
across the state.
Taxonomy.-Lasionycteris noctivagans is
monotypic (Hall, 1981 ).
Historical Biogeography.-The silver-haired
bat traditionally has been viewed as a species that is
present in Kansas only during migration (Jones et al.,
1967).
Natural History.-The silver-haired bat remains one of the least well-known species of bat in
North America, probably because it is not especially
gregarious or abundant. It inhabits the upper slopes of
mountains and northern latitudes during summer
(Barbour and Davis, 1969) and migrates to southern
North America in autumn. In Kansas, captures of
silver-haired bats peak in May and September (Table
4).
However, this may reflect when most field
investigations have occurred as much as the natural
history of the species. Multiple captures of this species
have occurred only twice in Kansas. The first (in
Morton County in September 1967) consisted of a
group of females. The second (also in Morton County,
in September 1977) consisted entirely of males. Taken
together, these observations may suggest a sexually
segregated migration across western Kansas.
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Fig. 7. Distribution of Lasionycteris noctivagans in Kansas. See Fig. 6 for an explanation of symbols.

Though the species is not known to produce
young in Kansas, Sparks et al. (in press) reported a
pregnant female in the state. Females typically give
birth to twins between late May and early July (Kunz,
1971a; Turner, 1974; Kurta and Stewart, 1990). In
Iowa, juveniles were volant as early as 22 July, and
lactation ended by early September (Kunz, 1971a).
Small maternity colonies are formed in large, hollow
trees (Novakowski, 1956; Parsons et al., 1986), and the
bats frequently switch roosts (Betts, 1996; Campbell et
al., 1996; Mattson et al., 1996; Vonhof, 1996; Vonhof
and Barclay, 1996).
Table 4.
noctivagans.
Month
January
February
March
April
May
June
July
August
September
October
November
December

Months of capture for Lasionycteris

Males

Females

Total

0
0
0
0

0
0
0
0

0
0
0
0

1

9

10

0
0
0
5

0
0
0

0
0
0
13

3

8
1

0
0

0
0

4

0
0

Izor (1979) suggested that the winter range of
the silver-haired bat might be defmed by temperature
gradients. Occasional hibernating individuals are found
in trees, rock crevices (Barbour and Davis, 1969, 1974),
caves (Beer, 1956; Krutzsch, 1966), and buildings
(Bartsch, 1956). One silver-haired bat was captured
roosting in a hole in the ground; such unusual roosts
may be used during migratory stopovers (Brack and
Carter, 1985) although most migratory silver-haired
bats probably roost in trees (Barclay et al., 1988).
Even the time of emergence of the silverhaired bat is open to question. Kunz (1982) opined that
the species is a late flier, whereas others suggested they
emerge earlier than most other species (Barbour and
Davis, 1969; Mumford and Whitaker, 1982). In
Manitoba, silver-haired bats emerged approximately 1/2
hour after sunset, but the time of emergence varied
greatly depending on weather conditions (Barclay,
1985). They may also forage at a variety of times, thus
avoiding competition with other species such as the big
brown bat (Reith, 1980). Flight is slow, often close to
the ground, and the same circuit may be followed
several times in succession (Barbour and Davis, 1969;
Barclay, 1985).
Silver-haired bats appear to be generalized
feeders (Barclay, 1985, 1986). In Oregon, they feed
most heavily on insects of the orders Lepidoptera,
Diptera, and Hemiptera (Whitaker et al., 198 la, 1981 b ).
Two specimens examined from Indiana, however,
contained primarily insects of the order Trichoptera
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(Whitaker, I 972). In Manitoba, they fed primarily on
Diptera and other small insects, although the diet varied
greatly between time periods (Barclay, I 985, I 986). In
the same study, several individuals were observed
feeding among groups of insects. Though percentages
of each food eaten were not included, Jones et al.
(1973) reported that the diet of six animals from
Montana included, in order of decreasing frequency,
lepidopterans, bemipterans, dipterans, and representatives of -several other insect orders. More information
about the diet of this species is needed.
Table 5. Parasites and commensal organisms of
Lasionycteris noctivagans.from states other than Kansas.
Type of Organism
Chiggers

Mites Excluding Chiggers

Bat (Bed Bugs)
Streblid (Winged) Bat Flies
Cestodes

Trematodes

Nematodes

Source
Turner and Jones, 1968
Jones et al., 1973
Turner, 1974
Boyd and Bernstein, 1950
Whitaker, 1973
Turner, 1974
Stiles and Nolan, 1930
Usinger, 1966
Whitaker, 1973
Turner, 1974
Macy and Rausch, 1946
Stunkard, 1961
Webster, 1973
Rausch, 1975
Mumford and Whitaker, 1982
Macy, 1933
Webster, 1973
Mumford and Whitaker, 1982
Eckerlin, 1988
Pistole, 1988
Blankespoor and Ulmer, 1970
Webster, 1973

Documented predators of silver-haired bats are
listed by Sparks et al (2000). Like red bats and hoary
bats, silver-haired bats occasionally collide with
structures during migradion (Saunders, I 930; Crawford
and Baker, 1981). They also have been shown to
accumulate organochlorine residues after a forest was
sprayed with DDT (Henney et al., 1982). No parasites
are known from this species in Kansas, but a variety of
taxa parasitize this bat in other states (Table 5). The
strain of rabies associated with silver-haired bats bas
been the cause of 15 human deaths in the United States
since 1983 (Hunt and Bhatnager, 1998).
Conservation.-The silver-haired bat is not in
need of special protection in Kansas. See the account
of the big brown bat for details on conservation
measures for bats in general.
Specimens Examined, 30.-DECATUR CO.:
3 mi. S, 5 mi. W Norcatur (I MHP); Oberlin (I KU).
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DOUGLAS CO.: Lawrence (I KU). ELLIS CO.:
northern Hays (I MHP); Fort Hays State University (1
MHP). FINNEY CO.: Garden City (I KU). GEARY
CO.: specific locality unknown (1 KU). GRANT CO.:
Ulysses (I MHP). MORTON CO.: 9 mi. N, 4.5 mi. E
Elkhart (6 MHP); 7 mi. N, 2.25 mi. W Elkhart, Point of
Rocks (4 MHP); Elkhart (3 KU); 1 mi. W Elkhart (1
KU). NORTON CO.: 2 mi. S, 2 mi. E Almena (I
MHP). ROOKS CO.: 7.75 mi. N, 0.25 mi. W Stockton
(I MHP); 0.75 mi. S, 7.75 mi. W Webster (I MHP).
THOMAS CO.: Colby (I MHP); 4 mi. N, 1 mi. W
Mingo (I MHP); 3.5 mi. N Rexford (I MHP). TREGO
CO.: WaKeeney (I MHP). WALLACE CO.: 13 mi.
N, 3 mi. W Weskan (1 MHP).
Other Records 3.-MEADE CO.: Meade
County State Park (Getz, 1961). SHERMAN CO.:
specific locality unknown (I USNM).

Lasiurus borealis
Distribution.-The eastern red bat occurs
throughout eastern North America from central Florida
to western Texas and from the Gulf of Mexico to just
north of the Canadian border (Hall, I 981, as modified
by Baker et al., 1988). In Kansas (Fig. 8), the eastern
red bat can be found anywhere although it is more
abundant in eastern counties.
Taxonomy.--Until recently, it was assumed
that only one species of red bat (Lasiurus borealis)
occurs in the United States (e.g., Hall, 1981). Based on
genetic data, Baker et al. (1988) recognized two species
of red bats--L. borea/is in the East and L. blossevillii in
the West. The eastern species currently is regarded as
monotypic (Baker et al., 1988).
Historical Biogeography.-The eastern red bat
and the hoary bat were among the first bats documented
in western Kansas (Baker, 1889), and both undoubtedly
resided in and migrated over Kansas prior to the time of
settlement. Today, both species appear to raise their
young throughout the state in wooded areas. Because
these species use arboreal sites to rear their young and
there are more trees in Kansas now than in the past,
they undoubtedly are more common today than before
settlement.
Natural History.-Eastern red bats emerge
early in the evening from day roosts that usually are in
trees. Indeed, the eastern red bat is almost exclusively
arboreal in Kansas, although individuals have been
captured swanning around the entrances of caves
further east (Barbour and Davis, 1969, 1974).
Individuals that enter caves for extended periods of
time, however, soon become torpid and die (Barbour
and Davis, 1969, 1974). A similar fate awaits red bats
that enter buildings. We would not expect eastern red
bats to make use of bat houses.

EUGENE D. FLEHARTY FRESCHRIFT

188

100

102

~Okm
Fig. 8. Distribution of Lasiurus borealis in Kansas. See Fig. 6 for an explanation of symbols.

Eastern red bats are summer residents of
Kansas, but ·most migrate south for winter. In other
states at similar latitudes, some red bats are year-round
residents (Davis and Lidicker, 1956; Koontz and Davis,
1991 ). Efforts should be directed toward ascertaining if
this is also the case in Kansas.
As do other native vespertilionids, eastern red
bats copulate in autumn. Copulation may be initiated in
flight (Stuewer, 1948). Fertilization is delayed until
late spring. Typically, three to four pups are born in
early June (Jones et al., 1967), although litters of one,
two, and five have been recorded. Young are suckled
on four teats. While the mother forages, the juveniles
are left at the day roost. Young begin to fly in mid- to
late June, when their average total length is
approximately 80 mm (Whitaker and Mumford, 1972;
Mumford, 1973) and their forearms measure
approximately 38 mm (Mumford, 1973).
Foraging red bats have a straight, rapid flight
except when they first emerge, when their flight often is
erratic (Barbour and Davis, 1974). These bats often
forage around lights in rural and suburban areas but not
in urban areas (Furlonger et al., 1987). They forage
primarily over land and are associated with edge
habitats (Furlonger et al., 1987). These bats appear to
eavesdrop on the echolocations of conspecifics and may
attempt to capture a food item that another bat has
detected, resulting in what may appear from the ground
to be a territorial interaction (Hickey ~d Fenton, 1990).

The diet of eastern red bats has not been
studied in Kansas, but in other states eastern red bats
feed on a variety of insects. Ross ( 1967) found insects
of the order Homoptera to be the most common prey in
Indiana and Illinois. Whitaker (1972) reported insects
of the orders Lepidoptera, Coleoptera, Homoptera, and
Hymenoptera to be the most frequent prey items. From
these observations it appears that the red bat may be a
generalist that feeds on whatever insects are most
readily available.
Female eastern red bats often are found by
laypersons when a mother and young fall from their
roost and come to rest on the ground or the sides of
trees or houses. When this occurs, the bats may crawl
back up a tree or become prey for a variety of predators
(Sparks et al., 2000). Eastern red bats occasionally
become entangled in barbed wire (Johnson, 1933) and
burdocks (Mumford, 1973; Johnson, 1933). During
migration, groups of these bats sometimes collide with
buildings (Saunders, 1930; Terres, 1956; Van Gelder,
1956), radio towers (Janes, 1959; Crawford and Baker,
1981), and similar structures (Van Gelder, 1956).
Hailstones occasionally kill eastern red bats (Mumford,
1973). We recovered several mites from a red bat
captured in Ellis County. The only other parasite
known from this bat in Kansas is the cestode
Cycloskrjabinia taborensis (Loewen, 1934). Parasites
of the species from other areas are listed in Table 6. The
longest recorded lifespan for an eastern red bat is seven
years (Barbour and Davis, 1969).

SPARKS AND CHOATE-BA TS IN KANSAS

Table 6. Parasites and commensa/ organisms of
Lasiurus borealis from localities other than Kansas.
. Type of Organism
Mites
Bat (Bed ) Bugs
Fleas
Cestodes

Trematodes

Nematodes

Source
Tipton and Boesse,
Whitaker,
Lowery,
Lowery,
Stunkard,

1958
1982
1974
1974
1961
Kunz, 1968
Blankespoor and Ulmer, 1970
Webster, 1973
Lowery, 1974
Pistole, 1988
Stiles and Nolan, 1930
Alicata, 1933
McIntosh, 1934
Kunz, 1968
Blankespoor and Ulmer, 1970,
1972
Webster, 1973
Lowery, 1974
Pistole, 1988
Elsea, 1953
Blankespoor and Ulmer, 1970
Webster, 1973

Conservation.-The eastern red bat is not in
need of special protection in Kansas. See the account
of the big brown bat for details on conservation
measures for bats in general.
Specimens Examined, 391.-ATCHINSON
CO.: 2 mi. S, 0.75 mi. E Atchinson (I KU). BARBER
CO.: 2 mi. N, 1 mi. E Sharon (1 KU). BARTON CO.:
Great Bend (4 MHP). BOURBON CO.: 0.5 mi. N, 1
mi. E Fort Scott (1 PSUMC); Fort Scott (5 KU).
BUTLER CO.: 9 mi. S, 5 mi. E El Dorado (I KU).
CHEROKEE CO.: Baxter Springs (3 PSUMC); 1.5 mi.
S Galena (I KU); specific locality unknown (I KU).
COMANCHE CO.: 1 mi. S, 4 mi. E Wilmore (I KU).
COWLEY CO.: Arkansas City (2 KU); Winfield (I
SCMNH). CRAWFORD CO.: 1 mi. N Crawford State
Park (1 PSUMC); 2 mi. NE Farmington, State Park (1
KU); 4 mi. N Pittsburg State University (1 PSUMC);
Pittsburg (I KU, IO PSUMC); specific locality
unknown (I PSUMC). DONIPHAN CO.: 4 mi. NE
Doniphan (I OAM); Doniphan Lake (I KU); Geary (I
KU). DOUGLAS CO.: 2 mi. N, 0.5 mi. E Baldwin (I
KU); 2 mi. S, 3 mi. W Clinton (1 KU); 3.5 mi. NW
Lawrence (9 CMNH); 3 mi. NW Lawrence (5 CMNH);
Lawrence, University of Kansas ( 14 KU); Lawrence,
Fisheries Laboratory (20 KU); Lawrence (7 CMNH, 2
UIMNH, 86 KU, 5 MSU); 7.5 mi. W Lawrence (2
CMNH); 2.5 mi. S, 4.5 mi. E Lawrence (1 KU); 3.5 mi.
S, 3 mi. W Lawrence (3 KU); 3 mi. SW Lawrence (3
KU); 4.75 mi. S, 4 mi. W Lawrence (I KU); 6.5 mi.
SW Lawrence (2 CMNH); 7. 5 mi. SW Lawrence (2
KU); 3 mi. up Kaw River (unmapped) (I KU); specific
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locality unknown (8 KU). ELK CO.: 0.1 mi. N Upola
(I MHP). ELLIS CO.: Hays (14 MHP). FRANKLIN
CO.: Ottawa (4 KU). GEARY CO.: 3.25 mi. S, 1.25
mi. W Junction City (I KU). GRAHAM CO.: 14 mi.
S, 1.75 mi. W Hill City (I MHP). GRANT CO.:
Ulysses (1 MHP). GREENWOOD CO.: Hamilton (3
CMNH; 28 KU); 8.5 mi. SW Toronto (14 KU); specific
locality unknown (1 CMNH, 6 KU). HAMIL TON
CO.: 1 mi. E Coolidge (2 KU). HARVEY CO.:
Newton (8 KSTC). JACKSON CO.: 3.5 mi. SW
Muscotah (4 KU). JEWELL CO.: TIS, R6W, Sec 1 (2
MHP). KIOWA CO.: 1 mi. S, 1 mi. E Haviland (I
MHP). LABETTE CO.: IO mi. SW Oswego (I KU).
LEAVENWORTH CO.: 6 mi. ENE Lawrence (Douglas County) (2 CMNH); Leavenworth (I KU); Ft
Leavenworth (3 KU). LYON CO.: Emporia (19
KSTC). MARSHALL CO.: 1.5 mi. N, 1.5 mi. W Blue
Rapids (2 KU). McPHERSON CO.: 1.5 mi. N, 20.5
mi. W Lindsborg (4 MHP). MEADE CO.: Fowler (1
KU); Meade County State Park (3 KU); 14 mi. SW
Meade (1 KU); 17 mi. SW Meade (I KU).
MONTGOMERY CO.: 4 mi. N Caney (3 KU); 4 mi.
NNW Independence, Elk Creek (4 KU); 3.75 mi. S, 5.5
mi. W Sycamore, Elk City Lake (I MHP). MORTON
CO.: 10.25 mi. S, 8 mi. W Richfield, Cimarron
National Grasslands (2 MHP). OSBORNE CO.: 0.5
mi. S, 1.0 mi. E Natoma, along Paradise Creek (I
MHP). PAWNEE CO.: Larned (4 KU). PHILLIPS
CO.: 7 mi. S, 4 mi. E Glade, along Bow Creek (I
MHP). RILEY CO.: 3 mi. S, 3 mi. W Manhattan (1
UW-WSM); 4 mi. S Randolph (1 KU). RUSH CO.:
Otis (I MHP). RUSSELL CO.: Paradise (I MHP).
SALINE CO.: 5 mi. N, 3 mi. W Salina (1 KU).
SCOTT CO.: 8 mi. S, 4 mi. W Scott City (I MHP).
SEDGWICK: Haysville (I MHP); Wichita (3 KU, 7
MHP). SEWARD CO.: IO mi. NE Liberal (I KU).
SHAWNEE CO.: Topeka (2 KU); 1 mi. W Topeka (3
KU).
SMITH CO.:
Kensington (4 MHP).
STAFFORD CO.:
Little Salt Marsh (2 KU).
WOODSON CO.: 2 mi. E Toronto, Toronto Reservoir
(I KU); 2 mi. S Toronto, Toronto Reservoir (I KU);
Woodson State Lake (2 KU). WYANDOTTE CO.:
Kansas City (I KU).
Other Records, 19.-ALLEN CO.:
Iola
(Sparks and Choate, 1996). CHAUTAUQUA CO.:
Cedar Vale (1 USNM). COFFEY CO.: .Flint Hills
National Wildlife Refuge, T20S, R14E, NE 1/4 Sec 29
(Sparks and Choate, 1996). EDWARDS CO.: specific
locality unknown (Bee et al., 1981). GREENWOOD
CO.:
specific locality unknown (Cragin, 1885).
HARVEY CO.: 4 mi. N, 0.5 mi. W Newton (Jones et
al., 1967). KEARNY CO.: Lakin (Jones et al., 1967).
LEAVENWORTH CO.: Jarbola Creek, (K. Brunson,
in litt).
LINN CO.:
Marias des Cygnes State
Waterfowl Area, T20S, R24E, SE 1/4 Sec 5 (Sparks
and Choate, 1996); UTM= 358.1, 4233.5 [approximately
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1 mi. S, 3.5 mi. E Trading Post] (K. Brunson in litt.).
LABETTE CO.: Oswego (Kellogg, 1916). MIAMI
42
3
CO.: UTM= 25.4, 85.0 [approximately 1.75 mi. S,
3.5 mi. W Antioch] (K. Brunson, in litt.).
LEAVENWORTH CO.: Fort Leavenworth, UTM=
43
3
43
3
34.2, 59.2 (K. Brunson, in litt.); UTM= 18.4, 38.7
[approximately 1.5 mi. S, 1.5 mi. W Jarbola] (K.
Brunson, in litt.). MONTGOMERY CO.: · Caney
(Kellogg, 1915). POTTAWATOMIE CO.: specific
RICE CO.:
locality unknown (Cockrum, 1952).
Sterling (Loewen, 1934). RILEY CO.: Camp Forsyth,
camp limits (1 CAS, 3 TCWC). TREGO CO.: vicinity
WAUBUNSEE CO.:
WaKeeney (Baker, 1889).
1885).
(Cragin,
unknown
locality
specific
WASHINGTON CO.: specific locality unknown (Bee
et al., 1981). WOODSON CO.: Neosho Falls (Cragin,
1885). WILSON CO.: specific locality unknown
(Jones et al., 1967).
Lasiurus cinereus
Distribution.-The hoary bat ranges from
north-central Canada south to near the Yucatan
Peninsula of Mexico (Hall, 1981 ). In Kansas (Fig. 9),
the hoary bat is found statewide during migration.
Taxonomy.-Lasiurus cinereus cinereus is the
only subspecies recognized in Kansas (Hall, 1981;
Shump and Shump, 1982b).
Historical Biogeography.-The biogeography
of this species is discussed in the account of the eastern
red bat.
Natural History.--Like the congeneric eastern
red bat, the hoary bat is both migratory and arboreal.
Roosts are in either deciduous or coniferous trees.
Generally, they are from 5-7 m above the ground
(Constantine, 1966) and can be observed only from
directly underneath. Individuals rarely are found in
buildings (Barbour and Davis, 1969), and we would not
expect this species to use bat boxes. In some states,
hoary bats generally are sexually s_egregated, with
males rare or altogether absent in the parturative range
(Findley and Jones, 1964; Barbour and Davis, 1969).
However, limited data from Oklahoma do not appear to
support this observation (Caire et al., 1986). In Kansas,
about twice as many females as males have been
captured, discounting obvious juveniles (Table 7).
Hoary bats typically produce twin pups
between late May and early July (Barbour and Davis,
1969). Thereafter, the mother spends less and less time
with the family group (Barclay, 1989). The young bats
become volant when about one month old (Bogan,
1972). Like the eastern red bat, female hoary bats with
attached juveniles often are knocked out of trees to a
low enough height above the ground that they cannot
take flight.
Hoary bats emerge late in the evening after
darkness is nearly complete except during migration

(Barbour and Davis, 1969). Their flight is bird-like,
They
consisting of wing flaps and short glides.
frequently fly at elevations in excess of 60 m (Barbour
and Davis, 1969). In summer, they generally are
solitary although several may be seen foraging together,
particularly over water in otherwise dry areas. Groups
of hoary bats, presumably migrating together, have
been seen and captured (Barber and Davis, 1969;
Shump and Shump, 1982b).
Table 7. Months of capture and sexes o/Lasiurus
cinereus.from Kansas, disregarding obvious juveniles.
Month
January
February
March
April
May
June
July
August
September
October
November
December

Males

Females

Total

0
0
0

0
0

0
0

1

1
1
5

0

1
1

5
1
4
1

0
0

6
16
5
1

7
0
0
0

7
21
10
2
11
1

0
0

During adverse weather conditions, hoary bats
may defend foraging territories (Barclay, 1984, 1985).
In Ontario, they are most active over forest edge sites
and sites with cover (Furlonger et al., 1987). They also
may feed on insects around lights (Furlonger et al.,
1987).
Hoary bats detect prey items at greater
distances than do most other bat species (Barclay,
1985). The diet emphasizes large (ca. 20 mm) moths
(Ross, 1967), but other insects also are eaten (Ross,
1967; Whitaker, 1972; Barclay, 1985; 1986). They
occasionally may attack smaller bats (Bishop, 1947;
Orr, 1950), but some question exists as to whether these
reports are cases of attacking food, defending
territories, or bats infected with rabies (Bell, 1980).
Diet varies temporally, spatially, and individually,
suggesting that hoary bats are at least somewhat
opportunistic in their feeding (Barclay, 1985).
Differences in diet also have been noted between adults
and juveniles. Fledgling hoary bats in Manitoba
consumed more chironomids (Diptera) and fewer
dragonflies (Odonata) than adult hoary bats (Rolseth et
al., 1994).
Because of the tendency to roost in
vegetation, hoary bats are susceptible to a variety of
predators (Sparks et al., 2000). Hoary bats also have a
tendency to become ensnared on barbed wire (lwen,
1958; Hibbard, 1963; Denys, 1972; Wisely, 1978), and
individuals have been killed by flying into buildings
and other structures (Saunders, 1930; Crawford and
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Fig. 9. Distribution of Lasiurus cinereus in Kansas. See Fig. 6 for an explanation of symbols.

Baker, 1981). No parasites have been recorded on hoary
bats in Kansas. In other states, a number of parasites of
this bat have been documented (Table 8). In Indiana, 42
of 154 hoary bats (27.3%) tested positive for rabies
between 1965 and 1984 (J. 0. Whitaker, pers. com.).
However, as for the big brown bat, these data are for
sick and dying bats and might reflect sampling error. In
fact, Constantine (1967) suggested the actual infection
rate is between two and three percent.
Conservation.-The hoary bat is not in need of
special protection in Kansas. See the account of the big
brown bat for details on conservation measures for bats
in general.
Notes .-The hoary bat is the largest bat in
Kansas. Several authors (Hall, 1923; Baker, 1954;
Preble, 1956) have published short notes on the
distribution of this species in Kansas.
Specimens Examined, 92.-BARTON CO.:
Great Bend, Brit Spaugh Park (1 MHP); specific locality unknown (1 MHP). BOURBON CO.: near Fort
Scott (1 PSUMC). CHEYENNE CO.: 12.5 mi. N, 5.5
mi. W St Francis (1 KU). DICKINSON CO.: Abilene
(1 KU). DOUGLAS CO.: Lawrence, Fisheries Laboratory (3 KU); Lawrence, University of Kansas (8 KU);
Lawrence (2 CMNH, 1 KSTC, 24 KU, 1 MSU, 1
UIMNH); specific locality unknown (4 KU). ELLIS
CO.: Hays, Fort Hays State University campus (2
MHP); Hays (4 MHP); Tl3, R18W, SW 1/4 Sec 28 (1
MHP). FRANKLIN CO.: Pomona (1 KU). GRAHAM CO.: 0.5 mi. S, 5.5 mi. E Hill City (1 VMKSC).

GREENWOOD CO.: Hamilton (1 KU). JACKSON
CO.: 6 mi. N, 1 mi. W Holton (1 MHP). JEWELL
CO.: TIS, R6W, Sec 1 (2 MHP). KINGMAN CO.:
Byron Walker Wildlife Management Area Headquarters (1 BWWMA). LYON co.·: 1 mi. S, 3 mi. W
Americus (1 KSTC); Emporia (10 KSTC). MEADE
CO.: Meade County State Lake (2 KU). MIAMI CO.:
2 mi. N, 3 mi. E Osawatomie (1 MHP). MITCHELL
CO.: Cawker City (1 MHP). MORTON CO.: 9 mi. N,
4.5 mi. E Elkhart (1 MHP); 8.25 mi. N, 2 mi. W
Elkhart, Cimarron National Grasslands (1 MHP); Cimarron National Grasslands (T34S, R42W, NW 1/4
Sec. 10) (1 MHP); 10.25 mi. N, 8 mi. W Richfield, Cimarron National Grasslands (1 MHP). PAWNEE CO.:
11 mi. N, 1.25 mi. W Burdette (1 KU). PHILLIPS
CO.: Agra (1 MHP). POTTAWATOMIE CO.: specific locality unknown (1 MSU). PRATT CO.: State
Fish Hatchery (now headquarters of KDWP) (2 KU);
specific locality unknown (1 KSTC). RENO CO.:
Hutchinson (1 KU). RILEY CO.: Konz.a Prairie Research Center (Tl 1S, R8E, SWI/4 Sec 7) (1 MHP).
SHAWNEE CO.: 5 mi. S, 1 mi. E Willard (1 MHP).
SUMNER CO.: near Caldwell (1 KU).
Other Records, 10.-ANDERSON CO.: Colony (Kellogg, 1915). CRAWFORD CO.: specific
locality unknown (Bee et al., 1981). DOUGLAS CO.:
Baldwin (Knox, 1875). FINNEY CO.: specific locality
unknown (Bee et al., 1981). KIOWA CO.: specific
locality unknown (Bee et al., 1981). LEAVENWORTH CO.: Ft. Leavenworth (Brumwell, 1951).
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RILEY CO.: Manhattan (Kellogg, 1915). SEDGWICK CO.: Wichita (Jones et al., 1967). WASHINGTON CO.: specific locality unknown (Bee et al., 1981).
WOODSON CO.: Neosho Falls (1 USNM). COUNTY
UNKNOWN (either Washington or Marshall): Little
Blue River (1 USNM) (not mapped).
Table 8. Parasites and commensal organisms of
Lasiurus cinereus from states other than Kansas.
Type of Organism
Chiggers
Mites Excluding Chiggers

Nycteribiid (Wingless)
·
Bat Flies
Cestodes

Trematodes

Nematodes

Spirurid Worms

Source
Whitaker,
Mumford and Whitaker,
Whitaker,
Whitaker and Easterla,
Mumford and Whitaker,

1973
1982
1973
1975
1982

Whitaker and Easterla,
Tromba,
Webster,
Cain and Studier,
Rausch,
Mumford and Whitaker,
Stiles and Nolan,
Blankspoor and Ulmer,
Webster,
Pistole,
Tromba,
Webster,
Measures,
Tromba,

1975
1954
1973
1974
1975
1982
1930
1970
1973
1988
1954
1973
1994
1954

Myotis ciliolabrum
Distribution.-The western small-footed myotis ranges from central Alberta southward and westward
along the Cascades and Sierra Nevadas into central
Mexico and north into central Nebraska (Hall, 1981, as
modified by van Zyll de Jong, 1984). In Kansas (Fig.
10), the species inhabits outcrops of the Niobrara Chalk
and other badland areas in the Northwest (Robbins et
al., 1977), where it currently is known from just four
counties (Trego, Gove, Logan, and Cheyenne). Jones et
al. ( 1967) presented evidence that several specimens
labeled as having been captured in Trego County by a
field party from the University of Kansas Natural
History Museum actually were captured in Gove
County, and we incorporate their correction herein.
Taxonomy.-Myotis ciliolabrum ciliolabrum is
the subspecies recognized in Kansas (van Zyll de Jong,
1984). However, the taxonomy of this species is
complex, specimens from Kansas having been referred
to by three different scientific names during the past
half century. Kansas populations were listed as M.
subulatus subulatus by most authors until Glass and
Baker (1968) presented evidence that name was invalid.
Populations in Kansas subsequently were known as M.

leibii ciliolabrum until van Zyll de Jong (1984)
demonstrated that two species of small-footed bats (M.
ciliolabrum and M leibiz) occur in central North
America. The type locality for M. ciliolabrum is the
former town of Banner in Trego County, Kansas
(Merriam, 1886), which was located 9 miles south and
2 miles east of Collyer.
Historical Biogeography.-Tbe western smallfooted myotis inhabited Kansas before settlement
(Merriam, 1886). Little is known about the subsequent
effects of human activities on the western small-footed
myotis. It possibly declined in numbers after settlement
because of disturbance during the breeding season (for
example, by fossil hunters) and destruction of habitat
(for example, the filling of Cedar Bluff Reservoir and
the excavation of chalk for road gravel).
Natural History .-The western small-footed
myotis is a saxicolous species, characteristically
inhabiting cracks in rocky bluffs. In summer, it often
hangs singly in the open on cliff faces (E. D. Fleharty,
pers. comm.) or secrets itself in small clusters in cracks
or crevices (Quay, 1948; Barbour and Davis, 1969;
Tuttle and Heaney, 1974). Day roosts may be in old
buildings (Koford and Koford, 1948; Jones, 1964),
under tree bark (Swenk, 1908; Jones, 1964), and even
in abandoned swallow nests (Jones et al., 1985). Day
roosts typically are small, dry, and hot (Tuttle and
Heaney, 1974).
In winter, this bat hibernates in caves and
mines (Turner, 1974; Armstrong et al., 1994). Little is
known about the timing of hibernation in Myotis
ciliolabrum, although several observations have been
published. Turner (1974) reported these animals in
hibernation in November and February. The eastern
sister species (Myotis leibiz) is active well into autumn.
The western small-footed myotis has not been
documented hibernating in Kansas but, in light of the
ecology of the species in surrounding states (Jones et al.
1983; Jones et al. 1985; Armstrong et al., 1994), it is
likely that it hibernates near its summer roosts in
crevices and canyons.
A single pup usually is born in early to midJune (Jones et al., 1985), although one record of twins
exists (Tuttle and Heaney, 1974). Nursing females are
solitary or form small colonies (Tuttle and Heaney,
1974). The first young are volant by the end of July
(Tuttle and Heaney, 1974). All young are volant by
early August (Jones et al., 1985).
Night roosts may be found in caves, crevices,
and man-made structures. As with other species that
frequent buildings, it is likely that well-placed bat
boxes might attract some of these bats.
Western small-footed myotis emerge from day
roosts slightly later than eastern red bats and pipistrelles
but before complete darkness. Flight is erratic, typical

193

SPARKS AND CHOATE-BATS IN KANSAS

98

96

'L. J...J...f pkm
Fig. 10. Distribution of Myotis cilio/abrum in Kansas. See Fig. 6 for an explanation of symbols.

of the genus Myotis, but is distinctive because of the
small size of these bats.
Predation has not been documented for this
species (Sparks et al., 2000). Likewise, only a few
parasites have been reported (Table 9).
In southeastern Montana, the stomach of one
specimen contained representatives of the insect orders
Diptera and Coleoptera and the stomach of a second
specimen contained remains of insects of the orders (in
no particular order) Coleoptera, Lepidoptera,
Trichoptera, Hemiptera, and Diptera (Jones et al.,
1973). In Oregon, the diet of the western small-footed
myotis was found to consist primarily of small insects
of the orders Lepidoptera, Hemiptera, and Diptera
(Whitaker et al., 1981a).
Table 9. Parasites and commensa/ organisms of
Myotis ciliolabrum.from states other than Kansas.
Type of Organism
Chiggers

Mites Excluding Chiggers
Bat (Bed) Bugs
Nematodes

Source
Bradshaw and Ross,
Turner and Jones,
Jones, et al.,
Turner,
Whitaker et al.,
Krutzsch,
Bradshaw and Ross,
Turner,
Measures,

1961
1968
1973
1974
1983
1955
1961
1974
1994

Conservation.-The status of the western
small-footed myotis in Kansas is poorly known. No
evidence exists that the species has experienced a
substantial decline in the state. Studies in other states,
however, suggest that the species is declining in
population. In order to prevent a similar situation in
Kansas, we recommend that the species be listed as a
SINC.
Specimens Examined, 25.----CHEYENNE CO.:
15 mi. N St Francis (1 MHP). GOVE CO.: Castle
Rock (3 KU, 1 MHP); south of Castle Rock (4 KU);
near Castle Rock (1 CMNH); 0.25 mi. S Castle Rock (I
MHP); 11 1/2 mi. S, 15 mi. W Gove, Monument Rocks
(1 KU, 3 MHP); 1 mi. S Monument Rocks (1 KU).
LOGAN CO.: 5 mi. N, 1 mi. E Elkader (1 MHP); 4 mi.
N, 8 mi. W Elkader (1 MHP); 3 mi. W Elkader (4 KU);
5 mi. W Elkader (2 KU); Elkader Chalk Bluffs (1
KSTC).
Other Records, 8.--GOVE CO.: Castle Rock
(1 USNM). LOGAN CO.: Elkader (1 USNM).
TREGO CO.: near Banner (6 USNM).
Myotis grisescens
Distribution.-The gray myotis ranges from
east-central Oklahoma northward to central Missouri,
eastward to western Virginia, and southward to near the
Gulf Coast in Alabama (Hall, 1981 ). In Kansas (Fig.
11 ), the gray myotis has been recorded only from the
Pittsburg (Crawford County) area, where a breeding
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Fig. 11. Distribution of Myotis grisescens in Kansas. See Fig. 6 for an explanation of symbols.

colony of these animals is located, and from adjacent
Cherokee County.
Taxonomy.-Myotis grisescens is monotypic
(Hall, 1981).
Historical Biogeography.-The gray myotis
was not recorded in the state until 1958 (Long, 1961;
Jones and Downhower, 1963). By 1961, a maternity
colony of gray bats had been discovered (Hays and
Bingham, 1964) in the storm sewer beneath Pittsburg.
Barbour and Davis (1969) noted that the species prefers
large caves with streams emerging from them. Such
habitat is absent in Kansas but is present in nearby
western Missouri. Though occasional individuals from
Missouri might have crossed into Kansas at various
times in the past, the gray myotis doubtfully established
a breeding population in the state until sometime in the
1900s.
Natural History.-Although a variety of temporary roosts may be used on occasion, the gray myotis
typically is cavernicolous, migrating between different
summer and winter caves. The species also is gregarious, forming colonies that may number into the
hundreds of thousands of individuals.
Migration to the summer range peaks in April
(Tuttle, 1976a). By May, females are sedentary,
leaving the maternity roost only to forage. Females
Goined by a few males) form maternity colonies that
vary in size from a few hundred to a quarter million
individuals (Barbour and Davis, 1969). These colonies,
with few exceptions (Brack et al., 1984; Jones et al.,

1967; Timmerman and McDaniel, 1992), are in caves.
Most males and yearling females are more scattered,
but they usually are found within the home range of the
maternity colony (Tuttle, 1976a). Females give birth to
a single pup in June (Barbour and Davis, 1969; Tuttle,
1975). Young are flying by July, when the large
maternity colonies begin to disband. Growth and
survival of the young are influenced by quality of the
foraging area, climatic conditions, cave temperature,
and by distance from the maternity cave to the foraging
area (Tuttle, 1976b).
Adult females are the first to arrive at
hibernacula, followed shortly thereafter by juvenile
females, then juvenile males, with adult males being the
last to arrive (Tuttle, 1976a). During winter, the
species forms some of the largest colonies of bats in the
United States. Most gray myotis winter in six caves in
the southeastern United States (Barbour and Davis,
1969). Winter colonies often are in excess of 100,000
animals but can range from fewer than 10 to 300,000
(Barbour and Davis, 1969). Clusters are large and can
be several tiers of bats deep. These bats generally
select winter roost sites that are from 7-10 degrees C,
and they occasionally hang with clusters of the Indiana
myotis (Myotis soda/is) (Barbour and Davis, 1969).
Hibernating gray myotis often can be distinguished
from other Myotis in Kansas by the way they hold their
wings. Most hibernating Myotis hold their wings close
to the body, but gray myotis hold them out at an angle.
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Winter colonies begin to break up in late March (Tuttle,
1976a).
Elder and Gunier (1978) studied the ecology
of the gray myotis in southwestern Missouri, and the
information below is a result of their work. Bats
banded in a Missouri hibernaculum later were found
among the bats in Pittsburg. Likewise, bats from the
Pittsburg colony later were recaptured wintering in
Arkansas, Oklahoma, and Missouri. Banding data
suggest that, in subsequent years, female gray bats may
not return to the same site at which they raised young
the year before. In other words, though groups of gray
myotis may inhabit the same site for long periods of
time, the individuals making up those groups may not
be the same. Thus, gray bats near the western end of
their range may not be as loyal to a roost as suggested
by studies conducted in the East (Tuttle, 1976a).
Gray myotis emerge early in the evening. The
emerging bats may form distinct columns that stay
together until they reach the foraging area Gray myotis
often follow streams to foraging sites (Best and
Hudson, 1996) and they forage primarily over water
(Tuttle, 1976b; LaVal et al., 1977). In Kentucky, the
diet consists primarily of coleopterans and fewer
lepidopterans, trichopterans, and dipterans (Lacki et al.,
1995). Remains recovered from the guano of this
species in Alabama included lepidopterans, dipterans,
and coleopterans more frequently than other arthropods
but demonstrated considerable temporal variation in
diet (Best et al., 1997).
The studies conducted by Tuttle (1975, 1976a,
1976b) and Tuttle and Stevenson (1977) resulted in the
collection of large numbers of specimens of these bats,
most of which are housed in the University of Kansas
Natural History Museum. These specimens include
animals from a variety of times, ages, and areas. Most
are preserved in alcohol. Perhaps one wise use of these
specimens would be to sample the stomach contents
and endoparasites of some of these animals in order to
obtain information about geographic and temporal
variation of food and parasites in this species.
As with many other bats, causes of mortality
in this species are poorly documented. Tuttle and
Stevenson (1977), based on band returns, suggested that
much mortality occurs during migration between
summer and winter caves. J. R. MacGregor (pers.
comm.) found house cats preying on bats emerging past
a poorly constructed cave gate. W. D. Hendricks (pers.
comm.) observed a black rat snake striking at gray bats
as they emerged from a cave in Kentucky. In Missouri,
juvenile gray myotis found below roosts had lethal
concentrations of dieldrin in their brains (Clark et al.,
1978). This was the first case in which mortality to bats
resulting from insecticides was documented.
Parasites of the gray myotis in Kansas have
been relatively well studied (Table 10). Gray myotis

occasionally are infected with the fungus that causes the
respiratory disease histoplasmosis in people (Tesh and
Schneidau, 1967).
Table 10. Parasites and commensal organisms of
Myotis grisescens from Kansas.
Organism
Bat Fleas
Myopsylla col/ensi
Mites
/choronyssus sp.
Paraspiturnix globsus
Spiturnix americanus
Spiturnix banksi
Streblid Bat Flies
Trichobias major
Cestodes
Vampirolepis christensoni
Nematodes
Al/antoshius travassosi
Caprillaria palmata
Trichuroides myoti
Trematodes
Acanthatrium sp.
Allassogonoporus marginalis
Limatululum oklahomensis
Plagiorchis miracanthium
Prosthodendrium swansonii
Urotrema scabridium

Source

Ubelaker, 1966
Ubelaker,
Ubelaker,
Ubelaker,
Ubelaker,

1966
1966
1966
1966

Ubelaker, 1966
Nickel and Hanson, 1967
Ubelaker, 1966
Nickel and Hanson,
Ubelaker,
Nickel and Hanson,
Ubelaker and Dailey,

1967
1966
1967
1971

Nickel and Hanson,
Nickel and Hanson,
Ubelaker,
Ubelaker,
Ubelaker,
Nickel and Hanson,
Nickel and Hanson,
Ubelaker,

1967
1967
1966
1966
1966
1967
1967
1966

Conservation.-The gray myotis once may
have been among the most abundant bats in North
America, but today it is considered endangered. Until
the development of advanced caving techniques, these
bats lived relatively undisturbed in large caves that have
primarily vertical entrances (Barbour and Davis, 1969,
1974; Tuttle, 1975). An increase in the popularity of
caving may have caused the near extinction of the gray
myotis in the mid- l 970s. Cave gates appear to have
saved the species at least for the short term. In fact,
maternity colonies in Oklahoma showed an estimated
increase of 33.3% between surveys done in 1981 and in
1991 (Grigsby et al., 1993). Gray myotis are intolerant
of disturbance, and any human who enters a cave
known to contain the species (particularly during
summer) is doing so at a substantial risk of causing the
destruction of the colony.
The only known colony of this species in
Kansas is in the storm sewer beneath the city of
Pittsburg. This colony is accessible to the public and
thus is highly susceptible to extirpation. During the
1960s, estimates of the size of the colony ranged
between 5000 and 6000 bats (Hays et al., 1983). It was
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estimated in the early 1980s that only about 2400 gray
myotis remained in that colony (Hays et al., 1983). The
gray myotis is categorized as endangered at both the
state and federal level, and every attempt should be
made to protect this species in Kansas.
Notes.-Decher (1989) and Choate and
Decher (1996) described the habitat of the gray myotis
in Kansas. The colony at Pittsburg forages near water
as far as 14.3 km from the roost.
Based on
recommendations by Decher (1989), critical habitat for
the species in Kansas was designated. However, the
roost site is an old, deteriorating, and ungated portion of
the storm sewer on city property. Therefore, it is
desirable that an artificial roost site be constructed in
the future to ensure survival of the gray myotis in
Kansas (Choate and Decher, 1996; Decher, 1989).
Specif1?ens Examined, 77.-CHEROKEE CO.:
8 mi. NE Galena (1 PSUMC); 1 mi. S Galena (I KU).
CRAWFORD CO.: Pittsburg (3 KSTC, 47 KU; 1
MHP, 22 PSUMC); 0.5 mi. S 0.5 mi. W Pittsburg (1
PSUMC); 1 mi. W Pittsburg (I PSUMC).
Myotis lucifugus·
Distribution.-The little brown myotis ranges
from central Mexico north to central Alaska and east to
the Atlantic Coast (Hall, 1981). In Kansas (Fig. 12),
the little brown myotis may be resident only in the
eastern third of the state although disoriented migrants
may be found in any part of the state.
Taxonomy.-Myotis lucifugus lucifugus is the
subspecies recognized in Kansas. Jones et al. (1967)
hypothesized that a second subspecies (M I. carisma)
might occur in western Kansas but, to date, no
specimens of that subspecies have been taken.
Historical Biogeography.-The little brown
myotis has benefited from man-made habitats in much
of the country. In Kansas, however, the species appears
to be too peripheral in distribution to have taken
advantage of the seemingly numerous habitable
structures. Except when it hibernated in an abandoned,
and now possibly destroyed (S. Roth, pers. comm.)
gypsum mine near Blue Rapids (Marshall County), the
species probably never was abundant in Kansas. A lack
of suitable hibernacula (caves) may explain the rarity of
this bat in Kansas.
Natural History.-Prior to settlement, the little
brown myotis probably used hollow trees as summer
roosts (Barclay and Cash, 1985). Today, like the big
brown bat, the little brown myotis roosts primarily in
buildings (Barclay and Cash, 1985).
Maternity colonies of the little brown myotis
in other states often contain several hundred
individuals. In most of North America, these colonies
commonly are located in attics. These bats, like others
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that inhabit buildings, readily use bat boxes (Tuttle and
Hensley, 1993).
In Ontario and adjacent areas of Quebec and
New York, young are born between 7 June and 5 July
(Fenton, 1970). Births ~ccur earlier in Illinois (Cagle
and Cockrum, 1943) and presumably occur increasingly
early in more southerly parts of the range. Young develop quickly and are on the wing less than three weeks
later (Fenton, 1970; Buchler, 1980a). Flight skills also
develop quickly, with first flights short in duration and
occurring when conspecifics are not flying in the area
(Buchler, 1980a). Some young begin hunting insects
by means of short flights from a perch but, by the age
of 24-27 days, their flight is indistinguishable from that
of adults (Buchler, 1980a). Young and some adults
may use a scent post near the maternity colony as an
orientation cue (Buchler, 1980b). Other than scent
posts, communication is limited to vocalizations and
social structure is relatively simple (Barclay et al.,
1979). However, colonies may have distinct echolocation calls (Pearl and Fenton, 1996).
Adult males occasionally are found living
within a maternity colony, but most adult males spend
summer apart from parous females. Male roosts, like
maternity colonies, often are in man-made structures.
However, the structures are less roomy than those
chosen by females and include creases in tents, the
space behind window shutters, and even areas beneath
the eaves of porches.
After foraging, an individual may fly to a night
roost. The behavior of little brown bats at night roosts
was studied by Barclay ( 1982), and the comments
below are based on his work. Communal night roosting
occurred only on cool nights during gestation. Night
roosts had higher temperatures than either the
surrounding environment or the day roosts. Thus,
communal night roosting in this species may serve as a
thermoregulatory aid that allows more rapid growth of
the fetus.
These bats form colonies of several hundred to
several thousand individuals in winter. They rarely
hibernate in clusters larger than three or four, although
a single chamber may contain several hundred
representatives of this species. In the hibernacula,
males outnumber females (Fenton, 1970).
Some
movement occurs between hibernacula. In Missouri,
the time between arousals from hibernation ranged
from 12.4 to 19.7 days for bats hibernating at 6 to 12
degrees C (Brack and Twente, 1985). However, even
when these bats emerge from the hibernacula for
several hours during winter, they do not feed (Whitaker
and Rissler, 1993).
Little brown myotis emerge to forage late in
the evening just before complete darkness. Flight often
is described as "fluttery" because these bats frequently
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Fig. 12. Distribution of Myotis lucifugus in Kansas. See Fig. 6 for an explanation of symbols.

swoop to capture insects. The relatively broad wings
(Farney and Fleharty, 1969) of this .species permit
exceptional maneuverability.
These bats frequently forage over calm water
with a smooth surface (von Frenckell and Barclay,
1986). Little brown myotis appear to feed selectively
on insects ranging from 3 to 10 mm in length, but they
are opportunistic as to what types of insects they
capture (Anthony and Kunz, 1977). In Indiana, for
example, the diet of the little brown myotis consists
primarily of insects of the orders Lepidoptera,
Homoptera, and Coleoptera (Whitaker, 1972). In New
Hampshire, insects consumed include representatives of
the orders Diptera, Lepidoptera, Coleoptera, and
Ephemeroptera (Anthony and Kunz, 1977). In Oregon,
the diet consists primarily of dipterans, lepidopterans,
and coleopterans (Whitaker et al., 1981a). Some
mosquitos are included in the diet (Fascione et al.,
1991).
Many predators occasionally prey on this
species (Sparks et al., 2000). Accidental mortality
probably is common. Lyon (1925) reported what may
have been this species ensnared in burdock. Winter
populations may be killed during flash floods of caves
(DeBlase et al., 1965). Little brown myotis also have
been shown to concentrate environmental contaminants
in their tissues (Clark and Prouty, 1976). They carry
numerous parasites (Table 11) and occasionally are
infected with rabies virus or histoplasmosis (Whitaker
and Douglas, 1986; Tesh and Schneidau, 1967).

Conservation.-The little brown myotis is rare
near the limits of its distribution in Kansas. Because
the species is common throughout much of the
remainder of North America, legal protection in Kansas
is not needed. If the mine in Marshall County is still
open, efforts should be taken to protect the site because
it provides unique habitat for this and several other
species of bats in northern Kansas. Additionally, the
mine should be gated to ensure the safety of both the
public and the chiropteran inhabitants.
Notes .-The age of specimens of juvenile little
brown bats can be estimated quantitatively from
measurements of the forearm and digital epiphyseal
cartilage (Kunz and Anthony, 1982). An interesting
area of study that has been largely ignored is the
presence of arthropod communities among the guano of
bats. The guano community of a colony of little brown
bats in several New Hampshire buildings included 11
nonparasitic arthropods (Bernath and Kunz, 1981 ).
Additionally, Fain et al. (1982) described a new species
of mite living in the guano of this bat.
Specimens Examined, 62.-BARBER CO.:
4.5 mi. SW Sun City, Havard Cave (1 KU).
CRAWFORD CO.: Pittsburg (10 KU, 1 PSUMC).
DOUGLAS CO.: Lawrence, University of Kansas (3
KU); Lawrence (4 KU). LEAVENWORTH CO.: 1 mi.
NE Leavenworth (1 MSU); Leavenworth (3 KU); SE
Edge Leavenworth (1 KU); J mi. SE Leavenworth (1
KU). MARSHALL CO.: 0.5 mi. N, 1.5 mi. W Blue
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Rapids (2 MSU); 0.25 mi. N, 1.5 mi. W Blue Rapids (18
KU, 17MHP).
Other Records, 4.-COMANCHE CO.: Double Entrance "S" Cave (Hibbard, 1934b). DOUGLAS
CO.: Baldwin (Kellogg, 1915). ELLIS CO.: specific
locality unknown (Bee et al., 1981 ). POTTAWATOMIE CO.: specific locality unknown (Cockrum,
1952).
Myotis septentrionalis
Distribution.-The northern myotis ranges
from easternmost Quebec west to central Saskatchewan
and south to northern Florida (Hall, 1981, as modified
by van Zyll de Jong, 1979). In Kansas (Fig. 13), this
species currently is known from only eight northeast
and north-central counties. However, we suspect that
the species occµrs in much of the eastern two-thirds of
the state.
Taxonomy.-Myotis septentriona/is is monotypic (van Zyll de Jong, 1979). Until recently, the
taxonomic status of populations now referred to M.
septentrionalis was in question. Barbour and Davis
(1969) listed septentriona/is as a subspecies of a closely
related species (M. keenii), but they hypothesized that
future research might reveal septentrionalis to be a
distinct species.
Research in Canada, where the
distributions of the two forms approach one another
geographically, in fact revealed that M. septentrionalis
is a species separate from M. keenii (van Zyll de Jong,
1979). Koopman {l 993) unexplicably reverted to use
of the name M keenii for these bats, a decision we do
not follow.
Historical Biogeography.-Bats of this species roost in a variety of sites, including abandoned
buildings, behind window shutters, and behind
exfoliating bark of trees (Barbour and Davis, 1969;
Fitch and Shump, 1979). Suitable habitat for this
species in Kansas was limited both before settlement
and immediately after the first wave of settlers arrived.
Today, extensive riparian forests, as well as a large
number of abandoned buildings and man-made holes in
rocks (including both mines and enlargements of
existing caves), have served to greatly expand the
opportunities for the northern myotis. We fmd it
noteworthy that breeding populations of this species
only recently have been found in the state (Sparks and
Choate, 1996; Sparks et al., in press). Thus, we
hypothesize that the northern myotis has become much
more abundant in Kansas in recent decades than it was
previously.
Natural History.-ln late spring, winter
colonies begin to break up and individuals may migrate
long distances to reach summer areas. Females form
breeding colonies that appear to average about 30
adults, although larger colonies have been reported.
These maternity colonies commonly are located in

Table 11. Parasites and commensal organisms of
Myotis lucifugus/rom states other than Kansas.
Type of Organism

Source

Yunker, 1958
Whitaker and Mumford, 1971
Whitaker and Loomis, 1979
Mumford and Whitaker, 1982
Rysgaard, 1942
Mites Excluding Chiggers
Yunker, 1958
Radovsky, 1967
Jones et al., 1973
Turner, 1974
Whitaker and Winter, 1977
Dood and Kurta, 1982, 1988
Mumford and Whitaker, 1982
Jones and Thomas, 1983
Smith, 1981
Whitaker et al., 1983
Veal et al., 1984
Whitaker and Mumford, 1971
Ticks
Mumford and Whitaker, 1982
Stiles and Nolan, 1930
Fleas
Rysgaard, 1942
Jameson, 1943
Judd, 1953
Whitaker and Mumford, 1971
Dood and Kurta, 1982, 1988
Mumford and Whitaker, 1982
Usinger, 1966
Bat (Bed) Bugs
Dood and Kurta, 1988
Streblid (Winged) Bat Flies
Turner, 1974
Nycteribiid (Wingless) Bat Flies
Peterson, 1960, 1963
Whitaker and Easterla, 1974
Macy and Rausch, 1946
Cestodes
Blankespoor and Ulmer, 1970
Cain and Studier, 1972
Webster, 1973
Rausch, 1975
Pistole, 1988
Blankespoor and Ulmer, 1970
Trematodes
Whitaker and Mumford, 1971
Webster, 1973
Coggins et al., 1982
Mumford and Whitaker, 1982
Pistole, 1988
Macy, 1935
Nematodes
Tromba and Smith, 1952
Douvres, 1956
Blankespoor and Ulmer, 1970
Cain and Studier, 1972
Webster, 1973
Webster and Casy, 1973
Mumford and Whitaker, 1982
Pistole, 1988
Measures, 1994
Tromba, 1952
Spirurid Worms
Stiles and Nolan, 1930
Spiny-Headed Worms
Bower and Woo, 1981
Trypanosomes

Chiggers
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Fig. 13. Distribution of Myotis septentrionalis in Kansas. See Fig. 6 for an explanation of symbols.

hollow trees or behind exfoliating bark (Mumford and
Cope, 1964; Kurta, 1995; Sasse and Perkins, 1996),
although some have been found in abandoned
buildings, in bat houses, and behind window shutters.
Copulation occurs before hibernation.
In
Missouri, parturition occurs in late May and early June
(Easterla, 1968; Caire et al., 1979). Just one young bat
is born per pregnant female per year (Cope and
Humphrey, 1973). In Kansas, most young are born in
June and probably are volant by late July. A gravid
female was captured on 3 July 1995, and lactating
females were captured on 15 July. Volant juveniles
were captured, .and had a well-developed flight pattern,
on 29 July (Sparks et al., in press). Earlier authors
(Choate and Fleharty, 1975) hypothesized that the
northern myotis was present in Kansas primarily as a
migrant. However, this bat was one of the species that
we encountered most often along riparian corridors in
north-central Kansas during the summer of 1995.
As in many other vespertilionid species, males
spend summer either alone or in small groups and
summer roosts may be shared with other species. Roost
locations are varied, including bridges, bat boxes, tents,
and abandoned buildings.
Hibernacula of this species occur primarily in
caves, mines, and other such structures (Fitch and
Shump, 1979). Hibernation lasts from October to
March in eastern Missouri (Caire et al., 1979).
Individual bats usually hibernate separately, often in
broken stalactites, cracks, and crevices (Caire et al.,
1979). They apparently do not feed during winter even
though they may emerge from time to time (Whitaker
and Rissler, 1993).

Northern myotis emerge early in the evening
before full darkness, and they may be captured at this
time in mist nets placed in riparian corridors. They
tend to forage in areas of dense forest (LaVal et al.,
1977; Caire et al., 1979). Their diet includes insects of
the orders Hemiptera, Homoptera, Hymenoptera,
Lepidoptera, Neuroptera, and Diptera (Whitaker, 1972;
Griffith and Gates, 1985). These animals appear to
feed on insects by arial hawking and on insects and
spiders (J. 0. Whitaker, Jr., pers. comm.) by gleaning
prey from surrounding structures. The echolocation
calls used in gleaning attacks are relatively inaudible to
roosting moths (Faure et al., 1993).
Some animals occupy a night roost and reemerge to forage a second time immediately before
dawn (Barbour and Davis, 1969). We found a juvenile
male roosting at night in an irrigation pump house in
Russell County (Sparks, 1996).
No predators have been recorded for Myotis
septentrionalis (Sparks et al., 2000). A northern myotis
was found dead next to a road in Hays, possibly the
victim of a collision with an automobile.
In Kansas, the species is known to be
parasitized by the chigger Euschongastia pipistre/li
(Jones et al., 1952; Loomis, 1956) and the cestode
Vampirolepis roudabushi (Nickel and Hansen, 1967).
One of us (DWS) recently recovered a mite from a
northern myotis taken in Phillips County. Known
parasites in other parts of the range are listed in Table
12. About 3% of bats of this species submitted for
analysis tested positive for rabies but, as mentioned for
the big brown bat, animals submitted for testing may
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not be representative of natural populations (Whitaker
and Douglas, 1986).
Table 12. Parasites and commensal organisms of
Myotis septentrionalis.from states other than Kansas.
Type of Organism

Source

Sealander and Young,
Turner,
Whitaker and Winter,
Whitaker and Loomis,
Mumford and Whitaker,
Radovsky,
Mites Excluding Chiggers
Whitaker and Winter,
Dood and Kurta, 1982,
Mumford and Whitaker,
Bat (Bed) Bugs
Mumfrod and Whitaker,
Dood and Kurta,
Fleas
Macy and Rausch,
Cestodes
Webster,
Blankespoor and Szymuseik,
Rausch,
Coggins et al.,
Mumford and Whitaker,
Pistole,
Whitaker and Mumford,
Trematodes
Blankespoor and Szymuseik,
Coggins et al.,
Mumford and Whitaker,
Pistole,
Mumford and Whitaker,
Nematodes
Pistole,

Chiggers

1955
1974
1977
1979
1982
1967
1977
1988
1982
1982
1982
1946
1973
1974
1975
1981
1982
1988
1971
1974
1981
1982
1988
1982
1988

As do many other bats, northern myotis
engage in an activity known as swarming. In late
summer and early fall, large numbers of these animals
fly about the entrances of caves (Barbour and Davis,
1969, 1974). Some individuals enter the caves. The
purpose of swarming is not known although it may be
involved in selecting winter quarters or in mate
selection. Swarming has not been recorded in Kansas
but should be looked for.
Conservation.-Tbe northern myotis is not in
need of special protection in Kansas. See the account
of the big brown bat for details on conservation
measures for bats in general.
Specimens Examined, 105.--ELLIS CO.:
Hays, Fort Hays State University (1 KU, 14 MHP);
Hays (9 MHP); 1 mi. S Hays (1 MHP); 1.5 mi. S, 0.5
mi. E Hays (2 MHP); TllS, Rl6W, SE 1/4 Sec 31 (7
MHP). GRAHAM CO.: 13.5 mi. N, 3.5 mi. E Bogue
(1 MHP). MARSHALL CO.: 2.5 mi. N, 1 mi. E Blue
Rapids (1 KSTC); 0.5 mi. N, 1.5 mi. W Blue Rapids
(40 MHP); 0.25 mi. N, 1.5 mi. W Blue Rapids (15 KU).
OSBORNE CO.: 0.5 mi. S, 1.0 mi. E Natoma (3
MHP). PHILLIPS CO.: 7 mi. S, 4 mi. E Glade {l
MHP). ROOKS CO.: 7.5 mi. N, 0.25 mi. W Stockton
(2 MHP); 3 mi. S, 1 mi. W Woodston (1 MHP).

RUSSELL CO.: 5.5 mi. S, 0.75 mi. W Bunker Hill (1
MHP); Paradise (3 MHP).
Other Records, 3.-WASHINGTON CO.:
Hanover (Jones et al., 1967); Morrowville (Jones et al.,
1967); Washington (Jones et al., 1967).
Myotis velifer
Distribution.-The cave myotis ranges from
Honduras north to the California/Nevada border and
east to Kansas (Hall, 1981 ). In south-central Kansas
(Fig. 14), the cave myotis is known from the Oklahoma
border north to Pawnee County, east to Harper County,
and west to Meade County.
Taxonomy.-Myotis ve/ifer magnamolaris is
the subspecies recognized in Kansas (Hayward, 1970,
as modified by Dalquest and Stangl, 1984). Earlier,
Jones et al. (1967) referred populations of the cave
myotis in Kansas to M. v. incautus. Based on morphometric data, Hayward (1970) described the subspecies
M. v. grandis from Kansas, Oklahoma, and the
Panhandle of Texas. The subspecific name currently in
use originally was applied to what was thought to be an
extinct species of bat (M. magnamolaris) in Texas
(Choate and Hall, 1967). M.' magnamolaris was
regarded as a synonym of M. ve/ifer (Dorsey, 1977)
until comparison of the fossil material with Recent
specimens of M. v. grandis showed them to be the same
(Dalquest and Stangl, 1984). Because magnamolaris is
the older name (Dalquest and Stangl, 1984), it is the
valid name for this subspecies.
Historical Biogeography.-In Kansas, this
species probably originally was restricted to the
Gypsum Hills of Barber, Comanche, and Kiowa
counties. Today, the species is known to inhabit not
only the caves and mines of the Gypsum Hills but also ·
numerous sites adjacent to the Gypsum Hills. Several of
these sites (for example, old barns in Kingman and Pratt
counties) harbor maternity colonies. It appears that the
cave myotis has managed to expand its range into areas
that lack caves by adapting to buildings. _
Natural History.-Before settlement, the cave
myotis was almost exclusively cavernicolous. With the
arrival of settlers, the cave myotis evidently began to
take advantage of buildings for roosts.
Bats begin to leave hibernacula in April, and
males follow females to the maternity colonies (Kunz,
1971b, 1973, 1974b). Summer colonies of the cave
myotis are in caves, mines, and buildings. Most males
leave the females in late spring (Kunz, 1974b) and
become widely scattered. Growth and development of
cave myotis in Kansas were studied by Kunz, (1971b,
1973).
Female cave myotis probably ovulate from late
March to early April. Yearlings are sexually mature
(Kunz, 1971b, 1973). Most parturition occurs from
mid-June to late June {Twente, 1955b, Kunz, 1971b,
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Fig. 14. Distribution of Myotis velifer in Kansas. See Fig. 6 for an explanation of symbols.

1973). Litters consist of just one young (Hayward,
1970). Nursing peaks in mid-afternoon and after the
females return from their foraging trips (Kunz, 1971b,
1973). Young become volant at abou~ three weeks and
are weaned at about six weeks.
In males, testicles increase in size after bats
leave the hibernaculum and are largest in August
(Hayward, 1970; Kunz, 1973). Maximal size of the
caudal epididmydes occurs in October. In Arizona,
copulations are initiated in August or September
(Hayward, 1970).
In winter colonies, these bats typically form
large, tight, and partially sexually segregated clusters in
the most humid areas of caves (Twente, 1955a, 1955b).
In Kansas, this species hibernates in the warmest areas
of caves that also are used by Townsend's big-eared
bats (Humphrey and Kunz, 1976). Kunz (1971b, 1973,
1974b) indicated that winter colonies began to form
about mid-October and break up in mid-April.
Cave myotis emerge well before it becomes
fully dark. Twente (1955a) observed apparent lightsampling behavior wherein individuals from a roost
began flying to the entrance of a cave about 15 minutes
before the beginning of emergence. After emergence
began, the cave was empty of cave myotis in fewer than
30 minutes.
Foraging occurs primarily over water at
heights of 6-15 m (Caire et al., 1984). Adults show a
bimodal pattern of foraging, with most activity
occurring early in the evening and a second period of
activity just before dawn although individuals may be

active throughout the night (Kunz, 1974b). Juveniles
develop this pattern by early August (Kunz, 1974b).
Adults may make use of night roosts (Kunz, 1974b).
Energetics and diet of the cave myotis in
Kansas were studied by Kunz (1971b, 1974b). Beetles
appear to be the most common food item (Kunz,
1974b). In other states, more moths than beetles
areeaten (Ross, 1967; Hayward, 1970). It is possible
that, if energetics are considered, moths are the most
important food source for cave myotis in Kansas (Kunz,
1974b) although these bats are opportunistic feeders
(Vaughan, 1980).
Causes of mortality are better known for the
cave myotis than for most other bat species. A variety
of predators have been documented (Sparks et al.,
2000). Twente (1955b) hypothesized that predation is
the primary limiting factor for the cave myotis. However, large numbers of these bats have been reported
hanging from the ceilings of caves in a partially
mummified condition, possibly indicating death from
disease (Cockrum, 1952; Raun, 1960). Additional
studies (Theis and Theis, 1997) have shown that this
species accumulates environmental toxins.
Parasites of this species in Kansas are
relatively well known. Loomis ( 1956) reported four
chiggers (Whartonia senase, Trombicula cynos, T.
fitchi, and Euschongastia jonesi). Other ectoparasites
include the mites Spinturnix banksi and Jchoronyssus
sp., the flea Myodopsyl/a col/insi (Ubelaker, 1966), and
the streblid bat fly Trichobius major (Ross, 1961a;
Overal, 1974; Ubelaker, 1966; Caire et al., 1981).
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Nickel and Hansen (1967) reported that the cave myotis
is endoparasitized by a trematode (Dicrocoe/ium rileyi),
a cestode ( Vampirolepis gertschi), and two nematodes
(Allantoshius travassosi and A. nycticeius). Ubelaker
(1966) documented an additional trematode, Limatulum
oklahomensis. Parasites documented for this bat in
other areas are listed in Table 13.
Table 13. Parasites and commensa/ organisms of
Myotis velifer from states other than Kansas.
Type of Organism

Source

Bradshaw and Ross, 1961
Veal, 1983
Mites Excluding Chiggers
Hedeen, 1953
Jameson, 1959
George and Strandtmann, 1960
Bradshaw and Ross, 1961
Radovsky, 1967
Whitaker and Easterla, 1975
Reisen et al., 1976
Veal, 1983
Bradshaw and Ross, 1961
Bat (Bed) Bugs
Usinger, 1966
Wehrle, 1953
Bat Fleas
Bradshaw and Ross, 1961
Hayward, 1970
Whitaker and Easterla, 1975
Reisen et al., 1976
Veal, 1983
Jameson, 1959
Nycteribiid (Wingless) Bat Flies
Hayward, 1970
Streblid (Winged) Bat Flies
Whitaker and Easterla, 1975
Reisen et al, 1976
Veal, 1983
Caire et al., 1985
Jameson, 1959
Cestodes
Webster, 1973
Jameson, 1959
Trematodes,
Webster, 1973
Jameson, 1959
Nematodes
Webster, 1973
Chiggers

Conservation.-The cave myotis is not in need
of special protection in Kansas. See the account of the
big brown bat for details on conservation measures for
bats in general.
Notes.-With the exception of pathogenic
forms, the bacterial fauna associated with bats has been
largely ignored. A fauna of 19 commensal species of
bacteria has been documented for the cave bat in
Oklahoma (Zanowiak et al., 1993). Future research
should be directed at this neglected area for all bat
species.
Specimens Examined, 547.-BARBER CO.:
0.5 mi. E Aetna (1 MHP); 2 mi. S Aetna (32 KU);
Schwartz Canyon, McMoren Cave (1 KSTC); 3.5 mi. S,
1 mi. W Aetna (7 CMNH, 1 MMNH, 1 MSU); 4 mi. S, 1

mi. W Aetna, Lost Colony Cave (20 KU); 4 mi. S Aetna
(10 KU); 8 mi. W Medicine Lodge (3 KU); 1.5 mi. S
Sun City (2 KU); 1.5 mi. S, 1.5 mi. W Sun City,
National Gypsum Mine (88 KU); 2.5 mi. S Sun City (2
MSU); 2 mi. S, 1 mi. W Sun City (4 MMNH); 3 mi. S,
0.5 mi. W Sun City (1 MMNH); 4 mi. S Sun City (11
KU); 4 mi. S Sun City, Triple Arch Cave (3 MMNH);
4.5 mi. S, 0.25 mi. E Sun City (1 MMNH); 4.5 mi. S
Sun City (27 MHP, 1 FSM, 4 VMKSC); 4.5 mi. S Sun
City, Havard Cave (2 CMNH, 3 UU, 3 UIMNH, 1
MMNH, 2 MSU); 4.5 mi. S Sun City, Dancer's Cave (1
CMNH); 4.5 mi. SW Sun City, Havard Cave (27 KU);
Havard Cave (1 FSM, 55 KU); 4. 75 mi. S, 0.5 mi. E
Sun City (2 KU); 4. 75 mi. S Sun City (1 MMNH);
specific locality unknown (1 MSU). CLARK CO.:
6.25 mi. N, 3.5 mi. W Englewood (36 KU); 3.75 mi. N,
1.25 mi. W Englewood (5 MHP). COMANCHE CO.:
6 mi. NW Aetna (Barber County), Double S Cave (13
KU); Schwartz Canyon, "S'' Cave (1 KU, 1 UU); 9 mi.
S, 14 mi. E Coldwater, Schwartz Canyon (17 KU); 12
mi. W Aetna, Schwartz Canyon (4 KSTC); 8 mi. SW
Aetna (Barber County), Schwartz Canyon (1 KU); 1.5
mi. S, 16.25 mi. E Buttermilk (7 MHP); 10 mi. S, 10.75
mi. E Coldwater, Gyp Cave (8 KU); JO mi. S, 10.5 mi.
E Coldwater (1 KU); 12 mi. S, 14 mi. E Coldwater (1
MHP); 14 mi. S, 17 mi. E Coldwater (3 MHP); 14 mi. S,
16 mi. E Coldwater (1 MHP); 17 mi. S, 6 mi. W
Coldwater (3 KU); 10 mi. S Protection (3 KU); 12 mi. S
Protection (2 MHP); 0.5 mi. S, 3 mi. E Wilmore (1
KU); 1 mi. S, 4 mi. E Wilmore (20 KU); 1 mi. S, 2.5 mi.
E Wilmore (6 MHP); T35S, R34W (probably 16W),
Sec 16 (21 MHP); T35S, Rl7W, Sec 2 (7 MHP).
EDWARDS CO.: 4 mi. S, 2 mi. W Kinsley (3 MHP);
T25S, R19W, SE 1/4 Sec 19 (1 MHP). FORD CO.: 6
mi. E Ford, Arkansas River (1 KU). HARPER CO.:
Harper (7 KU); specific locality unknown (3 KU).
KINGMAN CO.: 6 mi. E Calista, Byron Walker
Wildlife Management Area (1 MHP); Calista (1
BWWMA). KIOWA CO.: 4 mi. N Belvidere (3 KU);
6 mi. S, 2 mi. E Haviland (26 MHP); 4 mi. S, 2 mi. W
Belvidere (1 MHP). MEADE CO.: 5 mi. N, 6 mi. W
Fowler (7 KU); 1 mi. S, 0.75 mi. W Fowler (12 MHP).
PAWNEE CO.: Larned (2 KU). PRATT CO.: 1.5 mi.
N, 7 mi. E Pratt (1 MHP); Pratt (1 KU); 1 mi. S, 2 mi. E
Pratt (1 KU); specific locality unknown (1 KU).
Other Records, 34.-BARBER CO.: Sun City
(16 FMNH); 7 km SW Sun City, Havard Cave (2 CAS,
2 ROM); COMANCHE CO.: Swartz Canyon, Double
"S" Cave (14 ROM).

Nycticeius humeralis
Distribution.-Evening bats range from
southern Pennsylvania west to central Kansas and south
to Mexico (Hall, 1981 ). They should be looked for in
and along riparian woodlands throughout the eastern
two-thirds of Kansas (Fig. 15).
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Fig. 15. Distribution of Nycticeius humeralis in Kansas. See Fig. 6 for an explanation of symbols.

Taxonomy.-Nycticeius humeralis humeralis
is the only subspecies of evening bat that is recognized
in Kansas (Hall, 1981; Watkins, 1972).
Historical Biogeography.-The evening bat is
an austral species (Armstrong et al., 1986) that has
expanded its range westward into western Kansas in
historic times. It resides primarily in areas with
substantial woody vegetation and would not have found
suitable habitat in western Kansas in the past. The
present abundance of this species in areas of central
Kansas where it formerly did not occur suggests that
the range of the species is continuing to expand.
Natural History.-Roosts of evening bats in
summer often are in hollow trees (Bowles et al., 1996),
although these bats also occasionally use abandoned
·buildings (Cope et al., 1961; Watkins, 1971; Watkins
and Shump, 1981; Whitaker and Gummer, 1988).
Roosts are in dark areas, thus it is no surprise that
evening bats display a negative photoaxis when
disturbed (Berra and Policello, 1979). The evening bat
almost never enters caves (Easterla, 1965; Watkins,
1972). This bat is migratory (Humphrey and Cope,
1968), but where it spends the winter is not known. It
puts on enough fat for a long migratory flight (Baker et
al., 1968). An effort should be made to determine both
the migration route and winter quarters of this species
In Florida, mating begins in October and
apparently continues throughout winter (Bain and
Humphrey, 1986). Of particular interest is the role

played by newly volant males. Bain and Humphrey
(1986) noted that juvenile males appeared to have
sexually mature testes and epididymides. Similarly, in
Kansas the testes of juvenile males are descended and
enlarged. However, the one male we examined lacked
mature spermatozoa (Sparks et al., in press). Adult
males have never been captured in Kansas, raising
questions about the role the juveniles play in
reproduction at northern latitudes (Sparks et al., in
press).
In Missouri, female evening bats, all of which
were pregnant, arrived at the roost by mid-May. They
gave birth to an average of 2.3 juveniles in mid-June
(Watkins and Shump, 1981). In Florida, sex ratio at
birth was 58 males for every 42 females (Bain and
Humphrey, 1986). Females nurse their own young
during the first two weeks but then may nurse young
other than their own (Watkins and Shump, 1981;
Wilkinson, 1992a). Recognition is at least partially
based on vocalizations (Scherrer and Wilkinson, 1993)
but probably also involves odor (Watkins and Shump,
1981; Scherrer and Wilkinson, 1993). Nursing of
young other than their own apparently is not
indiscriminate, because females nurse unrelated female
pups but not unrelated males. Interestingly, male
mortality is higher at this time, possibly resulting from
starvation (Wilkinson, 1992a). Young begin to fly after
about three weeks of growth (Jones, 1967; Bain and
Humphrey, 1986). Juvenile males were the first bats to
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leave, having left by late August (Watkins and Shump,
1981 ). The last bats left a roost in Missouri on 17
September (Watkins and Shump, 1981). Females are
phylopatric and return to their natal roosts to raise
young (Bain and Humphrey, 1986). The timing of
reproduction in Kansas closely approximates that
described by Watkins and Shump (1981) in Missouri
(Sparks et al., in press).
Evening bats emerge to forage early in the
evening, well before complete darkness although
slightly later than eastern red bats. Flight appears slow
and steady (Easterla, 1965), but these bats can be
mistaken for Myotis.
The evening bat apparently is a beetle
strategist (Ross, 1967; Whitaker, 1972; Mumford and
Whitaker, 1982) although, in Indiana, the diet includes
the orders Hymenoptera and Lepidoptera as well as
Coleoptera (Whitaker and Clem, 1992). Of particular
importance is the spotted cucumber beetle (Diabrotica
undecimpunctata), which is a major agricultural pest
because the adult feeds on vine crops and the larva is
the southern com rootworm.
Several recent studies have provided
information about the foraging behavior of evening
bats. Before parturition, females tend to exit the colony
shortly after dusk and return just before dawn. After
young are born, females typically return to the roost to
nurse between foraging bouts (Watkins, 1972; Clem,
1993). Evening bats may not forage -for several days
during inclement weather (Watkins, 1971; Clem, 1993).
Alternative roosts also may be used to "wait out"
storms (Clem, 1993). Apparently, females that have
foraged unsuccessfully follow successful foragers to
food resources (Wilkinson, 1992b). Likewise, juveniles
have been recorded leaving a roost with adults (Bain
and Humphrey, 1986) and, when excluded, follow
adults to alternative roosts (Wilkinson, 1992b).
No studies of predation on this bat have been
published (Sparks et al., 2000). We examined several
evening bats in Lincoln and Phillips counties for
ectoparasites and found both mites and bedbugs. A
diversity of parasites is known from this species in
other regions (Table 14). Evening bats occasionally are
rabid (Burnett, 1989), and they may carry the fungal
agent ofhistoplasmosis (Tesh and Schneidau, 1967).
Like other bats that inhabit buildings, it is
likely that evening bats may occupy properly placed bat
boxes. Considering the economic importance of the
spotted cucumber beetle and other agronomic pests
eaten by this bat, studies should be directed at assessing
the value of the evening bat in an integrated pest
management plan.
Conservation.--Evening bats are not in need
of special protection in Kansas. See the account of big
brown bats for details on conservation measures for
bats in general.

Table 14. Parasites and commensal organisms of
Nycticeius humeralis from states other than Kansas.

Type of Organism
Mites Excluding Chiggers

Bat (Bed) Bugs

Cestodes

Trematodes

Nematodes

Source
Ublelaker and Kunz, 1971
Mumford and Whitaker, 1982
Fain and Whitaker, 1987
Whitaker et al., 1991
Stiles and Nolan, 1930
Usinger, 1966
Ubelaker and Kunz, 1971
Whitaker et al., 1991
Macy and Rausch, 1946
Ublelaker and Kunz, 1971
Webster, 1973
Rausch, 1975
Mumford and Whitaker, 1982, 1983
Alicata, 1933
Ubelaker and Kunz, 1971
Webster, 1973
Rausch, 1975
Mumford and Whitaker, 1982
Pistole, 1988
Ubelaker and Kunz, 1971
Webster, 1973
Mumford and Whitaker, 1982
Pistole, 1988

Notes .-The evening bat is one of two species
of bats for which the arthropod community living in
guano has been studied. In Indiana, at least 25 species
of insects and one species of spider that were not
parasitic on the bats (Whitaker et al., 1991) were
identified in guano.
Specimens Examined, 44.--BARBER CO.: 2
mi. S, 1.25 mi. E Medicine Lodge (4 KU). BARTON
CO.: 1 mi. S, 1.5 mi. W Ellinwood (1 MHP). CLAY
CO.: 6 mi. S, 5 mi. W Clay Center (2 KU); 6 mi. SW
Clay Center (2 KU). CLOUD CO.: 1 mi. N, 0.67 mi.
W Concordia (1 MHP); 0.25 mi. N, 0.25 mi. W
Jamestown (1 MHP). COMANCHE CO.: 0.5 mi. S, 3
mi. E Wilmore (1 KU). DOUGLAS CO.: Lawrence,
University of Kansas (1 KU); Lawrence (2 KU); 7.5 mi.
SSW Lawrence (1 KU). FORD CO.: 6 mi. E Ford (1
KU). FRANKLIN CO.: specific locality unknown (3
KU). JEWELL CO.: TIS, R6W, Sec 1 (6 MHP).
JOHNSON CO.: Overland Park (1 KU). LINCOLN
CO.: 11 mi. N, 1 mi. W Lincoln (3 MHP). MORRIS
CO.: Council Grove Wildlife Area (1 MHP). NESS
CO.: 11 mi. S, 5 mi. E Ness City (1 KU). OSBORNE
CO.: 0.5 mi. S, 1.0 mi. E Natoma (1 MHP). PAWNEE
CO.: Burdette (1 KU). PHILLIPS CO.: 5.75 mi. S,
6.25 mi. E Glade, Kirwin National Wildlife Refuge (1
MHP); 7 mi. S, 4 mi. E Glade, along Bow Creek (3
MHP). ROOKS CO.: 7.5 mi. S, 0.75 mi. W Stockton
(4 MHP). RUSSELL CO.: Paradise (1 MHP). SEDG-

SPARKS AND CHOATE-BATS IN KANSAS

205

WICK CO.: NW Wichita (I KU). SHAWNEE CO.:
Topeka (I KSTC).
Other Records, 3.-LEAVENWORTH CO.:
Fort Leavenworth Military Reservation; UTM=334.2,
43
59.2 (K. Brunson, in litt.); UTM= 3 18.4, 43 38.7 [1.5
mi. S, 1.5 mi. W Jarbola] (K. Brunson, in litt.). MIAMI
CO.: UTM=325.4, 42 85.0 [1.75 mi. S, 3.5 mi. W
Antioch] (K. Brunson, in litt. ).

Several other observations suggest that
pipistrelles have expanded their range into western
Kansas as a result of European settlement. First, the
eastern pipistrelle was less common in the caves of the
Gypsum Hills in the l 93Qs (Hibbard, 1934b) than it was
in 1993 (Adams, 1995). Second, the most recent
records of eastern pipistrelles in Kansas have been in
Rooks and Russell counties, which are both north and
west of the closest previous records. Both of these
captures occurred in cave-like structures that had been
enlarged by settlers. Finally, the species recently was
documented in Colorado (Fitzgerald et al., 1989).
Natural History.-M.ales and an occasional
female can be found in caves throughout the year in
Kansas. Additionally, pipistrelles (mostly males) may
be found hanging on the sides of buildings. Eastern
pipistrelles have been reported using bat boxes (Tuttle
and Hensley, 1993). Maternity colonies of the eastern
pipistrelle reportedly are in buildings (Cope et al., 1961;
Mumford and Cope, 1964; Hoying, 1983; Whitaker and
Gummer, 1988; Whitaker, 1998), although caves (Cope
and Humphrey, 1972; Humphrey et al., 1976), trees,
and rock crevic~s occasionally are used (Fujita and
Kunz, 1984). Colonies in buildings may switch roosts,
even when large, non-volant young are present
(Whitaker, 1998).

Pipistrellus subflavus
Distribution.-The eastern pipistrelle ranges
from Nova Scotia to Minnesota and southward to the
Yucatan Peninsula (Hall, 1981). It occurs in the eastern
two-thirds of Kansas (Fig. 16).
Taxonomy.-Pipistrellus subflavus subflavus
is the subspecies recognized in Kansas (Davis, 1959;
Hall, 1981 ).
Historical Biogeography.-The eastern pipistrelle resides in forests in the eastern United States
(Barbour and Davis, 1969). In Kansas, it apparently
has expanded its range as forest habitats have expanded
westward along rivers.
Also, eastern pipistrelles
frequently hibernate in caves and cave-like structures,
and these kinds of habitats likewise have increased
since settlement. Given the rarity of both summer and
winter habitats before settlement, the eastern pipistrelle
almost certainly did not occur in western Kansas at that
time.
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Fig. 16. Distribution of Pipistrel/us subjlavus in Kansas. See Fig. 6 for an explanation of symbols.
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Females give birth to from one to three
(usually two) (Cope and Humphrey, 1972) pups from
late May to early July (later in the north and earlier in
the south) (Fujita and Kunz, 1984). The reproductive
ecology of the eastern pipistrelle has been studied in
Massachusetts (Hoying, 1983), and the following
comments are based on that study. Female pipistrelles
arrived at the maternity site in late April and early May.
Twin pups were born in mid-June. Development was
slower and the time of birth was later after severe
Females apparently were reproductively
weather.
mature as yearlings. Young began to fly at 20 days of
age. Short first flights preceded foraging excursions.
When young bats first left the roost to forage, they
emerged later than the adults and their flight was
fluttery. They were capturing similar insects at the age
·
of25 days.
The reproductive ecology of male eastern
pipistrelles was studied by Krutzsch and Crichton
They showed that males achieve sexual
(1986).
maturity during their second year of life. Testes are
largest in August, and seminiferous tubules are largest
in August and September. Mating probably begins in
late August or early September and continues at least
until February (Barbour and Davis, 1969; Jones and
Suttkus, 1973; Krutzsch and Crichton, 1986), but
spennatazoa remain present until as late as early June
(Krutzsch and Crichton, 1986).
In the hibernaculum, . males predominate at a
ratio of 61 to 39 (Davis, 1966). However, it is unclear
whether this represents a biased sex ratio at birth or
differential survival.
In Kansas, hibernacula include not only
natural caves but also man-made structures, such as
storm sewers and mines. Eastern pipistrelles allow
their body temperature to drop to that of the
surrounding cave environment, resulting in the
condensation of water on their fur. This gives the
appearance of the fur being white. Eastern pipistrelles
often occupy caves unused by other species.
Hibernation requirements of the eastern
pipistrelle are poorly known. In Tennessee, eastern
pipistrelles reportedly select open roost sites with little
or no air movement and moderate temperatures,
although individuals occasionally are found in vertical
cracks (Rabinowitz, 1981 ). Both field and laboratory
data from Missouri support these observations (Brack
and Twente, 1985; Twente et al., 1985). Earlier authors
(summarized by Fujita and Kunz, 1984) suggested that
only the warmer parts of caves were used. Pipistrelles
are long-term hibernators that seldom awaken to move
around (Barbour and Davis, 1969; Rabinowitz, 1981;
Brack and Twente, 1985; Krutzsch and Crichton, 1986).
Based on laboratory analysis, however, long-term
hibernation would not be expected at high temperatures

(Twente et al, 1985). The signal to arouse from
hibernation may be barometric pressure (Paige, 1995),
but additional study of this phenomenon is needed.
Eastern pipistrelles are among the first bats to
emerge in the evening. They are identified easily on
the wing because of their small size and slow erratic
flight, which resembles that of a moth. In Oklahoma,
foraging most often occurred over streamside
vegetation at a height of 6-15 m and over ponds at a
height of20 m (Caire et al., 1984).
The diet of eastern pipistrelles consists
primarily of Homoptera, Coleoptera, Diptera,
Hymenoptera, and Lepidoptera (Whitaker, 1972;
Griffith and Gates, 1985). The eastern pipistrelle
apparently has a bimodal foraging pattern (Hoying,
1983).
Numerous predators occasionally prey on
eastern pipistrelles (Sparks et al., 2000). Some bats
drown in winter flash floods (DeBlase et al., 1965).
Environmental contaminants have been shown to
concentrate in the bodies of eastern pipistrelles (Clark
and Prouty, 1976).
In Kansas, the chigger Eushongastia pipistrelli
has been reported in this bat (Jones et al., 1952;
Loomis, 1956). Parasites documented in other states
are listed in Table 15. In Indiana, 8 of 46 (17.4%)
specimens of eastern pipistrelle tested positive for
rabies (Whitaker and Douglas, 1986) although, as
discussed for the big brown bat, this percentage may be
higher than normal.
Conservation.--Eastern pipistrelles are not in
need of special protection in Kansas. See the account
of big brown bats for details on conservation measures
of bats in general.
Table 15. Parasites and commensal organisms of
Pipistrellus subflavus from states other than Kansas.
Type of Organism
Chiggers
Mites Excluding Chiggers
Fleas
Nematodes

Trematodes

Protozoans

Source
Sealander and Young, 1955
Mumford and Whitaker, 1982
Sealander and Young, 1955
George and Strandtmann, 1960
Mumford and Whitaker, 1982
Pitts and Galloway, 1993
Nickel and Hanson, 1967
Blankespoor and Ulmer, 1970
Webster, 1973
Ashley and Rabalais, 1980
Mumford and Whitaker, 1982
Jones, 1957
Webster, 1973
Ashley and Rabalais, 1980
Pistole, 1988
Wheat, 1975
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Notes.-The age of juvenile eastern
pipistrelles can be estimated based on measurements of
digital epiphyses and forearms (Hoying, 1983). The
relationship between glaciation and the distribution of
appropriate forests and caves appears to have limited
the current distribution of the eastern pipistrelle to areas
south of land covered during the Wisconsinan
glaciation over much of the animal's range (Brack and
Mumford, 1984).
Specimens Examined, 143.-ATCHISON
CO.: 2 mi. S, 0.75 mi. E Atchison (1 KU); T6S, R21E,
NE 1/4 Sec 19 (1 KU). BARBER CO.: 1.5 mi. S, 1.5
mi. W Sun City, National Gypsum Mine (2 KU); 4.9
mi. S, 0.25 mi. E Sun City (3 KU); 5.5 mi. S Sun City
(1 KU); 0.5 mi. N Natural Bridge (1 KU); Dancer's
Cave (1 KU); Havard Cave (5 KU). BUTLER CO.: 5
mi. S El D~rado (1 KU); 6 mi. S El Dorado (1 CMNH,
8 KU). CHEROKEE CO.: Ku Klux Klan Cave (1 MZPSC); 8 mi. NE Galena (1 MZ-PSC); 1 mi. S Galena (9
KU); 1.5 mi. S Galena, Schermerhorn Cave (1 CMNH,
3 KU); 2 mi. S Galena, Shoal Creek (1 MZ-PSC); 2.25
mi. S Galena, Schermerhorn Cave ( 1 MHP).
COMANCHE CO.: 1.5 mi. S, 16.25 mi. E Buttermilk
(2 MHP); 14 mi. S, 16 mi. E Coldwater (2 MHP).
COWLEY CO.: 1 mi. E Winfield (1 KU); 1 mi. W
Winfield (8 KU). CRAWFORD CO.: 0.25 mi. W
Crawford State Park, Pittsburg (1 MHP); 1 mi. S
Pittsburg (1 MHP). DONIPHAN CO.: 5.5 mi. N, 1.5
mi. E Wathena (4 KU). DOUGLAS CO.: Lawrence,
University of Kansas (1 KU); Lawrence (2 KU); 5 mi.
S, 4 mi. W Lawrence (2 KU). ELLSWORTH CO.: 6
mi. N Carneiro (1 MHP). FRANKLIN CO.: 3 mi. N,
0.75 mi. E Williamsburg (5 KU). KIOWA CO.:
Haviland (1 MHP). LEAVENWORTH CO.: Ft.
Leavenworth (1 KU); 1 mi. NE Leavenworth (1 MSU);
Leavenworth (1 CMNH); SE edge Leavenworth (1
KU); 0.5 mi. SE Leavenworth (1 KU); 1 mi. SE
Leavenworth ( 1 KU); 1 mi. SSE Leavenworth (3
CMNH). MARSHALL CO.: 0.25 mi. N, 1.5 mi. W
Blue Rapids (12 KU, 45 MHP). ROOKS CO.: 3.75
mi. S, 2.9 mi. W Codell (1 MHP). RUSSELL CO.: 5.5
mi. S, 1.75 mi. W Bunker Hill (4 MHP).
Other Records, 2.---COMANCHE CO.: Double Entrance "S" Cave (Twente 1955b). LEAVENWORTH CO.: Fort Leavenworth, UTM=334.2, 43 59.2
(Brunson, in litt). WOODSON CO.: Neosho Falls
(Jones et al., 1967).
FAMILY MOLOSSIDAE
Nyctinomops macrotis
Distribution.-The big free-tailed bat ranges
from western Utah to southern Kansas and southward to
central Mexico (Hall, 1981 ). In Kansas (Fig. 17), the
big free-tailed bat is known only from Morton County
in the southwest and Crawford County in the Southeast.
A specimen from Kiowa County reported (Hays et al.,
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1978) as a big free-tailed bat appears, based on
published measurements, to have been a Brazilian freetailed bat (Tadarida brasiliensis).
The bat from
Crawford County (Hays and Ireland, 1967) also might
have been a Brazilian free-tailed bat, although its
published external measurements were more consistent
with those of big free-tailed bats. Unfortunately, we
were unable to locate either of these specimens in the
collection of mammals at Pittsburg State University,
where the specimens originally were deposited.
Ta:xonomy.-Nyctinomops macrotis is monotypic (Hall, 1981). Until recently, the big free-tailed bat
was included in the closely related genus Tadarida
(Freeman, 1981).
Historical Biogeography.-The big free-tailed
bat is a rare visitor to Kansas. Man has had no
discernable effects on the distribution of the species in
the state.
Natural History.-Big
free-tailed bats
presumably migrate south to spend the winter in
southwestern Texas, Arizona, and southern California.
After returning to their summer haunts, big free-tailed
bats form summer colonies in rock crevices. Maternity
colonies begin to form in April and may contain more
than 100 bats (Barbour and Davis, 1969). Young (one
per litter) are born in June and apparently do not
become volant until August (Barbour and Davis, 1969).
When summer colonies break up, big free-tailed bats,
like the related Brazilian free-tailed bats, wander
widely. No colonies have been located in Kansas, and
the records from the state likely are the result of such
wandering. Traditionally, these autumn wanderers have
been viewed as disoriented migrants (Barbour and
Davis, 1969), but they actually may be pioneers or
scouts that are searching for new roost sites during the
time of year when populations are highest at existing
roost sites (Pitts et al., 1996).
Big free-tailed bats emerge well after dark
(Barbour and Davis, 1969). They feed primarily on
large moths (Ross, 1967; Easterla and Whitaker, 1972)
but sometimes eat other insects (Barbour and Davis,
1969; Easterla and Whitaker, 1972). The presence of
ground-dwelling insects in the diet of these bats
suggests that some insects are gleaned from canyon
walls (Barbour and Davis, 1969; Easterla and Whitaker,
1972). Flight, as in other molossids, is rapid and direct.
The long narrow wings of the big free-tailed bat prevent
it from being highly maneuverable, thus it is easily
captured in mist nets.
Predation on this species has not been
documented (Sparks et al., 2000). Ectoparasites include
chiggers (Whitaker and Easterla, 1975), other mites
(Whitaker and Easterla; 1975; Silva-Taboada, 1979;
Whitaker, et al., 1987), fleas (Whitaker and Easterla,
1975), true bat bugs (Froeschner, 1988), and bat (bed)
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Fig. 17. Distribution of Nyctinomops macrotis in Kansas. See Fig. 6 for an explanation of symbols.

bugs (Borrell, 1939). Internal parasites are known to
include nematodes (Silva, 1979).
Conservation.-In Kansas, the big free-tailed
bat is a rare visitor and does not warrant special
conservation measures. See the conservation section
for the big brown bat for details on chiropteran
conservation measures in general.
Specimen Examined, !.-MORTON CO.: 9
mi. N of Elkhart (1 KU).
Other Records, 1.-CRAWFORD CO.: Pittsburg State University (Hays and Ireland, 1967).
Tadarida brasiliensis
Distribution.-The Brazilian free-tailed bat
ranges from southern Oregon south into South America
and east to South Carolina (Hall, 1981 ). In Kansas,
several small breeding colonies of this species have
been found in Medicine Lodge (Hibbard, 1936; Kunz et
al., 1980). Other records of this bat in Kansas (Fig. 18)
probably represent either feeding animals from the
large colony in Merrihew Cave, Woods CO.,
Oklahoma, disoriented migrants, or pioneers.
Taxonomy.-Tadarida brasiliensis mexicana
is the only subspecies recognized in Kansas (Hall,
1981).
Historical Biogeography.-Brazilian freetailed bats have benefited from man's activities in the
Gypsum Hills. The abundant caves in the Gypsum
Hills evidently are too small or otherwise do not satisfy
the roosting requirements of the species. It has been
reported that Brazilian free-tails in Kansas reproduce

inside man-made structures (Hibbard, 1936; Kunz et al
1980). Therefore, the settlement of Kansas benefited
the Brazilian free-tailed bat by providing such roosts.
However, all known roosts in Kansas were unoccupied
in 1993 (Adams, 1995).
Natural History.-Brazilian free-tailed bats
are cavernicolous but also roost in buildings, bridges,
and other structures, particularly during migration.
Females are pregnant when they arrive at natal
caves (Davis et al., 1962). They give birth to a single
pup in June, and young become volant after six weeks
(Kunz and Robson, 1995). Young are nursed twice
daily, once in the afternoon and again after the mothers
return from foraging (Davis et al., 1962). Adults begin
to disperse after the young are weaned, perhaps for two
reasons (as hypothesized by Tuttle, 1976a, for the gray
myotis). First, females avoid competing with young by
dispersing. Second, juveniles need additional time to
build up the fat reserves that are necessary to make the
long migration south. Most extralimital (northern)
records of this species traditionally have been viewed as
the result of females overshooting the maternity sites,
adults dispersing from natal colonies, or juveniles
becoming disoriented. However, Pitts et al. (1996)
suggested that at least the fall records may represent
pioneers or scouts seeking new roost sites.
In Kansas, the only documented maternity
colonies were in buildings in Medicine Lodge (Hibbard,
1936; Kunz et al., 1980). Adams (1995) was unable to
A large (200,000
locate these colonies in 1993.
individuals) colony exists in Merrihew Cave, Woods
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County, Oklahoma, less than 2 km south of Barber
County, Kansas. Brazilian free-tailed bats seemingly
are unable to tolerate the winters in Kansas and migrate
southward annually to escape them (Herried, 1963).
Kansas bats (together with the large colony at Merrihew
Cave, Oklahoma) migrate to areas between the Gulf of
Mexico and the interior of the Mexican Plateau (Glass,
1982).
Many temporary roosts are used during
migration, and it is possible that the route south is
marked by scent (Glass, 1982). Individuals begin to
return to Kansas in late April, and the northward
migration continues until the maternity colonies form
in mid-May (Twente, 1956; Glass, 1958). These
colonies may be in caves, buildings, bat houses, or
under bridges.
Brazilian free-tailed bats emerge about 15
minutes after sunset (Barbour and Davis, 1969). Flight
is swift, strong, and resembles that of a chimney swift
(Chaetura pe/agica). Where large colonies occur, the
bats appear to exit in a long, continuous column that
can be seen for a considerable distance. These bats
normally do not emerge in severe stonns (Svoboda and
Choate, 1987) but are capable of flying around
individual thunderstorms (Davis et al., 1962).
Brazilian free-tailed bats feed primarily on
insects of the orders Lepidoptera and Coleoptera,
although insects of other orders also are eaten (Ross,
1967). It has been suggested that they feed in groups
on densely packed prey items (Ross, 1967).
In
Oklahoma, Brazilian free-tailed bats foraged while
cruising at mid-canyon heights (30-60 m) (Caire et al.,
1984).
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Tadarida brasiliensis is the most colonial of
all bats, and the immense colonies (up to 20 million
animals) attract a variety of predators including (J. R.
Choate, unpublished observations) such diverse taxa as
western diamondback rattlesnakes ( Crotalus atrox),
coyotes (Canis /atrans), and even armadillos (Dasypus
novemcinctus). Other predators are listed by (Sparks et
al., 2000). Another major cause of mortality is young
falling to the floor of the nursery and not being able to
climb back to their perch (Davis et al., 1962; Herreid,
1967), although this species is better able to recover
from such falls than are certain Myotis (Hermanson and
Wilkins, 1986). Other causes of mortality include
poisoning, rabies, and accidents.
Organochlorine
residues have been isolated from bats of this species
(Clark et al., 1975; Geluso et al., 1976; Reidinger,
1976; Geluso et al., 1981; Thies and Thies, 1997), and
one animal found in Texas possibly had been exposed
to organophosphorous or carbamate pesticides (Clark et
al., 1996). These bats also concentrate lead compounds
in the liver (Thies and Gregory, 1994). Seventeen of23
bats found dying or dead beneath roosts in Texas were
infected with the rabies virus (Clark et al., 1996).
Accidental deaths have resulted from getting snagged
on the spines of cacti and collisions with structures such
as radio towers (Crawford and Baker, 1981).
The chigger Speleocola tadaridae (Lipovsky
1952) and the bat fly Trichobius major (Kessel, 1952;
Ross, 1961 b) have been documented on Brazilian freetailed bats in Kansas. Internal parasites found in these
bats from Kansas and nearby Woods County,
Oklahoma, include the trematode Dicrocoelium rileyi
96

Fig. 18. Distribution of Tadarida basiliensis in Kansas. See Fig. 6 for an explanation of symbols.
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and the nematode Molinostronglyus dekicatus (Nickel
and Hansen, 1967). Parasites of this bat from other
areas are listed in Table 16. The rabies virus is known
to be spread as an aerosol by this species (Constantine
et al., 1972), and may occur in as much as 3% of the
population on average (Constantine, 1967). Brazilian
free-tailed bats also have been documented as carriers
of the fungal agent of histoplasmosis (Tesh and
Schneidau, 1967).
Conservation.-Brazilian free-tailed bats are
unusual in that their conservation in Kansas is related
directly to the welfare of the colony at Merrihew Cave
in Woods County, Oklahoma. As is true of several
other bats, this species would benefit from conservation
easements to valuable habitats on privately owned land.
As noted earlier, Brazilian free-tailed bats
frequently contain residues of pesticides (Clark et al.,
1975; Geluso et al., 1976; Reidinger, 1976). Because
of the continuing use of hazardous pesticides in the
winter range of this species, the ban on use of these
pesticides in the United States will not eliminate the
hazard.
Notes.-A model exists that enables
estimation of the age of young Brazilian free-tailed bats
based on measurements of the forearm and digital
epiphyses (Kunz and Robson, 1995).
Brazilian free-tailed bats are unusual among
North American bats in that they have been exploited
commercially. Guano from large colonies occasionally
is mined for use as a nitrogen-rich fertilizer. Additionally, the large colonies of bats present at Carlsbad
Caverns, New Mexico, beneath the Congress Avenue
Bridge in Austin, Texas, and in Bracken Cave, Texas,
serve as tourist attractions. The use of this bat to
control insects over agricultural fields has been tested.
Finally, during World War Il, bats of this species were
part of a weapons development project called Project
X-ray (Constantine, 1970; McCracken, 1990; Harvey,
The bats were fitted with harnesses that
1992).
included a small incendiary device. A timer allowed
the bat time to be released and fly to a roost before
igniting. Development of the weapon was halted after
the development of the atomic bomb, and after bats set
fire to an observation site during testing.
The large size of many of the colonies of this
species results in the guano of these animals being inhabited by a variety of organisms. In many ways, the
guano becomes the external energy source for these
communities. The members of one such community
were described by Mitchell (1970).
Several authors have reported distributional
records for this species in Kansas (e.g., Anderson and
Nelson, 1958; Long and Long, 1965).

Table 16. Parasites and commensa/ organisms of
Tadarida brasiliensis from states other than Kansas.
Type of Organism

Source

Jameson, 1959
Davis and Loomis, 1971
Augustan, 1945
Mites Excluding Chiggers
Randolph and Eads, 1946
Krutzsch, 1955
Jameson, 1959
George and Strandtman, 1960
Bradshaw and Ross, 1961
Davis et al., 1962
McDaniel and Coffman, 1970
Keh, 1974
Whitaker and Easterla, 1975
Dooley et al., 1976
Pence et al., 1981
Jameson, 1959
Ticks
Davis et al., 1962
Stiles and Nolan, 1930
Nycteribiid (Wingless) Bat Flies
Whitaker and Easterla, 1974
Kessel, 1952
Streblid (Winged) Bat Flies
Jameson, 1959
Davis et al., 1962
Stiles and Nolan, 1930
Bat Fleas
Randolph and Eads, 1946
Krutzsch, 1955
Jameson, 1959
Davis et al., 1962
Whitaker and Easterla, 1975
Stiles and Nolan, 1930
Bat (Bed) Bugs
Jameson, 1959
Davis et al., 1962
Usinger, 1966
Dooley et al., 1976
Cain, 1966
Cestodes
Webster, 1973
Martin, 1976
Jameson, 1959
Trematodes
Cain, 1966
Webster, 1973
Martin, 1976
Jameson, 1959
Nematodes
Cain, 1966
Specian and Ubelaker, 1967
Webster, 1973
Martin, 1976
Mitchell, 1956
Trypanozomes
Wilkins, 1989
Protozoans
Chiggers

Specimens Examined, 56.-BARBER CO.:
Medicine Lodge (23 KU); 1.5 mi. S, 1.5 mi. W Sun
City (1 KU); T34S, R15W, SW 1/4 Sec 16 (1 MHP).
CHEROKEE CO.: Galena (1 KU). CHEYENNE CO.:
TIS, R41W, SE 1/4 sec 35 (1 KU). COMANCHE CO.:
6.5 mi. S, 16.25 mi. E Buttermilk (6 MHP); 1 mi. S, 4
mi. E Wilmore (1 KU). DOUGLAS CO.: Lawrence (1
KU). ELLIS CO.: 12 mi. N, 2 mi. E Ellis (1 MHP);
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Hays, Fort Hays State University campus (2 MHP);
Hays (I MHP); specific locality unknown (I MHP).
FINNEY CO.: 6.5 mi. N, IO mi. E Garden City (2
MHP). GOVE CO.: Castle Rock (I KU). GRANT
CO.: Ulysses (I MHP). GRAY CO.: T29S, R27W (2
KU). HARPER CO.: vicinity of Bluff City (1 KU).
LANE CO.: 3.5 mi. N, 2 mi. W Alamato (I MHP).
LOGAN CO.: 20 mi. S, 8 mi. W Oakley (I KU).
MARION CO.: Lincolnville (I KU). MEADE CO.: 2
mi. N, I mi. W Fowler (1 KU). MORTON CO.:
Elkhart (1 KU). RILEY CO.: Manhattan High School
Tecumseh (I KU).
SHAWNEE CO.:
(I KU).
STAFFORD CO.: St. John (I MHP). SUMNER CO.:
Caldwell (I KU).
Other Records 17.--BARBER CO.: Aetna (I
ROM); 3 mi. N, 2 mi. E Sharon (Loomis, 1956).
CLARK CO.: Ashland (Jones et al., 1967). COMANCHE CO.: · 6 mi. NW Coldwater (Jones et al., 1967).
COWLEY CO.: specific locality unknown (Bee et al.,
1981). EDWARDS CO.: IO mi. N Greensburg, Kiowa
CO. (Jones et al., 1967). FORD CO.: 15 mi. NW
Dodge _City (Jones et al., 1967), Fort Dodge (Jones et
al., 1967). KIOWA CO.: Greensburg (Hays et al.,
1978). LYON CO.: 8 mi. S Emporia (Jones et al.,
1967). MEADE CO.: Meade State Park (Getz, 1961).
RAWLINS CO.: 25 mi. NW Colby, Thomas County
(Jon~s et al., 1967). RILEY CO.: Manhattan (Cragin,
1885). RUSH CO.: 4 mi. S, 2.75 mi. W Otis (Jones et
al., 1967). SEWARD CO.: Kismet (Jones et al., 1967).
St. John (Jones et al., 1967).
STAFFORD CO.:
TREGO CO.: Tl2S, R23W, SW 1/4 Sec 27 (Jones et
al., 1967).

SPECIES OF POSSIBLE OCCURRENCE
Five species of bats occur in other states near
Kansas and potentially occur in our state. These are
discussed below in order of likelihood of capture.
The Indiana (or social) myotis (Myotis soda/is)
is an austral species (Armstrong et al., 1986) that occurs
in portions of Missouri, Arkansas, and Oklahoma near
the Kansas border. This endangered species almost
certainly once occurred in southeastern Cherokee
County on the Oz.ark Plateau. Additionally, the species
the
along
elsewhere
occurred
have
may
Kansas/Missouri border. Populations of the Indiana
myotis have been drastically reduced within historic
time throughout much of the animal's range. Because
Kansas is at the extreme western end of the species'
range, it is unlikely that Indiana bats will be captured in
the state unless the species is able to rebound from its
Nevertheless, riparian
currently precarious status.
woodland in eastern Kansas should be surveyed for this
Further, caves and mines (especially
species.
Schermerhorn Cave in Cherokee County) in eastern
Kansas should be monitored for this species.
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The Yuma myotis (Myotis yumanensis) is a
Chiahuahaun species (Armstrong et al., 1986) that has
been captured along the Cimarron River near the
Kansas-Oklahoma border and also is known from Baca
County, Colorado. Yuma myotis frequently fly to
foraging areas by following watercourses (Barbour and
Davis, 1969). The Cimarron River included many
small pools of water and flowed with greater frequency
in the past than it does today. Thus, it is likely that
occasional Yuma myotis occurred in Kansas prior to
settlement. Though the chances are greatly reduced, it
is still possible that a Yuma myotis will be captured in
southwestern Kansas.
Jones et al. (I 967) hypothesized that the
eastern small-footed myotis (M leibii) would be found
in southeastern Kansas. The closest population of these
bats is in the southern Oz.arks of Arkansas and Missouri
(McDaniel, 1982). The eastern small-footed myotis is
rare within its range and appears to be relatively
sedentary; thus, we do not expect this animal to be
captured in Kansas.
Rafinesque's big eared bat ( Corynorhinus
rajinesquii) is an austral species (Armstrong et al.,
1986) that occurs in Missouri and Oklahoma near the
Kansas border. If this species occurs in Kansas, it
probably is no more than an occasional visitor on the
Oz.ark Plateau.
The fringed myotis (Myotis thysanodes) occurs
throughout much of the southwestern United States and
reaches its easternmost limit in Baca County, Colorado.
Although it is possible that an individual might be
blown into Kansas from the Black Mesa and Mesa de
Maya areas, it is not likely.
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APPENDIX I
Key to skins of bats in Kansas
(species not documented in Kansas are indicated with asterisks)
1a. Tail extending at least 10 mm beyond end of interfemoral membrane ............................................. Family Molossidae
1b. Tail not extending more than 2 mm beyond end of interfemoral membrane ........................... Family Vespertilionidae
Key to Molossidae
1a. Small bat (total length 110 mm or less); ears not joined at base; live animal often with a strong odor of ammonia ...... .
....................................................................................................................................................... Tadarida brasiliensis
1b. Large bat (total length 120 mm or longer); ears strongly joined at base; live animal with only a slight odor of ammonia ................................................................................................................................................ Nyctinomops macrotis
Key to Vespertilionidae
la. Ears large (more than 25 mm) ........................................................................................................................................ 2
lb. Ears smaller (less than 20 mm) ...................................................................................................................................... 4
2a. Large, lump-like gland on nose; hair of dorsum unicolored; ears not joined at the base; eyes relatively small ............ .
............................................................................................................................................................. Corynorhinus (3)
2b. No large lump on nose; hair of dorsum cream colored with dark tips; ears joined at base; eyes relatively large ........... .
..... ... .................................... ...... .... ................ .. ................ ........... ......................... .. ............................. Antrozous pa/lidus
3a. Venter noticeably paler than dorsum; hairs extending beyond tips oftoes ............................ Corynorhinus rafinesquii*
3b. Venter same color as dorsum; hairs on feet not extending beyond tips of toes ..................... Corynorhinus towndsendii
4a. Dorsal surface of interfemoral membrane fully covered with fur ................................................................ Lasiurus (5)
4b. Dorsal surface of interfemoral membrane naked or with fur only on anterior half ....................................................... 6
5a. Large bat (forearm longer than 45 mm); dorsum brownish with gray or white frosting; face noticeably darker than
body; defensive call "metallic" ............................................................................................................Lasiurus cinereus
5b. Medium-sized bat (forearm shorter than 45 mm); adult males bright red, females reddish with gray frosting on dorsum; face similar in color to body; defensive call not "metallic" ........................................................ Lasiurus borealis
6a. Interfemoral membrane furred (sometimes only thinly) for at least proximal third of length .................................... (7)
6b. Interfemoral membrane, if furred at all, only slightly furred for less than a third of its length .................................. (8)
7a. Hair of dorsum (when blown upon) distinctly tricolored; small bat (total length less than 90 mm); tip oftragus blunt
.......................................................................................................................................................Pipistre/lus subjlavus
7b. Hair of dorsum nearly black but with pronounced silver tips; medium-sized bat (total length more than 100 mm);
part of ear pink ....................................................................................................................... Lasionycteris noctivagans
8a. Tragus tapering to a distinct point .................................................................................................................. Myotis (9)
8b. Tragus rounded, folded, or otherwise shaped, but not distinctly pointed ................................................................... 16
9a. Medium-sized bat (forearm longer than 35 mm) ........................................................................................................ 10
9b. Small bat (forearm shorter than 40 mm) ..................................................................................................................... 12
10a. Fringe of fur extending along posterior edge of interfemoral membrane ...................................... Myotis thysanodes*
10b. No fringe of fur along edge of interfemoral membrane ............................................................................................. 11
11 a. Wing membrane attached to ankle; fur of dorsum a uniform gray color .......................................... .Myotis grisescens
l lb. Wing membrane attached to base of toes; fur of dorsum (when blown) bicolored (tan above with dark base) ........... .
... ...... ......... .. ..... ... .. .... ... ........ .. ............ .. ............ ............ ...... ....... .. ....... ............... ... .. ............ ... ....... .. .. .. .. .. . .Myotis ve/ifer
12a. Ears when laid forward extend about 4 mm beyond end of nose; tragus 7 mm or longer and sharply pointed ............ .
........ ........ ....... ... ......... ...... ....... ......... ........ ............ ..... ...... ..... .................. .. .. .... ............... ....... .. .... Myotis septentrionalis
12b. Ears when laid forward not extending beyond end of nose; tragus shorter than 6 mm and pointed, but not sharp ... 13
13a. Dark facial mask present ...................................................................................................................Myotis ciliolabrum
13b. No dark facial mask ................................................................................................................................................... 14
14a. Calcar strongly keeled; hairs on toes sparse, not extending beyond tips of toes, pelage sometimes bicolored or
weakly tricolored; tips of hairs not glossy; nose pinkish in Iife ............................................................ Myotis soda/is*
14b. Calcar weakly keeled if at all; hairs on toes dense, several extending beyond tips of toes; dorsal pelage with glossy
tips; nose brownish in life .......................................................................................................................................... 15
15a. Pelage of venter similar in color to that of dorsum ............................................................................. Myotis /ucifugus
15b. Pelage of venter distinctly paler than that of dorsum .......................................................................Myotis yumaensis*
16a. Large bat (forearm usually longer than 41 mm); calcar distinctly keeled; tragus 5mm or longer ....... Eptesicusfuscus
16b. Medium-sized bat (forearm less that 41 mm); calcar not keeled; tragus 4 mm or less ............... Nycticeius humera/is
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APPENDIX II
Key to skulls of bats in Kansas, modified from Jones and Manning, 1992)
(species not documented in Kansas are indicated with asterisks)
la. Lower incisors bifid; palate modestly, narrowly, or not at all emarginated; palate not noticably extended posteriorly,
terminating only slightly behind third upper molars ................................................................................ Molossidae (2)
1b. Lower incisors trifid; palate broadly emarginated anteriorly; palate noticeably extended posteriorly, terminating well
behind third upper molars ................................................................................................................ Vespertilionidae (3)
2a. Incisors 1/3; rostrum relatively broad and compact, not tube like or distinctly narrowed posteriorly ............................. .
....................................................................................................................................................... Tadarida brasi/iensis
2b. Incisors 1/2; rostrum relatively narrow, especially posteriorly, and tubelike .............................. Nyctinomops macrotis
3a. Incisors 1/2; total number of teeth 28 ................................................................................................. Antrozous pallidus
3b. Incisors 1/3 or 2/3; total number of teeth 30 or more .................................................................................................... .4
4a. Incisors 1/3; total number of teeth 30 or 32 ................................................................................................................... 5
4b. Incisors 2/3; total number of teeth 32 or more .............................................................................................................. 7
5a. Rostrum shorter than braincase, noticeably inflated .... anteriorly; pterygoids not parallel (broader posteriorly); upper
incisors in contact with canine ....................................................·................................................................. Lasiurus (6)
5b. Ros~ ab_o ut same length as braincase, not inflated anteriorly; pterygoids parallel; upper incisor no~ in. contact wi~
canme ...................................................................................................... ....................................... Nyct1ce1us humera/,s
6a. Greatest length of skull greater than 17 .5 mm .................................................................................... Lasiurus cinereus
6b. Greatest length of skull less than 14.5 mm .......................................................................................... Lasiurus borealis
7a. Premolars 1/2; total of 32 teeth ..............................................................................................................Eptesicus fuscus
7b. Premolars 2/2, 2/3, or 3/3 for a total of 34 to 38 teeth ................................................................................................... 8
8a. Premolars 2/2, total of 34 teeth ..................................................................................................... Pipistrel/us subflavus
8b. Premolars 2/3 or 3/3, total of 36 or 38 teeth .................................................................................................................. 9
9a. Premolars 3/3; total of 38 teeth ............................................................................................................................. Myotis
[No key to the species of Myotis is included herein. Attempts to identify skulls of Myotis should be made only by
experts with access to comparative material.]
9b. Premolars 2/3, total of 36 teeth .................................................................................................................................... 10
1Oa. Auditory bullae noticeably inflated, about same size as foramen magnum; zygomatic arches about the same width as
braincase as viewed from above ........................................................................................................ Corynorhinus ( 11)
1Ob. Auditory bullae not noticeably inflated, smaller than foramen magnum; zygomatic arches broader than braincase as
viewed from above ...................................................................................................................................................... 12
11 a. Upper incisor bifid ............................................................................................................... Corynorhinus rajinesquii,.
11 b. Upper incisor unicuspid ....................................................................................................... Corynorhinus towndsendii
12a. Rostrum broad and inflated, upper surface with distinct, paired concavities; small but distinct flange on zygoma near
midpoint ................................................................................................................................. Lasio1'l)lcteris noctivagans
12b. Rostrum not broad or inflated, upper surface lacking concavities; no flange on zygoma .................................... Myotis
[No key to the species of Myotis is included herein. Attempts to identify the skulls of Myotis should be made only by
experts with access to comparative material.]

Vertebrate Predators On Bats In North America North O fMexico
By
DALE W. SPARKS, KRISTIE JO ROBERTS, AND CLYDE JONES
ABSTRACT

Herein we provide a list of vertebrates known to prey on bats in North America north of Mexico. Although
many animals will take bats when presented with an opportunity, the most important predators in North America are
birds plus snakes of the genus Elaphe. Possible impacts of predation on bats and the importance of bats as prey are
briefly discussed. A more behaviorally oriented approach to studying interactions between bats and their predators may
provide many new insights into bat biology.
Key words: vertebrates, predators, bats, Canada, United States
Mortality factors associated with bats remain
poorly understood. Particularly problematic is the association between bats and their predators. Since the
most recent review of bat predation (Gillette and Kimbrough, 1970), many new reports of predation on North
American bats have been published, most in smaller
journals or in species or monographic accounts of
mammals from a specific ·geographic region. In addition, the scattered nature of these reports resulted in
several papers being overlooked by Gillette and Kimbrough (1970). Our review of the existing literature
reveals that 4 fishes, 2 amphibians (both frogs), 11 reptiles (all snakes), 30 birds, and 21 mammals are documented predators on North American bats (Appendix).
We aim to accomplish three goals with this paper: 1) to
review the literature describing predation on bats in the
United States and Canada by other vertebrates; 2) to
comment on trends that we have noted in these data;
and 3) to suggest areas for further research.
It appears that any species capable of consuming bats will do so when the opportunity exists
(Appendix). In fact, while reviewing these reports it
became clear that the line separating scavenging from
active predation often is difficult to distinguish, and this
dichotomy probably is meaningless in the case of young
bats that have fallen to the substrate of a maternity
roost. Likewise, it is difficult to determine when an
attack is an attempted predation or is some other behavior, such as the defense of a territory. Because of
the difficulty in separating true predation from incidents
of scavenging or other types of attacks on bats, we
have included all incidents of vertebrates consuming or
attacking bats in the Appendix. Large colonies of bats
offer unique opportunities for local predators. In fact,
the large summer aggregations of Tadarida brasiliensis
are famous for drawing an amazing diversity of predators that come to feed on the bats. At such places, bats
undoubtedly make up an important (if not the primary)
source of food for individual animals. Most other inci-

dents of predation on bats are apparently the result of
opportunistic or chance encounters rather than animals
hunting specifically for bats
Chance likely was involved in the incidents of
consumption of bats by the fishes and amphibians listed
in the Appendix. These types of accidents, however,
may be more common than the literature suggests when
bats roost over bodies of water that are habitat for these
predators. In fact, Yager and Williams (1988) argued
that fallen bats provided the only source of food for a
population of fish that was seasonally restricted to pools
under a bat colony. Bats were included in the diets of
bullfrogs inhabiting a cave in Alabama (Lee, 1969), and
frogs living in ponds and streams frequented by bats
may consume bats opportunistically (Korschgen and
Baskett, 1963).
The statement that "Snakes are frequent
predators on bats" (Hill and Smith, 1984: 138) is supported by documentation of predation by 11 species of
snakes on North American bats (Appendix). Snakes
may take bats out of the air as they exit from roosts
(Wilson, 1997). Of particular note is the number of
predation events credited to the rat snakes (genus Elaphe). Because of their climbing behavior and tendency
to inhabit a variety of habitats, the effect of rat snake
predation on bats may yet prove to be an important
source of mortality. Incidentally, we have observed the
snakes Masticophis flagellum and Crotalus atrox beneath roosts of T. brasiliensis in North Texas and elsewhere, where they apparently preyed on bats that fell to
the ground.
The nocturnal activity pattern of bats is hypothesized to be an antipredator behavior that limits
predation on bats by diurnal birds (Mueller, 1968;
Speakman, 1990; 1991, 1995; Speakman et al., 1994;
Rydell et al., 1996). The 30 species of birds known to
prey on North American bats supports this hypothesis.
Birds of prey (particularly hawks, owls, and falcons)
are important predators on bats (Appendix). Two of us
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(KJR and CJ) were impressed with the deliberate hunting strategies of Falco mexicanus and Bubo virginianus
on T. brasiliensis in North Texas. Based on the consistent patterns of attack and the rates of success in
capturing T. brasiliensis, we assumed that the bats were
important sources of food for these avian predators,
especially during spring and early summer (Yancy et
al., 1996; Roberts et al., 1997). Blue jays (Cyanocitta
cristata) also are well-documented predators of Lasiurus borealis (Appendix). Most other incidents of birds
attacking bats probably are the result of chance encounters (Hill and Smith, 1984).
Our list of mammals known to consume bats
(Table 1) includes 1 marsupial, 4 bats, 5 rodents, 1 xenarthran, and 10 carnivores. Attacks on bats by other
bats seemingly were correlated with the presence of
rabies virus (Wiseman et al., 1962; Bell, 1980) or lack
of food in captive animals (Engler, 1943; Krutzsch,
1950). Some of these predator-prey relationships may
have resulted from chance encounters or from scavenging on dead or debilitated bats. With the exception
of housecats, relatively little evidence was found with
regard to active predation on bats by other mammals.
Wilson (1997) summarized the role of Homo sapiens as
a predator on bats.
Of the 23 species of bats listed as prey in the
Appendix, 20 are vespertilionids and 3 are molossids.
Some investigators have implied that mortality due to
predation was high among bats that roost in open, exposed places (Hill and Smith, 1984). However, of the
bats listed, most species roost naturally in caves and
other enclosed places (Barbour and Davis, 1969). Predation events involving bats that roost in more open
areas ( such as foliage) may become better documented
as technological advances allow these species to be
studied. The bat species that most commonly is preyed
upon by other vertebrates is T. brasiliensis (Appendix;
Constantine, 1948). Mohr (1976:64) remarked that "As
they leave their sheltered daytime roosts, the freetails
have to run a gauntlet of predatory animals." Vocalizations and odor associated with the large colonies of
Tadarida doubtless attract the attention of certain
predators. Also, large numbers of vulnerable young
and debilitated bats that fall to the floor of roosting areas provide opportunities for predation and scavenging.
Correlations exist between the densities of the emerging
columns of T. brasiliensis from roosts and the effectiveness of avian predators (Baker, 1962; Yancy et al.,
1996; Roberts et al., 1997).
Birds (30 species) are listed as predators on 16
species of bats (Appendix). A total of 11 species of
bats is listed as being consumed by reptiles ( 13 species). Mammals (21 species) are known to have attacked 15 species of bats. Amphibians (2 species) are
listed as eating 4 species of bats. Four species of bat
are known to have fallen prey to fishes (4 species).
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The impacts of predation on bats may be much
greater than previously assumed (Tuttle and Stevenson,
1982). Moreover, the roles of certain predators, such as
owls, in the mortality of bats likely have been underestimated (Tuttle and Stevenson, 1982). Unfortunately,
we still have little information about the population
dynamics of bats. Until that information is available,
we cannot understand the true impact of predation on
bat populations. Predation clearly is rare for most species of bats, and may be a negligible variable in population dynamics. However, the low rates of reproduction in many species of bats conceivably make even
occasional predation important in terms of bat populations.
The fact that there is no animal that is specifically adapted to prey on bats suggests that bats have
been unusually successful in evolving techniques to
avoid predation. As noted by Lima and Dill (1990),
the simple threat of predation may have behavioral consequences that are much larger than one would expect
by examining population-level predation records. Unfortunately, little research has been conducted on the
subject of antipredator behavior of North American
bats. Research into this area may provide key information in understanding the ecology of bats. As noted
earlier, J. R. Speakman and colleagues (Speakman,
1990, 1991, 1995; Speakman et al., 1994, 1995; Rydell
et al., 1996) have conducted a variety of studies, primarily in Europe, aimed at understanding the nocturnal
activity patterns of bats. Risk of predation may explain
why some species of bats emerge in small groups rather
than being evenly spaced temporally (Brigham and
Fenton, 1986; Speakman et al., 1995). By emerging in
small groups, an individual bat might lowers its risk of
being the victim of a predation attempt, should one occur. Kalcounis and Brigham (1994) have demonstrated
that little brown bats (Myotis lucifugus) do not alter
their emergence time when presented with a model of
an eastern screech owl ( Otus asio). One of us (DWS)
currently is conducting research into the direction that
fleeing bats take after their roosts are disturbed. The
response of bats to disturbance doubtless is an antipredator behavior. Given the hypothesized role of disturbance and predation attempts on roost-switching by
bats (Lewis, 1995; Whitaker, 1998), and the current
interest in these topics by researchers, efforts should be
directed towards understanding how bats respond to
predation attempts and other types of disturbance. Only
with a coupling of better natural history information
and better behavioral data can we truly understand the
impacts of predation on bats.
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APPENDIX
List of vertebrate predators on North American bats, with primary sources of information. Predators are listed
by alphabetical order of species name within each class. Prey species are listed in alphabetical order of species name.
Predator

Species of Bat

Sources

Myotis lucifugus
Tadarida brasiliensis
Pipistrellus hesperus
Myotis lucifugus
"California Bats"

Barbour and Davis (1969, 1974)
Jones and Hettler (1959)
Hermann (1950)
Borell and Ellis (1934)
Ingles ( 1947)

Myotis sp.
Eptesicus fuscus
Lasiurus borea/is

Gillette and Kimbrough (1970)
Kirkpatrick (1982)
Jones (I 961)
Korschgen and Baskett ( 1963)
Lee (1969)
Kinsey (1961)
Creel (1963)

FISHES
Bass
Lepomis cyanellus
Micropterus salmoides
Rainbow Trout
Sa/mo gairdneri
AMPIDBIANS
Rana sp.
Rana catesbeiana

"Rana pipiens"
REPTILES
Snakes
Nocturnal Snakes
Agkistrodon contortrix
Agkistrodon piscivorous

Coluber constrictor
Colubra taeniatus
Crotalus atrox
Crotalus adamanteus
"Elaphe guttatd'

Myotis austroriparius
Myotis sp.
Pipistrellus subflavus
Bats
Antrozous pallidus
Tadarida brasiliensis
Corynorhinus rafinesquii
Tadarida brasiliensis
Myotis evotis
Bats
Tadarida braziliensis
Corynorhinus rafinesquii
Bats
Corynorhinus rafinesquii
Lasiurus cinereus
Myotis austroriparius

Myotis velifer

Tadarida brasi/iensis
Elaphe obsoleta

Eptesicus fuscus

Myotis austroriparius

Myotis grisescens
Myotis lucifugus
Myotis soda/is

Campbell (1925)
Orr (1954)
Davis et al. (1962)
Jones ( 1977)
Eads et al. (I 957)
McIntosh and Gregory (1976)
Allen (1939)
Sparks and Choate (this volume)
Jones (I 977)
Campbell ( 1925)
Jones ( 1977)
Wiseman (I 963)
Rice (1957)
Lowery (1974)
Jones and Manning (1989)
Schmidly ( 1991)
Hibbard (1934)
Twente (1955)
Kunz (1973)
Barbour and Davis ( 1969)
Lowery (1974)
Silver (1928)
Schmidly ( 1991)
Whitaker and Hamilton (1998)
Schmidly ( 1991)
Rice (1957)
Lowery (1974)
Jones and Manning (1989)
Foster et al. (1978)
Schmidly (1991)
Easterla (1967)
Sparks and Choate (this volume)
Barbour and Davis (1974)
Barr and Norton (I 965)
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APPENDIX (continued)
Myotis velifer
Nycticeius humeralis
Tadarida brasiliensis

Masticophis flagellum

Tadarida brasi/iensis

Maticophis taeniatus
Trimorphodon vandenburgi

Tadarida brasiliensis
Myotis velifer
Nyctinomops femorosaccus

Twente (1955)
Watkins (1972)
Schmidly ( 1991)
Barbour and Davis (1969)
Lowery (1974)
Ridlehuber and Silvy (1981)
Eads et al. ( 1957)
Davis et al. (1962)
Barbour and Davis ( 1969)
Barbour and Davis (1969)
Stager (1942)
Krutzsch ( 1944)

BIRDS
Owl Pellets

Accipiter cooperii

Accipiter striatus

Agelaius acadicus
Aegolius acadicus or Otus asio
Agelaius phoeniceus
Aeronautes saxatalis
Asio fllameus

Asio otus
Bubo virginianus

Eptesicus fuscus
Lasionycteris noctivagans
Lasiurus borea/is
Myotis sp.
Pipistrellus hesperus
Tadarida brasiliensis

Bats
Antrozous pallidus
Lasiurus borealis

Myotis lucifugus
Bats
Lasionycteris noctivagans
Myotis lucifugus
Eumops perotis
Lasiurus borealis
Lasiurus cinereus
Pipistrellus hesperus
Nycticeius humeralis
Lasiurus cinereus
Bats
Antrozous pallidus
Eptesicus fuscus
Lasionycteris noctivagans
Pipistrellus hesperus
Tadarida brasiliensis

Phillips (1966)
Hall (1946)
Mumford and Whitaker (1982)
Hall (1964)
Hayward and Cross ( 1979)
Sprunt (1950)
Baker et al. (1962)
Davis et al. (1962)
Barbour and Davis (1969)
Schmidly (1991)
Bent (1937)
Orr (1954)
Downing and Baldwin ( 1961)
Davis et al. (1962)
Mueller (1968)
Bent (1938)
Mattson ( 1991)
Miller (1962)
Easterla (1973)
Huey (1926)
Cahn and Kemp (1930)
Huey (1926)
Cahn and Kemp (1930)
Mumford and Whitaker (1982)
Bailey (1905)
Bent (1938)
Orr (1954)
O'Shea and Vaughan (1977)
Rysgaard (1942)
Schmidly ( 1991)
Bond (1940)
Bailey ( 1925)
Constantine (1948)
Twente (1954)
Baker (1962)
Davis et al. (1962)
Perry and Rogers ( 1964)
Taylor (1964)
Barbour and Davis (1969)
Caire and Ports (1981)
Hayward and Cross (1979)
Schmidly ( 1991)
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APPENDIX (continued)
Buteo jamaicensis

Bats
Euderma maculatum
Eumops perotis
Tadarida brasiliensis

Buteo lagopus

Myotis velifer
Tadaridia brasiliensis

Buteo platypterus
Buteo regalis
Buteo swainsoni
Circus cyagnathus
Cyanocitta cristata

Myotis lucifugus
Tadarida brasi/iensis
Tadarida brasiliensis
Tadaridia brasiliensis
Lasiurus sp.
Lasiurus borealis

Lasiurus seminolus

Euphagus cyanocephalus
Fa/co columbaris

Myotis lucifugus
Antrozous pallidus
Bats
Lasiurus borealis

Fa/co mexicanus
Falco peregrinus

Tadarida brasiliensis
Eptesicus fuscus
Euderma maculatum
Eumops perotis
Myotis lucifugus
Tadarida brasiliensis

Fa/co sparverius

Bat
Small Bat
Antrozous pallidus
Eptesicus fuscus

Euderma maculatum
Eumops perotis

Roberts et al. (1997)
Bent (1937)
Easterla (1973)
Easterla (1973)
Macy and Macy (1939)
Sprunt (1950)
Baker (1962)
Davis et al. (1962)
Barbour and Davis (1969)
Schrnidly ( 1991)
Twente (1954)
Twente (1954)
Baker (1962)
Barbour and Davis (1969)
Baker ( 1962)
Baker (1962)
Baker (1962)
McClure (1942)
Strecker (I 924)
McClure (1942)
Allan (1947a)
Drake (1957)
Clay (1959)
Elwell (1962)
Hoffmeister and Downes ( 1964)
Mumford (1973)
Lowery (1974)
Mumford (1973)
Lowery (1974)
Mumford ( 1973)
Orr (1954)
Bent (1938)
Allen and Peterson (1936)
Johnson and Coble (1967)
Yancey et al. (1996)
Burford and Yancy (1995)
Easterla (1973)
Easterla (1973)
Sherrod (1983)
Stager (1941, 1948)
Sprunt (1950)
Eads et al. (1957)
Barbour and Davis (1969)
Campbell ( 1925)
Garber (1977)
Wright (1932)
Hayward and Cross ( 1979)
Orr (1954)
Stoner (1939)
Barbour and Davis ( 1969)
Black (1976)
Schmidly ( 1991)
Easterla ( 1973)
Black (1976)
Schrnidly ( 1991)
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APPENDIX (continued)
Lasiurus borealis
Lasiurus cinereus
Myotis lucifugus
Myotis velifer

Tadarida brasiliensis

Geococcyx ca/ifornianus

Lasiurus borea/is
Tadarida brasi/iensis

Ictnia mississippiensis
Otus asio

Otus asio or Aegolius acadicus
Pavo sp.
Phasianus colchicus
Quiscalus quiscula
Strix varia
Turdus migratorius
Tyto alba

Pipistrellus
Tadarida brasiliensis
Bats
Eptesicus fuscus

Lasiurus borealis
Lasiurus cinereus
Myotis austroriparius
Myotis grisescens
Myotis lucifugus
Myotis soda/is
Lasionycteris noctivagans
Lasiurus seminolus
Lasiurus borealis
Eptesicus fuscus
Myotis lucifugus
Bats
Lasiurus borealis
Bats
Bats
Antrozous pallidus
Eumops perotis
Eptesicus fuscus
Myotis grisescens
Myotis lucifugus
Myotis velifer
Tadarida brasiliensis

Allen (1939)
Barbour and Davis (1969)
Church ( 1967)
Mueller (1.968)
Garber ( 1977)
Bent (1938)
Twente (1954)
Hayward (1970)
Baker (1962)
Davis et al. (1962)
James and Hayse (1963)
Barbour and Davis (1969)
Black (1976)
Schmidly ( 1991)
Wilks and Laughlin (1961)
Barbour and Davis (1969)
Constantine ( 1948)
Herreid (1960)
Lee and Kuo ( 1999)
Allan ( 1947)
Taylor (1964)
· Bent (1938)
Allen (1939)
Beer (1953)
Buskirk (1963)
Barbour and Davis (1969)
Mumford and Whitaker (1982)
Tuttle (1979)
Barclay et al. (1982)
Humphrey et al. (1977)
Mattson ( 1991)
Barkalow and Funderberg (1960)
Mumford and Whitaker (1982)
Long (1971)
Miller (1962)
Bent (1938)
Hahn (1909)
Bent (1938)
Taylor (1964)
Twente ( 1954)
Reeder (1946)
Stupka (1931)
Kunz (1974)
Tuttle and Stevenson (1982)
Wallace (1948)
Hayward (1970)
Campbell ( 1925)
Twente (1954)
Taylor (1964)
Barbour and Davis (1969)
Schmidly ( 1991)
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APPENDIX (continued)
MAMMALS
"Wild cats"
Antrozous pallidus
Bassariscus astutus

Canis latrans
Conepatus conepatus
Dasypus novemcinctus
Didelphis virginiana

EUGENE D. FLEHARTY FESTSCHRIFT

Bats
Smaller Bats
Bats
Lasiurus borealis

Campbell (I 925)
Engler (1943)
Campbell (1925)
Taylor (1954)

Myotis velifer
Tadarida brasi/iensis
Tadarida braziliensis
Bats
Tadarida brasiliensis
Tadarida brasiliensis
Bats
Lasiurus borealis

Hayward (1970)
Bailey (1938)
Sparks and Choate (this volume)
Campbell ( 1925)
Constantine (I 948)
Sparks and Choate (this volume)
Campbell (1925)
Sperry (1933)
Barbour and Davis (1969)
Rice (1957)
Lowery (1974)
Jones and Manning (1989)
Schmidly ( 1991)
Tuttle (1976a)
Constantine (I 948)
Twente (1956)
Barbour and Davis ( 1969)
Schmidly ( 1991)
Engler (1943)
Krutzsch (1950)
Rysgaard (1942)
Kurta and Lehr (1995)
Mumford and Whitaker (1982)
Sparks and Choate (this volume)
Barbour and Davis (I 969)
Humphrey and Cope (1976)
Maser et al. (1981)
Mumford and Whitaker (1982)
Whitaker and Hamilton (1998)
Maser et al. (1981)
Watkins (1972)
Schmidly ( 1991)
Hoying (1983)
Baily (1938)
Wiseman et al. (1962)
Bell (1980)
Bell (1980)
Hall (1946)
Orr (1950)
Bishop (1947)
Bell (1980)
Hall (1946)
Sperry (1933)
Hayward (1970)
Constantine (1948)
Barbour and Davis (I 969)
Schmidly ( 1991)
Martin (1961)
Martin (1961)

Myotis austroriparius

Myotis grisescens
Tadarida brasiliensis

Eptesicus fuscus

Smaller Bats

Fe/is catus

Eptesicus .fuscus
Lasiurus ega
Myotis sp.
Myotis grisescens
Myotis lucifugus

Myotis soda/is
Myotis yumanensis
Nycticeius humera/is

Lasiurus borealis
Lasiurus cinereus

Lynx rufus
Mephitis mephitis

Microtus ochrogaster

Pipistrellus subjlavus
Tadarida brasiliensis
Lasiurus borealis
Eptesicus .fuscus
Lasiorrycteris noctivagans
Lasiurus cinereus
Pipistrellus hesperus
Pipistrellus subjlavus
Tadarida brasiliensis
Myotis yumanensis
Lasiorrycteris noctivagans
Myotis velifer
Tadarida brasiliensis

Myotis sp.
Pipistrellus subjlavus
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APPENDIX (continued)
Mustela frenata

Mustela vison
Neotoma micropus
Peromyscus/eucopus
Peromyscus maniculatus
Procyon /otor

Bat
Eptesicus fuscus

Myotis (lucifugus or soda/is)
Myotis velifer
Myotis sp.
Myotis lucifugus
Bats
Eptesicus fuscus
Myotis grisescens
Myotis velifer

Nycticeius humeralis
Tadarida brasiliensis

Rattus rattus
Urocyon cinereoargenteus

Eptesicus fuscus
Myotis ve/ifer
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Quick (1951)
Goodpaster and Hoffmeister (1950)
Mumford (1969)
Goodpc1$ter and Hoffmeister (1950)
Cockrum (1952)
Hitchcock (1965)
Fenton (1970)
Campbell ( 1925)
Phillips ( 1966)
Tuttle (1976b)
Cockrum (1952)
Twente (1955)
Twente (1956)
Hayward (1970) •
Watkins (1972)
Eads et al. (1955)
Eads et al. (1957)
Davis et al. (1962)
Barbour and Davis ( 1969)
Lowery (1974)
McCracken et al. (1986)
~chmidly ( 1991)
Rysgaard (1942)
Hayward (1970)
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