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Does testosterone or coloration affect growth
rates of adult males of the lizard Psammodromus
algirus?

Alfredo Salvador and José P. Veiga

Abstract: Elevation of circulating testosterone levels during the breeding season stimulates the development of

breeding coloration and favors traits that maximize reproductive success, but it may have several costs. Retardation of
growth by testosterone has been proposed as one of these costs to males of long-lived species. We examine the results
of a field experiment on the short-term (within the breeding season) and long-term (1 year) effects of heightening

levels of testosterone on the growth of males of the lacertid liBsa@mmodromus algirusTestosterone did not affect

the mass gain of males during the reproductive period or between years. The between-years increase in snout-vent
length in testosterone-supplemented males tended to be less than in control individuals. Within-season individual mass
gain was mainly determined by body mass at emergence: the lower the body mass the higher the mass gain. Our
results do not support the idea that the production of ornamental traits limits growth, as the negative correlation

between degree of head coloration and mass gain disappeared when body mass was controlled for.

Résumé: L'augmentation des concentrations de testostérone en circulation au cours de la saison de reproduction peut
stimuler I'apparition de colorations nuptiales et favoriser des caracteres qui maximisent le succeés de la reproduction,
mais peut également comporter des codts élevés. A titre d'exemple, une croissance retardée par la testostérone peut
étre une conséquence colteuse chez les méles d’especes a longévité élevée. Nous examinons ici les résultats d’'une
étude sur le terrain sur les effets a court terme (au cours de la saison de reproduction) et a long terme (1 an) de
'augmentation de la testostérone sur la croissance des lézards Bs@esnodromus algirud.a testostérone n'a pas

affecté les gains de masse chez les males durant la saison de reproduction ou d’année en année. L'augmentation de la
longueur museau-évent d’'une année a l'autre chez les males qui ont pris de la testostérone avait tendance a étre plus
faible que celle enregistrée chez les témoins. Au cours d’'une saison, les gains de masse sont généralement déterminés
par mesure de la masse a I'émergence : plus la masse est élevée, plus le gain de masse est important. Nos résultats
n'appuient pas I'hypothése selon laquelle la production d’'une ornementation limite la croissance, puisque la corrélation
négative entre l'intensité de la coloration de la téte et le gain de masse disparait lorsqu’on tient compte de la masse du
corps.

[Traduit par la Rédaction]

Introduction the hormone through these characters may increase-repro
ductive success, but evidence for this is largely lacking.

In many other lizards, however, male-typical color -pat
erns are not seasonally activated by circulating androgens
[put are present year-round. Experimental evidence suggests
hat in the adults of these lizard species, androgens do not

ing testosterone levels in adult male lizards activates the d ontribute much to the expression of ornamental nuptial traits

velopment of ornamental characters (Cooper et al. 1987) ang/100re et al. 1998). Sex differences in these traits in these

courtship behavior (Ferguson 1966; Cooper et al. 1987) angP€cies are probably due to the early organizational action,
improves sprint speed, burst stamina (Klukowski et al. 199g)lather than seasonal activation, of androgens and this has
and exercise endurance (John-Alder 1994), and increases &een_ confirmed in manipulative studies on hatchlings in one

tivity, home-range size (De Nardo and Sinervo 1994), andPecies (Hews and Moore 1995).

aggressive behavior (Moore and Marler 1987) The action of .Raising the _teStOSteI’OI‘le level also has _COStS, however.
Higher circulating testosterone levels may increase energy

expenditure, owing to an increase in territorial defense (Marler
et al. 1995), and may reduce immunocompetefsaad et al.
1990, 1992) and increase susceptibility to ectoparasfistation
(Salvador et al. 1996). Thus, testosterone-implanted lizards
A. Salvador' and J.P. Veiga.Departamento de Ecologia ~ may experience greater mortality (Marler and Moore 1988;
E\nggrtilgfb 2/'lljr?\?gst'?gaaccl?onnaelsd?:i(e:;?{;icclgs gitsuér%istiéﬁgz‘seﬂo Salvador et al. 1996). Another cost associated with testoster
Abascal 2, 28006 Madrid, Spain, ?ne may be its adverse effec_:t on g_rowth. Repﬂleg continue
o growth after sexual maturity until an asymptotic size is
tAuthor to whom all correspondence should be addressed. reached, after which growth is negligible (Andrews 1982).

One of the most important components of the repreduc
tive effort of breeding male lizards in temperate areas is th
production of high levels of testosterone shortly before th
reproductive season begins (Moore and Lindzey 1992).
has been shown experimentally that the elevation of cireulat
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Testosterone limits the growth of both immature and maturdarger than 80 mm SVL) of packed crystalline testosterone propio
males. Experimental work with the snakBamnophis sirtalis hate (Sigma Chemical Company) (Salvador et al. 1996, 1997).
has shown that body size may be reduced by administerinU'a|es were released at the capture site during the same day. All
testosterone to adult and young males (Crews et al. 1985 r;nalfs trega;t:)tureo: at t're end Oftthedretﬁrc’?“lf“"? seasonhstgl had the
P o : plant, but most males recaptured the following year had appar
ﬂisso’hgrrr%vc\)/;he (sz:i]rfe h;nadd CT:V)\//Sbfglgngr;lb;:]eg d'git{gxeglclier:inbigently lost the implant before emergence. Males that lost their tail
: ’ during the breeding season were excluded from the analyses.

tration of testosterone to juvenile lizards retarded body growth (n = 57) and T = 40) males recaptured at the end of the

(Hews et al. _1994? Abell 19_98)- ) breeding season (May) were weighed and the pattern of color spots
The allocation of energetic resources to the production obn the throat was drawn using a camera lucida or photographed.
testosterone and the elaboration of nuptial coloration may diwe classified the orange throat coloration of males as one of five
vert resources necessary for growth. The cost of reducetypes, from minimum to maximum coloration: 0, no coloration; 1,
growth may be low in short-lived species but significant in spots on the fourth pair of submaxillary scales; 2, spots on the third
longer lived species in which larger size and associated s@nd fourth pairs of submaxillary scales; 3, spots on all submaxillary
cial dominance may increase reproductive success in subsgcales; and 4, extensive, nonfragmented coloration (Veiga et al.
quent breeding seasons. There may be a trade-off betwe 97) (Fig. 1). When coloration was included as a factor in

th and coloration that . th “old les | COVAs, we considered only two groups: (1) individuals with
growth and coloration that varies with age: older males n ., - requced coloration (types 0-2) and (2) individuals with well-

vest a higher proportion of resources in coloration than i”developed coloration (types 3 and 4). The number of days that

growth but the opposite occurs in younger males (OlssORjapsed between initial capture and final recapture within the
1994; Olsson and Silverin 1997). However, a seasonal inpreeding season (42.7 + 0.9 days; mean + SE) did not vary signifi
crease in testosterone levels might have a greater effect arantly between coloration typeB € 0.30,P = 0.87) or experimen
this trade-off in species in which the effects of androgens irtal treatmentsK = 0.90,P = 0.34).
activating sexual ornaments are significant than in species in We did not measure plasma testosterone levels during the-exper
which sex differences arise primarily from the early organi iment, so we cannot exclude the possibility that we recorded the
zational actions of androgens. effects of phar_macologlcal doses. prever, the relatlon_of testos
The lacertid lizardPsammodromus algiruis an appropri- terone level with body mass was similar to that used in several
ate model in which to examine the relationships between te studies in which no pharmacological effects were detected (Marler
; . nd Moore 1988). We observed no abnormality in the behavior of
tosterone, breeding coloratu_)n, and growth bepause growtfe experimental males.
continues afte_,-r sexual maturity and male breeding coloration During the reproductive season, we used the change in mass
varies with size. In previous work (Salvador et al. 1996, rather than the change in SVL as an index of growth. Because the
1997), we examined the effect of testosterone supplementatigseriod between initial capture and final recapture during the repro-
on male breeding coloration. We examine here the results afuctive season was relatively short (25-65 days), increments in
a field experiment on the effects of heightening testosteron&VL were small and often within measurement error. In contrast,
levels on male growth within and between 2 consecutivemass could be measured more accurately than SVL, therefore changes

years. We predicted that males treated with exogenous tell mass better refle(;[ed actual grO\k/)vth. HO}NeV‘?r' grcf’Wt.h (ijr.‘ EVLI
H : rom one season to the next was substantial, at least for individuals
tosterone would grow less, both during the reproductive se ith SVL of 80 mm or less (Fig. 2). We computed mass change

Eon and between yeﬁrs. (\jNe alsofexam_lnle tl]'e re_latlonshrll grams per day between the day of initial capture and the day of
etween mass growth and area of nuptial coloration on thg, | recapture. We termed the two mass values initial mass and
head during the breeding season. According to the trade—o%m mass, respectively.

hypothes_|s, we would expect an inverse re|at|9n5h|p betwe.en We also examined the delayed effects of testosterone on growth.
mass gain and the area size of nuptial coloration, irrespectivieor males captured in 2 consecutive years, we examined the-differ

of body mass. ences in SVL and mass (measured at emergence) between the year
of treatment and the following yean & 10 for C malesn = 5 for
T males).

Methods As morphological and growth variables showed significant inter

annual variation, we standardized the values for each year inde

Our study was conducted at a site in a deciduous cus : e
pyrenaicg fgrest near Navacerrada, Madrid Province %féin- dur pendently in order to havz_e O mean and 1 standard _dewatlon when
! ’ ' they were pooled in statistical analyses. Standardized coloration

Ing 4 consecutive years (1994-1397). We established a 2-ha grl\9:;\Iues were logarithmically transformed for use in correlation-anal
with markers every 10 m and captured adult males by noose shortl ses

after lizards emerged from hibernation (February—March). Individ

uals were weighed with a Pesola spring balance to the nearest 0.1 g

(range = 7-16 g) and marked by toe-clipping for individual recog Results

nition; snout-vent length (SVL) was measured to the nearest-milli

metre (range = 70-86 mm). _ Table 1 presents SVLs, masses, and mass growth rates for
Captured maleslwere alternately assigned to a control group (3> males and T males during the reproductive period. The

e s e e amagree varables vaied sgnifcaniy befueen years (ANOVA

1.95 mm, inner diameter 1.47 mm; Dow Corning), the end of's < 0.001_|n all qases). Flgur_e 1 shows ma_ss gan durlng_the

reproductive period for the different coloration types consid

which was plugged with wooden caps and sealed with silicon ad . . .
hesive. Males were cold-anaesthetized and implanted through @red- Table 2 shows SVL and mass in relation to coloration

small dorsal incision that was closed with a suture. C males retype. Significant positive correlations were found between
ceived an empty implant, while the implant of T males containedcoloration type and SVLr(= 0.46,P < 0.001) and coler
3 mm (for males smaller than 80 mm SVL) or 5 mm (for males ation type and masg € 0.41,P < 0.001).
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Fig. 1. Relationship between standardized mass gain during the reproductive season and coloration type inloatrdlexperimen
tal (A) male lizards Psammodromus algirQis
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Interannual growth Fig. 2. Relationship between increase in snout-vent length (SVL)
Mass gain between years did not reveal significant effectbetween 2 consecutive years and initial SVL in contil) @nd

of treatment (analysis of covariance (ANCOVAj; 1, =  experimental A) male lizards.
0.49,P = 0.49, power = 0.11; covariate initial ma$s; 12 = 12

2.49,P = 0.14, power = 0.31). SVL growth between years
was not affected by treatment, but individuals treated with — 10l
testosterone tended to grow less (3.3 £ 1.11 mm; mean :
SE) than control individuals (6.3 + 0.68 mm{ ;) =
2.47, P = 0.14, power = 0.30; covariate initlal SVL,
Fr12 = 2.25,P = 0.16, power = 0.28) (Fig. 2).

6
Growth within the breeding season
A two-factor ANCOVA for mass gain with initial mass as 4
covariate indicated that)(testosterone treatment did notsig = i
nificantly affect mass growth rates during the breeding seaso¢gny 2} ] A
Q
7

increase (mm

(C males, 0.03 + 0.12 g/d (mean = SE); T males, —0.05 +
0.18 g/d;F1,97)= 0.06,P = 0.8, power = 0.04) andi{ colora
tion type was not associated with mass growky § = 0 75 80 85
0.08,P = 0.78, power = 0.05). .
The correlation between initial mass and mass gain whel Initial SVL (mm)
coloration type and treatment were factored out was signi
ficant (ANCOVA, F; g¢) = 7.75,P = 0.007, power = 0.78)
(Fig. 3), indicating that initial mass is a major predictor of eral lizard speciesSceloporus jarrovi Moore and Marler
mass gain. 1987;Uta stansburianaDeNardo and Sinervo 1994). Hew
ever, testosterone did not affect mass gain in nRalalgirus
at least during the reproductive period, although the low sta
tistical power of the test makes this conclusion tentative. In
We predicted that mal®. algirus with testosterone im  several other lizard species, sexually mature males grew lit
plants would have lower growth rates than controls. Thistle, if at all, during the reproduction period (Tinkle 1967,
prediction was not supported by our observations. It wouldunham 1981). As body size can be crucial for maximizing
be expected that males with the highest testosterone leveteproductive success (e.g., Gullberg et al. 1997), males could
would have negative energetic budgets, because testosteromeercome the constraints imposed by reproduction by delay
can stimulate aggressiveness, patrolling, and activity in seving growth until the annual postreproductive period. This has

L i L

Discussion
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Table 1. Initial snout—vent lengths (SVL) and masses of male lizaRsa(mnmodromus algirjismeasured at emer
gence from hibernation and growth rates of both control and experimental males in different years.

SVL (mm) Mass (g) Growth rate (g/d)
Year n Mean £+ SE  Range Mean = SE Range Mean = SE Range
1994 22 80.5+0.99 73-85 12.6+0.50 9.0-16.0 —0.005+0.003 —0.030 to 0.02
1995 19 75.3+0.88 70-85 9.1+0.35 7.0-12.0 0.020+0.004 —0.020 to 0.05
1996 27 80.0+0.62 75-86 11.1+0.30 7.8-14.7 0.009+0.003 —0.030 to 0.05
1997 29 75.5+0.70 70-85 9.5+0.30 7.1-13.5 0.020+0.002 —0.003 to 0.05

Table 2. Snout—vent lengths (SVL) and masses of male lizards Fig. 3. Relationship between standardized mass gain by male liz
measured at emergence, according to coloration types (see Fig. 1ards during the reproductive season and standardized initial
mass. Coloration types are as follovll; type O; A, type 1; @,

SVL (mm) Mass (9) type 2; *, type 3;@, type 4.

Coloration 3

type n Mean £+ SE Range Mean + SE Range c [ .

0 56 75.0+0.40 70-83 9.2+0.2 7.0-124 '@ 2:_ [

1 15 81.1+0.80 75-86 11.5+0.3 9.5-145 O [ "Lt

2 12 81.7+0.80 77-85 12.5+0.5 9.8-16.0 3 [ pas

3 7 829+#110 78-85 13.0%06 107-150 @ 1p = 4 °

4 7 83.6:043 82-85 14.110.4  120-150 £ | R ' ™I N
© O s ewaEtwy
N : AN 5 E A *

been demonstrated in the desert lizaBteloporus merriami O Ak g™ :’ ;’

. I : L] . ¢ a

and Urosaurus ornatus which exhibited reduced foraging g [ me a *

success in late spring, while in summer, after reproduction I - *

concluded, they increased their foraging efficiency coinci- 8 21

dentally with higher prey abundance (Dunham 1981). These%? f * 4

results may not apply t®. algirus however, because the -3 e ot : L

temperate regions in which it lives are ecologically very dif- -3 -2 -1 0 1 2 3

ferent from desert regions.

In any case, the notion that testosterone may affect short-
or long-term growth cannot be completely rejected on the
basis of these results, because the null hypothesis was acslor required an increment in circulating testosterone levels
cepted with rather low statistical power. It is possible that no(Cooper et al. 1987; Salvador et al. 1996). However, only
effect of testosterone on mass loss was detected becausddtger males were able to increase coloration by means of
was compensated for by muscle hypertrophy, a commen ethis mechanism, suggesting that coloration is not useful for
fect of this hormone (Mooradian et al. 1987; John-Aldersmall males (Salvador et al. 1997). The development ef ad
1994). A trade-off between testosterone production and growtkiertising coloration by small subordinate individuals may
would imply that, once a critical size is attained, an individ render them more easily detectable by dominant individuals,
ual should decide between investing in reproduction by inthus increasing their risk of being attacked and (or) suffering
creasing its circulating hormone levels, thereby restricting itdnjuries (Rohwer 1975; Rohwer and Ewald 1981; Cooper et al.
growth and the possibility of future reproduction, and delay 1987).
ing reproductive effort. Previous evidence showed that in The development of nuptial coloration could be a terminal
contrast to the effect observed in larger males, giving-exoinvestment for old individuals with reduced survival expec
genous testosterone to small adult males did not affect severancies. Of seven males captured at the end of the reproductive
reproductive variables (Salvador et al. 1996, 1997), suggesseason in 2 consecutive years, six did not develop coloration
ing that in individuals which have not yet attained a size fa during the first year and only one exhibited type 1 coloration
voring reproductive success, a better strategy would be t@Fig. 1). No male with well-developed coloration (types 3
invest in growth rather than in reproduction. and 4) was recaptured the following year. Also, in a nearby

The variation of mass gain iR. algirus depended mainly population, Diaz (1993) reported higher mortality among the
on the individual's size, or, in other words, on the growth most-colored males. However, the wide SVL range for each
already attained, as occurs in many other lizards (Andrewsoloration class considered in this study suggests that other
1982). Contrary to what has been suggested recently (Olssdactors, such as individual variation in the ability to produce
and Silverin 1997), our results do not support the idea thatolors and (or) in mass-gain rates, are also involved in the
the development of ornamental traits limits growth. The-cor variability of coloration recorded. Alternatively, males might
relation between the size of the head-coloration area andevelop coloration only after reaching a certain body size
mass gain disappeared when the individual’'s size was corand condition that enable them to reproduce successfully.
trolled for statistically. Previous results showed that inThus, the apparent elevated mortality of individuals with
P. algirus and other lizards, developing larger patches offully developed colors would result from a high level of

Standardized initial mass
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reproductive effort rather than as a direct consequence of androgens affects adult expression of alternative male types in
advanced age. tree lizards. Horm. Behaw28: 96-115.

In conclusion, the better predictor of growth i algirus ~ John-Alder, H.B. 1994. Testosterone improves exercise endurance
is the size of the individual, although the growth rate seems in @ lizard @nolis sagrej. Am. Zool. 34: 120A. [Abstr]
to be determined to a considerable extent by factors not coriKlukowski, M., Jenkinson, N.M., and Nelson, C.E. 1998. Effects
sidered in this study. Testosterone had no detectable effect ©f testosterone on locomotor performance and growth in field-
on within-season changes in mass or between-season groWthactive northern fence lizard§celoporus undulatus hyacinthinus
in SVL, but the results are not completely conclusive. TheM;Q:SICO'AZO;Agﬁfgi_%t 1688, Evolutionary costs of aggres
gter\;ier:ogrrgvev?f: ch)r?(:&r é?éﬁ?gg,ovgg;gergt%%egegﬁ;g?(r)n dtgvg?onp sion revealed by testosterone manipulations in free-living male

A ! - : lizards. Behav. Ecol. SociobioR3: 21-26.
only after |nd|V|duaIs.haq _reached a.cr|t|cal size that Presumy orer C.A. Walsberg, G., White, M.L., and Moore, M. 1995.
ably confers on the individual considerable opportunities to Increased energy expenditure due to increased territorial defense
reproduce. in male lizards after phenotypic manipulation. Behav. Ecol.

Sociobiol. 37: 225-231.

Mooradian, A.D., Morley, J.E., and Korenman, S.G. 1987. Biclogi
cal actions of androgens. Endocr. R8v.1-28.

The El Ventorrillo Field Station of the Museo Nacional de Moore, M.C., and Lindzey, J. 1992. The physiological basis of sex
Ciencias Naturales provided logistical support. Our work was ual behavior in male reptilesn Biology of the Reptilia. Vol. 18.
supported by Direccién General de Investigacion Cientifica Physiology E. Hormones, brain, and behaviedited byC. Gans
y Técnica projects PB 94-0067 and PB 94-0070-C02-0%. Ex and D. Crews. The University of Chicago Press, Chicago. pp. 70—
perimental manipulation of lizards was carried out accordin 113. 4 | 2 Ef ¢
to animal-care protocols. Permission for this study was grantetfe°re: M.C., and Marler, C.A. 1987. Effects of testosterone ma

by Agencia de Medio Ambiente. Comunidad de Madrid nipulations on non-breeding season territorial aggression in free-
y A9 ’ ' living male lizards,Sceloporus jarroviGen. Comp. Endocrinol.

65. 225-232.
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