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ABSTRACT

This study considers the diets, seasonal foed preferences, habitat selection,
seasonal activity cycles, and reproductive cycles of Perognathus amplus, P, peni-
eillatus, P. baileyt, P. intermediue, Dipodomys merwiami, and Peromysous evemicus,

The diets and food preferences were examined by a microscopic technique yielding
relative frequencies of the dietary constituents. Cheek pouch contents of the hetero-
myids and stomach contents of all rodents indicate seasonal shifts in food usage.

The rodents feed mainly on seeds, but some feed on insects during certain seasons.

Analysis of the plant communitites involving Tine transects, permanent 1 sq.
meter plots and soil samples {for seeds) were taken at the animal capture sites,

The activity {percent trapping success) of the rodents was determined, as well
as the age structure of the populations and their reproductive condition. The
parameters will indicate much about the population dynamics of the rodents as well
as how they divide their resources.

The foods used frequently by the rodents, the availability of the food, relative
density of seads in the soil, phenology of major plants, activity of.rodents, and age
structure and reproductive condition of rodent populations are summarized and presented

in graphic form.
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INTRODUCTION

Knowledge of the diets and food preferences of a vodent community is essential to
an understanding of the ecological and energetic relationships of that community. The
purpose of this study was to identify the diets of five desert rodent species and
relate the diets to réproduction of the rodents and to food resources in the desert.
Many of the dynamic aspects of the desert are dependent on the timing of seed pro-=
duction by annuals. The seeds provide a major portion of the diets of the rodents,
as well as much of the new seasonal, above ground, vegetational biomass, It is hoped
to establish the relationships between the phenology of desert plants, seed production,
rodent rehroduction, and rodent diets and preferences. - This should provide a base
from which to move into the study of other aspects of desert ecology, such as the
use of seeds by birds and insects, and the impact of rodents an seasocnal production of

vegetation,

0BJECTIVES

1. To measure reproductive cycles of six species of desert rodents (Perognathus- amplus,
P. intermedius, P. penicillabus, P. baileyi, Dipodomys merricmi, and Peromyscus
eremiceus ) as functions of the weather and of phenology and productivity of vege-
tation at the Silverbell Site.

2. To determine seasonal activity patterns of desert rodents,

To measure phenology, standing crop, seed utilization, and composition of the
vegetationh at regular intervals throughout the year.

4. To measure the species composition of the diets of the five rodent species.

To relate dietary composition to the available food base and to determine the
degree to which availability and preference determine foods consumed.

6. To calculate preference indices for the dietary components of each of the five

mammalian species.

METHODS

Since June 1970, the principal investigators and the research assistants have spent
a total of 684 man-days in the field. From June through August, semi-monthly samples
of mammals were taken; monthly samples were taken during the winter and spring. When
possible, a minimum of 50 individuals of each species of rodent under study werebeing
taken during each sampling period.
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Collection of phenslogical data (DSCODES A3UBBO1 and A3UBB03)

Phenological data can be valuable in studying seasonal relationships between pros
ducers and consumers in any given biome. The bimodal pattern of rainfall in the
Sonoran Nesert (as defined by Shreve, 1951) is accompanied by a bimodal response of
annuals present in this desert.

Early in the process study, it was determined that the rodents under fnvestigation
were primarily utilizing seeds collected from annual plants in the study area. Accor-
dingly, phenological data were kept on all vegetation in the area to determine at
what time(s) of the year peak production of fruits and seeds occurred, and when certain
key plants set seed. Since green material was detected in some of the rodent stomachs,
the dates that perennial species began teo Teaf out were also recorded,

The scheme used in gathering and organizing phenological data was adapted from
Leith (1970). The vegetation was divided %nto four groups; herbs, shrubs,_cactia
and trees, The observations made for each plant were: 1) vegetative sfage; 2) pro-
duction of culms; 3} flower and inflorescence buds; 4) flowering; 5) unripe seeds
and fruits; 6) ripe seeds and dispersal; 7) vyellowing of leaves; 8) Jeaves present;
9) bplant not observed. The last two categories'were added to Leith's scheme to include
an important phenolegical event in the lives of perennial plants (8) and to include
plants present in the study area but not always observed on a monthly basis {9).

Semi~monthly observations were made during the summers of 1370 and 1971 and
monthly observations for the remainder of 1970-1971. Between 44-56 permanent vege-
tation plots were observed for each of the above time intervals, at which time field
notas were made on the phenclogical conditions of the plant species cbserved. A
number of "marker® plants were used to determine the status of that species' popu-~
lation in the study area. Also, the person yrecording vegetation at capture sites for
the mammals noted significant phenological events for the plants present (e.qg.,
Larrea flowering).

Data were then transferred from field notes and vegetation sheets to tables Tisting
all the species present in the study area. Plants in flower were collected and preser-
ved for the purpose of double checking the field data.

Analysis of permanent plots {DSCODE A3UBBO3)

A series of 20 permanent meter~§quare plots were established in an area of the
Soncran Desert near Tucson, Arizona. These plots were approximately 30 m apart and
marked with steel spikes and aluminum tags. Each plot was observed at least once a
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month. Observations were made on the number and kinds of annual p1ant§ present,

Any change in the physical appearance of the plot (e,g., new ant hill) was alse noted,
The phenelogical status of each spécies of-annual plant was recorded according to

the method of Leith (1970).

Data from field notes were transferred to coding forms provided by the Inter-
national Biological Program. Printouts of data received included the sample date,
plot number, habitat, species taxon code, and absolute density of each species.

These printouts were used to calculate seasonal differences in density and d1ver31ty
of annual p1ants within the permanent plots.

Climatological data were furnished by the University of Arizona's Institute of
Atmospheric Physics. Weather summaries utilized were those for Cortaro, Arizona
(el, 610 m) and Silverbell, Arizona (el. 792 m). The permanent plots were located
at an e]evation of 701 m, approximately midway between the two weather stations,
Climatograms (Tables 1 and 2) indicate the average monthly temperature {C) and
monthly rainfall {mm). '

Collection of seed data {DSCODE A3UBBOZ)

A major reason for collecting seed samples is that rodents under study are using
seeds as main sources of food. They appear to be picking seeds from the soil Tong
after the parent plants are dead. Ten random soil samples were collected semi-monthly
during the summers of 1970 and 1971 and 10 samples were collected monthly throughout
the rest of 1970 and 1971. Beginning in June of 1971, 10 samples of soll were col-
lected at capture sites for each of the five species of rodents being studied, This
technique will yield data on the quantity and quality of seeds available to the rodents.

Collection of soil samples

One-tenth m soil samples were collected to depths of 0-2, 2-4, 4-6 cm, The method
consisted of randomly tossing a 1/10 m ring and collecting the soil enclosed by the
ring. Each layer of soil was removed with a trowel and stored in a cloth bag for
transporfation to the ]abdratory. The date of co]lectioh, location of sample and name
of collector were recorded for each sample, Data were also recorded on annuals ﬁresent
inside the sampling ring and the four nearest shrubs and/or trees to the sample sites,

Cain {1938} considers the number of samples (ovr plots) is adequate when a 10%
increase in sample area, or in number of samples, yields an increase in number of species
equal to 10% of the total. By calculating this percent increase it was determined that
seven samples would be adequate. Ten samples per rodent species, per sampling period
were taken.
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Extracting seeds from soil

Each soil sampie was poured through a Tyler Soil Sieve with 0.495 mm openings and
with 32 mesh to the inch., This size sieve was small enough to capture all of the
smallest seeds except those of the Orchidaceae and the Solanaceae {personal communication,
R. Hevly). The soil and seeds not passing through the sieve were returned to the original
sample bags.

The soil-seed extracts were then put separately into a 2000 ml beaker and tap
water was added until the material was thoroughly wetted., Tan ml of hydrochloric acid
{10%) was added to this mixture in order to: 1) break up the caliche soil particles
so that the seeds were released from the soil, and 2) bubble the seeds to the surface
of the solution.

After bubbling had stopped, the remaining solution was poured through a 150 mm
Buchner funnel fitted with Whatman filter paper (#1) on top of a 2000 ml suction ¥lask,
Air was pulied from the flask at a pressure of 20 psi with a vacuum pump. The water
was then removed from the sample Teaving a mixture of seeds and very fine soil on top
of the filter paper. The filter paper was then air dried and placed in the original
" sample bag. The rocks and Targe soil particle mixture which was not dissolved by
the acid was discarded, because examination of ten samples (Tables.3 and 4) showed
that Tess than 15% of the seeds remained in this sediment, Table 4 also shows that
77% of the total seeds in the samples are removed by using the technique on only the 0.2 cm
layer. Because of the time and effort necessary to extract the remaining éeeds,
efforts were concentrated on the upper (0-2 cm) layer. '

Fach sample was then re-sieved to remove the remiaining fine sojl. The seeds were
then p]aced on a piece of graph paper and examined at magnification X10 with a binocular
microscope. The seeds were separated into groups by genera, counted, and the number of
each genus' recorded on separate data sheets, Both known and unknown seeds were glued
to a paper referénce slide for identification or verification.
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Table 3, Total number of seeds rocovered from 10 soil samples at three depths
{July, 1970)

1 2 3

Depth Rec.* Rem.* Rec.”Rem, Rec, "Rem. Rec. "Rem. "~ Rec.”Rem.
0-2 em 310 0 466 225 ' 17 0 175 0 245 17
3-4 cm 30 0 8 0 0 0 1 Y 18 0
5-6 cm 8 0 0 0 27 2 3 0 5 0
Tatals 348 0 474 225 202 2 189 0 272 17
3 7 8 9 10
0-2 cm 233 o 64 5 37 0 437 97 145 73
3-4 cm 12 2. 11 0 9 1 .76 0 16 0
5-6 cm 2 0 7 0 2 ] 4 Q 3 0
Totals ‘247 2 82 5 48 1 517 97 164 73

*
Rec. = Recovered, Rem. = Remained

Table 4. Seed distribution and recovery methods for seeds recovered from 10 soil
samples (July, 1970}

Total number of seeds rocovered = 2360

Number of seeds recovered by flotation = 2537

Percent of seeds recovered by flotation = 85.7%

Total number of seeds in top 0-2 cm layer = 2708

Percent of seeds in top 0-2 cm by flotation = 91%

Number of seeds recovered from top 0-2 cm by flotation = 2291

Percent of all seeds recovered by flotation in top 0-2 cm layer = 77,3%

~SOY O RN —

Methods of sampling vegetation at capture sites

At most of the rodent capture sites, the vegetation was sampled using the Tine-
intercept method. A 20 ft. steel tape was placed on the ground with the 10 ft. mark
directly over the capture site. Alternate 1 ft. areas were considered a sample area.
Within that 1 ft. area, all of the plants that touched the line or were within 1 cm
of the line were recorded. These data are being used to calculate the relative fre-
guency, relative density and relative dominance for each species. In addition, all
cacti, shrubs and trees that intercepted the line were recorded. These data will be
converted into a percent cover value for each species of plant.

A series of 44 permanent plots have been established in the study area. These
incTude 20 plots in the creosote bush (Larrea divaricata) flats, 12 plots along
washes, and 12 in the rocky hills. Each plot is circular and is 1 m 2 in area.
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Monthly sampling ef vegetation in these plots provides information from which absolute
frequency and absolute density values can be calculated.

Diets of mammals ‘(DSCODE A3UVCO1)

The diets of the rodents are being studied by microscepically examining the stomach
contents of spebinﬁns. The contents of each stomach are washed and mixed thoroughly in
warm water. One microscope stide is made of material from each stomach using Hertwig's
clearing solution (Baumgartner and Martin, 1939}, and preparations are partially dried
in a drying oven at 60 C. Twenty systematically Tocated fields under 100-power magni-
fication are studied on each slide. Food items are identified on the basis of distinctive
epidermal features, using, for comparison, series of reference slides of known plant
material (Davis, 1959; Croker, 1959; Storr, 1961). ‘Each plant speéies present in each
microscopic field is recorded and frequency percentages (the number of fields in which
a plant species eccurred out of T00 fields) are recorded for each specimen. Frequency
percentages are then converted to particle density per field {using a Table by Fraker and
Brischle, 1944). Relative dry weights of the food i{tems are then accurately estimated
by using the reTative densities of the species (Sparks and Malechek, 1968). Similar
procedures have been used in recent studies hy Ward and Keith (1962). ‘

Impact of rodents on_seeds

In order tordetermfne the number of seeds ingested per night by each rodent species,
the relative density of those items over 1% for a two year period weré used. Those
items not over 1% were lumped into a miscellaneous category. Averages of those over
1% were extrapolated to the miscellaneous calculations. Relative density is proportional
to dry weight of each seed species ingested (Sparks and Malechek, 136B), and was
therefore multiplied by the calories per gram of each seed speties, These products
were summned and converted to relative figures, The relative figures (= relative con~
tribution in calories by each seed species) were mgltiplied by the number of calories
required by each rodent species per day, depending on the weight of the rodents., These
requirements were determined from the literature or calcuiated on the basis of body
weight using a metabolism formula {kcal/day = 70 + 4w'75). The products were the rela~
tive contribution of abselute calories by each seed species, These were divided by the
number of calories ber seed to yield the number of seeds ingested per aight. The
calculations per seed were summed to give the the total number eaten per night, The
calories per gram of the seeds species were determined by Dr. James MacMahan at Utah
State University. ‘
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The assumptions made te determine the number of seeds used by the.rodents include:

1. The rodents were 90% metabolically efficient (Schreiber and Johnson, 1972)

2. Rodent densities are those given by Cockrum (Thames et al., 1972) for the
Silverbell Site.
Metabolism while in torpor = one third of active metabelism,

4. The weight used to calculate the number of calories required by each rodent
‘species were representative of the population, including 'young animals.

5, The percent of the year active by each rodent species represents trapping
data for two years, and is assummed to reflect the relative amount of time
active,

Reproductive cycles {DSCODE A3UBE21, A3UBE22)

Body weights, lengths, pelage coleration, and tooth wear were used as criteria
for distinguishing between adult, subadult, or juvenile animals. Counts of embryos
and of placental scars were used to determine litter size: the timing of 1itter, the
prasence of recent placental scars, and the conditions of the mammary gland provided
indications of the ﬁumberlof litters per year. Careful measurements were made of the
horn and body of the uterus and length and width of ovaries in the females, FemaTes
were determined to be reproductively active if they were pregnant, lactating or in
estrous, as determined by the condition of the vaginal orifice. The standard measure-
ments of the male include the length and width of the testis and the length of the
caudal epididymis and seminal vesicle. The caudal epididymis and seminal vesicle were
also periodically checked for the presence of sperm. Animals with sperm in the caudal
epididymis or seminal vesicle were considered reproductively active. Scrotal testes,
elongated seminal vesicle, and general coloration of the reproductive organs were
also good indicators of reproductive condition.

RESULTS AND DISCUSSION

Since field work began in June 1970, 89,229 ‘trap nights {a trap night equals
one trap set for one night) have been Togged and 5,409 rodents representing 13
species have been taken. The six most abundant rodents in the study area and the
nuibers of each that have been taken are listed in Tabie 5. Although most of the trapping
was donein the desert flats dominated by creosote bush (Larreq divaricata), traps were
also set in the rocky hills during each sampling period. The hills form an important
and widespread habitat in the study area. Of the six predominant species Tisted in
Table 3, only P. amplus, P. penicillatus, and D, merriemi are common in the creosote
bush flats.
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Table 5. Species, age and sex composition of total animals trapped at the Silver-
bel1l Site from June 1970 to June 1972. Reproductive data were calculated
for only the first six species DSCODE-——HA3UBE2T, A3UBE2Z

Total Percent . o :

Animals Male Adult Subadult Juvenile
Hpodomys merriant : 1572 53.8 1443 116 - 13
Pevognathus amplus 1410 49.6 1085 282 43
Perognathus intermedius 1212 47.0 1039 151 - 22
Peromyscus eremiocus o 534 52.2 419 98 17
Percognachus baileyi 438 45,5 376 57 5
Perognathus penicillatus 187 57.2 157 26 4
Neotoma albigula 31
Onychomys torridus &
Spermophilus tereticaudus &
Reithrodontomys megalotis &
Spermophilus havrrisi 4
Mus musculus 2
Sigmiodon hispidus 1

Sampling of vegetation {DSCODE A3UBBO1 and A3UBBO3)

Vegetative data from 3740 capture sites {91% of the total capture sites) and
seed content data from 414 soil samples have been recorded. To facilitate analyses,
the data are being transferred to coding sheets and placed on file at the computer
center. Although relatively 1ittTe vegetative datahave been analyzed to date (one
computer program is in operation), certain points merit comment.

Vegetation: The results for a year and a half of phenological data are shown
in Table 6; The percentages were calculated by dividing the total number of plants
with ripe seeds and dispersing seeds, by the total number of plants in the study
area. Note that there is a different "n" number for each set of plants.

Table 6. Percent of herb species (n=66), shrub species (n=23), cacti (n=11},
and tree species {n=5) with ripe and dispersing seeds aver an 18-
month period

Herbs = ‘ . Shrubs - ‘ Cacti Trees

(% of plants) (% of plants) (% of plants) (% of plants)
Month B i % of plants with ripe and dispersing seeds
June 1970 20 20 50 : 60
July 1970 20 . 22 ' 50 60
August 1970 20 22 30 . 20
September 1970 10 10 40 20
October 1970 - 30 10 30 20

Continued
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Table 6. Continued .

Herbs Shrubs Cacti Trees
(% of plants) {% of plants) {% of plants) {% of plants)

Month. % of pTants with ripe and dispersing seeds
November 1970 30 10 20 20
December 1970 12 -0 20 20
January 1971 4 0 20 0
February 1971 0 0 20 4;
March 1971 0 0 0 0
Rpril 1971 0 0 0 0
May 1971 0 0 0 0 -
June 1971 0 5 ‘ 10 ‘ 0
July 1971 ] 10 20 20
August 1971 0 10 : 0 20
September 1971 20 20 10 20
October 1971 30 40 30 20
November 1971 30 30 36 © 40

Dacember 1971 20 10 30 40

When the study was initiated in July of 1970, the density and. diversity of the
annual vegetation was comparatively high. Fifteen species were recorded, with three
species averaging 90 or more plants per sq m (Table 7). 1In october, after the summer
rains had occurred, eleven species were ohserved with only one plant (Plantago insularis)
having an average density of 90 or .more. By March of 1971, after an interval of '
extreme dryness, the diversity had dropped to seven species, and only Plantage had an
average density of 25 plants per sg m.

During the second year of the study, maximum diversity in the plots was recorded
in December, 1971. Nine species were found, but 0h1y two (Plantage and Bouteloua
anistidoides) had densities above six plants par sq m (Table 8). Maximum diversity
was also found in February, 1972, when nine species were identified and four plants had
average densities of two or more plants per sg.m, Minimum diversity and density
occurred in June of each year which approximates the driest part of the year in
the Sonoran Desert.

As indicated in Tables 1 and 2, 1970-1971 was a comparatively "dry* year in the
study area. The summer rains ended abruptly in September of 1971, Rain gauges at
the site did not record any rainfall from December 18, 1970, until July 27, 1971, Thus,
summer rains occurred during 1970, but winter rains did not fall on this part of the
desert during 1971.

"In contrast, 1971-1972 was a comparatively “wet" year, Summer rains began in
July, reached their highest levels in August, and leveled off in September, However,
measurable rainfall did continue through December, 1971, No appreciable difference
"was noted in average temperatures for the two weather stations over the period of
observation,
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"“Table 7. Permanent plots (DSCODE A3UBBO3)

Average Density/10m2 of Annual Plants
1970-1971

J July A S Oct. Nov. Dec. Jdan. Feb. Mar. Apr. May

Festuea octoflora 109.0 .2 5.9 4.0 2 .8- .2

Plantage insularis 314.8 97.9 66.7 53.1 62.7 38.3 19.4 13.4 25.4
Pectocarya platycarpa - 94.2 2 1.0 .8 2.2 32 1.2 1.4
Lepidium medium 2.1 L 1 .5 .2 4 A .2
Dlagiobothrys arizonicus 3.4 2 .3 .3 A ] 1
Lesquerella gordoni .8 1

Chagnaotis stevioides _ .2

Eriophyllum lancsum 8.9

Bouteloua artetidoides 9 5.6 3 4.0 4,7 46 2.2 2.2 1.2
Cryptantha micrantha 1.9 2 1 g
Thelypodium lasiophylium 3.7 5 .2 4 +3 3 2 .2
Erdastrum diffusum 1.7 '

Erodium  cleutariun 14.8

Choriaanthe rigida ‘ 2 .1 .

Allionia incarmata .1 2,9 1.0 1.0 .4 2 0

Seneaio monoensis .2 2

Senzato longilobus .2

Bouteloua barbata .3

Euphorbia albomarginata g

Eriochloa $pp. ' .




Table 8. Permanent plots (DSCODE A3UBBO3)

Average cmzmmﬂ«\JOam of Annual Plants

1971-1972

June July Aug. Sept. Oct. Nov. Dec. Jan. Feb, Mar. Apr; May
Festuca octoflorg .2
Plantago insularis 246 1 1.5 10,2 6.6 15.3 14,5 6.2 8.8 8&.1
Pectocarya platycarpa .8 4.5 .8
Lesquerella gordoni A o .2
Bouteloua aristidoides 1.1 .4 5.0 6.1 7.6 7.3 7.1 5.9 -5.9
Senecto monoensis . o1 .1 .2 N
Euphorbia albomarginata A0 L2 .5 .3 .5 .2 .3
Thelypodium Lasiophyllum .2
Grass spp. (unk.} 7 2.0
Poa bigelovii .1 g .1
Bouteloua barbata 4 .9 .9 .5 .4
Erodium cicubarium 7 30 29 69 6,9 2.6 1.9 1.l

Tridens pulchellus
Tidestromia  Sp.
Plagiobothrys arizonicus
Lotus Spp.

Menoptilon bellioides

2.7 W
.

Fl-"L'27E¢
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Seeds 1in soil (DSCODE A3URF02}

TabTes 9-14 present data on seeds in the soil which are available to the rodents.
Only those seeds species comprising more than 1% of the relative density of the samples
are 1isted by species (MISCSP}. Absolute densities are presented and relative densities-
for 1971-1972 for capture sites of each rodent species. A composite TabTe (9) is
given for the first year of the study during which data were collected at random sites
on the flats rather than at species-specific capture sites of rodents.

Calorfes per gram, seed weights, and calories per seed of the important seed
spacies are presented in Table 15.

Comparisons of the seeds available to the_rodent species are made in Tables
16 and 17.

Diets of rodents {DSCODE A3uVCO})

Preliminary data is available for the diets of live rodent species, These data
are averaged for 1970-1971, 1971-1972, and 1370-1972, and are presented in Tables 18-22.
Only those seed species making up more than 1% of the relative frequency of dietary
ftems for the two-year period are included. Relative freguency figures are given
for the stomach contents, relative densities for the cheek pouch contents. Percent
usage figures indicate what percent of the rodents sampled used each species of seed.

Impact of rodents an seeds

The impact of the rodents on the seed veserves in terms of thé number of seceds
ingested is presented in Table 23.
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Table 15. Calories per g, seed weights in mg, and calories per seed for those
seed species fimportant to the rodents*

Plant species Calories/gram Seed Wt. (mg) Calories/seed
Aeacia constricta 4,912 (1.4%) 19.05 444,29
Boerhaavia SDP. 4,487 (2.5%) 1.70 ; 7.61
Crucifer 4,589 ( ,02%) 1.76 8.08
Eriochloa grondiflora 5,026 { .82%) 1.36 6.84
Evodium elcutarium 5,505 (1.2%) 1.62 8.89
Euphorbia Spp. 2,521 { .37%) 0.35 0.88
Festueca octaflora 4,132 (1.9%) 0.49 2.00
Larveq divaricata ‘ £,966 ( .34%) 2.29 11.35
Lepidium medium 4,479(10.67%) 0.50 z2.24
Lesquerella gordoni 5,297 (1.7%) 0.94 4,95
Opuntia spp. 4.652. (2.1%) 15.06 70.06
Pectocarya platyearpa 4,048 { .64%) 0.66 2.65
Plantago ineularis 4,170 (2.2%) 0.93 3.84

*
Numbers in paventheses are percent deviations

Table 16. Relative densities of seeds in the soil on flats at capture sites of .

Dipodomys merviami and Perognathus amplus——DSCODE A3UBBOZ

197071 © o 1971-72
Seed species _ Composite D. merriamt P, amplue
Epodium elcutarium 5.0 3.8 3,9
Franseria dumosa 1.7 3.4 3.7
Larrea divaricata 1.7 10.5 10.2
FPectocarya plotycarpa : 41.8 - 42,9 41.8
Plantage insularis 18.7 6.5 5.7
Tridens pulchellus 0.0 17.8 17.4
Total 78.9 24.9 82.7

Table 17. Relative densities of seeds in the soil on hills at capture sites of
Perognathue intermedius and Perognathus baileyi—DSCODE A3UBBOZ

Seed species P, {ntermedius P. bailey

Allionia inearmata
Boerhaavia SDD.
Erodium oteutarium
Euphorbia spp.
Pronseria dumosa
Larrea divaricata
Legume

Lesquerella gordowt
Pectoearya platyearpa
Plantage insularis
Tridens pulchellus
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Table 22. First year, second year, and two-year summaries of stomach contents and
percent usage of these {tems occurying at a frequency greater than 1%
for Peromyscus eremicue—DSCODE A3UVCOT

Rf Stamach Usage Stomach

70-71 71-72 70-72 70-71 71-72 70-72

(239} {2447 (483)
Asacia 1.06 T.13 1.09 11.30 8.20 3.7
Boerhaavia 0.60 15.72 7.96 5.86 35.25 20.66
Fouguieria 5.07 2.73 4.06 13.39 7.38 10.54
Insect 56.80 59.70 58,29 94,56 96.31 95.45
Larraqg 1.07 1.43 1.24 9,21 11.89 10.54
Miscellaneous 2.00 . . 1.2¢% 1.65 21.76 12.30 16.94

species

Opuntia 16.41 10.74 13.32 51.05 29,92 40.29
Pzotocarya 5,96 1.56 3.58 20,92 3,689 11.57
Tridens 3,37 0.81 2.12 11.30 6.97 9.09
Total 92.34 94,57 93.3%

Table 23, Seed usage by individuals and populations

Rodent Seeds/Year Seeds/Year Total For Sympatric

Species{wt) Seeds/Day Individual* Population** Species/Year/Ha.
Dipodomys 1053 1,411,470 8,609,967
merriami (409) {340 active 06.1/ha.
25 torpor) 12,648,077 /ha.
Parognathus 1244 351,140 4,038,110
ampius (11g) {241 act1ve @11.5/ha,
: 124 torpor)
Perognathus 1824 590,304 . 944,486
baileyi [(26g) (303 active ®1.6/ha.
62 torpor) 2,512,802 /ha.
Pevognathus 845 257,101 1,568,316
intermedius {13q} {274 active 04.5/ha.
971 torpor)

*Figures in parentheses indicate days active and in torpor
**Figures of density of rodents/ha taken from E. L. Cockrum in Thames et al., 1972.
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ACTIVITY PATTERNS

Dipodomys merriami

Activity of D. merrigmi during the first year declined to its lowest Jevel during
 July and August, the hottest part of the summer, A similar pattern was noted for
Dipodomys agilis in southern California by MacMillen (1964). With the onset of summer
rains and a second peak of reproduction, D, merriami's activity reached jts peak in
November 1970. After the November peak, the activity leveled off, declining slightly
in the spring, perhaps in response to the emergesnce of the other rodents (Table 24},

Table 24. Monthly trapping success for Dipodomys merriami—DSCODES A3UBEZ21,22

Month Trap Nights Animals Taken # Success®
1970

Jun 5741 . 148 2.5
Jul 5424 65 1.2
Aug 4590 49 1.0
Sep 2200 ' 49 2.2
Oct 1900 97 5.1
Nov 1100 81 7.3
Dec 2400 - - 78 3.2
1971 .

Jan 2145 ' 65 2.0
Feb 2125 79 3.7
Mar 1000 4 4.1
Apr 2225 61 2.7
May 2400 94 3.9
Jun 3670 93 2.5
Jul 4044 113 2.8
Aug : 4325 91 2.1
Sep 1880 30 1.6
OcL** 1956 : 14 0.7
Nav 1000 29 2.9
Dec 990 44 4,9
1972 ,

Jan 875 52 5.9
Feb ' 840 . 68 8.1
Mar 900 ' 63 7.0
Apr 998 12 1.2
May 600 56 9.3

number of animals trapped
number of trap nights

*
Trapping success equals

**Rained all one night.
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The activity of kangaroo rats during the second year {June 1971-June 1972) was
significantly different from that of the first, The summer was not so hot {See Table
2) and consequently there was not a drastic decline in activity as in the previous
summer. With the onset of autumn rains, more food was available, reproduction inten-
sified, densities increased, and there was an increase in activity. There was a
dectine in activity again in the spring (April}, repeating the trend of the previous
year,

Dipodorys merriami was the largest rodent studied and apparently the best adapted
to withstand the cooler winter months. A Spearman rank correlation co-efficient
indicated a correlation at the .05 level between average body weight and surface
inactivity for the winter months of the six species studied. Winter is generally
considered a stressful time for rodents and many react through hibernation or torpor
with consequent weight loss. This is not true for D, merrieni, especially in years
with adequate food supply. Activity of D. merriami (as indicated by trapping per-
centages) actually increased during the cooler months (Fig. 1), agreeing with the find-
1ng§ of Chew and Butterworth (1964) for this same species. As other rodents hibernated
or reduced their activity, the kangaroo rat was able to expand its range and was
trapped around the bases of the rocky hills previously occupied by pocket mice but
not by kangaroo rats, '

Perognathug batleyl

Perognathus baileyi was the fifth most abundant species in the area {(Table 5)}.
Its distribution was confined to an ecotonal area between the creosote flats and
the rocky hills, Because of the ]1mited-habitat this épecfes occupies, monthly trap-
ping percentages may have been biased as ecotonal areas were not systematically trapped.

Although an accurate pattern of activity for P, baileyi is probably not repre-~
sented by this data, seasonal trends can be noted {Fig., 2]. The month in which the
greatest number of animals were trapped (Tablé 25) was September 1970, immediately
after heavy summer rains, Population densities were dlso high during October 1370,
Population densities appeared fairly consistent throughout the remaining months ‘of the
first year With only a's1ight tapering off duying winter months, Reynolds and Haskell
(1949) also reported consistent numbers of Bailey pocket mice active during winter
months. Apparently because of the large size of P. bdaileys, it could withstand cold
temperatures.



2.3.2,7,-30

Table 25, Monthly trapping success for Perognathus baileyi—DSCODES A3UBE21,22

Month _ Trap Nights Animals Taken- N Success*

1970

Jun 2766 51 1.8
Jul ‘ . 2327 .36 1.5
Aug 2230 34 1.5
Sep 1200 66 5.5
Oct 1300 53 4.1
Nov 2400 3G 1.3
Dec 700 14 2.0
1971

Jan 1045 2 0.2
Feb . 1100 4 0.4
Mar 800 3 0.4
Aor 800 5 0.6
May . 800 _ 13 1.6
Jun 3720 12 0.3
Jul . 2710 - 36 1.3
Aug 2634 16 0.6
Sep 1050 12 1.1
Oct ’ 800 : 8 1.9
Nov 750 0 0
Dec ’ 800 10 1.3
1972 i
Jan 875 ] 0
Feb 625 ] 12 1.9
Mar 875 ' 12 1.4
Apr 600 2 0.3
May 1000 7 0,7

number of apimals_trapped
number of trap nights -

*Trapping success'equa1s

The .two months during the second year (November and January) in which no P, baileyi
were . trapped does not give evidence of dormancy (Fig. 2}, Trapping in areas not inhabited
by P. Baileyi during these two months may be the explanation for lack of specimens. "Aside
from these two months, activity during the second year (Fig. 2} appeared stable as indicated
by a consistent 1.1 trapping percentage. It is interesting and unusual that there were
no increases in trapping percentages during.the months of reproduction and when young
animals augmented the population.

Perognathus intermedius

Activity in P, intermedius during the first year (Fig., 3) showed a response to lower
winter temperatures., During three winter months (December, January, and February) in
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the first year, no P, {ntepmedius were trapped. A peak in activity was recorded in
July 1970 following an intense reproductive period in the spring, This peak was
characterized by a Targe number of postpartum females and percent youny in the sample
(Table 26). There was a gradual decrease of numbers of animals active for the two _
months prior to their winter's dormancy (October, November 1970)_and a gradual increase
in activity during the spring following the dormant period (March, April, 1971).

Table 26. Monthly trapping success far Perognathus intermedius—-—DSCODES A3UBE21,22

Manth - : Trap Nights Animals Taken % Success
1970

Jun 2766 187 6.4
Jul 2327 HLY 6.8
Aug ‘ 2230 136 4.7
Sep 1200 58 4.8
Oct 1300 32 2.5
Nov ) 2400 ) 0.3
Dec 700 0 0
1971

Jan 1045 0 0
Feb 1100 0 0
Mar 800 1 1.4
Apr 800 13 1.6
May 800 37 4.6
dun . 3720 102 2.7
Jul 2710 147 5.4
Aug o 2634 57 2.2
Sep 1050 - 42 4.0
Oct 800 20 2.5
Nov 750 31 4.1
Dec _ 800 27 3.4
1972

Jan 875 65 7.4
Fab 625 25 4.0
Mar : 875 36 S 4,
Apr 600 55 2.0
May 1000 15 1.5

number of animals trapped
number of trap nights

*
Trapping success equals
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Actiyity patterns in the two years of the study differed, In the second year there
was no period in which fio animals were taken (Table 26 and F1g.3). Temperatures were
milder, rainfall plentiful and food more abundant during the second year; perhaps
these conditions enabled P, intermedius to vemain active all winter. April, 1972 was
the month that yielded the highest trapping success of p. intermedius (9.0 %). This
percentage is significant in that trapping percentages for the other five species were
exceedingly Tow during this same month (Tables 1-4 and 6-7).

Although P. intermedius has not been reported to hibernate or become torpid during
stressful environmental conditions, other species of Perognathus of approximately the
same size hecome dormant during stressful periods. Perognathus Longimembris and P.
formosus are usually inactive above the ground for varying periods in the cooler
autumn, winter and early spring (Chew and Butterworth, 1964; French et al., 1967).
Some individuals of both species were found above ground during mild weather during
these seasons, suggesting that these dormant pocket mice are sensitive to rapid tem-
perature changes. Torpidity in P. fallawx has been noted by MacMilien {1964) and
discussed in more detafl by Bartholomew and Cade (1957}, Chew and Butterworth {1964)
have evidence that hibernation in P. longimembrie significantly enhanced its survival.
Our data suggest that dovmancy in 2. intermedius occurs only in winter months when the
food suppiy may be 1imited.

Feromyscus eremious

Activity during the first year was remarkably consistent from month to month, with
an overall trapping percentage around 1,2, No antmals were trapped during September 1970,
But in this month we did not trap in appropriate habitat for P. eremicus. The highest
trapping success of the First year was 2.5% in June. In the following months, trapping
percentages were lower but consistent (Fig. 4). This data contrasts with that of Lewis
(1972) who trapped approximately 145 km to the north of our study site during 1967 and
1968,

Trapping during the second year revealed a striking contrast to the first year in
the relative numbers of P, ervemicus present (Fig.4). During the summer months, trapping
percentages were Tow, presumably due.to low population numbers as the result of prolonged
adverse environmental conditions. After intense summer rains, however, trapping pers
centages increased almost linearly from 0.4% in Octobey 1971 to a peak of 10,2% in
February of 1972. Following the peak in February, there was & drastic decline in
trapping success, and by May, 1972 no cactus mice were trapped during 1,000 trap nights
in a suitable habitat.
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The tremendous increase in cactus mice during the second winter could be the result
of a combination of two factors: 1} the reduction in surface activity of the sympatric
P. intermédiue (Fig. 3) thus reducing suppression through competition, and 2) addition
of young to the population (78% of 34 females trapped in November and December were
reproductive) (Fig. 5).

The apparent population crash in the spring of the second year may have been the
resylt of Timited food. The high numbers of P, eremicus might have further been affected
by the emergence of P, imtermed<us from winter dormancy.

MacMillen (1965) reports estivation in P. eremicue under adverse environmental
conditions. Likewise, Lewis (1972) attributes his summer months of decreased trapping
success to estivation of 2. eremicus, explaining that estivation in cactus mice might
be a response to a combination of aridity and high ambient temperatures. Lindeborg

{1952) and MacMillen {1964) have shown P. eremicus to be better adapted to xeric
conditions than other “aromyecus.

" Summer estivation did not appear to occur among the cactus mice in our study area
(Table 27 and Fig. 4). There were decreased percentages of animals trapped'during the
summer of the second year even after the summer rains began. This was, however, probably
indicative of decreased popuTation densities rather than estivation, as the preceding
months were particularly stressful in terms of paucity of new vegetation.

Tab]é 27. Monthly trapping success for peromyscus eremicus—DSCODES A3UBE21,22 .

Month . Trap Nights Animals Taken % Success*
1970 .

Jun 2766 ' £9 2.5
Jul : : 2327 33. 1.4
Aug 2230 27 1.2
Sep** : :
Oct: - 1300 X 23 1.8
Nov ~ 2400 21 0.9
Dec 700 4 0.6
1971

Jan ‘ ' 1045 6 0.6
Feb 1100 Co20 1.8
Mar 800 : 13 - 1.6
Apr _ 800 _ 5 1.0
May 800 8 1.6
Jun ’ : 3720 3 0.1
Jul 2710 _ 25 0.9
Aug ' 2634 ‘ 10 0.4
Sep 1050 ’ 1 003
Jct 800 3 0.4
Nov : 750 29 3.9
Dec 800 35 4,4

Continued
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Table 27. Continued

Month Trap Nights ' Animals Taken % Success*
1672 ' ' '

Jan 875 54 6.2
Feb 625 64 10.2
Mar 875 59 " B.7
Apr 600 22 3.7
May . 1000 ) 0 0

number of animals trapped-
number of trap nights

*
Trapping success equals

ek
Traps not set in appropriate habitat.

Perognathus pentoillatus

Perognathus pentciliqtus was not abundant in our study area and was réstricﬁed to
arroyos. Trapping procedures that involved only occasionally trapping the ranges of
P. penictillatus accounted for their scarcity in the samples of certain months, Seasonal
activity patterns, size variation, and breeding characteristics can be interpreted
with some degree of confidence, however, even though our total sample sizé was Tow
(Table 28). '

Dormancy during winter is typical of P. penieillatus. Arnold (1942) found P. peni-
eillatus to be inactive during several winter months. Reynolds and Haskell, (19497},
1ikewise, failed te trap this species from December to February in southern Arizona
and speculated that it was in hibernation. Hudson {1364) found that under.laboratory
conditions, P. penicillatus became torpid in winter. In our study, the aboveegrouhd
activity of P, penicillatus was also reduced through the winter season (Fig.6 and
Tab]e 28). In the first year there were two months (November and December, 1970} in
which no P, penicillatue were trapped. Trapping during the second year yielded three
months (January, March and April, 1971} when no animals were taken, '

_ Trapping during the seasons other than the winter, showed similay patterns for the
two years. late spring and early summer appeared to be a time of fncreased activity.
Surface activity of P, penicillatus declined during both of the summers, probably 1in
response to hotter, drier_conditions. Following summer rains, there was an increase

in activity with September, 1970 yielding the highest percentage of animals trapped

and October, 1971 being the most productive of fecund animals,
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Table 28, Monthly trapping success for Perognathus penictllatus—DSCODES A3UBE21,22

Month Trap Nights Animals . Taken % Success*
1970

Jun 2766 33 1.2
Jul 2327 7 0.3
Aug 2230 9 0.4
Sep 1200 18 1.5
Oct 1300 5 0.4
Nov : 2400 0 0
Dec 700 0 0
1971

Jdan 1045 1 0.1
Feh : 1100 1. 0,1
Mar 800 1 0,1
Apr ' 800 1 0.1
May 800 : 1 1.4
Jun 3720 27 0.7
Jul 2710 19 0.7
Aug T 2634 12 0.5
Sep : 1050 : 15 1.0
Oct 800 13 1.6
Nov 750 ’ 2 0.3
Pac : 800 2 0.3
1972 _

Jan 875 0 0
Feb . 625 } 0.2
Mar 875 0 0
Apr 600 0 0
May 1000 9 0.9

numbers of animals trapped
number of trap nights

*
Trapping success equals

Perognathus cmplug

Pevognathus ampius 1s not equally active above ground at all seasons. Trapping
percentages for P, amplus were at their highest level during June, 1970, the first
month of the study (Fig. 7). The highest temperatures of the year (Fig,7), recorded
in July, were accompanied by a sharp decline in surface activity of P. amplus, This
temporary reduction in surface activity by most of the individuals suggests that high
ambient temperatures are stressful to small pocket mice and that periodic torpor {is
employed. There was an fncrease in activity agaln during the cooler and more humid
period of late summer and fall. As temperatures dropped in the winter, so did the
activity of P. ampZus. The species suspended surface activity for a four-month period
(December through March),
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The activity of P. ampius during the second year (June 1971-Junel972) was sig-
nificantly different from that of the first. The summer was not as hot and consequently
the reduced activity was not so pronounced as in the previous summer, In the autumn of
1971, following late summer rains, surface activity increased such that trapping '
percentages were 1.9%, as compared‘to 0.2 for November 1970. During only one month
of the second year (January 1972) were no specimens of P, ampZus trapped. The highest
trapping percentages (5.7%) during the second year for P. amplus were in March 1972
{Table 29).

The rainfall pattern was distinctly different for the two years and correspondingly
so were the trapping data for P, ampius. Apparently individuals of this species forage
on the surface of the ground only when conditions are ideal. Surface activity may be
reducad through a state of torpor, estivation cr hibernatfon, There could be, hdwever,
activity within the burrow with the animals Tiving on stored food materials,

Table 29. Monthly trapping success for Perognathus amplus—DSCODE A3UBEZT,22

Month Trap Nights Animals Taken % Success*
1970

Jun 5741 398 6.9
Jul 5424 111 2.0
Aug ‘ 4590 164 3.6
Sep 2200 83 3.8
Oct 1900 18 0.9
Nov 1100 2 0.2
Dec 2400 0 0
1971

Jan 2145 0 0
Feb 2125 0 0
Mar 1000 ' 0 0
Apr 2225 16 0.7
May 2400 37 1.5
Jun 3670 164 4.5
Jul 4044 : 136 3.4
Aug 4325 115 2.7
Sep 1880 19 1.0
Oct - 1950 33 1.7
Nov 1000 . 19 1.9
Dec 9390 : 2 0.2
1972

Jan 875 0 0
Feb - ' - B840 3 0.4
Mar : 900 51 5,7
Apr _ 998 22 2,2
May 600 17 2.8

number of animals trapped
number of trap nights

*Trapping ‘success equals
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Perognathus amplus was the smallest rodent studied and apparently the most affected
by cold temperatures. Laboratory studies of metabolic rates and activity patterns for
P. amplus have not been conducted; however, studies have been done on related desert
species (i.e., P. ealifornicus, P, Zongimembfis) which have approximately the same
body weight ( Chewet al., 1965; Chew and Butterworth, 1964; Bartholomew and Cade,

1957; Hayden, 1965). These authors have shown that smaller pocket mice {approximately
10 g) have a decreased metabolic rate with torpor ensuing if food is Timited and/or
anbient temperatures are decreased. French et al, (1967) suggested that reduced
activity during stressful times of the year aids in the survival and longevity of
pockef mice.
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SIZE, SEX, AND AGE RATIOS
(DSCODES A3UBEZ21, BE2Z)

Dipodomyjs mervicmi

Dipodomys merriami has a rapid early development {Butterworth 1961}, being
weaned at 17-22 days postpartum. AI16metr1c ontogenic growth in foetal kangaroo
‘rats partially contributes to rapid postnatal devé1opment (Yan De Graaff, 1973),
Young kangaroo rats rapidly gain weight and are between 20.5 and 26.5 g within
three to six weeks (Chew and Buttevworth, 1964). Dipodomys merviami attains 82%
of its adult size within 15 days after birth and achieves its average adult weight
within 150 to 180 days (Butterworth, 1961). Chew and Butterworth (1959), under lab-
oratory conditions, reported estrus in D, merrigmi at 24 to 33 days of age.

Trapping percentages of young kangaroo rats are low because juveniles mature rapidiy
(Chew and Butterworth, 1964).

A very small number of kangaroo rats (.83%) were juvenile (Table 30) and, like-
wise, few (7.1%) were subadult. Five of the 13 juveniles were trapped during the
first half of Juhe, 1970. The sex ratio for both juveniles and subadults was near
50:50 {Table 30).

Adult kangarco rats accounted for 91.6% of the total animals ftrapped over the
two-year period. Of the adult animals, 53.6% were males (Table 30}, showing Tittle
departure from a 50:50 vatio. The slightly higher percentage of males may be indicative
of their more aggressive behavior or targer home ranges. Blair (1943) found that
D. merriami males occupied 4.07+0,24 acres and females 3,8810.51 acres. York (1949)
Tikewise found males to have larger home ranges (2.58 ha) than females {1.37 ha).

Table 30, Total semimonthly, and monthly sex and age ratio of 1,572 Dipodomys
merriami—DSCODE A3UBE21,22

Adults Young

Month Males Females %Males Males Females %Mates % Young
1970

Jun 10 54 - 48 -54.0 20 11 64.5 23.7
Jun 20 5 9 35.7 0 0 - 0
Jul 10 1 8 57.9 3 2 60.0 20.8
Jul 20 16 17 48.5 3 5 37.5 19.5
Aug 10 . 18 12 . 60.0 1 pa 33.3 9,1
Aug 20 5 10 33.3 1 0 100.0 6.3
Sep 25 22 53.2 0 2 ] 4,1
Oct 46 46 50.0 3 2 60.0 5.2
Nov 45 3z 58.4 3 1 75.0 4.9
Dec 41 30 57.7 3 2 60,0 6.6

Continued
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Table 30. Continued

Adults Young
Month Males Females Males Males Females “Males % Younyg
1971
Jan 36 29 55.4 0 0 -= 0
Feb 33 44 42,9 1 1 50.0. 2.5
Mar 24 17 68,5 0 0 -- 0
Apr 31 30 - 50.8 0 0 .- G
May 41 48 46,1 ] 4 20.0 5.3
Jun 10 18 15 54,5 0 0 - 0
Jun 20 28 27 50.9 1 4 20.0 8.3
Jul 10 27 _ 19 658.7 0 1 0 z.1
Jul 20 34 ' 26 56.7 4 2 656.6 9.1
Aug 10 16 : 11 : 59.3 0 0 -- 0
Aug 20 34 28 54.9 1 1 50,0 3.1
Sep 16 13 56,2 1 "0 100.0 3.3
Oct 10 3 77.0 0 1 0 7.1
Nov 15 11 657.7 1 2 33.3 10.3
Dec 24 18 57.1 4 3 57.1 14,3
1972
Jan 28 17 62.2 4 3 B7.1 13.5
Feb 33 28 54.1 6 1 85.7 10.3
Mar 30 26 53.6 3 & 42.9 11,1
Apr 6 & 60.0 1 1 50,0 16.7
May 24 23 51.1 6 3 66,6 16.1
6 71 58 55,0 8.2

Total 774 669 53.

~

Adult males were approximately 3 ¢ heavier than adult females (Table 31)
and approximately 4 mm longer. Males that were considered reproductively active
were likewise heavier (up to 6 g heavier) than non-reproductive adult males, There
was a direct correlation between the amount of spermatozoa present in the caudal
epididymis and the weight of the animal. Those adult animals with no sperm present
(N=90) had an average welght of 38.95 g; those having moderate amounts (N=137) had
a mean weight of 41.79 g; those having large amounts (N=356) had a mean weight of
43,28 g (Table 32).

Three-hundred adult females in breeding condition (mean weight 41.54 g) were
appreciably heavier than 80 non-breeding adult females (mean weight 34,26 gl, Pregnant
females (N=193), having a mean wejght of 42.36 g, were heavier than any other category
of females. The condition of lactating apparently did not pose severe metabolic strains
on females. Weights of 87 lactating females diminished an average of 1.68 g from their
fecund weight and remained heavier than those in estrus or those with placental scars
(Table 33).
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Table 31. Body measurement statistics of 1,572 Dipodomys merrviami*
Meas urement Subadult Juvenile
Total length  245.8+8.7(770)215-268 224.7114.8(63)184-253 193.8£12,2(8)175-212
Tail length 140.4+7 1(770)117-177 130.3+12.2(63)99-155 113,949, 7(8)105 133
Hind foot 36.0+1.1(774)28-33 35.3+1.6(63)25-38 34,6+1.1(8)33-36
Ear 12.0+0.8 11.0+0.7{63)9-12 10.5+1.2(8)9-12
Weights 41.4+4.3 27.8-55.2 29.4+4.6(63)20.9-36.2 17.4x2.5(8)13.5-20.0
Bacula length  11,3+40.9 7.4-13.1 8.5+1.0(63)5.7-10.8 6,8+0.7(8)5.7-7.8
Total length 247,29, 211-263 223.3+15.6(53}180-260 195.4+28.0(5)157-223
Tail Tength 137.6+7. 116-160 129.8+12.8(53)96-147 115.0417.7(5)92-130
Hind foot 35.5+1.0{669}32-3% 35.040. 8(53)32 36 34,4+0.6(5)34-35
Ear 11.840, 11.1+0.8(53)9-13 9.8+1.1(5)8-11
Weights 39.9+4.6(669)27.6-57.8 27.9+4.1(53)18.2-35.6 18.6+4,8(5)12,0-24.7

*The mean number is given, followed by the standard deviation, the size of the sample

(in parentheses), and the range.

A3UBE21, 22.

Lengths are expressed in mm, weights in g,

DSCODE

Mean body weights (g) and bacula measurements (mm} of various ages and

Table 32.
reproductive categories of 845 Dipodomys merriami*
Body Weight Baculum
N Mean Range Mean Range

Juvenile 8 17.36 13.50~20.00 6.79 5.65-7.75
Subadult 63 22.43 20.90-46,30 8.49 5.70-10.80
Adult

No spermatozoa 90 37.20 27.80-48.90 9,95 7.40-12,15

Small amounts 137 38.95 30,50-47.70 10.88 8.60-12.55

Moderate amounts 191 41.79 32.20~51.00 11.50 9.10-12.90

large amounts 366 43.28 35.10-55.20 11.70 - 10,00-13,10

*i.e., spermatazoa content in caudal epididymes.




2.3.2,7.-48

Table 33, Breeding characteristics of adult female Dipedomys merriami~—DSCODE A3UBE22
Gravid Postpartum
Sample Placental

Size Weiaht Embryos Weight Scars
Menth No. No. % Mean+$.0. MeantS.D. No. % MeanzS.D. Mean#S.D.
1970
Jun 10 46 31 67 39,5:4.2 2.0x0,2 6 13 35.7+1.9 1.820.4
Jun 20 - 9 5 56 38.7:2.9 2.0 3 33 36.9+3.8 2.0
Jul 10 2] & 50 43.8t6.6 2.0 2 .25 34.4+0.7 2.0
Jul 20 17 2 12 38.6+4,2 2.0 9 53 36.8+2.2 2.0
Aug 10 12 2 17 39.9+8.3  1.5:0.7 8 67 36.9+£4.0 2.0+0.5
Aug 20 10 2 20 36.6+2.6 2.0 6 60 40.0£4,7 2.0
Sep 22 9 41 A42.65x4.5 2.310.5 4 18 42.0:£1.7 2.0
Oct 46 2 4 43,6+3.5 2.0 27 59 38.6+2.5 2.0
Nov 32 0 0 i 27 84 37,3+2.,7 2.0
Dec - 30 0 0 23 77 38.71+3.5 2.0
1971 '
Jan 29 0 0 24 83 37.2+3.1 2.0
Feb 44 8 18 43.1+5.0 2.0 26 59 37.612,6 2.0
Mar © 17 0 0 13 76 35.3+2,8 2.0
Apr 30 4 13 39.4+2.4 2.0 18 60 36.9+2.4 2.0
May 48 9 19 38.72£2.2 1.940.3 25 52 33.0+1.1% 2.0
Jun 10 15 1 7 39.2 1.0 8 53 36.8+£3.,8 2.0
Jun 20 27 1 4 38.7 1.0 16 59 36,4:2,5 2.020,4
Jut 10 19 2 11 39.1+0.5 2.0 13 68 36.4+2.2 2.0:0.4
Jul 20 26 7 27 4?2.6+3,7 2.0 14 54 38.2:2.4  1.9x0.4
Aug 10 11 5 45 39.7+3.7 2.0 1 g 42,3 2.0
Aug 20 28 23 82 44.2+3.6 2.2+0.5 0 0
Sep 13 6 46 43.4+3.3 2.2+0.4 2 15 471.2+0,1 2.010,7
Oct 3 pd 67 42.2+0,3 2.0 ' 0 0
Noy 11 6 55 46.9£3,1 2.3+0.5 0 0
Dec 18 2 11 40,1#6.2 2.0 4 22 3.6x2,4 2.0
1972
Jan 17 10 59 43,2:5,4 2.0 1 6 20,7 2.0
Feb 28 16 57 44,1+5.3 1.9+0.4 4 14 41 .,4+2,6 2.0
Mar 26 22 8h 45.1+5.4  2.1x0.3 0 0
Apr 4 2 50 38.947.,2 2.0 1 25 38,0 3.0
May 23 10 43 44,6+3.5  1.9:0,3 4 17 40,0£3,8. 2.0
Total 669 193 29 42,4x4.9 2,0:0,4 289 43 37.4:3,0  2.0+0.2

Body weights of adult kangaroo rats sometimes fluctuated markedly (Figs.8 and 9}
throughout the study period and could be correlated to climatic conditiens and repro-

ductive phases.

Chew and Butterworth (1964) reported a seasonal trend (in years of .

adequate food supply) of mean body weight of adult animals that indicated that conditions

in winter and early spring were most conducive to general vigor of kangaroo rats.

Figure 8 shows a similar pattern of body weight increase during the cooler months of

this study period.
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Males reached their lowest weights in early August, 1970, then increased through
the Tast half of August after the summer rains, and reached their peak weight in Tate
September. During the first year, both the adult males and adult females were strik-
ingly lighter in wéight (Fig. 8) than in the second year. Correspondingly, the amount
of rainfall (Table 1), phenology of plants and available seeds were also drastically
different in the two years. Indications of decline in body weights indicate that the
hottest times of the year are stressful to kangaroo rats (Fig 9).

Parognathus amplus

No studies have heen done to determine growth rates and development in Percgnathus
ampius; therefore, body weights and measurements at a given age are not known. Hayden
and Gambino (1966) have measured growth and development of another small pocket mouse
(8.5 g), Perognathus longimembris, therefore dataare available for a species closely
related to P. ampiue and of comparable size.

Juveniles had an average weight of 6,30 g and accounted for 3.1% of the Z. amplus
trapped. Thirty-seven of the total juveniles (36%) were taken during the first half
of June 1970. Fifteen juveniles were males (35%) and were slightly heavier {6.7 g)
than the females (5.9 9).

Subadults accounted for 20% of the total P, amplus trapped (mean weight 7,57 g).
Sixty-eight percent of the subadults were taken during the first half of June, 1970
{Table 34)

Table 34. Total semimonthly and monthly sex and age ratic of 1,410 Peromyscus
amplus-——UOSCODE A3UBEZ21,22

Adult ' : Young

Month Males Females % Males Males Females % Males % Young
1970

Jun 10 60 66 47,6 Il 19 48.3 64,6
Jun 20 14 12 ' 53.9 7 9 43.8 381
Jul 10 24 26 48,0 4 10 28.6 21.9
Jut 20 24 15 61,5 2 6 25.0 17.0
Aug 10 54 62 46,6 2 6 25.0 6.5
Aug 20 21 14 60.0 1 4 20.0 12.5
Sep 42 36 53.8 1 & 20.0 6.0
Oct 1 7 61.1} 0 0 n 0
Nov 1 1 50.0 0. 0 e 0
Dec 0 0 - 0 0 el -

Continued
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Table 34, Continued

Aduit . Young

Month Males Females % Males Males Females % Males % Young
1971
dJan 0 0 -- 0 0 - --
Feb 0 0 -- 0 0 - --
May 0 0 - 0 0 == -
Apr 7 9 43.8 0 0 -- 0
May 27 7 79.4 1 2 33.3 8.1
Jun 10 33 45 42.3 2 3 40,0 6.0
Jun 20 40 40 50,0 0 1 0 1.2
Jul 10 26 38 . 40.6 0 2 0 3.0
Jul 20 23 42 35.4 2 3 40.0 7.1
Aug 10 22 23 48,9 ) 0 0 - 0
Aug 20 37 29 66,1 11 3 78.6 20.0
Sep 12 7 63.2 0 0 -— 0
Oct 13 8 62.0 8 4 66.6 36.4
Nov 10 7 58.8 0 2 0 10.5
Dec 1 1 50.0 0 0 -- 0
1972
Jan 0 0. -- 0 0 - -
Feb 2 1 66.6 0 0 o 0
Mar 31 20 60.8 0 0 -- 0
Apr 12 10 54.5 0 0 - 0
May 8 4 66.6 3 2 .60.0 29.4
0

Total bbb 530 51.2 145 o180 44.6 23.

Qver the two-year pericd, adult P. amplue had an average body weight of 10.92 g.
The males were s1ightly heavier (11.35 g) than the females (10.49% g), Males were, 1ikewise,
consistently heavier thkoughout the two~year study, even though there were seasonal weight
fluctuations (Figs 10 and 11, Table 35)

There was a striking contrast in the body weights of adult animals between the two
years of study. During June 1970, immediately following a reproductive period, adult
P. amplus were heavier than at any other time of the first year. Their body welghts were
the Towest immediately preceding and immediately following winter dormancy (Fig 10}.

In contrast to the previous June (1970), the average body weights of the adults
were at their Towest level during June,-1971. The summer rains started and germination of
plants occurred in August, 1971 and concurrent1y the average body weights of P. amplﬁs
greatly increased. Heavier animals (those weighing over 10 g} did not go into winter
inactivity for so long as in the previous year. The increased body weights of P, amplus
during the second year findicate that high availability of food s probably conducive to
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increased surface activity in pocket mice. Trapping during four months of the first
winter yielded no P, amplue, whereas in the second winter only during January were

no P. amplus taken.

Increased body wefght in P. ampius appears to be a prerequisite for successful
reproduction. Adult males with large amounts of speﬁmatozoa present (N=192) had an
average body weight of 12,76 g, whereas adult males with no spermatozoa had a mean
body weight of 10,27 g. Likewise, 66 females that were determined to be reproduc-
tively active had an average body weight of 12.57 g; in contrast, 302 non-reproductive
females averaged 9.55 g in body weight. (Table 367}, :

Pregnant females (N=32) had the heaviest average body weight (13.14 g) of all other
categories of P. amplus. The average body weight of lactating females (12.41 g) was
-not significantly lighter than that of pregnant individuats.

Perognathus baileyi (DSCODE A3UBE21,22)

Perognathus baileyi of different ages exhibited a wide range in body wejghts and
lengths (Table 37). Five juveniles had an average body weight of 12,85 g. Although
the average body length of these five juveniles was considerably Tess (164.1 mm) than
that of 164 adults (210,8 mm), the hind foot length of the juveniles (25,45 mm) was
nearly comparable to that of the adults (26.22 mm), This same allometric growth ratio
of the hind foot to other parts of the body has been examined in other heteromyids and
is probably of significant adaptive value (Van De Graaff, 1973).

Subadults accounted for 12,7% of the P, batiley: sampled, They had an average
body weight of 18.27 g, an average body length of 186.7 mm, and an ayerage hind foot
length of 25.27 mm, The body Jength and weight increased greatly over that of Juyeniles,
but the length of the hind food remained virtually unchanged. During the first year,
young animals occurréd from June through September and censtituted a significant portion
of the sample (Table 38)., In the second year, young animals were trapped from July
through September and then not again until April 1972, :

Cumulative data for the two years showed 271 adult females to have a mean body
weight of 24.57 g and 165 adult males to have a mean body weight of 28,14 g, The
interesting aspect of adult body weights in P, Baileyi is the wide range (Table 39)
within the adult categories, Analysis of this information, plus other data, impifes
that P, baileyi does not mature as rapidly as the other heteromyids and perhaps has a
longer 1ife expectancy.
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Table 35,

Body measurement statistics of 1,410 Perognathus amplus*——DSCODE A3UBE21, 22
- Males
Measuremént Adulg Subadult Juvenile
Total length 146.548,3(544)118-178 6.4*7,2{(130)119-156 125,146.2(15)117-137
Tail Tength 74.4+5,3(544)58-93 71.5%5,5(130)55-86 65,3+4.1(15)61-73
Hind foot 19.6%0.9(555)17-26 19.2+1,0(130)17-26 19,1+0.6(15)18-20
Ear 6.8+0.6(555)2-8 6.4+0.6(130)5-7 6.040,7{15)5-7
Weights 11.4+2,1(555)5.6 8 5 8.5%1.3(130)4.9-10.9 6.7t1.1215)4.7-8.6
Bacula Tength 6.6%1.0(555)4,4-9.2 5.2+0.4(130)3.4-6.6 4,9%0.4(15)4.5-5.6
Females

Total Tength 144,9£9.0(515)120-256  135,047.4(151)115-154  121,1%9,2(28)100-136
Tail length 74.0+4.8(515)58-90 1.145,6(151)53-85 62.8+7,3(28)44-73
Hind foot 19.40.9(530)13-24 . 9.040.8{152)17-21 18.0+1 1E28)14-19
Ear 6.70,6(530)5-9 6.320,5{152}5-7 5.910.6(28)5-7
Weignts 10,5+1,9(530)6,8-19.3 8.3+1,1(152)5.,9-11.2 5.9:0.6(28)4.9-7.2

The mean number is given, followed by the standard deviation, the size of the sample

{in parentheses), and the range, Lengths are expressed in mm, weights in g,

Table 36. Mean body weights (g) and bacula measurements (mm) of various ages and
reproductive categories of 700 Perognathus amplus®
Body Weight Baculum
N Mean Range Mean Range
Juvenile 15 6.68 .70~ 8.60 4.85 4.45-5.60
Subadult 130 8.45 .90-10.,90 5.24 3.40-6.44
Adult ' _
No spermatozoa 209 10.27 .40-14.30 5.74 4,35-7.90
~Small amounts 70 10.62 .60-17,40 6.53 5.00-8.35
Moderate amounts 84 11.39 .30-18,30 6.88 4£.70-8.50
Large amounts 192 12.76 .70~18.50 7.52 6.00-9.20

*
i.e., spermatozoa content in caudal epididymes
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Table 37. Body measurement statistics of 438 Perognathuc batleyi*—DSCODE A3UBE21,22

Males .
Measurement Adult : Subadult Juvenile
Total Tength 210,8+14,0(164)106-240  184,1214.,0(29)143-205 164.3+16.7(4)748-181
Tail length 114.0+8.0{164)76-140 102.3+9.8(29}70-114 86.8£12.6(4)75-100
Hind foot 26.6+1.4(165)24-38 25.4:1.4(30)22-29 25,5x1.3(4}24-27
Ear 9.56+1.1(165)7-19 8.5+1.0(30)7-10 8.3:0.5(4)8-9
Weight 28.1+5.1(165)18.6-44.0  17.9z2.8(30)12,0-24.3 12.5+1.9(4)10,6-15,1
Bacula Tength 10.2+1.1(165)6.8-12.8 8.7+0.8(30)7.3-10.8 8,1+0.4{4}7.7-8.6
Females
Total length 201.4112.9(209)176-228 189,4£8,9(27)170-205 163*0(1)163
Tail length 109 2+6.5{209)86-125 105.7+6.3(27)95-119 9501 }95
Hind foot 5.8+1.0{211)21-29 25.1£1.9(27)20-2% 25+0(1}25
Ear 9.2:0.8{211)7~11 9.7+0.7{27)8-11 7+0(1)7
Weight 4.5+3.4(211)16.6-38.4  18.6+2,8(27)13.7-23.7 14.410{1)14.4

*The mean number is given, followed by the standard deviation, the size of the samle
{in parentheses) and the range, Lengths are expressed in mm, weights in g.

Table 38, Total semimonthly and monthly sex and age ratio of 438 Perognathus bailsyi
DSCODE A3UBEZ21.,22

Adult Young

Month Males Females % Males Males Females ‘%“Ma1es % Young
1970 | |

Jun 10 1 8 7.1 5. 3 62.5 47.1
Jun 20 6 17 26.1 ) 5 54.5 32.4
Jul 10 2 1 66.6 1 1 50.0 40.0
Jul 20 11 14 44.0 1 5 16.7 19.4
Aug 10 4 10 28.6 4 5 a4.4 39.1
Aug 20 5 4 55.6 0 2. 0 18.2
Sep - 23 37 38.3 3 3 50.0 . 9.1
Oct 24 29 45.3 0 0 -- : 0
Nov 12 15 44 .4 2 1 66. 6 10,0
Dec 6 8 42.9 0 0 - 0

o7

Jan 1 1 50.0 0 0 - 0
Feb 3 1 75.0 0 0 - 0
Mar 3 0 100.0 0 -0 -- 1
Apr 3 2 60.0 0 0 -- 0
May 7 Y 58.3 1 0 100.0 7.7

Continued
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Table 38. Continued

Adult . Youny
Month Males Females % Males Males Females % Males % Young
Jun 10 6 6 50.0 0 0 - 0
Jun 20 0 0 -- 0 0 -- -
Jul 10 15 g 62.5 4 1 80.0 .. 17.2
Jul 20 3 4 42.9 0 0 -- 0
Aug 10 3 6 33.3 1 1 50.0 18,2
Aug 20 1 3 25.0 1 0 100.0 20.0
Sep 5 5 50.0 2 0 100.,0 16.7
Oct 2 6 25.0 0 0 -- 0
Nov 0 0 - 0 0 -- -
Dec 6 4 60.0 0 0 .- 0
1972
Jan 0 0 - 0 0 -- e
Feb 4 8 ©33.3 0 0 -- 0
Mar 6 .6 50.0 0 0 - 0
Apr 1 0 100.0 1 0 100,0 50.0
May 2 2 60.0 2 1 66.6 42.9
Total 165 21 43,9 34 28 : 54,8 14.2

Table 39. Mean body weights (g) and bacula measurements (mm} of various ages and
reproductive categories of 199 Perognathus baileyi*

Body Weight Baculum
Y Mean Range Mean Range

Juvenile 4 12.47 10.60-15.10 8.10 7.70- 8.60
Subadult 30 17.91 12.00-24.30 8.66 7.25-10.80
Adult

No spermatozoa 70 25.01 18.60-34.90 9.26 6.75-10,90

Small amounts 30 29.91 22.40-40.10 10.29 8.30-11.70

Moderate amounts 20 31.3 21.60-41.80 11.05 9,90-12.50

Large amounts 45 30.44 21.20-44.00 11.11 8.85-12.80

*
i.e., spermatozoa content in caudal epididymes.

Males were consistently heavier than females (Fig.12), but both males and females
had seasonal weight fluctuations. Adults were heaviest prior to and during reproductive
periods and weighed less during the coldepr months of the year, (Fig.13).
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Ninetyvfive adult male P, bailey: were found to be fertile, These fecund males
had a mean body weight of 30.45 g, which was 5.44 g heavier than 70 adult non~fecund
males. Readiness to mate apparently involves an increase in body weight (Table 39).

Only four females in estrus were taken; these had a mean body weighﬁ of 23.42 g,
which 1s not significantly higher than the mean weight of 86 non-breeding females
(22.55 g). Pregnant and lactating females were significantly heayier, averaging
28.43 g and 27.42 g respectively.

Perognathus intermedius DSCODE A3UBE21,22

OF those P, intermedius examined, 46.1% were males. Although this percentage
reflects an even ratio of males to females, there were times of the year when males
were distinctly more active than females {Table 40). Seemingly, during the cooler months
of the winter, males had greater surface activity than females; in contrast, females-were
trapped in greater numbers during the summers. Adult males were slightly heavier (13.1 g)
than adult females (12,7 g), Table 41, and perhaps were more sensitive to high temperas
tures than females, but could better tolerate colder temperatures.

‘Table 40. Total semimonthly and monthly sex and age ratio ef 1,212 Perognathus
interquius_——DSCODE A3UBE21, 22 :

Adults Young
Month Males Females % Males " Males Females - % Males . % Young
1970 o ) "
Jun 10 19 49 27.9 9 12 42,9 23,6
Jun 20 27 38 41.5 14 19 42.4 33.7
Jul 10~ 11 17 - 39.3 13 13 50.0, 48.1
Jul .20 11 B 29 27.6 11 5 68.8 28.6
Aug 10 18 29 38.3 16 7 69.6 32.9
-Aug- 20 29 34 46.0 R 2 33.3 4.5
Sep ‘ 25 . 30 45,5 1 2 33.3 5.2
Oct 20 12 62,5 0 0 e 0
Noy 4 ‘ 2 66.6 0 0 - 0
"~ Dec 0 0 -- 0 0 e o
1971 _
Jan 0 0 - 0 0 -~ -
Feb 0 o - 0 0 -- --
Mar 8 3 72.7 .. 0 0 - 0
Apr. 6 7 46.2 0 0 - 0
May 26 11 70.3 0 0 em 0
Jun 10 20 18 52.6 0 0 - 0

Continued
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Tahle 40, Continued

Adults ' Yodng
Month Males Females % Males Males Females % Males % Younyg
Jun 20 22 42 - 34,4 0 0 : -- g
Jul 10 19, . 31 38.0 9 13 45.0 28.6
Jul 20 29 40 42.0 6 2 75.0 10.4
Aug 10 4 8 33.3 3 0 100,0 20.0
Aug 20 16 22 42,1 1 3 25.0 9.5
Sep 18 23 43.9 0 1 ] 2.4
Oct 2 14 12.5 2 2 50.0 20.0
. Nov 13 16 44.8 1 1 50.0 6.5
" Dec 17 10 63.0 0 0 - 0
1972
Jan 52 1 82.5 0 2 0 3.1
Feb 18 7 72.0 0 .0 - 0
Mar 20 15 57.1 1 0 100.0 2,8
Apr 23 ' 31 65.7 1 0 1000 1.9
May 2 m - 15.4 2 0 100,0 13.3 -
Total 479 560 . 46,1 9] 82 . 52,6 14.3

Young animals comprised 14.1% of the P, iniermedius trapped (1.7% juvenile and
12.4% subadult). The mean weight of the juveniles was 7.35 g and the mean weight of the
subadults was 9.70 g. During the first year, young animals were trapped only throughout
the summer months {Table 40), with a peak of 48.1% of the total sample of P. Zntermedius
heing young in the first partion of July 1970. Young animals were trapped in every
month of the second year after June except during December and February.

Adult P. intermedius had a mean weight of 12.9 g. Body wefghts of aduit males
averaged 13.1 g (Table 41) which was only sTightly heavier than adult females with a
mean body weight of 12,7 g. Males were generally heavier than temales (Fig.15) through-
out the non-reproductive periods, but females increased their welghts and were often
heavier than males during reproductive peaks.

Comparisons of body weights of P. intermediue during different seasons in two years
indicated that the only time the weights of the animals approached the lowey 1imits of
their range was immediately prior to winter dormancy {November, 1970) and {mmediately
after emergence (March, 1971). Perhaps decreased body wetght due to paucity of food
is a factor contributing to reduced surface activity. J

As in the other heteromyids, there. is a correlation in adult males between repro-
ductive condition and body weight {i.e., spermatozoa present}. Adult males with large
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amounts of sparmatozoa in the caudal epididymis (N=174) had a mean body weight of

13,99 g and 64 adult males with moderate amounts of spermatozoa had a mean body weight
of 13.39 g. Adult 7. iﬁtermedius with no spermatozoa observed in the caudal epididymis
n average of 12.15 g (Table 42).

(N=172) weighed an

Table 41. Body measurement statistics of 1,212 Paerognathus intermedius™®
Males
Measurement Adult Subadult Juvenile
Total length 169.0=8. 0(461)142-188 160,6+10.5(81)130-184 142,446, 4(9)134 156
Tail length 97.3+6.5(461)67-110 91.0+7.8(81)67-104 80.7+3.3(9)75-87
Hind foot 20.4:0.8(479)18-23 19.9+0.7(82)18-22 20,021.0(9)719-22
Ear 7.2+0.5(479)6-0 6.6+0.6(82)5-9 6.3+0.5(9)6~7
Weight 13.1+1.8(479)9.2-20.6 9,9+1.4(82)6.7-14.0 7.5+1.5(9)6,0-9.9
Bacula length  11.3:1.2{479)7,9-13.6 8.8+0.7(82)6,0-10.3 7.840.6(9)6.9-8.9
Females
Total length  167.4x8.0(533)122- 188 158.0£9.3(69)139-177 142,0£12.8(13)116-159
Tail Tength 90,8+6,2(533)69~105 89.6+6.8(69)73-102 79.4+9,9(13)62-91
Hind foot 20.2+0, 9(560)18 23 20.0x0.9(69)18-22 19,1:0.8(13)18-20
Ear 7.1+0.5(560)6- 6.7+1.3(69)6-9 6.2+0.6{(13)5-7
Weight 12.741.9(560)7. ] 20.0 9.5+1,5(69)6.7-12.8 7.2i1.3(13)5 2=10.0

The mean number is given, followed by the standard devrat1on,
(in parentheses) and the range,

the size of the sample
Lengths are expressed in mm, weights in g (DSCODE A3UBEZ21,22

Table 42. Mean body weights {g} and Bacula measurements (mm} of various ages and
reproductive categories of 570 Perognathus intermedius®
Bady Weight Baculum
N Mean Range Mean Range
Juvenile 9 7.54 6.00- 9.90 7.79 6.90- 8.90
Subadult 82 9.93 6.70-14.00 8.80 6.00-10,30
Adult -
No sperimatozoa 172 12.15 9.20-16.50 10,04 7.90-13.,40
Smatl amounts 69 12.84 10.40-16.20 11.59 9.85-12.85
Moderate amounts 64 13.39 10.40-20.30 11.91 9,70-12,80
Large amounts 174 13,99 10.50=-20,60 12,18 8.50-13.55
.

*{,e., spermatozoa content in caudal epididymes,
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Eighty=two pregnant females had a mean body welght of 14.82 g4 this mean is fiigher
than that for any other category of P. intermedius. lLactating females, likewise, were
heavy (13.54 g, N=45), but the average hody weights of 16 females fin estrus (12.27 g)
was not significantly heavier than 159 non-reproductive females (11.59 g). ‘

Peromysous evemicys (DSCODE A3UBEZ1,22)

The sex ratio in B. eremicus was close to 1:1 (Table 43). Davis and Dayis {(1947)
reported sex ratios from large laboratory colonies of P. eremicus to be 53% males and
Lewis (1972) reported a predominance of 66% males, ascribing the uneven ratio to a
more aggressive behavior of males. '

Brand and Ryckman (1968) in studying the postnatal development in P. eremicus,
found that weaning begins on the 20th to 22nd day postpartum and is compieted by the
?5th day. They further observed post-juvenile molt beginning on the 34th to 37th day.
Apparently there is only an approximate 10-day foraging period as juveniles which ex-
plains why such & Tow percentage of juveniles were sampled {2.1% from a sample of 534),

There were'géxua1 differences in the body Tength and weights of the juveniles.
The mean weight of juveniles was 10.06 g and the mean length was 148,58 mm, C[ight
juvenile females averaged exactly 1 g heavier than nine juvenile males, " The females
also averaged 2.19 mm Tonger than the males and had a s1ightly longer hind foot {Table 44).

The greatest number of subadults were taken during June and July of the first year,
indicating a spring reproductive peak. Some young animals were taken in all but four
months of the study (Tab1e 43) and in two of those months {September, 1970, and May, 1972}
there were no P. evemicue trapped. The uniform occurrence of young animals indicates
continuous breeding in cactus mice. The combined mean subadult male and female body
weight was 13.96 g and the combined mean body length was 164.75 mm, Although the body
length and body weight significantly increased over juveniles, the mean hind foot length
remained neariy the same.

 Adults were represented by 419 specimens (78.5% of the population} that had an
average body weight of 20.09 g. Of the six species studied, only in P, eremicus Was
the mean female weight heavier than that in the male, 20,76 g to 19,42 g respactively,
There did not appear to be any pattern of body weight changes that could be correlated
with environmental conditions (Figs 16 and 17), Not only wepe the females heayter than
the males, they also averaged 3.42 tm longer (males were 181,96 wm, females were 185,38 mm) ,
while the mean hind foot lengths were essentially the same (19.53 mm).
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Table 43, Total, semimonthly and menthly sex and age ratio of 534 Peromyscus
erentcus~——DSCODE A3UBE21,22
Adult Young

Month Males Females % Males Males Females % Males % Young
1970
Jun 10 13 12 52.0 10 3 77.0 34,2
Jun 20 5 8 38.5 13 5 72.2 58.1
Jul 10 1 3 25.0 3 1 75.0 5.0
Jul 20 9 8 52.9 4 4 50.0 32.0
Aug 10 8 5 61.5 5 4 55.6 40.9
Aug 20 3 1 75.0 0 1 0 20.0
Sep 0 0 -- 0 0 -~ --
Oct 8 10 44.5 3 2 + 60.0 21.7
Nowv 7 11 38.9 1 2 33.3 14.3
Dec 1 2 33.3 0 1 0 25.0
1971
Jan 3 2 60.0 0 1 0 16.7
Feb 12 7 63.2 0 1 0 5,0
Mar 6 5 54,5 1 1 50.0 15.4
Apr 3 2 60.0 0 0 -- 0
May 5 2 71.4 1 0 10¢.0 12.5
Jun 10 0 1. 0 0 0 - ]
Jun 20 0 2 0 0 0 - 0
Jul 10 2 4 33.3 1 1 50.0 25.0
Jul 20 9. 6 60.0 1 1 50.0 11.8
Aug 10 3 2 60.0 1 1 50.0 28.6
Aug 20 2 1 66.6 0 0 - 0
Sep 0 0 - 1 0 100.0 100.0
Oct 0 1 0 1 1 50.0 66.0
Nov 11 14 73.3 2 2 50.0 13.8
Dec 16 13 55.2 1 5 16.6 17.1
1972
Jan 22 24 47.8 3 5 37.5 14.8
Feb 33 25 56.0 1 4 20.0 7.8
Mar 27 23 54.0 7 2 77.8 15.3
Apr 7 8 46,7 3 4 42.9 31.8
May 0 0 -- 0 0 - e
Total 216 203 51.6 63 52 54.8 21.5

Table 44. Body measurement statistics of 534 Peromyscus eremicus*—DSCODE- A3UBEZ1,22

Male .

Measurement Adult Subadult Juvenile

Total length

Tail length
Hind foot

Ear

Weight
Bacula length

182.,0+9.3(213}159-205
93.147.4(213)71-117
.7(216)17-21

19.
17.
19.
8.

W
.3
.8

{216)15-21
11.7-28.0
{216)5.8-10.4

166.3+9.8(54)143-188
86.2+8.1(54)64-103
19 1+0,8(54
,1(54}12-19

.7(54)10,0~17,8
.9(54)5.5-8.8

6+2.2(9

o6 5(9

147,4£12,3(9)123-161
76,9+7.,5(9}62~85
18.8+1,4(9}17=20
16 411,9(9}14-20
6.3-12.2
4.8-6.3

Continued
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Table 44. Continﬁed

Female
Measurement Adult Subadult Juvenile
Total Tength 185.0111.5(202)143-220 163.2£10,8(43)136-183 149.611,1{8)135-165
Tail length 95.8:8,7(202)64-135 84,4+9,3(43)62-101 77,07, 9(8)67 89
Hind foot 19.620,8(202)17-22 19,0+0,7(44)18-20 19.1+0.8(8)18-20
Ear 17.8+1.2(203)17-20 17.0+1.4(84)14~22 16.10.8(8)15-17
Weight 20.8+3.9(203)12.6-35.2 13.7£1.7(44)9,6-19,2 10,6+1,8(8)8.1-12.7

* .
The mean number is given, followed by the standard deviation, the size of the sample
{in parentheses), and the range. Lengths are expressed in mm, weights in g.

As in the other rodents of the study, increased body weight accompanied breeding in
P, evemicus. A very high percentage of adult males (49.07 %) were found to have large
quantities of spermatozea present in the caudal epididymis. These males had an average
body weight of 20,44 g, 1.13 g more than that of 50 males with moderate amounts of
spermatozoa (TabTe 45). Fertile adult ma1es were heavier than non-fecund adult maTes
(Table 45), Breeding fema]es, tikewise, were on the average heavier than were non=
breeding females (19.15 g vs. 16.50 g). Pregnant females averamed s1ightly heavier than
Tactating females (Table 46)., It was perhaps because of the high number of reproductive
females (Table 47) in the population from month to month that the females weighéd movre
than the males. '

Table 45. Mean body weights (g) and bacula measurements (mm) of various ages and
reproductive categories of 279 Pevomyscus eremicus *

Body Weight Baculum
N ) Mean Range Mean Range

Juvenile ' 9 9.56 6.30-12.20 5.49 4,80~ 6.30
Subadult b4 14.23 10.00-17.80 6.98 5,50~ 8.80
Adult o :

No spermatozoa 13 16.22 14,10-19,50. 7.36 6,75- 9,60

Small amounts 43 18.01 14,90-21,70 8,51 6,26~ 8.70

Moderate amounts 54 19.31 11,70-28,00 8,89 7.40-70,20

Large amounts 106 20.44 16.80-25.30 9.75 7.85-10.40

* » .
i.e., spermatozoa content in caudal epididymes.
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Total

35

30

Table 46. - Breeding characteristics of adult female Peromyscus evemicus—DSCODE A3UBE2Z
Sample Gravid Postpartum . pyscental
Size Weight Weight Scars
Month No, * % Mean:S.D, % Mean+S.D. Mean:$.D,
1970
Jun 10 12 B 67 24,3+3.3 2.610.5 3 25 21.51.9 3.3t0.6
Jun 20 8 2 25 19,445 2.0 2 25 21.742.3 3.0
Jul 10 3 3. 100 21.321.6 2.0 4] 0
Jul 20 8 2 25 21.345.0 3.0 5 63 17.622.5 2:6:0.6
Aug 10 5 3 60 19.9+3.4 2.7:0.6 2 40 16.1+2.8 2.0
Aug 20 1 1 100 30.6 4.0 0 0
Sep” '
Oct 10 2 20 20.8£3.4 3.0£1.4 2 20 20.5+3.5 3.0
Nov 11 1 9 17.9 2.0 5 45 20.1x2,1 . 2.2+1.1
Dec 2 1 50 19.4 3.0 1 50 20.9 4.0
14971
Jan’ 2 0 0 1 50 19 5 3.0
Feb 7 0 0 3 43 .0:1.6 2.0+1,0
May 5 0 0 4 80 18 8+1.8 2.3+1,0
Apr 2 0 0 0 0
May 2 0 0 0 0
dun' 10 1 0 o 1 100 16.4 2.0
Jun 20 2 0 -0 2 100 19,041.3 3.540.7
~Jdul 10 4 2 50 22.341.3 0 0 :
Jul 20 6 1 17 22.0 3 50 20,0<1.2 3.0
Aug 10 2 2 100 22.522.1 2. "0 0
Aug 20 . 1 1100 29.2 3. 0 0
Sep .
Oct 1 0 0 0 0 ' :
Nov 14 8 57 24.3+2.9 2. 3 21 20.8+1.4 2.3£0.6
Dec 13 7 54 23,5+5.6 3. 0 0
1972
Jan 24 38 21.1£1,5 2.440,5 4 17 24.3+1,1 3.0
Feb 26 19 25.7+4.,7 2.8z1.1 1 42 22,9+4.5 2.6:0.7
Mar 23 43 22.6+3,6 2.2:0.4 . 8 35 21,1£1.9 2.4+0.5
Apr 8 50 23,5+2.5 2,840,565 1 13 22.0 3.0
May
203 22.9:3.8 2.60.7

20,6+3,1 2.6£0.7
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Table 47, Summary of the reproductive cycles of Pevomyscus eremicus based on 225
females (203 adults, 52 young) from June 1970 through May 1972-—-DSCODE

A3UBE22

% Reproductive ' % Non-reproductive
Month Estrus Pregnant Lactating ~ Adult ~__Young
1970 ‘ 4
Jun 10 0 53.33 6.67 ©20.00 20.00
Jun 20 0 15.38 30.77 15.39 38.46
Jul 10 0 75.00 0 : 0 25.00
Jul 20 0 16.67 : 8.33 41.67 33.33
Aug 10 0 33.33 ‘ 0 22.22 44,44
Aug 20 0 50,00 0 0 50.00
Sep - - ! . e - -
Oct 0 16.67 . ‘ 8.33 49,00 16.66
Nov 0 7.69 7.69 69.24 15.38 .
Dec 0 33.34 0 33.33 33.33
1971 _
Jan 0 0 0 66.67 33.33
Feb 0 0 ] 87.50 12.50
Mar 0 0 0 83.33 . 16.67 :
Apr 0 0 0 100.00 0
May =~ 0 0 50.00 50.00 0
Jun 10 0 ] 0 100400 0
Jun 20 0 0 . 0 100,00 0
Jul 190 0 40,00 40.00 0 20.00
Jul 20 0 14.29 28.57 42 .85 14,29
Aug 10 0 66.67 0 0 33.33
Aug 20 0 100.00 0 0 0
Sep -- -- -~ -~ e
Oct -~ 0 0 50.00 0 50.00
Nov 0 50,00 18.75 18.75 12.50
Dec 5.56 38.89 11.17] 16.67 27.78
1972
Jan -0 31.03 0 51.73 17.24
Feb 0 16.67 0 70.00 13.33
Mar -0 40,00 ' 20.00 32.00 8.00
Apr 8.33 33.33 8.33 16.68 33.33
May - n= - o ~- n

Perognathus penieillatus (DSCODE A3UBEZ21, 22)

Of those specimens of P. pemnicillatus examined, 57.2% were males. This is not a
significant departure from a 1:1 ratio, especially considering the small sample size
(Table 48). ‘
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Four Juveniles accounted for 2.1% of the total sample of P, penicillatus and had
a mean weight of 8.85 g and a mean total Tength of 143.50 mm (Table 49).

Table 48, Total semimonthly and monthly sex and age ratio of 187 Perognathue
penicillatus—DSCODE A3UBEZ1,22 _

Adult Young _

Month Males Females % Males Males Females % Males % Young
1970

Jun 10 18 7. 72.0 5 ¢ 100.0 16.7
dun 20 2 ¢ 100.0 0 1 0 33.3
Jul 10 1 G 100.0 .0 0 .= 0
Jul 20 3 2 60.0 0 1 0 16.7
Aug 10 4 3 57.1 0 0 -- ' 0
Aug 20 0 1 0 1 0 100.0 50.0
Sep 7 10 411 0 1 0 5.6
Oct 2 3 40.0 0 0 - 0
Nov ] 4] . 0 0 -~ -
Dac 0 0 -- 0 0 ~ ~-
1971

Jan 0 1 0 0 0 - 0
Feb 1 0 100.0 0 0 -- 0
Mar 1 0 100.0 0 0 -- 0
Apr 1 0 100.0 0 0 -- 0
May 9. 1 90.0 1 0 100.0 9.1
Jun 10 2 3 40.0 1 0 100.0 16.7
Jun 20 12 9 57.1 0 0 - 0
Jul 10 4 4 50.0 0 0 - 0
Jul 20 4 4 50.0 3 0 100.0 27.3
Aug 10 1 2 33.3 1 2 33.3 50.0
Aug 20 2 1 66.6 1 2 33.3 50.0
Sep ) 7 36.4 2 2 50.0 26.7
Oct 5 5 50.0 2 1 66,6 23.1
Nov 2 0 100.,0 0 0 ~- 0
Dec 1 0 100.0 0 1 0 50.0
1972

dJan 0 0 = 0 0 -- -~
Feb 1 0 100.0 0 0 s 0
Mar 0 0 o 0 0 n- -

- Apr 0 0 -- 0 0 -~ -
May 3 4 42,9 . 0 2 0 22.2
Total .90 67 57.3 17 13

56,7 16.0
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Table 49, Body measurement statistics of 187 Pewegnathus penicillatus—DSCODE A3UBE21,22

Male
Measurement ~ Adult Subadult o Juveniie _
Total length 178.5+9,3(87)124-202 164l2t8.7(14)]49h181 ' 143.0+10,6(3)131-151
Tail length 95,2+5,4(87)82-105 90.6x7.1(14):80-104 78.0+12,5(3)65-90
Hind foot 23.0£1.3(90)20-26 22.3£1.6414)19-24 22,0£2.0(3)20-24
. Ear _ 7.9+0.7{(90)7-10 7.3:0.7{14)6-8 _ 5.7:1.2(3)6-8
- Weight- 16.8+2.7(90)10.0-25.0 12.5¢2.4{14)9.4~16.5 8.4+0,3(3)8.1-8.6
Bacula 171,7¢1.2{90)6.8-13.4 9.011.0(14)7.0-11.4 7.7+0,4(3)7.2-7.9
Female
Total Tength 179,5+8.2{66)161-203 165 3+6.2(12}1163~173 145, 0+0(1)145
. Tail Tength 96.8+5,3(66)84-112 90,5+5.5(12)82-98 79.0+0(1}79
Hind foot 23.7+1.4{67)22-29 22.4+0,7(12)21-23 23,0+0{1)23
Ear 8.2+0.8(67}6~11 7.8+0,6(12)7-9 7.0+0{1)7
Weight 17.0£2,2(67)13.0-23.3 13.7£3.1{12}10.0- 20 0 10.2£0(1)10. 2

The mean number is given, followed by the standard deviation, the size of sample{in parentheses)
and the range. Lengths are expressed in mm, weights in g.

One of the diagnostic characteristics of 2. peniciilatue s the large hind foot
(Hall and Kelson, 1959). Juveniles had a mean hind foot length of 22.25 mm as compared to
a mean hind foot length in 157 aduits of 23.34 i, The mean weight of juveniles was.
52.4% that of adults. The mean total body length was 80.2% that of adults and the mean
hind foot length was 95.3% that of adults. The disproportionately long hind 1imb in
" juveniles is of apparent adaptive value for Tocomotionm, '

Twenty-six subadults had a mean body Tength of 164.73 mm, a mean body weight of
13.05 g, and accounted for 13.9% of the total P. penieillatue trapped, o

Young animals were trapped from June through September of the first year (Tab]e'48).
During the second year, however, young animals were trapped throughout the summer except
in July, 1971. One young animal was trapped in October, 1971 and anaother in Decembér
1971. HNo further young were taken until May, 1972, ‘

Over the two~year period, 157 adult P, penicillatus had a mean weignt of 16.82 g,
The mean body weight of 67 females (17.04 g) was slightly higher than that of 90 males
{16.75 g). 1In contrast, the average body length of females (x=179,45 wm] and males
(x=178.47 mm) were essentially the same (Fig. 18}, '
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Fertile males of P, penicillatus were approximately the same wéight as non-fertile
males. The veproductive males had a mean body weight of 16.88 g while non-fecund males
had a mean body weight of 16.23 g (Table 50). '

Adult female P. penicillatus did

other category of male or female.
(x=17.85 g) slightly less than lactating females, but their mean body weight was still
1.94 g heavier than that of 17 non-reproductive females.

show increased body weight with fecundity.
Eight lactating females had a mean body weight of 18.12 g which is heavier than any

Pregnant females (N=8) had a mean body weight

Tabje 50. Mean body weights (g) and bacula measurements (mm) of various ages and
reproductive categovies of 107 Perognathus penicillatus™®

Body Weight _ Baculum _
N Meah Range Mean Range
Juvenile 3 8.40 8.10- 8.60 7.65 7.15- 7.90
Subadult 14 12.45 9,40-16,50 95,01 7.00-11.40
Adult
No spermatozoa 19 16.23 10.90-21.10 10.03 6.80-12.70
Small amounts 13 17.58 12.10-25,00 11,46 10,10-12.80
Moderate amounts 17 16.19 12.90-20.70 12,11 11.00-~12,90
41 16.95 12.47 11.20~13.40

Large amounts

13.50-24.80

*. [} L] 3
i.e., spermatozoa content in caudal epididymes.
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REPRODUCTIVE CYCLES
(DSCODE BE21 BE22)

Dipodomys meryicmi

Male reproductive cyele: Males had a longer reproductive season than did females
and a higher, or equal, percentage of individuals reproductively active in any given
trapping period (Tab1e 51 and Fig 8). Butterworth (1960) found active spermatozoa in
D. mevriami when the testes were langer than 5 mm, regardless of the testes position.
Bradley and Mauey (1971), using the 5 mm testes dimensions as a criteria, did not
examine for active spermatozoa. <Care should be used in determining reproductively -
active animals, especially from small sample sizes. In this study many males were
found to have testes lTonger than 5 mm with no spermatozoa. Some testes, however, were
less than 5 mm in length and contained small-to-moderate amounts of spermatozoa. The
‘last trapping period of August.1970 revealed the lowest percentage of D. merriami
having spermatozoa (Fig.9). Following the summer rains in September, 1970, there was
a striking increase in reproductive activity. MNinety-two percent of the adult kangavroo
rats were reproductively active, an increase of 72% aver the preyious trapping period,

Lengths and shapes of the bacula varied according to age classificatien and repros
“ductive condition (Fig.19). ‘Bacula of juvenile kangaroo rats (N=8) averaged 6.79 mm
in length. The bacula of juveniles appeared thicker oroximally in proportion to length
.and had greater flexfon than those of other age categories, Subadults (N=63] had
bacula averaging 8.49 mm and a less prominent curvature than Juveniles, The bacula
of 774 adults averaged 11.30 mm in length. The shaft of the adult bacula was relatively
“straight with a slight distal hook. The proximal. end was rounded and more massive.
Often when adult animals were in breeding condition, a hardened cartilagenous-11ike
cextension attached to and pretfuded from the distal tip. The function of this penial
" extension is not known but is assumed to facilitate copulation. The presence of this
gxtension appeared to be correlated with those adult animals having Targe amounts of
spermatozoa, Bacula from animals with Jarge amounts of spermatozoa (N=356) averaged
.20 mm Tonger than bacula from males with moderate amounts of spermatozoa and averaged
1.75 mm Tonger than adult males with no spermatozoa present {Table 32).

Measurements of various reproductive organs (Figs. 19 and 21) demonstrated size
fluctuations that correlated with amounts of spermatozoa observed. -Testicular dimeh-
sions (Fig.20), caudal epididymides lengths (Fig 21) and seminal vesicle lengths (Fig. 22)
diminished as spermatozoa content declined. Males were consideved reproductively active
if spermatozoa were observed in the caudal epididymides, It was only during-the autumn
and winter of the second year, however, that the maJority of males had copious.amounts
of spermatozoa.
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Tabte 51. Summary of the reproductive cycles of Dipodomys merricmi based on 727
females (669 adults, 58 young] from June 1970 through May 1972—
DSCODE A3UBEZ2Z

% Reproductive % Non-reproductive

Month Estrus Pregnant Lactating Adult Young
1970

Jun 10 1.75 54,39 14,04 10.53 19.30
Jun 20 0 55.56 11.11 33,33 0
Jul 10 0 40,00 10,00 30.00 20.00
Jul 20 0 9,09 _ 18,18 50.00 22.73
Aug 10 0 14.29 0 71.42 14.29
Aug 20 0 20.00 0 80,00 0
Sep- 4.17 37.50 20.83 29.17 8.33
Oct 0 4.17 16.67 74,99 4,17
Nov 0 ] 0 96.97 3.03
Dec 0 0 0 83,75 6.25
1971

Jan 0 0 : 0 100,00 0
Feb 0 17.78 0 80.00 2.22
Mar 5.88 ' 0 0 94,12 0
Apr 0 13.33 3,33 83.34 0
May , 5,77 17.31 11.54 57 .69 7.69
Jun 10 0 6.67 : 26.67 66.66 0
Jun 20 3.23 3.23 16.13 64.50 12.9
Jut 10 0 10.00 0 85.00 5.00
Jul 20 3,57 25,00 10.71 53.58 7.14
Aug 10 _ 34.36 45,45 0 20.19 0
Aug 20 10.34 79.31 6.90 0 3.45
Sep 0 46.15 38.46 15,39 0
Oct 0 50.00 25,00 0 25.00
Nov 0 46.15 30.77 7.70 15,38
Dac 4.76 9,52 52.38 19.05 14,29
1972

Jan 10.00 50,00 5.00 20,00 - 15,00
Feb 0 58,17 20,69 20.69 : 3.45
Mar 0 73.33 10,00 3.33 13.33
Apr 0 40.00 20,00 20.00 20.00
May 7.69 38,47 26.92 15,39 11.54

Male fecundity in the second year contrasted with that of the first year. VHrtually
every trapping period of the second year yielded almost 100% of the adult male kangaroo
rats in reproductive prime. Only during December, 1971 and January, 1972 were a small
portion of the adult male kangaroo rats non-fecund.

Female veproductive oyele: During the first year there were two distinct peaks
of reproduction.for D. merwiami {Fig 23) which apparently is typical for kangaroo rats
From southern Arizona (Reynolds, 1960) (Table 52), These two reproductive periods
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correspond to the bimedal vainfall patterns typlcal of the Tower Sonoran desert. Only
during three months, Novewber, December and January of the first year, were no females
in reproductive condition recorded.

The second year was remarkably different from the first. There was a 1ull in
reproduction in D, mereiami during the early summer months {Fig.-23) when reproductive
activity of females dropped to 20%. Following this decline, however, reproduction
accelerated with 100% of the adult popuiation reproducing during August and Cctober
of 1971. Throughout August, 1971 and June, 1972 reproductive activity in b, merriem
did not fall below the 50% level. '

Table 52. Reported reproductive pericds for Dipodomys merriami

Peaks Months Author
Two seasonal peaks May and September Reynolds (1960).
Generally two peaks Early spring and Autumn Van De Graaff
One peak March, April and May Chew and Butterworth (1964)
One peak March and April Bradiey and Mauer (1971)
One peak Early spring Butterworth (1960)
One peak Late spring Hall (1648)
One peak March, April and May Alcorn (1941}

The duyration of estrus condition in D. merriami is not known, but for D, ordii it
is five to six days {Day et al., 1956). When a female is in estrus, the horns and
body of the uterus are highly vascularized. Females in estrus had a body weight of
37.30 g; an average of 3.04 g heavier than non-fecund adult females.. Increased body
weight has an apparent bearing on.readiness to mate (Chew, 1958)., Females apparently
develop a vaginal plug shortly after copulation that is shaped similar to those
described for Dipodomys deserti by Butterworth (1361},

The body of the developing foetus could not be measured by rump-crown lengths
until it was approximately 11.90 mm. Embryos near partuation had yump-crown lengths
of approximately 20,30 mm. Gestation in I, merriemi ranges between 17 to 23 days
(Chew, 1958).

As in voles (Fitch, 1957) and other rodents, D. merriami has three pair of mammae -~
one ﬁair pectoral and the other two abdominal. Of the female kangaroo rats observed
lactating, few showed evidence of utilizing the pectoral mammae. This same situation
was mehtioned in prairie voles by Jameson (1947) and Fitch {1957). In females that
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had not yet produced young, the teats were small and obscured in the fur. During
lactation the teats became prominent, averaging 2.68 mm in Tength (range 2.20 mm
to 2.95 mm). The fur around the teats was often matted down, further exposfng the
mammae. Subcutaneous mammary tissue was often difficult to detect even in those
kangaroo rats that were obviously lactating. This inconspicuous mammary tissue
might be correlated to the milk with lTow-water content of kangaroo rats by Kooyman
(1963).

Ovarian dimensions in D, merviami are a veliable and sensitive indicator of
reproductive activity {Table 53). The smooth, pinkish, turgid ovaries of juveniles
had the smallest dimensions. Subadults had larger ovaries with a darker coloration.
Ovaries of females in estrus averaged 0.40 mm Jonger and 0.5 mm wider than those
of non-reproductive adults. The ovarian dimensions remained consistent from estrus’
through pregnancy. vegressing slightly during Tactation, ‘Average ovary Jength and
average ovary width of postpartum females with placental scars was 2.240.3 and
1.4:0.4 respectively. Although corpora lutea of pregnancy were observed, no data
concerning their appearance or duration were recorded,

The horns of the uteri of juvenile kangaroo rats were pale pink, translucent,
and sTightly thicker than in subadults. Uteri of females in estrus were swollen
and often a deep red color from the presence of increased vascularization  (Table 54),
Implantation generally occurred midway down the horn of the uterus from the ovary.
Generally an embryo developed in either horn with one or three jmplantatiens occae
sionally occurring. In multiple foetal development the embryos were never in only
one horn, '

There were only five instances of embryo resorption out of 193 pregnancies. All
five resorptions occurred in multiple pregnancies, invelved one embryo, and -occurred
in summer, ' o

Placental scars are large and black immediately postpartum and are Tocated on the
medial side of the horn of the uterus. The duration of the scar is not known in
D. mervigmi but is assumed to be approximately one year following parturation,
The older the placental scar, the more difficult it 1s to detect as it becomes both -
Tighter and smaller with age. Each trapping period had a high percentage of adults
with placental scars; the fewest occurring in the Tast half of July, 1970 when 12%
had scars. The high incidence of placental scars suggests a good carry-over of ndie
viduals each year, concurring with the findings of Chew and Butterworth (1964).
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Table 54. Measurements (mm) of the length and width of the ovaries and the uteri
of adult female Dipodomys mewrdami~—DSCODE A3UBEZ2Z

o - Dvary Uterus
Length Width

Month No. Mean 5.0, No. Mean S.D. No, Mean 5.0,
1970 .
Jun 10 48 2.2 0.2 16 1.5 0.2 46 2.3 0.6
Jun 20 g 2.4 0.2 9 1.4 0.2 9 2.1 1.0
Jul 10 8 2.4 0.3 8 1.6 0,2 8 2.2 0.5
Jul 20 17 2.3 0.3 17 1.6 0.2 17 2.2 0.4
Aug 10 12 2.2 0.4 12 1.5 0.3 12 2.0 0.4
Aug 20 10 2.4 0.3 10 1.8 0.3 10 2.4 0,5
Sep 22 2.2 0.3 22 1.4 0.4 22 1.7 0.4
Oct 46 2.1 0.3 46 1.2 0.2 46 1.6 0.3
Nov 32 1.9 0.3 32 1.1 0.2 32 1.8 0.4
Dec 30 1.9 0.3 - 20 1.1 0.3 30 1.7 0.3
1971
Jan 29 2.0 0.3 29 1.0 0.2 29 1.5 0.4
Feb 44 2.2 0.3 a4 1.4 0.3 A4 2.1 0.7
Mar 17 2.1 0.3 17 1.3 0.2 17 1.8 0.3
Apr 30 2.0 0.2 30 1.3 0.3 30 1.2 0.5
May 48 2.4 0.3 48 1.7 0.3 48 2.3 0.7
Jun 10 15 2.5 0.3 15 1.7 0.2 15 1.7 0.2
Jun 20 27 2.4 0.2 27 1.7 0.2 27 2.1 0.4
Jul 10 19 2.5 0.3 19 1.8 - 0.2 19 2.1 0.3
Jui 20 26 2.5 0.3 26 1.8 0.3 26 2.6 0.7
Aug 10 1 2.7 0.3 11 2.1 0.3 11 2.6 0.3
Aug 20 28 2.8 0.3 28 2.1 0.2 28 3.0 0.8
Sep 13 2.6 0.3 13 1.9 0.3 13 2.6 0.4
Oct 3 2.9 0.2 3 2.0 0.3 3 2.3 0.1
Nov 11 2.4 0.3 1 1.7 0.2 1 2.4 0,7
Dec 18 2.3 0.4 18 1.7 0.2 18 2.5 0.6
1972 .
Jan 17 2.4 0.3 17 1.6 0.2 17 2.6 0.3
Feb 28 2.2 0.3 28 1.6 0,3 28 2.5 0.6
Mar 26 2.7 0.4. 26 - 1.9 0.4 26 3.1 0.7
Apr 4 2.6 0.1 4 2.1 . 0.1 ! 3.4 0.6
May 23 2.6 0.3 23 1.8 0.2 23 2.8 0.6
Total 669 2.3 0.4 669 1.5 0.4 669 2.2 0.7

D. merriami kangaroo rats may breed before reaching adult weight, especially if
optimum environmental conditions prevail. Reynolds (1960) found several pregnant
famales in the fall which were about 70% of their mature weight. In this study,
immature females were also found breeding, especially in autumn and when ideal con=
ditions existed {i.e., presence of green anhuals and continued rainfall], Young
animals clearly breed within the year of their birth,
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In southern Arizona, D. merriamni is seasonally polyestrus. There were many
instances of postpartdm estrus in lactating females or females that were pregnant and
also lactating. Reynolds (1960), Lidicker (1960), Chew and Butterworth (1964), and
Bradley and Mauer (1971) have all found 4indications that female p. merpiami are
polyestrus throughout their range. ‘

Litter sizes in D. merriami vary in different areas of its geographic range
{Table 55). Seemingly, Titter sizes are largest in localities where there are shortened
breeding seasons, Litter sizes from pregnant females in the Silverbell study area
~averaged 2.03 (Table 55). Placental scars from females gave evidence of Ti{tfer
sizes of 2.00,

Table 55. - Reported litter size in Dipodomys merriami

Litter size Sample Author Location

2.02 133 Reynolds (1960) Santa Rita Experimental Station,
o Pima Co., Arizona
2.03 193 Van De Graaff Silverbell Biome Site, Pima Co.,
: Arizona
2.10 9 Doran {1952) San Bernardino'CO., California
2.30 4 Eisenberg (1963) Kern Co., California
2,60 ‘ 163 Bradley and Mauer(1971) Las Vegas, Nevada
2.67 127 Lidicker {1960) Southwest Deserts (over entire range)
3.00 72 Hall (1946) Nevada ' _
3.10 32 Mcorn (1941) Churchitl Co., Nevada

Compared to other heteromyids, 0. merriami seems to have Tengthened their reproductive
period with repeated litters and reduced their 1itter size (Eisenberg, 1963}.

The reproductive performance of D, merriami in the First year contrasted with that
of the second in the following ways: 1) There were two distinct peaks in the repro-
ductive pattern; 2) activity intensities were lower as indicated by trapping percent-
ages and 3} average body weights were Tower. During the first year less greenery was
available and was ingested and there was less rainfail. '

Perognathus amplus

Male veproductive cycle: Males had a Tonger reproductive season than did females
and a higher percentage of reproductive males were recorded, In P, amplus distinctive
reproductive peaks were observed; the first year differing from that of the second.
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Reproduction in the first year for P, amplus terminated by August, 1970, During
the first half of June 1970, 87% of the adult males were reproductively active (Fig 11).
There was.a rapid decline-in fertile males from mid-June through July and by August no
reproductive adult males were trapped. Following the late summer rains, a few of the
adult males (5% in September and 18% in October) became reproductive although no females
were found to be reproductive. Those male 7. amplus trapped immediately prior to winter
{MNovember) inactivity had once again hecome reproductively dormant. _Upon emergence
from inactivity (April), the number of males that were fertile rapidly increased to
89% by May. Females did not show a corvesponding increase in percent reproduction
(Fig.10), so apparently conditions necessary for reproduction did not occuy,

The reproduction in the second year was strikingly different from that of the
first. Whereas the males showed Timited signs of reproduction during the sunmer
months of the first year (Fig. 11) 100% of the adult males trapped from mid-June
through August of the second year were reproductively active. The second summer was
cooler and mojster than the summer of the first year. With the onset of autumn
and winter, the adult males repsonded-as they did the first year with a gradual
tapering off of reproductive activity prior to their winter's inactivity. Perognathus
amplus did not remain dormant so Tong the second year, howeyer, and yirtually all of
the add1t males captured on the surface from January through May, 1972 were fertile.

Lengths of the various reproductive'organs in adult male P, amplus were good
indicators of reproductive activity (Figs, 24 and'25). Testicular dimensions, Tengths
of the caudal epididymis and seminal vesicles reflected the presence of spermatozoa
and hence seasonal fertility. '

In P, amplué a distinct correlation occurs between the size and shape of the
bacula and age and presence of spermatozoa in the caudal epididymides (Fig. 19 and
Table 36). The.bacula of 15 juveniles averaged 4.85 mm in length; the bacula of 130
subadult males averaged 5.24 mm; those of 555 adult males averaged 6.63 wp. The shaft
of the bacula of juveniles was straight with a sharp, terminal dtstal hook. The.
bacula of subadults alse were characterized by straight shafts, but the distal hooks
were not so prominent. The bacula of adults were more robust proxima11y{and'the
shaft had more curvature. The distal portion, however, was similar to that of
subadults. Bacula from 192 animals with large amounts of spermatozoa averaged
7.52 mm in length. This was 164 mm longer than bacula from 34 males with smail
amounts of spermatozoa present., Non-reproductive adult males had bacula that averaged
only 5.74 mm which was 1.78 mm shorter than animals with large amounts of spermatozoa,
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Female veproductive cycle: During the spring of the first year there was only one
peak in veproduction in P. ampZus (Fig. 26 and Table 56). One pregnaht female was
trapped during-thé Tast half of July, 1970, however, after the culmination of the main
reproductive period. Rainfall was low the winter and spring of the first year and
although some males became fertile in the spring, no reproductive females were trapped
until the last half of August 19771.

Table 56. Summary of the reproductive cycles of Perognathus luz based on
s 710 females (530 adults, 180 young) from June,1970a?ﬁrough May 1972
DSCODE A3UBE22 .

% Reproductive % Non-reproductive

Month Estrus Pregnant Lactating Adult Young
1970

Jun 10 0 12.43 4,32 18.92 64.33
Jun 20 4.76 0 4.76 47.62 42,86
Jul 10 0 0 0 72.22 27.78
Jul 20 0 4.76 0 66.97 28.57
Aug 10 0 0 0 91.18 8.82
Aug 20 0 0 0 77.78 22,22
Sep 0 0 0 9G.00 _ 10.00
Oct 0 0 0 100,60 0
Nov o 0 0 0 100,00 0
Dec ) - - - —~— - . -
1971

Jan -~ -- -- - --
Feb -- -- - -~ -
Mar -~ - -~ -- -
Apr 0 0 0 - 100,00 0
May 0 0 0 77.78 22.22
Jun 10 0 0 2.08 91.67 6.25
Jdun 20 0 0 0 - 97.56 2.44
Jul 10 0 0 2.50 92,50 5.00
Jul 20 0 0 - ’ 0 93.33 6,67
Aug 10 0 0 0 100.00 .0
Aug 20 15.63 18.75 6.25 49,99 9.38
Sep 0 0 14,29 - 85.70 0
Oct 0 0 16.67 50.00 33.33
Nov 0 0 0 . 77.78 22.22
Dec 0 0 0 100.00 ’ 0
1972

Jan - — -- -- --

" Feb . 0 _ 0 0 100.00 0
Mar 45.00 5,00 0 50.00 0
Apv- 0 -0 0 100,00 0
May 33.33 16.67 16.67 0 33.33

Reproduction patterns in the second year differed from those of the first year;
whereas a spring peak in reproduction was apparent during 1970, reproduction in 1971
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came only after ample summer rains and the appearance of largeamounts of green vegetation,
Reproduction continued from the last half of August T971 through September and October
and then abruptly terminated with the onset of cold weather. In the spring of the second
year reproduction again vesumed in P. gmpius following an abundant preduction of winter
annuals,

0f 710 females examined, only 17 were in estrus, The Tow number of females trapped
that were in estrus may be due to the relatively brief time of reproductive activity
(Fig.26). The duration of estrus for P. amplus has not been established but s probably
not more than a few days; nor is the gestation period known for 2, amplus,

Females in estrus had a significantly higher body weight (11.64 g) over adult,
non-reproductive females (9.55 g), Conditions conducive for increased body weights
(i.e., green vegetation) may also be a prerequisite for initiating estrus in females.
Although vaginal plugs were not observed in P. ampiuz, presumably they do occur as
they have been observed in other species of Perognathus.

Unlike D. merriami, the ovarian measurements of P. ampius could not be used
as an indicator of reproductive activity because they did not seasonally change
in size (Table 57}. The condition of the ovaries did change with the production of
ova, but no observations of these data were tabulated, The width of the uterus and
the condition of placental scars were reliable indicators of'reproduct1ve activity
in P, amplus.

- The herns of the uteri in juvenile P. amplue resembled translucent threads and
had a mean width of 0.52 mm. The uterine horns of subadults had a mean width of '
0.63 mm and were no longer translucent but rather had a pale pinkish-white coloration.
The uterine horns of non-fecund adult females were more pinkish in coloration and
averaged 0.82 mm in width. Uterine horns ef females in estrus became highly vascu-
larized, had a deep red coloration, and were enlarged to a width of 1.67 mm.

The mean widths of the uterine horns of 126 pregnant females (1.26 mm} and of
17 lactating females {1.40 mm) were not as great as those females in estrus,

No cases of reabsorption of embryos in P, amplus were observed, suggesting that
reproduction only occurred in prime females during optimal envirommental condtitiens,
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Table 57. Measurements (mm) of the length and width of the ovaries and the uteri
: . of adult female Perognathus amplus——-DSCODE A3UBF22

Ovary Ute
| Length | Width fterus.
Month No. Mean 5.D. No, Mean §.D - No, Mean 5.0.
1970
Jun 10 66 1.5 0.3 66 1.0 0.2 66 1.9 0.4
Jun . 20 12 1.7 0.4 12 1.2 0.3 12 1.4 0.3
Jul 10 26 1.4 0.2 26 1.0 0.2 26 [ 0.3
Jul 20 15 1.5 0.2 15 1.0 0.1 15 1.3 0.3
Aug 10 62 1.4 0.2 62 0.9 0.7 62 1.1 0,2
Aug 20 14 1.4 0.2 14 0.9 0.1 14 1.2 01
‘Sep 36 1.3 0.2 36 0.8 0.1 36 0.8 0.2
Oct 7 1.4 0.2 7 0.9 0.2 7 0.9 ¢.2
Nov 1 0.9 0 1 .9 Iy ] 1.0 o
Dec ¢ - -- 0 - - 0 -- -
1971
Jan ] -- -- ] -- -~ 0 -- --
Feh 0 - - 0 -- -- ¢ - -
Mar 0 .- - 0 -- -- 0 -- -
- Apr 9 1.5 0.2 9 1.0 0.2 9 1.1 0.2
“May 7 1.7 0.1 7 1.3 0.1 7 1.2 0.2
Jun 10 45 “1.8 4.2 45 1.3 0.1 a5 1.3 .00
Jun 20 40 1.7 0.2 a9 1.3 0.2 40 1,3 0.2
Jul 10~ 38 1.7 0.2 38 1.2 0.7 38 T.3 - 0.3
Jul 20 42 1.3 0.2 4z 0.9 0.2 42 0.9 © 0.2
“Aug 10 23 1.9 0.2 23 1.5 0.1 23 1.4 0.3
© . Aug 20 29 1.9 0.3 29 1.5 0.2 29 1.5 0.3
~ Sep _ 7 1.6 0.1 7 1.1 0.1 7 1.5 0,3
Oct . 8 1.7 0.2 8 1.4 0.3 8 1.5 0.2
Nowv 7 1.5 0.2 7 1.1 0.2 7 1.0 0.1
Dec 1 1.2 0 1 0.8 ] 1 1.1 0
1972
Jan 0 - -~ 0 -- - 0 - -
Feb 3 1 1.9 0 1 1.3 0 i 1.0 0
Mar 20 1.9 0.8 20 1.4 0.2 20 1.7 d0.3
- Apr 10 2.0 0.3 10 1.5 0.3 10 1.7 0.3
May 4 1.9 0.3 4 1.6 0.2 4 1.6 0.3
Total 530 1.6 0.3 530 1.7 0.3 530 1.3 0.4

Placental scars were recorded in 195 females and averaged 4,15 per female (Table 58).
There were only two instances of pregnant females having recent placental scars, both
oceurring in September 1971, Perognathus amplue usually has one 1itter per season, but
some individuals were observed to be polyestrus.
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Table 58. Breeding Characteristics of adult female Perognathus agmplue—JSCODE A3UBEZZ

Gravid Postpartum

Sample Placental

Size Weight Embryos Weight Scars
Month No. No. % MeaniS.D,  MeaniS.D.  No. % Meant5.D. MeantS.D.,
1970
Jun 10 66 23 35 13.4+1.3 4,310,5 22 33 12,7¢71.4 4,2:0.5
Jun 20 12 0 0 5 47 13.5£1,3 4.2+0.5
Jul 10 - 26 0 0 4 15 11.0=1.6 4.3£0.5
Jul 20 15 1 7 10.6 3.0 4 27 10.6+1.3 4,0£0,8
Aug 10 62 0 0 12 19 10.8+0.8 4.1£0.5
Aug 20 14 0 0. 4 29 11.322.1 C 4.0
Sep 36 0 0 9 25 11,621.8 4,9+7,1
Oct, 7 0 0 2 29 9.441.4 5.0
Hov 1 0 0 1 100 10.9 4.0
Dec ‘
1971
Jan
Feb
Mar
Apr 9 0 0 2 22 8.9:1.1 4,5:0.7
May 7 0 0 3 43 9,3+0.8 4,3+£0,6
Jun 10 45 0 0 12 27 9.7+1.1 4.,2+0.6
Jun 20 40 0 0 17 43 9.9+1,1 3.9+0,9
dJut 10 38 0 0. 17 45 10.8x1.2 ..3,9:0.8
Jul 20 42 0 0 14 33 11.5+1.3 4,3+0.9
Aug 10 23 -0 0. 9 39 12.6+2.1 4.210,7
Aug 20 29 6 21 12.7+1.9 4.0£0,6 8 28 11.51.3 4,0+0.5
Sep 7 0 t] 4 57 13,1+2,2 4,3:0,5
Oct. 8 0 0 - 3 kH] 15.3£3.5 4,3:0.6
Nov 7 0 0 0 ]
Bec 1 0 1} 0 -0
1972
Jan
Feh 1 0 0 0 0
Mar 20 A 5 13.2. 5.0 5 25 12.0+1.6 3.840.5
Apr 10 0 0 _ 5 50 12.4x1.5 3.840.5
May 4 1 25 11.2 3.0 0. 0
Total 530 32. 6 13.1x1.5 4,2:0,6 - 162 31 11.4+1.8 4,2:0,7

Perognathus batleyi

Male rveproductive cycle:

a larger percentage of males than females were reproductive during the reproductive
period. These periods of greatest sexual activity were concurrent with new vegetative
growth; Reynolds and Haskel (1949) found a similar pattern in southern Arizona.

Males had a Jonger breeding period than the females and



2.3.2.7,-89

Data gathered during the first year indicated a breeding period in late spring
{as shown by young animals and postpartum females). A11 of the adult males trapped
in dune 1370 were fertile. During the continued. aridity and hot weather in July,
fertility in males rapidly declined. A second breeding peak occcurred in August,
following summer rains. From this reproductive peak, percentages of fecund males
gradually declined through the remainder of the autumn (Fig. 13}. Most males were
fecund from February through May even though no reproductive females were observed
during that same period. '

In the second year, in contrast to the Tirst, nearly all of the aduit males
examined were fertile. Only during December of 1971 were some adult males taken
that were not reproductively active,

Bacula from P. bailey: were examined for changes associated with age and with
reproductive status {Fig.19). Bacula of four juveniles averaged 8.10 mm in Tengths
they were poorly ossified, and had a straight shaft with only a slight distal hook,
Bacula from 30 subadults averaged 8.66 mm in length., Although they ware only slightly
tonger than those of juveniles, they were thicker and had a distincgt ang]é on the tip,
The bacula of adults were characterized by fhe1r long, thin shape with only a slight
hook at the end. Bacula of 2, Bagiley? differ markedly from the bacuyla of the other
heteromyids studied,

_As in the other heteromyids examined, males with Targe numbers of spermatozoa
had Tong bacula. The bacula of non-breeding adults averaged 9,26 mm in length as
compared-to 10.29 mm in individuals with small amounts of spermatozoa, 11.05 mm
in adults with moderate amounts, and 11.17 mm in individuals with large amounts.
Certainly there is not a regression in the size of the bacula after culmination of
breeding, but apparently selective forces favor longer bacula in males that are
sexually mature.

Other male reproductive organs also show a Tinear size increase with age and
fecundity. The mean Tength of testes in juveniles was 4.23 mm; in subadults it was
4.27 mm;. in reproductive adults with small amounts of spermatozoa, the length of
testes averaged 5,30 mm; and in males having large amounts of spermatozoa; the length
of testes averaged 7.08 mm.

There was a definite seasonal pattern of change in testicular size (Fig 27).
The testes in P. baileyi decreased in size during late summey and early autumn of
both years, but in the second year the testes of adult males were consistently larger
than they were in the first year. A similar pattern was apparent with the seminal
vesicles and caudal epididymis {Fig.28).
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Female veproductive cycle: Reproduction in P, baileyi from southern Arizona varies
with weather patterns. Reynolds and Haskell (1949} reported a peak in reproductive '
activity in the late spring for P. baileyi, with reproduction diminishing through
June and July, but gaining impetus again in August following summer rains. Reproduction
in the first year of our study showed a similar trend, with reproduction being most
intense in the late spring, diminishing during the hottest and driest portion of the
summer, and then a few females becoming active agafin following summer rains (Fig. 29).

Reproduction in the second year was delayed until late summer (July and August),
presumably due to scarcity of rain and the resulting delay in the germination of anhual
vegetation. By spring of the second year (March, April and May, 1972}, females were
again reproductive. Considering the normal pattern of rainfall, reproduction in late
spring for P. baileyi is probably the usual pattern.

The samples included few females in reproductive condition; of those examined,
only four were in estrus, 16 were pregnant, and nine were lactating (Table 59). These
29 breeding ferales represented 12.13% of the female population and 13.74% of the |
adult female population. The small percentage of P, baileyi females in reproductive
condition suggests low population turnovers and long individual Tife spans.

Although few reproductive females were examined, changes in the sizes of repro-
ductive organs were noted. One juvenile was found to have a width of the uterine
horn of 0,95 mm with other features of the reproductive tract typical of heteromyids
(as described for P. intermedius). The uterine horn of 27 subadults averaged 0.87 mm
in width. Females in estrus had an average uterine horn width of 1.96 mm, This {is
over a full mm wider than non-reproductive adults. Sixteen pregnant females had a
mean uterine horn width of 2.45 mm and nine lactating females, 1.83 mm. Changes in
the dimensions of the ovaries for various stages of reproductive females were not
so drastic as changes in the uterine horns {Table 60).

The mean number of placental scars in females was only slightly higher than the
mean number of embryos in pregnant females (3.57 vs, 3,50} (Table 67}, One subadult
female was observed with two recent placental scars, indicating breeding in some
subadults. There was no evidence that P. baileys was seasonally polyestrus.
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Table 59. Summary of the reproductive cycles of Perognathus baileyi based on
. 239 females (211 adults, 28 young) from June.1970 through Mayy 1972
DSCOBE A3UBEZ22
4 _Reproductive % Non-reproductive
Month Estrus Pregnant Lactating Adult Young
1970
Jun 10 0 36.37 0 36.36. 27.27
Jun 20 0 9.09 22.73 45,45 22,73
Jul 10 g G 0 50,00 50.0¢
Jul 20 0 ] 5.26 68.42 26.32
Aug 10 0 0 0 66.67 33.33
Aug 20 0 0 0 66.67 33.33
Sep 2,50 0 0 90.00 7.50
Oct 0 0 0 100,00 0
Nov 0. 0 0 93,75 §.25
Dec 0 0 0 100.00 0
1871
Jan 0 0 0 100.00 0
Feb 0 0 0 100,00 0
May -- -= -~ -~ -~
Apr 0 0 0 100.00 3
May 0 0 0 100.0¢- P,
Jun 10 0 0 0 100,00 3
Jun 20 - - ' -- -- -
Jul 10 20.00 10.00 -0 60,00’ 10.00
Jul 20 0 25,00 50.00 25.00 0
Aug 10 ] 28,00 0 57.71 14.29
Aug 20 33.33 33.33 0 33,34 0
Sep 0 0 0 100.00 0
Oct 0 0 ] 100,00 0
Nov 0 0 0 77,78 22,22
Dec 0 4] 100,00 0
1972
Jan — - -~n - -~
Feb 0 0 0 100.00 0
Mar 0 66.67 0 33.33 0
Apr - - o -- --
May 0 33.33 33.33 33.34
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Table 60. Measurements (mm) of the length and width of the ovaries and the uteri
of adult female Percgnathus baileyi~——DSCODE A3UBE22

Qvary Uterus
Length - Width

Month No. Mean S.D. No. Mean 3.0, No. Mean S.D
1970

Jun 10 8 2.1 0.5 8 1.5 0.4 8 2.0 0.9
Jun 20 17 2.1 0.3 17 1.5 0.2 17 2.1 0.5
Jul 10 1 2.2 G 1 1.6 0 1 1.6 0
Jul 20 14 1.9 0.4 14 1.4 0.3 14 1.8 0.3
Aug 10 10 2.1 0.2 10 1.3 0.2 10 1.4 0.4
Aug 20 4 2.0 0.3 4 1.2 0.1 4 1.4 0.3
Sep 37 1.8 0.3 37 1.1 " 0.3 37 1.2 0.3
Oct 29 1.8 0.3 29 1.0 0.2 29 1.3 0.3
Nov 15 1.8 0.2 15 1.0 0.2 15 1.3 0.4
Dec 8 1.7 0.1 8 0.9 0.2 8 1.0 0.3
1971

Jan 1 1.7 0 1 1.0 0 1 1.3 0
Feb 1 2.0 0 1 1.4 - 0 1 2.7 0
Mar 0 - - 0 -- e 0 - -

Apr 2 2.0 0.2 2 1.1 0.1 2 1.6 0.1
May ) 2.3 0.3 5 1.8 0.3 5 1.7 0.4
Jun 10 6 2.1 0.1 6 1.6 0.1 6 1.5 0.3
Jun 20 0 - “- 0 - - 0 - -

Jul 10 9 2.4 0.2 ] 1.8 0.2 9 1.9 0.4
Jul 20 4 2.3 0.5 4 1.6 0.4 4 2.0 0.3
Aug 10 & 2.6 0.3 6 2.3 0.3 6 Z2.4 0.9
Aug 20 3 2.7 0.5 3 1.9 0.2 3 2.4 0.4
Sep 5 2,2 0.2 5 1.6 0.2 5 2.1 0.7
Oct 6 2.3 0.2 ) 1.6 0.2 6 1.6 0.2
Nov 0 - -- 0 -- o 0 -- -

Dec 4 1.8 0.4 4 1.4 0.3 4 1.5 0.5
1972

Jan 0 -- -- 0 - - 0 e e

Feb 8 2.2 0.5 8 1.6 0.4 8 1.7 0.4
Mar 6 2.6 0.4 6 1.9 0.4 6 2.6 0.9
Apr 0 - -- 0 - - 0 - -

May 2 2.8" 0.1 2 2.1 0.3 2 2.3 0.1
Total 211 2.0 0.4 211 1 0.4 211 1.6 0.6
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Table 61. Breeding charactepistics of adult female Pevognathue baileyi—DSCODE AJUBE22

_ - Gravid . Pos tpartum
Sample _ : Placental
Size Weight Embryos _ Weight Scars
Month Mo, No. % Mean S.D.  Mean S.D. No. b Mean $.D. Mean S$.D.
1970 | | | |
Jun 10 8 4 50 28,8+2.5 3.8:0.56 4 50 27.5%1.8 3.8£9.5
Jun 20 17 2 12 24.9+5.5 2.5:0.7 9 53 26,4231 3.3£0.7
Jul 10 1 0 0 ‘ : 1 100 30.0 2.0
Jul 20 14 0 0 10 71 25.9+2.9 3.3+0.8
Aug 10 10 a 0 5 50 23.8+4.9 2.810.8
Aug 20 4 o0 -0 1 25 29.0 3.0
Sep 37 0 0 15 41 27.5+£3.5 4.,2+0,7
Oct - 29 0 o - 17 5% 24 .6+2.5 4.2+1.4
Nov ) 15 0 .0 6 40 23.2:2.5 . 3.5z0.6
Dac 8 7 0 0 2 25 25.5+3.5 3.0
1971 ‘
Jan B 0 0 1100 20.4 4.0
Feb 1 0o 0 0 0 - :
Mar - -
Apr 2 0 0 Z2 100 22.2:0.6 4.0
May 5 0 0 2 40 - 26.5+0.7 3.6£0.7
Jun. 10 6 0 - .0 3 50 21.9+3.3 2.311.2
Jun 20 -
Jul 10 9 1 11 22.4 3.0 3 33 22.9+2.0 3.0+1.0
Jul 20 4 1 25 28.8 3.0 i 25  28.2 4.0
Aug 10 6 4 33 29.112.2 4,0 3 50 z24.241,7 4,0+1.0
Aug 20 3 1 33 30.5 5.0 i) 0
Sep 5 0 0 h 1060 24.4+4.4 2.8+0,5
Oct [ 0 0 z 33 26.7+3.0 3.0
Nov
Dec 4 0 0 0 G
1972

Jan
Feb 8 0 0 2 25 23.9+1.8 3.5+0.7
Mar 6 & 67 30.0+4.0 3.0 2 33 27.9+6.4 3.0
Apr . ‘
May 2 1 50 25.9 5.0 0 0
Total 211 16 8  28.4:3.5  3,5:0.8 96

46 25.4+3,3  3.6:1.0

Perognathus intermedius

Male reproductive cycle; As in the other heteromyids, P, intermediue males had
a greater percentage that were fertile and a larger period of reproduction than did
the females {Figs. 14 and 15},

A1l of the adult males taken in June, 1970 were reproductive but throughout the
remainder of this summer there was a gradual decline in the percentage of males with
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spermatozoa in the caudal epididymis and only 10% of the majes taken in August were
reproductively active. With the occurrence of late summer rains (Fig.15),. however,
more males became reproductively active. By November, 1970, immediately prior to

the dormant period of P. intermedius, one of four animals taken was reproductive.
Perognathus intermediue was not trapped.during the coldest winter months (December,
January and February), but upon emergence in March, 1971, 38% of eight adult males
taken had spermatozoa in their caudal epididymis. The percentage of males considered
reproductively active increased each month throughout the spring and by Ma% 1871,

all of the adult males were potentially reproductive.

Reproduction in the second year was unlike that of the first; whereas during the
first year the number of reproductive males had a Tinear decliine during the summer,
during the second summer there was a sharp rebound in the number of fertile males
following intense summer rains. The majority of adult males in the poputation were
fertile from dJdune, 1971 through October, 1971 (Fig. 15). Although 7. intermediue did
not completely suspend surface activity during the second year, - the number of fertile
males during the coldest winter months (November, December and January) markedly
dec1ined. With the warmer spring weather from February through May, 1972, all of the
adult males were in reproductive condition. This was also in contrast to the spring
of the first year and was perhaps in response to the increased rainfall and available
food during the second year.

Changes in the length and shape of the bacula occurred in male P, ‘ntermedius as
animals matured (Table 41). The bacula of juvenile animals averaged 7.79 mm in length,
with shafts having a gradual curvature, terminating distally in sharp hooks. The
bacula of subadults had a mean length of 8.80 mm with the shaft generally straight and
the distal hook not so preminent as in the juveniles (Fig.19).

The bacula of adults were more robust proximally than those of subadults and the
shaft had more flexure with a more pronounced hook on the distal tip, The overall
contour was similar regardless of the breeding condition of the male, but the lengths
were considerably different. There was'positive correlation between the length of the
bacula and the amount of spermatozoa observed in the caudal epididymis, A cartilagin~
ous-Tike penial extension, as described for Dipodomys merriami, was also present in
some of the male P, intermedius that had large amounts of spermatozoa in their repro-
ductive organs. Bacula from animals with large amounts of spermatozoa averaged 12.18 mm,
whereas those with moderate amounts of spermatozoa averaged 11.91 mm. Likewise, adult
mates with small amounts of spermatozoa had an average bacula length of 11.59 mn as
compared to adult males with no spermatozoa that had bacula lengths of 10,04 mm,
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The mean lengths of the fleshy reproductive organs .(testes, seminal vesicles and
caudal epididymes} increased in size during periods of reproduction; measurements of
these organs are useful indicators of reproductive peaks. These organs were small
during the winter months andlarger from February through July (Figs. 30 and 31). It
is interesting to note that the perioed in which the males were fertile exceeded by
several months the fertile period in the females. T.is presumablv insures fertilization
of the recipient female.

Female reproductine cycle: Reproduction during the first year was confined to
a succinct Tate spring and early summer period. During the first trapping period (June 10
1970), 71% of the females were fertile, indicating a peak of reproductidn in late
spring (Fig.32). Reproduction gradually tapered off during the remainder of the summer
and had ended by the last half of August No fertile females were taken again until
May, 1971, at which time only 9% of the females trapped were reproductive. '

The temporal pattern of repreductior in the second year for P. intermedius, as fih

the other heteromyids studied, was very different than that of the first year (Table

62 and Fig. 32). There was not a clear peak in reproduction in Tate -vring as there
was.the previous year  Following heavy summer rains, nowever, reprodyctive activity
increased, with -the peak of 86% of the adult female population being reproductive the
“last half of August. 1971. By this same period in 1970 reproduction had ended for the
year. The entire population of o, intermedius did not suspend surface activity during
the second winter as it had the fipst, but even while maintaining surface activity,

no fertile females were taken from October through February Apparently .onditions were
_once again favorable for reproduction in spring 1972, as in March over half of the
females were in reproductivé condit on

Sixteen femaies (2 49%; from a total of 642 examined were determvned to be in
estrus {Table 63). The duration of estrus is not known for P, wntermedius. Femaies
in estrus had an increase 1n body weight to a mean of 12.27 g over 159 non~reproductive
adult females whose mean body weight was 11.59 ¢. Vaginal plugs were not observed
in P. intermedius but were presumed to occur as they ave present in other heteromyid
species (WiTken and Ostwald, 1968).

Because of their underdeveloped state, embryos were measured 4in vpitre until they
obtained a rump-crown length of approximately 12.05 mm. Embryos near parturition had
rump-crown lengths of approximately 14.00 mm and apparently were born in a more precocial
state than were fetuses of Dipodomys merrigmi (Van De Graaff, 1973). The gestation
period in P. intermedius was determined by Syihla {1932) to be approximately 21 days.
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Table 62 Breeding characteristics of adult female Peroganthus intermedius
DSCODE A3UBEZ2

Gravid _ Postpartum
Sample ' Placental
Size : Weight Embryos Weight - Scars

Month No. No. % Mean+S.D,  MeansS.D, No. %  MeantS,D, Mean*S.D.
1970
Jun 10 49 19 39 14.6£2.1 3 5+0.6 13 27 13.9:2.5 3.7£0.8
Jun 20 38 13 34 14.7+£2.5 3.5+0.7 19 50  12.8+1.0 3.5+¢0.9
Jul 10 17 ? 12 15.5:4.9 3.0 13 76 12.5+1.2 3.640.7
Jul 20 29 - 2 7 18.3:0.4 4.0 23 79 12.7:1.4. 3.7:0.7
Aug 10 . 29 1 3 15.4 2.0 19 66 12.3+1.2 3.4:0.7
Aug 20 34 0 0 1% b6 12.2x1.1 3.3£0.8
Sep 30 0 0 13 43 14.1+1.8 4.240.8
Oct 12 0 0 6 50 . 11.9:0.8 3.3+1.2
Nov 2 0 0 0 0
Dec
1971
Jan
Feb
Mar "3 0 0 2 67 10.0 3.01.4
Apr 7 0 0 1 14 10.0 4.0
May 11 0 0 6 55 11.220.7 3.0+1.3
Jun 10 18 6 33 12.641.3 2.3:0.5 6 33 12.0:1.0 3.540.6
Jun 20 42 1 2 14.3 2.0 20 48 11.911.1. 3.2+0.7
Jul. 10 23 3 10 14.7+2.2 2.740.6 15 48 77.4+1.3 3.3:0.8
Jul 20 40 1 3 13.6 3.0 18 45 12.341,1 3.3:0.8
Aug 10 8 4 50 16.7:2 7 4.0:1.4 2 25 1t1.2 3.0+1.4
Aug 20 . 22 14 64  14.241. % 3.6x0.7 2 9 12.9+0.9 3.0
Sep 23 1 4 16.8 4.0 14 61  13.0+0.9 3.2:0.7
Oct 14 0 0 8 57  12.6=0.9 3.640.9
Nov 16 0 0 8 50 11.9x0.7 3.540.5
Dec 10 0 0 3 30 13.8#1.1 3.70.6
1972
Jan 11 g 0 2 18 9.7+1.7 3.0+1.4
Feb 7 0 0 : 0 0
Mar 15 5 33 14.941.6 3.410.6 2 13 14.0+1.7 4.0
Apr 31 8 26 15.7+2.1 2.940.8 17 55 13,6#1,3 3.10.7
May - 11 2 18 15.1%1.9 3.0 7 64 12.5x1.3 2.940.9

2 3.3:0.8 258 46 12.7+1.6 3.4:0.8

Total 560 ‘82 15 14.8x2,

A slight trend in size fluctuation of the ovary oceurred as the females went through
a breeding cycle (Table 64). An analysis of the females of various reproductive cate-
gories {i.e., estrus, pregnant, lactating, etc.) and age groups {i.e., Juvenile,
subadult, adult) yields some revealing comparisons {Tables 63 and 64). Young females
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had smaller ovaries of Tight pink coloration. Sixteen females in estrus had ovaries
that averaged .26 mm Tonger and .13 mm wider than non-reproductive adults. The
ovarian dimension increased slightly in pregnant females but then the ovarian size
stabilized in postpartum females.

Table 63. Summary of the reproductive cycles of Perognathus intermedius based
on 632 females (560 adults, 72 young) from June, 1970 through May, 1972
- DSCODE—A3UBE22

_ % Reproductive % Non-reproductive
Month Estrus Pregnant Lactating Adult Young
1970 . .
Jun 10 0 31.15 26.23 22.94 19.68
Jun 20 0 22.81 8.77 35.09 33.33
Jul 10 0 6.67 0 49,99 43.34
Jul 20 0 5.88 0 79.41 14.71
Aug 10 0 2.78 0 77.77 19.45
Aug 20 G .0 0 94,44 ' 5,56
Sep 0 ¢ 0 93.75 6.25
Oct 0 0 0 100.00 0
Nov 0 0 0 100.00 0
Deg - - - -- -~
1971
Jan - - - -- -
Feb - - - - -
Mar 0 0 0 100.00 0
Apr 0 0 ' 0 100.00 0
May 9.09 0 0 90.91 0
Jun 10 0 33.33 1.1 55.56 0
Jun 20 4.76 2.38 4,76 88.10 0
Jul 10 0 7.14 9,52 57.15 26,19
Jul 20 14.29 2.38 7.14 71.43 4.76
Aug 10 0 50.00 i 0 50.00 0
Aug 20 8.00 56.00 12.00 12.00 12.00
Sep - 0 4.17 16.67 ' 74.99 a4.17
Oct 0 0 0 87.50 12.50
Nov : ] 0 : 0 94.12 5.88
Dec 0 0 0 100.00 "0
1972
Jan 0 0 0 84.62 15.38
Feb -0 0 0 100.00 -0
Mar 20.00 33.33 0. 46.67 0
Apr 6.45 25,81 12.90 54.84 0
May 0 18 63.64 0

18.18 18,
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Table 64. Measurements (1m) of the length and width of the ovaries and

the uteri of adult female Perognathus intermediue——DSCODE A3UBEZ2

: Ovary . Uterus
Length Hidth . )

Month Na. Mean S.D. No. Mean 5.D, No. Mean 5.D.
1970

Jun T0 49 1.6 0.3 49 1.1 0.2 49 1.8 0.5
Jun 20 38 1.7 0.4 38 1.1 0.3 38 1.8 0.5
Jul 10 17 1.7 0.3 17 1.2 0.2 17 1.5 0.3
Jul 20 29 1.6 .2 29 1.1 0.2 29 1.6 0.5
Aug 10 29 1.5 0.2 29 1.0 0.2. 29 1.4 0,4
Aug 20 34 1.5 0.2 34 1.0 0.2 34 1.3 0.3
Sep 30 1.5 0.2 30 0.9 0.2 30 1.0 0.3
Oct 12 1.4 0.2 12 . 0.9 0.1 12 7.1 0.3
Nov 2 1.2 0.3 2 0.9 0.1 2 0.9 0.1
. Dee 0 -- -- 0 - - 0 -- -
1871 :

Jan 0 -- -- 0 - -- 0 - -
Feb 0 - - Q - - 0 -- -
Mar . 3 1.7 0.4 3 1.0 4] 3 1.2 0.3
Apr 7 1.6 0,2 7 1.1 0.1 7 1.3 0.4
May 1 2.0 0.3 11 1.6 0.2 H 1.4 0.2
Jun 10 18 2.0 0.3 18 1.5 0.2 18 1.9 0.5
Jun 20 42 1.8 0.2 42 1.4 0.2 42 1.6 0.4
Jul 10 31 1.9 0.3 3 1.5 0.2 31 1.7 0.5
Jul 20 40 1.6 0.3 40 1.1 0.2 10 1.5 0.4
Aug 10 8 2.2 0.5 8 1.7 0.3 8 2.2 0.6
Aug 20 22 2.3 0.2 22 1.8 0.3 22 2.2 0.4
Sep 23 1.9 0,2 23 1.4 0.2 23 1.8 0.4
Nct 14 1.8 0.2 14 1.3 0.1 14 1.6 0.2
Nov 16 1.6 0.2 16 1.0 0.2 16 1.2 6.3
Dec 10 1.9 0,2 10 1.3 0,2 10 1.4 0.2
1972

Jan . 11 1.6 0.2 11 1.2 0,2 11 1.0 0,2
Feb 7 1.7 0.1 .7 1.3 0.1 7 1.1 0.1
May 15 2.0 0.3 15 1.4 0.2 15 1.8 0.4
Bpr 3 2.0 0.2 31 1.6 0.2 31 2.4 0.6
May 1 2.1 0.2 11 1.5 0.2 11 2.0 0.5
Total 560 1.7 0,3 560 1.2 0.3 560 1.0 0,5 -

_The horns of the uteri are good indicators of reproductive activity. As in other
species of Perognathus the uterine horns of Juveniles were thin (¥=0.78 mm), translucent
and a pinkish-white color. Uterine horns of subadults were thicker (X=0.88 mm) and
not so translucent. The uterine horns of non~fecund females averaged 0.95 mm in width
and were a definite pinkish color. Females that were in estrus hadreddish-colored,
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vascularized uterire horns that were enlarged to an average of 1.78 mm. Préanant females
had the widest uterine horns {X=1.87 mm}. The uterine horns of postpartum females in

a Tactating condition were greatly distended and darkened with no centra11zed p]acentaI
scar yet visible.

Pavognathus penicillatus

Male reprodustive eyele: Fertile males were trapped in each of the summer months
from June through September during the first year. The peak in male fecundity during
the first summer appeared to be in June, 1970 when over 95% of the males examined were
reproductive.  From Septembeyn 1970 until April, 1971, there were no fertile males
trapped.

There was a higher percentage of fertile males in the second year than the first
(Fig.33). During each of the six trapping periods of the second summer (except August, 20},
all of the males were found to be fertile. Percentage of fertile males decreased towards
the end of August and continued to decTihe through October, 1971, From Novembey 1971
through April, 1972, no fertile males were sampled. The increased fertility during the
second year was presumab?y associated with increased rainfall and subsequent vegetation.

Burt (1936) examined the bacula of three specimens of the subspecies of P, penicil-
latus with which we were working. He found the mean length to be 12.58 nm and described
the bacula as having a roughly sigmoid curvature when viewed laterally. Bacula of
both juveniles and subadults examined in this study Jacked the sigmoid appearance that
is characteristic of adult males, The bacula of young animals had extensive dorsal
curvature, giving it an inverted J-éhaped appearance. Three bacula from juveniles
averaged 7.65 mm in length and bacula from 14 sybadults averaged 9.01T mm.

~ Of the six species studied, adult P, penicillatus had the Tongest baculum and as
in the other heteromyids there was a correlation between fertility and the length of
the baculum. Measurements were made on bacula of 90 adult males. Bacula from animals
with large amounts of spermatozoa had a wean length of 12,47 mm. This was only a
slight increase in length over 17 specimens with moderate amounts of spermatozoa
. present (X=12.11 mm). There was an increase, however, in the mean bacula lengths ovér
13 individuals with small amounts of spermatozoa present (X=11.46 mm) and over 19
non-Ffecund adult males (¥=10.03 mn).

Testicular dimensions of ‘P, penicillatue differed seasonally. In the first year,
the average length of the testes was 6.60 mm during the first trapping perfod. From
this Tength (6.60 mm), the mean testicular length gradually decreased and Just before
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the animals went into dormancy, the mean testes length was 3.93 mm, By the time specimens
were trapped again following emergence in spring, the mean testicular Tength was already
6.15 mm. The length of the testes remained high through the second summer and did not
appear to atraophy until Novenben 1977.

Femgle reproductive cyele: The data showed female P, pemicillatus to have two
reproductive peaks during the first year; there was a late spring and early summer
peak that terminated by mid-June and a less intensive peak in September following summer
rains (Fig.18), No reproductive females were trapped from October through May of the
first year, even though reproductive males were trapped during the same period. . Burt.
and Grossenheider (1964) listed the breeding season for P. pemnicillatus as April through
September.

The breeding season of the second year was longer than that of the first and a
greater percentage of the females were reproductive (Fig.18). Reproductive females
were continuously trapped from June through October, 1971. Apparently conditions of
the second year were very favorable for reproduction in radents {Table 65},

Vaginal ptugs which were obtained from three metestral females (Fig,lg) averaged
10.55 mm in length. They were thickest distally and tapered proximally to a bulb-
1ike enlargement that presumably blocked the cervix. = Extending into the uterus from .
the bulb-1ike enlargement were several short strands of cartilage-~like material,

Wilken and Ostwald (1968) have described copulation and associated events in
P. penicillatus, and state that estrus lasts only a few hours and that the period of
gestation is 23 days,

The Tengths of the ovary in various age and reproductive categories of females
did not reveal any significant changes as the animals matured oy the seasons changed.
The coloration and texture of the reproductive organs at various ages are similar to
those previously described for other Perognathus species (Tables 65 qnd 66).

The mean litter size of eight pregnant females was-3.38 and evidences from
placental scars from 34 females indicated mean Titter sizes of 3.53. Ten litters
from . laboratory animals had a mean litter size of 4.9, with a range of three ta
seven (Wilden and Ostwald, 1968). The greatest number of placental scars or embryos
from 42 female P. penicillatus in this study was five, suggesting that Titters from
laboratory animals may be abnormally large due to atypical environmental ponditions.
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yeles of Perognathue penicillatus based
on 80 females (67 adults, 13 young) from June.1970 through May. 1972
DSCODE—-A3UBEZ?2 ’

% Reproductive

% Non-veproductive

Month Estrus Pregnant Lactating Adult Young -
1970

Jun 10 0 28,57 1 28.57 42,86 .0
Jun 20 . 0 0 0 0 100.00%*
Jul 10 - - -— - -
Jul 20 0 0 Q 66,67 33.33
Aug 10 0 0 0 103.00 0
Aug 20 0 0 0 100.00 "0
Sep 0 9,09 0 81.82 9.09
Oct G 0 0 100,00 0
Nov -- - - -~ -
Dec - -- - - --
1971

Jan 0 0 0 100,00 0
Feb m— - - - --
Mar - -~ - - o
Apr -- - -- - -
May 0 0 0 103.C0 0
Jun 19 0 33.33 0 66.67 0
Jun 272 0 11.11 22.22 66.67 0
Jut 10 4 50.00 0 50.00 0
Jul 20 ] ] 25.00 75.00 0
Aug 10 0 0 25.00 25.00 50,00
Aug 20 0 .0 33.33 O 66.67
Sap 0 11.11 0 ‘66,67 22.22
Oct ] 0 16.67 66.66 16.67
Nov - - - - -
Dec 0 0 0 0 100.00*
1972 .

Jan - - - -- bl
Feb - -- - - --
Mar -~ - v - o=
Apr m— ) - - e
May 0 0 0 66.67 33,33

*Small sample size
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Table 66. Measurements (mm) of the Tength and width of the ovaries and.
the utert of adult female Perognathus penicillatus—DSCODE A3UBEZ2

Length Ovary Width Uterus,
Month No. Mean S.0. - " HNo. Mean S.D, No. Mean S.0,

1970

Jun 10

Jun 20 -
Jul 10

Jul 20

Aug 10

Aug 20

Sep 1
Oct

Noy

Dec

1971

Jan
Feb
Mar
Apr
May
Jun 10
Jun 20
Jul 10
Jul 20
Aug 10
Aug 20
Sep
Oct
“ Nov
Dec

1972

Jan
Feb
Mayr
Apr
May

Total 67 1.9 0.3 67 1.4 0.4 67 1.8 0.6
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Papomyacus eremious

Male reproductive eyele: In avery month in which cactus mice were trapped, the
majority of the adult males were fertile (Figs, 16 and 17). During both summers, 100%
of all adult males were fertile. Not all of these had scrotal testes; however, they
did have small-to-moderate and, in some cases, large amounts of spermatozoa in their
caudal epididymes. There were periods during the winter of both years in which there
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was decreased fecundity in male P, evemious (Fig.16). A Jlargsr percentage of males
were, however, non-fecund_during the first year than in the second. '

Magidsoﬁ and Hoffmeister (1965) did a comprehensive study 1h age variation in
the bacula of 182 p. eremicus but did not present data correlating hacula measurements
with reproductive condition of the male. The above authors divided the bacuia into
five grbups based on tooth development in the specimens From.which the bacula were taken.
The smallest groups of bacula averaged 6.46 mm in 1ength'and the largest group of
bacula had & mean length of 9.07 mm.

In this study 279 bacula were examined and categorized inte three major divisions;
Juveniles, subadults and adults, In addition, the adults were further subdivided,
based upon the amount of spermatozoa observed or relative fertility. Bacula from
Jjuveniles averaged 5.49 mm in length, had a laterally thickened proximal base and a
straight, tapering shaft. The mean bacula length of 54 subadults averaged 6,98 mm
and was further thickened at the base. The shaft had a slight dorsai curve. '

The overall bacula length of 216 maTes averaged 8.85 mm. The shaft of the bacula
had increased Tlexure (Fig.lg) from that of subadults and had a thicker, more rounded
proximal base. There was often a cartilage tip on the terminal knob that occurred |
more often in fertile males. Thirteen non-fecund adult males had batu]a'1engths
averaging 7.36 mm. As the amount of spermatozoa content increased in the Cauda]
epididymis, so did the length of the bacula. The mean bacula Tength of 43 animals
with small amounts was 8.51 mm, 54 males with moderate amounts averaged 8.89 mm, and
106 males with large amounts had an average bacula Tength of 9.15 mm.

 Just as the bacula increased in Jength as sexual maturity of the males 1mpr0ved,
so did the testes (Fig. 34), seminal vesicles, and caudal epididymis, and measurements
of these organs were equally useful guides to reproductive status. _The size of the
seminal vesicles differ from season to season and are indicative of periods of repro-
duction (Figure 35). The seminal vesicles atrophied 1n size during the winter months
even though spermatozoa was still found in the caudal epididymis. The caudal epi-
didymis remained fairly consistent in size throughout the two-year study (Fig. 35).
Perhaps P. eremicus is potentially active during the winter months but they are
~ not actively inseminating. This explanation would agree with the findings of. '
MacMillen (1964). ' '
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Femgle reproductive cycle: M vemarkably high (48.77) percentage of all the adult
females throughout the two?year study were in breeding condition. There were only
four months during the study (January through April, 1972) in which all of the females
were non-reproductive (Fig.16). Females during these same months in the second year
were reproductive; the disparity was presumably due to better environmental gonditions,
Peromyseus evemicus eats large quantities of insects and greenery (Reichman, 1973) and
these Ttems were more abundant during the second year. An increase in reproduction
occurved during the summer of both years (Fig. 17) and a larger percentage of Temales
were breeding in the second summer than in the summer of the first year.

As compared to some of the pocket mice, the cycltic events associated with repro-
duction is fairly well known for P, eremicus. Svihla (1932) reported the gestation
period of . sremicus to be 21 days, whereas Davis and Davis {1947) reported individual
females had multiple litters at intervals of 28 te 30 days. Postpartum estrus occurs
within 24 hr after parturition (Brand and Ryckman, 1968) and Tactation is known to
extend gestation by two to seven days {Svihla, 1932). Our data, as well as MacMillen's
{1964), indicates seasonal polyestrus females are common accurrences in natural poputations.
On numerous occasions pregnant females were trapped that had recent placental scars
and on éevera1 occasions some were lactating. Only two of the females trapped were
in estrus, indicating that the period of estrus is not so long in Peromysaué species as it
is in heteromyids.

Because of the continuous breeding patterns in P. eremicus, comparing monthly avarian
or uterine measurements were non-revealing as no patterns were established, The size
of the ovaries and uterué did increase from juvenile to adult and from noh~breeding to
breeding, The length of the pinkish~colored ovary for juveniles averaged 1.69 mm and
the uterine width averaged 0.81 mm. Forty-four subadults had a mean ovary length of
1.83 mm and a mean uterine width of 1.36 mm. Of the adults, 72 pregnant females had
an average ovary 1ength-qf'2.34 mm and an average uterine width of 2.43 mm. Lactating
females had slightly smaller ovary and uterine dimensfons, 2.22 mm and 2,26 mn respectively.
The ovaries and uterine horns of females in estrus were likewise larger than those of
non-reproductive females (Table 67).

Studies by several workers have shown P. eremicus to have similar 1itter sizes.
Brand and Ryckman (1968)'reported a mean litter size of 2.22 young from 14 females.
Svihla (1932)'115t5 a mean 1itter size of 2.60 based on five 1itters, Davis and Davis
{1947} found the mean number of young in 404 Titters to be 2.42 and Lewis (1972} recorded
an average of 2.53 per 1itter in 13 pregnant females examined, In this study, 72 pregnant
females and an additional 61 postpartum females with placental scars were examinedy both
groups showed exactly the same mean data (2.60+0.7) in the number of young per litter.
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‘

Table 67. Measurements (mm) of the length and width of the ovaries and
: the uteri of adult female Peremysous eremicus——-DSCODE A3UBE22

' Ovary Uterus
“Length ‘ : Width ' -
Month __ MNo. _~ Mean. __ S.D, No. Mean _ S.D. _No. " Mean §.0. "

1970

Jun 10 1
Jun 20
Jut 10
Jul 20
- Aug 10
Aug 20
Sep
Oct
Nov
Dec

1971

Jan
Feb
Mar
Apr
May
Jun 10
Jun 20
Jut 10
Jul 20
Aug 10
Aug 20
Sep
Oct
Nov
Dec

1972

Jan 24
Feb 26
Mar 23
Apr 8
May 0 . - 0 -

Total 203 2.1 0.6 203 1.6 0.5 203 2.5 1.0
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Subadults becoming reproductive occurs more frequently in P. eremicus than in
the heteromyids studied. There was only one subadult female observed to have placental
scars, but several subadults were found to be pregnant. Likewise, many subadult males
were considered fertile.
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Peromyscug eremicus 15 polyestrus, has a continuous breeding season year around,
and many of the subadults are fortile. It is surprising, therefore, that the population
density was not greater. The high breeding ratio and the Tow population numbers suggest
a short 1ife span and fast population turnover. Indeed, not many pregnant femalas were
ohserved that had old placental scars. A study to determine longevity and population
dypamics in the cactus mouse would be worthwhile, )
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Figure 19, Diagrams of bacula of six species of desert rodents, vaginal plug
of Perognathus penicillatus (V}, and a penial extension of the
baculum of Dépodomys merviami (P). A. Dipodomys merrviami; B,
Perognathus penicillatus; C. Perognathue amplue; D. Perognathus
%aiZEyig E. Perognathue intermedius; F. Peromyecus eremicus,
uvenile (J), Subadult {$), and Adult {A}. (DSCODES A3UBE21, BE22)
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Figure 20,
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Monthly mean lengths of the testes of 774 Dipodomye merviagmi. Summers

were sampled bi-monthly. (DSCODE A3UBE21)
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Monthly mean lengths of the caudal epididymides and widths of the
testes of 774 adult Dipodomys merrzamz Summers were sampled
b1~month1y (DSCODE A3UBE21) IR
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Figure 22.
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Monthly mean lengths of the seminal vesicles of 774 adult Dipodomys
merpignt, Summers were sampled bi-monthly. (DSCODE A3UBEZ1
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Figure 23. Summary of the reproductive cycles of Dipodomys merriomi based on 727
females (669 adults, 58 young{ trapped from June,1970 to June, 1972.
Reproductive females categorized as estrus {E), lactating (L), or preg-
nant (P} and non-reproductive females categorized as adults {A) or young
(Y). DSCODE A3UBE22)
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Figure 26. Summary of the reproductive cycles of Ferograthus amplus based on
710 females (530 adults, 180 young) trapped from June, 1970 to
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Figure 27. Monthly mean lengths of the caudal epididymides (CE) and seminal
vesicles (SY) of 165 adult Perognathus baileyi. Summers were
sampled bi-monthly, (DSCODE A3UBE21)
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Figure 28, Monthly mean measurements of the testes length (TL) and testes width
(TW) of 165 adult Perognathus baileyi. Summers were sampled bi-
monthly. (DSCODE A3UBEZ21)
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Figure 30. Monthly mean lengths of the caudal epididymides (CE) and seminal vesicles
ESV) of 479 adult Pevognathus intermedius. Summers were sampled bi-monthly.
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Figure 31, Monthly mean measurements of the testes length (TL} and testes width(TW)
of 479 adult Perognathue intermediue. Summers were sampled bi-monthly
(DSCODE A3UBE21). .
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Figure 32. Summary of the reproductive cycles of Perognathus intermedius based on
642 females (560 adults, 82 young) trapped from June, 1970 to June, 1972.
Reproductive females categorized as estrus (E), lactating (L}, or pregnant
(P} and non-reproductive females categorized as aduTts (R) or young (Y).
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Figure 33. Summary of the reproductive cycles of Perognathus penicillatus based
on 80 females (67 adults, 13 young) trapped from June, 1970 to June,
1972, Reproductive females categorized as estrus (E), lactating (L), or
pregnant (P) and non-reproductive females categorized as adults (A)
or young (V). (DSCODE A3UBE22)
*Small sample size
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Figure 34. Monthly mean measurements of the testes length (TL) and testes width
{TW) of 216 adult Peromyscus eremicus. Summers were sampled bi-
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Vegetation (DSCODE ASUBEQ] A3UBEO2, A3UBE03}

The unique geographic position of the Sonoran Desert is demonstrated by two
distinct groups of annuals responding to a bi-seasonal rainfall pattern {Shreve, 1951).
Bracketed by the Chihuahuan Desert to the east and the Mohave and Great Basin Deserts
to the west and north, the Sonoran Desert receives prec1pftatioh both winter and summer.
In Went's classic desert of Joshua Tree National Monument, two major groups of desert
annuals were identified (Juhren et al., 1956}. Using both field and Tab techniques,
Went grouped plants into winter annuals, which included Festuea octofliora, Peetocaryon
spp. and Plantago insularis, and summer annuals, which included Boutelowa aristidoides,

Boerhaavia intermedia and Euphorbia micromerd.

The observations compare favorably with our study area south and east of the
monument. Both the kinds of plants and the time that they germinated were reasonably
similar. About the only major difference was the observation of Boerhaavia by Went.
Boerhaquia occurred in our study area only in focky habitats. Allionia itnearnatd, Which
is in the same family as Boerhaavia {Nyctaginaceae) was also observed in the area,

These plants are extremely difficult to tell apart in the seedling stage, as is noted
by Schiffler (1968) in his phenology study of the Chihuahuan Desert. Mature plants
of these species can easily be separated by their distinct seed dffférences.

Euphorbia spp. and Allionia-Boerhaavia were flowering between July and September
in the Chihuahuan Desert {Schiffler, 1968). These species apparently flowered earlier
and set seed earlier than comparable species in the Sonoran Desert, Approximately 95%
of the Fuphorbia in the Chihuahuan Desert were dead by the middle of September, At
our site, maximum density of Euphorbia wWas observed in December of 1970 and in November
of 1971. Perhaps a combination of altitude, timing of precipitation, and temperatures
" accompanying a rainfall could account for distinct differences in growth periods.

Went found these factors were extremely critical in the germination of desert annuals
in the Mohave Desert (Juren et al., 1956).

Phenological data, considering only ene aspect (ripe and dispersing seeds}, clearly
show a seasonal response. Observations over the entire study area demonstrate that
approximately 20% of the herbs were dispersing seeds in June of 1970, Previous winter
rains in 1969-1970 must have been substantial because in June of 1971, no herbs were
gbserved with ripe and dispersing seeds. Comparison of observations for the same phenos
logical data after the summer rains was approximately the same. Maximum dispersal
occurred in October and November and gradually tapered off during the following months
to zero values.

Phéno1ogica1_data is of considerable value fn monitoring individual plant species.
For example, Plantago insularis maintained fairly high densities through the winter
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months of both 1971 and 1972. This §pec1es remained in the vegetative stage throughout
the spring of 1971 without producing any flowers or seeds. In contrast, Plantege did
flower during the spring of 1972 and produced ripe and dispersing seeds in Apyil and
May of 1972. Thus, observation of density afone for both years could lead to some
misTeading interpretations of plant responses. '

It is apparent from this study that the annual plants in the Sonoran Desert have
the potential for providing green matter during a Targe segment of the desert year.
During this interval, the plants may vemain vegetative (e.g., PZantagé) or reproduce
quickly and put out seeds (e.g., Bowteleug). In contrast, seed producfidn for these
plants is confined to the period after the summer rains in the Chihuahuan Desert
{Schiffler, 1968), or after the winter rains in the Mohave Desert (Beatley, 1969}).
This distinct. "Tag" response of annual plants in the Sonoran Desert may be of critical
importance to animals depending directly or indirectly on these plants far food.

Unfortunately, the data on the seeds in the soil is not valid for comparing the
fluctuating presence of seéds, as. the samples were taken in different areas of Avra
Valley over the two years of the study. They are, howéver, most appropriéte for com~
parisons with the diets of the rodents, as they were taken at or near the actual capture

sites.

Through the first year of the study, soil sampies were secured from random
Tocations on the creosote flats and therefore are comparable only to Dipodomys merriami
and Perognathus amplus. We realized after the first year how important seeds were
and began taking samples at the individual rodent capture sites. Table 16 indicates
that the seeds available to the sympatric rodents on the flats were very similar.

These sympatric rodents are therefore obtaining their seeds from the same basic
resource. However, Table 17 indicates that Perognathus intermedius and P. bailey:
on the hills occur in somewhat different habitats in terms of seeds available,

The data presented on the average number of seads per square meter (Tables 9-14)
appear to be much lower than some detevminations from other areas. Tevis (1958)
presents data on 4.5 billion seeds per hectare. ' '

Diets of rodents {DSCODE A3UVCO1)

Because of the predominance of seeds in the diets of the rodents, compared to
greenery, the discussion on diets in this section will pertain to seeds. Greenery
will be discussed in relation to reproduction in another section. Diet comparisons
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will be made between Dipodomys merwiami and Perognathus amplus which are sympatric on
the flats, and Peroganthus baileyi and P. intermedius, which are sympatric on the hills.
Peromyscus eremicus will be discussed separately, as it is not a heteromyid rodent.

Dipodomys merrigmi: Table 18, .Two of the most abundant seed species, Pectocarya
and Plantago, make up a total of 36% of the kangaroo rath diet. Significantly, another
major dietary item is insects. For a two year period insects made up 17% of the diets
and 62% of the stomach contents contained insects. Comparisons of the two years indicate
that the kahgaroo rat ate move Euphorbig and less Pectocarya the second year. Those
13 species making up 1% or more of the diet totaled over 90% of the items ingested.

Dipodomys merriomi collected in its cheek pouches more than twice as much Larrea and
Plantage as was in 1ts stomach, perhaps indicating that these seeds are eaten in the
burrow, Conversé1y, insects rarely accurred in the cheek pouches, even though they are
an important dietary item.

Perognathus aﬁplus: Table 19. This pocket mouse feeds on two of the most abundant
seeds in the soil, Pectocarya and Larrea. Erodium also appears to be an important dietary
item. The diet of P. amplus was consistent between the two years, Those 10 seed species
making up more than 1% of the dietary items totaled over 90%. Erodiwm is found wuch more
frequently in the stomach than in the cheek pouches, as 1s Pectoearya. FPlantqgo OCCUTS
in the pouches more frequently than in the stomach, and Larrea is ingested at the same
frequency as it is collected.

D. merviami -~ P. amplus comparisons: These sympatric rodents ingested many of
the same items at similar frehuenciés. The major trade off of diets appears to be
with the kangaroo rat eating many more insects than the pocket mouse, and the pocket
mouse eating much more Larreq. Perhaps the kangayoo rat is more adept at catching
insects than the pocket'mouse,'and the insects supply the kangaroo rat what Larrea provides
the pocket mouse,

By comparing frequency figures with usage figures it appears that almost one half
of the kangaroo rats used Lagrwea but in no great quantity. By contrast, more kangarco
rats had insects in their diets than any other item. The same is true of Larrea in the

diet of P. amplus.

Perognathus intermediusc: Table 20. Several dietary items were of particular itmpor-
tance to P. intermedius, including insects, Larrea, Pectocarya, and various bpuntia
species, This pocket mouse s the only rodent in the study which uses grass seeds to

any extent (Tridens, Festuca,and Eriochlca).
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Several of the species in the diet were utilized differently between the two years
of the study. Bevhaavia inCreased in consumption considerably the Second year, while
Jarrea, Pectocgarya, and Festu.la decreased,

As with the other heteromyid species, insects rarely occurred in the cheek pouches,
and Jpuntia was noticably absent from the pouches while mak1ng up a maJor portion of the
diet, '

Perogrnathue ~aileyi: Table 21. The major dietary items for ». bavleyi were
Peotocarya and Jpunitia.  As with its sympatric congener, Boerhaavia hecame jmportant
the second year of the study, as did Jpuntia, The seeds of the grass Evicchioq occurred
in much- greater abundance 1n the cheek pouches than 7% did 1n the diet, as d?d Plantago.
Again, insects wera only occasionallv found in the pouches.

Peroganthus intermedius -- Perognathus baiieyi comparisons: 7. ‘utermedius utilized
almost six times as much grass and twice as many insects as did p. baileyi. Conversely,
F. baileyi used much more Flamfagr and Pectoearya. Even though the guantity of these
items varies, the usage figures are similar between the two species for the same species
of seed. This might indicate that the rodents sample almost all seeds available, but
select for major diestary items.

Peromyseus eremicus: Table 22, By far the most important item in the diet of
P. eremicus 15 insects. Over 58% of the diet was made up of insects, and almost 95% of
the stomachs had insects in them. The important seeds in the diet of P, eremicus were

Boerhaavia and Opuniia.

A major point that needs to be made about the diet determinations is that the cheek
pouch contents are ooor indicators of when an item is eaten and how much 1s eaten. This
is probably responsible for the relatively Tow figures given in the literature for the
occurrence of 1nsects in the diets of heteromyids. It was also found that green vegetation
is rarely found in the cheek pouches, even when it is abundant in the stomachs at certain
times of the year.

Another point is that there seem to be seeds, such as ZLarrea and Pectocarya, which
are generally available and used by all rodents in all habitats. Then there are seeds
which are abundant and heavily used only in the flats (e.g., Plantage and the crucifer),
and on the hills (e.q., Boerhaovia and Opuntia}. These items, along with insects, make
up the major portions of the diets, with other seeds being Tess widespread ana only
seasonally important to the rodents.
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The figures for the number of seeds ingested by the species of rodents are
probably conservative, even though they intultively seem high (Table 23). The
calculations for the impact do  not include those seeds taken and cached, but not
ingested. Therefore, impact here means only those seeds ingested, and says nothing
about the impact of the rodents which bury caches of seeds and then "forget" them,
perhaps lending tp the seed's germination.

It is difficult to imagine a kangaroco rat hopping about, gathering 4000 individual
seads in the amount of time available for foraging. This would seem to indicate that
the seeds are clumped in distribution so that the rodents can gather several hundred
at one stop. Indeed, when there are as many as several hundred seeds in the cheek
pouches of an animal, the seeds are primarily (90%) of one species, indicating that
the rodents got them from a clumped source. 1If seeds are dispersed according to some
physical parameter such as size or weight, there is every reason to suppose that they
are sorted into clumps by wind and/or rain. Another possibility is that the rodents
harvest the seeds during those few weeks when the seeds are available on the plants.

It is pertinent to note that P. intermedius, which weighis 13 ¢, eats fewer seeds
than P. ampius, which weighs 11 g. This can be explained by the fact that 7. intermediue

eats larger seeds than P. amplue, and therefore does not have to eat as many.

Diet and reproduction conclusions (DSCODES A3UVCO1,A3UBE2F, A3UBEZ22)

From data now analyzed concerning diets and reproduction in desert rodents, certain
tentative conclusions seem justified: .

1. Dipodomys merrigni and Perognathus ampius share a. common seed resource on. the
flats while P. batleyi and P, intermediue use somewhat different seed resources
on the hills. '

2. In most cases, 4 or 5 dietary items make up 60% to 80% of the diets of the rodents.
There are some dietary items important to all rodents (Pectocarya), some only to
those on the flats (Fuphorbia) or on the hills (opuntia}, and some to just one
rodent species (Larrea to P. amplus). _

4. Cheek pouch contents are poor indicators of the kind and quantity of items eaten,
The population of rodents at the Silverbell site tngest over 15 millfon seeds
a year'per hectare,

6. In the five species of heteromyids, the male is, on average, heavier than the
female; with P, eremicus the reverse is true. .

7. The body weight fluctuates seasonally, -probably in response to the quality
and quantity of food available and environmental stress factors. The animals
are heaviest prior to and during a reproductive period.
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8. There is a positive correlation within adult ma]es.between increased body weight
and amount of sparmatozoa present in the reproductive organs.

9. There was a correlation between average body weight and surface inactivity for -
the winter months of the six species studied. Dipodomyjs merriami increased its
activity during the winter months whereas the other hereromyids had varying
lengths of surface fnactivity during winter months.

10, Each of the species were more active during the second year as compared to
the first. '

11. The males of each species had a longer reproductive season than did females
and a higher percentage of reproductive males were recorded.

12. There was a positive correlation between bacula length and both spermatozoa
content and age categories. Measurements of testes, caudal epididymes and
seminal vesicles demonstrated size fluctuations that correlated with amounts of
spermatozoa observed, '

13. Both male and female fecundity, for all six sbec1es, in the second year greatly
contrasted that of the first yeér.

14. The smaller species have shorter breeding periods and larger litters.
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