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A naturnl population of the lizard Uta stansburiana oceupying a fenced 9-ha area in
southern Nevidn wis exposed to essentially continuous v irradiation from an artificial
source between February 1964 and September 1973, Tissue doses were estimated using
implanted lithium fluoride microdosimeters, Females became sterile as early as 11 months
of uge, but many were still fertile at ages of 20 months and a very [ew may have repro-
duced at 32 months. Dosimetry showed some femules to be sterile after accumulated
doses of wround 500 rad, while others may have required 1000 or more rad. One female
estimuted to have received over 1200 rad was still reproductive. Irradiated females may
puss through astate of half sterility, during which time they possess one functional ovary.
Female U. stansburiana ave sterilized at lower doses than the sterilizing dose (1500 rad)
previously suggested for the leopard lizard, Crotaphytus wislizenii.

INTRODUCTION

Populations of lizards oceupying o continuously irradinted 9-ha enclosure in
southern Nevada were studied between 1964 and 1973 (#-4). Animals werc ex-
posed to y radiation from a centrally loeated cesium source atop a 15-m tower
(5, 6). The strength of the radiation source was 33,500 Ci when it was activated
in Junuary 1964. Beeause the source was differentiully shiclded in an attempt to
create a uniform ficld of radiation, free-air exposure rates early in the experiment
ranged from about 10 R/day near the center of the enclosure to around 2 R/day
at the periphery (6). By 1973 the decay of the source reduced froc-air exposure
rates to around 8 R/day close in and 1.5 R/duy at the edge (7).

Tissue doses Lo animals oceupying the irradiated enclosure wore always less
than exposure rates, often markedly so. Using attached lithium fluoride dosim-
cters, French el al. showed that annual doses to pocket mice (Perognathus
Jormosus) were about 360 rad, with most of the dose received during the spring
and summer (8). Turner and Lannom measured doses with dosimetors implanted
beneath the skin of lizards and estimated that tissue doses sustained by Uta
stansburiana were from 0.3 to 0.6 of exposure rates (9). Comparable figures for
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whiptail lizavds (Cnemidophorus tigris)--with a shorter period of above-ground
activity  were around 0.1 to 0.2, Doses to leopard lizards (Crotaphytis wislizenis)
were intermediate to the foregoing species, Turner of al. gave more rolined esti-
mates for Cla in the enclosure, judging that annual doses ranged from as high as
1800 rad near the center to around 360 rad at the periphery (1), Most animals
were estimated Lo reecive around 750 rad/year. Later, Tumer ef al. estimaled
annual tissue doses to leopard lizards as around 450 rad, and to whiptails as
200250 rad (2).

Performances of irradiated populations of lizards were compared with those of
similar populations occupying three nearby control arcas, two feneed and one
unfenced. By 1968, there was evidence of reproduetive failure mmong leopard
lizawrds and the investigation of this situation has been previously deseribed (2, 4).
Basically, the cffect of continued exposure to y radiation was sterility among
females, manifested by an apparently eomplete loss of oviarian tissue and pro-
nounced hypertrophy of pleuroperitoneal fat bodies. We also found this effcet
among irradinted female whiptadl lizards (2) and horned lizards (3), but never
among control animals from nearby arens. Sterility among irradiated female
lizards has been more widely manifested than in males, and appears to be of
greater importance in terms of the survival of the populations.

The responses of various populations of lizards to continuous irradiation repre-
sent a complex internction between the specifie demographic regimens of the
lizards (particularly age at maturity and natural life span) and the cumulative
stress. A number of questions may still be raised concerning details of these
interactions, as well as possible compensating mechanisms. For example, the
manner in which femuale sterility develops is not elear, All female lizards examined
between 1969 and 1971 exhibited eomplete loss of ovarian tissue, and we could
only draw indireet inferenees as to when this condition was first manifested. We
had no information as to how sterility developed over time; whether gradually
or quickly. Whereas all female horned lizards and leopard lizards in the irradiated
enclosure were sterilized, this was not true of female whiptails and {/ta. We lacked
information on the proportion of females affected, and how sterility was related
to age and accumulated radiation exposure. This paper is addressed to these
questions, insofur as they could be investigated in the population of Uta occupying
the irradiated enelosure,

METHODS

One part of this study involved marking a large eohort of newly hatched female
{7ta in the summer and carly fall, when these animals were 1-2 months of age.
This was accomplished in the summer of 1972, when 270 female hatehlings were
captured in the irradinted area, marked by toe clipping, and released at points of
capture. We then removed small numbers of individuals from this group each
month until the eohort was exhausted by sampling and normal attrition. Female
Uta of similar ages were collected outside of the irradiated plot and served as
controls. The first snmples of females were taken in September 1972, and sapling
continued on a monthly basis (except for December 1972) until the fall of 1973,
when it wus no longer profitable to seck out marked animals. Each sample was
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made up of from one to five females of known ages, and a total of 32 females was
taken from the irradinted aren during the course of the experiment, At the same
time, 36 females were eollected as eontrols.

All animals were measured, weighed, and autopsied. Weights of ovaries and
cggs (if present), oviducts, and fat bodies (if present) were determined using a
Mettler Gram-atic analytical balance. We also computed ratios of ovary and
fat body weights to live body weights.

We estimated accumulated radiation doses to lizards in the irradiated area by
inplanting lithium fluoride microdosimeters beneath the skin. General procedures
have been deseribed previously (9, 10). In general, we did not place dosimeters in
lizards <25 mm in snout-vent length (or <0.5 g), beeause dosimeters were often
lost from such small animals. Dosimeters were removed from lizards as oppor-
tunities arose; some dosimeters were removed within a week and others remained
in place over the winter and were not retrieved until > 200 days after implanta-
tion. Reeovered dosimeters were sent to their manufacturer, Edgerton, Germes-
hausen and Grier, in Santa Barbara, California. Here they were read, and readings
converted to estimates of tissue doses (in rad) by multiplying by 0.96. Tissue
doses were compared to total exposures, taking into account the time between
implantation and removal and each lizard’s location within the irradiated area.
We used an isodose map of the area based on 1973 measurcments to estimate each
individual’s exposure (7). Allowances were made for 45 days of inactivity during
the winter and for days when the radiation source was inactivated (usually about
5 duys monthly). For cach animal, a ratio () was computed as the total free-air
exposure (R) divided by the corresponding dosimeter reading (in rad). Valucs
of K tended to inerense with time, as was true in dosimetry studies of leopard
lizards (2). Dosimeters retrieved after 50 days or more registered lower doses
(relative to estimated exposures) than dosimeters recovered after shorter time
periods. This would occur if there were loss (or fading) of the thermoluminescent
properties of the exposed dosimeters. We examined this problem by regressing
values of K on time, d (in days). First, we analyzed all of our dosimetry rceords
(n = 92) with values of d ranging from 7 to 255. Second, we anualyzed only those
records with d <50 (n = 46). These tests indicated that dosimcters left out for
more than 50 days underestimated actual tissue doses, so we used only those
records with d < 50 as estimators of K. The mean value of K based on 46 records
was 1.46. We were then able to ealculate, for each female, expected tissue doses
based on the animal’s location within the enclosure and the duration of exposure.
The best estimate of tissue dose, T, in terms of exposure, I, was:

T = 0.685F

Medica et al. showed that reproductive states of female Ute may be inferred
by palpation.? One can diseriminate between ovaries with no follicles (or very
small ones) and ovaries with follicles 2 mm or greater in diameter, as well as
between follicles and cggs. The data given by Medica ef al. showed that fairly
good estimates of the numbers of follicles ean be made. Furthermore, it is possible

2P, A, Medica, G. A. Hoddenbach, and J. R. Lannom, Jr., Lizard Sampling Techniques. Rock
Valley Miscellaneous Publ. No. 1, 55 p., 1971,
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to determine the absenee of ovaries and the presence of inereased amounts of
body fub by palpation. Beeause we were inferested in the ineidence of sterility
among female Uta of dilferent ages, Mediea examined 155 irradinted females
during the spring of 1972 and 126 females during the spring of 1973, Animals
wore scored as normal or sterile (on the basis of palpation) and assigned to two
age groups (S-11 months and 204 months) on the basis of body size (/7).

RESULTS

Table T summarizes basic data pertaining to irradiated females marked during
the summer and fall of 1972 and removed during the next year, as well as com-
parable figures for control animals colleeted over the same period of time. Female
Uta born in the irradiated plot possess ovaries and oviduets of normal size. These
organs were also normal in color and appearance. Some development oceurs during
the fall and winter, but real growth does not commenee until the ensuing spring,
Then weights of ovaries and oviduets inerease quickly and egg production by
ireadiated females 8-9 months of age oceurs in an apparently normal fashion. The
cight females taken from the irradiated area between March and June 1973
(Tuble I) exhibited, when nutopsied, ovaries with yolked follieles or, in one case,
ovidueal eggs. However, the last five females tuken from the irradiated plot
(between July and September 1973) were either sterile or half sterile.

We first analyzed live body weights of irradiated and nonirradianted animals,
TFemales differed in their reproductive states; some had ovaries with enlarged
follicles while others bore eggs. In order to eliminate this source of variation we
adjusted the body weights of seven females with eggs by subtracting the weights
of the eggs. Irradiated and control females were grouped info three time periods:
September—November, January-April, and May—September. A factorial analysis
of variance of these data was performed. Although there was a pronounced time

TABLE I

Live Body Weights and Wet Weights of Ovaries, Fat Bodies and Oviducts of
Trradiated (I) and Nonirradiated (NI) Female Ula®

Month n Mean body Mean ovary weights Mean fat body Mean oviduct

weights (g) (mg) . weights (mg) weights (mg)

I NI

I NI I NI I NI I NI

September ] 5 1.31 1.39 1.6 1.2 0.2 .2 — _—

October 3 3 1.77 2.09 2.7 4.0 1.3 30.0 —_ -
November 3 2 158 2106 3.7 0.0 7.0 33.0 1.0 <10
Junuary 4 b 1.02 2.04 5.0 6.0 21.0 23.0 2.5 3.0
February 4 3 1.08 1.92 8.0 8.0 13.0 14.0 3.8 6.0
Mureh 1 2 2,50 1.69 25.0 8.0 350 1.0 16.0 3.0
April 2 2 2.81 2.0 356.0 52,0 7.0 14.0 50.0 27.0

Muy 4 4 3.28 3.49 474.0 102.0 2.0 8.0 50.0 —_—
June 1 3 4.35 3.83 523.0 13.0 1.0 11.0 45.0 21.0
July 1 4 3.86 3.52 Bterile 4.0 305.0 106.0 13.0 15.56
August 2 3 3.30 3.75 Bterile or 4.0 247.0 2110 14.0 14.0

half sterile
September 2 0 2.85 —_ Half sterile -— 142.0 — 11.0 -—

a Animals wore taken in Rock Valley between September 19072 and 1073, Those collected in Beptember 1972 were 1-2
months of age: those taken in August and September 1973 were 13 and 14 months old, respectively.
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TABLIES TI

Mean Ratios of Ovary Weights (mg) to Live Budy Weighls () among Tevadinled sl
Nonieradinted Female Ut stansbiriona Collected helween Sepltember 1972 and 1973

Time period - Trradialed Nonirradiated
n MeanO/B  Range n MeanO/B  Range
September-November 1972 1t 1.61 0.090- 2,80 10 2.02 0.65- 5.73
January-April 1973 10 4.77 2.67--10.09 11 4.00 1.50 -10.10

Mauy June 1973 2 305 (0.81- 7.09 ] 5.47 3.46- 84T

offeet, the I ratios associnted with trontment and internction between time and
treatment were insignificant.

We next considered the weights of ovaries of nonirradinted and ireadiated
females. As ean be scen from Table I, ovary weights of both groups inereased
from around 1-2 mg in very young females (1-2 months), to some hundreds of
milligrams during the spring, and then deelined to around 4 mg in the fall. Did
changes in the relative weights of ovaries of irradinted females decline before
sterility oceurred? To explore this question we computed ratios of ovary weights
inmg (0) to live body weights in g (53). Body weights were adjusted by subtraet-
ing weights of eggs. Seven females with enlarged follicles were omitted, and the
four sterile or half sterile females taken from the ireadiated arca could not be
used. Irradiated and control animals were grouped into three time periods:
September=November, January-April, and May-September (Table IT). Analysis
of variance of these data indicated o highly significant time coffeet, but the F
ratios associated with treatment and interaction were insignificant. Henee, our
data showed similar trends in values of O/B among all nonsterile lizards examined.

We analyzed ratios of fat body weights in mg (L) to live body weights (L/B)
in o similar manner. Animals were grouped aceording to time of colleetion as in
the previous analysis, and mean values of L/B computed (Table TT1). Analysis
of varinnee showed that most of the observed variation was due to time, but
interaction of treatment and time was also highly signifieant. The main point is
that relative weights of fat bodies of all irradiated females inereased in the fall
of 1973. Of the 10 control females colleeted between June and August 1973, three
had fat bodies of about the sume relative size as irradiated animals and the other
seven had smaller ones. We consider the difference between the two groups a
radiation effeet, and this observation is in accord with previous work showing all
sterile females of Crotaphytus wislizenii and Cunemidophorus tigris to posscss
cnormously hypertrophied fat bodies (2).

When does sterility, or half sterility, first oceur, and how is this related to
aceumulated tissue doses? Table IV Hsts 13 females of known age taken from the
irradiated area between March and September 1973, and gives estimated tissue
doses sustained by these animals based on their loeations within the area. Al-
though all five individuals 12 months and older were affected, we know that
sterility does not always oceur so carly in life. Many irradiated females reproduce
in their second year. Table V gives data pertaining to females still reproducing ut
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TABLI TIT

Menn Ratios of Fat Body Weights (ng) Lo Live Body Weighis () among Irradinted and
Nonirradinted Pemale Uta stansburiana Collected between Seplember 1972 and 1973

T'ime period Irradiated Nonirradialed
n Mean /B Range n Mean /B Range
September-November 1972 11 HIR K 0 - 8.07 10 10.70 0 -22.57
January-—-April 1973 10 876 3.19-16.90 1l 7.14 0 =16.16
Muay-September 1973 6 H4.01 0 =86.906 15 2117 .81 -75.19

known ages of 204 months. This information is based on palpation of live animals
oceupying the irradiated area during 1972 and 1973 (sce above). Apparently
sterility nmong (/ta within the irradiated area ean oceur as carly as 11-12 months
of age, but after the animal reproduces in its first breeding season. Sterility may
oceur at any time after 12 months; some females were sterile at age 20 months
and others were still reproductive. Although o few females may begin their third
reproductive season (Table V), almost all animals 32 months of age or older
(<5% of the population) were sterile. Some females may be ecompletely sterilized
by neeumulated doses of around 500 rad, yet one lizard (3397, Table V) apparently
sustained o dose of over 1200 rad and still showed signs of reproductive activity.
This last lizard evidently spent its entire lifetime in o rectangular area about
24 X 30 m, over which the free-nir exposure rate ranged from 2.3 to 3.7 R/day.
The loss of one ovary may be brought about by less than fully sterilizing doses.
This condition may persist for some time and the single ovaries of half sterile
females may remain functional.

TABLE IV

Reproductive States of 13 Female Uta stansburiana Taken from the Irradiated Area
between March and September 1973, and Estimated Accumulated Tissue Doses

Animal Month removed Age when Condition Estimated
number from area removed tissue
(months) dose (rad)
0405 Murch 8 2-mm follicles 240
9713 April 9 2-mm follicles 418
9086 April 9 G-mm yolked follicles 411
9146 May 10 Oviducal eggs 343
9116 May 10 T7-mm yolked fullicles 406
0594 May 10 G-mm follicles 326
0988 May 10 4-mm follicles 306
9721 June 11 G-mm follicles 341
9941 July 12 Sterile 456
9629 August 13 Sterile 622
0114 August 13 Half sterile 301
9141 September 14 Half sterile 534

9692 September 14 Half sterile 326
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TABLIE V

Reproduetive States of Seven Pemnle Uta stansburiana 204 Months of Age Fxamined in the
Teenddinted Aven in 1972 and 1073, and BEstimated Aceumulated Tissue Doses

Auwimel Dl exaniined Age Reproductive condilion Estimaled
nimber (monihs) inferred from palpation acewmidiled
Lissue dose
(rad)
BHE March 14, 1972 20 S-mm follicles
April 17, 1972 21 S5-mm follicles
March 19, 1973 32 3-mm follicles H28
3350 March 15, 1972 20 Tgs
April 26, 1972 21 ggs 749
3376 April 12, 1972 21 3—4-mm follicles
April 28, 1972 21 Iiggs 542
3307 April 12, 1972 20 5—6-mun follicles
Mareh 30, 1973 31 G-mm follicles 1273
4164 March 16, 1973 20 2-3-mm follicles 728
4165 March 16, 1973 19 2-3-mm follicles
April 9, 1973 20 Tiggs 790
4102 April 2, 1973 21 G-mm follicle* 820

s Possibly impaired.

The apparent variability in relationships between sterility and age and accumu-
lated doses is not ensy to rceoneile. Aside from differences in individual radio-
sensitivity, we ean identify two sources of error. First, the home ranges (and
loeations) of lizards are not always relinble guides to radiation exposures because
animals may make oceasional movements not reflected by reeapture loei. Second,
relationships between estimated exposures and tissue doses (K) vary. When we
analyzed this relationship based on 46 readings, the corrclation cocflicicnt wus
only 4+0.517. Irregularities in terrain and/or behavioral differences among animals
contribute to this source of error.

The data reviewed so far indieate that, for various reasons, female Uta become

TABLIE VI

Incidence of Sterility among Two Age Groups of Female Uta in the
Trradiated Plot during 1972 and 1973+

Condition 1972 1973
Adulls Yearlings Adulls Yearlings
(204 mondihs) (8—11 months) (20+ months) (8-11 months)
Normal 20 (50.0) 109 (94.8) 16 (55.2) 88 (90.7)
Sterile 20 (50.0) 6 (5.2) 13 (44.8) 9 (9.3)

a Condition was inferred by palpation of live animals. Numbers in parentheses indicate per-
centbages of each age group sterile and normal.
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sterile at different ages after 11 months. Some females are unable to reproduce
al an age of 20 months and others are still fertile. We believe that almost all
females 32 months old are sterile. To understand the dynamices of such o popula-
tion we need to know the incidence of sterility among 20-month old females,
During the spring of 1972 and 1973 Mediea evaluated the condition of female
Uta of different ages in the irradiated plot. This survey was based on palpation
of live animals which were then released.

Table VI summarizes this information. These data show that yearling females
are rarcly sterile (and the affected animals were probably 11 months old). Roughly
half of the older females were judged to be sterile. If we assuime that 839, of the
animals 204 months of age were 20 months old and 179, were older (/1), and
that all females 324 months of age were sterile, we ean estimate the incidence
of sterility among 20-month old females. Of the 69 females 204 months of age
in Table VI, we would expeet about 57 to be 20 months old. All of the 12 older
females would presumably be sterile. Then 21 of 57 (37%,) 20-month old lizards
were sterile.

DISCUSSION

When female sterility among leopard (Crolaphytus wislizenii) and whiptail
lizirds (Cnemidophorus tigris) was evaluated, it was stated that, ©. . . an accumu-
lated dose of around 1500 rads was sufficient to destroy the ovary. ... This
estimate could be wrong by a few hundred rads, and it would undoubtedly vary
between individuals” (4). Our findings with respeet to Ula stansburiane indicate
that sterility is brought about by lower doses, perhaps 500 rad in some eases, but
also that other females may sustain doses of up to 800-1200 rad and remain
reproductive. It is certainly possible that the two species of lizards (Crotaphytus
wislizenii and Ula stansburiana) in which female sterility has been analyzed most
intensively may differ in their radiosensitivity. This is hard to evaluate because
of the wide range in dose-response relationships among irradiated female Ula.
Because of several sources of error in the Uta data, we are not dealing entirely
with variations between individual lizards. It is unlikely that the time of autopsy
of an animal coincided exactly with the onset of sterility, but “accumulated doses”
were computed to time of death. We have also commented on the problems of
dosimetry among animals free to move about in their natural environment. We
also point out the possibility that differences in dose rate could have some effcet
on the relationship between accumulated doses and sterility.

It is not obvious how this problem could be evaluated under controlled condi-
tions in the laboratory, for it is difficult to sustain Ula in cages for the period of
time (say, 12-24 months) necessary to accumulate sterilizing doses from con-
tinuous exposure to a few rad per day. We do not know how the ovaries of adult
female Uta would respond to the acute administration of 600-1500 rad of ¥
radiation. Some females survived (for 30 days) doses exceeding 2000 rad in acute
irradiation experiments but no autopsies were performed (12).

In spite of the variability in responses deseribed above, it is elear that the
capacity of the Uta population to withstand chronic radiation stress is markedly
better than that of populations of leopard lizards and horned lizards. We have
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commented on this point previously (2, 4), bul reiterate that the principal
advantage enjoyed by ta stansburiana is its carly  sexuad maturation (8 9
months) and the ability of yearling lizards (which make up around 7557 of spring
populations) to reproduce normally before damaging doses of radiation are
accumulated. Turner suggested that compensatory changes in early survival
could also proteet the population from reductions in [ertility associnted with
sterility ol some older females (4). A model was postulated assuming half the
20-month old females to be sterile (ef. 379 estimated in this paper). In contrast
to Uta, populations of leopard and horned lizards in the ivradiated plot have
declined in numbers - beeause of complete failure of reproduction. These lizards
are not normally mature until 20-21 months of age and breeding populations are
principally composed of older animals. The Rock Valley experiment, showed that
populations with these demographic attributes are much more vulnerable to
continuous exposure to sublethal radintion stress.

French ef al. reported on a 5-year study of populations of heteromyid rodents
oceupying the irradinted enelosure and three control plots (6). Although the four
areas sustained differing densities of rodents, there was general synchronization
of population fluctuations. Of four speeies of rodents studied, the pocket mouse
(Perognathus formosus) exhibited the highest densities and French and his co-
workers gave particular attention to this species. The irradiated population of
I’. formosus sustained numbers throughout the experiment, and afforded no
obvious evidenee of impaired reproduction. In April 1970 one male and one female
were removed from the irradiated arca and autopsied. Histologieal comparisons
of their gonads were made with those from two animals from a control enclosure.
Testes of both males had high sperm concentrations and were reproductively
active. Ovaries of both females were reproductively active and contained new
corpors, luten. Ovaries of the irradiated female also showed a large number of
atretic follicles, but this was judged an effect of age rather than irradiation. The
lifetime accumulated radiation dose to the experimental female was estimated to
be about 1880 rad (6). These data suggest that ovaries of female pocket mice
may be resistant to accumulated radiation doses sufficient to sterilize female
lizawds, and the long-term historics of the respective populations also support
this view. If this be true we have no radiobiologicul explanation other than to
suggest a more efficient eapacity for recovery by ovaries of pocket mice exposed
to continuous doses of a few rad per day.

Recrvep : May 11, 1976; reEvisEp: September 2, 1976
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