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Abstract.—In this study, we examined plasma testosterone levels in male Tupinambis merianae lizards and their
relation to the seasonal reproductive activities observed in this species. We found that the highest androgen levels
were associated with reproductive activity in spring, comprising sperm production, reproductive behaviors
(territoriality, courtship, and matings), and secretory activities of femoral glands and kidney sexual segment. We
observed an additional rise of testosterone in the fall that correlated with a secondary phase of testicular
recrudescence, but which was not accompanied by reproductive behaviors or by secretory activities of the femoral
glands and kidney sexual segment. The absence of sperm in the seminiferous tubules and epididymis during the
cold months indicates that spring matings of T. merianae, as in most lizards, are supported by prenuptial

spermatogenesis.

Besides its association with high levels of circulating androgens, the spring breeding events

coincide with an increase in environmental temperatures. Both spermatogenic waves also coincide temporally with
the equinoxes. Further studies are necessary to establish the relative contributions of endocrine and environmental
factors in triggering reproductive events in this species. We believe that this second non-functional spermatogenic
wave may be a remnant of an ancestral bimodal reproductive cycle in this species.
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INTRODUCTION

Reptiles, probably because of their ectothermal
condition, have a wide variety of reproductive
strategies that have evolved to address environmental
challenges. These strategies include: (1) genetic and
environmental sex determination mechanisms; (2)
oviparous development and viviparity; (3) bisexuality
and parthenogenesis; and (4) associated and
dissociated reproductive cycles (Moore and Lindzey
1992; Whittier and Tokarz 1992). In species
inhabiting environments with prolonged periods
suitable to reproduction, associated cycles occur in
which gametogenesis and steroidogenesis, temporally
coincide with the mating period (Crews and Ganz
1992). In other reptiles, occupying extreme
environments with only brief breeding periods,
dissociated cycles occur in which there is a
considerable gap between gametogenesis and matings
(Crews and Ganz 1992). The existence of associated
and dissociated reproductive cycles, in which
processes such as gametogenesis, reproductive
behaviors, and the expression of secondary sexual
characters coincide or differ temporarily, offers
interesting possibilities to study the differential role of
endocrine and environmental factors in controlling
each component of reproductive activity.

The genus Tupinambis (Squamata: Teiidae)
comprises a group of large South American lizards
(Presch 1973) that exhibit a widespread distribution
from the Amazon to the north of Patagonia (including

tropical to temperate climates). Of the seven currently
recognized species (Avila-Pires 1995; Fitzgerald et al.
1999; Vitt and Caldwell 2009), T. merianae (Fig. 1)
and T. rufescens are the southernmost representatives,
reaching the northern portion of Patagonia (Cei and
Scolaro 1982). These species, which can attain a total
adult length of 1.2 m and a body weight of 7 kg , were
traditionally used by indigenous communities as a
source of meat, fat, and leather (Donadio and Gallardo
1984; Norman 1987). However, given the current
intense exploitation for their hides (Chardonnet et al.
2002), they are now listed on CITES (Convention on
International Trade in Endangered Species of Wild
Fauna and Flora) Appendix II (restricted trade).
Captive breeding programs, rather than extraction
from nature, have been proposed for the sustainable
use of these lizards (Mercolli and Yanosky 1990;
Noriega et al. 1996). These conservation efforts raise
the need for a proper understanding of the reproductive
biology of these saurians.

In typically seasonal climates, as found in
Argentina, T. merianae and T. rufescens experience a
five to six month torpor (between April and
September) that circumscribes their main reproductive
activities almost entirely to spring. They have a single
annual oviposition and a relatively large clutch size,
ranging from 20 to 50 eggs (Donadio and Gallardo
1984; Mercolli and Yanosky 1990; Noriega et al.
1996). After an incubation of 65-75 d, the active and
independent offspring hatch in late spring and early
summer (Mercolli and Yanosky 1990; Noriega et al.
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FIGURE 1. Territorial marking by a male Tupinambis merianae, performed by dragging the pelvic girdle and hind legs on the ground. Bar =

10 cm. (Photographed by Valeria Garcia Valdez).

1996; Manes et al. 2003).

Both genders exhibit characteristic reproductive
behaviors. Females display complex nesting,
incubation, and egg protection behaviors (Noriega et
al. 1996; Manes et al. 2003), while males exhibit
territorial behavior associated with an increase in
testicular weight (Noriega et al. 1996; 2002) and
secretory activity of the femoral glands (Chamut et al.
2009) and renal sexual segment (Noriega et al. 2002).
In addition to the various spring reproductive
manifestations, males exhibit a second nonfunctional
activation of spermatogenesis in late autumn (Noriega
et al. 2002). In this study, we examined plasma
testosterone levels in male lizards of 7. merianae and
their relation to the wvarious reproductive events
described for the species.

MATERIALS AND METHODS

Animals and study conditions.—We conducted this
study during the seasonal/reproductive cycles of 2007—
2008 and 2008-2009 with T. merianae specimens
raised in captivity in the province of Tucuman,
Northern Argentina (26°51°S and 65°17'W).  This
region is characterized by a temperate climate with a
dry winter season. We kept the animals, with a male
to female ratio of 1 to 4, in outdoor enclosures of
approximately 60 m’ fenced by masonry walls (1.2 m
tall) and equipped with shelters and shade. This
design, based on our previous experience, was suitable
for animal welfare. We fed the lizards ad libitum a
previously designed farm diet (Vega Parry and Manes
2000), which consisted of about 85% ground chicken
heads and feet (1:2), 15% soybean meal, 0.25%
vitamin-mineral supplement for broilers (Micromix,
Biofarma, Coérdoba, Argentina), 0.25% sodium
chloride, and 0.1% butyl hydroxy toluene.

From the breeding groups, we selected nine adult
males of at least 15 months of age and > 40 cm snout-

vent length. We implanted these individuals with a
MicroTransponder (ID-100A, Trovan Electronic
Identification, Rosenbusch, Buenos Aires, Argentina)
under the skin for individual monitoring. We
monitored animals for the expression of reproductive
behaviors, such as territoriality, courtship, and mating
(Noriega et al 1996) during the periods of testicular
recrudescense. Monitoring occurred by an observer
located outside the enclosures.

Hormone  assays—We  determined plasma
testosterone concentrations by radioimmunoassay
(RIA) using a [I-125]-Testosterone RIA DSL-4100 kit
(Diagnostic Systems Laboratories, Webster, Texas,
USA) in the Laboratorio de Reproduccion y Lactancia,
IMBECU, CONICET of Mendoza, Argentina. We
proceeded by extracting 1.5 to 2 mL blood samples at
key stages of the seasonal/reproductive cycle: torpor,
torpor emergence, sexual interactions, postmating,
gonadal involution, gonadal quiescence, and pretorpor
between 0800 and 1000, for two consecutive years.
The stages of gonadal involution and gonadal
quiescence had been previously established thorough
morphometric and histological studies (Noriega et al.
1996). We considered the pretorpor stage as the
period (previous to the entrance to torpor) when the
animals exhibit a decrease in activity and feeding,
while spending longer periods in their shelters. We
collected the blood from the caudal vein of
unanesthetized males, using a heparinized syringe.
We centrifuged the blood and separated and stored the
plasma at —20 °C for hormone determinations.

To validate the testosterone RIA for 7. merianae
plasma, we assayed in parallel samples of: (1) plasma
with no treatment; (2) plasma acidified with addition
of 10% v:v of HC1 0.1 N to dissociate steroids from
circulating SHBG (sex hormone-binding globulin);
and (3) plasma extracted twice with 10 volumes
ethylether, evaporated, and redissolved in assay buffer.
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The untreated plasma gave lower values, whereas
treatments 2 and 3 gave similar values, so we decided
to carry out all determinations using acidified plasm.
Serial dilutions of some samples gave values that were
parallel to the standard curve. The efficiency of the
acidification procedure was higher than 95% for the
concentrations assayed, which were 2 and 50 ng/mL
testosterone added to charcoal extracted plasma.

We used a mixed model approach to analyze the
data (Pinheiro and Bates 2000). We considered the
cycle and animals nested within the cycle as model
random components because we were studying the
same animals during two cycles. We compared means
with Fisher’s LSD test, corrected for multiple
comparisons. We ran these models using the R
software (R Development Core Team. 2011. R: A
language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna, Austria.
Available from http://www.R-project.org/ [Accessed
22 December 2011]) and Infostat (Di Rienzo, J.A., F.
Casanoves, M.G. Balzarini, L. Gonzalez, M. Tablada,
and C.W. Robledo. 2011. InfoStat Version 2011.
Grupo InfoStat, FCA, Universidad Nacional de
Cordoba, Argentina. Available from
http://www.infostat.com.ar [Accessed 19 September
2011]).

Histological studies.—We sacrificed four animals
during the hormonal peaks of the second year of study
to confirm previous observations on the activity of
testes, kidney (Noriega et al 2002), and femoral glands
(Chamut et al 2009). We euthanized them by cranial
concussion followed by immediate spinal cord
transection; this two-phase physical method of
euthanasia is similar to that described by the AVMA
Panel on Euthanasia (AVMA 2001; AAZV 2006). We
found that this method, performed by experienced
personnel, was the fastest and most humane form of
euthanasia for these animals. The samples were fixed
with 4% formaldehyde or in Duboscq-Brazil solution
for 24-48 h and embedded in paraffin according to
standard procedures. We cut 7 pm sections and
stained them with hematoxylin-eosin and Heidenhain
aniline  azocarmin  (Azan) for  microscopic
examination.

RESULTS

Reproductive behaviors and testicular activity.—
Males began displaying territorial behaviors a few
days after emergence from torpor (Fig. 1). After the
emergence of the females, about two weeks later, they
incorporated courtship and copulatory behaviors.
Sexual interactions lasted about a month (October),
after which males ceased displaying reproductive
behaviors.  Reproductive activities resulted in the
expected rate of ovipositions by about half of the
females.

Simultaneously with reproductive behavior displays,
spermatogenic activity in the seminiferous tubules was

intense (Fig. 2A), resulting in the accumulation of
large sperm masses at the epididymal level (Fig. 2B).
Furthermore, the testicular interstice showed
conspicuous Leydig cells (Fig. 2C). The renal sexual
segment (Fig. 2D) and the femoral glands (Fig. 2E)
also showed evidence of a great deal of secretory
activity.

We observed a second spermatogenic wave during
autumn (April; Fig. 3A), which also resulted in a
considerable accumulation of sperm in the epididymis
(Fig 3B) and active Leydig cells in the testicular
interstice (not shown). However, this autumn gonadal
recrudescence was not associated with reproductive
behaviors, nor with secretions from the femoral gland
or renal sexual segment. Testicular activity was brief
and we did not find sperm in the seminiferous tubules
or the epididymis during the cold months (June-July).

Plasma testosterone concentrations.—Because the
nine animals showed similar endocrine changes, we
grouped the individual results as means with standard
error. The highest levels of plasma testosterone were
associated with spring (September - October)
reproductive processes (sperm production and storage,
reproductive behaviors, and secretory activity from
femoral glands and renal sexual segment), which were
significantly higher than other time periods (Fig. 4). A
second increase in plasma testosterone concentration
occurred in April, the pretorpor stage, coincident with
the autumnal spermatogenic wave. Although, this
androgen peak was markedly lower than the spring
one, it was significantly higher than the values
measured during the preceding gonadal involution and
gonadal quiescence stages.

DiscussIioN

Spring reproductive activity in male 7. merianae
lizards shows a typically associated reproductive
pattern, in which testicular activity with abundant
sperm production coincides with various reproductive
behaviors (matings included), secretions from the
femoral gland and kidney sexual segment, and the
highest plasma testosterone level. Subsequently, testes
gradually regress to a nadir in late summer (February;
Noriega et al. 2002). The simplicity of this
reproductive scheme is, however, altered by the
presence of an additional testicular recrudescence,
which in spite of its brevity, is intense enough to cause
sperm cell accumulation at epididymal level (Noriega
et al. 2002; present study).

The non-functional character of this secondary
spermatogenesis is indicated by the absence of sperm
in seminiferous tubules and epididymis during the cold
months. Thus, spring matings of Tupinambis
merianae, as in most lizards, are supported by
prenuptial spermatogenesis, as opposed to snakes and
turtles, which rely mainly on postnuptial
spermatogenesis (Lofts 1987; Lorenz et al. 2011). As
with the spring reproductive activity, we observed that
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FIGURE 2. Spring reproductive events in male Tupinambis merianae. A: Active sperm production in a seminiferous tubule. Bar = 100 pm.
B: Epididymal section showing dense sperm accumulations. Bar = 100 um. C: Leydig cells (arrowheads) in the testicular interstice. Bar =
10 pm. D: Whitish sexual segments in a kidney cut, highlighted by intracellular accumulation of secretory granules. Bar = 1 mm. E:
Femoral gland secretions (arrowheads) protruding at the surface of modified scales. Bar =1 mm. (Photographed by Silvia Chamut).

FIGURE 3. Autumn testicular recrudescence in Tupinambis merianae. A: Seminiferous tubule in active spermatogenesis. Bar = 100 um.
B: Section of epididymis, showing bulky sperm masses. Bar =100 um. (Photographed by Silvia Chamut)
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FIGURE 4. Plasma testosterone levels during male Tupinambis merianae reproductive / seasonal cycle. Results are expressed as mean +
standard error for groups of nine animals for each reproductive state. Stages with different letters indicate significant differences (P <0.05).

the pretorpor secondary gonadal reactivation was
associated with a lesser magnitude of increase in
plasma testosterone levels, and both androgen peaks
coincided with the presence of active Leydig cells in
the testicular interstice. Secondary hormonal peaks,
such as the one we found in this study, have been
observed in other reptiles (Callard et al. 1976; Schuett
et al. 1997; Lorenz et al. 2011), but they were not so

clearly associated with an accessory gonadal
recrudescence, as we observed in Tupinambis
merianae.

The absence of reproductive behaviors and

secretions from the femoral glands and renal sexual
segment during the secondary testicular recrudescence
could be attributed simply to the plasma testosterone
levels, which may have been enough to induce
spermatogenesis but not other reproductive events.
However, spermatogenesis and reproductive behaviors
observed in reptiles having dissociated reproductive
cycles show species-specific sensitivity to circulating
androgens (Jones et al. 1997), suggesting a more
complex relationship between these processes and
their endocrine regulation. Moreover, it should be
noted that, besides its association with high levels of
circulating androgen, the spring breeding period also
coincides with an increase in environmental
temperatures. ~ Therefore, we cannot exclude a
concurrent role of this climatic factor in triggering 7.
merianae reproductive behaviors, as happens in certain
other reptiles, particularly those with dissociated
reproductive cycles (Moore and Lindzey 1992;
Whittier and Tokarz 1992).

Similarly, the temporal coincidence of both
spermatogenic waves with the equinoxes could also
involve day length or its rate and direction of variation
as determinants of gonadal recrudescence. Therefore,
further studies are necessary to establish the relative
contributions of endocrine and environmental factors
in triggering reproductive events in this species. The
presence of two spermatogenic waves during the T.
merianae testicular cycle could derive from an
ancestral bimodal reproductive pattern, which is
suggested by the completeness of the autumnal
spermatogenic process and its hormonal support
(implying an underlying genetic programming).
Bimodal reproductive cycles, common in reptiles
(Licht 1984), can exemplify expanded breeding
situations, resulting from favorable environmental
conditions, such as those found in tropical regions.

For instance, T. teguixin, an inhabitant of various
tropical environments in South America, unlike the
subtropical and temperate zone species 7. merianae
and T. rufescens, seems to be active throughout the
year (Herrera and Robinson 2000).  Tupinambis
teguixin nests several times and lays fewer eggs at
each nesting (Beebe 1945). We could explain the
characteristically unimodal reproductive pattern of 7.
merianae with a relictual gonadal recrudescence in
autumn, as derived from a bimodal reproductive cycle.
This interpretation would be consistent with the
migration of reptiles towards higher latitudes over
time, as proposed by Darlington (1957).

Acknowledgments—We are grateful to the Consejo
de Investigaciones de la Universidad Nacional de

303



Chamut et al.—Male Tegu Reproductive Activity.

Tucuman (CIUNT) and Consejo Nacional de
Investigaciones Cientificas y Técnicas (CONICET) for
evaluating and funding this study. We also thank
Adriana Manes for the English translation, Daniel
Lopez for editing pictures, and Patricia Black for
helpful comments on the manuscript. We thank the
Facultad de Agronomia y Zootecnia de la Universidad
Nacional de Tucuman for their support in the
provision of facilities, personnel, and maintainance.

LITERATURE CITED

American Association of Zoo Veterinarians (AAZV).
2006. Guidelines on Euthanasia of Nondomestic
Animals. Baer, C.K. (Ed.). American Association of
Zoo Veterinarians, Yulee, Florida, USA.

American Veterinary Medical Association (AVMA).
2001. 2000 Report of the AVMA Panel on
Euthanasia. Journal of the American Veterinary
Medical Association 218:669—696.

Avila-Pires, T.C.S. 1995. Lizards
Amazonia (Reptilia:  Squamata).
Verhandelingen 299:1-706.

Beebe, W. 1945. Field notes on the lizards of Kartabo
British Guyana and Caripito. Venezuela. Part 3
Teeidae, Amphisbaenidae and Scincidae. Zoologica
30:7-32.

Callard, I.P., G.V. Callard, V. Lance, and S. Eccles.
1976. Seasonal changes in testicular structure and
function and the effects of gonadotropins in the
freshwater turtle, Chrysemys picta. General and
Comparative Endocrinology 30:347-356.

Cei, J.M., and J.A Scolaro. 1982. A population of
Tupinambis from northern Patagonia South of the
Rio Negro, Argentina. Herpetological Review
13:26-29.

Chamut, S.N., V. Garcia Valdez, and M.E. Manes.
2009. Functional morphology of femoral glands in
the Tegu Lizard Tupinambis merianae. Zoological
Science 26:289-293.

Chardonnet, P., B. Des Clers, J. Fisher, R. Gerhold, F.
Jori, and F. Lamarque. 2002. The value of wildlife.
Revue Scientifique et Technique de 1’Office
International des Epizooties 21:15-51.

Crews, D., and C. Ganz. 1992. The interaction of
hormones, brain, and behavior: An emerging
discipline in herpetology. Pp. 1-23 In Biology of the
Reptilia 18. Gans, C., and D. Crews (Eds.). The
University of Chicago Press, Chicago, Illinois, USA.

Darlington, P.J., Jr. 1957. Zoogeography: The
Geographical Distribution of Animals. John Wiley
and Sons, Inc, New York, New York, USA.

Donadio, O.E., and J.M. Gallardo. 1984. Biologia y
conservacion de las especies del género Tupinambis
(Squamata, Sauria, Teiidae) en la Republica
Argentina. Revista del Museo Argentino de Ciencias
Naturales Bernardino Rivadavia. Zoologia 13:117—
127.

Fitzgerald, L.A., J.A. Cook, and A.L. Aquino. 1999.
Molecular phylogenetics and conservation of

of Brazilian
Zoologische

Tupinambis (Sauria: Teiidae). Copeia 1999:894—
905.

Herrera, E.A., and M.D. Robinson. 2000.
Reproductive and fat body cycles of the Tegu
Lizard, Tupinambis teguixin, in the Llanos of
Venezuela. Journal of Herpetology 34:598—601.

Jones, S.M., E. Wapstra, and R. Swain. 1997.
Asynchronous male and female gonadal cycles and
plasma steroid concentrations in a viviparous lizard,
Niveoscincus ocellatus (Scincidae), from Tasmania.
General and Comparative Endocrinology 108:271—
281.

Licht, P. 1984. Seasonal cycles in reptilian
reproductive physiology. Pp. 206-282 In Marshall’s
Physiology of Reproduction. Lamming, G.E. (Ed.).
Churchill Livingstone, Edinburgh, Scotland.

Lofts, B. 1987. Testicular function. Pp. 283-325 In
Hormones and Reproduction in Fishes, Amphibians
and Reptiles. Norris, D.O., and R.E. Jones (Eds.).
Plenum, New York, New York, USA.

Lorenz, O.T., B.D. Horne, N.J Anderson, and A.O.
Cheek. 2011. Reproductive physiology of the Broad
Banded Watersnake, Nerodia fasciata confluens, in
Southeastern Louisiana. Herpetological
Conservation and Biology 6:410—421.

Manes, M.E., M.A. Ibafiez, and A. Manlla. 2003.
Factores fisicos y conductas de nidificacion de
lagartos Tupinambis merianae en cautiverio. Revista
Argentina de Produccion Animal 23:119-126.

Mercolli, C., and A.A. Yanosky. 1990. Répertoire des
comportements du Téu (Tupinambis teguixin).
Sauria: Teiidae. Revue Frangaise D'aquariologie-
Herpétologie 16:123—-130.

Moore, M.C., and J. Lindzey. 1992. The physiological
basis of sexual behavior in male reptiles. Pp. 70-113
In Biology of the Reptilia 18. Gans, C., and D.
Crews (Eds.). The University of Chicago Press,
Chicago, Illinois, USA.

Noriega, T., O. Fogliatto, L. Mignola, and M.E.
Manes. 1996. Ciclo bioldogico y patrones de
comportamiento en una poblacion de iguanas overas
Tupinambis teguixin (L) (Sauria, Teiidae) adaptada
al cautiverio. Revista Agronomica del Noroeste
Argentino 28:109-127.

Noriega, T., M.A. Ibafiez, E. Bru, and M.E. Manes.
2002. The testicular cycle of captive Tupinambis
merianae lizards in a temperate environment.
Cuadernos de Herpetologia 16:119-127.

Norman, D. 1987. Man and Tegu Lizards in eastern
Paraguay. Biological Conservation 41:39-56.

Pinheiro, J.C., and D.M. Bates. 2000. Mixed-Effects
Models in S and S-plus. Springer, New York, New
York, USA

Presch, W. 1973. A review of the Tegus, lizard genus
Tupinambis (Sauria: Teiidae) from South America.
Copeia 1973:740-746.

Schuett, G.W., H.J. Harlow, J.D. Rose, E.A. Van Kirk,
and W.J. Murdoch. 1997. Annual cycle of plasma
testosterone in male Copperheads, Agkistrodon
contortrix (Serpentes, Viperidae): Relationship to

304



Herpetological Conservation and Biology

timing of spermatogenesis, mating, and agonistic
behavior. General and Comparative Endocrinology
105:417-424.

Vega Parry, H.E., and M.E. Manes. 2000.
Alimentacion de lagartos overos Tupinambis
merianae con subproductos avicolas. Revista
Argentina de Produccion Animal 20:135-143.

SILVIA CHAMUT is a Biochemist and works as a Professor at
Facultad de Agronomia y Zootecnia, Universidad Nacional de
Tucuman (Argentina). She studies the metabolism and reproductive
biology of Tupinambis lizards. (Photographed by Valeria Garcia
Valdez)

Vitt, L.J., and J.P. Caldwell. 2009. Herpetology. 3™
Edition. Elsevier Academic Press, San Diego,
California, USA.

Whittier, J.M., and R.R. Tokarz. 1992. Physiological
regulation of sexual behavior in female reptiles. Pp.
24-69 In Biology of the Reptilia 18. Gans, C., and
D. Crews (Eds.). The University of Chicago Press,

Chicago, Illinois, USA.

MARIO E. MANES has a Ph.D. in Biology, is a career scientist in
CONICET, and is a Professor at the Facultad de Agronomia y
Zootecnia, Universidad Nacional de Tucuman (Argentina). Since
1990, he has been running an experimental Tupinambis lizard
captive breeding program, which focuses on the reproductive and
dietary habits of the species. Ultimately, the program is intended to
domesticate this species and protect it from hunting and the
destruction of its habitat. (Photographed by Valeria Garcia Valdez)

OSVALDO ERNESTO A. ARCE is an Agronomy Engineer who has a
Master’s degree in applied statistics. He has specialized in
experimental design issues and currently analyzes data and assists
professionals in different research projects related to agricultural
sciences. (Photographed by Osvaldo Arce)

GRACIELA A. JAHN is a career scientist from CONICET at the
Instituto de Biologia y Medicina Experimental de Cuyo —
CONICET at Mendoza, Argentina and currently is the Director of
this institute. She received her Ph.D. in 1982 and her Biochemistry
degree in 1975 from the National University of Buenos Aires. Her
main research interest is the biology of female reproduction. She
has focused on the regulation of PRL release and functions and the
hormonal control of pregnancy, lactation, ovarian functions, and
mammary functions. (Photographed by Alberto Ripalta)

305



