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INTRODUCTION
Possible ecologicul effects of gamma radiation have
ated in a desert area at the U.S. Atomic
Energy Commission’s Nevada Test Site (NTS) for over
six years. A fenced 20-ucre plot in Rock Valley has
been almost continuously exposed to radiation from a
centrally located source of '37Cs since January 29,
1964. Tissue doses sustained by animals have been
discussed by French, Maza. and Aschwanden (1966)
and by Turner and Lannom (1968). Two adjoining, but
unirradiated, fenced 20-acre control areas have been
studied in conjunction with the irradiated plot (French
1964 ).

Three species of lizards occupying the study areas
have been under continued investigation: the side-
blotched wta, Ura stunsburiana (Turner et al. 19694,
Turner et al. 1970): the whip-tail lizard, Cnemi-
dophorus tigris (Turner et al. 1969b); and the leopard
lizard, Crotaphvius wislizenii (Turner et al. 1969¢)
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Annual tissue doses to Ut have been estimated at
around 360 1800 rads. depending on the individuals®
locations  within  the irradiated plot (Turner and
Lannom 1968, Turner et ul. 1969a). Most individuals
receive annual doses of around 750 rads. Data acquired
between 1964 und 1968 disclosed deleterious
radiation effects on the demographic performance of
the irradiated population of Ura (Turner ot al. 196Ya).
Both the 59% increase of the irradiated popul
between 1966 and 1967 and the 437 decline between
1967 and 1968 were matched by corresponding changes
inthree untreated areas. However. leopard lizards
occupying the irradiated area have apparently not
reproduced since the summer of 1966. Also, some
female whiptails in this arca are sterile. Annual tissue
doses to these species ure generally less than those
sustained by Ura. Annual doses (o Crotaphytus were
estimated (o be about 25% of total frec-uir exposure:
doses to Cuemidophorus were about half this. The
maximal annual dose to a leopard lizard reported by
Turner and Lannom (1968) was 320 rads.

This paper has two objectives. First. we attempt to
understand more fully the apparent radiation effects on
Crotaphytus and Cnemidophorus. Second, we consider
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the problem of why reproduction of these two species
should be impaired — with the population of leopard
lizards becoming extinet — while the irradiated poupu-
lation of Uta continues 10 reproduce.

METHODS

Dosimetry. The irradiated facility in Rock Valley has
been described previously (French 1964 Lucas. Burson,
and Lagerquist 1966). A 33.000-Ci ' *7Cs source atop a
SO-ft tower is differentially shiclded so as to produce a
radiation field ranging in intensity from about 2 R/day
(free-uir) at the periphery to 11 R/day near the center
of a 20-acre circular enclosure. About 144 acres (70%)
of the enclosure are exposed 10 3 10 6 R/day. Only 0.5
acre (2.577) is exposed to more than 8 R/day. During
the past six years the radiation source has decayed to
about 28,700 Ci. Because of this decline some of the
subsequent dose estimates may be slightly high.

Leopard and whip-til lizards have been captured in
the irradiated arca and in two fenced 20-acre control
plots since 1964, Methods of estimating the density and
dge-composition of these populations were deseribed
carlier (Turner et al. 1969 b.). Tissue doses to both
species have been estimated from doses registered on
lithium  fluoride  microdosimeters  manufactured by
Edgerton, Germeshausen. and Grier (E.G.&G.) of Santa
Barbara. California. Methods of mmplantation and re-
moval ol dosimeters have been described in carlier
papers (Turner and Gist 1965, Turner and Lannom
19638). Recovered dosimeters were read by E.G.&G.,
cleared and calibrated, and il readings converted to
roentgens. Tissue doses. in rads, were obtained by
multiplying R values by 096. In an carlier paper
(Turner and  Lannom 1968) we discussed doses to
leopard and whip-tail lizards in terms of the average
fraction of free-uir exposure sustained as tissue dose
during different times of year. For Crotaphytus this
fraction ranged from around 507/ during late spring and
carly fall to around 8077 in midsummer. On an annual
busis the fraction wus estimated as 257 For t
Cnemidophorus the annual fraction of free-

emale
air exposure
sustained as tissue dose was estimated us I1%. In the
present puper we consider tissue doses in terms of ruds
and estimate mean doses tor various times of year.
Leopard lizards. In spring of 1969 the total known
adult (=8 months) population of leopard lizards in the
irtadiated arca was 7 temales and 11 males. Between
May 15 und June 10, 1969, we collected three adult
male and three adult female leopard lizards from the
irradiated  plot for autopsy. The oldest female was
estimated to be 94 months of age, und would have been
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about 29 months old when inuadiation began. Anotle
female and the two oldest males were estimated (o he
82 months old, and would have been about 17 months
of age in Junuary 1964, The youngest fenule and male
were both born in August 1965, about 19 months after
the experiment began. Between April 30 and July 3.
1969, 8 other adult males and 12 adult females were
collected in Rock Valley or Mercury Valley at NTS. All
male leopard lizards were brought to Los Angeles fo
examination. Six of the females were brought to Lo
Angeles, and six were examined at NTS. Males were
maintained for one day at 37 C prior (
injected with 2 ml of 0.05% colchicine 6 hr be
death. All animals were  killed by injection witl,
nembutal.  All individuals were weighed just before
sacrifice. and lengths were measured immediately afe
death.

Freshly Kidneys, fat bodies (it
present), right testes, and ovaries (if present) were
weighed and preserved in Hollande's modification of
Bouin’s solution (Thrasher 1966). Oviducts of females
and sections of gastrointestinal tracts ol all individuals
were also preserved. A section of the epididymis of cach
male was removed and the contents suspended in watey
for examination with a compound microscope. Smears
of contents of epididymides were prepared and stained
with Giemsu.

The tunic of the left testis of six control and all three
irradiated males was removed and the testes placed in
hypotonic (0.1%) sodium citrate for about 10 min. In
general, processing of the left testes was as described by

o sacrifice ang

fore

removed livers,

Patton (1967). After centrifugations, the supernatan
was discarded and the centrifugate fixed (three pars
methanol to one part acetic acid). Fixed suspensions
were transferred to slides und stained with Giemsu.
These preparations were examined with microscope
and counts made of macrochromosomes and micro-
chromosomes in 50 diakinetic spermatocytes when the
condition of the preparation was suitable.

Slides were prepared of portions of gastrointestinal
tracts and livers of both sexes. Slides were also made of
sagittal sections of oviducts, transverse sections of right
testes and male kidneys, and sagittal sections
epididymides. Sections were embedded in paratfin, cut
at 5wy, stained with iron hematoxylin, and counter-
stained with eosin. In general. histological procedures
were as outlined by Thrasher (1966).

Whip-tail lizards. The first evidence of abnormality in
Cnemidophorus came in the spring of 1969 when. by
palpation, a mature female without follicles (or eggs)
was detected in the irradiated population. This female
(81 months old) was removed on June 25,1969. On the

or



same day another mature female was collected else-
where in Rock Valley. These animals were autopsied in
the same manner as the temale leopard lizards. In early
June 1970 four adult females and three adult males
were removed from the irradiated area. The females
ranged from 46 to 94 months of age: males from 33 (o
S8 months. At the same time three adult males and four
adult temales were collected in nearby areuas. All males
and the four control females were autopsied in the same
manner as the leopard lizards, except that no chro-
mosome preparations were made. Five control females
(collected in late June) and the four irradiated females
were used in a hormone experiment to examine the
possible bases of sterility.

The nine females used in the hormone experiment
were Keptin a controlled temperature cabinet and body
temperatures maintained at 37 C for 12 hr (during the
day) and cooled to 30 C at night. A 12-hr photoperiod
was provided by fluorescent lamps. Animals were fed
mealworms and crickets ad libitum. All individuals were
administered follicle-stimulating hormone dissolved in
water (NIH-FSH-S6: 1.2 units/mg) every other day.
Intraperitoneal injections consisted of either 100 or 250
pg of FSH in a volume of 0.05 ml. Hormone injections
begun on June 12 for three of the irradiated females: on
June 26 for the fourth. Injections began on July 4 for
all of the controls. One irradiated female died after six
injections of 100 ug of FSH. The other three received
100-ug injections until July 15, und injections of 250 ug
thereuafter until sacrifice. Four of the five controls
received five injections of 100 wg and were then
sucriticed. The other control (59 months of age) was
given an additional six injections of 250 ug of FSH. All
four irradiated individuals were laparotomized when
first received in Berkeley. Ovarian growth (if any) in all
nine individuals was assessed by periodic laparotomy
atter hormonal injections began. Lizards were anes-
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thetized with ether and incisions made dorsally. Inci-
sions were both sutured and sealed with tissue adhesive
(Ethicon COAPT). At autopsy the ovaries and oviduets
were weighed and fixed for histological study. The
ovaries of three additional control females were ex-
amined shortly after collection in August.

RESULTS

Demography of leopard lizards. The estimated num-
ber of leopard lizards in the three Rock Valley
enclosures have been summarized, through 1967, in an
earlier paper (Turner et .al. 1969¢). However, these data
gave no indication of the lack of reproduction in the
irradiated plot since 1966.

Table | summarizes the most recent census data from
the three areas, showing minimal estimates of the
numbers of (1) females old enough to be sexually
mature, (2) summer hatchlings (1966-1968), and 3)
spring yearlings (1966—-1969). As we have explained
previously (Turner et al. 1969c¢), the most recent data
(1968-9) are incomplete and subject to modifications
based on future work.

Because the three areas have been subjected to the
same intensity of sampling, we infer that recruitment in
the irradiated area has not occurred since 1966. Since
1967 the known number of mature females in the
irradiated plot has exceeded the combined number of
such females registered in the two control areas.
Further evidence of lack of reproduction in the
irradiated area has been the failure of females to assume
the reddish coloration characteristic of females with
large yolked follicles or eggs (Smith 1946).

During 1966 and 1967 mature females in the irradi-
ated area exhibited approximately the same age distri-
bution as those in the two control plots (Table 1). Since
1967 the irradiated area has had a group of older

Table 1. Female leopard lizards (Crotaphytus wislizenii) registered in one irradiated and two nonirradiated (control)
20-acre fenced areas in southern Nevada
Spring adults i
Treatment Year Spn'ng Summer
(20-46 months) (5692 months) yearlings hatchlings
[rradiated 1966 3 2 20 2
1967 4 4 1 0
1968 4 4 0 0
1969 3 4 0
Controls 1966 7 2 30 26
1967 3 4 15 7
1968 4 0 S 14
1969 2 0 N




females (S6- months of age or older) not known (o exisl
m the control plots. However, the number ol younger
females (20 46 months of age) m the control and
expermmental areas has been about the same (Table 1).
Thus there is no reason to believe that the reduction of
fecundity in the imadiated plot is associated  with
reproductive senescence ol resident females.

Radiation doses to leopard lizards. Mcan tissue doses
lizards in the irradiated enclosure are
summarized i Table 2. These estimates have been
combimed with data in Appendix A to estimate total
cumulative exposures over the course of the experi-
ment. (Appendix A gives the days each month  from
during which the experi-

to leopard

beginning ot trradiation

Table 2. Daily tissue doses to leopard lizards in a 20-acre
tenced enclosure in southern Nevada

Mean Rads/day

Season n  rads/day fone (abserved range)
standard error
March 3 1.30£0.11 1.09 147
April - May 25 2,06 £0.17 0.78 4.23
June- July -August 12 241 %0.27 1.45 4.14
September -October 13 1.28£0.17 046-2.82
Overwinter (c.g., 14 0.62%0.08 0.13-1.04
October - April)
One year 3 0.90 £0.04 0.82-0.95

Table 3. Estimated tissue doses (rads) to leopard lizards

January 1964 — January 1964

Time of year September 1969 March 1967
March 203 . 140
April--May 597 309
June—July —August 1099 562
September—October 351 198
November—January 361 215
Totals 2611 1424

(R

mental arca recerved camma radiation trom the souree.)
The number of days in March. April Mav, June
July  August. and September  October were multiplied
by the corresponding mean daily doses given in Table >
to estimate total doses sustained during the periods o
above-ground activity. Overwintering doses were os()-
mated by adding the days in November. December,
January, and  February and multiplving by 0.0
rad/day. Cumulative doses have been estimated in this
manner for two periods of time: (1) January 1904
September 1969, and (2) January 1904
through March 1967 (just prior to the first season
exhibiting no evidence of reproduction by irradiated
leopard lizards). These data are given in Table 3.
Between 1965 and 1968 the mean number of days of
irradiation per year was 311. Combining the mean
yearly dose rate given in Table 2 (0.9 rad/day) with this
datum yielded an estimate ot 280 rads as the mean
annual dose. This is appreciably less than the dose
estimated from the short-term dose rates given in Table
2. Between 1965 and 1968 the mean number of days
per time period multiplied by mean daily dose rates
(from Table 2) yielded an estimated annual dose of
about 450 rads. It has been suggested that dosimeters
left in animals for long periods of time (e.g., one vear or
longer) may fail to register total doses received because
of decay of luminescence (Lucas in litt.). Dosimeters
left in leopard lizards for periods of 300 to 1200 days
registered, after calibration, doses lower than would be
expected by summation of short-term increments.
Radiation doses to whip-tail lizards. Annual doses (o
whip-tail lizards were less than those sustained by
leopard lizards. This is due to the shorter period of
above-ground activity carried on by Cnemidophorus. As
pointed out earlier, .. .probably 90% of the total
annual dose of Cnemidophorus is received between the
first of April and mid-August” (Turner and Lannom
1968). Mean tissue doses to whip-tail lizards arc
summarized in Table 4. In our opinion, annual doses to
Cnemidophorus do not often exceed 200—250 rads. but

through

Table 4. Tissue doses to whip-tail lizards in a 20-acre enclosure in southern Nevada: observed ranges in parentheses

Mean rads/day + Total dose (rads)

Time interval n during time interval *
one standard error

one standard error
April-May 1.7£0.4 (0.59 - 4.09) 83 (estimated)
June—July 12 1.0+0.1 (0.22 - 1.95) S1 (estimated)
8—10 months (August to ensuing spring) 70£9 (39 118)
11-14 months 20 150 £19 (69-459)
21-22 months 2

235149 (165 304)
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individuals occupying areas nearest to the radiation
source could receive appreciably larger doses. The
largest doses registered on dosimeters were 459 rads
over a period of 10 months and 304 rads in 21 months.
For those animals alive when the irradiation began in
1964, accumulated doses through the spring of 1969
(5t years of exposure) would presumably be on the
order of 1000—1250 rads. Total doses through the
spring of 1970 would be about 1200—1500 rads.

Whereas leopard lizards range over the entire irradi-
ated area, the home ranges of female whip-tail lizards
are much smaller. As noted above. the dose sustained
by an individual Cnemidophorus is partly determined
by the location of the lizard’s range within the fenced
plot. We cannot judge precisely the importance of this
factor, but we have examined the 22 short-term dose
rates (in Table 4) in terms of the locations of the
animals involved. There was an inverse relationship
between distance and dose rate, but the correlation
coefficient was only —0.331.

Morphology and anatomy ot leopard lizards. Leopard
lizards taken from the irradiated plot were normal in
behavior and appearance, except that females lacked
the reddish coloration typical of reproductively active
females. The mean body weight of the irradiated
females was similar to that of the 12 controls, and the
weights of the livers and kidneys of the two groups
were also comparable (Table 5).

Six control females lacked fat bodies, and fat bodies
of the other six controls were small (overall mean: 0.03
g). Irradiated females had enormously hypertrophied
fat bodies (mean weight: 1.93 g), filling the posterior

Fig. 1. Continuously irradiated female Crotaphytus wislizenii
from Rock Valley. The hypertrophied tat bodies occupy all of
the free space in the posterior portion of the pleuroperitoneul
cavity.

Table 5. Mean body and organ weights in grams (* one standard error)
of irradiated and nonirradiated lizards: sample sizes in parentheses

Crotaphytus wislizenii

Sex Irradiated

Cnemidophorus tigris

Nonirradiated Irradiated Nonirradiated
Body m 262191 (3) 26.7£1.40 (8) 182 %£1.3(3) 17.8£2.4 (3)
f 46.7 £1.32 (3) 479 £4.29 (12) 27.5 (1) 149 +1.0(5)
Liver m 0.42 £0.05 (2) 0.43 £0.05 (6) 0.29'£0.03 (3) 0.27 £0.04 (3)
f 1.40 £0.38 (3) 1.27£0.18 (12) 0.76 (1) 0.23 £0.03 (5)
Kidneys m 0.23£0.02 (3) 0.21£0.02 (8) 0.12£0.01 (3) 0.09 £0.01 (3)
f 0.21 £0.03 (3) 0.23 £0.02 (12) 0.06 £0.01 (5)
Fat bodies m 0.133 £0.051 (3)* 0.024 £0.015 (6) 0.18 £0.09 (3) 0.24 £0.01 (3)
f 1.93 £0.34 (3)** 0.030 £0.013 (12) 0.964 (1) 0.016 £0.004 (5)
Right testis m 0.16 £0.044 (3) 0.11£0.015 (8) 0.035 £0.01 (3) 0.039 £0.01 (3)

Ovaries

None (3)

1.67£0.80 (12)

None (1)

0.19+0.14 (4)

*t test significant at 5% level.
**t test significant at 1% level.



portions of the pleuroperitoneal cavity unoccupied by
other organs (Fig. 1).

All control females showed varying degrees of the
reddish sutfusion of the body typical of reproductive
females. None of the irradiated females was reddish. No
identifiable ovariuan tissue existed in any of the three
irradiated females. Control females had ovaries with
follicles of varying sizes, or oviducal eggs, depending on
the time of collection. The oviducal walls of control
females were highly glandularized (Fig. 2A), but those
of irradiated females were thin-walled and nonglandular
(Fig. 2B).

Mean body weight of the irradiated males was similar

to that of controls, und weights of livers and kidneys of

the two groups were also comparable (Table 5). Fat
bodies of the irradiated males were significantly heavier
than those of controls (four of eight control males
lacked visible fat bodies).

In 10 of the I'1 males, the two testes were of the same
size. and shape. In one control male the right testis
(0.102 g) was smaller than the left (0.232 g). The
epididymides of ten males contained motile sperm (Fig.
2C), and sperm morphology was normal. One irradiated
male lacked sperm in epididymis, but the wall of this
structure was normal and there was evidence in the
lumen of normal secretory function (Fig. 2D). Sexual
segments of the kidneys of all males were histologically
normal.

Testes of all individuals but one showed spermato-
genic activity normal for the time of year during which
the animals were collected (Fig. 2E). However, the
irradiated male lacking sperm in the epididymis showed
no spermatogenic activity whatsoever, and the animal
appeared to be sterile (Fig. 2F).

Microscopic observations were made on S-u sections
of the esophagus, cardiac and pyloric stomach, duo-
denum, ileum, large intestine, and rectum of each
animal. No evidence of loss of functional epithelium,
hyperplasia of connective tissues. karyorrhexis, or any
other form of tissue pathology was found. The func-
tional integrity of the mucous membrane of the
gastrointestinal tract was apparently unimpaired. Livers
of the irradiated lizards appeared normul.

Chromosomes of leopard lizards. The diploid number
of Crotaphytus wislizenii is 36, and is composed of 12
macrochromosomes and 24 microchromosomes (Monta-
nucei 1970). Chromosomes were counted in 50 diaki-
nesis figures in spermatocytes of six animals (Table 6).
Two animals, one control and one irradiated, died
shortly after the injection of colchicine. Liver damage
and bloody ascites were found at necropsy, indicating
possible injury to abdominal organs. Examination of
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testis preparations from these individuals revegle o
identifiuble  chromosomes. However, pachynemy pri-
mary spermatocytes and  spermatids were observe .
suggesting normal  spermatogenic activity. This ..
confirmed by histological examination of the right
testes of both animals.

Normal chromosome counts and karyotypes were
found in control animals that survived the colchicine
treatment (Table 6). The observed variation was ui(i.
buted to an occasional loss or gain of chromosomes
during preparation of the spreads. There was 1 definite
tendency to lose microchromosomes (Table 6), prob-
ably because these chromosomes are small and some-
times difficult to observe in iguanids (Gorman, Atkins,
and  Holzinger 1967). The two irradiated animyls
surviving the colchicine treatment showed different
responses to irradiation. One lacked spermatogenic cells
in the chromosome preparation. This apparent sterility
was confirmed by histological observations of the
epididymis (Fig. 2D) and right testis (Fig. 2F). The
other irradiated lizard had normal counts of macro- and
microchromosomes (Table 6). Further examination of
chromosomes of this lizard failed to disclose gross
chromosomal damage in the form of translocations or
deletions, loss of chromosomes, or presence of chro-
mosomal fragments.

Morphology and anatomy of whip-tail lizards. No
microscopic  examinations of the nonreproductive
organs of these lizards were made, but the gross
appearance of these organs was normal in both sexes.

Table 6. Counts of chromosomes in diakinetic spermatocytes
of five control and one irradiated (No. 8) male Crotaphy tus
wislizenii; figures in parentheses are observed ranges

Mean number Mean number
. of synapsed of synapsed
Lizard No. macrochromosomes microchromosomes
(tonese.) (fonese.)
4 +6.04 £0.05 11.78 £0.19
(5 -18) (9 - 18)
S 596 £0.06 10.76 £ 0.21
(5 -28) (7 14)
8 6.02 £0.02 11.36 £0.17
6 -7 (7 15)
10 6.00 £0.00 11.34 £0.18
(6) (7 -13)
12 6.00 £ 0.00 1140 %£0.17
6) (7-13)
13 594 £0.04 11.54 £0.11
4 -6) (9-17)
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Fig. 2. Reproductive organs of irradiated and nonirradiated leopard lizards. Horizontal bars in A, I3, C,
50 p. A. Oviducal walls of a2 normal adult female. B. Oviduc
of a normal adult male. D. Cross sections of the epididym
spermatozoa but exhibits normal secretory tunction. I
of an irradiated adult male without spermatogenic activity.

and D: 100 grin 15 and 1
Cross sections of the epididymis
us of an apparently sterile irradiated adult male. The epididymis facks
o Testis of a normal adult male with normal spermatogenic

al walls of an irradiated adult female. €.

activity . 1. Tests
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Meun body and organ weights tor the six males are
Tuble 50 The epididymides o all

contaimed motile sperm. Mean weights of tat bodies and

aiven i maies

testes of prradiated and control males did not dilter

sigmificantly.
Of the five irradiated females, only one (No. 14%85)

In this lizard. both
ovaries contained several well-developed corpora lutea.
mdicating that ovulation had occurred during the spring
of 1970. The four irradiated females without ovaries
had bodies. All control females possessed
ovaries, as revealed by luparotomy or autopsy. The
oldest controls (23 and 59 months) had corpora lutea,
indicating recent ovulation: the three youngest females
(11 months) had small ovaries with but a few un-
developed (nonyolky) follicles.

Hormonal injections to whip-tail lizards. Four irradi-
ated and five control females were used in the gonado-
tropic_hormone experiment. The efficacy ol gonado-
tropic injection was verified by marked ovarian and
oviducal growth in the controls. All five controls
exhibited regressed ovaries at the start of treatment.
Four of these responded rapidly to hormone treatment
and developed enlarged yolky follicles and hyper-
trophied oviducts (cf. Fig. 2A) after five injections of
100 ug of FSH. These females lucked fat bodies (Table
7). The oldest control female (59 months) showed only
slight ovarian enlargement after the first five injections.
After six additional injections of 250 ug, the ovaries
and oviducts enlarged and ovulation occurred (Fig. 3A).
It is highly unlikely that any of these females would
have shown ovarian development without hormone
treatment. Yearling females rarely reproduce at NTS
(Turner et al. 1969b), and the three yearlings collected
i mid-August had very small ovaries (6—9 mg) with

possessed detectable ovarian tissue.

lurge fat

clear tollicles and undeveloped oviducts weighing
me (g 3C).

The one wradiated female with apparently normy|
ovaries and corpora tutea (No. 1213) responded rapidly
to hormone therapy : ovarian follicles were enlarged ung
yolky and oviducts hypertrophied after six injections
(ct. Fig. 2A). However, the other three irradiated
females showed no detectable response to the FSH
(Table 7). At autopsy there was still no trace of ovarian
tissue (Fig. 3B). Histological examination of the tissues
inthe region of the interrenal glands (the normal
location of the ovaries) revealed no ovarian tissue. The
weights of the oviducets were similar to those observed
i normal nonreproductive females of approxXimately
the same size (museum specimens). Histological ex-
amination showed that the oviducts were atrophied (cf.
Fig. 2B). Fat bodies were also enlarged in these
irradiated females (Table 7).

DISCUSSION

that the demographic evidence of
reproductive failure among leopard lizards in the
irradiated plot has been confirmed by examination of
lizards removed from the experimental area, and that
the basis of this failure is sterility of the females.
Endocrine experiments with whip-tail lizards suggest
that the destruction of ovarian tissue rather than some
hormonal irregularity is responsible for the sterility.
Although female Crotaphytus in the irradiated area
apparently reproduced normally in 1965 (after one vear
of radiation exposure) and produced some young in
1966, we have observed no evidence of recruitment
since 1966. A similar effect has been manifested among
some female Chnemidophorus, but no demographic

We  conclude

Table 7. Results of a hormone (FSH) injection experiment with nine female Cnemidophorus tigris

Treatment and Age Dates of hormone Body weights (g) Weight of Weight of Weight of fat

animal No. (months) injection, 1970 Initial Final ovaries (g) oviducts (g) bodies (g)
Irradiated

1149 94 6/12-7/28 21.6 23.7 None 0.071 1.720

1213 70 6/26-7/28 21.8 19.0 None 0.044 0.800

1485 S8 6/12-6/30 13.5 14.9 0.4004 0.1504 Not weighed

2142 46 6/12-7/28 16.8 17.6 None 0.051 0.880
Control

1 11 7/14-7/15 11.4 9.6 0.926 0.147 0.00

2 11 7/4-7/15 11.2 10.0 0.521 0.113 0.00

3 23 7/4-7/15 124 13.3 0.183 0.073 0.183

4 11 7/4-7/28 11.0 7.8 0.533 0.118 0.00

S 59 7/4-7/28 13.6 194 0.843 0.165 0.00

“Animal died: approximate value.
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Fig. 3. Reproductive organs of irradiated and nonirradiated fi
adult (No. 5) by the administration of follicle-stimulatin
irradiated adult (N
C. Nonirradiated immature (12 months)
ovaries.

consequences of female sterility have yet been estab-
lished in this species. Although annual doses to both
species were modest, the cumulative effect of continued
exposure was apparently sufficient to destroy the
germinal cells of the ovary. According to Miller (1959),
the ovaries of reptiles consist of “a thin stromal wall,
a...patch of germinal epithelium, and a lymph filled
central cavity.” Although small amounts of residual
connective tissue from the ovaries might have been
overlooked, the important conclusion, supported by the
hormone experiment with Cnemidophorus, is that no
competent ovarian tissue persisted in any of these
individuals.

Two of the three irradiated male leopard lizards and
all three of the irradiated whip-tail lizards exhibited
motile sperm, and the situation in males may be
analogous to that observed in male mice exposed to low
continuous doses. A dose rate of 0.009 rad/min (about
13 rads/day) has been considered marginal for the
maintenance of recovery mechanisms. At 0.001 rad/min
(1.5 rads/day) an equilibrium was established at ap-
proximately 80% of control spermatogonial populations
(Oakberg and Clark 1964).

The chronology of the development of female ste-
rility in these lizards, the relationship of the effect to

emale whip-tail lizards. A. Ovulation induced in a nonirradiated
g hormone for 24 days. Egg is in the oviduct. B. Absence of ovarian tissue in
0. 2142) after 47 days of treatment with FSH. Interrenal gland (int), fat bodies (fat), and oviducts are indicated.
female collected in mid-August 1970 and indicating the appearance of normal regressed

radiation doses, and possible differences in the time
response of the two species are difficult to assess. Some
of the relevant data are summarized in Table 8. Two of
the irradiated leopard lizards were sexually mature
when first exposed to irradiation (21 and 33 months of
age): the third was born in the summer of 1965 and was
exposed to radiation during embryonic development
and throughout its posthatching lifetime (roughly four
years).

All three females were undoubtedly sterile in the
spring of 1969, and demographic data suggest that this
condition arose as early as two years before. The figures
in Table 3 suggest that sterilizing doses to Crotaphytus
were apparently on the order of 1500 rads.

Among whip-tail lizards, the first sterile female (seven
years old) detected in the summer of 1969
(although the condition may have existed earlier). Of
the two youngest whiptails removed from the irradiated
plot, one had ovaries and had apparently reproduced in
1970. The other was sterile. The differences between
these two individuals may be related to their general
locations within the irradiated plot (Table 8), or
possibly to age differences (No. 1485 might have been
one year older than No. 2142). In general, it appears
that sterility among female whip-tail lizards has de-

was
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Table 8. Ages and durations of exposure of female lizards removed from the irradiated 20-acre area in Rock Vailey. Nevada

Age when removed

Years exposed

Distance of center .
Notes on past reproductine

ies J o Condition  of home range trom .
SpReies SRmoer from plot (months) to radiation e ‘ \ ";(':mur& (0 condition

Crotaphytus 1112 94 54 Sterile Yolked follicles in 1965
1174 82 4.4 Sterile Yolked follicles in 1966
1392 46 18 Sterile

Cnemidophorus 1137 81 s4 Sterile 281
1149 94 6.4 Sterile 228 Yolked follicles in 1967
1213 70 5.8 Sterile 154 Small yolked follicles in 1969
1485 46-58 3848 Fertile 409
2142 46-58 38 48 Sterile 118 3 volked follicles in 1969

veloped later and less uniformly than in female Heteromyid rodents (Dipodomys spp. and Perog-

Crotaphytus, and this difference is consistent with the
lower annual doses sustained by most whiptails.

The response of Rock Valley lizards to continuous
gamma radiation is unusual when contrasted with
results of other studies of continuously irradiated
natural populations. Mosquito fish (Gambusia affinis) in
White Oak Lake were estimated to receive 109
rads/day (about 4000 rads/year) of gamma radiation
from bottom sediments (Blaylock 1969). Although the
irradiated population exhibited more abnormalities and
dead embryos than a control group. the irradiated
females produced significantly larger broods of young.

Studies of small mammal populations on White Oak
Lake bed have failed to demonstrate radiation-induced
changes in exposed populations (Dunaway and Kaye
1961, 1963: Childs and Cosgrove 1966). The free-uir
gamma exposure rates in the areas studied ranged from
5to 35 mR/hr (0.12-0.84 R/day) in the lawer luke bed
(Dunaway and Kaye 1961) to 1.2 R/day in one of the
areas studied by Childs and Cosgrove (1966) and 1.92
R/day in the upper luke bed area (Dunaway and Kaye
1961). Childs and Cosgrove (1966) estimated that the
accumulated annual dose to Peromyscus leucopus was
on the order of 175 rads (asbout 20 millirads/hr or 0.48
rad/day), apparently assuming that all of the frec-air
exposure was sustained uas tissue dose (Childs and
Cosgrove 1966). Kaye and Dunaway (1963) measured

tissue doses to rodents in one of their areas and.

estimated external gamma exposures at 2.5 rads/week.
with 0.4 rad/week from internal emitters. In these
Tennessee studies. tissue doses were presumably lower
than those sustained by Rock Valley rodents and
lizards. Also, among wild rodent populations of these
areas, very few individuals survived more than one year
(Dunaway and Kaye 1961, Childs and Cosgrove 1966).
Hence total lifetime doses sustained by the majority ot
individuals were probably less than 200 300 rads.

nathus spp.) occupying the study plots in Rock Vallev
show  better survival than the rodents studied in
Tennessee  (French. Maza. and  Aschwanden 1967
French. Maza. and Kaaz 1969). Although meuan life
expectuncy is considerably less than a year, two-yeqr
survival rates of around 107 (or better, in Perognathus
longimembris) have been recorded (French et al. 1967).
More recently. French et al. (1969) demonstrated
three-yeur survival rates of 8 —127% among P. formosus
occupying the three tenced areas in Rock Valley.
Annual doses to P. formosus have been estimated at
around 360 rads (French et ul. 1966). so some
individuals of this species sustain lifetime doses of 900
rads or more. Although French et al. (1969) have
suggested a small lifesshortening effect in the irradiated
population of P. formosus. their data did not permit an
evaluation of changes in fertility. Trapping during the
spring of 1970 indicated that the heteromyid rodents
occupying the irradiated area were still capable of
reproduction.

Two papers have reported on studies of Russian birds
and mammals occupying areas with high concentrations
of natural radioactive elements in the soil layer.
Background radiation levels are 50—800 times normal.
and animals are exposed to both external and internal
radiation. Male voles (Microtus oeconomus) oceupying
areas with free-uir exposures of 0.10—0.19 R/day were
reported to have abnormally small testes and semini-
ferous tubules of reduced diameter. In areas of highest
natural radiation (0.19 R/day) 58.3% of sexually
mature young males were sterile by the first breeding
season (Verkhovskaya, Maslov, and Maslova 1965). In
areas with exposure rates of 0.12-0.19 R/day. mam-
mals living in most intimate contact with the soil (c.g.,
voles, moles. shrews, etc.) showed morphologrea! and
physiological disturbances. Apparently impo:iint re-
ductions in litter size and in the proportions of



eproductively active female voles were also reported
(Maslov, Maslova, and Verkhovskaya 1967).

In the Russian work free-air exposures (R/hr) were
nieasured, but the actual doses (o tissues were not
estimated. The work ol Kave and Dunaway (1963) and
pvestigations in Nevada (French et al. 1966, Turne
and Lannom 1968 ) indicate that tissue doses are always
[ess than free-air exposures. Henee the reported disturb-
ances damong Russian mammals have been caused by
remarkably Tow doses. One reason it is hard (o assess
this work is that the roles of external and internal
cmitters have not been distinguished. Whereas  the
external gamma and beta exposures seem trivial, (he
possibility of damage to sensitive internal organs from
alpha emitters cannot be discounted. Another defi-
cieney i the Russian work is the lack of comment on
the life hustortes of the animals involved. Only indirect
indications ot the lite-span ot Microtus occonomus are
given. The oldest age group referred to was “greater
than four months™ old (Verkhovskaya et al. 1965). In
addition to eftects on the fertility of voles, it was also
reported that irradiated animals exhibited decreased
amounts of body fat. This finding is contrary to our
observations, namely, that sterilized female leopard
lizards actually accumulate greater amounts of body
fat. Even among male lizards, fat bodies of irradiated

leopard lizards were significantly heavier than those of

controls. This may be due to a decrease in sexual
activity - of irradiated males. Among tropical anoles
(Anolis spp.) there is a strong inverse correlation
between male gonadal activity and fat body weights
(Licht and Gorman 1970).

The foregoing review emphasizes the difficulty in
interpreting the varying responses (or luck of response)
reported in different kinds of animals exposed to
continuous irradiation. The simplest explanation of
these differences would be interspecific differences in
rudiosensitivity. However, we are dealing with nonlethal
doses. and the biological response to be considered is
the sensitivity of germinal cells. At this level there is
evidence to indicate that **
organisms

. .similar cell stages, in
and tissues, have similar
radiation response. This should be expected, since
ctologically similar stages must reflect similar organi-
zauion at the molecular level, and probably similar
metubolic activity also™ (Oakberg and Clark 1964).
Stmilarly, Mandl (1964) has pointed out that there is
"o . ostriking uniformity in response between germ
cells at homologous developmentul stages in widely
ditfering species.”

Without ruling out possible interspecific differences in
sensitivity, we emphasize another factor which has

widely diverse
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important bearings on this problem, namely. natural
lite-span. French et al. (1969) veferred 1o this point
with regard to lifeshortening effects of radiation, but
the overall demographic pattern of an nradiated popu-
lation has a profound influence on the way in wlich
this population will react 1o continued radiation ex-
posure. The point can be illustrated by o comparison ol
three species of lizards occupying the irradiated plot in
Rock Valley. One of these  Ura stansburiung— seems
unaftected by the radiation exposure (Turner et al.
19690): another (Crotaphytus wislizenii) is being ex-
terminated. Ina thied  Coemidophorus tigris — some
females are sterile and reproductive capacity may be
mpaired. To what extent this last may be compensated
by enhanced survival of young hatched in the irradiated
population is not known.

Female leopard lizards are normally not sexually
mature until the age of 22 months, and usually but one
cluteh of eggs is laid cach spring. In unfavorable years
(c.g.. 1964, 1970) there may be essentially no repro-
duction. In years of favorable wainfall (¢.g.. 1965 and
1969) some females lay two clutehes of eggs and a few
yearling females may breed (Turner et al. 1969¢). The
pattern is similar in Cuemidophorus, but we have neve
observed total absence of reproduction in this species
(Turner ¢t al. 1969b). The limited reproductivity of
these two lizards is balanced by long lifespans  at
least cight years (Turner et al. 1969b.c). Obviously,
older year classes (222 months)are extremely important
in the reproductive dynamices of both populations. In
contrast, although the maximum life-span of U
stansburiana is about 44 months, from 94 to 985 ol
spring populations are composed of individuals less than
24 months of age (Turner et al. 1970). Yearlings (8 10
months old) make up from 70 80% of spring popu-
lations, depending  on  the previous summer’s
cruitment. Analyses of reproductivity during the breed-
ing scasons of 1966 and 1967 indicated (hat yearling
females were responsible for 64 1o 79% of the total cgy
production of the population (Turner et al. 1970).

The demographic contrast between the three popu-

IC=

lations is striking. Clearly, any cenvironmental facton
affecting only older individuals will have less impact on
Uta than on Crotaphytus and Cnemidophorus. I fact. o
deleterious stress requiring three years of accumulated
exposure for manifestation would be almost impossible
to detect in populations of Uta. Conversely, such
stress would ultimately have observable effects on
populations of the other two species. A somewhat
analogous observed in - voles
(Microtus), which ure so shortdived that they accumu-
late very little DDT from dictary sources. This “life-

situation  has  been



span protection” s passed along to white-tailed Kites
subsisting on the voles (Risebrough ct al. 1968). A more
general statement of the importance of lifesspan in
estimating equilibrium levels of DDT, and hence the
likelihood of damage from this substance, has been
derived theoretically (Harrison et al. 1970).

If our interpretation of the foregoing data is correct,
and it the pattern of response observed in the three

species of lizards has bearing on future cffects of

radiation on other animal populations in Rock Valley,
we will witness the gradual disappearance of longer-
lived species from the experimental enclosure. The
longest-lived species are often predatory types of low
density. These forms are not particularly important in
terms of energy flow within the community, but they
may have important influences upon their respective
prey populations. An understanding of such indirect
consequences is indispensable for development of pre-
dictions of long-term effects of low levels of gamma
radiation on ecosystems.
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