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EXECUTIVE SUMMARY

‘The fo]1owing”reports provide the results of monitoring of plants and animals
_ on the Nevada Test Site during calendar year 1993. Monitoring was )
- accomplished under the Department of Energy’s Basic Environmental Compliance

and Monitoring Program, initiated in 1987. The program looks at both baseline
study areas, chosen to represent undisturbed conditions as much as possible,
and areas disturbed by Department of Energy (DOE) activities or natural
phenomena. DOE disturbances studied include areas blasted by above-ground
nuclear tests before 1962, subsidence craters created by underground nuclear
tests, road maintenance activities, areas cleared for drilling, and influences
of man-made water sources. Natural phenomena studied include recovery from
range fires, effects of introduced species, damage to plants by insect
outbreaks, and effects of weather fluctuations. In 1993 disturbances examined
included several burned areas and roadsides, a drill pad on Pahute Mesa,
introduced grasses and shrub removal effects on ephemeral plants, and effects
on pine trees of an infestation of pinyon needle scale insects.

Winter rainfall was high in 1993, with more than 200 mm falling between
December 1992 and March 1993. Densities of ephemeral plants were high
compared to 1992 in most valleys, but about equal to 1992 on the Mesas.

. Biomass produced was approximately equal to that of 1992, another high-

rainfall winter. Ephemeral populations on burned areas and roadsides were

similar to control populations. A st i 'lgg_19_§hgu_gny




Lizard numbers were high in 1993, appropriate for the second successive year

of good rainfall. Areas with reduced shrub cover, such as burned areas and

roadsides, had reduced lizard populations. Lizards were associated with the
~ sparser but larger shrubs along roadsides.

Summer densities of rodents were high in 1993, and diversity was good. Little
pocket mouse (Perognathus longimembris) numbers continued a decline begun
~after the 1989-1990 drought. Great Basin kangaroo rat (Dipodomys microps)
numbers increased to make it the most abundant rodent in 1993.. At higher
altitudes deer mice (Peromyscus maniculatus) were particularly abundant. -

Roughly 25 percent of deer mice trapped on Pahute and Rainier Mesas carried a
hantavirus which caused a number of human fatalities in the Southwestern
United States in 1993. -

Among most mobile species, horse numbers declined from 65 to 62 adults, and
foal mortality continued at a high rate. Six of eleven foals were known dead
by December, and the other five were of uncertain status. Mule deer sighting
rates were unchanged from 1992. Raven and raptor reproduction was good in
1993, with manv_sightinas of hatchling-vear birds. TJwo Swaipson’s bawks were
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REPTILE POPULATIONS ON THE NEVADA TEST SITE IN 1993
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"ABSTRACT

Lizard populations were studied in relatively undisturbed baseline areas and
disturbed study areas in 1993. This was a relatively wet year, and lizard

- numbers "appeared high relative to historical norms. Correlations between

number of side-blotched lizards and year of study were nonsignificant on
undisturbed baseline areas, implying lizards have not been undergoing a long
term decline on the Nevada Test Site. Inspection of the data suggests the

nonsignificance of the relationship is an outcome of small sample sizes (few
years of study) and large yearly fluctuations, and implies the overall trend

. is towards an increase in side-blotched lizard numbers at most study areas.

Ancillary evidence suggests the f]uctuat1ons are 11ke1y a response to rainfall

". levels over the years of mon1tor1ng

Study of disturbed areas and their associated controls revealed a different
pattern. Areas disturbed by fire, roadside grading, or grading and other
construction associated activities, all contained reduced lizard populations
relative to nearby undisturbed areas. These effects appear to be the major
consequence of DOE activities ofi lizards at the Nevada Test Site.

- 1B001G-1 . ' -3-



INTRODUCTION

Reptiles are a diverse group with approximately six thousand species

worldwide. Southwestern U.S. deserts contain around 50 species, mostly l
" snakes. Snakes are typically nocturnal and secretive and thus seldom seen

(Pianka 1986). Lizards, on the other hand, are primarily diurnal, occur at

high densities, and can be approached to within a few meters, making them ll

relatively easy to study. In the Mojave and Great Basin deserts, 6 to 10

lizard species may be commonly encountered with Uta stansburiana (side- |I

blotched lizards, or Uta) and Cnemidophorous tigris (western whiptails)

typically the most abundant species (Bury 1982, Pianka 1986). Reptile

physiology is well suited for desert life, both because of mechanisms to deal ll

with desiccation or heat overload, and because of their ectothermic nature.

As ectotherms, reptiles have lower energy demands relative to endotherms and

are able to maintain 1arge>popu1ations in desert systems in spite of large Il

fluctuations in available resources (Pough 1980, Dunham 1980, Vitt 1991).

Lizards are closely associated with vegetation, probably because plants offer ll

refuge from predators and extreme temperatures, and support insects-their

primary prey base. As a consequence, factors that influence vegetation

commonly affect lizards (Dunham 1980, Pianka 1986). l

3

Reptile studies on the Nevada Test Site (NTS) are largely restricted to
lizards and the desert tortoise (Gopherus agasizzi), a féderally listed
species (Woodward 1994). The Basic Environmental Compliance and Monitoring

Roson~m (§5° (M) prvigrped iin {uaq e f riudior  Lang tpen qpnylities tpcRdg
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‘The following techniques’were-Empléyed during all lizard transect studies

unless otherwise noted below. On each transect three investigators walked
abreast and recorded number of lizards seen per’species‘per 50 m of 15 m wide
transect (see Hunter and Medica 1989). Ten to 25 transect'sections were
examined at each location. Surveys were performed during the morning over
temperature ranges favorable to the focal species. Counts/50 m were recorded -
for each species, and number of species and the total number of individual '
lizards seen per 50 m were calculated. Analysis of variance tests were
performed to examine varijation in these parameters across days, treatments, or
years. On alternate days investigators started from opposite ends of
transects in order to sample each transect both early and late during the
sample period. In 1993, on any given day all transects in an area were walked
and then the first transect sampled again. A one way ANOVA was used to
contrast counts for the first transect examined each day in 1993 with its
repeat collected later that day. This analysis allowed us to ask if lizard
activity changed over the sampling period. Finally, a runs test was performed
to determine if uta counts or total lizard counts (pooled across species)
changed over each day of the sampling period. Nonparametric analyses were
used when parametric assumptions éould -fiot!'be met. '

Plots were studied via a mark-recapture program as discussed in Hunter and
Medica (1989). Our plots are relatively small and thus contain few
individuals of most species (whiptails, zebra-tails, horned lizards, leopard
Tizards). Side-blotched 1izards have low vagilities and occur at high
densities, and thus are well suited to plot studies. Lizards were marked
short-term with paint and long term via toe clipping. A sizeable sampling
effort (usually four or five days with three to five people) was spent at each
study site (single or multiple plots). Investigators started from opposite
ends of the plot(s) on alternate days so each area was sampled both early and
late in the morning.

A mark-recapture estimation program (Seber 1982) was used to generate a mean %
2 standard error estimate for lizard densities. Simulation studies (Menkens

“and Anderson 1988) suggest standard errors or confidence intervals for these

estimators may be underestimates (too narrow). The mean estimate does appear
to be quite close to the actual mean value in simulation studies. We take a
conservative approach to data analysis, by reporting X + 2 se, urging caution
when interpreting the estimate of variation, and using mean values in

analyses. We used estimated mean densities to test for correlations between

vear of sample and lizard densitv. This apbproach allowed us to test for

P—




~ BASELINE STUDIES

‘Baseline studies were conducted in largely undisturbed areas, and were
monitored for long term changes in 1izard populations. The baseline lizard
plots were 105 x 105 m (1.10 ha) and were walked twice each morning.

Different people walked each area during the first and second passes. In
1993, baseline study areas were examined in Yucca Flat, Jackass F]ats, Rainier
Mesa, and Pahute Mesa.

Yucca Flat Study Area (YUFOOl)

Lizard transects were walked in 1989, 1992, and 1993. In each year, five 500
m transects were examined. Transects were walked for at least three days in

- each year. For this analysis, data were used from the first three survey days
in each year. Lizard counts were compared across years and across days within
years with a two-way ANOVA. The analysis across days within years a]lows
examination of the repeatability of the sampling approach.

Plot samplina was performed for five_davs in sorina from 14 to 22 Aoril. and




Pahute Mesa (PAM001)
This plot was sampled for five days in Summer from 30 August to 2 September.

DISTURBANCES -

vA burn and its associated control were studied in Yucca Flat near Mine

Mountain Road, as were a roadside area and its control in Frenchman Flat. The

"burn and the nearby unburned area were studied to assess effects of a fire on

the lizard fauna. The roadside and control area on Frenchman Flat were
studied to examine effects of a road on lizards. A series of lizard studies
were also performed in 1993 at the Device Assembly Facility (DAF) on Frenchman
Flat. These studies are described in detail in the 1993 DAF report (Woodward
et al. in press), and are merely summarized in this report. - The DAF lizard
studies were designed to assess effects of the main access road, examine
effects of a drainage ditch, and look for broad patterns in species abundances
and distributions in the genera]-QAF area.

Yucca Flat Burn Area (YUF002) and Control (YUF003)

Lizard transects were walked in 1990 and on three successive days from 8 to 10
June 1993.  Four transects crossed burned and unburned areas in which YUF002
and YUF003 are located. Four hundred meters of each line was in the burn, 100
m in an ecotonal area, and 400 ii-in the unburned area. Counts per species,
total number of species, and total number of 1izards were recorded per 50 m of
transect in each habitat type, and compared with a two way ANOVA, with _
location and day as factors. Juvenile or adult status was also recorded and
the relative ratio of these two age classes was compared across the three .
treatments with a chi square test.

Two (75 x 75 m) plots, one in the burned area, the other in a nearby.unburned
control area were searched twice each morning from 23 to 27 April and from 23
to 26 August. A chi square test was performed to test for differences in
lizard densities across years and burn regimes.

Frenchman Flat Roadside (FRF003) and Control (FRF004)

Lizard transects were sampled along the control and roadside mammal lines on
Frenchman Flat near the 5-05 road on four mornings from 6 to 12 July 1993.
Each Tine was 1250 m long and consisted of twenty-five 50 m sections.
Alternate mornings alternate transects were walked first. The roadside
transect was parallel to the road and ran from approximately 12.5 to 27.5 m
from the center of the road. Data collected were the same as for the other

1B001G-1 , -7-



transects. Data analyses consisted of two way ANOVAs contrasting counts
across treatments, or order treatments were searched (control first, or
roadside first). '

Ten (20 x 40 m) plots were arranged along the roadside on the 5-05 road with
an additional 10 plots located 500 to 900 m away in an undisturbed control
area.. Roadside plots began at the center of the road, ran 20 m away from the
center, with the 40 m axis running parallel to it. Because of the small size
of plots, few individuals were seen per plot, and mark-recapture estimation
was impossible to use. The total number of individual lizards seen per plot
over the five day sample period, or the mean number seen per day were used as -
estimates of density. These numbers were compared across treatments with two
way ANOVA’s, with treatment and date as the two factors. Mean weight, mean
snout-vent length (SVL), and the population proportion that was female were
also computed per plot for uta and compared across treatments with analysis of
variance tests. The female proportion of the population (the sex ratio) was
arc sine transformed to facilitate parametric comparisons. Lizards were
assigned to cohorts (this year’s young = year 0, last year’s young = year 1,
young born prior to last year = year 2) based on relationships between SVL and
age established on individuals of known ages in this area. A chi square test
was used to compare the frequency of individuals in each cohort, to determine
if the age structure differed across treatments. Number of recaptures from
spring to summer surveys was compared between roadside and control areas with

a chi square test to determine whether survival or dispersal off plot differs

between these two areas.
Device Assembly Facility (DAF) Studies

Methods for DAF lizard studies are given in detail in the 1993 DAF report
(Woodward et al. in press). Effects of the DAF access road on lizards were

- assessed by examining lizards in ten (800 m?) plots along the road and ten
(800 m*) plots in a nearby control area in the spring and summer, and walking
transects in the same area in the summer. Effects of a graded diversion ditch
around the DAF buildings were examined in spring and summer by comparing '
Tizard numbers in six (1000 m?) plots in the ditch to six (1000 m®) plots in
undisturbed arroyo bottoms and six (1000 m®) plots in undisturbed flat areas.
Finally, a series of timed surveys (Campbell and Christman 1982) was performed
in the disturbed area around the DAF, and .in undisturbed areas around it to
assess conseduences of the disturbances and Took for clinal patterns of lizard
abundances in undisturbed areas.

.. 1B001G-1 -8-



Tortoise Studies -

Desert tortoise work consisted 6f,surveyingwtortoises in three 341 m diameter
(9 ha)'enclosures'in-Rock Valley, and opportunistic sightings of free-roaming
tortoises. The Rock Valley enclosures were searched for 15.5 man hours on

three days in the spring, and 23 hours in the autumn over four days. Captured

__tortpises were measured to assess arowth {Hun;er and Medica 1989). and __

increase in plastron length was compared between males and females with a one
way ANOVA. ‘ =

RESULTS
Yucca Flat Studies (YUF0O1)

I;ghsect Studies

There was a highly significant difference in number of Cnemidophorus
(whiptails) seen per 50 m of transect across years (F, . = 60.7, P < 0.0001).
Whiptails were approximately four times as abundant in 1992 (X + 2 se, numbers
expressed on a per hectare basis: 23.3 + 2.8/ha) or 1993 (26.2 + 3.1/ha) as
they were in 1989 (6.91 + 1.9/ha). There were significantly more Gambelia
(1eopard lizards) seen in 1993 (1.33 + 0.8/ha) relative to 1992 (0.26 +
0.3/ha), or 1989 (0.00 + 0.00/ha, F, ,.s = 9.2, P = 0.00012). In contrast, Uta
(side-blotched lizard) numbers in.1993 (2:53 + 0.9/ha) and 1992 (0.98 +
0.7/ha) were considerably lower than in 1989 (8.6 + 2.0/ha, F, ., = 35,9, P <
0.0001). Numbers of Phrynosoma (horned lizards) or Callisaurus (zebra-tailed
Tizards) were too low in 1989, 1992, and 1993 to analyze. The average number
of lizard species seen per 50 m differed across years (F,,s; = 10.5, P <
0.0001) with 1993 (1.1 £ 0.11/ha) greater than in 1989 (0.8 + 0.12/ha) but not
differing from 1992 (1.0 + 0.08/ha). The total number of lizards seen per 50
m of transect also varied across years (F,,. = 22.9, P < 0.0001). 1993 (30.4

~ + 8.3/ha) appeared to be a good year for lizards relative to 1992 (25.0 %

2.9/ha) and especially compared to 1989 (16.1 + 2.7/ha). In contrast, ceunts -
rarely differed across days within a year. Uta counts differed across days
(Fras = 7.7, P =0.00052, Day 1, 5.0 £ 1.6; Day 2, 5.2 +1.8; Day 3, 1.9 =
0.8). Number of species seen also differed across days (F, ., = 3.23, P .=
0.04, Day 1, 1.1 £0.1; Day 2, 0.9 £ 0.1; Day 3, 0.8 £ 0.1). Runs tests were
nonsignificant for number of uta seen per 50 m of transect on all three days

- in 1993 (day 1 z = 0.7735, P = 0.4412; day 2 z = 1.0032, P = 0.3174; day 3 z =

1.2386, P = 0.2150). 1In‘a similar manner runs tests for total number of
lizards -(pooled across all species) were also nonsignificant on all three days
(day 1 z = 0.6334, P = 0.5286; day 2 z = 0.5829, P = 0.5620; day 3 z = 0.5959,
P = 0.5486).
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Plot Studies

Number of side-blotched 1izards present on this baseline plot has changed
greatly over the last several years (Tables 1,2, Figures 1 - 4). However,
correlations between year of study and estimates of number of hatchlings,
number of adults, or number of hatchlings and number of adults were not
significant (Figures 1 - 4) implying'no consistent long term change in uta

numbers over the last seven years. Annual rainfall also was not significantly

correlated with number of hatchling plus number of adult side-blotched lizards
present in the summer (r = 0.525, 5 d.f., P = 0.285, Figure 5).
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Figure 2 - Relationship between
“adult side-blotched lizard density
estimate in summer and year of study
on Yucca Flat. Year 1 = 1987. -

Figure 1 - Relationship between
adult side-blotched 1izard density
estimate in spring and year of study
on Yucca Flat. Year 1 = 1988.
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Figure 3 - Relationship between
hatchling side-blotched 1izard
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1987.
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§ Table 1. Estimated spring densities (n/ha +2 se = standard error of the mean), and number of distinct
A uta captured on the YUF001 baseline plot on Yucca Flat. o ‘
| ‘Adults - Hatchlings

Year Male Female Total Density Male Female Total Density

1988 40 50 90 91 + 10 == - - -

1989 34 40 74 75 + 10 -- - -_— -

1990 17 32 49 48 + 6 -- - - -

1991 33 33 66 64 + 6 - - - -

1992 60 55 115 114 + 9 -- - - -

1993 36 -46 | _82 _ 85 + 11 -- -- - e

‘Table 2. *EstimatedASUmmer?dehSities (n/hé + 2 se = standard error of the mean), and number of distinct

uta captured on the YUFOOl baseline plot on Yucca Flat.

Adults Hatchlings
Year Male Female Total Density Male Female Total Density
1987 16 17 33 | 33+6 57 56 113 123 + 18
1988 17 19 36 41 + 13 39 29 : 68 101 +.34
1989 24 33 57 77 + 26 5 5 10 11 + 5
1990 9 12 21 22 £7 19 19 38 51 + 24
1991 16 9 25 32412 53 49 102 121 25
1992 33 27 60 70 + 16 100 88 188 268 53
1993 8 11 19 18 + 3 74 63 137 154 + 23




Jackass Flats (JAF001)

Transect Studies

Number of whiptails seen increased between 1990 (8.9 + 0.8/ha, x + 2 se) and
1993 (14.3 £+ 1.3/ha, F, ,, = 12.3, P < 0.001). Too few leopard lizards were

seen to merit analysis. Side-blotched lizards were less common in 1990 (0.27
+ 0.13/ha) relative to 1993 (1.69 + 0.80/ha, F, ,,c = 9.9, P = 0.002). Fewer
lizard species were seen in 1990 (0.54 + 0.08/50 m of transect) relative to

© 1993 (0.82 + 0.10/50 m, F, ., = 17.6, P < 0.00001). None of the test

parameters differed across days. Finally, number of individual lizards seen
differed between 1990 (9.2 + 1.6/ha) and 1993 (17.2 £ 2.7/ha, F, ,, = 24.2, P
< 0.0001). Runs tests were nonsignificant for number of Uta seen per 50 m of"
transect on all three days in 1993 (day 1 z = 0.65, P = 0.5156; day 2 z =
1.797, P = 0.073; day 3 z = 1.00, P = 0.1587). In a similar manner, runs
tests for total number of lizards (pooled across species) were also
nonsignificant on all three days (day 1 z = 0.766, P = 0.4412; day 2 z =
0.0124, P = 0.9920; day 3 z = 0.8298, P = 0.4066).

Plot Studies

‘Adult uta densities in spring i99§”hereAapproximater twice those seen on this
plot in spring 1990, although still much lower than the original spring

estimate from 1988 (Table 3). FéWfadult side-blotched lizards remained by
summer although many hatchlings were seen (Table 4). No estimate was possible
for adult side-blotched lizards in summer so we used total number caught as
the population estimate.

Correlations for summer data sets, between time since beginning of the study
and number of adults (individuals born last year or earlier, r = -0.827, 2
d.f., P > 0.05), or number of hatchlings (individuals born this.year, r = -
0.368, 2 d.f., P > 0.05), or number of adults plus number of hatchlings (r =
0.271, 2 d.f., P > 0.50, Figure 6) were nonsignificant. . <
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Table 3.

L-910081

Estimated spring densities (n/ha = 2 se), and numbers of distinct uta captured on the JAFOOI
baseline plot on Jackass Flats.

Adults Hatchlings |
Year Male Female Total Density Male Female Total Density ..
1988 40 51 - 91 97 + 15 - - - -
1990 12 14 26 26 + 5 - - - -
1993 24 22 46 46 + 7 - - - -
Table 4. Estimated summer densities (n/ha + 2 se), and numbers of distinct uta captured on the JAF001
baseline plot on Jackass Flats.
Adults Hatchlings -
- Year Male Female Total Density Ma]e Female Total .\Density
* 1987 7 4 11 19 + 19 20 26 46 50 + 12 "
1988 7 4 11 21 + 18 25 30 55 135 + 814
1990 2 4 6 62 0 0 0| o
1993 5 2 7 -—- 48 56 104 154 + 43 "
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Figure 6 - Relationship béetween adult plus hatchling side-blotched lizard
density estimate in summer and year of study on Jackass Flat.

RAMOO1 Plot

B S TR o ‘
The Rainier Mesa plot (RAMOO1) was searched for lizards for the first time by
BECAMP in 1993. The lizard fauna is quite different from lowland sites, in
that Sceloporus occidentalis (western fence lizard) is the most abundant
lizard, followed by side-blotched lizards, then Eumeces skiltonianus (western
skink). :No other lizard species were seen. Western fence lizards were
present at densities of 13.6 + 6.3/ha for adults and 7.0 + 2.1 for
prereproductive juveniles. Adult side-blotched 1izards were present at )
densities of 14.3 = 2.0/ha for adults. It was too early for hatchling uta to
be present when samples were collected.

PAMOO1 Plot

The Pahute Mesa plot was searched for the $ixth consecutive year during the
summer. Significant correlations were lacking between year of study and
estimated number of hatchlings/ha (r = -0.263, 4 d.f., P > 0.669) or estimated

\

18001G-1 . -15-



‘number of adults/ha (r = -0.202, 4 d.f., P‘$”0.745),'of;estimated number of
adults plus hatchlings/ha (r = -0.659, 4 d.f., p = 0.226, Table 5, Figure 7)
suggesting no overall long term trend.
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1987 1988 1989 1990 1991 1992 1993 1994
No. Adult Plus Hatchling UTA/HA

Figure 7 - Relatfonship between adult plus hatchling side-blotched
lizard density estimate in summer and year of study on Pahute Mesa.
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Table 5. Estimated summer densities (n/ha £ 2 se), and number of distinct uta captured on the PAMOO1 .
base11ne plot on Pahute Mesa.

Adults Hatchlings J‘
Year Male Female Total Density Male Female Total Density |-
1988 8 16 24 28 + 11 62 55 117 | 142 + 28
1989 43 - 38 81 83 + 15 . 33 37 70 | 80+19
1990 51 42 93 93 + 8 40 56 96 - | 97 +10
1991 52 23 75 80 + 12 31 8 | 69 72 + 11
1992 15 19 34 38+ 9 60 37 97 122 + 27
1993 17 - 19 36 - 36 7 37 39 76 96 + 241’

-L1-



DISTURBANCES
Yucca Flat Burn (YUF002) and Control (YUF003)
Transect Studies

Whiptails and side-blotched lizards were abundant enough for analysis, horned
lizards, leopard lizards, zebra-tailed 1izards, Crotalus (Panamint
rattlesnake), and Masticophis (red racer) were also seen, but too infrequently
to merit analysis as separate species. The lizards were added to the total
number of Tizard individuals, and number of lizard species for analysis.
Whiptail abundances differed across treatments (F, ., = 5.5, P < 0.005), with
the ecotone containing more lizards (28.3 £ 7.2/ha) relative to the unburned
area (15.2 + 3.0/ha), and as many as the burned area (18.2 + 4.0/ha). Uta -
observations did not differ across the three treatments (F,,, = 1.62, P =
0.20, ecotone 6.7 + 3.2/ha, burn 4.2 + 1.8/ha, unburned area 6.7 + 3.2/ha).
Number of lizard species differed across treatments (F,,,, = 8.3, P = 0.00038)
with the ecotone (1.5 + 0.3/50 m) containing more species than either the

burned area (0.9 + 0.1/50m), or the unburned area (1.1 £ 0.1/50 m). Number of

individual lizards also differed across treatments (F,,,, = 6.48, P = 0.002)
with the ecotone (38.3 + 7.7/ha) containing more lizards relative to the
burned (23.3 + 4.6/ha), or unburned area (22.6 + 3.5/ha). The two way ANOVA
revealed similar patterns for all traits examined across treatments, and no
differences across days. The proportion of juvenile whiptails did not differ
across treatments (X® = 0.13, 2 d.f., P > 0. 937) with juveniles accounting for
approx1mate1y 13 percent of the popu]at1on in all three treatments.

Plot Studies

The burn and associated control plots on Yucca Flat were examined in 1987,
1988, 1990, and 1993. Across this time period the unburned control area has
contained more side-blotched 1lizards than the burned area (Tables 6 - 9). The
burned area contained fewer adult uta in spring surveys relative to control
areas (X* = 19.11, 2. d.f., P < 0.001, Tables 6 - 9). There were too few
adult uta captured on the burned plot in the summer to meet the requirements
of chi square analysis. There were fewer hatchling uta in summer on the
burned area relative to its control (X? = 29.15, 3 d.f., P < 0.001, Tables 6 -
9). Similarly, number of hatchlings plus number of adult uta present in the
summer was lower in the burned area relative to its control (X* = 35.32, 3
d.f., P < 0.001, Tables 6 - 9, Figure 8). '
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g Table 6. Estimated spring densities (n/ha = 2 se), and numbers of distinct uta captured on the YUF002 g
- burn plot on Yucca Flat. _ -
Adults ' : Hatchlings
Year Male " Female Total Density Male Female | - Total Density
1988 10 18 28 54 + 7 - - - -
1990 | 2 9 11 21 +3 - - - e
1993 12 - 12 24 43 + 0 - . - - L -
_ - , Table 7. Estimated summer densities (n/ha £ 2 se), and numbers of distinct uta captured on the YUF002
v f g ) e — ] __
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§ Table 8. Estimated spring dens1t1es (n/ha + 2 se), and numbers of distinct uta captured on the YUF003 “
A unburned contro] plot on Yucca Flat.
Adults Hatchlings
Year Male Fema]e Total Density Male Female . Total ~ Density
1988 9 22 31 59 + 9 - - - -
1990 16 22 38 71+ 9 - - - -
1993 24 39 63 121 + 13 - - - -
Table 9. Estimated summer densities (n/ha + 2 se), and numbers of distinct uta captured on the YUF003
unburned control plot on Yucca Flat. : _
Adults HatchTings
8 Year Male Female Total Density Male. Female Total Density
7 1987 3 2 5 10 + 4 19 14 33 75 +23
1988 2 .9 11 30 + 18 38 21 59 216 + 98
1990 6 12 18 43 + 14 20 16 36 129 + 70
1993 4 11 15 50 + 35 62 52 114 265 + 45
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Figure 8 - Estimated number of hatchling plus adult side-blotched 1izards/ha
in a burned or unburned control area on Yucca Flat from 1987 to 1993.

Frenchman Flat Roadside (FRF063)~and Control (FRF004)
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Table 10. Number of lizards/unit area on transects in the Frenchman Flat roadside and control areas.

There are 1, 197 d.f., in all statistical comparisons. Statistics are for comparisons across

treatments. roadside, C = control.
Comparison Mean/ha + 2 se/ha Median/50m Range/50m F P
Uta R - 12.4 2.6 1.0 0 -4 73.9 < 0.0001
» c- 1.9 1.3 0.0 0-2 : :
Cnemidoph R-2.8 1.3- 0.0 0-2 0.50 - 0.48
-0rous C - 3.5 1.3 0.0 0-2
Callisaurus R-0.4 0.5 0.0 0-1 23.1 < 0.0001
C-1.6 1.0 0.0 0-2 L
A1l lizards R -15.9 2.7 1.0 0-5 4.12 0.041
c- 7.9 2.0 0.0 0-3
No. species R -0.86 0.12 1.0 0-2 19.03 0.0001
C - 0.59 0.13 0.0 0-3
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~. Plot_Studies

',-Average number of side-blotched 1jzards,u§ing plots each day was similar along

the road (4.8 % 1;9/ha)»and the control area in spring (7.8 + 4.5/ha, t =
1.29, 18 d.f., P = 0.213, Figure 9). Estimates of number of individuals using
the plots over the five day sampling period also did not differ between the
roadside (1.3 = 0.4/plot) and the control areas (2.3 + 0.4/plot, t = 1.79, 18
d.f., P = 0.0903). Snout-vent lengths of uta did not differ between roadside
(47.2 £ 1.6 mm) and control areas (47.2 + 0.8 mm, F, ,, = 0.0, P.="0.99).
Similarly, weight also did not differ between the roadside (3.30 + 0.32 g) and
control areas (3.05 +0.13 g, F,,; = 2.77, P = 0.117). Cohort composition

- (age classes) did not differ between roadside (1.7 + 0.5) and control areas

(1.4 £0.2, F, ,, = 1.21, P =0.289). The proportion of males and females in
the population differed between roadside (30.8% female) and contro] areas
(69.6% female, X2 4.99, 1 d.f., P = 0.0255). '

A closer look at uta distributions in spring reveals that only one lizard was
seen in the area from 0 to 10 m from the center of the road. Average number
of uta present per day differed across treatments with the area from 0to 10 m
from the road center containing only 0.5 + 0.1/ha, considerably fewer than was
present from 10 to 20 m from road center 7.5 + 0.5/ha, or the control area 7.8
+ 0.2/ha, (F,,, = 4.29, P = 0.024, Figure 10). Number of individual side- ‘
blotched 1izards using a plot.over five sample days also was reduced near the
road relative to the other two areasu(O = 10 m area 0.2 + 0.4/plot, 10--.20.m
area 2.4 + 1.7/plot, control 2.3 £ 0. 8/p1ot F,., = 5.20, P = 0.012).

Average number of side-blotched lizards was similar along the road (14.8 +

.2.0/ha) and the undisturbed control area in the summer (15.1 + 2.0/ha, t ="

0.13, 18 d.f, P = 0.89, Figure 9). Number of individual uta using plots over
the five day sample period also did not differ between the roadside (3.6 %
0.7/plot) and control areas (4.6 £ 1.3/plot,18 d.f., t = 1.31, P =0.21). 1In
a similar manner, average SVL per plot did not differ between roadside (30.5 +
2.0 mm) and control areas (33.4 £ 3.8 mm, t = 1.35; 18 d.f., P = 0.19). Mean
weight did not differ between roadside (0.94 + 0.2 g) and control plots (1.31
+0.48 g, t =.1.44, 18 d.f., P = 0. 18). Finally, cohort distributions (ages)
did not differ between roads1de (0.03 0 06) and control areas (0.18 + 0.20,

t =1.40, 18 d.f., P = 0.178). ~ : :




more in the berm area (29.0 i:8.l/ha) and the control area (15.1 + 2.0/ha,
Fo2» = 27.6, P < 0.0001, Figure 10). Number of individual uta seen per plot
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Figure 9 - Number of side-blotched Figure 10 - Number of side-blotched
lizards present in roadside and lizards present from 0 - 10 m, 10 - 20
control areas along the 5-05 road in m from road center, or a control area
Frenchman Flat. ‘ along the 5-05 road in Frenchman Flat.

" over five days also differed across these areas (roadside 0.0 + 0.0/plot, berm
area 3.6 + 0.7/plot, control area 4.6 + 1.3/plot, F,,, = 29.93, P < 0.0001).

DAF Studies

The results of DAF lizard studies are presehted in detail in Woodward et al.
(in press), here we briefly present the major findings: Side-blotched 1lizard
densities in the DAF roadside area were gpbkoximate]y one half those in the
nearby control area in the spring, however by summer densities in the two
areas were similar (Figure 11). 'Subdividing the roadside area into the paved
and graded area versus the berm area reveals a different pattern. In spring,
no side-blotched lizards used the paved or graded areas near the road, and
densities in the berm area could not be distinguished from the control plots
(Figure 12). However, by summertime there were still no side-blotched lizards
near the road, but the berm area contained twice as many side-blotched lizards
as the control area (Figure 12). ‘

The 1izard fauna of the DAF diversion ditch was quite different from nearby
control areas. The disturbed ditch had higher zebra-tailed lizard densities,
but lower side-blotched lizard densities than the nearby undisturbed control
~areas (Figs. 13, 14). In spring whiptail lizards were more abundant in the
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control areas (13.3 + 1.8/ha) relative to the disturbed ditch (0.3 £ 0.3, F,
.= 26.0, P < 0.0001). A similar pattern held in the summer (ditch 1.0 £ 1.1,
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Figure 11 - Number of side-blotched

~ Tizards present in roadside and
control areas along the DAF access
road

. Figure 12 - Number of side-blotched
lizards present from 0 - 10 m, 10 - 20
m from road center, or the control.

area long the DAF access road.

"control 6.8 + 3.5/ha, F, o, = 10.77, P = 0.00148). Timed searches in the. area
immediately south of the DAF, the.disturbed area around the DAF buildings,
immediately north of the DAF, > 1 km north of the DAF, and the foothills north
and west of ‘the DAF revealed differences in abundances for some species

(Figures 15 - 17).
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Figure 17 - Mean number of side-blotched 1izards seen per 30 m1nute search
period in five areas near the DAF in summer 1993.
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Tortoise Studies

Fifteen of 19 marked tortoises in Rock Valley enclosures were observed in
1993, continuing the thirty-first year of measuring the fenced.population.
“Growth (as estimated by plastron length) was significantly greater in males
(range 1 - 10 mm) than in females (0 - 2 mm, F , ,, = 9.6, P = 0.011). No
unmarked tortoises were observed. Only two tortoises were seen in
opportunistic searches in 1993 (most likely because few searches were
performed). Several old tortoise remains were seen near the DAF, and one live
tortoise was sighted twice within 300 m of DAF-associated-disturbed-areas
(Woodward et al. in press).

DISCUSSION

~This was a relatively wet year, and lizards, like most other organisms did
well. Lizard densities appeared to increase on almost all baseline plots.’
Correlation analyses revealed no evidence for a long term change in side-
blotched 1izard numbers on undisturbed baseline plots, suggesting human
activities on the NTS have had minimal effects on areas not directly impacted
by people. In fact, the nonsignificant trend appears to be a general increase
on all plots except Pahute Mesa. The changes were coincident with a major
drought, suggesting’that drought had a major negative effect on uta
populations early in this study, but populations increased subsequent to it
(Woodward et al. in press). This is not surprising given the apparent
severity of the drought effect on vegetation (Hunter 1994) and the strong
relationship between vegetation and 1izards (Dunham 1980). A correlation
between annual precipitation and estimated side-blotched 1izard densities.was,
however, nonsignificant. The lack of significance in all of these
correlations appears to be largely due to the small sample sizes (i.e., few
years of study). If trends continue, sample sizes will be sufficient to
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cm tall dirt ridge Jocated at the edge of the shoulder along the 5-05
roadside, and the véry large size of shrubs (200 to 250% of similar species
located farther away from the road) in this area. Side-blotched lizards
basked on the ridge and were tightly associated with the shrubs in this area.

- In contrast, the graded shoulder scrapings along the DAF roadside were laid

down as a slight rise at the edge of the shoulder and the shrubs there are
only 150% as tall as similar species located farther from the road. Shrub
height differences may reflect the re]at1ve time e]apsed since road:
construction. :

Liiard faunas in both areas were dominated by side-blotched 1izards and

whiptails, although other species were present at low numbers. Patterns of
lizard distributions and lizard characteristics were qualitatively similar
across both roadsides suggesting these results may apply generally to paved
roads (Table 11). Overall comparisons of the road effect were made by

comparing the first 20 m from the center of the road, to a control area well

removed from the road. The initial. 20 m included the pavement, the graded
shoulder, and the berm area with the tall vegetation. At the DAF site in
spring, there were more side- b19tched ]1zards in the control area than in the
area within 20 m of the road center, however by summer there was no _
difference between roadside and control areas (Table 11). The pattern was
similar for the 5-05 road, although the spring estimates were not
significantly different (density on controls were about 2x those on the
roadside, however plot to plot variation was high). These results suggest
that the net road effect can be negative for side-blotched lizards. Whiptails
were approximately five times as abundant in the control areas relative to the
roadside areas along the DAF road. Whiptail numbers were low and
indistinguishable between roadside and control areas along the 5-05 road.,

A closer examination of roadside plots revealed sizeable heterogeneity in
Tizard numbers. Along both roadsides, areas lacking perennial vegetation (the
pavement and graded shoulder out to the berm) were essentially devoid of
lizards, both in the spring and in the summer subsequent to reproduction. In
spring, vegetated berm areas at the margin of roadside disturbance had similar
densities to control areas (Table 11). By summer, side-blotched lizard
densities in these areas were twice that of the nearby control areas along
both roads (Table 11). In spring at the DAF site, the roadside berm contained-
150% of control area females. In principle, the greater number of females
present on the berm in spring could explain the increase in summer uta density
at this area. At the 5-05 site the berm contained fewer females than. the
control, yet by summer the berm had twice the density of the control. Thus a
disproportionate number of females along the berm cannot be the only possible
explanation for the spring to summer increases in side-blotched lizard
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densities in berm areas. Differential movement info the berm in summer is an
alternative explanation, as is a higher lizard carrying capacity due to
increased insect densities on shrubsvin this area (Lightfoot and Whitford
1991). o

The spring to summer recapture rate on the control plots was higher relative
to the roadside plots at the DAF, suggesting either survival was higher or
dispersal off the plots reduced on control plots relative to roadside plots.
The reduced number of perennial plants along the roadside could increase
lizard mortality because of enhanced predation, or dispersal.could be greater
off roadside plots for this or some other factor. Either way, this result
implies that seasonally the roadside is a poorer site for uta relative to the
control area. There was not a significant difference in spring to summer
recapture rate between.roadside and control plots at the 5-05 roadside.

'Side-blotched lizard distributions suggest the main consequence of road
construction arises from vegetation removal due to paving, or grading the
roadside. Shrub density estimates support this contention, as shrubs were
considerably more abundant in control areas, or the second 10 m away from the

road relative to the first 10 m away from the road (Woodward et al. in press).

The pavement and graded shoulders of this two-laned road covered a 20 to 24 m
wide area which was essentially devoid of lizards. This means the road

removes 20 to 24 percent of the lizards in every hectare of desert it crosses.

Further, the road apparently leads to seasonal shifts in density in the berm
area (Table 11), another 20 percent of area in any hectare crossed. These
seasonal shifts are not trivial, but are of the same magnitude as average
densities in the control areas. Clearly, the road appears to have a major
effect on the lizards. Lizards are a major insect predator (Polis and
Yamashita 1991), and an important prey of other vertebrates. Roads, through
effects on lizards, have the potential to strongly influence other taxa in
desert systems. - ' ’
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Lizard populations in the DAF ditch also differed a great deal from nearby
controls (Figures 13, 14). Control areas were dominated by side-blotched
lizards (10 to 15 times ditch densities), while the ditch was dominated by
zebra-tailed lizards (6 to 15 times control densities). Whiptail lizards were
also more abundant (7 to 39 times ditch densities) in the control area
relative to the ditch. Pooling across species, control areas contained more
lizards relative to the ditch. These differences are 1likely due to shrub
removal and elimination of small mammal holes at the soil surface. Both of
these activities remove cover for the lizards. Shrub removal also eliminates
a resource base for insects, the lizards’ primary prey base. Zebra-tailed.
lizards are known to favor open'habitats (Pianka 1986), and thus have probably
increased in the cleared ditch. Number of lizards per species, total number
of Tizard species, or total number of lizard individuals per plot differed
between the DAF ditch and the control area. Another aspect of these analyses
asked about differences in lizard faunas between arroyb bottoms and flat
desert areas between arroyo bottoms in undisturbed habitat. None of the
lizard species differed in abundance between these areas, implying these
markedly different habitats supported similar faunas.

Five investigators of various experience levels, ages, and physical abilities
performed timed searches in 5 areas near the DAF (disturbed areas near DAF,
area out to 1 km S of DAF, N of DAF [about 1 km] to the water tank, water tank
to foothills, 0.2 km into foothills). In spite of their differing abilities,
counts/30 minutes did not vary across investigators, suggesting that
investigators were largely interchangeable and that this variable had no
effect on number estimates. In contrast, there were sizeable differences in
lizard numbers across areas (Woodward et al. in press). Disturbed areas
around the DAF buildings and road edges were largely devoid of lizards. 1In
contrast, the DAF ditch appeared to contain high densities of zebra-tailed
lizards. Superimposed on this pattern, the area to the north of the DAF
contained more individual lizards, while the area south of the DAF contained
few lizards relative to other areas near the DAF. :

A 1985 fire in Yucca Flat removed most of the perennial vegetation from a
sizeable area near plot YUF002. Comparisons of the burned area to a nearby
unburned area or a partially burned ecotone between these areas, demonstrated
sizeable effects on lizard populations. Transect results revealed more
lizards in the ecotone relative to the other two areas. Plot studies of the
burned and unburned areas revealed more uta present on the unburned area.
These results suggest that fire, mostly likely through shrub removal, has
negatively impacted lizard populations in this area.
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A11 three types of disturbances examined in 1993 (fire, roads, grading
associated with construction or ditches) had negative effects on lizards.
Grading, associated with the road or construction activity, almost totally
removed lizards. The effect appears to be due to shrub removal, and is not
surprising given'the strong connections between vegetation and lizards (Dunham
1980, Pianka 1986). Vegetation removal is likely the major detrimental human

_activity on the NTS, with important ramifications for many other taxa

including 1izards. These results suggest that steps should be taken to
minimize vegetative disturbance, and that the interplay between the vegetation
and other taxa should be more closely examined to determine what steps are
necessary to restore each area to its und1sturbed condition.
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ABSTRACT

“The seventh year of monitoring small mammal populations on the Nevada Test

- Site was completed in 1993. The Basic Environmental Compliance and Monitoring
Program (BECAMP) continued to focus on trends in heteromyid rodent populations
at three baseline sites and included a bladed area and roadside disturbance
generated by Department of Energy programs. Three sites disturbed by brush
fires in 1985, 1986, and 1988 were also recensused in 1993.

The  second consecutive year of above average rainfall occurred in 1993, after
nearly three years of drought. Numbers of animals captured during the spring
of 1993 on the baseline site in western Yucca Flat indicated kangaroo rat
populations (Dipodomys merriami and D. microps) continued to rebound from
drought conditions which prevailed in 1989 through 1990. Dipodomys microps,
previously found as or less abundant than - D. merriami, was the most abundant
rodent in 1993. In 1992, the little pocket mouse (Perognathus longimembris)
declined to the lTowest density ever recorded, after being the most abundant
rodent from 1987 through 1990. This plot has been trapped yearly since 1987
and has the most complete trapping record of any BECAMP site. Spring density
of small mammals on this plot was positively correlated with winter rainfall.

Rodents on the baseline plot in western Jackass Flats also recovered since the
last census in 1990. This area is more sandy than Yucca Flat and consists of
Mojave Desert vegetation. The most common species in 1993 was Dipodomys
merriami. Perognathus longimembris numbers on this plot, as on the Yucca Flat
plot, were below pre-drought values. The baseline site on Rainier Mesa was
first trapped in 1988 (pre-drought) and censused again in 1993 (post-drought).
Nearly 10 times as many deer mice (Peromyscus maniculatus) were captured on -
this site in 1993 as in 1988, and three times as many chipmunks (Tamias
dorsalis).

Murid rodents (Peromyscus, Onychomys, and Neotoma) were well represented at
sites studied in 1993. Neotomaiiepida, the desert woodrat, was captured at
nearly every site trapped. An undisturbed area in Mid Valley had the highest
species diversity for plots studied in 1993 at 0.9309 with eleven species
captured. ‘ '
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-INTRODUCTION

‘Description and History of thejAréa

The Nevada Test Site (NTS) is sitdated across the Transition Desert area
between the Mojave .(Larrea-Ambrosia) and Great Basin (Artemisia) desert

~"communities". The deserts vary in vegetation, soil type, and elevation.

Typical habitats of both the Mojave and Great Basin deserts occur on the NTS,
and aspects of each desert segue into the unique habitat mosaics of the
Transition Desert. The vegetation communities on the NTS (Allred et al. 1963;
Beatley 1974a; O’Farrell and Emery 1976) support rodent communities which
typify each habitat, with .a mixture occurring in transitional areas (Jorgensen
and Hayward 1965). | . SR :

NS WS I S NN AP NN AN BN W Ny N N E G S
. . . . 4
. .

Animal studies on the NTS were initiated in 1959 when Brigham Young University
(BYU) set out to catalog the flora and fauna of the NTS (Allred and Beck
1963a, 1963b; Jorgensen and Hayward 1965). Intensive studies were undertaken
by the University of California Los Angeles (UCLA) in Rock Valley on the
southern edge of the NTS, to determine animal abundance, home range, effects
of chronic radiation, and life spans of a population of desert rodents (French
1964; French et al. 1966, 1967; French et al. 1974; French et al. 1968; Maza
et al. 1973; Gibson 1993). Additional small mammal studies in Rock Valley
were part of the International Biological Program (IBP) during the 1970s (Chew
1975; Dingman 1975; Turner 1973%?1975;uTu?ﬁer and McBrayer 1974). During the
late 1970s and early 1980s the Nevada Applied Ecology Group (NAEG) studied
rodent populations at several contaminated sites on the NTS (Moor and Bradley
1974, 1987; Bradley and Moor 1975, 1976, 1978; Bradley et al. 1977a, 1977b;
Moor et al. 1976; Moor et al. 1977; O’Farrell and Sauls 1987). . :

BECAMP Study Sites

Small mammal monitoring under the éuspices of the Basic Environmental
Compliance and Monitoring Program (BECAMP) began in the summer of 1987.
Permanent baseline study sites were established in the three major valleys of
the NTS (Hunter and Medica 1989). An area burned by a lightning fire in 1985
and an undisturbed control area were also studied in 1987. 1In 1988,
monitoring continued on the three baseline sites, moving the census to spring.
Two new baseline sites on the tops of mesas were also added. Also studied were
eight disturbance areas, concentrating on areas disturbed by nuclear testing
(e.g., blast areas from aboveground tests and overburden from a cratering
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test). An area thought to be denuded by gophefs and an area burned by human-
caused fire were added and also sampled in 1988 (Saethre and Medica 1992).

In 1989 three crater bottoms, two areas scraped of all vegetation, and an
alpha radiation contaminated site were studied. The first three year cycle of
NTS monitoring of disturbed sites was completed in 1990. That year, two
additional blast areas were studied, along with the burned area studied in
1987 and extensive trapping was done at a roadside. The baseline site in
Yucca Flat (YUFOO1) was chosen to be studied on a yearly basis, while the
remaining four baseline sites and disturbance sites are to be sampled every
three to four years (Saethre and Medica 1992).

Sites studied in 1993 included the baseline plots in Yucca Flat and Jackass
Flats and on Rainier Mesa. The site on Rainier Mesa had not been sampled
since it was first trapped in 1988. A roadside that was intensively trapped
in 1990 (during the drought) was looked at again in 1993 (post-drought). It
was decided that BECAMP would study similar plots in the same year, therefore,
the two blast areas to be studied in 1993 would be studied in 1994. 1993 was
to be a year to study areas disturbed by fire and roadsides. Locations of all
plots studied in 1993 are shown in Figure 1. Latitudes, longitudes, and
elevations are found in Appendix A. '

Data from the baseline plots are used to provide information on species
composition, relative densities of the most common species, and sex
distributions of populations at relatively "pristine" sites. Disturbed sites
and controls yield information on the effects, if any, of the disturbance.
Over time, recovery of a disturbed site may be followed. To date, seven years
of small mammal population data are available for the Yucca Flat baseline -
site. Trends on this site are used to compare with what may be happening at
other NTS sites during the years between censuses.

At present, 57 mammals.occur on or near the NTS (Appendix B), the majority of
which are rodents -(Jorgensen and Hayward 1965; O’Farrell and Emery 1976;
Medica 1990; EG&G/EM 1992, 1993; Saethre and Medica 1992; Saethre 1994a,
1994b). Two ungulates, elk (wapiti) and bighorn sheep, reside outside NTS
boundaries and are rarely observed. Burros occasionally wander onto the NTS
from a population off the extreme southwestern edge of the NTS.

0f the 23 rodent species inhabiting the NTS, the most ubiquitous are kangaroo
rats and pocket mice. These heteromyids are well-adapted to xeric conditions
and are the best known desert rodents (Reichman 1991). They are nocturnal,
granivorous, and relatively easy to catch. The abundance of heteromyids and
species diversity vary among the habitats present on the NTS, but, in general,
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Figure 1 - Locations of Smal] mammal plots studied by BECAMP in 1993.
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‘Merriam’s kangaroo rat (Dipodomys merriami) and the 1ittle pocket mouse
(Perognathus longimembris) are most common in the southern two-thirds of the
NTS (Mojave and Transitional areas). In the northern extremes (Transition and

- -Great Basin Deserts) the chisel-toothed kangaroo rat (D. microps) and Great

-Basin pocket mouse (P. parvus) are more prevalent. However, various
combinations of these four species occur throughout the NTS. Three other
heteromyids, D. deserti, D. ordii, and Microdipodops megacephalus also occur
on the NTS but are less widespread. In recent years the very small P.
longimembris has been present at low densities while the long-tailed pocket
mouse (Chaetodipus formosus), a medium-sized species typical of the
intermountain sagebrush and Mojave Desert regions (Schmidley et al. 1993), has
increased in virtually all areas of the NTS.

Several other seed-eating rodent species share habitat with heteromyids on the
NTS, but most persist at Tow densities or are more difficult to capture.
Nongranivorous squirrels are, for the most part, diurnal but often captured
when traps are baited too early in the evening or left open later in the
morning.

During the spring of 1993, a type of hantavirus carried by rodents (mainly the
deer mouse, Peromyscus maniculatus) was linked to several deaths in the four
corners area of the southwestern United States. The so-called Muerto Canyon
virus is present in rodent urine or feces and is passed to humans when they
breath aerosolized particles of infected excreta. After two confirmed cases
of the so-called hantavirus disease (Adult Respiratory Distress Syndrome) in
southern Nevada in mid-summer of 1993, DOE requested that BECAMP workers
follow the Center for Disease Control and Prevention (CDC) guidelines for
handling rodents. -

METHODS
SMALL MAMMAL SAMPLING TECHNIQUES
Baseline Monitoring Sites

Small mammals were trapped on baseline monitoring sites for three consecutive
nights. Nocturnal mammals were captured in Sherman live traps (8 x 9 x 30 cm)
which were set to capture animals over 5.9 (approximately the weight of a
~juvenile Perognathus longimembris). The pekmanent study plots (YUFOO1,
JAF001, and RAMO01) each consisted of a 12 x 12 staked grid (144 stations)
with 15 m between stakes (2.72 ha) and two traps set at each station (288
total traps). Two traps were used to providé more opportunities for animals
to be captured within the short trapping period. Traps were baited in the
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early evening (1800+ hours) with a mixture of rolled oats and birdseed. Half-

" .cylinder shades made of sheetmetal were placed over traps to prevent

hyperthermia from direct sunlight. Traps were checked shortly after sunrise
and closed for the day. On the last day, all bait was removed from the traps
and poUred into plastic bags. No bait was left on the p1ots to avoid
supp]ement1ng normal food sources.

Each rodent was permanent]y marked. Kangaroo rats (Dipadomys spp.) and the
occasional lagomorph (Lepus californicus and Sylvilagus spp.) were ear tagged.
A1l other rodents, including squirrels, were toe-clipped with no more than one
toe amputated per foot. ' Species, capture status (new or recapture), animal
number, sex, reproductive condition, and grid location were recorded on field
data sheets along with any pertinent notes (Hunter and Medica 1989). Any bait
was removed from cheek pouches and each animal was weighed to the nearest gram
and released at the point of capture. A mean weight and standard -error of the
mean (se) were calculated for each sex of two age classes (adult and juvenile)
of the most common species captured.

Disturbed Sites

Procedures on disturbed p]ots d1d not differ from the baseline monitoring
procedure except for plot size:” Each subsidiary plot was smaller (1.08 to
1.69 ha) with the grid configurat1on depending on the shape of the disturbed
area. In general, an 8 x 8 grid(1:10/kd) was used on disturbed sites while a
similarly-sized grid in an adjacent undisturbed area served as a control. At
the Mid Valley burned site a 5 x 15 grid (1.26 ha) was trapped, while at the
Redrock burned site a 5 x 14 grid configuration (1.17 ha) was used. A
roadside study area in Frenchman Flat consisted of two-lines of 150 traps with
10-meter intervals between traps. One line was parallel and 20 m from the
centerline of a paved road. The second line was located in moderately
undisturbed habitat 500 m to the north. This set of plots was established in
1989 to assay what impact a moderately used road may have on the surrounding
flora and fauna. : '

Density Estimation

The first night of the three nights of trapping was considered a preliminary
trap night. The population size and a hypothetical standard error of the most
commonly trapped species were estimated following Seber (1982:138) with data
from the second and third nights.of trapping. Calculations using the Seber
formulas (see Append1x C) gave an estimate of population in number per plot
(N*) plus or minus the standard error (SE).
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To estimate density in number of animals per hectare (N/ha) + the standard
error, N* and SE were both divided by the plot size in hectares, including a
7.5 m wide perimeter (adjusted grid size). Estimated standard errors of zero
resulted when all of the animals captured on the last day were previously
‘marked (no new animals), or when all of the previously marked animals were
captured on the last day. -

Data used to estimate the population size and results of the Seber equations
for all plots sampled in 1993 are listed in Appendix C. Because the variances
~are hypothetical and no degrees of freedom could be assigned, statistical
tests for differences between estimated densities were not possible.

- An overall "naive density" (number per hectafe) was estimated for all animals
captured on a site by dividing the total number of individuals captured by the
adjusted grid size. '

Species Diversity Index

The numbers of individuals in each species captured at a site were used to

calculate a Shannon’s species diversity index (H’). The Shannon formula (Zar
1984:33),

H/

=n*bmdm-2M*bmdm
n‘:

was used as an index of the species diversity at each site, where n is the.
total number of individuals captured at a site and f, is the number of
individuals of the ith species. A high value for H’ indicates that a
-relatively large number of common species are residing at a location and a
high diversity exists. ’ :

This index is useful in comparing a disturbed area on the NTS with a
relatively undisturbed site, or even changes over time at the same site. A t-
test described by Zar (1984:146) was used to compare the species diversity at
a disturbed site with its control in the same year or to compare the same site
between different years. Any differences between two sites or changes over
time in the species diversity may indicate-a loss of diversity (a decrease in
H’) or an increase in maturity due to succession (increase in H’) at a site.
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Other Statistical‘Analysés

Mean weights were analyzed usihé twoway analysis of variance (F) for site (or

year) and sex (ANOVA, RS/1, BBN Software Products Corp., Cambridge, MA). The
weight for an individual was averaged if captured more than once. Weights on
paired disturbance plots were compared by plot and sex for 1993. However,

- when comparing between years, a plot was only compared to itself by year and

sex. Newman-Keuls Multiple Range Test (RS/1) was used for a multiple
comparison test. Sex ratios énd,trap successes were compared by analyzing
contihgency_tab1es with the chi-square (x°) statistic. ‘Unless otherwise
indicated, degrees of freedom (df) equal one. Degrees of freedom appear-as
subscripts following the test statistic (e.g.: F,,, = 2.110). Results were
significant when probability (P) was equal to or less than 0.05.

Bat Surveys

Mist nets (Avinet, Inc, Los Angeles, CA) were set for two nights along the
edges of two water sources on the northern end of the NTS. Nets were black
and 3° x 42°, 2- or 3-shelf with no more than 1-1/2" mesh. A1l nets were low
visibility, nylon strand either monofilament, 40 denier or two-ply, 30 denier.
Two-ply teryulene (50 denier) was also used. Nets were strung on poles at
various heights. Configurations ‘of nets were changed after the first night.

The first site, well reservoir lstgfisua~péimanent, artificial water source
Tocated at an elevation of 2103 m in pinyon pine habitat in area 19 (see
Greger this report for location). Surface area of the _pond is approximately
2000 m* and the water depth is unknown but no more than 3 m. A berm
surrounding the pond slopes approximately 45° and 'is about 3 m higher than the
normal elevation. On the edges of the pond are thick stands of cattails. ~Due
to size of the water area, nets were set only on the eastern end of the pond
(Figure 2). Nets were set just before sunset on 20 and 21 July and’remoyed at
sunrise the following mornings.. ' - '

The second site surveyed for bats was a manmade water catchment in Gold
Meadows north of Rainier Mesa. The pond is less than 1-m deep and is

"generally dry by autumn. This site is located at 2028 m in a sagebrush-grass

meadow. Stands of pinyon pine are located less than 250 m from the pond.

Rock outcrops are also abundant adjacent to the pond. The water source itself
was enlarged for use as a stock pond more than 40 years ago when the area was
used for cattle ranching: The surface area was small compared to 19c - only
about 300 m°, and therefore nets could be placed around the entire pond
(Figure 3). Nets at Gold Meadows sump were set at sunset on 3 and 4 August
and struck at sunrise.
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‘Precautions Against Hantavirus

BECAMP implemented CDC guidelines after most of the trapping was concluded.
These included wearing a half-face air-purifying respirator with filters, eye
protection, disposable latex gloves under cloth gloves, and protective
clothing. Dust masks were used when baiting. As an added precaution, BECAMP
personnel had blood samples drawn and sent to the CDC for serological
analysis. When traps were returned from the field bait was carefully poured
into double plastic bags and discarded. Traps were disinfected with a mixture
of bleach and water. -

EG&G Energy Measurements, Inc (EG&G/EM) Environmental Safety and Health
Division in conjunction with the CDC collected blood samples from rodents on -
24-27 August 1993 at the Yucca Mountain Project (YMP) area north of the JAF001
baseline plot. BECAMP was invited to supply rodents from other sites on the
NTS, preferably from areas with an abundance of P. maniculatus. Traps at two
sites, one each on Pahute Mesa and Rainier Mesa, were set on the evening of 25
August and opened the next morning. Animals were captured in 7.5 x 8.0 x 26.0
cm mesh (0.1 x 1.0 cm) traps (Tripp-It, A Thru Z Consulting Company). Traps

- were placed randomly in lines of 10 traps approximately 10 m apart with 100
traps set on Pahute Mesa and 80 on Rainier Mesa.

"Traps that contained animals were placed in doubled plastic bags and the outer
bag was labeled with the mesa and approximate trap location. Animals were
transported to YMP where the biood was drawn by CDC workers. Animals were
returned to their trap and bag and released in the general area of capture
later the same day. Blood analysis for hantavirus antibodies was conducted at
the CDC in Atlanta, GA.

Abbreviations and Notations

Species names appear in the results tables as the abbreviations listed in
Table 1. Scientific names follow that suggested by Wilson and Reeder (1993).
Plot names are abbreviated with three letters designating the valley or mesa
(e.g; YUF = Yucca Flat, PAM = Pahute Mesa) plus a unique three digit code for
that area starting with 001 (YUF001 = Yucca Flat and PAMO01 = Pahute Mesa
.baseliﬁe sites). An asterisk (*) in density tables indicates recapture data
was jnsufficient to calculate a density.

Descriptions of the perennial and ephemeral plant compositions on plots
studied by BECAMP in 1993 are discussed in the appropriate vegetation sections
of this report (Hunter, this volume) and should be referred to for a more
‘detailed account of the flora on these sites. Plants on the Redrock burned
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Table 1. Abbrev1at1ons, sc1ent1f1c and common names of sma11 ‘mammals named in

th1s report. :

_ Abbreviation Scientific Name - . Common Name -
~ RODENTIA '
Sciuridae - Squ1rre]s and chipmunks _ o :
AMMLEU Ammospermophilus leucurus White-tailed antelope squirrel
-~ SPETER Spermophilus tereticaudus Round-tailed ground squ1rre]
- TAMDOR Tamias [=Futamias] dorsalis _  Cliff chipmunk

'P!—f

e

CHAFOR - Chaetodipus formosus Long-tailed pocket mouse
DIPDES - Dipodomys deserti a ' Desert kangaroo rat-
DIPMER  Dipodomys merriami . Merriam’s -kangaroo rat
DIPMIC Dipodomys microps Chisel-toothed kangaroo rat
DIPORD Dipodomys ordii g Ord’s kangaroo rat
PERLON Perognathus longimembris Little pocket mouse
PERPAR - Perognathus parvus C Great Basin pocket mouse
Muridae - mice, rats and voles S . , :
NEOLEP Neotoma lepida ' Desert woodrat
ONYTOR -~ Onychomys torridus . Southern grasshopper mouse
PERCRI Peromyscus crinitus ‘Canyon mouse s
PERERE Peromyscus eremicus Cactus mouse
PERMAN Peromyscus maniculatus Deer mouse
PERTRU - Peromyscus truei Pinyon mouse
REIMEG Reithrodontomys megalotis ' Western harvest mouse
LAGOMORPHA o

. .Leporidae - rabbits and hares ' o
LEPCAL Lepus californicus Black-tailed jack rabbit
SYLAUD Sylvilagus audubonii Desert cottontail rabbit

- SYLNUT Sylvilagus nuttallii Nuttall’s cottontail rabbit
. CARNIVORA ‘ L e o .
Mustelidae - mustelids o ‘
SPIPUT. Spilogale putorius Western spotted skunk - -

area were not Studied in 1993 but were in 1992 (Hunter, in préss é d). The
vegetation on the Pahute Mesa drill pad was last measured 1n 1991 (Hunter
1994a, 1994b).

'RESULTS

Rodent populations in 1993 continued to recover from severe drought conditions
of 1989 - 1991, when little or no ephemeral plants geminated and perennia]
plants were either dormant or dead. Excellent spring rainfall occurred in
1993, and a considerable amount of ephemeral vegetation was available as food



. 'BASELINE MONITORING SITES
Yucca Flat - YUF001

‘This site is on the western side of Yucca Flat at an elevation of 1237 m. It
has a large number and diverse selection of plant species present, but is
dominated by Lycium andersonii and Grayia spinosa (Beatley 1979). The soil
surface at this site is predominantly desert pavement. 'YUF0O1 has been
trapped yearly from 1987 through spring 1993. During this time fluctuations
in the small mammal population coincided with the local drought beginning in
1989 and recovery in 1991 (Figure 4, Table 2).

During summer trapping in 1987 (28-30 July), 143 individual rodents were
captured 298 times for a trap success of 35%. After trapping on 26-28 April
1988, 97 animals were captured a total of 192 times, a significantly lower
trap success of 22% (x° = 24.043, P < 0.00001). Trapping in April occurred
before any juveniles were present in the population. In 1989, 53 different
animals were captured on 9, 10, and 12 May a total of 105 times for a trap

wm ﬂf E““’ }o% Ihl: ”-r iq,iz rj'“{:-:n-mb'lujm.m_ thna +ha nummritiann

decreased to a low of 8% (39 captured 66 times), which was significantly lower
- than 1989 (x* = 9.872, P = 0.00168). A significant increase (x° = 22.943, P < _II
0.0001) to 15% in trap success was seen in 1991 (62 captured 129 times) and
another increase to 16%'(85 individuals captured 184 times) in May 1992 (x* =
0.408, P = 0.523). This site was trapped in the summer (late June) of 1992,
when another increase to 28% (109 animals captured 161 times) occurred in trap
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§ Table 2. Estimated densities (N/ha + 2 SE) and species diversity (H’) on the Yucca Flat basehne plot l ‘
® (YUFOO01) 1987 through 1993. - Numbers in parentheses are individuals.
- 1987 11988 1989 . 1990 1991 1992 1993 ]
CHAFOR | - . - - ——- 2.340.5 (7) *3) |
DIPMER | 9.8+0.3 (32) | 5.2+ 0 (17) | 3.4+ 0 (11)| 5.0+41.3 (14) | 7.4+ 0 (24) | 15.1+1.7 (45) lﬁi;f§.4
DIPMIC | 5.0+0.7 (16) | 5.2+0.8 (16) | 2.740.7 (8)| 2.3+1.0 (6) | 1.2+ 0 (4) | 5.4+0.7 (17) zoigg;.z
PERLON 27ig§§.4 19.0+1.8 (57) * (7) 9.0+1.6 (26) | 8.2+4.7 (16)| 3.4+1.9 (8) | 3.4+1.4 (9)
: H ]
PERPAR | - ——- —- - - ——- * (1) |
ONYTOR * (9) * (2) * (3) * (3) ——- 5.245.9 (7) [3.9+1.4 (1)
PERERE — — --- — — * (1) * (2)
| PERMAN | * (1) - * (4) - - ——- 4.4+0.4 (14) ]
& I REIMEG ] - - —-- — — --- 2.5+1.5 (6)
' AMMLEU * (2) * (4) * (1) — — --- * (1)
“LEPCAL — == - — --- — * (2)
SYLAUD ——- * (1) — — — == —
TOTALS | 44.1 (143) 29.9 (97) 16.4 (53) 12.0 (39) 19.1 (62) 26.2 .(85) 50.9 (165)
SPECIES 6 6 6 4 4 6 11
H> 0.5037 0.5097 0.6052 0.5292 0.4110 0.5840 0.7090



‘Estimates of spring dehsity (number of animals per hectare + two standard

errors) for the most common rodents captured;on YUFOO1 in 1988 through 1993
also indicated a continual reduction in the density until 1991, when densities

apgaoved to Sesvorsafig twa rpogiecyilifadamy parriw’ agrlBRERgLEihIr

Tongimembris in 1989, and followed by a decrease of 9% in 1990, and a 61%
increase in 1991. These results coincided with Tow rainfall in 1989 and 1990
and higher rainfall in 1988 and 1991.

Although densities of Dipodomys merriami and P. longimembris increased from
1990 to 1991, the estimated density of D. microps continued to decline until
1992. 1In 1993, the number of D. microps captured was the highest ever at this
site, surpassing D. merriami as the most commonly capturéd species. This
species rarely has more than one reproductive cycle per year and uses green

Table 3. Percent of total captured population (%T) for small mammals
captured on the YUF001 baseline plot from 1987 through 1993. 1987 was
trapped in the summer, while all other years’ data is form spring.

SPECIES || 1987 1988 1989 1990 1991 1992 | 1993
CHAFOR - — - e — 8.2 1.8
DIPMER 22.4 47.5 |'20.7 | 35.9 38.7 | 52.9 30.9
DIPMIC 11.2 16.5 15.1 | 15.4 | 6.5 20.0 | 39.4 |



precipitation and perennial plant growth were excellent and D. microps numbers
responded by returning to pre-drought numbers or better.

The distribution of the total captured population among species for the seven
years (Table 3) changed dramatically. In 1987 and 1988, 92 and 93% of the
‘captured population of animals consisted of heteromyid rpdents; Perognathus
Tongimembris accounted for more than half of the total number of heteromyids
captured. 1In 1989, the percentage of heteromyids captured decreased slightly
to 85%, mainly due to a 50% decrease in the number of D. microps and a 55%
decrease in P. longimembris captures, while the number of murid rodents
(Onychomys torridus and Peromyscus maniculatus) increased to 13% of the
captured population. Furthermore, D. merriami decreased 35% in numbers of
individuals captured from 1988 to 1989 (Table 2). In 1990 and 1991, most of
the small mammals captured were heteromyids (92% and 98% respectively).

In 1992, less than 10% were P. Jongimembris. 1In 1992 heteromyids (including
Chaetodipus formosus) accounted for 90.6% of the captured population in the
spring and decreased to 79.8% during two déys of summer trapping. In the
summer, however, D. merriami was the most prevalent heteromyid species
captured. In 1993, 78% of the individuals captured were heteromyids while
murid rodents (Onychomys, Peromyscus spp, and Reithrodontomys megalotis)
increased to 22%.

As a result of the change in species distribution, species diversity, H’
(Table 2), decreased significantly in 1991 (t,, = 2.327, P = 0.0226). A
significant increase in species diversity occurred in 1992 (t,, = 3.229, P =
0.00153).

Sex ratios (Table 4) for each species captured on YUF001 from 1987 to 1993 did
not differ significantly from 1:1 (x*, P > 0.05) except in 1990 when four
times as many female as male P. longimembris were captured (x* = 6.25, P =
0.0124) and in 1993 when only males were captured (x* = 9.00, P = 0.00270).

In May 1992, slightly more male Dipodomys merriami and significantly more male
Chaetodipus formosus were captured (x* = 3.756, P = 0.0526 and x* = 7.00, P =
0.00815). This, however, was not the case in June 1992 nor in May 1993.
Combining all species for each year, only in 1992 were significantly more
males than females captured (x* = 8.576, P = 0.00341).

The mean weight of adult male D. merriami (Table 5) was significantly greater
than that of adult female D. merriami in 1988 and 1989 (Saethre and Medica

1992: Saethre 1994a). but_not in 1990. 1991. 1992. nor 1993 (P > 0.10).
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,test (Newman-Keuls multiple range test) showed adult mean weight in 1993 to be

s1gn1f1cant]y heaV1er than those ;of 1988 :1990..and 1991 but not 1989 or 1992

The mean- we1ght of adult male Perognathus longimembris (Table 5) d1d not
differ significantly from the mean weight of adult females in 1988, 1989, or
1990 (P > 0.10), but males were significantly heavier 'in 1991 (Saethre 1994a).
In 1992, the three females were heavier than males (Table 5), and all were.

Judged to be pregnant. No fema]es Wére captured in 1993 for comparison.

Table 4. Sex raflb (8/9 = male/female) for small mamma]s captured on
the YUF001 baseline plot from 1987 through 1993.

SPECIES 1987 1988 1989 | 1990 1991 1992 1993
CHAFOR || == | woo | - — | - 7/0 | 172
DIPMER 13/19 11/6 5/6 9/5 12/12 | 29/16 27/24
DIPMIC 9/7 9/7 6/2‘ - 4)2 2/2 12/5 33/32.
PERLON 44/39 27/30 13/13 3/13 14/19 5/3 9/0 -
PERPAR || —-= | oo | - | - - - 0/1
ONYTOR 2/7 2/0 | 25 2/1 |- --- 2/5 7/4
PERERE T B T --- 1/0 1/1
PERMAN 0/1 | --- 3/1 ——- IR 8/6
REIMEG | -—- | -—-— | S0 inl S 4/2
AMMLEU || o072 | 272 0/1 ——- 1/0 - ’
LEPCAL | ——- | --- - - — — I
SYLAUD || --- I° e - ——- ——-
TOTALS || 68/75 | 51745 | 29724 | 18/21 | 29/33 | 56/29 | 90/72

*One animal of undetermined sex not included. o

*Juveniles of indeterminate (I) sex captured.

18001G-2 -55-



Table 5. Spring mean weights (gms + 2 se) by sex and age (adult or
juvenile) of heteromyid rodents captured on the YUF001 baseline plot in
1988 through 1993. Numbers in parentheses are numbers of individuals.

ADULT JUVENILE
HSPECIES MALE FEMALE MALE FEMALE

CHAFOR | 92 | 21.0+41.2 (7) ——- —— -
93 | - 21.5 (1) 21.7 (1) - 15.0 (1)

PERLON | 88 | 8.3+0.3 (27) | 8.0:0.2 (30) . .

89 | 7.640.5 (13) | 7.640.3 (13) - -

90 | 8.5+1.0 (3) | 8.0+0.5 (13) - -

91 | 8.4+0.3 (14) | 7.7+0.3 (19) — S

92 | 9.1+0.8 (5) | 12.0+1.2 (3) . o

8.6+0.4 (9 - —— —

DIPMER 42.5+0.9 (11) | 39.6+2.0 (6)

.
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rodents. captured was still 25% less than in 1988.

The estimated densify of Dipodb@}ﬁrmerriaﬁiﬁgh thfs plot decreaéed by 56% from
1988 to 1990 (from 10.6 in 1988 to 4.6 in 1990) while the density of

Perognathus longimembris dropped by 89% (Table 6).
..increased by 32% from 1988 to 1993 (20% from 1990 to 1993) while P.
- longimembris density decreased by 83% from 1988 to 1993 (but 1ncreased 50%

from 1990 to 1993)

- Dipodomys merriami -density

‘A]though the average number of captures_per animal remained relatively

consistent among trapping periods (1.64 in 1987,

1.57 in 1988,

1.73 in 1990,

Table 6. Estimated density (N/ha + 2 SE) and species diversity (H’) of
small mammals captured on the Jackass Flats baseline site (JAF001) in 1987,
1988, 1990, and 1993. Numbers in parentheses are individuals captured.
SPECIES 1987 1988 1990 - 1993
4,5,6 AUG 12,13,14 APR 9,10,11 MAY ~11-13 May

DIPDES * (1) * (1) - -—=
DIPMER | 13.4+1.7 (40) | 10.6+0.8 (33) 4.6+0.8 (14) 14.0+0.4 (45)
PERLON {| 40.9+6.9 (101) | 54.5+11.4 (67) 6.245.2 (10) 9.3+1.3 (28)
ONYTOR - - * (1) -
AMMLEU * (1) FrEes o 2 * (1) * (2)
SPETER * (1) — --- -—=
Totals 44.4 (144) - 31.2 (101) 8.0 (26) 23.2 (75)
Species 5 | 3 4 3

H’ 0.3075 0.2968 0.4132 0.3348

and 2.1 in 1993), the percent trap.success changed considerably and appeared
to f]uctuate according to rainfall and annual plant availability (27, 18, 5,
and 18% in. 1987, 1988, 1990, and 1993, respectively). '

At this site,

‘two heteromyid rodents (D. merriami and P.

Jongimembris,

accounted for over 90% of the entire captured population (Table 7). Sex

1B001G-2
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ratios of the two most commonly trapped rodents (Table 8) did not differ




Table 7. Percent of total captured popu]at1on of small mamma]s captured on
the JAFO01 plot in 1987, 1988, 1990, and 1993.

_SPECIES . 1987 1988 1990 1993
DIPDES 0.7 ‘ 1.0 e | -
DIPMER || ~ 27.8 32.7 | . 538 60.0
PERLON | 70.1 66.3 | 38.5 137.3
ONYTOR [~ - - — | 38 -
AMMLEU 0.7 | ——-, 3.8 2.67
SPETER 0.7 — ? — —
TOTALS .|| - 100.0 ~:100.0 99.9 100.0

Table 8. Sex ratio (3/9?) of small mammals captured on the JAFO001 plot in
1987, 1988, 1990 and 1993.

SPECIES 1987 1988 1990 1993
DIPDES ~1/0 0/1 - -
DIPMER 24/16 21/12 10/4 . 26/19
PERLON 55/46 30/37 4/6 - - 19/9
ONYTOR - —- ) —
AMMLEU 0/1 - 0/1. 1/1
SPETER 0/1 --- - -
TOTALS - 80/64 51/50 14/11 46/29

*One animal of undetermined sex not included.

significantly from 1:1. Species diversity (H’) did not change significaht]y
over the three years (Table 6). This area is considerably more sandy than the
Yucca Flat baseline site and had lower plant density and fewer plant species
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- 1993 than in 1990 (F, 4 =’49.33, P <'0:0001) with n0'respon§e for sex (F,q =

3.18, P = 0.078). Both male and-female D..merriami weights were significantly
greater in 1988 and 1993 than'1990A(Ma1e:' F,:z = 16.21, P < OiOOI; Female:
F,e = 48.71, P < 0.001). Female kangaroo rats showed no physical evidence of

. reproductive activity in 1990, while ~50% of the female kangaroo rats on this

site in the springs of 1988 and 1993 showed such ev1dence Males in both
years were reproduct1ve1y act1ve

V Table 9. -Spring mean weights (gms + 2 se) by sex and age (adult or

juvenile) of heteromyid .rodents captured on the JAF001 baseline plot in .
1988, 1990, and 1993. Numbers in parentheses are numbers of individuals.

ADULT : JUVENILE

SPECIES MALE FEMALE |  MALE FEMALE

PERLON | 88 | 7.3+0.9 (31) | 7.4+0.8 (36) | .. --- —

90 | 7.240.4 (5) | 6.8+0.8 (5) - -

93 | 8.0+0.6 (19) | 8.940.9 (9) | = --- 1 —

DIPMER | 88 | 40.9+1.3 (21) | 41.64+2.3 (12) -== | . m——

90 | 34.1+1.0 (10) | 30.9+41.0 (4) b e . _—

93 | 42.140.8 (26) | 40.741.5 (19) — .
Rainier Mesa - RAMOOI

A baseline site on Rainier Mesa was established in 1988 to round out. the.
different types of habitats studied on the NTS. This plot is located at
approximately 2283 m on a slope with rocky areas interspersed. The vegetation
consists of mainly Pinus monophylla (pinyon pine) and Cowania mexicana with
some Artemisia tridentata and Chrysothamnus nauseosus. This site was trapped
on 2-4 August 1988 and 3-5 August 1993. - '

Total captures, and berceht trap success, was five times higher in 1993 (266,
31%) than in 1988 (57, 7%). This was due almost -entirely to an explosion-in
the Peromyscus maniculatus population. Cl1iff chipmunks, Tamias dorsalis, also
increased in the number of animals trapped from 1988 to 1993.  Average number
of captures per animal was similar for both years: 1.58 in 1988 and 1. 52 1n
1993. Species diversity (H’) was significantly higher in

1988 (t,,, = 8.262, P < 0.0001). This was most likely due to the near]y 10—

fo]d 1ncrease in the most common rodent, P. maniculatus.

1B0016-2 . =-59-
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Table 10.

Numbers in

Estimated density (N/hé + 2 SE), percent of captured population (%T), and sex ratio (3/%) of
small mammals captured on the Rainier Mesa baseline plot (RAMOO1) in 1988 and 1993.
'parentheses are numbers of individuals.

| I 2 - 4 August 1988 ] 3 - 5'August 1993
SPECIES N/HA (N) T 3/9 N/HA (N) %7 3/9
PERPAR * (1) 2.8 0/1 * (7) 4.0 3/4
PERTRY 1.5+ 0 (5) 14.0 2/3 * (2) 1.1 1/1
PERSPP" 5.240.7 (16) 4.4 13/3 50.6+4.6 (142) 81.1 68/74
REIMEG x () 5.6 1/1 e - —-
TAMDOR 6.246.9 (8) 22.2 6/2 23.3+22.6 (23) 13.1 18/5
SYLNUT * (4) 11.1 ] - - -
SPIPUT - - - * (1) 0.6 %
TOTALS 11.1 (36) 100.1 22/10 54.0 (175) 99.9 90/84
“SPECIES 6 5
W’ 0.6398 0.2803

*Peromyscus species (except P. truei).

®Only juveniles of indeterminate sex were captured.

‘Unknown, animal was not handled.




Table 11. Summer mean weights (gms + 2 se) by sex and age (adu]t or
juvenile) of rodents captured on the Rainiér Mesa baseline plot in 1988 and
1993, Numbers in parentheses are numbers of individuals.
ADULT : ‘ : JUVENILE
SPECIES MALE ~ FEMALE - MALE FEMALE
PERPAR | 88 — o — | 1300
| 93| - - | 14.343.5 (2) [ 13.041.4 (2)
PERSPP | 88 | 17.5+42.9 (9) |- 21.0 (1) 13.542.5 (4) | 12.5+4.2 (2)
PERMAN | 93 | 19.3:0.9 (52) | 20.5+1.0 (54) | 15.10.7 (15) | 14.6+0.8 (20)
PERTRU | 88 ——- ~ 26.5+ 0 (2) | 15.343.5 (2) 11.0 (1)
‘ 93 - 18.0 (1) | 13.0 (1) -
TAMDOR | 88 | 50.3+6.0 (6) 56.0 (1) ——- s
93 | 51.9+1.4 (7) 57.848.3 (5) | 46.241.2 (11) | ——

BURNED AREAS

Two areas burned by 11ghtn1ng f1res and one human-caused f1re were studied 1n

-1993.

Yucca Flat - YUF002 S T R U

This study site on the southwestern edge of Yucca Flat is in the center of an
area that was burned by a lightning-initiated fire on 24 June 1985. The area
was first trapped for small mammals on 14-17 July 1987 on-a 6 x 6 grid.in the
burned area and control and again on 22-24 July on four transect lines-which
extended 225 m into the burned area and continued for another 225 m into the
unburned vegetation: (Hunter and Medica 1989). 1In 1990, the 6 x 6 grid was
enlarged to 8 x 8 to conform to the size of other BECAMP subsidiary study-
plots. This site was then trapped on 14-16 August 1990 and 7-9 July 1993, but
only on the grids. '

The estimated densities on the burned area and control decreased from 1987 to
1990, and species diversity decreased significantly on the control érea¢(t49
4.445, P < 0.0001; Table 12). From 1990 to 1993 a.significant increase in
species diversity was found on both the burn (t,, = 3.077, P = 0.00331) and
control (t,, = 6.014, P < 0.001). - :

1B001G-2 , -61-
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Table 12.

captured on the Yucca Flat burn s1te and control in 1987,
individuals captured.

Estimated summer densities (N/Ha + 2 SE) and species diversities (H’)vof smal]l mammals
1990, and 1993.

‘Numbers in parentheses are

YUCCA FLAT BURN - YUF002

UNBURNED AREA - YUF003

SPECIES 1987 1990 1993 1987¢ 1990 1993
CHAFOR — - * (1) * (2) - 49.1+7.5 (61)
DIPMER || 37.3+3.5 (52) | 12.5+ 0 (18) | 52.2+6.0 (67) || 14.7+2.8 (11) | 10.6+2.1 (14) | 36.6+3.7 (49)
DIPMIC * (5) — 10.4+ 0 (15) 6.2+2.8 (5) — 12.8+2.3 (17)
PERLON | 37.7+422.1 (32) | 6.3+4.4 (6) * (5) . 30.8+3.5 (24) * (2) * (6)
PERPAR - ——- * (1) - ——- * (1)
ONYTOR * (7) * (1) 18.8+16.4 (12) * (2) - * (6)
PERMAN - - -—- — ——- * (1)
AMMLEU - ——- * (7) * (2) - * (6)
1t SYLAUD ——- ——- — * (1) e ——-
_TOTALS ||  63.2 (91) 17.4 (25) 75.0 (108) 58.0 (47) 11.1 (16) - 102.1 (147)
SPECIES 4 3 7 7 2 8
H’ 0.4049 0.3074 0.5302 0.6108 '0.1636 0.6255

Hunter and Medica  1989.

*Density and number of individuals estimated for an 8x8 grid from data in




Although the density of Dipodomys microps was not initially high on the
unburned area in 1987, this spécies was not ‘captured at all in 1990 on either

plot. In 1993, this species was again captured and in greater numbers than in

1987. This result Was consistent with the decrease in number and even
disappearance of this species from other plots on the NTS after 1988 and
recovery in 1992.

In 1987, 98% of the Captdred population on the burned area consisted of three
heteromyid species, while 89% of the control animals were heteromyid rodents

(four species). The percent of the total captured population in 1990 was

vastly different on the two sites when compared to 1987: 100% of the captured
rodents on the control and 96% on the burn were only two species of
heteromyids (Table 13). The most common species on the burned site in both
years was Dipodomys merriami, which was also the most common species on the
control in 1990. Perognathus longimembris-was the most commonly captured
species on the unburned in 1987, as it was in 1987 through 1991 on the Yucca
Flat baseline site (Table 3). In 1993 the distribution of species on the
control was similar to that in 1987 (91% from five heteromyid species).
However, Chaetodipus formosus replaced P. Iongfmembris as the most common
species. The burned area in 1993 was still dominated by D. merriami although
other species became established (82% from five heteromyid species). One.
additional species, Peromyscus man1cu73tus was captured in 1987 on the
transect line in the burned area (Hunter and Medica 1989) but was not captured
in the undisturbed area either oh(the grid or the transect lines until 1993.

Sex ratios of the most common species did not d1ffer s1gn1f1cant1y from 1:1 in
any year (Table 14), except that five female -and no male D. microps on the
control in 1987 and six male and no female P. 70ng1membr1s on the burned area.
in 1990 were captured Mean weights were not s1gn1f1cant1y different between -
years, plot, or sex (Tables 15 a, b). '

One note of interest: in 1990, the bait put into the traps in the evenihg’at
the control area was cleaned out of the traps during the night - by ants. The
removal of the enticement to any rodents and the presence of ants in the traps
might have affected trap success on the unburned area. An increase in
Onychomys torridus numbers in 1993 might have been in response to the presence
of large numbers of ants and other insects. :
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Table 13. Percent of total captured population of small mammals captured
‘I on the Yucca Flat burned site in 1987, 1990 and 1993.
| BURNED AREA -. YUF002 UNBURNED AREA - YUF003 -
SPECIES 1987 1990 1993 - 1987 1990 1993
CHAFOR - - 0.9 4.3 . 41.5
 DIPMER 56.9 72.0° 62.0 23.4 87.5 33.3
DIPMIC 5.9 -—- 13.9 - 10.6 - 11.6
PERLON 35.3 24.0 4.6 51.1 12.5 4.1
PERPAR f| - — | 0.9 —-- — 0.7
.~ ONYTOR 2.0 4.0 1.1 | a3 - 4.1
PERMAN — - —— ——- — 0.7
AMMLEU —— . 6.5 I 4.3 —— 4.1
SYLAUD -—- ——- ——- 2.1 ——- ——-
TOTALS 100.1 100.0 99.9 100.0 100.0 100.1

Sex ratio (3/?) of small mammais captured on the Yucca Flét

Table 14.
_ burn plot 322 control in 1987, 1990, and 1993.
- BURNED AREA - YUF002 UNBURNED AREA - YUF003
 SPECIES 1987 1990 | 1993 1987 1990 1993
CHAFOR - - o1 | 270 - 36/25
DIPMER 17/12 7/11 27/40 8/3 1/7 28/21
CpIpMIc || 2.1 - 5/10 0/5 - 6/11
PERLON 10/8 6/0 3/2 14/10 0/2 1/5
PERPAR - _— 0/1 —— --- 0/1
_ONYTOR 1/0 0/1 7/5 1/1 —-- 2/4
PERMAN - - - — - 1/0
AMMLEU - —- 3/3° 1/1 —-- 1/5
SYLAUD - - ——- ) ——- —--
L_TorALs 30/21 13/12 45/62 | 26/20 7/9 75/62
*One animal of undetermined sex not included.
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Table 15a. Summer mean weights (gms + 2 se) by sex and agé (adult or
juvenile) of heteromyid rodents” captured on the Yucca Flat burn plot in
1987, 1990, and 1993. Numbers in parentheses are numbers of individuals.

ADULT - JUVENILE
SPECIES " MALE FEMALE MALE FEMALE
 CHAFOR | 93 ——- ——- 15.0 (1)
PERLON | 87 | .8.3+0.4 (10) | 8.5+0.6 (8) ——- -
. 90-| 8.6+0.5 (5) ——- 6.0 (1) ——-
93 | 7.3+1.2 (3) 8.0 (1) ——- —-s
DIPMER | 87 | 38.441.4 (13) | 40.3+1.3 (9) | 30.441.6 (4) | 26.943.3 (3)
90 | 40.4+1.4 (7) | 37.5+2.0 (10) e 32.0 (1)
93 | 40.143.1 (9) | 41.4+1.6 (19) | 31.241.4 (18) | 30.7+1.0 (21)
piemic | 87 | 61.0414.0 - - 46.0 (1)
| 90 - - _ -
93 | 53.3+4.5 (5) | 54.745.9 (9) ——- 47.0- (1)
Table 15b. Summer mean weights, (gms + 2 se) by sex and age (adult or

Jjuvenile) of heteromyid rodents captured on the Yucca Flat unburned plot in

1987, 1990, and 1993. Numbers in parentheses are numbers of individuals.

ault " JUVENILE
SPECIES MALE FEMALE MALE FEMALE
CHAFOR | 93 | 20.2+0.6 (34) | 19.4+0.7 (25) 14.5 (1) .
PERLON | 87 | 8.8+0.4 (14) | 7.742.9 (10) | - -
90 . 8.0+ 0 (2) . -
93 8.0 (1) 7.452.3 (5) - -
DIPMER | 87 | 40.744.3 (5) 39.0 (1) 30.6:1.1 (3) | 27.343.5 (2)
90 | 44.142.7 (5) | 39.8:1.3 (7) | 28.849.7 (2) -
| 93 | 41.551.7 (16) | 40.052.1 (10) | 31.4+1.2 (12) | 30.741.4 (11)
| piemic | 87 - 58.3+2.4 (3) - 47.312.5 (2)
90 - - - e
93 | 59.045.7 (6) | 55.1+3.9 (9) - 43.8+1.5 (2)
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‘Mid ‘Valley - MID002

A lightning-caused fire burned this area in Mid Valley on 20 July 1986.
BECAMP set up small mammal study plots in this area in 1988, which consisted
of a 15 x 5 grid extending into the burned area and a 15 x 5 grid extending
into the unburned vegetation. This area was first trapped for small mammals
.on 3, 7, and 8 June 1988 and again on 4-6 June 1991 and 2-4 June 1993. Most
of the species caught on the control site in 1988 were also captured on the
burned area with the exception of a jackrabbit, Lepus californicus (one
juvenile) and one western harvest mouse, Reithrodontomys megalotis (Table 16).
In 1990, however, only two species were captured on the burned area and one
species, Perognathus parvus, was captured for the first time on the control
area. In 1993, rabbits and squirrels were trapped for the first time in the
control, as was Peromyscus eremicus. Neotoma lepida was captured for the
first time on both plots in 1993. : '

No one animal comprised more than 20% of the captured population on the
unburned area in 1988, with the captured individuals evenly distributed
between 5 species. In 1991 only heteromyids were captured on this plot. Only
4 species accounted for 93% of the captured individuals, with D. microps the
most captured species (Téb]é 17). One of the more common species in 1988, P.
maniculatus, was not captured on either plot in 1991. In 1993 this site saw a
near return to the 1988 species distribution. ' '

On the burned area in 1988, 81% of the captured animals were D. merriami and
P. longimembris, with no more than two individua]s of any other species being
captured. Most of the rodents in 1988 were captured in the traps closest to
the undisturbed vegetation. In 1991, 100% of the captured rodents on the
burned area were D. merriami and P. longimembris, and animals were captured
throughout the entire grid. Only 55% of the animals captured in 1993 were the
above two species, while five other species contributed to the remaining 45%.
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Table 16.

Estimated summer densities (N/ha + 2 SE) and species diversities (H’) of small mammals

captured on the Mid Valley burn site and contro] in 1988,
1nd1v1duals captured.

1991, and 1993.

Numbers in parentheses are

=

MID VALLEY BURN - MID002 UNBURNED AREA - MID0O3
SPECIES 1988 1991 1993 1988 1991 1993
CHAFOR * (2) - ——- * (3) * (3) -

_ DIPMER 8.0+ 0 (15) 11.3+1.6 (18) | 6.9+1.1 (11) 3.4+1.2 (5) * (3) * (4)
DIPMIC * (1) e * (2) 3.6+ 0 (6) * (4) 9.4+3.3 (13)
PERLON 3.6+ 0 (6) * (1) * (1) 3.6+ 0 (6) * (1) 4.9+2.1 (7).
PERPAR - - * (3) — * (3) 4.1+ 0 (7)
NEOLEP - — * (2) — o * (3)
ONYTOR * (1) — o (2) * (4) ——- * (4)
PERERE ~- ——- i —- ~—— 3.0+ 0 (5)
PERMAN * (1) - Lk (1) 4.1+42.7 (5) ——- 5.6+3.5 (8)
REIMEG — — - * (1) — * (1)
AMMLEU --- - Y e -- —- * (1)
LEPCAL - - - * (1) - -
SYLAUD — Z—- - -— ——- * (1)
TOTALS 15.4 (26) - 11.3 (19) 13.0 (22) 18.4 (31) 8.3 (14) - | 32.0 (54)
SPECIES 6 2 7 8 5 11

H’ 0.5337 .0.0895 0.6746 0.8408 . 0.6674 0.9309




Table 17. Percent of tota]-capturéd popuTation of small mimmals captured |
|l on_the Mid Valley burned site in 1988, 1991, and 1993. '
4" BURNED AREA - MID002 UNBURNED AREA - MID0O3
[SPECIES " 1988 1991 | 1993 1988 1991 1993
CHAFOR || 7.7 - —— 9.7 21.4 -
DIPMER 57.7 94.7 - | 50.0 16.1 21.4 - 7.4
DIPMIC 3.8 - 9.1 19.4 28.6 24.1
PERLON ||  23.1 53 | 4.6 19.4 | 7.1 13.0
PERPAR ——- - 13.6 —- 21.4 13.0
NEOLEP ——- —-- 9.1 - - 5.6
ONYTOR 3.8 — 9.1 12.9 — 7.4
PERERE - —-- --- - —-- 9.3
PERMAN 3.8 ——- 4.6 16.1 ——- 14.8
REIMEG - - - 3.2 ——- 1.9
AMMLEU —n —-- —-- — — 1.9
_LEPCAL ——- — _— 3.2 — ——e
SYLAUD — — --- — — 1.9
TOTALS 99.9 100.0 100.1 100.0 99.9 100.3

Species diversity (H’, Table 16)'decreased‘significantly on both plots between
1988 and 1991 (control: t, = 3.335, P = 0.00203; burn: t,, = 6.552, P <
0.0001) and increased significantly from 1991 to 1993 (control: t, = 4.916,

P < 0.0001; burn: t, = 5.578, P < 0.0001). H’ on the control was :
significantly higher than on the burn in all three years (1988: t,, = 7.454, P
< 0.0001; 1990: t,, = 5.939, P < 0.0001; 1993: t, = 2.820, P = 0.00830).
Species diversity on the undisturbed site was the highest of all sites studied
in 1993. ’ '

Sex ratios (Table 18) did not differ significantly from 1:1 although nearly
three times as many male as female D. merriémi were captured in the burned

area in 1988.
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Table 18. - Sex ratio (6/9) of small mamma]s captured.on the Mid Va]]ey

burn plot and control in 1988;°1991, and-~1993.

. 'BURNED AREA - MID002- -~ UNBURNED AREA'— MIDO003
SPECIES 1988 1991 1993 1988 1991 1993

- CHAFOR 1/1 -—— --- 2/1 2/1 - —
DIPMER - 4/11 - 12/6 - 6/5 3/2 1/2 2/2
DIPMIC 1/0 i 1/1 2/4 1/3 - 6/7
PERLON [ 3/3 0/1 0/1 " 3/3 1/0 4/3
PERPAR _— e 2/1 - — | 30 5/2
NEOLEP - — 072 I e 3/0
ONYTOR 0/1 - 1/1 1/3 - 2/2
PERERE - - --- o — | 23
PERMAN 0/1 S 1/0 4/1 — 6/2
REIMEG —- _— . 1/0 - 1/0
AMMLEU - - - — — 0/1
LEPCAL — ——- ——- ) - -
SYLAUD ——- S e o - )
TOTALS 9/17 16/14 8/6 31/22v

*One animal of undetermined sex not included.

The percent trap successes on the two sites in 1988 were equal - 11%. In
1991, however, trap success on the burn (7%) was nearly. twice that on the
control plot (4%). Trap success did not increase appreciably on the‘burned
area in 1993 (8%) but was nearly five times greater on the undisturbed area
(19%). Individual animals were also captured a greater number of times on the

"burn than on the control in 1988 and 1991 (1.88 and 1.74 times on .the burn and

1.55 and 1.21 times on the unburned area), but this was not the case in 1993
(1.55 on the burn and 1.57 on the contro]).

Mean we1ghts were not significantly different between plots or years (Tables
19a and b).
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- Table 19a.

Summer mean wé1ghts (gms + 2 se) by sex and age (adu]i or
juvenile) of heteromyid rodents captured on the Mid Valley burn plot in 1988
Numbers 1n4parentheses are numbers of individuals. ’

SPECIES

1991, and 1993.

~ ADULT

JUVENILE

MALE

_ FEMALE

MALE

FEMALE

CHAFOR

88

8.0 (1)

9.0 (1)

91

93

PERLON

88

8.2+2.0 (3)

10.0+3.1 (3)

91

10.0 (1)

93

10.0 (1)

PERPAR

88

91

22.0+11.3 (2)

20.0 (1)

93




N ‘4

Table 19b. Summer mean we1ghts (gms + 2 se) by sex and age (adult or
juvenile) of heteromyid rodents‘captured on  the Mid Valley unburned plot in
1988, 1991, and 1993. Numbers in parentheses are numbers of individuals.
A ADULT - JUVENILE
SPECIES MALE FEMALE MALE FEMALE
CHAFOR | 88 | 21.849.0 (2) 19.0 (1) - -
91 | 19.0+48.5 (2) ~17.0 (1) — -—-
93 — - i -
PERLON | 88 8.340.7 (3) 9.5+1.0 (2) — 6.0 (1)
| 91 10.5 (1) - - -
93 9.0+0.8 (4) 9.440.6 (3) --- -——-
PERPAR | 88 -— -—- _— —
91 | 22.846.6 (3) — — -
93 23.3+3.0 (5) 20.3+7.3 (2) -—— -
DIPMER | 88 41;012.0 (3)' 38.7+6.7 (2) -—- -—-
91 49.0 (1) | 40.5+2.0 (2) - —
03 | 46.044.0 (2) [-43:042.0 (2) - .
DIPMIC | 88 67.5 (1) _ 64.0 (1) 28.5 (1) | 37.248.4 (3)
9] 79.0 (1) 74.7 (1) - | 44.541.0 (2)
93 | 65.6£10.0 (5) | 51.8+4.8 (3) — 37.845.8 (4)
1B0016G-2 . =11- -




- Redrock Valley - RED0O1

~ Small mammals on the burned area in Redrock Valley (RED001) and its control
- (RED002) were trapped on 26-28 July 1988 (six days after a brush fire), 24-25
August 1988 (one month after the fire), 25-27 October (3 months), 25-27 July
1989 (one year), 31 July - 2 August 1990 (two years), 14-16 July 1992 (four '
years), and 27-29 July 1993 (five years after the fire). With the exception
of August 1988, all were 420 trap nights. This sandy site is located in a
narrow valley at an elevation of 1612 m and slopes gently to the south. The
- dominant vegetation at the undisturbed site (and presumably before the fire)
was Psorothamnus polydenius, Ephedra nevadensis, and Atriplex canescens.
After the fire, several Atriplex canescens and Ephedra nevadensis (perennial
shrubs) survived in isolated patches, but the area was immediately invaded by’
Salsola australis. Indian rice grass, Oryzopsis hymenoides, crown-sprouted
one year after the fire and was present on the burned area in 1992. The area
was extensively utilized by feral horses as a.summer foraging area in 1992.

Estimated summer densities and species present on the plot in the burned area
and an unburned control area for 1988, 1989, 1990, 1992, and 1993 are given in
" Tables 20a (RED0O1) and 20b (RED002). The number of kangaroo rats (Dipodomys
spp.) increased on both plots from 1988 to 1989 but decreased from 1989 to
1990 then increased again in 1992 and 1993. The estimated density of pocket
‘mice (Perognathus spp.) decreased from 1988 to 1989 on both plots and none
were captured on the burned site in 1990, 1992, or 1993. Two species captured
in 1988 but not in 1989 and 1990:were‘Chaetodipus formosus (found on both
plots in 1988) and Sylvilagus audubonii (found on the control plot in 1988 and
on the burn in 1993). P. parvusiwas not:captured on either plot in 1990, .and
Onychomys torridus was not captured in 1990 on the burned area, despite an
abundance of grasshoppers and ants on this site (personal observation). An
additional species, a gopher, Thomomys bottae, was captured on the burned area
on 9 July 1992. Dipodomys ordii was not captured during July in 1988 but was
captured in the burned area during August (four animals) and October (two
animals) of that year (Saethre and Medicé 1992). This species was captured
for the first time on the control in 1992.

Species-diversity (H’) decreased. significantly on the burned site from 1989 to
1990 (t,, = 3.115, P = 0.00320) and increased in 1992 (t,, = 1.504, P = 0.140)
and 1993 (t,, = 0.823, P = 0.411). H’ on the burned site in 1992 was
significantly lower than H’> in 1988 (t, = 2.878, P = 0.00493). Although H’
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SE) and species diversity (H’) of small mammals on the Redrock

Table 20a. Estimated density (N/ha + 2
burned area (REDOO1) in 1988, 1989, 1990, 1992 and 1993. Numbers in parentheses are individuals
captured.

, 1988 1988 . 1988 1989 1990 1992 1993
SPECIES || 26-28 JUL 24-25 AUG 25-27 OCT 25-27 JUL | 31 JUL-2 AUG 14-16 JUL 27-29 JUL
CHAFOR * (2) -—- . === : -—- -—= --= -—-
DIPMER 15.5+1.0 21.5+0.6 22.61+2.0 19.740.3. 14.1+0.7 48.4+4.9 49.7+2.9

‘ (24) (34) (34) - (31) (22) (69) {75)
‘DIPMIC * (3) 7.5+1.6 6.3+ 0 6.8+3.5 * (1) 6.0+2.3 . 3.8+ 0

- (11) (11) (8) . _(8) __(6)

DIPORD -—- * (4) * (2) 4.8+0.9 * (3) * (3) 6.843.5-
- (7) . . (8)

PERLON 4.142.5 * (1) - e “* (1) -—- - ---

| (5) bl |
PERPAR i 4.4+ 0 (7) | 6.8+3.5 (8) -—- * (3) - - * (2)
ONYTOR * (1) * (1) —— * (5) - 7.0+3.1 (9) * (1)
PERMAN * (4) * (2) --- * (1) * (1) " 6.5+1.9 (9) | 9.5+ 0 (15):
AMMLEU --- — --- --- — - * (2) =
SYLAUD. --- = — --- - — * (1)
TOTALS 29.2 (46) 38.7 (61) | 29.2 (46) 35.6 (56) 17.1 (27) 62.2 (98) | 69.8 (110)
SPECIES 7 7 3 6 4 5 8 -

H’ 0.6415 0.5761 0.3003 0.6000 0.2845 0.4302 0.4835

.
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Table 20b. Estimated density (N/ha + 2 SE) and species diversity (H’) of small mammals on the Redrock
unburned area (RED002) in 1988, 1989, 1990, 1992 and 1993.. Numbers in parentheses are individuals
captured. : ‘ '
-1988 1988 1988 1989 1990 1992 1993
SPECIES 26-28 JUL 24-25 AUG 25-27 OCT 25-27 JuL 31Aﬁgr2 14-16 JUL 27-29 JUL
CHAFOR * (1) -—= * (1) --- -—-—- . * (1) _ -—-
DIPMER 20.7+ 0 19.6+2.3 20.8+1.3 23.8+1.3 20.7+2.1 33.1+43.0 35.1+1.7
~ (31) (29) (32) (36) (31) (49) (54)
DIPMIC 8.3+6.1 (8) 5.940.8 12.240.6 10.4+0.8 5.7+ 0 - 15.7+2.3 10.8+ 0 El
(9) (19) (16) (9) (23) (17) ‘
DIPORD -—- -—- -—= - -— * (2) * (1) ~
PERLON ||. 3.8+ 0 (6) * (1) o 4.4+1.8 (6) * (2) R * (4)
PERPAR 5.342.2 (7) * (3) -—- 3.2+ 0 (5) -~ ] 5.3+2.2 (7) 5.2+0.5 (8)
NEOLEP - -— -— -== -—- * (1) * (1)
ONYTOR -—- C* (1) * (3) * (1) * (3) 6.0+2.3 (8) * (4)
“PERMAN " * (3) - * (2) * (3) * (3) * (1) 5.1+ 0 (8) | 10.8+5.4 (12)
REIMEG --- -—- * (1) -—= -== - -—-
AMMLEU -—- -—- -— --- -~ * (1) * (3)
SYLAUD * (4) -—- * (1) -== -== --= -—= A
TOTALS 38.1 (60) 28.6 (45) 38.1 (60) 42.5 (67) 29.2 (46) 63.5 (100) .| 66.0 (104)
SPECIES 7 6 7 6 5 9 9
H’ 0.6468 0.4747 0.5228 0.5591 0.4268 0.6487 0.6623



also decreased on the tdntrb]‘from 1989 to 1990, it was not significant (t,, =
©1.697, P =0.0930). An 1ncrease on the control in 1992 was, however,
signifiéant (ty, = 2.985, P = 0. 00363), but not in 1993 (t,, = 0.222, P >
0.50). Specieskdiversity”was significantly lower on the burned area in 1992
than on the undisturbed area (t,,, = 3.584, P = 0.000427). In 1993 the same

tl? - M0 . I"Jiﬁ ﬂ‘ iiil ' - —
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The number of individuals captured on both plots was highest in 1993 and

Jowest in 1990. Trap success was higher on the burned area in 1992 (42%) and
1993 (50%) than on the undisturbed plot (43% in 1992 and 47% in-1993). Trap
success was only 16% in 1990 on the burned plot and 23% on the control. . Trap
‘success on the control plot was equal or greater than on the burned area in

all years and significant]y.greatér in 1990 (x* = 5.824, P = 0.0158).

Dipodomys merriami comprised at least 50% of the total captured population on
both sites in 1988, 1989, 1990, and 1992 (Table 21a and b). Sex ratios of the
most common rodents were not significantly different from 1:1 (x*, p>0.05) in
1988, 1989, or 1990 (Table.22 a and b). The number of male D. merriami
captured on the burned area in 1992 was significantly greater than the number
of females in that year (x* = 10.565, P = 0.00115). Only male D. ordii were
captured in 1993 on the burn and contro] p]ots. ‘

Comparing July mean we1ghts for the five years stud1ed fema]e adult D.
merriami captured on the burned } area were significantly heavier in 1992 than
the other four years (F,., = 10. 00 P < 0.001), while males did not differ on
the burn between years (F, . = 0.15, P = 0.964). On the unburned area, adult
females showed a significant difference between years (F,,, = 6.44, P < 0.001)
with 1992 mean weight significantly heavier than 1989 and 1993 (Newman-Keuls -
multiple range test) : :

Female D. merriami captured on the burn plot in 1992 were significantly

" heavier than males (Table 23a), and appeared to be in the later stages of
pregnancy (Saethre 1994a). Burn females were also s1gn1f1cant1y heavier than
females on the undisturbed site. On the und1sturbed area female and male
‘weights were not significantly different in 1992. However, several neonates
were discovered in the traps with females and a large number of Juven1]es were
captured in 1992 (Tables 23a, 23b, and 24). This clearly indicated
reproduction occurring at both plots in 1992, with possibly a slight 1ag on
the burned area.



% Table 21a. Percent of total captured population of small mammals captured on the Redrock Valley burned
2 site in 1988, 1989, 1990, 1992, and 1993.
1988 1988 1988 1989 1990 1992 1993
SPECIES | 26-28 JUL | 24-25 AUG 25-27 OCT 25-27 UL | 31 JUL-2 AUG | 14-16 QUL | 27-29 JUL |
CHAFOR 4.35 -—- --- --- — —- —
DIPMER 52.2 55.7 73.9 55.4 81.5 70.4 . 68.2
DIPMIC 6.5 18.0 21.8 14.3 3.7 8.2 5.5
DIPORD — 6.6 4.4 12.5 11.1 3.1 7.3
PERLON 10.9 1.6 ——- 1.8 —_— . -
PERPAR 15.2 13.1 --- 5.4 — Z-- 1.8 -
ONYTOR 2.2 1.6 — 8.9 - 9.2 0.9
4 PERMAN 8.7 3.3 - 1.8 3.7 9.2 13.6
i AMMLEU — — — --- — — 1.8
SYLAUD ||  --- - —-- — — — 0.9
TOTALS 100.1 99.9 100.1 100.1 100.0 . 100.1 100.0
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Table 22a.

Sex ratio (3/%) of small mamm
1990, 1992, and 1993.

als captured on the Redrock Valley burned site in 1988, 1989,

1988 1988 1988 1989 1990 1992 1993 ,] |
SPECIES | 26-28 JuL | 24-25 AUG 25-28 OCT 25-27 JUL | 31 JuL-2 Aue | 14-16 JuL | 27-29 Ju
CHAFOR 11 - - - - - - "
DIPMER 14/10 17/17 17/17 15/16 10/12 48/21 30/45 |
DIPMIC 2/1 5/6 6/4 2/6 0/1 5/3 51 |
DIPORD - 2/2 0/2 4/2° 2/1 1/2 8/0 **"
PERLON 3/2. 0/1 - 0/1 --- - - “
PERPAR 2/4° 5/3 — 3/0 —-- --- 1/1
ONYTOR o 1/0 --- 1/4 - 3/6 0/1 “
PERMAN 3/1 - 2/0 —-- 1/0 0/1 6/3 10/5
AMMLEU - - — - — --- 010 |
SYLAUD ||  --- _—— - -~ S - 0/1 I
TOTALS |  25/19 32/29 23/23 26/29 12/15 63/35 54/55 |

*One animal of undetermined sex not included.
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Table 22b. Sex ratio (3/9) of small mammals captured on the Redrock Valley unburned site in 1988, 1989, l'{
1990, 1992, and 1993. - : ' S . B
1988 1988 1988 1989 1990 1992 1993 |
SPECIES 26-28 JUL 24-25 AUG 25-27 OCT 25-27 JUL | 31 JUL-2 AUG 14-16 JUL 27-29 JUL i
CHAFOR ~0/1 — 0/1 ——- -~ 1/0 .
DIPMER 18/13 15/14 18/14 17/19 14/17 22/21 26/28
DIPMIC 5/3 4/5 11/8 4/12 3/6 - 14/9 11/6
DIPORD — - ——= S e 0/1" 1/0
PERLON - 3/3 - 0/1 — 0/6 2/0. — 2/2
PERPAR 3/4 1/2 - 4/1 -—- 3/4 - 4/4. "]
NEOLEP -—- -—- -—- o -—= 1/0 - 1/0
ONYTOR -~ 1/0 1/2 - 1/0 1/2 4/4 2/2
PERMAN 2/1 2/0 “3/07 1/2 0/1 5/3 - 9/3 T
REIMEG -—- -—= 1/0- - -—- -—= -~- e |
AMMLEU — -~ -—- o -—- 0/1 3/0
SYLAUD - ——- - ——- - ---
TOTALS 31/24 23/22 34/25 27/40 20/26 50/49 - 59/45

*One animal of undetermined sex no included.

*Only juveniles of indeterminate sex were captured.

i







Male D. merriami captured on the burned area in 1989 were significantly -

heavier than females (Saethre.1994a).

However, on the control plot there were

no significant differences between mean weights of male and female D.merriami,
nor did mean weights differ significantly between males on the two plots or

females on the two plots (ANOVA, P > 0.05).

Table 23b. .Summer‘mean weights (gms + 2 se) by sex and age (adult or
I juvenile) of heteromyid rodents captured on the Redrock Valley unburned plot
in 1988, 1989, 1990, 1992, and 1993. Numbers in parentheses are numbers of
individuals. o :
ADULT JUVENILE
SPECIES ' MALE FEMALE * MALE FEMALE
PERLON | 88 7.0 (1) 8.0+1.2 (3) 6.5+1.0 (2) o
89 |  -— 8.242.2 (6) - -
93 | 7.5+1.4 (2) 8.0+ 0 (2) - —
PERPAR | 88 | 29.0 (1) 18.016;0 (3) 9.5 (1) -
89 | 20.1+4.6 (4) 15.0 (1) - —--
93 | 17.4+1.6 (4) 16.0+1.6 (4) -—- —
DIPMER | 88 | 40.0+3.2 (11) | 43.141.9 (10) | 27.3+1.7 (7) | 26.943.0 (3)
|89 | 40.8+2.4 (10) | 38.9+1.1 (9) | 31.247.8 (7) | 29.748.8 (10)
90 | 41.741.5 (12) | '40.7+2.9 (13) | 32.3+0.5 (2) | 31.742.7 (4)
92 | 43.9+2.2 (14) | 44.8+3.7 (20) | 28.8+2.3 (6) | 24.1+2.5 (8)
93 | 41.6+2.1 (13) | 38.3+1.7 (18) | 29.141.7 (13) | 28.9+1.7 (10)
DIPMIC | 88 | 58.448.2 (5) | 54.3:+9.3 (3) | = --- ——-
= 89 | 60.4+5.6 (4) | 53.9+2.6 (11). — ——-
90 | 61.0+4.4 (3) | 57.345.2 (6) -— —
92 | 57.7+7.0 (8) | 57.9+7.4 (5) | 41.9+2.8 (6) | 40.8+6.4 (3)
93 | 62.2+4.4 (11) | 60.4+4.4 (6) o~ ' —
‘DIPORD | 92 — 44.0 (1) -—- o
] 93 43.0 (1) - — —
PERMAN [ 93 | 17.143.0 (4) 22.0 (1) 11.7+0.9 (5) [ 12.543.0 (2)
1B0016-2 .-81—




Table 24. Distribution'of Dipodomys merriami on the Redroék plots by
weight class. . ‘
1988 1989 1990 1992 1993
B | <20 0 2 0 8 1
g 20-<25 4 ) 2 9 8
'E‘ 25-<30 3 3 3 11 16
D | 30-<35 5 5 1 8 9
a | 35-<40 4 9 8 4 | 16
*é 40-<45 7 6 6 12 16
A | >45 ] 5 2 17 9
u | <20 0 0 0 ] 0
g 20-<25 3 2 0 3 3
g 25-<30 6 3 1 5 11
N | 30-<35 4 11 6 7 12
E 35-<40 2 10 11 7 16
40-<45 12 7 12 8 8
|| 245 4 3 2 17 4

It appeared in 1992 and 1993 that reproduction on the undisturbed area was
occurring later than on the burned area. This may be inferred from the lower
mean weight of females on the control. A greater percentage of juveniles and

immature animals were also captured on the burned area in both years (Tables:

" 26a, 26b, and 27), which may also indicate a lag of growth from an earlier
Titter. No real conclusions should be made from trapping an area for such a
short period of time and only once during the season.

1B001G-2 -82-



‘BLADED AREA - PAM006

SR P

A rectangular area of approximately 2 hectares in the pinyon-juniper habitat

of Pahute Mesa was cleared of all vegetation in 1979 or 1980 in preparation as
a staging area for an underground test (Ul9ac). South of the scraped area is
roped off as a potential crater area. An 8 x 8 plot in the scraped area was

trapped for small mammals for the first'time‘on 13-15 July 1993. Another 8 x

'8 plot in undisturbed pinyon-juniper habitat approximately 400 m to the east
- of the bladed area was concurrently trapped. Elevation for this site is

approximately 2134 m. Vegetation was first measured at these sités_in 1991
(Hunter 1994a, 1994b). The perennial bunch grasses Oryzopsis hymenoides and
Stipa comata were most prevalent on the drill pad, as was Salsola australis.

Dipodomys ordii continued to be associated with disturbed areas as it was
captured only on the cleared area (Table 24). This species has only been
captured in recent years on another bladed area of Pahute Mesa and the Redrock
areas (Saethre and Medica 1992; Saethre 1994a, 1994b; Tables 20 a and b). The
density of Peromyscus maniculatus on the undisturbed area was similar to that
on Rainier Mesa in 1993 (Table 10, 50.6‘1 4.6). The Pahute Mesa area was not
as rocky or as sloped as the Rainier Mesa site and junipers were more sparse
on the Rainier Mesa plot. Perognathus parvus also appeared to fare well on.
the cleared area along with P. maniculatus and D. ordii. --Consequently,
species diversity on the clearing was higher than in the woods.

The capture of cliff chimenks (Tamias dorsalis) at these sites extends the

known range for this species on the NTS. Previously, chipmunks and rock

squirrels (Spermophilus variegatus) were captured or observed only on Rainier
Mesa. Several rock squirrels were observed on the road to PAMOO6 and PAMOO7 . . -
and a special effort was made to capture them. In nearly 200 trapnights, only
three adult rock squirrels were captured (2 males and one female) confirming
their presence on Pahute Mesa.

1B001G-2 : ' ‘ -83-
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Table 24. Estimated density (N/ha + 2 SE), percent of- total captured population (%T), and sex ratio
(3/2) of small mammals captured on “the Pahute Mesa bladed area (PAM006) and undisturbed area (PAM007)
13-15 July, 1993. Numbers in parentheses are individuals captured.

-8~

B » -][ BLADED AREA (PAMOO6) ~ UNDISTURBED AREA (PAM0O7)
PRI 1 wma v AN 3/2 N/HA (N) | g0 |
DIPORD 24.3+12.7 (21) 29.6 12/9 - . —-
PERPAR 10.2+2.5 (13) 18.3 8/5 6.3+0.5 (9) 1.7 4/5
PERMAN 26.845.2 (33) 46.5 14/19 53.8+10.2 (61) 79.2 31/30
REIMEG * (1) 1.4 0/1 — o o
TAMDOR * (3) 4.2 1/2 * (5) 6.5 1/4
SYLNUT - —-- - * (2) 2.6 /1|
TOTALS 49.3 (71) 100.0 35/36 53.5 (77) 100.0 37/40
SPECIES 5 4

H’ 0.5303 0.3074




Tab]e 25a.

Summer mean we1ghts (gms + 2 se) by sex and age (adu]t or

juvenile) of rodents captured on the Pahute Mesa bladed area in 1993.
Numbers in parentheses are individuals weighed.

ADULT . JUVENILE
SPECIES MALE ‘/ FEMALE MALE B FEMALE
DIPORD | 93 | 41.942.5 (12) 43.943.9 (8) --- - 33.0 (1)
PERPAR | 93 | 17.0+1.0 (6) -— 15.5+1.0 (2) fi3.3i1.2 (5)
PERMAN | 93 | 16.6+1.3 (4) 19l4¢2.4 (9) | 12.3+0.8 (10) | 12.0+0.8 (10)
Table 25b. Summer mean weights (gms + 2 se) by sex and age (adult or

Juven11e) of rodents captured on the Pahute Mesa und1sturbed area in 1993.
Numbers in parentheses are individuals weighed.

Roadside -Disturbance

Two roadside areas were studied in 1993:

§-

T - ¢

ADULT | JUVENILE

SPECIES MALE FEMALE MALE FEMALE
PERPAR | 93 | 18.3+1.5 (2) |.17.9+2.5 (3) | 11.546.0 (20 | 11.246.3 (2)
PERMAN | 93 | 16.9+1.1 (14) |;19.241.3 (14) | 12.240.9 (17) | 11.740.9 (16)

a moderately used, paved road in

southern Frenchman Flat (5-05 road) and the paved access road to the Device

Assembly Faci]ity'(DAF).

with construction and support as the main vehicular traffic.

DAF study are detailed in Woodward et'al.

(in press).

The DAF was in pre-operational phase during 1993
Results from-the

The 5-05 roadside study area was set up in 1989 to determine what eéffect a

roadside might have on plant and animal populations.

The traplines for

monitoring small mammal populations outside of the Liquefied Gaseous Fuels
Spill Test Facility (LGF) in southerr Frenchman Flat were fortuitously trapped

during the drought of 1989.

At the control line next to the road it was found

that most of the female kangaroo rats inhabiting the roadside area were

pregnant or lactating (Hunter et al.
including a second control at the LGF away from any roads,
reproductive females.
LGF sites.

18001G-2

1991).

-85-

Most other sites trapped in 1989,
showed a lack of
Trap success was also quite high compared to the other




After one night of trapping in mid-July 1989, the 5-05 roadside line and
control showed no difference in trap success, species composition, or

_ reproductive status. It was thought that any reproductive activity may have
‘been missed, therefore the 1ines were trapped monthly in 1990 from March
through August. .In 1993, this site was trapped 25-27 May, 15- 17 June, 13-15
July and 10 12 August. :

Heteromyids are relatively long-lived rodents and survival of adults through
adverse conditions such as drought is favored over replacement by juveniles
(Brown and Harney 1993; Zeng and Brown 1987b). Merriam’s kangaroo rats are
“known for having an opportunistic reproductive ability and a rapid response to
~ favorable environmental conditions (Kenagy and Bartholomew 1985; Zeng and
Brown 1987a). As such, the roadside might represent a refugium from drought,
possibly through the greater volume of vegetation next to the road as compared
to distant from the road (Lightfoot and Whitford 1992). B

In 1990 there were significantly more D. merriami captured on the roadside
than the control 500 m away (Saethre 1994a). A significant increase in the
mean weight of adult females was also found on the roadside between March and
May, coincident with an increased percentage of females that were rated as
pregnant. Females on the control showed little or no increase in mean weight
during this same period. Juvenile D. merriami were captured two months

earlier on the roadside and trap success was cons1stent]y higher on the
roadside line (Saethre 1994a).

In 1993 it appeared that the roadside animals did not gain any benefit from
‘l”gfrh T Ve VT e AT WS T
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| Table 26.
Frenchman Flat 5-05 roadside and ‘control™ 11nes in 1993 (top) and
corresponding month in 1990 (bottom).

ROADSIDE (FRF003)

Species and number of individual rodents captured at the :

CONTROL (FRFO004)

1993 1993
species | may | June | auiy | aveust || may | oune | auiy | Aveust

- CHAFOR | 14 34 a¢ | 17 10 ] 9 16 10
DIPMER 68 | 89 |95 | 8 73 | 18 | 125 | ‘81
DIPMIC | === | woc | o | = 1 | 2 | - -

- PERLON 2 9 7 20 4 4 18 16
NEOLEP 1 1 2 — | 5 2. -
oNvToR | 1 | --- ] ——- 1 2 — ——
PERERE | --- ] 1 R [ e -
PERMAN | - | = | o= | - ] S -
AMMLEU 4 - 1 5 |- 1 13
TOTAL 90 | 13¢ | 151 | 110 o1 | 140 | 162 | ‘120

% success | 26.4 | 57.3 | 63.6 | 53.0 || 30.2 | 53.8 | 63.8 | s3.0

TRAP DAYS " 450

CHAFOR -

DIPDES — — -

DIPMER 40 45 | . 41

PERLON 17 28 12

ONYTOR — ——- —

PERMAN - - o

AMMLEU 1 - - —- ] — — -

SPETER 2 1 — —- --- - — —

' TOTAL 60 | 75 54 46 52 49 48 36
% SUCCESS | 23.5 | 29.5 | 27.2°| 25.3 19.8 | 18.1 | 23.8 | 16.1
TRAP DAYS | 404 404 202 372 404 404 202 372

1B001G-2 . -87-
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Figure 6 - Reproductive status of fema'lg D. merriami at the Frenchman Flat 5-
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-supply of food (see Hunter this report), which negated or .overwhelmed any
benefits derived from the roadside. To further support no difference in
reproduction between the two sites in 1993;‘oneway analysis of variance on the
weights of females captured at the two sites and four months were
significantly different between months sampled (F,,;, = 20.53, P < 0.0001;
Figure 7). _Adult males showed the identical trend at the two sites.
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Figure 7 - Decrease in mean weights of: fema'le adult D. merriami at the
Frenchman Flat 5-05 roadside and control.

Bat Surveys

Results from the two water sources are still preliminary as not all of the
voucher specimens collected have been identified. Thirteen bats were captured
in the nets on two nights at well 19c and 29 were captured at Gold Meadows
sump. Wind was a factor in the low number of captures at 19c while
intermittent rain showers affected net success at Gold Meadows. Plecotus
townsendii and Pipistrellus hesperus were common to both sites, while
Antrozous pallidus wa