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AN ECOLOGICAL STUDY OF RODENTS IN A SHORT-GRASS
PRAIRIE OF NORTHEASTERN COLORADO
ABSTRACT

by Lester Dennis Flake, Ph.D.
Washington State University, 1971

Chairman: Vincent Schultz

Four rodent species (pipodomys ordii, Onychomys leucogaster,
Peromyscus maniculatus, and Spermophilus tridecemlineatus) were studied on
the short-grass prairie of northeastern Colorado during 1969 and 1970 in
conjunction with the International Biological Program's grassland biome
studies. Three half-section pastures (intensive study pastures) subject to
long-term cattle grazing at 1ight, moderate, and heavy intensities, respec-
tively, were live trapped to determine possible effects of grazing on rodent
populations. Traps within each pasture were stratified into the three main
soil types (Vona and Ascalon sandy loam, Midway-Renohill complex, and
undifferentiated bottomland soils) to examine rodent abundance and distri-
bution in relation to these soils. Live-trap data also provided information
on sex ratios, annual population cycles, and population levels between years.
Rodents were snap trapped in areas adjacent to the intensive study pastures
and used for estimating litter size (embryo counts), reproductive seasons
(presence of embryos, placental scars, and mean testis length), and sex
ratios. Stomachs of snap-trapped rodents were collected and food habits
examined using microscopic techniques. Habitat relations, reproduction, and

food habits were emphasized in this study.



Populations of p. maniculatus Were directly related to intensity of
grazing pressure while s. tridecemlineatus were inversely related to grazing
pressure, although the differences between pastures for both species were not
great. 0. leucogaster showed no definite relation to grazing pressure though
populations were generally lowest in the heavily grazed pasture. Low sample
size made relationship to grazing pressure, unless extreme, difficult or
impossible to observe in D. ordii.

Definite soil relations were noted only in 0. leucogaster and p. ordii
as both showed an aversion for the undifferentiated bottomland soils, probably
due to frequent flooding in this habitat, and in the case of D. ordii, lack
of barren surface soil and thus dusting places. There were other less defin-
ite but probable soil relationships.

Pregnant p. ordii were found from February through August,

0. leucogaster from March through August, p. maniculatus from February through
November, and S. tridecemlineatus in May. Mean litter sizes and ranges were
2.87 (2-4), 4.58 (3-7), 4.70 (2-8), and 8.55 (7-11) for p. ordii,

0. leucogaster, P. maniculatus, and S. tridecemlineatus respectively.

Mean percent volume of animal matter in diets of rodent species was
as follows: D. ordii (4.4%), 0. leucogaster (73.9%), P. maniculatus (39.0%),
and s. tridecemlineatus (44.0%). Amounts of animal matter in adults and
juveniles were about equal though there were some differences between sexes.
The greatest amount of seasonal variation in percent volume animal matter in
the diet was in p. maniculatus. Animal matter in the diets of all four
species was composed almost entirely of arthropods with a few vertebrate
parts present. Arthropods commonly identified in the diets included Coleop-
tera adults, Lepidoptera larvae, Coleoptera larvae, and grasshoppers (except
in p. ordii). Plant matter in the diets of all species included unidentified
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seeds, leaves, stems, and flowering parts of various species of grasses and
sedges, forbs, and shrubs and tissues of mosses, lichens, and fungi. Seeds
were by far the most common type of plant matter in diets of p. ordii and

p. maniculatus while plant matter in S. tridecemlineatus ard 0. leucogaster
was -more equally divided between seeds and non-seed parts of grasses (and
sedges) and forbs. Much seasonal variation in types and relative amounts of

different kinds of plant and animal matter was noted.
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INTRODUCTION

Selected for intensive ecosystem analysis in October of 1967 by the
International Biological Program (IBP), the Pawnee Site in northeastern
Colorado has become the center for numerous studies of animal, plant, and
abiotic parameters. This dissertation research is concerned with rodent
species at the Pawnee Site and, in particular, with the effect of different
intensities of long-term cattle grazing on rodent abundance, rodent abundance
and distribution in relation to certain soil types, annual cycles and fluc-
tuations of rodent populations, rodent reproduction and sex ratios, and
rodent food habits. Species studied include the Ord's kangaroo rat
(pipodomys ordii luteolus [Goldman}), northern grasshopper mouse (onychomys
leucogaster arcticeps Rhoads), prairie deer mouse (Peromyscus maniculatus
osgoodi Mearns), and thirteen-lined ground squirrel (spermophilus
tridecemlineatus arenicola [Howe]]]).] These were the only rodent species
captured regularly at the Pawnee Site and are hereafter referred to as
"target" species.

Previous studies of "target" species in the environs of the Pawnee
Site have not been conducted and, in fact, research on these species has
apparently not been conducted on any of the short- and mixed-grass prairies
of eastern Colorado. An appreciable number of studies have been published

on “target" species in other parts of their range. Studies relating to

1axonomic assignment of rodents after Hall and Kelson (1959).
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"target" species, and of particular importance to this research, are briefly
summarized in Table 1 and discussed hereafter in relation to findings of this
study.

Data on several aspects of "target" species at the study area,
aspects which have not been previously studied in these environs and thus
warrant attention, are provided by this study. Moreover, objectives of this
study contribute to general knowledge of each species and provide data needed
to fulfill overall IBP objectives, which are "to study the different states of
grassland ecosystems to determine interrelationships of structure and func-
tion, to determine the variability and magnitude of rates of energy flow and
nutrient cycling, and to include these parameters and variables in an overall

systems framework and mathematical model" (Van Dyne, 1969).
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DESCRIPTION OF THE STUDY AREA

The Pawnee Site is delimited by boundaries of the western division of
the Pawnee National Grassland. At the western edge of the Pawnee Site is
located the Central Plains Experimental Range (CPER) (Figure 1). The primary
site for intensive IBP ecosystem analysis is CPER, though studies requiring
additional space, such as rodent and other mammal studies, extend into
additional areas of the Pawnee Site. My rodent studies were centered in and
adjacent to the intensive study pastures (HG, MG, and LG) (Figure 1). About
42,494 ha (105,000 A) are included in the western division of the Pawnee
National Grassland (Pawnee Site) and, of this, about 6,071 ha (15,000 A) are
included in CPER. International Biological Program field headquarters at the
Pawnee Site are located on CPER about 48 km (30 mi) northeast of Fort Collins,
Colorado (Figure 1).

Climatological records collected at CPER headquarters since 1939
indicate precipitation ranges from 25-38 cm (10-15 in) per year with more
than 72% occurring from May 1 to September 30. Mean monthly precipitation
as measured at CPER headquarters from 1939-1967 is presented in Figure 2.
Mean monthly maximum and minimum temperatures at CPER from 1948-1967 are
shown in Figure 3. Altitude within the intensive study pastures (HG, MG,
and LG) ranges from 1,686-1,704 m.

Vegetation at the Pawnee Site and in adjacent areas is classified as
short-grass prairie and has been described by Klipple and Costello (1960),
Hyder et al. (1966), and Daniel W. Uresk (unpublished data, Range Science

Department, Colorado State University, Fort Collins, Colorado). Native
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short-grass prairie is composed primarily of blue grama (Bouteloua gracilis
(H. B. K.J Lag.), buffalo grass (Buchloe dactyloides [Nutt.] Engelm.), and
sun sedge (carex heliophila Mackenz). Other grasses associated with short-
grass prairie include western wheatgrass (Agropyron smithii Rydb.), red
three-awn (Aristida longiseta Steud), and needle and thread (stipa comata
Trin and Rupr.). Some of the more common perennial forbs at the Pawnee Site
include scarlet globemallow (Sphaeralcea coccinea [Pursh] Rydb.), slim flower
scurfpea (pPsoralea tenuiflora Pursh), slenderbush eriogonum (Eriogonum
effusum Nutt.), scarlet gaura (Gaura coccinea Nutt. Ex. Pursh), and plains
prickly pear (opuntia polycantha Haw.). Bee spiderflower (Cleome serrulata
Pursh), evening primrose (oenothera L.), and slimleaf goosefoot (chenopodium
leptophyllum nutt.) are a few of the characteristic annual forbs. Shrubs
include broom snakeweed (Gutierrezia sarothrae (Pursh] Britt. + Rusby),
fringed sagewort (Artemisia frigida Willd.), rubber rabbitbush (chrysothamnus
nauseosus (Pall.] Britt.), and saltbush (Atriplex canescens [Purshj Nutt.).2
A list of plants collected at the Pawnee Site is found in Jameson (1969).

A brief description of the more common vertebrates at the Pawnee Site
serves to further acquaint readers with the grassland ecosystem. Amphibians
are generally not encountered in large numbers on the Pawnee Site, though the
plains spadefoot toad (Scaphiopus bombifrons Cope) may sometimes be quite
abundant. Leopard frogs (rana pipiens Schreber) and tiger salamanders
(Ambystoma tigrinum [Green]) are abundant in permanent and semipermanent
ponds found in drainage basins throughout the Site. Among reptiles occasion-
ally encountered are prairie rattlesnake (crotalus viridis Rafinesque),

wes tern hognose snakes (Heterodon nasicus Baird and Girard), earless lizards

2Taxonomic assignment of plants after Harrington (1964).
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(Holbrookis maculata Girard), and short-horned 1izards (pﬁrynosoma'douglassi
(Bell7). Small birds often seen at the Pawnee Site include lark buntings
(calamospiza melanocorys Stejneger), McCown's longspur (Rhynchophanes mccowni
Lawrence), and mountain plover (Eupoda montana [Townsend]) in late spring and
summer, with horned larks (Eremophila alpestris (Linnaeusj) present through-
out the year. Several raptors are common at the Pawnee Site including the
burrowing owl (Speotyto cunicularia [Molinaj), ferruginous hawk (Buteo
regalis (Grayl ), marsh hawk (circus cyaneus fLinnaeus]), prairie falcon
(Falco mexicanus Schlegel), Swainson's hawk (Buteo swainsoni Bonaparte), and
golden eagle (aguila chrysaetos [Linnaeus]).3 A list of birds found at the
Pawnee Site is included in Jameson (1969).

Common mammals of the Pawnee Site, other than the rodent species
previously mentioned, include pronghorn antelope (Antilocapra americana ord.),
coyote (canis latrans Say), badger (Taxidea taxus {Schreberj), white-tailed
jackrabbit (Lepus townsendii Bachman), and black-tailed jackrabbit (Lepus
californicus Gray). A list of mammals found at the Pawnee Site is included
in Jameson (1969).

Within the CPER are three half-section pastures, each having been
exposed to different intensities of cattle grazing from May 1 to October 31
of each year since 1939. These are referred to as the lightly grazed (LG),
moderately grazed (MG), and heavily grazed (HG) pastures or as the intensive
study pastures (Figure 1). According to Dr. Donald A. Jameson (personal
communication, Range Science Department, Colorado State University, Fort
Collins, Colorado), number of cattle (heifers) placed in these pastures per

six-month period varies between years and is regulated so that above ground

3Taxonomic assignments of amphibians, reptiles, and birds after
Blair et al. (1957).
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biomass is generally not reduced below 341 kg/ha (300 1b/A) in the heavily
grazed pasture, 455 kg/ha (400 1b/A) in the moderately grazed pasture, and
568 kg/ha (500 1b/A) in the lightly grazed pasture. Photographs of the
intensive study pastures (Figure 4) show a primary difference between the
differentially grazed pastures to be height of vegetation. As would be
expected, the tallest grasses and forbs are found in the lightly grazed
pasture with the shortest vegetation present in the heavily grazed pasture
and a condition somewhat between these two in the moderately grazed pasture.
According to Daniel W. Uresk (unpublished data, Range Science Department,
Colorado State University, Fort Collins, Colorado), if one excludes plains
prickly pear (0. polycantha), there is a decrease in biomass of total forbs
in the intensive study pastures with increused grazing, though frequency of
these forbs does not appear to be related to grazing intensity. Further,
plains prickly pear (0. polycantha) biomass and frequency is greatest in the
heavily grazed pasture and least in the moderately grazed pasture while the
lightly grazed pasture has a somewhat intermediate amount. Finally, shrubs
such as broom snakeweed (¢. sarothrae), fringed sagewort (a. frigida), and
rubber rabbitbush (c. nauseosus) have a higher frequency and biomass in the
lightly grazed pasture than in the heavily grazed pasture, with the moderately
grazed pasture having an intermediate amount. Hyder et al. (1966) concluded
that 23 years of long-term grazing at different intensities on the intensive
study pastures had not affected frequency percentage of plant species to any
detectable extent. These results are compatible with those just discussed
except for shrubs and 0. polycantha. My visual observations indicate a
definite decrease in frequency and biomass of shrubs with increased grazing.
Little or no increase in amount of bare surface soil and erosion with increased
grazing is evident.

12



a. Heavily grazed (HG) b. Moderately grazed (MG)

c. Lightly grazed (LG)

FIGURE 4.--Intensive study pastures at the Pawnee Site in June, 1970 (7.5 cm
x 7.5 cm x 25.4 cm mammal traps in foreground).
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In terms of area covered, major soil types in the intensive study
pastures are Vona and Ascalon sandy loam soils, Midway-Renohill complex soils,
and undifferentiated-bottomland soils (Jameson, 1969). The contour of these
soils in each of the intensive study pastures is shown in Figure 5. Ascalon
and Vona sandy loams are deep, well-drained soils containing little shale or
sandstone and not subject to frequent water overflow. Because of their
similarity, they are grouped as one major soil type for rodent habitat
analysis. Midway-Renohill complex soils are shallow to deep soils containing
large amounts of shale and interbedded shale and limestone and are moderately
well drained and not subject to frequent water overflow. Undifferentiated-
bottomland soils contain little or no shale or sandstone, are well drained

and deep, but are subject to frequent flooding.

14
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METHODS
Field Methods

Within each of the intensive study pastures, twelve permanent live-
trapping grid sites were established and nonrandomly numbered from 1 through
12 (Figure 5). Grid sites were numbered in a manner that allowed easy recall
of grid numbers when checking live traps but without regard to soil types.
Grid sites were stratified into the three main soil types, with number of
grids in each soil constant between pastures and with grid sites within each

soil subjectively selected. Five grid sites were placed in Ascalon and Vona

sandy loam soils, four in Midway-Renohill complex 50115. and three {n

undi fferentiated-bottomland soils. The number of grid sites in each soil
type is roughly proportional to the percentage of area covered by these soils
in each of the intensive study pastures.

Live-trapping procedures were periodically initiated in the lightly,
heavily, and moderately grazed pastures from late May, 1969, through late
July, 1970. Except for winter and early spring, when snow and extreme cold
prevented 1ive trapping, trapping periods were scheduled at about two-month
intervals. During these live-trapping periods, 30 x 30 m grids, each con-
taining 16 Tomahawk 1ive traps4 (7.6 cm x 7.6 cm x 25.4 cm, metal) spaced
at 10-m intervals, were placed at each sampling site in the intensive study
pastures. Traps in each grid were set for five days per live-trapping period,
as preliminary data indicated nearly all trappable animals would be recaptures

by the fifth day. Half the grids in each pasture were trapped simultaneously,

4Nationa1 Live-Trap Corporation, Tomahawk, Wisconsin
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with traps being moved to the remaining grids after five days. Throughout
the study, even-numbered grids were run during the first five days and odd-
nurbered grids the second five days of each live-trapping period. Live-
trapping periods required a minimum of 10 days plus one or two days for
moving traps between grids and rebaiting. Prebaiting procedures were not
used due to time and manpower limitations. Each mornirg during live-trapping
periods, traps were baited with molasses-rolled barley and animals toe-
and/or ear-nmarked, recorded as to species, sex, reproductive ccndition
(lactating, pregnant, or fecund), and released. During extremely hot days,
additional tending of traps was necessary in the early afternoon to reduce
trap mortality.

Toe-marking consisted cf clipping toes numbered distally te proximally
from one through four on the front feet and from one through five on the back
feet. Up to one toe was removed from each foot with the front right feet
counting as thousands, front left as hundreds, back right as tens, and back
left as ones. Additionally, right and left ears were clipped as six and
seven thousands, respectively. Each aninal was recorded as a four digit
nunber from these marks. Identical marks were used for different species.

In areas of CPER and Pawnee National Grassland adjacent to the inten-
sive study pastures, snap-trap lines were set each month to capture rodents
for reproductive, food habits, and age-structure analyses (based on weight).
Snap traps were primarily museum specials with some larger rat-type traps
being used. Traps were baited with a peanut butter-oatmeal mixture anc tended
once each morning except during warmer months when it was necessary to visit
traps more frequently during the day to prevent decomposition of s.
tridecemlineatus (diurnal species) and for rebaiting due tc theft of bait by
ants. A1l aninals were given a species number, recorced as to sex, weicht,

19
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and date of capture and returned to the laboratory at Colorado State Univer-

sity for later analysis.

Laboratorv Methods

In the laboratory, the animals were cissected and the uterus, both
testis, and stomach placed in 70% ethyl alcohol for later examination. The
percentage of females with visible pregnancies was determined and embryos
were counted. Recent placental scars were counted by placing uteri towards
a light source and counting numbers of distinct dark spots. If scars were
present but difficult to count, they were recorded as present without
attempting to count them. Testis length was recorded as a general index of
male fecundity.

A1l animals were classified as juvenile or adult on a weight basis.

D. ordii weighing less than 59 g were classified as juveniles since none below
this weight were found to be pregnant, and this was the minimum weight of most
specimens captured in January and February of 1970, six months after the last
recorded pregnancy. Those weighing 59 g or more were classified as adults.

If one interpolates from the growth curve for D. nitratoides (Eisenbery and
Isaac, 1963), the juveniles are probably less than four months of age and the
adults four months or older. Northern grasshopper mice (0. leucogaster)
weighing less than 24 g were classified as juveniles since no pregnant females
were found weighing less than this. Further, during November, December,
January, and February, at least three months after the last recorded pregnancy,
no specimens weighing less than 24 ¢ were trapped. Animals weighing 24 g or
more were classified as adults. Juveniles were probably less than two months
old, as Egoscue (1960) records puberty is reached at 6-7 weeks in northern

grasshopper mice (0. leucogaster). Juvenile P. maniculatus were defined as
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specimens weighing less than 18 g since pregnant females were not found under
this weight. Adults were classed as those weighing 18 g or more. For

P. maniculatus, minimum weights of specimens captured in mid-winter were not
a good estimate of minimum adult weights since reproduction occurred almost
all year and juveniles were captured in every month. Clark (1938) found

P maniculatus seldom conceived before five weeks of age, and thus, juveniles
were probably in this age category. sS. tridecemlin-atus were classified as
juveniles or adults on the basis of weight difference up until estivation in
mid- or late summer. In general, juveniles weighed less than 100 g and adults
more than 100 g from emergence of young in June until mid-August when almost
all adults were in estivation. By mid-August or later, active adults usually
weighed 150 g or more while juveniles weighed considerably less than 150 g.
A1l s. tridecemlineatus captured in spring and early summer before den emer-
gence of young were classified as adults.

Stomach contents were examined under a dissecting microscope to
determine what types of animal matter were being consumed. Animal matter was
identified from undigested parts such as chitonous body walls and appendages,
hair, lizard scales, etc. Types of animal matter were given percent volume
of total animal matter (composition) rankings as follows: one (1-20%),
two (21-40%), three (41-60%), four (61-80%), and five (81-100%). Further,
total animal versus plant matter in each stomach was estimated using this same
volume ranking plus one additional ranking of zero (0%). Though it is diffi-
cult to separate ingested plant and animal materials, some rather good clues
are available. Primarily, animal material generally has less cell structure
and is more translucent than plant materials. Moreover, much of the ingested
animal material remains connected with appendages, chiton, hair, etc.,

revealing its nature. These observations are in agreement with those of
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Harriss (1950). A more detailed discussion of these methods along with
photographs of insect parts commonly found in diets of "target" species is
found in Cwik (1970).

Following the above procedures, stomach contents were oven dried and
ground in a Wiley laboratory mill. Slides were mede using Hertwig's and
Hoyer's solutions as described by Hansen and Flinders (1969). Twenty fields
were systematicaily examined under the compound microscope (10 x) on each
s1ide and the frequency precentage of different species of plants and of less
specific categories such as lichens, fungi, seeds, etc., were recorded.

Plant tissues were identified from reference slides of plant tissues at the
Pawnee Site. Percent frequency was converted to density using a table
developed by Fracker and 3rischle (1944) and density converted to percent dry
weight using a formula developed by Sparks and Malechek (1968). A more
detailed discussion of these microtechnique procedures is found in Hansen and

Flinders (1969).
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RESULTS AND DISCUSSION

Population Relations of Rodents to Cattle Grazing and Soils

Effects of grazing, especially by cattle and sheep, may alter habitat
and subseguently cause a change in rodent populations, depending on their
habitat requirements. The ensuing "target" species subsections present and
discuss Pawnee Site data on relative abundan e per intensive study pasture to
compare how long-term cattle grazing at light, moderate, and heavy intensities
has possibly affected "target" species populations. Further, relative abun-
dance and distribution of "target" species within the three main soil types
of the intensive study pastures are exar.ined and miscellaneous habitat prefer-
ence observations are made from snap-trapping procedures in the areas adjacent

to the intensive study pastures.

D. ordii

Ord's kangaroo rats (p. ordii) were present in extremely Tow numbers
in each of the intensive study pastures at the Pawnee Site, with captures
generally lower than for any other "target" species (Table 2). There were no
consistent relationships between numbers of D. ordii captured and long-term
intensity of cattle grazing though low population levels and length of this
study would make any trends difficult to observe (Table 2 and Figure 6).
Evidence in the literature is quite conclusive that disturbance of desert and
grassland ecosystems by cattle grazing can increase the carrying capacity of
these habitats for pipodomys. For example, Vorhies and Taylor (1940) observed
that kangaroo rats increase in density as ranges in the southwest deteriorate

due to grazing practices and perennial grasses tend to be replaced by annuals
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and weed species. Likewise, Monson and Kessler (1940)'observed that the
banner-tailed kangaroo rat (Dipodomys spectabilis) and Merriam's kangaroo rat
(pipodomys merriami) subsist mainly on seeds of annual plants vhich seem to

be favored by increased cattle grazing. Plant standing crop data collected

by Daniel W. Uresk (unpublished data, Range Science Department, Colorado State
University, Fort Collins, Colorado) indicate little or no increase in annual
grasses as a result of increased grazing intensity. It seems doubtful that
grazing practices at the Pawnee Site have affected D. ordii populations though
grazing at an intensity heavy enough to cause substantial erosion as well as
replacement of perennial grasses with annual grasses and forbs would most
likely result in higher p. ordii populations.

Mean captures per grid in Vona and Ascalon sandy loam, Midway-Renohill
complex, and undifferentiated bottomland soils are given in Table 3. There is
clearly an aversion to the undifferentiated bottomland soils. This is not
surprising since Dale (1939) notes that pipodomys are favored by well-drained
soils, light ground cover, and an availability of dusting places. The
undifferentiated bottomland soils at the Pawnee Site, though generally well
drained, are subject to flooding during heavy rain storms and have a high
percentage of ground cover with little bare soil and available dusting
places. Captures per grid also indicate a preference for Midway-Renohill
complex soil habitats over Vona and Ascalon sandy loams. Percent of bare
surface soil and therefore dusting places is highest of the three soil
habitats in Midway-Renohill complex, and thus, such a preference would be
expected.

Observations made from snap trapping in areas outside the intensive
study pasture show p. ordii concentrations were highest in naturally occurring

dry washes and weedy borders of old fields or wheat fields. These areas are
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characterized by a low percentage of ground cover, generally an increase in

annual grasses and forbs, and ar availability of dusting areas.

0. leucogaste:
Captures of n le..ogast-: ir the intensive study pastures wry
generally higher than captures of o, ord:s or P. maniculatus and were i,
surpasse¢d by ¢  tri:deceml:ncatus (Table 2). During fall and winter wher oost
of the 5. trideenlineatus were nibernating, 0. leucogaster Vas the predom -
nant rodent captured. Captures in the moderately grazed pasture consisterily
outnumbered thren in the heavily grazed pasture and were higher than caotures
in the liaghtly qrazed pasture 1n all 1ive-trapping periods except November
3-13 (Table < and Figure 7). Lightly grazed captures outnumbered heavily
grazec 'r all hut two out of sever live-trappingd periods and these two cases
could ea<ily have been the result of campling error. These observaticns
indicate the heavily grazed pasture may be suboptimal 0. leucogaster habi*a
in relation to the lightly anc moderatel,s qrazed pastures. Perhaps this is
due to ar increazed density of artrropods (major food jtem) in lightiy ar<
nnderatel} arazed pastures ir relation to the heavily grazed pasture as
observed by John Leetham {persondl communication, Insect ampling Coorcinator,
IBP, Colorado State Univerzity, fort Collins, Colorado). [ cannot explain
why capturcs ir the moderately grazed pu-ture shoul? gererally outnumber *necse
in the lightly crazed pasture thouyah ore €an see the dif*erences .re nuo o 2a’

(Tahle 2 and liqure 7).

»

Effectsc of arizint on . sowecae oo habiltats have rot been
for prairies nor does therve appear tn be apv weferepce 1O such st.die =7

where. [goscue (1980), studyirg réugagss tor in Utah, noted ng < less

habitat preferencec thaugh thev 437 w277 “marshy arecs, axtremely fof
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situations, precipitous hillsides, the extensive but generally featureless
shadscale flats with their alkaline soils and the pickleweed hummocks." In
Wyoming, Maxwell and Brown (1968) found 0. leucogaster broadly and quite
evenly distributed in relation to different types of prairie vegetation and
noted no particular habitat preference.

Mean captures of 0. leucogaster per grid per live-trapping period in
different soil types disclosed that consistently lower numbers are captured
in the undifferentiated-bottomland soil than in either Vona and Ascalon sandy
loam or Midway-Renohill complex soils (Table 3). The latter two soils are
upland soils and not subject to as frequent or severe flooding as the
undifferentiated-bottomland soil. This is a possible cause for avoidance of
the bottomland soils by 0. leucogaster. Personal observations show a decrease
in prickly pear cactus (o. polycantha) and an increase in carex in the bottom-
land habitats though both upland and lowland habitats are usually dominated
by blue gramma (Bouteloua gracilis) and appear quite similar in vegetation
life form. Such minor differences in vegetational environment are doubtful
as the primary cause of low 0. leucogaster numbers in the undi fferentiated
soils, particularly in respect to the findings of Maxwell and Brown (1968),

noting 0. leucogaster's broad habitat tolerance.

P. maniculatus

The effect of cattle grazing on P. maniculatus habitat has received
some attention by other researchers. Smith (1940b) reports that overgrazing
of grasslands with consequent erosion and increase in annuals impfoves the
habitat for ». maniculatus. In the grasslands of central Oklahoma,
Phillips (1936) found that p. maniculatus reached maximum numbers in

moderately overgrazed grassland, and further noted an avoidance of deep
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grass areas unless such areas were accompanied by barren habitat within easy
range of the mice. Black (1968) obtained results indicating that

P. maniculatus populations were much higher in grazed than non-grazed foothill
rangeland in Utah. These observations by other workers are particularly
helpful in explaining results at the Pawnee Site.

Numbers of P. maniculatus captured in the moderately grazed pasture
outnumbered captures in the lightly grazed pasture in five of seven live-
trapping periods, while numbers captured in heavily grazed habitat were
higher than either of the forementioned in six out of seven 1ive-trapping
periods (Table 2 and Figure 8). This indicates P. maniculatus populations
increase with increased grazing of short-grass prairie as would be expected
from the literature. The results on grazing effects at first seem highly
contradictory to habitat observations made from snap-trapping procedures in
other areas of the Pawnee Site. These observations showed P. maniculatus much
more abundant in tall grasses, forbs, and shrubs, especially in or around dry
washes and wheat fields than in any of the short-grass prairie habitats.
However, the amount of bare surface soils under the vegetation was much
greater in the taller vegetation than in the intensive study pastures and
numerous barren areas were interspersed in easy access of resident mice.

Thus, as shown by Phillips (1936), deep vegetative cover may provide favorable
habitat under these circumstances.

Consistent aversion to a particular soil or soils was not observed for
P. maniculatus as it was for D. ordii and 0. leucogaster (Table 3). However,
there may be a prefcrence for the Midway-Renohill complex soils, as relative
densities in this soil exceeded those in both Vona and Ascalon sandy loams
and undifferentiated bottomland soils in six of seven live-trapping periods.

Midway-Renohill complex soil is considerably more stony and has substantially

31



*pelaad Suiddear-saL 4ad SAep aALd 404 und sem oidb 5 o
A, _ A - rict &
yoez  pLab 420 sdeud :ﬁ puE 34nised uad SpLdb 2| 249M BJayy 3315 PBuUMRG Bud LE mmg,pmm ADM3S

) i1 ShapTnoTUA SROSAWCIS] --'f ng1
5A1S43741 543 UC 3unssasd BuiZedb 03 uwOiIR[BJL Ul SSIIINS bulddedy sn3eTRoTUEW T3] 2 IH"9I4

PGL43d Duidded, -3AL7

Ci6!
g2 iydvY
-8 TiddVv ~
} -
D
& o
- &
& -
- <
) H.nn.
e

ot
b 0 v
D
-y
—
o
T
C
L
=
5
g
@ (T
[
—
il o el
’ ]
SW 9




WSU

more barren surface soils than the other soil types. Since, as has been

discussed, P. maniculatus seem to prefer heavily grazed and eroded areas as
well as other habitats with interspersed barren areas, a preference for the
Midway-Renohill complex soil and its associated barren surface soil is not

surprising.

S. tridecemlineatus

Thirteen-lined ground squirrels (s. tridecemlineatus) were, with the
exception of the September live-trapping period, consistently captured in
higher numbers in the lightly grased pasture than in the moderately or heavily
grazed pastures (Table 2 and Figure 9). Since almost all s. tridecemlineatus
were dormant by September, captures during this period are probably a poor
representation of relative abundance and are not included in further discus-
sion. There appeared to be no difference in relative abundance in the
moderately and heavily grazed pastures in the data as a whole. However, if
one considers only the periods when the population consists primarily of
adults (live-trapping periods prior to July in both years), captures were
greatest in the lightly grazed pasture, least in the heavily grazed pasture,
and intermediate in the moderately grazed pasture. Since there is likely a
large amount of dispersion of young into new acres (McCarley, 1966), the
results from adults perhaps give a better indication of effects of grazing
on s. tridecemlineatus habitat and populations.

Effects of grazing and/or vegetation height on s. tridecemlineatus
have been examined by several researchers. Weaver and Flory (1934) concluded
that overgrazing of grasslands in Oklahoma always results in an increase in
S. tridecemlineatus. However, in another study in Oklahoma with a greater

number of grazing treatments, S. tridecemlineatus populations were found in
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higher numbers in normally grazed or moderately overgrazed grasslands than in
heavily overgrazed areas while areas undisturbed by grazing had extremely low
population levels (Phillips, 1936). Again in Oklahoma, Smith (1940a) found 5.
trideceml ineatus most abundant in areas where taller grasses were eliminated
leaving a dense mat of shorter grasses and forbs. McCarley (1966) found s.
tpidecemlineatus in high densities in a qolf course study area in Texas but
noted almost complete avoidance by these squirrels of the tall grass and forested
regions around the course, Further, Rongstad (1965) found S. tridecemlineatus in
a mowed habitat in Wisconsin and observed that unmowed areas surrounding the
study area were avoided. These studies show an increase in s. tridecemlineatus
populations with increased grazing, favoring short-grass habitats, though
heavy overgrazing with consequent erosion may be detrimental. As previously
shown, populations at the Pawnee Site appear to decrease with increased
grazing intensity. Increase rather than decrease in the population with
decreased grazing intensity is not really unusual as the Pawnee Site habitat
is characteristically short grass even under light grazing 1htensity. As
previously discussed, other studies noted decreased population levels when
grazing caused heavy erosion. However, little or no erosional differences
were evident between the intensive study pastures. Decrease of
S. tridecemlineatus populations at the Pawnee Site with increased grazing may
be related to decreased availability of both arthropod and plant foods with
increased grazing.

Captures per soil type of s. tridecemlineatus, With the possible
exception of Vona and Ascalon sandy loam soils, indicates no preference for
any particular soil type habitat. In the literature there is little evidence
of any specific soil preference in s. tridecemli:catus though Phillips (1936)

noted that burrows are more abundant in well-drained soils. A1l three soil
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types at the Pawnee Site are classified as well-drained soils although the
undifferentiated-bottomland soils receive frequent flooding during rain
storms. The lack of definitive soil type preferences observed in this study
is in agreement with the conclusions of Maxwell and Brown (1968) in Wyoming,
that s. tridecemlineatus are unaffected in distribution and abundance by soil

types.

Reproduction

D. ordii

Visible embryos were present in adult female D. ordii in all months
from the beginning of the study in May, 1969, through August of that year and
from February of 1970 to the end of the study in August, 1970. Neither preg-
nancies nor recent placental scars were observed from September through
January (Figure 10). Further supporting evidence on breeding season was
obtained from the presence or absence of newly weaned young among snap-trapped
individuals and mean testis length in adult males. Recently weaned juveniles
weighing less than 40 g were trapped as early as March (1970) and as late as
August (1970). Slightly older juveniles weighing from 40-45 g were captured
as late as September (1970). No juveniles in these weight categories were
captured from November, 1969, through February, 1970, though a few specimens
weighing over 50 g but less than the 59 g specifiec for adults in this paper
were captured. These animals probably represent older juveniles born in the
previous breeding season or adults suffering from weight loss. As a measure
of fecundity, mean monthly testis lengths of adult male p. ordii were plotted
for all months except November and [ tember of 1969 and January of 1970 when
no adult males were captured (Figure 11). Combined results from 1969 and 1970

show that mean testis length and thus fecundity were quite high from April
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through July. After July, fecundity decreased, reaching a low level sometime
in mid-fall or early winter. By February, mean monthly testis length and thus
fecundity were increasing again, reaching a fairly high level by April. In
brief, the pregnancy and placental scar data discussed are definite evidence
of reproduction occurring from February through August at the Pawnee Site
while occurrence of very young juveniles and mean monthly testis length lend
support to this conclusion.

Data for other geographic regions are available from several
researchers. Duke (1944) concluded thet p. ordii in central Utah have two
breeding seasons per year, one from early January to or possibly through
March and one from September through October. Pregnancies were found as
early as December and young as late as October in western Utah by Day,
Egoscue, and Woodbury (1956). Embryos were present in female pD. ordii from
February through March in Nevada (Alcorn, 1941). In New Mexico, pregnant
females were found from the end of February to early July by Johnson (1956).
Bailey (1931) recorded an additional breeding period in New Mexico in
October, November, and December. The cause of this late breeding season was
thought to be an unusual abundance of food in the fall. In the Texas pan-
handle and western Oklahoma, p. ordii seldom bred from April to July, but
began breeding usually in August or September and ended in March (McCulloch
and Inglis, 1961).

In summary, the literature indicates that breeding occurs in late
winter, spring and sometimes early summer in New Mexico, Utah, and Nevada,
with occasional fall breeding when there is an unusual abundance of food
during this period. In Texas and Oklahoma, D. ordii breed primarily in fall,
winter, and spring. As indicated by this study, breeding may occur at least

from February through August in Colorado. Fall breeding was not observed,
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though only one fall period was studied. Availability of food materials may
be important in determining breeding season for D. ordii as suggested by
Bailey (1931). However, if this is the primary controlling factor for

D. ordii, it is difficult to explain winter or early spring breeding in most
areas of their range since a high proportion of their diet consists of seeds
which would be more readily available in late spring, summer, or early fall.
Recently, Beatley (1969) suggested that reproduction in Dipodomys is corre-
lated with the presence or absence.of succulent annuals. She notes that these
must be present prior to or at the start of the breeding season to meet
increased physiological water, and perhaps vitamin, needs. Such an increase
in water needs during reproduction has been discussed for mule deer by
Leopold (1933). He notes that does can live on succulence for much of the
year but need drinking water when nursing fawns. Thus, perhaps D. ordii can
live with few succulents in their diet for much of the year but need this
added water source during reproduction, especially when nursing young. This
is a logical hypothesis for the geographical variation in breeding seasons in
D. ordii. Obvious possibilities for research are available in following up
this hypothesis.

Percent of adult female D. ordii that were pregnant varied widely
within the 1969 and 1970 reproductive seasons (Figure 10). Maximum percent
observed in 1969 was 48% (n=7) in July and maximum percent in 1970 was 73%
(n=7) in April. Small sample sizes for most months prevent useful comparisons
for the populations between months.

Mean litter size of p. ordii at the Pawnee Site during 1969 and 1970
is recorded in Table 4. The difference between mean litter size in 1969
(2.63) and 1970 (3.13) is statistically significant (P <.05) as determined

by Student's t-test. A decrease in litter size through the breeding season
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could cause the observed difference between years since late winter and early
spring reproduction were sampled only in 1970. However, if litter size is
computed only from menths sampled in both years (May through August), mean
litter sizes of 2.60 + .26 (+ 1SD) and 3.25 + .21 (+ 1SD) are found in 1969
and 1970, respectively, and these means are still significantly different
(P=.05). Further, mean monthly litter size (Table 5) indicates no decrease
and possibly a slight increase in litter size through the breeding season
though low monthly sample size precludes useful month by month comparisons.
Litter size can be influenced by age structure of the breeding popu-
lation and available food materials. An increase in litter size after the
first Titter in certain rodent species has been reported by several authors
including Bailey and Sperry (1929), Williams, Carmon, and Golley (1965),
McCarley (1966), and Rugh and Wohlfromm (1967). Leopold (1933) relates
increased litter size in deer to increased food availability, and Errington
(1963) concluced that annual variation in litter size of muskrats was
similarly influenced by food availability. Live-trapping results from the
intensive study pastures (Table 2) indicate that the population of D. ordii
declined from 1969 to 1970, and unrecorded observations from snap-trapping
success in other areas of the Pawnee Site further varify this conclusion.
Such a decreace is often preceded or accompanied by poor reproduction (1969)
or survival of young and may result in an older mean age of the population.
Mean litter size could markedly be increased between years by such an increase
in mean age of reproducing females. There was a slight increase in spring
primary productivity in the intensive study pastures in 1970 over 1969, while
summer productivity was about equal between years except in the lightly
grazed pasture where it was higher in 1970 (Daniel W. Uresk, personal communi-

cation, Colorado State University, Fort Collins, Colorado). Either the

42



Wsu

0 g 9-9 8t 2 auou 0% “bny
S G-t vy g 9-y 9'Y Z auou 0°€ Anp
L ouou o..q 0 L auou 0o°'¢ aunp
g 9-¢ 2" 8 L€ 9"y £ auou 0'¢ Aey | o
2l 9-2 Ly 8 9-t £'G g -2 0°¢ Lady | S
i ouou 0'v L auou o.e L ouocu 0°¢€ yauey
€ t-€ L°€ 0 L auou 0°¢ " q94
0 0 0 “uep
0 0 0 *23(Q
2 G-t G 0 0 “AON
L auou 0'9 0 0 3190
£ auou 0¥ 0 0 ‘3des i o
£l -2 2°S 0 b £-2 82 6ny | D
g 9-¥ 1°g L auou 0t L £-2 0°¢ ALnp
6 9-¢ 6"t 4 £-1 6°€ 2 £-2 G2 aunp
8 L% LY L auou 0t € auou 02 Aoy
u obuey by u abuey X u abuey X 409
pue
snaiernoTURPW g I33s5BbOONAT O TIpIO Qg Y3 UOW
|

*S3UN0d OAUquS WoJ} paleu
-1315S3 se 3]G IauMeyq 3yl e saidads 3abue3, UL 9ZLS 4833t Alyjuow ueadp--'g J1gyL

43



wWsu

increased food supply in 1970, as a result of the slight increase in primary
productivity, or an increase in mean age of reproducing females or both in
combination are plausible explanations for the observed litter size difference
between years.

Mean litter size for combined 1969 and 1970 reproductive periods at
the Pawnee Site (2.87) can be compared with the 2.37 found for one breeding
season in southern New Mexico by Johnson (1956), the 3.0 average recorded by
Day, Egoscue, and Woodbury (1956) for captive p. ordii from western Utah and
the 3.37 and 2.76 averages reported by McCullouch and Inglis (1961) for
succeeding breeding seasons in the Texas panhandle and western Oklahoma. The
above data were obtained from embryo counts except for the Utah study where

births were recorded.

0. leucogaster

Pregnancies were observed in adult female 0. leucogaster from the
beginning of the study in May, 1969, through July, 1969, and from March, 1970,
through the end of the study in August, 1970 (Figure 12). In August, 1969,
and June, 1970, recent placental scars were found but no pregnancies, while
pregnancies were present in these same months during June, 1969, and August,
1970. Mean monthly testis length in adult males fell rapidly from May and
June, 1969, to a low level in September, October, November, and December and
subsequently increased rapidly up to March, 1970, where it stayed at a rather
high level until the end of the study in August, 1970 (Figure 13). Range of
mean monthly testis length was much greater in 0. leucogaster than for any
other "target" species. An apparent increase in length of reproductive
season occurs between years with pregnancies occurring in August, 1970, but

not in August, 1969. This is further reflected in the higher mean testis
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length in July and August, 1970, in comparison with July and August,
1969.

Northern grasshopper mice (0. leucogaster) reproduce from May through
August in the northern United States according to Bailey and Sperry (1929).
In Colorado they generally breed from April to late September (Lechleitner,
1969). Pregnancy data from this study show breeding in northeastern Colorado
can occur at least from March through August. Since females were still
pregnant and males had high mean testis length at the end of this study in
August, 1970, it is probable that breeding extended at least into September
of that year. Pinter (1970) suggested that breeding in o. leucogaster is
photoperiodic, beginning with increased day length and ending when day length
begins decrzasing. This seems plausible though the difference observed
between years (August, 1969, versus August, 1970) is difficult to explain.
Perhaps the abundance of food material, primarily insects, has some effect on
length of the breeding season while initiation of breeding season is
photoperiodic.

Percent of adult females pregnant varied widely through the breeding
season. Maximum observed was 89% in May, 1970 (Figure 12). According to
Pinter (1970), maximum breeding activity for o. leucogaste should occur in
July when daylight hours are greatest since increasing length of photoperiod
increases their breeding activity. Small sample .izes for most months
preclude a useful comparison of Pawnee Site data with this hypothesis.
Further, environmental conditions in terms of available food are probably
optimal in June or July at the Pawnee Site providing additional reasons for
maximum reproductive activity during this period.

A litter size range of 4-6 has been reported in 0. leucogaster by

Bailey and Sperry (1929). Svihla (1936) notes 2-5 young per litter in captive
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individuals from Washington. In Utah, Egoscue (1960) recorded a mean of 3.54
(n=205; range 1-6) in captive individuals. Lechleitner (1969) gives a range
of 2-6 and a mode of 4 per litter for 0. leucogaster in Colorado.

Litter size in 0. leucogaster at the Pawnee Site, as estimated from
embryo counts in pregnant females, ave. ged 4.58 over the total study period
with 3.89 in 1969 and 4.81 in 1970 (Table 4). These yearly mean litter sizes
wer. significantly different (P=<.05) as determined by Student's t-test.
However, the mean litter size in 1970 includes samples from March and April,
months not included in the 1969 average. When litter size is computed only
from months sampled in both years (May through August), a mean litter size
of 3.88 = .41 (+ 1SD) is found in 1969 versus 4.67 + 1.18 (+ 1SD) in 1970.
These means are not significantly different (P=<.05). Mean monthly litter
sizes are shown in Table 5 though low sample sizes preclude useful month by

month comparisons.

P. maniculatus

Breeding of p. maniculatus reportedly occurs primarily from April
through September in Colorado though instances of October and January breeding
have been reported in Larimer County (Lechleitner, 1969). The October and
January pregnancies were reported by Beidleman (1954) and Reed (1955),
respectively. Pregnant r. maniculatus were found at the Pawnee Site from the
start of this study in May, 1969, through November, 1969, and from February,
1970, to July, 1970 (Figure 14). Reproduction probably occurred during
August, 1970, but only two adult females were captured for this month and
neither was pregnant. Mean testis lengths in adult males reached lowest
levels during November and Decenber of 1969 and January of 1970, further

substantiating the pregnancy observations (Figure 15). These results
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indicate that late fall and winter breeding are not unusual in northeastern
Colorado. There is likely a shorter breeding season in areas of higher
altitude and more severe climatic conditions in Colorado. A decrease in
breeding season with altitude has been shown by Jameson (1953) in California
and by Long (1964) in Wyoming. Thus, in Colorado, the shorter breeding
season reported by Lechleitner (1969) is possibly true for mountainous
regions but not for the northeastern prairies where climatic conditions are
less severe.

Although pregnant females were found from February through November,
the percent of adult females pregnant was rather low during October, November,
and February (Figure 14). These percentages show the majority of breeding
occurred from March through September with the highest percentages observed
being in May, 1969 (57%), and July, 1970 (71.5%). However, both percentages
are based on rather small samples.

Examples of P. maniculatus litter size obtained from embryo counts
in other geographic areas include means of 4.00 in Michigan (Blair, 1940),
5.5 in western Washington and British Columbia (Sheppe, 1963), and 5.57 in
southern Wyomina (Brown, 1966). Long (1964) and Jameson (1953) have shown
evidence of an increase in litter size in P. maniculatus with increased
altitude and latitude and shorter reproductive seasons. Litter size at the
Pawnee Site study averaged 4.70, with yearly means of 5.02 in 1969 and 4.20
in 1970 (Table 4). The Pawnee Site is considerably lower in altitude and
slightly lower in latitude than the Laramie Basin in Wyoming where Brown
(1966) recorded a mean litter size of 5.57. Thus, this comparison agrees
with the observations of Long (1964) and Jameson (1953) on the relationship
of litter size to latitude and altitude. According to the Student's t-test,

yearly means were significantly different between years at the five percent
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level of significance. When litter size is computed only froﬁ months sampled
in both years (May through August), mean litter sizes of 5.29 +1.38 (¢ 1SD)
and 5.18 + .62 (+ 1SD) are found in 1969 and 1970, respectively, and the
difference is not statistically significant (P<.05). Mean monthly 1itter
size is shown in Table 5 though low sample sizes preclude comparisons between

months .

S. tridecemlineatus

Breeding in thirteen-lined ground squirrels (s. tridecemlineatus)
reportedly occurs a few weeks after emergence from hibernation which takes
place from mid-March to early April (Wade, 1927; Criddle, 19395 and Ronostad,
1965). This breeding lasts only a few weeks to a month, with females pro-
ducing only one litter per breeding season in the northern parts of their
range (Wade, 1927 and Foster, 1934). McCarley (1966) has reported
S. tridecemlineatus producing two litters per breeding season in Texas.
Criddle (1939) noted that cold, damp springs will set back initial spring
breeding by as much as a week or more, while hot, dry springs have a reverse
effect. Most young are born in the last week of May and early June in
Manitoba (Criddle, 1939) while a similar period of May 20-25 has been
reported in Wisconsin (Rongstad, 1965). In Texas, McCarley (1966) noted
births in May, June, and July. Young in the northern parts of their range
generally emerge between mid- and late June (Johnson, 1917; Criddle, 1939;
and Rongstad, 1965).

Visible embryos were observed only in uteri of snap-trapped
S. tridecemlineatus from the Pawnee Site in May of 1969 and 1970 (Figure 16).
Mean testis length in 1970 was at a high level in March when males began

emerging from hibernation and continued at a high level through April when it
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began to drop (Figure 17). Male fecundity was probably past its peak when
the study began in May, 1969. In 1969 the first newly emergent juvenile was
captured on June 12 and, assuming the young leave their nest at 6-7 weeks
(Wade, 1927), this animal was born around late April or early May. Further,
subtracting a gestation period of 28 days (Wade, 1927) indicates initial
breeding activity began at least by early April or perhaps late March. A1l
females snap trapped in May of both years had either pregnancies or placental
scars (Figure 16). This indicates that nearly all females in the population
are reproductively active during the breeding season.

Using embryo counts, mean litter size was recorded by Criddle (1939)
as 8.1 for Manitoba, Canada, and by Rongstad (1965) as 8.7 in southern
Wisconsin. Over a 25-year period, Criddle (1939) noted no appreciable
difference between mean litter size for different years though he did find
that old females average larger litters than first-year females. In compari-
son, an overall mean litter size of 8.55 was observed for S. tridecemlineatus
at the Pawnee Site with yearly averages of 8.13 in 1969 and 8.79 in 1970
(Table 4). The difference between means for May of 1969 and 1970 was not
statistically significant (P<.05) according to the Student's t-test. These
data are obviously very similar to those observed in Manitoba and Wisconsin

by Criddle (1939) and Rongstad (1965).

Annual Population Cycles

Due to low relative abundance and subsequently few cap*ures per live-
trapping period as well as the limited length of the study, the annual
population cycles of 0. ordii and P. maniculatus cannot be deduced from 1ive-
trapping data (Figure 18). Annual cycles of abundance for o. leucogaster and

S. tridecemlineatus can be deduced from Pawnee Site data as shown in Figure 18.
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0. leucogaster reached peak relative densities in early fall after the
breeding season. They decreased in numbers from fall until late spring when
new reproduction exceeded mortality and the population increased rapidly.

S. tridecemlineatus reached peak population levels when most young had
emerged in June or early July. The population level then decreased greatly
(from 129 captures in July 1969, to 29 captures in June, 1970) to a low
level prior to the addition of young individuals in June or early July of
the following year. September live-trap captures of s. tridecemlineatus are
not shown on Figure 18 as most of the population were estivating by late
August, and September captures are, therefore, a poor representation of the
actual population. This annual cycle in s. tridecemlineatus is similar to
that observed by Rongstad (1965) in Wisconsin who noted a decrease from eight
individuals per acre after emergence of young in June to two per acre the

following spring.

Population Levels Between Years

Populationc of D. ordii, though extremely lTow in the intensive study
pastures during both years, appear to decline from 1969 to 1970 (Table 2,
Figure 18). Snap-trapping success in adjacent areas further substantiated
this observation. Population levels of 0. leucogaster and P. maniculatus
were quite similar between years. Total captures of s. tridecemlineatus
in late July were considerably higher in 1970 than in 1969. Almost all
animals captured in July of both years were juveniles so production of
emergent young was obviously higher in 1970 than in 1969. Mean number of
embryos per pregnant ferale and percent of females with embryos or placental
scars have previously been shown to be similar between years. Further,

captures for both years during the early June live-trapping period (Figure 18),
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all of which were adults, indicate a possible decrease in numbers of adults
from 1969 to 1970 rather than an increase. Thus, it is not probable that
the increase in emergent young in 1970 was due to an increase in adults
(breeding stock) producing young in 1970 over 1969. Increase in mortality
of young before emergence in 1969 over 1970 seems most suspect as it could
be the result of heavy rainfall and flooding of burrows, a phenomenon which
was observed in early June of 1969 during the May-June 11ve-trapping period

when most females were nursing young.

Sex Ratios

Sex ratios of "target" species are shown in Table 6 for snap-trapped
animals and in Table 7 for live-trapped animals. The following results and
accompanying discussion are in reference to these two tables. The chi-square
test with Yates correction for continuity is used to compare sex ratios.
Significant difference refers to a statistically significant difference at
the five percent level. Unless stated otherwise, all sex ratios referred to
below are those for the total study period (1969 and 1970) and not for

individual years.

D. ordii

Sex ratios of snap-trapped adults and juveniles were not significantly
different from 1:1 nor from each other. Similarly, sex ratios of 1ive-trapped
adults and juveniles were not significantly different from 1:1 nor from each
other. Sex ratios of live-trapped and snap-trapped adults were not signifi-

cantly different from each other.
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0. leucogaster

Northern grasshopper mouse (0. leucogaster) sex ratios were not
significantly different from 1:1 for adults or juveniles captured by snap
trapping nor for adults or juveniles captured by live trapping. Adult versus
juvenile ratios were not significantly different for either trapping method
and further, adult and juvenile sex ratios were not significantly different

between methods.

P. maniculatus

Males consistently outnumbered females in all age and capture method
categories for the total study period (1969 and 1970). The same observations
are true for individual years. These sex ratios observed for the total study
period are significantTy different from 1:1 for all groups except 1ive-trapped
adults. Ratios for snap-trapped adults are not significantly different from
those of snap-trapped juveniles or 1ive-trapped adults. Similarly, ratios
for live-trapped juveniles are not significantly different from that of live-
trapped adults and snap-trapped juveniles.

It is not unusual to find a preponderance of males in snap-trapped
or live-trapped pPeromyscus. Several researchers, including Townsend (1935),
Burt (1940), Blair (1942), and Manville (1956), have reported this preponder-
ance of males and suggested it may be caused by greater wandering tendency in
males. Recently, Terman and Sassaman (1967) have shown significantly (P <.05)
more males than females in P. maniculatus litters born in captivity and
suggested this may be an additional factor explaining the preponderance of
males trapped in the wilds. The preponderance of males trapped at the

Pawnee Site may be caused by both these factors.
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S. tridecemlineatus

Sex ratios of live-trapped adults were not significantly different
from 1:1 while juvenile captures record significantly more males than females.
Snap-trap data show adults with significantly fewer males than females;
however, this is the result of the 1970 data. I am unable to explain this
preponderance of adult females snap trapped in 1970 as no such phenomenon
was observed in Tive-trapped adults nor in 1969 snap-trapped adults. Sex
ratio of snap-trapped juveniles was not significantly different from 1:1.
Sex ratio of snap-trapped juveniles was significantly different from live-
trapped juveniles and snap-trapped adults. It is particularly difficult to
provide a plausible explanation for this excess of males in 1ive-trapped
juveniles. If the cause were due strictly to increased wandering behavior
among juvenile males, then one would expect similar results for snap-trapped
juveniles. This was not the case. Perhaps there is a difference in trap-

ability with Tomahawk live traps between juvenile males and females.

Food Habits

Food habits discussed in the ensuing "target" species subsections are
for total captures of each species without reference to sex or age. However,
it is of interest to examine briefly the relationship of percent animal
matter in the diet to sex and age. Tables 8, 9, 10, and 11 present mean
percent volume of animal matter in the diets by sex (adults only) and age
during the various periods for p. ordii, ©. leucogaster, P. maniculatus, and
5. tridecemlineatus, respectively. There was no consistent relationship of
percent volume animal matter to sex in p. ordii and 0. leucogaster. However,
adult male P. maniculatus contained a higher percentage of animal matter in

the diet than adult females in all periods except one, indicating that males
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may be more carnivorous than females. Further, s. tridecemlineatus females
consistently had a higher percent volume of animal matter in their diets than
adult males. There were no consistent relationships between percent volume
animal matter in stomach contents and age (adult and juvenile) in any of the

"target" species.

Ord's kangaroo rats are primarily herbivorous, eating large amounts
of seeds along with succulent leaves of grasses, forbs, and shrubs and a few
arthropods (Johnson, 1961; University of Utah, 1960; and Wood, 1969). At the
Pawnee Site, mean stomach contents of D. ordii for the entire study consisted
of only 4.4 + 0.6 (+ 1SE) percent volume of animal matter. Most of this
consisted of arthropods along with substantial amounts of the animal's own
hair (Table 12). Percent volume animal matter in the stomach contents varied
through the year (1.5-10.4) with highest percentages present in winter, spring,
and early summer and lowest from mid-summer through late fall and early winter
(Figure 19). The causes for variation in amounts of animal matter are proba-
bly due to some combination of availability of preferred plant matter such as
seeds (Table 13) and the availability of more commonly eaten animal matter
such as Lepidoptera and Coleoptera larvae and Coleoptera adults (Table 12).
Thus, the drop in amounts of animal matter in the diet by mid-summer could
have been due to decrease in available larval food with drying out of the
prairie and an increase in desirable plant materials, primarily seeds.
Figure 20 shows such a drop in larval forms in the diet by mid—summer.
Furthermore, the increase in amount of animal matter in the diets by mid-
winter, most of which consisted of Coleoptera adults, could be a response to

depletion of stored seed supplies as well as of unharvested seeds.
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FIGURE 19.--Mean percent volume of animal matter in stomach contents
of pipodomys ordii (D.o.), Onychomys leucogaster (0.1.), Peromyscus
maniculatus (P.m.), and sSpermophilus tridecemlineatus (S.t.) through
1969 and 1970 sample periods at the Pawnee Site. (Lines between
rectangles connect means, rectangles represent one standard error on
each side of mean, and numbers in parenthesis equal to sample size.
Standard error used instead of standard deviation to keep rectangle
overlap at a minimum

71



72

'y + 8€ElL 9'0 ¥ L°9 0°¢ + L'8¢ 6'0* 2°§ sabpag pue sassedy (R30]
£°0780 1'0F 2°0 2'0 %50 1'0 = ¢°0 S9SSBAY uMouun
PO ¥ L0 1’0 % 10 L0 %61 G'0F L0 snzpue3dfzo snroqozods
1'0 F L0 snjernoturd SnpIPUUODPSYIS
I'0F L°0 sapTouauwAy stsdozAIQ
e e 1haaa01 prBaaqua] My
£€°0% 590 PIOTFO320 PON3ISSd
'L ¥ 0°G €07 81 9'0 F ¥'2 0'0F L0 eTrydorToy X8Ie)
5 6 seprorThioep aoryang
2’0720 2'0 7 50 sTwrsur snworg
L7 LEL b0 %22 L'l F 86l 80 7 L€ s77roeb enore3nog
e L'0F L0 2'0 F §°0 e 238STHUOT BPTISTIY
"0 % L0 TITRPY UObodorpuy
2'0F 0 2°0 780 §'0F €2 2'075°0 rTy3 WS uozhdozby
I'0F €0 P'0F 6°0 um3e3sTIo uocihdoiby

ISLF X ISL 7 X SLFX BSLFX

85 L= 959=u L6z=u 91z=u
Sn3esuUTTWEOAPTII 'S | snje[ASTURW g | I93se60OnaT ‘0 T1pI0 *q |

Wsu

"9} 1S d9umMeq 3yl 3® QL6 ‘0f Liuady 03 ‘696l ‘L AeW wody saidads 3abuey,
40 SIUB3UO0D YDRWOFS UL S[eludjew jue|d JO (40443 pdepuels 8uC F) 3ybLam A4p jusduad uesp--'¢| 3I19YL



wsu

L'0* L°0 2°0 FE£'0 $'0 7 L1 WnUPIUOW WNUTIDO0ONST
e ) PURPTOTAOPNT BT[9I9NnbSsT
6'0 F 8°1 2°0F %°0 snusoonas snIAy3zeT
L'0F L1 8°0 3 0°9 607 L' 'L 5 L'V erzedoos eTyo0y
t'0F0°L P m.o b0 SNNUUP SNY3UPTTSH
2°032°0 20 7 £°0 wnsnyjye umuoboriy
2°0F2'0 1’0z L0 e susbrsatp uoIsbrig
e sTsuapeurd uoIsbrig
o psodded e1posshg
1'0 3 L0 0 pITYdOos PTUTRINOSSJ
e pyeuurd PIUTERINISOJ
$°0 F 8'0 o e wn3BINPUN UMTSITD
) psSOTITA sTsdoshAIyD
€0+ 90 0°0 + L0 L0 = 170 3 prrOojI37s0ddo eryPRg
AL 2°076°0 $°0 5 9°1 9°0 % t°1 snrebeI3sy
e 1’0 L0 e STTIX23 WRTITY

ISL+ X isL = X SL = X ISt 7 X

[eL4a3Rl JUB|d
SN3PoUTTWSOSpTI3 S snyerTnoTURW ‘g Io3seboonar -0 TIpIO *Q

panutjuc)--"¢gl 318vl

73



Wsu

L'0 * L0 v'0* G0 L'0 * L0 Um3eI3sol UnUETOS
6'0F 2°2 290 % 70 sn31el1deoI3TNW OTO2USS
2'0F €0 0’0+ L0 v'0+ L0 L0+ 6L FT®Y BIOSTES

2°0 7 £°0 BIOTITNUS] PITEIOST

L0 % L'0 rTysand obejuerd
2°0F £°0 SNpTPURD UOWa3SOTPIad

L'0 7 £°0 1'0 7 2°0 1"'C % L0 Tradoquey Splonixg
6'0F 02 L'0 F £€°0 LI'0F 170 e eyzuporfiTod eriundp
I'0F L'0 1'0 % 2'0 £€'0 % 9°0 e PTITCFTdOUOIOD BISYIOUSQ
0°L ¥ 6°¢ WIADOLADALD UCDUTLENY
9'0F 90 L'0 * 2°0 STIBSUT] STTIqRITH

L'0 = 2°0 2'0F2°0 epnu PTT9ZIUSK

00 % L°0 9°0 F 6" PATIPS C5POTDOY
2'0 F 2°0 5IP6TRA UNTGNITRK
['0 % L0 WNSTOUT wnwisdsouird
SL * X ISL + X SL + X 3sL + X
leL43d3iey Jueld
SN3PaUTTWSO9PTIT 'S snyernoruew ‘g 15352600037 *Q TIPIO LT

panuiluo)--*gl 379Vl

74



wWsu

G'LF L8 p'0 81 L'0F 62 90 % 9L | snbun4
p L7 59 9°0 % L'€ L7 6'9 07 €'l | sqnays |10}
1'0 7 170 1’07 L°0 20 % 2°0 g3eUR] ETI0INT
L'0F 170 2°0F2°0 snsossneu snuweyl10sAIYD
9°0 T ¥'L €072l 20 F €0 0 F 6°0 susossueo xa1d113¥
€L 70§ G0 €2 'L 729 €07 60 BpI6TIF BISTWOITY
§*Z F '8 0'L ¥ 2°€l 6L F L°92 8L 7 ¥El SQUO4 1030]
€1 F9°G 1'0 ¥ 2°0 9°0 % 9°L 1'0 7 10 $q404 UMOUYUN
g TTTT®330U BTOIA
§ PIPoIOPIq BPUSGISA
" STI3SaII53 sSnNQrif
€1 785 207 40 1'0 7 €0 e ST[P3USPTO00 BTIUEOSSPRIL
6°0% L't 507 62 P LT 0 b €07 40 esurooao eesTEIoRYdS
L0761 10 % £°0 €07 60 1'0 % 1°0 seorzes ezoydos
LT X 8L T X /LT X 8L F X
leLad3By JuB (g
SNIPsUTTWE28PTIF *S sniernoTuBl ‘g za3seboonsy 0 TIPIC *(

panuiLluoy--"gl 3178Yl

75



Wsu

"L'0 AwWNn|OA Judddad ueaw INg JuBSAUd,

|
Pz T 92 9°L F £°69 0°Z % p'92 m "2 % € LL paas
p°0F L0 1'0 % 10 1'0 7 2°0 w p°0F G0 ssoy
PO T LL A 50 F 2| . uaydL]
ISL F X sL = X ISL T X SL T X
leLdajey ue|d
SN3P3UTTWaS8PTI3 'S snapTROTURW *g 1a3s600N3T 0 IIpIO *Qg

|

psnuijucj---gl 378Yl

76



Total
Arthropods

Lepidoptera

2 Larvae

(';' 7

o |

" [4¥]

[ s

@ | - Spiders

(S

5 E Coleoptera

E arvae

Coleoptera
Adults

8)  186) { 39) (6) (24) (23)
MAY JULY SEPT NOV JAN MARCH
JUNE NG oea DEC FEB APRIL
1969 1970

Sampling Period
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Table 12 1ists the various types of animal matter consumed by D. ordii
in terms of percent composition (percent volume of each item of total animal
matter in diets). It is of interest that grasshoppers were completely
bypassed as a food source. Major types of animal matter, in the stomach
contents, excluding D. ordii hair, are shown through time (1969 and 1970) in
Figure 20. Lepidoptera larvae, Coleoptera larvae, and Coleoptera adults were
dominant types of animal matter eaten. Larval forms are present in the diet
primarily in spring and early summer. As previously mentioned, this is
probably due to their abundance at this time. Coleoptera adults were the
predominant arthropods in the diet when averaged over the entire study.

Plant matter (percent dry weight of diet) identified in diets of
D. ordii is listed in Table 13. Tissues of grasses and sedges, forbs, shrubs,
fungi, lichens, and mosses were present in the diet. Grass, sedge, forb, and
shrub tissues identified are epidermal tissues of leaves, stems, or flowering
parts and do not include seeds. Seeds by themselves formed the predominant
portion of the diet though a species breakdown of these seeds was not possible.
Figure 21 shows that forbs, though always present in lesser amounts than
seeds, are most important in the diet in late spring or early summer. Seeds
are at peak levels in the diet in late fall and early winter falling off to
lowest levels in late spring or early summer after which they increase in

percent dry weight of the diet.

0. leucogaster

For the duration of the diet studies (May 1969-March 1970), percent
animal matter in the stomach contents of 0. leucogaster averaged 73.9 ¢ 1.4
(+ 1SE). High percentages of animal matter and limited amounts of plant

matter have previously been recorded in onychomys by Bailey and Sperry (1929),
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Bailey (1931), Cockrum (1952), and Johnson (1961). At the Pawnee Site,
highest percentages of animal matter were found in the diet during late spring
and early summer and lowest levels during mid-winter with a range of 61.5-
85.6 (Figure 19). These variations in percent animal matter in the diet are
probably due to changes in availability of animal food matter, primarily
arthropods. This must not be confusec with availability of particular kinds
of arthropods such as grasshoppers, which increase through the summer (per-
sonal observations), perhaps into early fall, but do not make up completely
for decrease in other arthropods prominent in the diet of 0. leucogaster.
Types of animal matter found in stomach contents of 0. leucogaster
and their percent composition of total animal matter during the study are
shown in Table 12. Important forms of animal matter eaten include Coleoptera
adults and larvae, grasshoppers, Lepidoptera larvae, and spiders. In addi-
tion, mammdl hair, skin, and tissue, primarily of rodents, including
p. maniculatus and other o. leucogaster, and even feathers and lizard skin
and tissue were present in the diet, substantiating the carnivorous nature of
0. leucogaster. The percent volume of major types of animal matter found in
the stomach contents graphed through two-month sample periods is shown in
Figure 22. Larvae of Lepidoptera and Coleoptera are most important in spring
and early summer. Conversely, Coleoptera adults are found in highest concen-
trations in the diet from mid-summer through winter and in lowest numbers
during spring and summer. Grasshoppers are found throughout the year in
fairly substantial numbers, increasing in importance as food matter from
early spring to early fall. According to total as well as sample period
observations, Coleoptera adults were more important in the diet of
0. leucogaster than were grasshoppers at the Pawnee Site. To the contrary,
Bailey and Sperry (1929) found grasshoppers the most important arthropod in
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0. leucogaster diets with Coleoptera second in importance. The relative
amounts of particular arthropods in the diet probably depends on a combination
of availability and preference. The killing and eating of other rodents and
lTizards has been recorded for Onychomys by Bailey and Sperry (1929), Bailey
(1931), Cockrum (1952), and Johnson (1961).

Plant matter identified in stomach contents of o. leucogaster is
shown in Table 13. Percent dry weight of major types of plant matter graphed
through two-month sample periods from the beginning to the end of the study
is shown in Figure 23. Forbs, grasses, and sedges (non-seed parts) and seeds
are all about equal in percent dry weight of the diet. Forbs are highest in
percent dry weight of the diet in late spring and early summer but remained
relatively important among plant food matter until winter and early spring.
Grasses and sedges were most important in the diet from late spring through
early fall decreasing greatly in mid-winter. Seeds increase in importance in
fall and early winter, probably in response to lower populations of arthro-
pods. Bailey (1893) records a similar increase in seeds in the diet of

0. leucogaster when arthropods are scarce.

P. maniculatus

Food matter consumed by P. maniculatus may contain large amounts
(over 50%) of animal matter, primarily arthropods, with the amounts of animal
matter varying greatly between seasons with change in abundance of arthropods
(Jameson, 1952; Williams, 1959; Johnson, 1961; and Whitaker, 1966). Over the
entire study at the Pawnee Site, 39.0 + 1.3 (X ' 1SE) percent volume of total
stomach contents were composed of animal matter. Percent volume of animal
matter in the diet ranged from 18.2-64.6 with highest percentages occurring

in spring and early summer and lowest occurring in mid-winter (Figure 19).

82



FunGgus

Fota!l Forbg

i

Fe ! .

- Kool Seopa

-r L)

&G (RN

) |

o Sphaeraiced

) coccineda

+2

@

O

j-

Q)

.
Total Grasses
Corex heliophi!a
Agropyrenr smith
!;(_, POV EO e S H bst
Bovted oo

g il
M/ v I AN MARCH
PN 4 t i FEE AR
4 4

Lanple Feriod

FIGURE o3 Mean percent dry weioht of major plant materials in stomacr

contents of -, homs I-ocogaster through 1969 and 1970 sample periods

at the Pawnee “ite. Mant materials rever exceeding 5% dry weight not

included. Number. in parenthesis represent »am§1P size. Total grasses
category includes sedges.



Wsu

This variation in amounts of animal matter (almost all of which was arthro-
pods) is likely due to changes in availability of total arthropods through
the year and is more pronounced for P. maniculatus than for any other "target"
species.

Composition of animal matter in diets of P. maniculatus is shown in
Table 12. Larval and adult forms of Lepidoptera and Coleoptera as well as
grasshoppers, spiders, and leaf hoppers are prominent in the diet. Over the
entire study, Coleoptera adults were the dominant arthropod. In Indiana,
Whitaker (1966) found Lepidoptera larvae by far the predominant animal matter
in P. maniculatus diet and Coleoptera adults a distant second. Though he
found various other types of arthropods in the diet, grasshoppers were absent.
Diet work by Hamilton (1941), Jameson (1952), Williams (1959), Johnson (1961),
and Whitaker (1966) indicates that p. maniculatus is highly opportunistic,
eating the particular types of animal and plant materials available. This
opportunism leads to great regional variation in diet composition and is a
reflection of the adaptability and broad distribution of r. maniculatus.

Major types of animal matter in the diet are graphed through time in
Figure 24. The larvae of Lepidoptera and Coleoptera are noticeably more
abundant in the diet in spring and early summer than during other portions of
the year. Grasshoppers increase in importance from mid-winter to a peak in
early fall. These changes through time reflect the availability of these
arthropods in the environnment. Total arthropods in the diet show wide
seasonal variation with a peak in spring and early summer as can be observed
in Figure 24.

Percent dry weight of different plant matter in the diet of
P. maniculatus is shown in Table 13. Plant matter in the diet includes

seeds, epidermal tissues (leaves, stems, and flowering parts) of grasses
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FIGURE 24.--Mean percent volume of major types of animal matter in stomach
contents of peromyscus maniculatus through 1969 and 1970 sample periods at
the Pawnee Site. (Categories never composing 5% or more of total animal
matter not included. Numbers in parenthesis represent sample size. Percent
composition (percent volume of each item of total animal matter) converted
to percent volume of total stomach contents for this figure as follows:
percent volume = percent composition x fraction animal matter in diet for
particular sample period.)

85



Percent Volume

Total
Arthropods

Spiders

Leat Hoppers

Lepidoptera

~fL0rvce

Grasshoppers

Coleoptera
L.arvae

Coleoptera
Adults

{1ead (a2) (102} (134) (97) 108}

M JLEL Y SERT NOV JAN MARCH
JURNE ALl GG DEC FEB APRIL

1969 I970
Sample Periods

FIGURE 24

86



Wsu

and sedges, forbs, and shrubs and tissues of fungi, lichens, and mosses. As
noticed in kangaroo rats (p. ordii), seeds are the major type of vegetative
matter eaten. Preiominance of seeds in vegetative matter eaten has pre-
viously been shown by Hamilton (1941), Jameson (1952), Williams (1959),
Johnson (1961), and Whitaker (1966). Major types of plant foods in the diet
at the Pawnee Site are graphed through time in Figure 25. Forbs show a peak
in the diet in early spring and summer as one would expect on the basis of
their abundance at this time. Shrubs likewise are most apparent in the diet
at this time of year, probably due to rodent preference for new shoot
growth. Seeds reached peak levels in the diet in late fall and early winter.
Peak amounts of seeds in the diet in fall and winter have previbus]y been
shown by Jameson (1952), Johnson (1961), and Whitaker (1966). Increase in
percent dry weight of seeds during this period is probably due to a decrease
in available arthropods. Seeds are at low levels in the diet in late spring
and early summer when arthropods are probably most abundant and few seeds

have ripened,

S. tridecemlineatus

The omnivorous nature of s. tridecemlineatus has been reported by a
number of authors including Bailey (1893), Lantz (1904), Johnson (1917),
Fitzpatrick (1925), Hisaw and Emery (1927), Schmidt (1931), and Criddle
(1939). Fitzpatrick (1925) noted a range of 25-80% insect matter in the
stomach contents with highest amounts through summer and into early fall and
Towest percentages in early spring after emergence from hibernation. At the
Pawnee Site, thirteen-lined ground squirrel (s. tridecemlineatus) stomachs
contained 44.0 + 2.2 (X + 1SE) percent animal matter over the entire study,

with seasonal variation ranging from 61.4% in late summer and early fall to
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36.4% in early spring (Figure 19). Actually, the variation is rather erratic,
with the late spring and early summer average being higher than that for mid-
summer. This may be partly due to the increased percertage of grasshoppers
in the diets of s. tridecemlineatus in late summer and early fall (Figure 26).

Presence of crickets, caterpillars, beetles, ants, and insect eggs in
the diet of 5. tridecemlineatus has been reported by Bailey (1931). Lantz
(1904) and Bailey (1923) record the presence of bird and mammal tissues in
the stomach contents of s. tridecemlineatus. Composition of animal matter in
the diet of s. tridecemlineatus at the Pawnee Site is included in Table 12.
As with the other target species, Coleoptera adults are the most important
animal food at least in terms of average composition over the entire study.
Figure 26 shows Coleoptera adults and other important types of animal matter
in the diet through time. It can be seen that Coleoptera adults are present
in the diet in rather stable amounts through the year while Lepidoptera and
Coleoptera larvae are most abundant in late spring and early summer and
grasshoppers are most important in the diet in late summer and early fall.
Arthropods make up the vast majority of animal matter consumed, but a few
vertebrates (unidentified mammal hair and tissue) are also taken.

Plant matter reported in the diet of s. tridecemlineatus includes
primarily seeds along with some grass leaves, various fruits, bark, and roots
(Fitzpatrick, 1925; Bailey, 1931; and Schmidt, 1931). Plant matter in the
diet of 5. tridecemlineatus at the Pawnee Site contained grasses, sedges,
shrubs, forbs, fungi, lichens, mosses, and seeds (Table 13). Of the "target"
species, S. tridecemlincatus had the lowest percent dry weight of seeds in
the diet. It is of interest that fungi and mosses are present more in the
diet of 5. tridecemlineatus than in the diet of any other "target" species
(Table 13). Major types of plant matter found in the diet are graphed
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through time in Figure 27. It can be seen in Figure 27 that total forbs
and even total grasses and sedges composed a greater portion of diet dry

weight than did seeds.
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SUMMARY AND CONCLUSIONS

Four species of rodents were captured regularly in the intensive
study pastures at the Pawnee Site. In the order of lowest to highest fre-
quency of captures during most live-trapping periods, these were D. ordii,

P. maniculatus, O. leucogaster, and S. tridecemlineatus. In late summer and
fall when most 5. tridecemlineatus were hibernating, 0. leucogaster was the
predominant rodent captured in the intensive study pastures.

Effects of long-term grazing intensity on rodent populations as
observed by this short-term study on selected areas were minor and generally
inconclusive. Populations of p. ordii were present in each intensive study
pasture but in such scant numbers that a relationship to grazing intensity,
even if present, could probably not be detected unless extreme. Effects of
increased grazing intensity on 0. leucogaster populations were inconclusive,
though the lightly and mocerately grazed pastures appeared to be slightly
more favorable habitats than the heavily grazed pasture. Lower o. leucogast~-
populations in the heavily grazed pasture would probably be due to reduction
of arthropods with increased grazing. During most 1ive-trapping periods,
captures of r. maniculatus in the intensive study pastures were directly
related to grazing intensity, indicating that the habitat becomes more
favorable for r. maniculatus with increased grazing. Conversely, populations
of s. tridecemlineatus were inversely related to grazing intensity during
most live-trapping periods, indicating that an increase in grazing intensity
may be adverse L9 habitat and populations of this species on short-grass
prairie.
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Abundance of "target" species showed some apparent relationships to
soil type habitats. bp. ordii were most abundant in Midway-Renohill complex
soils, probably due to the availability of dusting places, and showed an aver-
sion for undifferentiated bottomland soils. 0. leucogaster populations were
consistently lower in the undifferentiated bottomland soils, indicating a pre-
ference for upland soils. Relatively low populations of 0. leucogaster and
of D. ordii in undifferentiated bottomland soils is probably due to occurrence
of frequent flooding in this habitat. Ord's kangaroo rat (p. ordii) may
further avoid it due to low amounts of barren surface soil (dusting places).
P, maniculatus captures indicate a slight preference for Midway-Renohill com-
plex soils over the other soil habitats, probably due to the increased amount
of bare surface soil in this habitat. Abundance and distribution of
S. tridecemlineatus showed no definitive relationship to soil type.

Snap-trapping procedures in areas outside the intensive study pastures
yielded additional information on distribution and abundance of "target"
species in relation to different habitats. bD. ordii populations were much
higher than on most of the short-grass prairie in generally disturbed habitats
with large amounts of sand and/or barren surface soil and a general abundance
of annual forbs and shrubs. o. leucogaster were widespread, avoiding only
bottomland areas subject to flooding. Abundance of deer mice (P. maniculatus)
was much greater than on "normal" short-grass prairie in areas with deep
vegetative cover, a high percentage of bare surface soil and/or nearby barren
areas. . tridecemlineatus were widespread on the Pawnee Site, avoiding only
areas of deep vegetative cover.

Reproduction in p. ordii at the Pawnee Site can occur at least from
February through August. Litter size, as estimated from embryo counts,

ranged from 2-4 with a mean of 2.87 over the entire study and differed
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5 petween years. This variation was probably due to variation in

significantly
age structure of reproductively active females or in availability of food dur-
ing the reproductive seasons. The northern grasshopper mouse (0. leucogaster)
reproduced from March through August and had a mean litter size of 4.58 and a
range of 3-7. Mean litter size did not differ significantly between years.
P. maniculatus reproduced from February through November with a lTitter size
range of 2-8 and a mean of 4.70. Mean 1litter size difference between years
was not significant. s. tridecemlineatus apparently have only one litter
per year at the Pavnee Site, with pregnant females found only in May.
Breeding probably occurred in late March or April and most young were born
in May or early June. Litter size averaged 8.55 and ranged from 7-11. Mean
litter size difference between years was not significant.

Peak annual population levels of 0. leucogaster were attained in
early fall after the breeding season and Tow levels in late spring.
S. tridecemlineatus reached peak levels in mid-summer after emergence of
young and lowest levels in late spring before emergence of young. Population
fluctuations from peak to low levels were much more pronounced in
s. tridecemlineatus than in 0. leucogaster, indicating a higher annual
mortality in s. tridecemlineatus. These cycles are based on trappable
juveniles and adults and do not include populations of unweaned young.
Definite seasonal changes in abundance of D. ordii and P. maniculatus Were
not observed.

Population levels of p. ordii and s. tridecemlineatus showed differ-
ences between years while 0. leucogaster and P. maniculatus population levels

appeared quite stable between years. Both live-trapping and snap-trapping

5Significant difference refers to P <.05 throughout Summary and
Conclusions section.
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data strongly indicate a decline in p. ordii populations from 1969 to 1970
though the cause is not clear. sS. tridecemlineatus populations were consider-
ably higher in mid-summer of 1970 than in 1969. This may have been caused by
increased mortality of young prior to emergence in 1969, due to flooding of
burrows during heavy spring rains.

Sex ratios of adult or juvenile 0. leucogaster captured by snap
trapping or live trapping never differed significantly from 1:1. Similarly,
juveniles and adults captured by different trapping methods were not signifi-
cantly different from each other. P. maniculatus consistently showed a
surplus of males for all age and capture method categcries. The ratios of
adults and juveniles were not significantly different from each other for
each capture method and adults and juveniles captured by snap trapping did
not differ from adults and juveniles captured by live trapping. The prepon-
derance of males for all groups of P. maniculatus was unusually high and
perhaps caused by a combination of aberrant sex ratios at birth, greater
wandering tendency of males, and differential mortality between sexes. Sex
ratios of snap-trapped adult s. tridecemlineatus were significantly different
from 1:1 in favor of females in 1970 but not in 1969. I am unable to offer :
plausible explanation for this. Significantly more males than females were
captured among live-trapped juveniles and they differed significantly from
snap-trapped juveniles and from live-trapped adults. The cause for a prepon-
derance of males in live-trapped juveniles is unclear and cannot simply be
due to greater wandering tendency in males or similar results would have
occurred with the snap traps. There may be a difference in trapability of
juvenile males and females with the metal live traps.

Percent volume of animal matter in the diets varied greatly between

species with mean values of 4.4% in p. ordii, 73.9% in 0. leucogaster, 39.0%
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in P. maniculatus, and 44.0% in s. tridecemlineatus. Adult male
P. maniculatus contained a higher percentage of animal matter in the diets
than adult females, and adult female S. tridecemlineatus contained higher
percentages of animal matter than adult males. Adult male and adult females
of D. ordii and 0. leucogaster appear to be equal in percent animal matter in
diets and no differences were evident between juveniles and adults for any
"target" species. Percent volume of plant matter in diets may be considered
the remaining part of 100% volume after volume of animal matter is subtracted.
Animal matter in the diets was composed almost entirely of arthropods with
Coleoptera adults being predominant in the diets of all "target" species.
Lepidoptera larvae were an important part of animal matter in the diet in all
species, especially p. ordii, and were of greatest importance in late spring
and early summer. Grasshoppers were a common item of animal matter in the
diet of all species except p. ordii, especially in late summer and early fall
when most abundant. Coleoptera larvae were an important component of animal
matter in all species. Remains of rodent species, lizards, and birds were
found most commonly in 0. leuocogaster though a few vertebrate remains were
also found in the other "target" species. Even in 0. leucogaster, these
vertebrate parts formed only a small proportion of total animal matter eaten.
Plant matter identified in the diets of all "target" species included
unidentified seeds, epidermal tissues (leaves, stems, and flowering parts) of
various species of grasses and sedges, forbs and shrubs, and tissues of
fungi, lichens, and mosses. In p. ordii, Seeds made up a high percentage of
total plant matter and of total diet. Peak amounts of seeds were found in
D. ordii in fall and early winter and lowest amounts in spring. D. ordii
contained substantially more forbs (non-seed parts) in the diet in late

spring and early summer than during other portions of the year. In
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0. leucogaster, seeds and non-seed parts of grasses (and sedges) and forbs,
were all of about equal importance in total plant matter though much less
plant matter was contained in the diet than in any other "target" species.
Seeds were at peak levels in the diet in winter and early spring when arthro-
pods were at low levels. Seeds were the primary food eaten by P. maniculatus.
Peak amounts of seeds were found in the diet during late fall and winter when
they made up the major component of the total diet. Forbs (non-seed parts)
formed a substantial part of total plant matter in the spring although they
were always secondary to seeds. Of plant matter in the stomachs of

S. tridecemlineatus, unidentified seeds and non-seed parts of various species
of forbs and grasses (and sedges) were in about equal proportion. Fungi

were more abundant in the diet of s. tridecemlineatus than in any other

"target" species.

98



WSu

LITERATURE CITED

Alcorn, J. R. 1941. Counts of embryos in Nevadan kangaroo rats (Genus
Dipodomys. J. Mammal. 22:88-89.

Bailey, B. 1923. Meat-eating propensities of some rodents of Minnesota.
J. Mammal. 4:129.

Bailey, V. 1893. The prairie ground squirrel or spermophiles of the
Mississippi Valley. U. S. Dep. Agr. Div. Orn. and Mammal. Bull. 4:1-69.

Bailey, V. 1931. Mammals of New Mexico. U. S. Dep. Agr. Bur. Biol. Surv.
N. A. Fauna. No. 53. 412 p.

Bailey, V. and C. C. Sperry. 1929. Life history and habits of the grass-
hopper mice, Genus onychomys. U. S. Dep. Agr. Tech. Bull. No. 145,
19 p.

Beatley, J. C. 1969. Dependence of desert rodents on winter annuals and
precipitation. Ecology 50:721-724,

Beidleman, R. G. 1954, October breeding of reromyscus in north central
Colorado. J. Mammal. 35:118.

Black, H. L. 1968. Populations of small rodents in relation to grazing by
cattle on foothill rangelands. M. S. Thesis, Univ. Utah. 56 p.

Blair, F. W. 1940. A study of prairie deer-mouse populations in southern
Michigan. Amer. Midland Natur. 24:273-305.

Blair, F. W. 1942. Size of home range and notes on the life history of the
woodland and deer-mouse and eastern chipmunk in northern Michigan.
J. Mammal. 23:27-36.

Blair, F. W., A. P. Blair, P. Brodkorb, and G. A. Moore. 1957. Vertebrates
of the United States. McGraw Hill Publ., N. Y., Toronto, and London.
819 p. 1st ed.

Brown, L. N. 1966. Reproduction of reromyscus maniculatus in the Laramie
Basin, Wvoming. Amer. Midland Natur. 76:182-189.

Burt, W. H. 1940. Territorial behavior and populations of some small
mammals in southern Michigan. Univ. Michigan, Misc. Pub. Mus. Zool. 45.
58 p.

Clark, F. H. 1938. Age of sexua) maturity in mice of the genus Il'eromyscu .
J. Mammal. 19:230-234.

99



wbou

Cockrum, E. L. 1952. Mammals of Kansas. Univ. Kansas, Publ. Mus. Natur.
Hist. 7:1-303.

Criddle, S. 1939. The thirteen-striped ground squirrel in Manitoba. Can.
Field Natur. 53:1-6.

Cwik, M. J. 1970. Identification of insects and density determinations of
the stomach contents of small mammals. Colorado State Univ., U. S. Int.
Biol. Prog., Grassland Biome, Tech. Rep. No. 53. 4 p.

Dale, F. H. 1939. Varfability and environmental responses of the kangaroo
rat, Dipodomys heermanni sanatilis. Amer. Midland Natur. 22:703-731.

Day, B. B., H. J. Egoscue, and A. M. Woodbury. 1956. Ord kangaroo rat in
captivity. Science 124:485-486.

Duke, K. L. 1944, The breeding season in two species of pipodomys.
J. Mammal. 25:155-160.

Egoscue, H. J. 1960. Laboratory and field studies of the northern grass-
hopper mouse. J. Mammal. 41:99-110.

Eisenberg, J. F. and D. E. Isaac. 1963. The reproduction of heteromyid
rodents in captivity. J. Mammal. 44:61-67.

Errington, P. L. 1963. Muskrat Populations. Iowa State Univ. Press, Ames.
665 p.

Fitzpatrick, F. L. 1925. The ecology and economic status of citellus
tridecemlineatus. lowa Univ. Stud. Natur. Hist. 11:1-40.

Foster, M. A. 1934. The reproductive cycle in the female ground squirrel,
Citellus tridecemlineatus (Mitchell). Amer. J. Anat. 54:487-511.

Fracker, S. B. and J. A. Brischle. 1944, Measuring the local distribution
of rRibes. Ecology 25:283-303.

Hall, E. R. and K. R. Kelson. 1959. The Mammals of North America. Ronald
Press Co., N. Y. 2 Vols. 1162 p.

Hamilton, W. J., Jr. 1941, The food of small mammals in the eastern United
States. J. Mammal. 22:250-263.

Hansen, R. M. and J. T. Flinders. 1969. Food habits of North American hares,
Colorado State Univ., Range Sci. Dep., Sci. Ser. No. 1. 17 p.

Harrington, H. D. 1964, Manual of the Plants of Colorado. Swallow Press
Inc., Chicago. 666 p. 2nd ed.

Harriss, K. L. 1950. Identification of insect contaminants of foods by

micromorphology of the insect fragments. J. Ass. Offic. Agri. Chem.
33:898.

100



WSU

Hisaw, F. L. and F. D. Emery. 1927. Food selection of ground squirrels
(citellus tridecemlineatus). J. Mammal. 8:41-44.

Hyder, D. N., R. E. Bement, E. E. Remmenga, and S. Terwilliger, Jr. 1966.
Vegetation-soils and vegetation-grazing relations from frequency data.
J. RAnge Manage. 19:11-17.

Jameson, D. A. 1969. General description of the Pawnee Site. Colorado
State Univ., U. S. Int. Biol. Prog., Grassland Biome, Tech. Rep. No. 1.
5 p.

Jameson, E. W., Jr. 1952. Food of deer mice, reromyscus maniculatus, and
P. boylei in the northern Sierra Nevada, California. J. Mammal.
33:50-60.

Jameson, E. W., Jr. 1953. Reproduction of deer mice (Peromyscus maniculatus
and P. boylei) in the Sierra Nevada, California. J. Mammal. 34:44-58.

Johnson, D. R. 1961. The food habits of rodents in range lands of southern
Idaho. Ecology 42:407-410.

Johnson, G. E. 1917. The habits of the thirteen-lined ground squirrel,
Citellus tridecemlineatus, With especial reference to the burrows.

Univ. North Dakota, Quart. J. 7:261-271.

Johnson, R. F. 1956. Breeding of the Ord kangaroo rat, pipodomys ordii
(Rodentia:Heteromyidae), in southern New Mexico. Southwest. Natur.
1:190-193.

Klipple, G. E. and D. F. Costello. 1960. Vegetation and cattle responses to
different intensities of grazing on short-grass ranges of the central
Great Plains. U. S. Dep. Agr. Tech. Bull. 1216. 82 p.

Lantz, D. E. 1904. ¥ansas mammals in their relation to agriculture.
Kansas State Agr. Exp. Sta. Bull. No. 129. 331-404.

Lechleitner, R. R. 1969. Wild Mammals of Colorado. Pruett Pub] Co.,
Boulder. 254 p.

Leopold, A. 1933. Game Management. Charles Scribner's Sons, N. Y. 48] p.

Leng, C. A. 1964. Comments on reproduction in the deer mouse of Kyoming.
Trans. Kansas Acad. Sci. 67:149-153.

Manville, R. H. 1956. Unusual sex ratios of reromyscus. J. Mammal. 37:122.

Maxwell, M. H. and L. N. Brown. 1968. Ecological distribution of rodents on
the high plains of eastern Wyoming. Southwest. Natur. 13:143-158.

McCarley, H. 1966. Annual cycle, population dynamics, and adaptive behavior
of Citellus tridecemlincatus. J. Mammal. 47-294-316.

101



McCulloch, C. Y. and J. M. Inglis. 1961. Breeding periods of the Ord
kangaroo rat. J. Mammal. 42:337-344.

Monson, G. and W. Kessler., 1940. Life history notes on the banner-tailed
kangaroo rat, Merriam's kangaroo rat, and the white-throated wood rat
in Arizona and New Mexico. J. Wildl. Manage. 4:37-43.

Phillips, P. 1936. The distribution of rodents in overgrazed and normal
grasslands of Central Oklahoma. Ecology 17:673-679.

Pinter, A. J. 1970. Reproduction and growth for two species of grasshopper
mice (onychomys) in the laboratory. J. Mammal. 51:236-243.

Reed, E. B. 1955. January breeding of peromyscus in north central Colorado.
J. Mammal. 36:462-463.

Rongstad, 0. J. 1965. A life history study of thirteen-lined ground
squirrels in southern Wisconsin. J. Mammal. 46:76-87.

Rugh, R. and M. Wohlfromm. 1967. The reproductive performance of the
laboratory mouse: Maternal age, litter size, and sex ratios. Proc. Soc.
Exp. Biol. Med. 126:685-687.

Schmidt, F. J. W. 1931. Mammals of western Clark County, Wisconsin.
J. Mammal. 12:99-117,

Sheppe, Walter. 1963. Population structure of the deer mouse, reromyscus,
in the Pacific Northwest. J. Mammal. 44:180-185.

Smith, C. C. 1940a. Biotic and physiographic succession of eroded farmland.
Ecol. Monogr. 10:421-484.

Smith, C. C. 1940b. The effect of overgrazing and erosion upon the biota of
the mixed-grass prairie of Oklahoma. Ecology 21:381-397.

Sparks, D. R. and J. C. Malechek. 1968. Estimating percentage dry weight in
diets using a microscopic technique. J. Range Manage. 21:264-265.

Svihla, R. D. 1936. Breeding and young of the grasshopper mice (onychomus
leucogaster fuscogri seus? . J. Mammal. 17:172-173.

Terman, R. C. and J. F. Sassaman. 1967. Sex ratio in deer mouse populations.
J. Mammal. 48:589-595.

Townsend, M. T. 1935, Studies on some of the small mammals of central New
York. Roosevelt Wild Life Ann. 4:1-120,

University of Utah. 1960. Studies on the ecology and epizoology of the

native fauna of the Great Salt Lake Desert. Univ. Utah tcol. Epizool.
Ser. No. 44. 67 p.

102




WSy

Van Dyne, G. M. 1969. Analysis of structure and function of grassland eco-
systems. A progress report and continuation proposal. Colorado State
Univ., U. S. Int. Biol. Prog., Grassland Biome. 269 p.

Vorhies, C. T. and W. P. Taylor. 1940. Life history and ecology of the
white-throated wood rat, neotoma albigula albigula Hartly, in relation
to grazing in Arizona. Univ. Arizona, Coll. Agr. Tech. Bull. No. 86:453-

529.

Wade, 0. 1927. Breeding habits and early life of the thirteen-striped
ground squirrel, Citellus tridecemlineatus (Mitchell). J. Mammal.
8:269-276.

Weaver, J. E. and E. L. Flory. 1934. Stability of climax prairie.
Ecology 15:333-347.

Whitaker, J. 0., Jr. 1966. Food of Mus musculus, Peromyscus maniculatus,
and Peromyscus leucopus in Vigo County, Indiana. J. Mammal. 47:473-486.

Williams, O. 1959, Food habits of the deer mouse. J. Mammal. 40:415-419.
Williams, R. G., J. L. Carmon, and F. B, Golley. 1965. Effect of sequence
of pregnancy on litter size and growth in peromyscus polionotus.

J. Reprod. Fertil. 9:257-260.

Wood, J. E. 1969. Rodent populations and their impact on desert rangelands.
New Mexico State Univ., Agr. Exp. Sta. Bull. No. 555. 17 p.

103



APPENDIX T
FIELD DATA
Rodent Live Trapping
Rodent liQe trapping data collected in 1969 at the Pawnee Site is
Grassland Biome data set A2U105B. An explanation of the data format and an

example of the data follow.

Columns Contents

1- 4 Specimen number (unique within a species)

5- 8 Species code (as in A2U109B)

9 Trapping period

10 Year

1 Pasture (1 = 23E, 2 = 23W, 3 = 15E)
12-13 Grid number where caught (indicates soil type as follows)

Undifferentiated Midway- Vona and Ascalon
Bottomland Renohill Sandy Loam

Pasture 1| 05, 06, 11 |01, 07, 10, 12|02, 03, Ok, 08, 09
Pasture 2 01, 02, 03 05, 06, 08, 12|04, 07, 08, 10, 11

Pasture 3| 02, O4, 08 |01, 06, 07, 12|03, 05, 09, 10, 11

14 Sex (1 = male, 2 = female)

15 " Reproductive condition (1 = pregnant, lactating, or fecund;
2 = no reproductive activity)

16 Age (1 = juvenile, 2 = adult)
17-19 Weight (g)
20 Burrow position (1 = inside grid or within 5 m perimeter;

2 = outside 5 m perimeter; 3 = no observation)

22-23 Month
25-26 Day Date of capture
28-29 Year
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1 2 i “ Y f 7 8
123&567890123&56789012J49h7ﬂ901?1&%hfﬂ@0l23456f%90!2!hbh?ﬂ@ﬁIEBQS67890l23&561H90

G001CTTRI11021121303 05-30-64
0902NI0R112061020723 05-30=KY
Q003CITR]112042021083 05-30-KF
G004ONLEL13102120373 05-30-4/9
G005CITR111041121343 05-31-69
9006CITR111042020993 05-31-69
9007CITR111041121343 05=31-K9
$008CITR112021121283 05-31-69
9009NIQR112062120763 05-31-A9
G002NIOR112061020663 05-31=69
9010CITR112042021063 05=31=h9
9003CITR112042021043 05=31-69
9011CITR112102021223 05-31-69
9012NTOR112081021263 05-31-6AY
9013CITR113021121283 05-31-A9
$014CITR113102021203 05-31-69
GO015PEMA113102020143 05-31-69
9016NIOR111101010363 0A-01=-69
9019CITR112122021023 06-01-69
9020PFEMAL111062010123 06-01-A9
9021PEMA111062020233 0A-01-69
9022PEMAL110620720193 0R=N1=H9
GO23IPEMALL1062310113 06=01-5KY
G017NI0OR112082020203 06=01-h9
9O1BNNLF112121020303 06=-01-69
G006CITR111042021003 0A=01-69
9024CTITRI11042021013 06-01-A9
G00SCITRI110411P12H3 0A=N1=-Hh9
GOD1CITR111021121063 06=01-69
9025PEMAL111022020163 06-01=6K9
G0Z6ONLEL112022020343 06=01-69
9027CITR112021121483 0A=-01=69
G02RCITR1120611210813 06-01-AY
9003CITR1120420209K3 06=01=59
9010CITR112042021183 06=01-K9
9029CTITR112101121183 0A=N1-5K9
G011CITR112102021203 0A=-01=69
9030CITR113081021143 06-01-6Y
9031CITR113081121063 06=01-A%
G032PEMAL13061120273 06-01-AY
G0330NLEL113101120353 06=01=59
9034CTTR113101021103 0A=01=-A9
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663 06=-02-69

9035NTNR112081020663
S0360NLEL111101120383
S006CITRI110420209913
S001CITR1I1021121023
9037CITR1I11021171201
9008CITRI12021121183
9002NT0R1120610206613
9038DI0R112062123753
9039CITR112041121293
9011CITR112102121183
9030CITR113081171103
9031CITRIL3081171083
9040CITRI130821211613
9013CITR1130211721203
9014CITRI131021211271
9041CITR111082120993
9042CITR1111211210%3
9019CITR112122120973
G016NTIOR1I11101110373
3006CITR1I11042120R61
G001CITRI11021120973
G008CITRI12021121233
S0180NLE112121120303
3038NI0R112062120701
9043NIOR112062120763
9003CITR112042170983
9011CITRI1210202 3
9031CITR113081121063
Y030CITR113081121143
9044CITR113062120963
9034CITR113101121103
9014CITRI13102121113
90040NLE113102120383
9045CITRI110111210273
9046CITR1I12071121123
9047NIOR112052120763
9048DIOR112051120723
9049PEMAL13072120183
Q0SOPEFL113031120113
9051NI0R113012120603
9052NI0R1I13011110343
9053CITR111032121123
904S5CITR111011120983
9054NNLEL112031120373
9046CITRP112071121043
9055CTTR112052121001
S048NI0R112051120692
9056CITR112111121041
9057CITR113032121211
G052NI0OR113011110372

N6=07=-AY9
06=072=-h4
06=02=-hY
06=-02-69
06=072=649
06=-02-69
06-02=-69
06=02-69
06=02=-H9
Oh=02=KY
06-02-K9
Ob=02=K9
06-02-HY
06=-02-K9
0h=-03-K9
06=-03-A9
0A=03-69
0h=03-A9
N&HE=03=-A9
06-03=-KY
06-03=-K9
06=03=69
06=03=-69
06=03=-69
06=-03=K9
06=03-A9
06-03=-69
06=03-69
06=03=(9
06=03-69
06=031-A0
06~-03=H9
0h=06~A9
06=-06=-A9
06=-0h=H9
0A=Nh-HY
N6-06~-H9
0a=-06=-KY
Nh=-06-A9
06=06=-69
06=07-69
06-07-69
0A=07-A9
06h=0T7-K9
06=07-69
06=-07-60
06-0N7=K9
06=07=A4
Nh=01=rY
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905BCITR111031121263
9045CITR11101112049¢27
9059CITRII1N11121023
9060CITRIIZ20111209613
9061C1TRI12071121091
Y04ANINR11205112071314
S047NIOR1120521207513.
9062CTITR112112020983
9056CITR112111121043
S063NNLF1131111203413
90640NLF113112070263
9065NI0R11311202068)
9030CITRI13 71120853
9066CITR113 911210013
9067CITRI13 92021663
9068CITR113 31121143
069PEMALL]1 72020193
9070PEMALILL 71120223
S071CITRI1Z2 110210073
S0720NLF112 32020333
9048NDI0R112 51020601
3061CITRI1I207121081

905ACITRI12111120982
9073CITR112112021002
G074CTITR1I13112021042
YO49NNLF113111120392
9O0TS0NLF113 72120211
9076CITRI13 720720496l
90S4CITRI13 31121041
90S7CITR113 32071122
9077CITRI13 120211132
9052NT0R113 110107267
9079CITR112 31121112
9060CITR112 11020902
9048NI0OR112 51020621
Q0BOCITR112 91121241
9061CITRI1Z 71121091
9056CITR112111120941
90810NLF1131111201311
9078PEMAL111012020171
90820NLE113 71020161
S0A3NNLE113 72020161
9054CITR113 31121141
Q0S7CITR113 32021121
9084PEMA113 11020181
3052N1I0R113 11010362
9049PEMA113 120201483

Db=0R=~H%
Nh=NDR=hHY
0A-0R=-K9
Nh=0R=-AY
06=08B=(1
0h=0H=-1”O
NA=DR=-AY
06=-NAR-KY
Nh=NA=(G
0A-08-K0
NH=NR=-AY
06=0H=-AY
06=NH~-AY
0h=08=Hr9
06=-08=-69
0A=0R=-AY
06=09=A%
0A=09-H9
06-NG-,9
0/=N9=HKY
0A-09=K9
N6=09=K9
0h=09=-6H9
0A=09=AY
Nb=N9=¢
De=0Y=hb
NA=09=-HY
0a=09~AY
06=N9=(9
NA=N9-KY
06=-N9-~9
06-N9-A9
0A=]10=HY
0h=10-69
0h-10-AY
06=10-A9
06=-10=-69
0A=-10-K9
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Rodent Diet Data
Rodent diet data collected in 1969-1970 at the Pawnee Site is Grassland
Biome data set A2U108B. An explanation of the data format and an example of

the data follow.

Columns Contents

I. ID Card for One Animal

1- 4 Animal speciman number

5- 8 Animal genus-species code

9-11 Weight of animal (g)

12 Sex (M or F)

13 Reproductive status (P = pregnant female)
14-21 Date of collection (month, day, year)
22-25 Stomach weight (g)
26-28 Number of animal codes on following card(s)
29-31 Number of plant codes on following cards

II. Stomach Contents Card(s)

Up to 10 groups per card, as needed, with each group made up of six
columns coded for the material in the stomach, and two columns for the pro-
portion of frequency of that material. Two measuring schemes were used,
one for animal material and one for plant material, Total animal (ANIMAL)
material was assigned a code of 0 to 5 representing a proportion of ,0, .1,
.3, .5, .7, and .9, respectively, of the total amount of material present.
Total plant material (PLANT) was estimated in the same fashion, Sub-
divisions of the animal matter were then recorded as proportions of the
total animal matter. Subdivisions of the plant material were recorded
as frequency counts by genus-species codes. Animal groups are entered on
the cards first, followed by plant codes.

A list of the specialized animal codes used follows:
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Code

Meaning

ANT
ANTEGG
ANTPUP
CEN
CITHAI
C1SKHA
COLADU
COLEGG
COLLAR
CRI
DIOHAI
DIPADU
FEA
FLEA
GRA
HA I BAL
HOM
HYMLAR
LEAHOP
LEPADU
LEPLAR
LISKTI
MAMHA I
MAHAT |
M1SAN |
MOTH
ONLHAI
OPHAT |
ORTEGG
PEMHAI
ROBFLY
SPIDER

Ant

Ant egg

Ant pupae

Centipede

CITR hair

CITR skin and hair
Coleoptera adult
Coleoptera egg
Coleoptera larvae
Cricket

DIOR hair

Diptera adult

Feather or feather and tissue
Flea

Grasshopper

Hair ball

Homoptera

Hymenoptera larvae
Leaf hopper
Lepidoptera adult
Lepidoptera larvae
Lizard skin and tissue
Mammal hair

Hammal hair and tissue
Miscellaneous animal matter
Moth

ONLE hair

ONLE or PEMA hair, skin, or tissue
Orthoptera egg

PEMA hair

Robber fly

Spider
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TICK
UNI
UNIART
UNITINS
PLANT
AN IMAL

Tick

Unidentifiable
Unidentifiable arthropod
Unidentifiable insect
Total plant material

Total animal material
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Rodent Reproductive

Rodent reproductive data collected in 1969 at the Pawnee Site is

Grassland Biome data set A2U109B. An explanation of the data format and

an example of the data follow.

Columns Contents
1- 3 Speciman number (unique within a species and sex)
b= 7 Species code (CITI = Spermophilus tridecemlineatus, DIOR =
Dipodomys ordii, ONLE = Onychomys leucogaster, PEMA =
Peromyscus maniculatus)
8-13 Month, day, year
14 Sex (1 = female, 2 = male)
15 Reproductive condition (females; 1 = lactating, 2 =
pregnant)
16 Disregard any information in this column
17-19 Weight (g)
20-21 Embryo stage (1 = early, 2 = mid-term, 3 = late term)
23-24 Number of recent placental scars
25 Presence or absence of placental scars
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