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RESUMEN 

Los niveles plasmáticos de seis hormonas (estradiol, progesterona, testosterona, dihidrotestosterona, 
androstenediona y corticosterona) en machos y hembras de Sceloporus virgatus (Phrynosomatidae) 
fueron obtenidos durante y después de la temporada alta de apareo. Se encontró variación en los 
niveles hormonales relacionados con la temporada de le actividad reproductiva. Las hembras tuvieron 
un nivel de corticosterona más alto en agosto (después de la oviposición) que en abril (inmediatamente 
después de la eclosión), mientras que en los machos el nivel fue más bajo en agosto. La variaci6n basal 
de la corticosterona podrra reflejar diferencias sexuales en la época de máximo estrés fisiol6gico. Los 
machos presentaron altos niveles de las hormonas androgénicas en los meses de abri' y mayo, 
coincidiendo con la temporada alta de apareo. Muchas lagartijas de la familia Phrynosomatidae 
muestran coloración ventral durante los despliegues sociales. En algunas especies de lagartijas se han 
reportado influencias androgénicas sobre esta coloración ventral. Tanto los machos como las hembras 
de S. virgatus presentan una gran reducción en la cantidad e intensidad de la mancha azul en la parte 
ventral en comparación con otras especies del mismo género. Sin embargo, la variación en el tamaño 
y brillo de la mancha azul, en la parte ventral del cuello, no está relacionada con la variación de los 
niveles hormonales. los niveles máximos de tastosterona en los machos de S. virgatus son similares 
a los encontrados en otras especies de SceloporlJs con manchas azules más grandes y brillantes. 
Palabras Clave: Hormonas, Sceloporus virgatus, coloración, lagartijas 

ASSTRACT 

Plasma levels of six hormones (astradiol, progesterone, testosterone, dihydrotestosterone, 
androstenedione, and corticosterone) were obtained for males and females of Sceloporus virgatus 
(Phrynosomatidae) during and after the seasonal peak of mating activity. Seasonal variation in hormone 
levals was found. Females had higher corticosterone levels in August (well after oviposition) than in 
April Isoon after emergence), but male corticosterone levels were lowest in August. Seasonal variation 
in basal corticosterone levels may reflect between-sex differences in the time of peak physiological 
stress. Male androgan levels peaked in April and May, coinciding with the peak of mating activity. 
Ventral colorat;on is exhibited during the social displays of many phrynosomatid lizards. Androgenic 
influences on ventral coloration have been documented in sorne lizards. Males and females of S. 
virgatus have a greatly reduoed amount and intensity of blue ventral coloration relative to most other 
species in the genus. Variation in the size and color intansity of the blue ventral throat patch in males 
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INTRODUCTION 

Althaugh the lield endocrinology 01 some lizard species has been well studied 
(Sce/oporus larrovi: Moore, 1986; Sceloporus occidentalis: Dunlap and Schall, 
1995; Urosaurus omatus, Maare el al. 19911. there exist lew comparative data on 
breedmg-season hormone levels far related species. This paper documents 
hormane levels in a sample af free-living males and females of Sceloporus virgatus 
during and after the breeding season. Plasma Jevels of estradiol (E2), progesterone 
{P4l, testosterane, dihydrotestosterone, androstenedione, and corticosterone were 
sampled In Aprtl and May (during the breeding seasonl, in June (early in the post­
matlng season), anJ in August (well after the breeding season). Corticosterone is 
af particular interese as it is a possible Indicator of physiological stress in 
vertebrates (Greenberg et al. 1984; Moore el al. 19911. For example, lood­
deprived Sce/oporus occidenta/is have elevated levels of cortlcosterone (Dunlap, 
1995b). As possible índices of body condition, I also examined seasonal trends in 
hernatocrit and plumpness. Hematocrit, the percent red cel! volurne in blood, is 
lower in lood-deprived S. occidentalis than in control lizards IDunlap, 1995bl. 
Trends rdentified in rhe current analysis suggest areas for fu tu re research on the 
fíeld endocrlllology of thís species. 

Testosterone is linked to the expression of many male secondary sexual 
characters in vertebrates (Ligan et al. 1990; Folstad and Karter, 1992; Dlaz et al. 
1994; Galeotti el al., 19971. This leads to the question 01 whether testosterone 
contributes to the differential expression of secondary sexual characters among 
closely related species, One possibility is that variation in the expression of 
seconuary sexual characters may correspond to differences in the absolute level 
01 circulatlng testosterone among breeding males (Emerson el a/. 19931. 

Lizards in the genus Sceloporus vary considerabJy in the amount and brightness 
01 blue ventral coloratloo, which is exhibited during social displays (Smith, 19391. 
The degree of sexual dimorphism in ventral color also varies, even among closely 
related species. Sceloporus virgatus has much less and much paler blue coJoratíon 
¡han mast congeners (Stebbins, 19851. The degree 01 sexual dimorphism in the 
blue ventral color is sllght dUrlng part 01 the year, bu! lemales develop bright 
orange coloratlon dUrlng the breeding season (Vinegar, 19721. 

Androgenic hormones mediate the expression of blue ventral coloration in 
Sceloporus occidentalri; (Kimball and Erpino, 19711 and Sceloporus undulalus 
erylhrocheilus (Rand, 19921, as well as in a group closely related to Sceloporus 
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(UrosaulUs amaras: Hevvs and Moore, 1995), In males of Sceloporus gadovíae, en 
ontogenetíc InClease in blue ventral coloratlon coincided temporally with testes 
enlargement ILemos-Esplnal el al. 1996), In this paper, posslble hormonal 
earrclates of natul al levels 01 blue ventral coloration in males ot S vlfgalu$ w€re 
conSIOBred CircuLating levels of testosterone, dihydrotestosterone, and 
androstenedione V\I€fe examined relative to variation in the size and brightness of 
the blue ventral thrnar patch, Peak plasma levels ot testosterone In males 01 S, 
virgatus were also cornpared to those of related Sceloporus speCies wlth greater, 
more tYPlcal levels 01 blue ventral coloration 

IVlATERIALS AND METHODS 

Scefoporus virgatus is dlstributed prrncipally in the Sierra Madre Occidental 01 
Mexlco at elevation, from aboul 1490 lO 3080 m 15tebbins, 19851, I sampled free­
living S, virgatus at the northern edge of ItS range, in the Ch,:ricahua Mountalns of 
southeaSlern Arizona Inear Ponali ar approximately 1650 m, Between April and 
August in 1991 and 1992, I ol)tarned plasma from 25 males and 19 temales, 01 
whlch 21 males and 18 temales were large enough Ihal ¡hey were probably 
reprodurtívely mature IVinegar, 1975; Ballinger and Kettels, 1983; Smith et al. 
1995), Only these indlVlduals lal leas! 50 mm snoul-venl lenglh, SVl) were 
lncluded in the hOl mone analyses, ¡ al50 obtained information 011 seasonal variation 
In oxtent and IntenSlty 01 blue ventral coloratlon lor an addilional 38 males that 
were captured al the beginníng IApril1 and just alter (June) lhe breeding season 
in 1992 Or 1993 

No animals were killed for exammation ot reproductive tracTS, but fernales vvere 
examrned exlernally and palpated, The April females were captured befare the 
beginning of courtshlp actlvity that S<lason ipers, obs I and had probably nol yet 
been Inseminaled tha! year. Three of the April females had fainl orange patches, 
80th females capturad in June appeared gravld. They had a plump appearance, 
and e99s could be leit upon palpatioo, Females 01 S, vírgatus laya single clU1Ch 
o' eggs ,0 early lO mid July (Vioegar, 1975, Rose, 19811, tollovviog heavy summer 
rains Thus, the AugusI samples represent indlViduals lhal already have completed 
oviposition, 

The basie seaso!lal pattern 01 maje reproductive aClrv,ty 15 known from previous 
studies on 5. virgatus in the Chiricahuas, Emerg€flCe from hibernation ís in March 
and early April, lollowed by high levels 01 territorial activily io April (Rose, 1981: 
Ballinger and Kettels, 1983), Courtship occurs primarily in May, Thus, the breeding 
season for S, vlrqarus in the Chiricahuas is durrng Apríl and May, In June females 
generally ¡lerform stereotypical rejeclion displays in response lo male courtship. 
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In July and August, male territorial and courtship behavior seldom or never occurs 
(pers.obs.l. 

Capture and blood sampling were completed within a few mínutes of first seeing 
the animal. After a blood sample (20-100 pll was taken through the postorbital 
sinus (Maclean el al. 1973; Moore, 1986), I measured the snout-vent length (SVLI 
and body weight. These measurements were taken because many physiological 
factors vary with body size IDíaz el al. 1994; Dunlap, 1995a) and because 
seasonal variation in size-adjusted mass has been documented in Sceloporus 
lizards IMéndez de la Cruz and Gutiérrez-Mayén, 1991). I also measured the length 
and width of the right side blue ventral throat patch lif present) and assessed the 
intensity of the blue ventral coloration by comparison with a set of color standards 
(Smithe, 1985). The lizard was then released ín a sheltered place near the location 
it was first seen, 

Blood samples were placed on ice in the field. Upon return to the laboratory, the 
capillary tubes were centrifuged to separate the plasma and red blood cell layers. 
The total length of blood in the capillary tubes, as well as the length 01 the red 
blood cell layer, were measured so hematocrit could be calculated. The plasma 
was stored at -20 ü C or -80 ü C until radioimmunoassay. 

The radioimmunoassays were performed using standard techníques IEmerson el 

al. 19931 by the Endocrine Services laboratory of the Oregon Prímate Research 
Center. The following hormones were mea su red following ether extraction and 
purification on Sephadex lH-20 chromatography columns: estradiol IE2), 
progesterone IP4), testosterone, dihydrotestosterone, androstenedíone, and 
corticosterone. Plasma volumes ranged from lato 75 pi per sample. AII samples 
of more than 10 pi were assayed in two or three aliquots lof 5111, 20 pi, or 50 pi). 
Extraction and purification losses were estimated by including samples of 'H 
steroids in similar volumes of monkey serum. These samples were processed in 
parallel with the lilard plasma. Recoveríes ranged from 69 to 95%. AII lilard 
samples were run in a single assay for each steroid, The intra-assay coefficients 
of variation ranged from 5 to 11 %. Estradiol, progesterone, and androstenedione 
values for the one sample of only 10 pi volume were at or beyond the limíls of the 
standard curve, so these values were nol included in the data analyses. 

Data from male and female lilards were analyzed separately. For the sample of 
males captured more than once within a season, I used a paired t-test and a two­
sided sign test to examine whether the patch size or color intensity changed 
between April and June. Hormone levels were not normally distributed in either 
males or females, even after log,o transformation, so nonparametric methods were 
used in analyses involving hormone levels. The area of the blue throat patch was 
estimated as the area of an ellipse. Spearman's rank correlatíon Ir,) was used to 
examine the relationship between blue coloratíon Iboth patch area and color 
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intensity) and ¡he levels af each 01 the androgens' (testosterone, 
dihydrotestosterane, androstenedionel. Kruskal·Wallís analysis 01 variance and the 
Mann,Whitney U te 51 were usad to examine changes in hormone levels over time. 
Analysis 01 variance (ANOVAI was usad to examine seasonal variation in 
hematocrit, SVL, and the residual 01 mas s on SVl. Pairwise comparisons 01 time 
periods were mada with Fisher' s least significant difference test (LSDI. There is no 
nonparamatric equivalen! 01 analysis 01 covariance IANCOVA), so I usad an 
alternative methad to examine the possibility that apparent scasonal variatian in 
a hormone level cauld really be explained by seasanal variatlon in SVL In cases 
where significant seasanal variation in a hormone levels was detected, I checked 
whether this resu/t could be explained by a combination of seasonal variatíon In 

SVL along with a significant within-month association Ir,1 between SVL and the 
hormone level. 

RESUlTS 

There vvas significant seasonal variation in male hematocrit IFig. 1; Apri/·May, 
June, and August; 6.71, P ~ 0.007). Mean hematoerit was significantly 
lower in August than in April·May IP 0.002, Fisher's LSD) or June IP=0,049, 
Fisher's LSDI. April·May and June males did not diller significant/y in hematoerit. 
Male hematoerit was no! significantly correlated with male SVL iPearson' sr = O. 14, 
n = 21, P = 0.5541. Overal!, there was no significant variation in mal e SVL Over time 
IF"" =2.76, P=0.090l, though males captured in June were larger than those 
captured in August IP =0.037, Fisher's LSD). April·May males, which were of 
intermediate mean SVL, did not dilfer significantJy in size Irom those 01 either June 
or August. There was significant seasonal variation in male plumpness, measured 
as the linear regression residual 01 mass on SVL IFig. 2; F,." 5.30, P 0,015). 
Males were significantly lighter relative to SVL in June than In April·May 
(P 0.006, Fisher's LSD) or August (P=0.026, Fisher's LSD). April·May and 
August males did not differ in mean plumpness. 

Male levels 01 estradiol, dihydrotestasterone, and corticosterone in April·May, 
June, and August varied significantly among the three time periods IKruskal·Wallis 
analysis af variance, Table 11. There was also a nearly significan! trend lar 
sBasonal variatian in androstenedione levels (P =0,020, alpha",,¡ = 0.017) and a 
similar trend for testosterone (P 0,0671. Estradiol levels were highest in April' 
May, when mean progesterone levels were al50 high. Peak levels of all androgens 
{testosterane, dihydrotestosterone, andrastenedionel were observed in April·May 
(Table 1). Corticosterone levels were lower in August than in April·May or June. 

The seasanal trends in male hormone levels cannot be explained by covariatian 
with SVL. Estradiol, dihydrotestosterone, and corticosterone levels were not 
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significantly correlated with SVL wlthin either of the time penods for which the 
sample size was sufficient for Spearman's correlation analysls IApril-May and 
June). Androstenedione levels were significantly positively correlated with SVL in 
June (r, ~ 0.89, n ~ 6, P ~ 0.05), but the highest androstenedione levels were 
observed in April-May, when mean SVL was smaller than in June (though not 
significantly so). 
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Figure 1 
Hematocnt (mean ± SE) of males of S. virgatus, during the mating season (April-MayJ, Irnmedliltcly 
after the matir¡g sea son (June), and well after tlle cessation of mating activity (August). Sampl8 sizes 
are n= 11 in April-May, n=6 in June, and n=4 In August. Dlfferent leners indicate me.:Jns that ¡::¡r¡-! 

significantly dlfferen\ (Fisher's LSD, P<O.05), 
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Among the males captured more than once within a season, patch size (number 
of blue throat scalesl was not significantly different between April and June 
Utl =1.140, df=37, P=0.2621 and there was no tendancy for patch siza elthar 
to Increase or decrease Isign test: df= 38-8 =30, P=0.8551. Similarly, the 
intensity of the blue coloration did not lIary between April and June (Itl =0.133, 
df=37, P=0.895) and there was no trend for males to become either brighter or 
duller Isign test: df=38-11 =27, P= 1.000), 
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Ffgur.2 
Plumpness (mean ±: SE) 01 males of S. virgatu3, duríng the mating seMon (April-Mayl, immediately 
aftar the mating :Gaaeon (Junel f and well afte' the cessation 01 mating aetivity (August), Plumpness 1$ 
measured as thó linear r.gression residual 01 masa 00 SVL Sample SiZ8S ate n= 11 in April~MaYt n-8 
in June, and 0=4 ín August. Oifferent lettlif'rs indicítte means that are significantlv dlfferent fFisne,'s 
LSD, P<O.OS). 
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roble 1 
Hormone levels in males of SC9/oporus virgatus from April to August. Hormones are abbreviated by the 
first letter (E=estradiol in pg/ml, P=progesterone in pg/ml, T=testosterone in ng/ml. 
O =dihydrotestosterone in ng/ml. A =androstenedione in pg/ml, e =corticosterone in ng/ml. 
Nondetectable hormone levals are indicated by "NO." Only individuals likely to be reproductively 
mature Cat 18ast 50 mm SVl) are included. Sample sizes are n:.. 1 1 in April-May (n = 1 O for E and A; 
n = 9 for P). n = 6 in June. and n =4 in August. The differences in levels among the three time periods 
(April-May. June, and August) are tested with Kruskal-Wallis analysis of variance (test statistic KW). 
Values marked with an asterisk are significant with the sequential Bonferroní correction (Ríce, 1989). 

Hormone Reproductive Post-reproductlve 
April-May June August 

mean median mean median mean median 
(ranga) (rangal (ranga) KW P 

E 49 43 35 36 21 21 10.3 0.006 • 
123-122) 125·44) 118-24) 

P 127 140 78 65 93 51 0.9 0.629 
IND-248) IND·254) IND·272) 

T 75.78 78.52 36.66 34.46 41.38 30.76 5.4 0.067 
119.57·129.68) 116.05'66.77) 124.72-79.29) 

D 2.77 2.36 0.84 0.65 1.55 1.36 9.7 0.008 • 
11.14·8.06) 10.33·1.81) 10.67·2.81) 

A 1029 1124 617 595 293 302 7.8 0.020 
1440·1746) 1246·1061) 156-513) 

e 15.71 11.76 21.90 19.90 6.88 6.60 10.1 0.006 • 
16.60·31.96) 112.87-33.63) 16.18-8.15) 

The area of the blue throat patch increased significantly with SVL (Pearson's 
r=0.71, n=20 males, P<O.OOl). None of the individual hormone levels were 
significantly correlated with the residual of blue throat area on SVL (Spearman' s 
r" P>0.05). 

The intensity of blue coloration was negatively correlated with 
dihydrotestosterone level (r.=-0.51, n=16, two-tailed 0.02<P<0.05), but this 
trend lost significance when one individual with an extremely high 
dihydrotestosterone level (8.06 ng/ml) and no blue patch was excluded (r. = -0.40, 
n = 15, two-tailed P>0.1 O). No other hormone levels were significantly correlated 
with the intensity of blue co(oration. 

In contrast to the pattern in males, female hematocrit did not show significant 
seasonal variation (Fig. 3; April vs. August, F'.14=0.54, P=0.473). Female 
hematocrit was not significantly correlated with SVL (Pearson's r=0.07, n=18, 
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P~0,7931, There was also no seasonal variation in average female SVL (April vs, 
August, F",4 ~ 2,28, P ~O, 1541, Thus, any seasonal patterns in female hormone 
levels cannot be attributed to covariation with SVL. 

A comparison of female hormone levels in April and August indicated no 
statistically significant differences between the breeding and non-breeding seasons 
(Mann-Whitney U-test, Table 21, However, there were several trends of possible 
biological significance, There was an apparent decrease in female estradiol levels 
from April to August iP ~ 0,0591, In both April and Augus!, plasma progesterone 
levels in females varied substantially, Half the females in each month had 
undetectable progesterone levels, For all three androgens (testosterone, 
dihydrotestosterone, androstenedionel mean and median values were higher in 
August than in April, though these differences were not statistically significant, 
Female levels 01 corticosterone likewise were higher in August than in April 
iP ~0,0931, 

Table 2 
Hormone levels in temales ef Sceloporus virgatus frem April to August. Hormones are abbreviated by 
the first letter (E=estradiel in pg/ml, P=progesterone In pg/ml, T=testosterene in ng/ml, 
D=dihydrotestosterone in ng/ml, A=androstenedione in pg/ml, C=corticosterone in ng/ml. 
Nondetectable hormone levels are Jndicated by "ND." Only indlviduals likely to be reproductively mature 
(at least 50 mm SVl) are incJuded. The sample sizes are n=8 in April, n=2 in June, and n=8 in 
August. The differences in levels between April (reproductive period) and August (post-reproductive 
periad) are tested with the Mann-Whitney U-test. 

Hormane Repraductive Post-reproductive 
April June August 

mean median mean median 
(ranga) (range) (range) U P 

E 172 160 98 66 50,0 0.059 
(61·405) 1617·5282) (40·220) 

P 57 4 130 2 330 0,911 
IND·316¡ 133·4886) IND·935) 

T 0.53 0.48 1.01 1,02 19.5 0,189 
10,04-1,09) 10,28-31.31) (0,10-1.96) 

D 0,13 0.08 0,28 0,24 17.0 0.115 
« 0.01·0 59) « 0.07-4.41) (O 03-0.88) 

A 163 163 232 211 21.0 0,248 
(24-324) 1121-2732) (83-473) 

e 3.96 3.35 7.09 7.43 16.0 0.093 
11.53-7191 (3,83·37.74) (198-13.72) 
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Statistical comparisons were made only between April and August, but an 
additional two females were sampled in June. One June female had extremely high 
levels of all hormones relative to other lema les (Table 21. This female was the 
largest individual sampled (70 mm SVL). She was visibly distended with eggs. She 
also had several light blue scales on the belly. Blue belly coloration is rarely 
expressed in males or fe males 01 S. virgarus (pers. obsl. The other June female 
also had an estradiol level higher than that lound in any April or August female, 
but her other hormone levels were exceeded by those of some females captured 
in April or August. 
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Figure 3 
Hcmatocrit (mean ± SE) oi females 01 S. virgatus, during IAprd) and after (August) the rnating season. 
Sample sizf!~ are n = 8 in each month. 
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DISCUSSION 

Peak testaste ron e levels in males of S. virgatus are comparable to those of other 
Sceloporus species (McKinney and Marion, 1985; Moare, 1986; Dunlap and 
Schall. 19951, suggesting that the extraordinarily small amount of blue coloration 
in S. virgatus is not due simply to lower circulating hormone titers. In the studies 
of S. jarro vi (Moore, 1986) and S. occidentalis (Dunlap and Schall, 1995), blood 
samples were collected in the field immediately after capture, as was done in this 
study 01 S. virgatus. In the study of S. undula tus , seasonal testosterone levels 
were based on samples obtained up to 24 hours after capture (McKinney and 
Marion, 19851. Tree lizard (Urosaurus ornatusl testosterone levels after one day 
01 captivlty were approximately 75% of those measured in free living males bled 
immediately alter capture (Moore et al. 1991). Assuming a similar depression in 
testosterone due to handling, peak values in S. undulatus would be within the 
range lound for S. virgatus. 

Interspecific differences in androgen levels have been investigated for few 
vertebrate groups. Tropical frog species of several genera varied in average 
androgen levels, but this variation was not closely associated with the level of 
expression of secondary sexual characters (Emerson and Hess, 19961. Within the 
frog genus Rana, the distribution of secondary sexual characters is consistent with 
the possibility that a drop in androgen levels was involved in the loss of these 
traits in some species (Emerson, 19961. 

In males of S. virgatus, adult circulating levels 01 androgens are apparently of no 
importance in the expression of the size and intensity of blue ventral coloration. 
In an associated experimental study, there was no apparent influence of 
exogenously-administered testaste ron e early in life on the subsequent size or 
intensity of the blue ventral patches in S. virgatus (Abell, in press). 

Levels of androgens, estradiol, and progesterone in males of S, virgatus were 
high in April-May, suggesting peak levels around the time of territorial defense and 
courtship. The clase temporal association of gonadal activity, as indicated by sex 
steroid hormones, and mating activity suggests an associated reproductive pattern, 
in which mating and gametogenesis are temporally associated (Crews, 1987). 

Male body weights relative to SVL were significantly higher in August than in 
June, suggesting that by August males have usually recave red from the energetic 
stress of reproductive activity. Male corticosterone levels were lowest in August. 
Other authors have noted that males of S. virgatus have higher activity and 
movement levels in April and early June than in late June through early September 
(Rose, 1981) and higher field metabolic rates in May than in August (Merker and 
Nagy, 19841. In another phrynosomatid lizard, Uta stansburiana, male 
corticosterone levels also peaked in the spring, when reproductive and territorial 
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activity is maximal (Wilson and Wingfield, 1994). Corticosterone has been 
suggested as an indicator of stress in lizards (Greenberg et al., 1984; Moare et al., 
1991; Dunlap, 1995b). The low mal e corticosterone levels observed in August 
may indicate that this time is less stressful than the mating season. However, 
basal corticosterone levels are not consistently corrslated with physiological 
condition in lizards (review in Dunlap and Wingfield, 1995). In a study of several 
populations of Sceloporus occidentalis, Dunlap and Wingfield (1995) found no 
consistent seasonal trends in basal corticosterone levels between April and 
August. High spring corticosterone levels in males of S. virgatus may occur due 
to a need for rapid mobilization of energy to support territorial activity and courting 
(Wilson and Wingfield, 1994). Mean male hematocrit was lowest in August, but 
the meaning of seasonal variation in hematocrit is not elear in lizards (Dunlap, 
1995a). 

In contrast to males, females of S. virgatus exhibited nonsignificant trends for 
higher androgen and corticosterone levels in August than in April, suggesting that 
seasonal high levels are associated with activity occurring well after oviposition 
has been completed. During the postbreeding season, females of this species have 
activity levels higher than those of males (Rose, 1981), as well as higher field 
metabolic rates and feeding rates than those of males (Merker and Nagy, 1984). 
It is possible that females in the postbreeding season are stressed by intense 
competition for food to replenish fat reserves before winter. If this pattern of 
seasonal variation in female corticosterone levels is verified with a larger sample, 
it would contrast with the pattern in Uta stansburiana, where peak female 
corticosterone levels generally correspond with the spring peak of reproductive 
mass (Wilson and Wingfield, 1992, 1994). 

The trends identified in this study suggest the opportunity for additional work on 
seasonal variation in corticosterone levels in the two sexes, relative to indices of 
body condition such as size-adjusted body mass (Dunlap and Wingfield, 1995) and 
parasite infestation (Dunlap and Schall, 1995; Salvador et al. 1996. Comparative 
work should inelude populations in the central part of the species' range as well 
as this one at the northern extreme. 
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