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1. INTRODUCTION

The U. S. Department of Energy (DOE) is required by the Nuclear Waste Policy Act of
1982 (as amended in 1987) to study and characterize Yucca Mountain as a potential site
for a geologic repository for high-level nuclear waste. During site characterization, the
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Figure 1. Location of the Yucca Mountain Study Area, Nye County, Nevada.
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2. SITE CHARACTERIZATION EFFECTS PROGRAM

The studies in the Site Characterization Effects Program were designed to assess the
effects of SCA on the terrestrial ecosystem by monitoring attributes of selected
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2.1 STUDY DESIGN

SCA includes a wide variety of activities with different spatial and temporal scales;
therefore, studies were designed to assess the combined effects of the most common
disturbances caused by SCA. The experimental approach is a split-plot design of paired
treatment and control plots with repeated measures over time. Since the Yucca
Mountain area is a single "site," true replications cannot be attained. Consequently, the
field method for data collection can be regarded as analytical sampling involving
subsamples (Eberhardt and Thomas, 1991). The sample units are 200- x 200-m
ecological study plots (ESPs). Treatment plots are adjacent to existing SCA that are
active on a weekly basis. Control plots are at least 200 m from existing or future SCA.
Details of the sampling design are provided in Green et al. (1991). The criteria for
selecting ESP locations is described in EG&G/EM (1991).

2.2 VEGETATION STUDIES

The goals of the vegetation studies are to characterize the major vegetation associations
at Yucca Mountain, develop an understanding of the community dynamics (recruitment,
mortality, etc.) in the major vegetation associations, determine the impact that SCA may
have on the plant communities, and provide information needed for reclamation and
restoration activities. The study design is described in EG&G/EM (1991).

Vegetation was selected as a parameter to assess the effects of SCA because; 1)
vegetation is a primary component of terrestrial ecosystems and represents the primary
source of energy into the food web, 2) vegetation provides cover and habitat for Yucca
Mountain fauna, 3) vegetation is stationary and easier to sample than other biological
components, and 4) vegetation is a biological component that experiences the full range
of human activity (no human activity to repeated daily activities) from SCAs. Because
the vegetation at Yucca Mountain is adapted to highly variable environmental factors,
and perennial species (e.g. shrubs) dominate the community, anticipated impacts should
cause gradual and cumulative change, rather than dramatic change.

2.2.2 Sampling Design and Methods

Vegetation sampling in 1992 was similar to 1991; cover, density, and annual production
were measured on 48 ESPs. The procedures used to measure each vegetation attribute
is described in EG&G/EM (1992). Perennial seedling density and annual species

1 e rnltes ccrmarm wmtmrer evmrvntrntiAnr bttt smvancrirard 1+ 1009
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2.2.2.1 Cover

Vegetation cover was sampled between April and June. Vegetation cover in 1992 was
approximately double that measured in 1991 (Table 1). Percent cover was highest in the
Larrea-Lycium-Grayia vegetation association (36.3) and lowest in the Larrea-Ambrosia
association (20.1). The Coleogyne and Lycium-Grayia associations had intermediate cover
values.

The increase in vegetation cover from 1991 to 1992 probably resulted from the above
average precipitation that southern Nevada received during the winter of 1991-1992. The
nearly identical cover on control and treatment ESPs indicates that Site Characterization
Activities have probably not affected vegetation cover; however, data analyses is necessary
before any conclusion can be made. Data analyses will also be done to evaluate percent
cover by species and lifeform and whether perennial species are recovering from the drought
that occurred in the late 1980’s.

2.2.2.2 Production

Annual production was measured during June - August. The current year’s biomass was
harvested separately by four lifeforms (perennial grass, perennial forb, shrub, and annual
species) in 32 and 40, 1 x 1-m quadrats on control and treatment ESPs, respectively. Ocular
biomass estimates were made in an additional 64 (control) and 80 (treatment) quadrats on
each ESP. All samples were weighed the day of collection to obtain a fresh (wet) biomass
estimate. Dry weights have not been obtained for all samples.

Biomass estimates from 1991 and the wet weights obtained in 1992 were entered into a

computer database. Oven-dry weights from 1992 will be entered into the database after
samples are weighed in the winter of 1992-1993.
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2.2.2.3 Density

Perennial Plant Species. Perennial species density was measured in September -
October 1992. Field personnel used preprinted species location maps (using an X-Y
coordinate system), generated from 1991 data, to locate all plants still alive, to
identify new plants in the community, plants that have died, and plants incorrectly
identified during previous years. Changes in each belt transect’s (2 x 50 m) species
composition were made on the maps in the field.

During sampling of the Larrea-Ambrosia vegetation association in 1991, no live
Indian ricegrass (Oryzopsis hymenoides) was found; however, numerous seedling
Indian ricegrass were found in 1992. Similarly, young shadscale (Atriplex
confertifolia) and Virgin River Encelia (Encelia virginensis) were uncommon or
absent in the low-elevation Coleogyne and Larrea-Lycium-Grayia ESPs in 1991, but
were common in 1992, The recruitment of new individuals and the absence of
mortality in 1992 suggest at least some vegetation associations are recovering from
the drought of the late 1980s. Additional data analysis is necessary to determine if
there are differences in plant recruitment, mortality, and species composition between
treatment and control ESPs.

Annual Plant Species and Perennial Seedlings. During the winter of 1991 - 1992,
five, 1 x 1-m quadrats were randomly located in each 2 x 50-m belt transect on each
ESP. A total of 40 and 50 quadrats occur on control and treatment ESPs,
respectively. Two corners of each quadrat were permanently marked with 30-cm
wood stakes. Sampling occurred on 46 ESPs during the spring and summer of 1992.
Two ESPs were not sampled because soil moisture had been depleted and both annual
species and seedlings had died and could not be identified.

Initially field personnel sampled every quadrat in each ESP. All annual species
present were identified and counted by species. Perennial seedlings were identified
by species and mapped using an X-Y coordinate system. This mapping system will
allow seedlings to be relocated in subsequent years and seedling survival determined.
After 12 ESPs were sampled, the sampling technique was modified because counting
the large number of annual species was too time consuming and would prevent
sampling all the ESPs. Species counts for annuals occurred in the first quadrat in
each belt transect. Total density was measured in the lower left quarter (0.25-m?) of
the other four quadrats in each belt transect. Estimates were multiplied by 4 to obtain
annual species density/m?. This technique allowed measuring of both species
composition and density. Sample size was also reduced to three transects on
treatment ESPs (from 5) and two transects on control ESPs (from 4).

Annual species density data have not been analyzed; however, observations indicate
density ranged from zero to about 2,000 plants/m?, and that large differences in both
species composition and density appear to have occurred between vegetation
associations.



Average density over all plots was 0.96/m’ (Table 2). Seedling density was highest in
the Larrea-Ambrosia vegetation association (1.81/m?), and was dominated by two
species; Indian ricegrass and shadscale. Shadscale and Indian ricegrass seedlings
accounted for 25 and 50 percent, respectively, of all seedlings counted. Seedlings
were produced by 25 species of perennial plants. Fifteen of these species produced
fewer then seven seedlings over all the plots sampled. Precipitation in 1992 was
much higher then the long-term average, but seed germination was not consistent for
all vegetation associations. The Larrea-Ambrosia association had the lowest mean
precipitation (see Section 2.9), but the greatest seedling density.






2.3 SMALL MAMMAL STUDY

The objective of this study is to monitor effects of SCA on the small mammal
community by measuring changes in demographic attributes of the most abundant
small mammal species through time. Small mammal populations at Yucca Mountain
have been live-trapped on ESPs since FY89. Each study plot consists of a 12- x 12-
trap grid of 144 trap-stations (two live-traps/station). There is one treatment and one
control ESP in each of the four vegetation associations. Trapping is conducted in 4-
day trap sessions five times during the year (EG&G/EM, 1991). The sampling effort
for all the trap sessions was 46,080 trap-nights.

Eleven small mammal species were captured (Table 3). The number of individuals
captured increased for most species compared to previous years. The large increase
in individuals was caused by high reproduction, a probable response to above-average
precipitation (see Section 2.9) and plant production. The long-tailed pocket mouse
(Perognathus formosus) was the most abundant species captured in all habitats except
the Larrea-Ambrosia association, where the little pocket mouse (Perognathus
longimembris) was more abundant. The little pocket mouse was captured only in the
Larrea-Ambrosia association. Merriam’s kangaroo rat (Dipodomys merriami) was
common in all vegetation associations, but was least abundant in the higher elevation
study plots in the Lycium-Grayia vegetation association. In the Lycium-Grayia sites,
the canyon mouse (Perontyscus crinitus) was relatively abundant (Table 3).

New species captured this year but not in FY91 included the cactus mouse
(Peromyscus eremicus) and desert cottontail (Sylvilagus audubonii). Among the less
common species, the southern grasshopper mouse (Onychomys torridus) and desert
woodrat (Neotoma lepida) increased the most. Desert woodrat populations increased
most on the Lycium-Grayia study plots.

One of the assumptions of the experimental design being used to assess impacts on
biological resources at Yucca Mountain is that population abundance on control and
treatment plots change proportionately through time (Green et al., 1991, Skalski and
Robson, 1992). Graphical analysis of numbers of individual long-tailed pocket mice
and Merriam’s kangaroo rats captured since trapping started in 1989 suggest that
population trends on control and treatment study plots have been parallel (Figures 2
and 3). Although the magnitude of response does vary in some vegetation
associations, the changes are largely proportionate. Detailed interpretations of the
data cannot be made until estimates of demographic attributes (i.e., population
density, survival, and recruitment) are calculated and additional data are collected.
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2.4 REPTILE STUDIES

The objectives of these studies are to determine species composition and to monitor changes
in abundance of the most common lizard species. Mark-recapture sampling was conducted

on three ESPs using traps and noosing and six ESPs using only noosing. Counts of lizards

were then conducted on the six ESPs plus an additional five ESPs to determine if estimates

of relative abundance from counts and recapture methods were comparable.

Methods used for mark-recapture sampling were the same as in 1991 (EG&G/EM 1992).
Because the wooden funnel traps on these plots were rapidly deteriorating, they were
replaced with metal traps. Wood shades were placed on the side and top of the traps to
reduce solar heating.

Six new plots were established to increase the sample size for mark-recapture estimates.
Noosing was conducted on all six plots during a four-day session in September. Traps were
not placed on the newly established plots due to the extreme difficulty of installing pitfall
traps and drift fences. Mark-recapture sampling on these plots will rely solely on noosing to
capture animals.

To determine if censuses could be used to estimate relative abundance, lizards were counted
on 11 ESPs for three consecutive mornings in June. On each ESP, a 1-ha plot was surveyed
by 3-5 persons walking about 5 m apart and recording all lizards observed. Successive
passes were made until the entire plot had been surveyed. Two of the plots were trapped and
noosed the two weeks preceding the census so that population size could be estimated and
used to calculate an abundance index. Counts of lizards varied by up to 300% on the same
plot due to the effects of wind and temperature. The counting technique did not provide
accurate estimates because wind and temperature frequently changed over a very short period
of time and plots were not counted simultaneously due to lack of manpower.

Fourteen species of reptiles were captured during mark-recapture sampling (Table 4). The
side-blotched lizard (Uta stansburiana) and western whiptail (Cnemidophorus tigris) were the
most common species. Nearly all captures on the six newly established plots were of side-
blotched lizards. The number of individual side-blotched lizards captured on these plots was
55 on LLGSC, 39 on LLG7T, 71 on LG6T, 61 on LG7T, 36 on LG3C, and 80 on COLST.

Eight species were captured opportunistically: desert collared lizard (Crotaphytus insularis),
desert iguana (Dipsosaurus dorsalis), zebratail lizard (Callisaurus draconoides), chuckwalla
(Sauromalus obesus), glossy snake (Arizona elegans), striped whipsnake (Masticophis
taeniatus), speckled rattlesnake (Crotaphytus mitchellii), and sidewinder (Crotaphytus
cerastes). It was the first time the desert iguana, zebratail lizard, and striped whipsnake
were captured at Yucca Mountain.
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Table 4. Number of individual reptiles captured on three plots during one week trap sessions in June and
September, 1992.

LA3T LLG2T CoL2T
Species June  Sept. June  Sept. June  Sept.
Lizards

Uta stansburiana 17 28 95 55 70 61
Side-blotched lizard

Cnemidophorus tigris 40 19 40 12 57 16
Western whiptail

Coleonyx variegatus 2 2 4 1 1 2
Western banded gecko

Gambelia wislizenii 4 3 0 0 0 3
Longnose leopard lizard

Sceloporus magister 2 1 0 0 0 0
Desert spiny lizard

Phrynosoma platyrhinos 1 9 0 0 9 5
Desert horned lizard

Snakes

Sonora semiannulata 2 0 3 0 3 0
Ground snake

Chionactis occipitalis 3 0 0 0 0 0
Western shovelnose snake

Rhinocheilus lecontei 1 2 2 1 0 1
Longnose snake

Masticophis flagellum 0 1 5 1 3 2
Coachwhip

Salvadora hexalepis 1 0 0 0 1 0
Western patchnose snake

Hypsiglena torquata 0 0 0 0 2 0
Night snake

Pituophis melanoleucus 0 0 0 0 1 1
Gopher snake

Lampropeltis getula 0 1 0 0 0 0

Common kingsnake

2.5 SPOTTED BAT STUDY

The spotted bat (Euderma maculatum) is classified as a Category 2 species by the U.S.
Fish and Wildlife Service and has been found in adjacent Clark and Lincoln counties
(Best, 1988). A study was initiated in FY91 to determine if the spotted bat is present at
Yucca Mountain. No previous field study had been conducted to determine the species’
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Figure 5. Spotted bat vocalization: a) the frequency towards the end of the vocalization
(8.696 kHz) and b) the length of the vocalization (3.841 milliseconds).
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The recorded vocalization is similar to that reported by Fenton and Bell (1981) (Table
5). The spotted bat vocalizations were distinct and loud. EG&G/EM biologists had not
heard vocalizations like it during any previous survey. This confirms that surveys at
Yucca Mourtain would have detected spotted bats if they were present. Compared to
sites with known spotted bat populations (Leonard and Fenton, 1983; Woodsworth et al.,
1981), Yucca Mountain lacks roosting habitat and permanent water. Even with increases
in man-made water sources during site characterization, it is unlikely that Yucca
Mountain could support a spotted bat population.

Prior to this study, there were four known bat species on NTS (Jorgensen and Hayward,
1965). During the two-year study all four previously known species and six new species
were either captured or observed. (Table 6).

Table 5. Comparsion of the recorded spotted bat vocalization to that previously published by Fenton and Bell
(1981).

Source High (kHz) Low (kHz) Loudest (kHz) Time (ms)

Fenton and Bell 14.5 8.6 10.9 3-5
Silent Canyon, 1992 14.493 8.696 10.638 3.8+
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Table 6. Number of times each bat species were captured during mist-net sessions near Yucca Mountain in
1991-1992.

Species FY91 FY92

Pipistrellus hesperus 303 300
Western pipistrelle

Mpyotis californicus 26 7
California myotis

Antrozous pallidus 30 7
Pallid bat

Lasiurus cinereus® 3 0
Hoary bat

Tadarida brasiliensis® 6 5

Mexican free-tailed bat
Myotis volans® 1 7
Long-legged myotis

Moyotis thysanodes® 0 3
Fringed myotis

Mpyotis evotis® 0 2
Long-eared myotis

Plecotus townsendii 0 1
Townsend’s big-eared bat

*Captured in Field Operation Center building in Area 25
*Not previously documented to occur on NTS
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2.6 INVERTEBRATE STUDIES

Invertebrates associated with specific plant species are a convenient unit for study. Many
arthropods are host (i.e.,plant) specific while others are generalists, using many species
of plants. Invertebrates decompose plant material and are important for nutrient cycling.
Decomposition of plant litter in desert habitats may decrease up to 53% in the absence
of invertebrates (Santos and Whitford, 1981). Knowledge of the distribution and diurnal
and nocturnal cycles of invertebrates associated with the vegetation of Yucca Mountain
will provide information for assessing whether SCA affect invertebrate populations or
communities. Two studies of invertebrates were started. One study was designed to
examine effects of adjacent disturbances on invertebrate-plant associations. The second
study investigated the association of invertebrates with specific host plants in the area
above the potential repository (Conceptual Drift Area). This study was designed to
characterize the invertebrate populations and communities in this area.

For both studies, shrubs were sampled by clipping randomly selected branches. Samples
were placed into plastic bags, sealed, and held at 0°C for a minimum of 36 hours before
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Eighty-eight vegetation samples were collected from the four plant species for the
conceptual drift study. Collection occurred during the months of July, August, and
September. Samples were still being processed at the end of FY92.

2.7 BIRD SURVEYS

SCA may affect the abundance and distribution of birds in small localities at Yucca
Mountain but its unlikely that the entire avian community will be affected. Some
locations may have increases in avian species abundance because of new water sources
during SCA, whereas, other sites may have nesting habitat eliminated by ground
disturbing activities. The objective of this study was to collect data on species
composition of avian communities and to document nesting occurrence.

Biologists recorded information on birds and nests observed during other work.
Information recorded included date observed, species, nest present, number of eggs or
nestlings present, and location.

There were 57 bird species observed at Yucca Mountain. Twelve of these species were
confirmed to have nested: mourning dove (Zenaida macroura), chukar (Alectoris chukar),
Gambel’s quail (Callipepla gambelii), raven (Corvus corax), Costa’s hummingbird (Calypte
costae), lesser nighthawk (Chordeiles acutipennis), poorwill (Phalaenoptilus nuttallii),
Leconte’s thrasher (Toxostoma lecontei), Say’s phoebe (Sayornis saya), horned lark
(Eremophila alpestris), rockwren (Salpinctes obsoletus), and black-throated sparrow
(Amphispiza bilineata)

Mourning dove nests were observed most frequently, with most of the observations in
June. Black-throated sparrow nests were the second most frequently observed, with most
seen in May.

2.8 DISTURBANCE STUDIES

Disturbance monitoring studies are designed to quantify disturbance levels by sampling
selected abiotic parameters (traffic volume, fugitive dust, and vegetation attributes
immediately adjacent to disturbances). Knowledge of how SCA frequency, intensity, and
duration indirectly affects biotic resources allows the development of predictions of how
plant and animal communities and populations may respond to similar future activities.

The objectives of these studies are to: 1) measure motor vehicle activity on Yucca
Mountain; 2) measure levels of fugitive dust deposition and the spatial distribution of
fugitive dust on ESPs; 3) determine if roads alter soil moisture, soil temperature, soil
compaction, and vegetation growth and structure in immediately adjacent undisturbed
habitat (hereafter referred to as the transition zone study); and 4) measure the number,
frequency, and spatial distribution of animal-vehicle collisions
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2.8.1 Traffic Volume

Data collection occurred with 12 portable traffic counters (TCs) rotated weekly (usually
Friday to Friday) between 24 treatment ESPs (Figure 6). The number of ESPs sampled in
FY92 increased by two because Crater Flat was not sampled in FY91).

Figure 6 and Table 7 summarize traffic volume in average vehicle passes per day. Traffic
volume was highest at LLGS5T, averaging 65 passes per day. This was caused by drilling
operations at UZ 16. Two other areas of high traffic volume were the road to the top of
Yucca Mountain (LA3T, LAST, LLG4T, and LG3T), and the road between wells J-12 and J-
13 (LA1T LA2T, and LA4T). Little traffic occurred in Crater Flat (LA7T and LGST) and
the extreme south end of Yucca Mountain (LG4T).

Traffic volume in FY92 increased by over 700% on the access road to UZ 16, by 95% on
the road to the top of Yucca Mountain, and by 71% on the road between wells J-12 and J-
13. Traffic volume at other ESPs was similar to that in FY91. Total traffic volume
throughout the Yucca Mountain area increased 71% from FY91 to FY92.
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Figure 6. Distribution of vehicle traffic in the Yucca Mountain area in FY92. Traffic
volume is expressed as average vehicle passes per day.
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Table 7. Traffic volume (vehicle passes per day) at 24 ecological study plots in FY91 and FY92 at Yucca
Mountain. Two ESPs (LA7T and LG5T) were not sampled in FY91.

FY91 FY92
ESP Low High Mean Low High Mean
COLIT 1.3 8.9 4 1.3 11.4 5
CoL2T 34 14.1 7 1.3 15.7 7
COL3T 0.9 5.5 3 0.1 10.3 4
COLAT 0.4 7.0 2 0.3 31.7 4
COLST 1 1 1 0.1 31.6 3
COL6T 0.9 12.0 6 1.4 16.5 8
LAIT 4.8 21.3 10 3.6 48.1 16
LA2T 3.3 12.9 6 33 34.3 14
LA3T 12.6 26.1 17 2.0 83.6 29
LA4T 3.8 9.3 6 2.5 34.6 13
LAST 12.6 26.1 17 2.0 83.6 29
LA7TT 0 2.0 1
LG2T 0 6.1 3 0.3 11.6 3
LG3T 5.9 23.6 13 0.7 22.4 11
LGAT 0.3 6.3 2 0.1 1.7 1
LG5T 0.1 2.4 1
LG6T 2.1 7.4 3 1.3 7.1 3
LG7T 0 5.0 3 0.1 6.0 3
LLGIT 0 2.0 1 0.4 5.3 2
LLG2T 1.9 49.0 10 1.0 39.6 9
LLGAT 5.5 48.0 19 4.5 50.9 16
LLGST 0.6 40.4 8 6.1 116.7 65
LLG6T 1.7 11.7 5 1.7 12.6 6
LLG7T 0.6 3.9 2 0.3 4.7 3
Total 148 253
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2.8.2 Fugitive Dust

Fugitive dust was measured monthly from February-September, 1992, as described in
EG&G/EM (1992). The only change in sampling methodology (from EG&G/EM (1992))
was to collect samples monthly all year, instead of bi-weekly during the growing season and
monthly the remainder of the year. Samples were collected and weighed each month, and
new samplers placed in the field. All data collected in FY92 was entered into a database.

Dust weights on transects 10 and 25-m from the road generally were greater than dust
weights on control ESPs, and greater than dust weights on transects 75, 125, and 175-m
from the edge of the ESP (Figure 7). The one exception was treatment ESPs in the Lycium-
Grayia vegetation association. Dust weight was highest on the 10-m transect, lowest on the
25-m transect, and rose steadily from the 75 to 175-m transects. Reasons for this anomaly

are unknown, but it may be related to the steep slopes on ESPs in this vegetation association.

The high mean weights observed on Coleogyne control ESPs were attributable to nine
samplers on three ESPs that had high dust values. If the nine high values are eliminated
from the data, mean dust deposition on control Coleogyne ESPs is the same as mean dust
deposition on the control ESPs in the other vegetation associations. Reasons for the high
values are unknown. The relationship between dust deposition and vehicle traffic will be
evaluated in FY93.

2.8.3 Transition Zones

Vegetation cover was measured on two, 50-m line transects (called the A-line) located at the
interface between undisturbed habitat and roads on 20 treatment ESPs. Vegetation cover on
the A-line in the Larrea-Ambrosia, Larrea-Lycium-Grayia, and Coleogyne associations was
greater than cover throughout the ESPs (Table 8). The Lycium-Grayia vegetation association
had similar percent cover on both the A-line and throughout the ESPs. This may be a result
of the small sample size in the Lycium-Grayia association. Additional data analyses will be
done in FY93 to determine if differences in vegetation cover between the A-line and other
transects in treatment ESPs, and between the A-line and transects in control ESPs is
statistically significant, and how each lifeform (perennial grasses, perennial forbs, shrubs,
and annuals) responds to the presence of roads.

28
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Table 8. Average percent vegetation cover on control and treatment study plots and on transects (A-line)
immediately adjacent to disturbances on the treatment study plots in 1992.

Number of ESPs Standard

Vegetation association ESP type sampled' Average cover deviation
Larrea-Ambrosia Treatment 6 20.5 5.6
Control 6 19.6 5.8
A-line 5 35.7 12.3
Larrea-Lycium-Grayia Treatment 6 36.3 9.8
Control 6 . 36.3 6.6
A-line 6 47.6 10.0
Coleogyne Treatment 6 26.3 7.9
Control 6 27.8 7.2
A-line 6 36.1 11.9
Lycium-Grayia Treatment 6 32.4 7.7
Control 6 30.4 9.7
A-line 3 33.6 16.7

! Treatment and control ESPs have ten and eight line transects, respectively. The A-line occurs on treatment
ESPs only, and consists of two 50-m line transects adjacent to the road.

2.9 CLIMATE STUDY

Climate monitoring occurred weekly on all 48 ESPs in FY92 from late February to early
June, the period when both soil moisture and air temperatures are normally adequate for
vegetation growth. After soil moisture dropped to low levels (electrical resistance < 200

eRg) *MpRD ) V¥R 0tk D giddeedadebiscosbeiut il I Y] (I T\ —

air temperatures; precipitation; and soil moisture and temperature at 15, 30, and 45-cm
depths.

Precipitation in FY92 was substantially greater than in FY91 (Table 9). Mean precipitation
values were similar in all vegetation associations, except the Larrea-Ambrosia. The Larrea-
Ambrosia association probably receives less precipitation because it is furthest from the
higher mountains and ridges. Although mean values among three of the vegetation
associations were similar, variability among study plots within associations was large. Soil
moisture and temperature data have not summarized.
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3. DESERT TORTOISE PROGRAM

The goals of the desert tortoise program are to develop a better understanding of the
biology and status of the desert tortoise population at Yucca Mountain, assess impacts
of SCA on the population, and minimize those impacts. The objectives and program
design developed to achieve these goals are described in EG&G/EM (1991, 1992) and
Rautenstrauch et al. (1991).

Eight interrelated studies were continued for this program and one study, habitat
evaluation, was discontinued. Four studies share a common design: population
monitoring, movements and habitat use, health monitoring, and food habits. They
were developed to monitor cumulative impacts of SCA. A fifth study was designed to
evaluate and mitigate direct impacts of large-scale ur iong-term activities. The
remaining two studies evaluate mitigation techniques and monitor raven abundance.

During field wor. in FY92, EG&G/EM biologists captured and marked 101
previcusly unmarked desert tortoises; 30 of these were hatchlings (Figur . 8). Radio
transmiiters were attached to 29 hatchlings and 40 older tortoises. Sinct 1989, 229
tortoises have been marked; transmitters were attached to 171. One hur dred eleven
radiomarked tortoises still were being monitored at the end of the 1992 iortoise
activity period (March through October). The remainder of these tortoises had died
(n = 24), were missing (n = 23), had their transmitters fall off (n = 10), or had
their transmitters removed (n = 3). Figure 9 shows the latest location prior to
September 30, 1992 of all \ortoises “ound on or near Yucca Mountain during 1989-
1992.

3.1 POPULATION MONITORING STUDY

The objectives of the Population Monitoring Study are to assess the effects of SCA on
reproductive success and survival of tortoises at Yucca Mountain. These parameters
are measured from sampling populations representing three levels of impacts from
SCA. These levels are long-term, large-scale disturbances, hereafter referred to as
"high-impact"; small, widely-scattered disturbances, hereafter referred to as "area-
wide"; and no impact, or control. For & more in-depth discussion, see EG&G/EM
(1992:31-33). At the end of the 1992 iortoise activity period, 44 tortoises were being
monitored for the high-impact sample, 21 for the area-wide sample, and 22 for the
control sar ple. In addition, 28 hatchling tortoises across all sampling populations
were radiomarked as they emerged from their nests in August-September 1992.

3.1.1 Reproductive Success
A pilot study initiated in FY91 was continued to further develop techniques for
measuring reproductive success (i.e., clutch size, number of clutches, and natality).

Attempts were made to weigh 21 adult female tortoises weekly from May through
July to detect the nuraber of clutches laid by each tortoise. Also, eight adult male
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Figure 8. Number of previously unmarked desert tortoises captured at Yucca Mountain during 1992 in
10-mm size classes.

tortoises were weighed to evaluate the effects of environmental fluctuations on weight
change. Thread trailers were attached to ten of the female tortoises to locate nests.
These tortoises were located three times per week. When a =100-g weight loss was
detected the thread trail was followed and all potential nest sites searched. The
number of eggs were counted by excavating the nests. Eggs were measured,
weighed, and then replaced in their original location within the nest. Nests were
checked once per week for signs of predation. Nests were encircled with hardware
cloth no longer than 85 days after eggs were laid so hatchlings could be captured as
they emerged. Hatchlings were measured, marked with paint, and radiomarked.

Eleven nests containing 63 eggs were found. Clutch size ranged from 3 to 10 eggs
(X =5.7 eggs) and individual egg mass ranged from 24 to 39 g (x=30.2 g). Clutch
mass ranged from 87 to 282 g (x =178.5 g). Weight loss by the females during the
period when oviposition occurred ranged from 66 to 375 g (x =230.8 g). Incubation

time was 81 to 94 days (x =85.9 days). All but one egg hatched. One deformed
hatchling was found in a nest and died while still underground.
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We conclude that the thread-trailing technique can be used to find nests if oviposition
is detected quickly. Females must be weighed more than once per week because
weight loss from egg laying can be masked by intake and output of food and water.
The technique used in FY92 was successful at finding hatchlings to radiomark for the
survival study. However, an unknown number of nests were not found. For this
reason, a more reliable technique is required to measure clutch size and frequency.
X-raying tortoises has been identified as the best technique for this purpose (Turner et
al., 1984, 1986). Approval to X-ray tortoises was requested from the U.S. Fish and
Wildlife Service in 1992, and when approved may be used for this study.

3.2.2 Survival

To measure survival rates of the three samples, tortoises were located at least every
other week. Twenty radiomarked tortoises died during the 1992 tortoise activity
period. Fourteen of these were hatchlings: 12 from the 1992 cohort and 2 from the
1991 cohort. Of the older tortoises that died, four were first radiomarked in 1991
and two in 1992.

There was no evidence that any of the radiomarked tortoises were killed due to human
factors. Of the six older tortoises, four showed signs of mammalian predation.
Coyote, kit fox, badger, bobcat, and mountain lion are the most likely mammalian
predators. One small tortoise (mid-carapace length = 53 mm) was killed when its
burrow collapsed and it became stuck under a rock. One tortoise was found in the
open with no predator wounds, but had been scavenged by ants.

All of the dead hatchlings were found in burrows with most of their flesh removed.
Harvester ants (Pogonomyrmex sp.) were observed attacking a live hatchling and
found scavenging nearly all of the carcasses. Bleeding bite marks that appeared to be
from rodents were observed on one live hatchling and rodents had chewed on some of
the hatchling carcasses. All carcasses were found in burrows and showed no sign of
bird or large-mammal predation. This evidence indicates that at least some of the
hatchlings were killed by ants or rodents.

3.2 MOVEMENTS AND HABITAT USE STUDY

The objectives of the Movements and Habitat Use Study are to (1) evaluate the effects
of SCA on the desert tortoise population, (2) monitor the reaction of individual
tortoises to SCA within or near their home ranges, and (3) study selected aspects of
the behavior and habitat use of tortoises for which more knowledge is required to
better conserve this species at Yucca Mountain. The populations sampled are the
same as those for the Population Monitoring Study.

Seventy-four radiomarked tortoises were located twice per week during the activity

period and two to four times per month during hibernation. Methods were the same
as in FY91 (EG&G/EM, 1992:36) except for the following. Composition and texture
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of the soil around tortoise burrows were no longer recorded. Each time a tortoise
was found in a burrow, sticks were placed at the burrow entrance to determine if the
tortoise exited the burrow before it was next located.

Five of the 74 tortoises monitored for this study died. They were replaced by six
tortoises radiomarked during 1992. Five other tortoises were missing for part of
1992. The following summary only includes information from 58 tortoises monitored
throughout the entire 1992 activity period.

Tortoises were located 65 to 122 times (x =80) from October 1991 through
September 1992. These tortoises entered their hibernacula between September 28 and

December 7, 1991 (x =October 24). All but one tortoise was hibernating by
November 16. They exited their hibernacula between February 28 and May 2

(X =March 28). During the activity period, 5 to 20 burrows (X¥ =12) were used by
each tortoise.

To evaluate the effects of SCA on tortoises the following parameters will be
calculated and compared among the control, area-wide, and high-impact samples:
home range size, home range and core-use area overlap from the previous year, shift
in center of activity, number of burrows used, number of new burrows used, timing
and length of hibernation, and portion of time active.

Only one new disturbance or group of disturbances >0.5 ha (the drill pad, trenches,
and access roads associated with the North Portal Exploratory Studies Facilities)
occurred within the home range of radiomarked tortoises in FY92. To achieve the
second objective of this study, changes in movements and behavior of the 12 tortoises
with home ranges overlapping this disturbance will be compared to changes in
behavior of tortoises that did not have disturbances within their home ranges.

For the third objective, information collected while locating tortoises monitored for
this study will be compiled and analyzed to better understand the ecology of the
tortoise population at Yucca Mountain. Information from tortoises monitored for
other studies (e.g., impact mitigation) will be included if appropriate. In addition, 58
tortoise hibernacula used by 79 tortoises were measured during the winter of 1992 to
determine characteristics that may be useful for identifying potential hibernacula. The
following was recorded at each hibernaculum: entrance height and width, maximum
length, dimensions of burrow at tortoise, depth of tortoise below ground, depth of
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other tortoises, and other animalsApresent. These measurements will be compared to
similar measurements to be taken at burrows used by tortoises during the 1993
activity period to determine how winter and summer burrows differ.



3.3 HEALTH MONITORING STUDY

The objective of the Health Monitoring Study is to evaluate the effects of SCA on the
desert tortoise population at Yucca Mountain by monitoring changes in the health of
individual tortoises. All tortoises encountered in the field were examined for signs of
Upper Respiratory Disease Syndrome, a disease that contributed to the listing of the
Mojave population of the desert tortoise as threatened. Also, all tortoises with radio
transmitters were weighed at the end of the activity season. This annual measurement
will be used as an index to gauge the general health of the animals. A study to
collect and analyze blood to compare health profiles among the three sample
populations was not developed.

One tortoise with possible signs of Upper Respiratory Disease Syndrome was found.
An adult female that was observed mating was captured and radiomarked immediately
afterwards. She was wheezing and had mucus coming out of her nose. She did not
exhibit these signs when checked one month later.

All radiomarked tortoises were weighed between mid-September to mid-October. At
that time, adult tortoises were an average of 8.6% lighter than at the same time a year
earlier. However, on October 24-30 several storms passed over the Yucca Mountain
area dropping 10-15 mm of rain. During and after these storms all radiomarked
tortoises left their burrows, most likely to drink. Ten tortoises were weighed after
this rain and found to have gained 9 to 613 g (x =300.1 g), or 0.9 to 35.9% of their
body weight (x =14.7%), since about one month earlier. As a result of the late
October rain, most tortoises at Yucca Mountain entered the 1992-1993 hibernation

with their weight at the same level as or slightly above their 1991-1992 hibernation
weight.

3.4 FOOD HABITS STUDY

The objectives of the Food Habits Study are to determine diet of tortoises at Yucca
Mountain, relative nutritional and quantitative importance of forage components, and
large-scale effects of SCA on tortoise diet.

Thirty fecal samples collected at Yucca Mountain during 1991 were sent to Colorado
State University for microhistological analysis; analysis was not completed during
FY92. During the 1992 activity period fresh fecal samples were collected in the
Yucca Mountain and control areas. In addition, species eaten by 43 radiomarked
tortoises during 56 foraging bouts were recorded. Red brome (Bromus rubens) was
eaten during 34 % of these observations. Twenty-four other species were seen being
eaten <5 times.
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3.5 IMPACT MITIGATION STUDY

Most SCA will be small (<2 ha), short-term, and have relatively minor impacts on
tortoises. However, some activities wiil disturb large areas, last throughout site
characterization, and have potentially significant impacts on tortoises. The objective
of this study is to identify large-scale, long-term SCA and obtain information
necessary to mitigate their impacts by collecting and assessing the abundance,
movements, and habitat use of tortoises in close proximity to these disturbances.
Tortoises potentially impacted are identified and their movements and habitat use
evaluated to determine the best means for mitigating impacts.

Searches for tortoises were conducted in two high impact areas and monitoring of
tortoises continued. The first search was conducted in February 1992 in the area
around Drill Hole Wash. Thirty-two burrows found in the Drill Hole Wash study
area during the original survey in August 1991 were searched in February 1992 to
find previously unmarked tortoises. The search was limited to burrows within 100
meters of existing (roads, subdock, drill pads) and proposed (borrow pit, batch plant)
disturbances. One unmarked tortoise was found, but could not be removed from its
burrow. After monitoring the animal throughout the winter, it came out of
hibernation earlier than expected and was not captured.

The second search was an initial survey of 135 ha around the proposed South Portal
Exploratory Studies Facility and topsoil/muck storage area. The area was surveyed in
April-June 1992. Four tortoises had been found in the area prior to the survey and
were already radiomarked. Four additional tortoises were found and radiomarked
during the survey. At the end of FY92, one of these tortoises was missing and the
rest were still being monitored.

Tortoises found during these searches and radiomarked tortoises found in previous
years in Midway Valley and Drill Hole Wash were monitored. These tortoises were
located at least twice per month. Most were located twice each week. Data collected
on the tortoises in Midway Valley were used to develop mitigation recommendations
for trenching and other excavation activities there.

3.6 DISPLACEMENT AND RELOCATION STUDY

More than 180 ha of desert tortoise habitat will be disturbed during SCA.
Disturbances that impact tortoises or their burrows will be modified or moved if
possible (DOE, 1991a). If a disturbance cannot be moved or sufficiently modified to
ensure that a tortoise will not be harmed, the tortoise may be displaced (i.e, moved to
or near a distant part of its home range) or relocated (i.e., moved to an approved
relocation site out of its home range). The Displacement and Relocation Study was
designed to develop, implement, and test methods for moving tortoises from areas to
be disturbed while minimizing impacts on those tortoises and tortoises residing in the
relocation site.



Procedures were written in FY92 that describe the methods to be used to displace and
relocate tortoises. These procedures include instructions for selecting appropriate
release sites, ensuring that tortoises are not heat stressed during handling, and
monitoring tortoises after release to ensure their safety and study their responses to
being moved. The procedures also included a decision matrix for determining whether
a tortoise should be displaced or relocated. This decision matrix will be evaluated
annually to ensure that information gained during the previous year is used to improve
the decision-making process.

No tortoises were displaced in FY92. One tortoise, number 423 (mid-carapace length
of 178 mm), was relocated to ensure that it was not harmed by trenching and other
activities to occur in preparation for the North Portal Exploratory Studies Facility.
This tortoise’s 1991-1992 hibernaculum was to be destroyed during excavation of a
test pit in February 1992. In addition, >30% of its known home range and an
unknown number of its burrows were to be destroyed during other disturbances
planned for this area in 1993-1994. This tortoise was relocated, instead of being
displaced, because of the large amount of its known home range that was to be
destroyed during the next three years.

Tortoise 423 was moved on February 24, 1992 from its hibernaculum east of Exile
Hill to a relocation site S km away on the south bajada of the Calico Hills. The
tortoise was released into a burrow originally dug by a 