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SUMMARY: Reproductive strategy is the set of adaptations that promote the most efficient way that the species will survive
under the particular conditions of a determined environment. Understanding these adaptations is important and can hebp platanst
indicator of environmental changes. Spermatogenesis is a measurable biological process of these adaptations in spatial and temp
scales. We analyzed the morphology of the testes and oviducts of the lizard species that comprise Thepiglemus, taking into
account the geographical distribution and sympatric relations. For the analysis and the testes were removed from theahitiéle par
oviducts fromTropidurus etheridge, T. oreadicus, T. itambere, T. spinulasd3. Guaranispecies, collected in different places in the
Mato Grosso state, Brazil. The reproductive period is synchronous for males and females and occurs in September, Octebd@remd No
Reproductive males were characterized. In the testes are seminiferous tubules with germ cells at different stages ohggeymatoge
with a high epithelium, at present light, free spermatozoa in the lumen and reduction of interstitial tissue. For femegles]dlgon
peak occurs when the oviduct epithelium is high with secretions and basal nucleus. These months are characterized thdheesample
over a period of heavy rain and high temperatures. The decline of reproductive period was observed in both sexes, betweden April
August. Low reproduction in males is characterized by ample light, absence of sperm, only germ cells in the early stamsgénpsis
are observed (a few spermatogonia and spermatocytes) and interstitial tissue wide. In females, the period of reprodieciive decli
marked by the absence of unicellular glands in the oviduct epithelium, with higher affinity with the dye. This period csrtedpan
rainfall periods and lower temperatures. We propose an analysis of zoological samples; this is a proposal to facditats thany
researchers through access to the species, especially rare species.
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INTRODUCTION

Reproductive strategy is the set of adaptations tgpes of reproductive cycles: continuous (Wilhoft, 1963;
promote the most efficient way for a population to survivinger & Greenber, 1966), continuous with variation in
under particular conditions of a certain environment (Tinkleeproductive behavior (Sextat al., 1971; Ruibalet al.,
et al, 1969; Ballinger, 1977). 1972), and discontinuous (Marion & Sexton, 1971; Ferreira

et al., 2002; Ferreireet al., 2009). Histologically, the

The influence of environmental factors is evidencedontinuous cycles are characterized by the presence of all
by differences in reproductive strategies between populatiogiasses of germ cells within seminiferous tubules at different
of the same species inhabiting different places. In seasos@hges of spermatogenesis throughout the year. The
environments where climatic conditions are predictableliscontinuous cycle is characterized by extremes: at some
reproduction tends to occur during some periods (Vitt &mes of the year are observed only primordial cells of
Colli, 1994). The reproductive strategies are reflected in t@permatogenesis (spermatogonia) while during other periods
morphology of gonads, allowing the categorization of thregre registered great proportions of mature cells of
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spermatogenesis (sperm) filling all seminiferous tubul¥ieiraet al, 2001) and. itambergVan Sluys, 1993; Ferreira
(Ferreira & Dolder, 2002). What is not known is how th& Dolder, 2003a, 2003b; Ferreigt al, 2006; Ferreira &
species that occur in open areas under different climafwlder, 2007) and the familguanidae(ie. Saitaet al 1988;
conditions are influenced by the environment, and how tlierreiraet al., 2002), details of gametogenesis until
reproductive cycles are established, which factors céertilization of lizards under different climatic and seasonal
influence, and how long endure the phase of maximuoonditions are scarcely known. The knowledge of
gamete production. reproductive patterns in different environmental conditions
lead us to the evaluation of a measurable physiological
The seasonality influencing on reproduction isesponse as indicator of environmental quality, and provided
common among temperate-zone lizards (Fitch, 1980) so thiatformation to suggest more appropriate methods of
temperature and photoperiod are major determinants management and conservation of biodiversity (Ferietira
reproductive activity and may determine a hibernation peria., 2002, 2009).
for several species (Mayhew, 1964; Licht, 1973). In relation
to the tropics, where temperature and photoperiod undergo  Through the morphological analysis of gonads, the
lower variation, and where drought is comparable to thenducting channels of gametes of the species compounding
prolonged cold of temperate zones (Pianka, 1970), thige genuslropidurus considering the wide geographical
precipitation is apparently the main factor and which mosiistribution and sympatric relationships, the present study
influences the reproductive cycles of lizards (Sexdbal, aims to corroborate for the understanding of variations in
1971; Ruibakt al, 1972; Ferreirat al, 2002; Ferreir&t reproductive strategies of these lizards.
al., 2009). The importance of rainfall as a factor regulating
the reproductive cycle is expressed both by the higher
humidity, essential to prevent desiccation of the eggs, aMATERIAL AND METHOD
by the greater availability of food resources (Vallejo &
Vallejo, 1981). Vitt & Colli proposed to relate the foraging
tactics with resource abundance and habitat features; inthis  For the histological analysis, we removed male
way secondary forager lizards, due to its smallegonads, and the middle part of the oviduct of female species
displacement in the habitat, would be more prone to seasoofilizards Tropidurus etheridge{Cei, 1982);T. oreadicus
variations of resources and would tend to be seasonal(Rodrigues)T. itambergRodrigues)T. spinulosugCope,
reproduction; on the other hand, active foragers, becauk®62);T. guarani(Cope, 1862). These samples were taken
they move into larger areas, could find productive spots from specimens belonging to the sector of Herpetology
the habitat and would be less subject to restrictive effectszxbological Collection of the Federal University of Mato
seasonality in environmental resources. However, there@sosso, Brazil (Table I).
no ratification of these relationships with the reproductive
physiology, and the production and maturation of gametes For the analysis of reproductive cycles a total of 64
in tropical lizards. individuals were sampled, 35 males and 28 females, all from
scientific collections. We recorded the following
These differences in reproductive strategies araorphometric data: snout—vent length (SVL, to the nearest
important considering that there are evolutionary historicdimm). Samples were collected in different months
mechanisms that operate on the morphologicdhroughout the year between the years 1981 to 2007 and
differentiation, physiology, and consequently the livelihoothus we analyzed the temporal scale. The localities are
of lizards. Knowing this morphological differentiationdistributed in the States of Mato Grosso, Mato Grosso do
involves understanding the current patterns of behavi@®ul and Pard, Brazil, and in this way we analyzed the spatial
anatomy, physiology and geographical distribution afcale (Table I, Fig. 1).
species.
Were carried preparation techniques for conventional
Data were observed as regard the histology of thight microscopy, in order to diagnose the stages of gonad
reproductive aspects for the family Tropiduridae iedifferentiation and characterization of conducting channels
Tropidurus albermalensigStebbinset al.,, 1967) and of gametes as well as for demonstration of increased glan-
Liolaemus austromendociatandPrymaturus flagellifer dular secretion. The samples were dehydrated in alcohol at
(Furieri, 1974)T. hispiduqPrietoet al, 1976),T. delanonis increasing concentrations from 70 to 100% with halves of
(Werner, 1978),T. quadrivittatusand T. theresioides 30 minutes each, infiltrated for 24 hours and embedded in
(Goldberg & Rodriguez, 19867, torquatugCruz-Landim plastic resin (glycol methacrylate - HistoresinO) according
& Cruz-Hofling, 1977; Cruz-Hofling & Cruz-Landim 1978; to the protocol suggested by the manufacturer. The sections
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Table I. Local and period of collection.
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Reproductive strategies of Brazilian lizards of the g@mapidurusRodrigues, 1987 (Squamata, Tropiduridae) in the temporal and spatial.

Species Local calection Month Year Voucher specimens
T. etheridge Corumba— Mato Grosso State May, August, September 2001, 2002 and 1303, 1345, 1486, 1494,
and October 2003 1496, 6203, 6204, 6205,
6206, 6209, 6210, 6207,
6208, 6211, 6212, 6216,
6689, 6690, 6691, 6692,
6693, 6713
T. guarani Santo Anténio do Leverger, January, March, April, 1981, 1982, 56, 99, 193, 406, 407, 408,
Bar&o de Melgago, Céceres, May, August, 1984, 1992, 409, 410, 411, 412, 413,
Chapada dos Guimaraes, Porto September, Octaober, 1993, 1994, 414, 1765, 2649,2650, 2651,
Esperidiéo and Barrado Bugres  November and 1999, 2000, 2652, 2761, 2762, 2763,
- Mato Grosso State December 2001 and 2005 2764, 2765, 2767, 2768,
5091, 6888
T. oreadicus Chapada dos Guimarées, March, April, May, 1998, 1999, 308, 450, 452, 453, 820,
Cuiabd Alto Paraguai and June July, September, 2000, 2001, 1044, 2622, 4334, 6890,
Carajs - Mato Grosso Sate October and December 2002, 2003 and 6891
2005
T.itambere NovaBanderantes and Juara - August 2007 5968, 5969, 5981
Mato Grosso State
T. spinulosus Itiquira and Chapada dos DecembertoMachand 1994 and 2001 2648, 2766
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" oviducts of females were related to climatic variations
- of the sampled areas. We considered the average values
in the sampled months and years of rainfall and air
temperature. Only the punctual data of sampled periods
are presented, during some months these collections
were not undertaken, and therefore not presented in
climatic data (Fig. 2, Table Il). These data were obtained
from the INPE (National Institute for Space Research).
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Fig. 1. Location of collection areas.
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Table Il. Monthly average values of temperature and rainfall RESULTS
in the studied areas.
Temperature(°®C)  Rainfall (mm)
January 32 125 The average length of males was 7.64 cm (SVL).
The females showed the average length of 9.04 cm (SVL).

March 32 2125
April 1. 179.14 . .

P 313 916 According to the characters for the reproductive
May 28.3 505 states observed at light microscopy, were determined the
June 31 125 periods of maximum or peak spermatogenesis in males,
July 31 125 and testicular recrudescence or reproductive arrest in
August P01 165 males. For females the peak reproductive period was
September 312 505 determ_lneq as the perlod_ with maximum glandular

production in the ducts or oviducts conducting the gametes
October 333 103 .

(Figs. 3 and 4).
November 33° 1834

Fig. 3. A. Seminiferous tubule @fopidurus etheridgen the period of maximum spermatogenesis. B. Seminiferous tubliletheridgei
during the low reproductive period. 600x. IT: interstitial tissue, SC: Sertoli cell, SG: spermatogonia, SCp: primary sperigamcy
secondary spermatocyte, ST: spermatid, SZ: spermatozoa.

Fig. 4. A — D. Changes during the
reproductive cycle in the morphology
of the conducting channel of gametes
(oviduct). A.Tropidurus etheridgen
August, beginning of the height
increase of the lining epithelium that
is not yet secreting (arrow). B.
etheridgein September, beginning of
secretion production in lining
epithelium. C. T.guarani in
November, at the peak of production
of glandular secretions. DT.
oreadicusin May, with very thin
lining epithelium without secretory
function. In all figures, the arrows
indicate the lining epithelium. All the
analyzed samples were taken from the
median portion.
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There is a pattern within the genus in which the cyclediurnal, omnivorous, sit-and-wait forager (Van Sluys), which
of males and females coincide in their reproductive stateswsually reproduce seasonally. A wide range of reproductive
the lizards examined here. The reproductive peak for malestisategies are found between the Squamata (Tetkd).
characterized by seminiferous tubules filled with germ cell8he occurrence of different reproductive tactics among
at different stages of spermatogenesis, with very higdympatric species under the same environmental conditions
epithelium, lumen is present but reduced, numerous freaggests the prevalence of phylogenetic effects (Vitt &
spermatozoa in the lumen, and reduced interstitial tissue (Fgoldberg, 1983). The influence of environmental factors
3). The low or arrest of reproduction is characterized by thimecomes evident when there are different reproductive tactics
germinal epithelium, with wide lumen, absence of sperm cellamong populations of the same species inhabiting different
with germ cells only at early stages of spermatogenegisgions (Vitt & Colli). Tropical lizards have many types of
(spermatogonia and few spermatocytes), and wider interstitr@jproductive cycles (Vitt & Goldberg), but in some species,
tissue (Fig. 3b). it is not possible to identify a single factor that drives these

cycles (eg, Vitt & Goldberg). However, some authors assure

For females the reproductive peak occurs when thbat the reproductive activity of tropical species inhabiting
conducting channels of gametes (oviduct) present aeasonal environments is under the effects of rainfall (Colli,
epithelium filled with unicellular glands, very similar to goblet1991; Van Sluyst al, 1987). The few studies that include a
cells, with clear secretion and basal nucleus (Figs. 4a, 4b, 4ayge number of locations hinder a better understanding of
The low reproductive period is marked by the absence of thd$se association between reproductive activity and
unicellular glands in the epithelium of conducting channelsnvironmental factors on the lizards of the gefropidurus
of gametes, or that they are inactive as glands and assume(\Wederheckeet al, 2002). However, important information
role of lining cells. In this low reproductive period theabout the reproductive activity of Neotropical lizards has
epithelium of the conducting channels of gametes becomassen from studies of members from the family Tropiduridae
thinner and with higher affinity with the dye used (Fig. 4d).(sensu Froset al, 2001). In general, tropidurid lizards

present their reproductive cycle in seasonal habitats; and

This peak reproductive period for both males andtudies on the ecology and reproductive cycles of some
females usually occurs during September, October asgecies of the gendsopidurushas currently been studied,
November. These months are characterized in the sampiediudingT. etheridge(Cruz, 1997)T. spinulosugCruzet
areas by a period of intense rainfall and temperatures a litde, 1997),T. semitaeniatu@Vitt & Goldberg; Ribeircet al.,
higher (Fig. 2). The low reproductive period was observed B010); T. montanugVan Sluyset al); T. hispidus(Vitt &
both sexes from April to August. This corresponds to periodsoldberg; Vittet al,, 1996),T. oreadicugRocha & Bergallo,
of reduced rainfall and temperatures a little lower (Fig. 2).1990),T. itambereg(Van Sluys; Ferreirat al, 2009) andr.

torquatus(Bergallo & Rocha, 1993, 1994; Giaretta, 1996;

For the reproductive cycle, we rated the followingVieira et al; Wiederheckeet al) (see Table IlI).
characters: in males (1) height of the germinal epithelium in
the seminiferous tubules, (2) presence or absence of lumenin  When considering the climatic variables most
the seminiferous tubules, (3) presence or absence of fredevant to influence the reproduction of lizards, the most
spermatozoa in the lumen of the seminiferous tubules, and {@jportant are the temperature and rainfall. Furthermore, this
changes in the proportion of interstitial tissue. For femalektter variable is the climatic factor that presents higher
(5) height of the epitheim in the oviduct, (6) presence orvariation in the sampled areas. In Mato Grosso State, where
absence of active glands in the epithelium of the ovidudhe higher areas are formed by plateaus, the altitude associated
and for both sexes: (7) relationships of the maximum spetimthe winds is the geographical factor that most influences
production with climatic variations, especially rainfall, thethe variations in temperature and rainfall. Thereby, the cities
most important factor for lizards, and (8) relationships a#f Cuiaba (180m altitude) and Chapada dos Guimaraes (800m
maximum glandular activity in oviducts of females withaltitude), although located in similar latitudes, have different
climatic variations, mainly rainfall. thermal conditions and rainfall. In Cuiaba, temperature is

higher and total rainfall is lower than those found in Chapada
dos Guimarées. The climate of Mato Grosso State is classified
DISCUSSION as typical of equatorial and tropical regions, where high
temperatures prevail throughout the year, with high daily
thermal amplitudes and small variations in average annual

Species ofTropidurusare common in open and temperature (Fig. 2). These characteristics, combined with a
forested areas of Brazil (Rodrigues), where the populatiodsy period (autumn-winter) and a wet season (spring-summer)
are usually found in abundance. Lizards of this genus atefine the climate of this Brazilian State (Maitelli, 2005).
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Table 1ll. Summary of the reproductive cycle of studied species in Brazil. The localities are presented with abbrevigtd® Stéacs

Grosso do Sul State, MT- Mato Grosso State, PA- Para State, PE- Pernambuco State, MG- Minas Gerais State, RR- Roraima State, SP
Sao Paulo State, FD- Federal District). We included two species studied in Argentina. The reproductive period is reprédsented by
months in which the animals are observed with ecological characteristics of reproductive capacity and or with complegesgsisato
observed histologically.

Species Reproductive period L ocal Biome Author
T. etheridge September to February Sdta- Argentine ‘Chaco’ Cruz, 1997
T. spinulosus November to January Sdta- Argentine ‘Chaco’ Cruzetal., 1997
T. semitaeniatus July to January Exu (PE) ‘Caatingd Vitt & Goldberg, 1983
T. montanus August to January Serrado Cip6é MG) Atlantic forest Van Suyse al., 2002
T. higpidus November to March Northeast ‘Caatingd Vitt & Goldberg, 1983
T. higidus June to July Caracarai (RR) Amazon Vitt et al., 1996
T. oreadicus Amazon Rocha & Bergallo, 1990
T. itambere January to April Valinhos (SP) Atlantic forest Van Suys, 1993
T. itambere June to September Vadlinhos (SP) Atlantic forest Ferreiraet al., 2009
T. torquatus August to January Brasilia (FD) ‘Cerrado’ Vidraet al., 2001
T. torquatus August to January Brasilia(FD) ‘Cerrado’ Wiederhecker et al., 2002
T. semitaeniatus November to March SerraNegra do Norte (RN) ‘ Caatingd Ribdro & al., 2010
T. etheridge Septamber, October Corumba (MS) Pantana Present study
T. guarani N ovember, December Bardo de Melgago (MT), Chapada Pantana and Present study
dos Guimaraes (MT), Poconé (MT) ‘Cerrado’
T. oreadicus Septamber to November Chapada dos Guimarées (MT), ‘Cerrado’, Present study
Cargéas(PA) Amazon
T. spinulosus September to November Itiquira(MT), Chapadados ‘Cerrado’ Present study
Guimardes(MT)
T. itambere September, October Juara(MT), Nova Amazon Present study
Bandeirantes(MT)

The data herein presented show that the cycles grfants from Fundagdo de Amparo a Pesquisa do Estado de
spermatogenesis and of preparation of the female bodyMato Grosso — FAPEMAT (process n°® 737194/2008).
conduct the gametes are similar and respond positively to
climate variations. The air temperature suffered a few
variations throughout the year. The climatic factor that go&&RREIRA, A.; KIHARA, V. O. & MEHANNA, M.  Estrate-
through major variations is the rainfall abundance. Moreové}ias reproductivas de las lagartijas Brasilefias del g@rapilurus
apparently rainfall is the factor that determines the idealod”gues’ 1987 (Squamata, Tropiduridae) en lo temporaly espa-

. . . clal. Int. J. Morphol., 29(4)1414-1421, 2011.
time for reproduction of these lizards. The cycles do not P @

vary when observed in long periods. Therefore, variations RESUMEN: Estrategia reproductiva es el conjunto de

in temporal scale are not perceived. Despite the State of Mat@ptaciones que promueven la manera mas eficiente para una
Grosso presents three well-defined biomes, totally am@blacion a sobrevivir en las condiciones especificas de un entor-
mutually different, these environmental changes seem nut particular. Comprender esta adaptacion es importante y puede
to affect the reproductive strategies adopted by the geniggntificarse en algunas poblaciones como indicador de cambios
which did not present changes in spatial scale. Through mbientales. La espermat_ogénesis puede ser un proceso bioldgico
observations in the literature and exposed in Table I, tli@ed'ble_ de estas adaptaciones en escalas espaciales y temporales.
variations in spatial scale does not occur to the genus Lﬁ analizé la morfologia de los testiculos y oviductos de las espe-

cies de lagartijas que componen el géfieopidurus teniendo en

Brazil as a whole. This demonstrates that the reproductiggema la amplia distribucion geografica y las relaciones

strategies adopted by gerluspidurusare highly conserved simpatricas. Para el analisis hemos eliminado Ios testiculos de los

in spatial and temporal scales. machos y la parte media de los oviductos de hembras de las
especies$ropidurus Etheridge, T. oreadicus, T. itambere, T.
spinulosusy T. Guaranirecolectadas en diferentes lugares en el
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nico para machos y hembras, y se produce durante septiemi@ejz-Landim, C. & Cruz-Hofling, M. A. Electron microscope study
octubre y noviembre. Se caracterizaron como machos reproductores of lizard spermiogenesis ifropidurus torquatugLacertilia).

por testiculos con tubulos seminiferos con células germinales en Caryologia, 30151-62, 1977.

distintas etapas de la espermatogénesis, un epitelio muy alto, un

lumen reducido, numerosos espermatozoides libres en el lumeRerreira, A. & Dolder, H. Ultrastructural analysis spermiogenesis
tejido intersticial redicudo. En hembras el pico reproductivo se in Iguana iguana(Reptilia: Sauria: Iguanidaekur. J.
produce cuando los canales de conduccion de gametos poseen urMorphol., 40(2)89-99, 2002.

epitelio alto, secretor y con nucleos basales. Estos meses son ca-

racterizados en las zonas muestreadas por fuertes lluvias y aftageira, A.; Laura, |. & Dolder, H. Reproductive cycle of male
temperaturas. La disminucion del periodo reproductivo se observé green iguanagguana iguangreptilla: sauria: iguanidae), in
en ambos sexos, entre abril y agosto. La baja reproduccion en the Pantanal region of Braziraz. J. Morphol. Sci., 19(D3-
machos se caracteriza por un lumen ancho, ausencia de 8, 2002.

espermatozoides, presencia de células germinales sélo en las pri-

meras etapas de la espermatogénesis (espermatogonias y pbeoira, A. & Dolder, H. Sperm ultrastructure and spermatogenesis
espermatocitos) y tejido intersticial amplio. En las mujeres, el pe- in the lizard, Tropidurus itambere. Biocell, 27(353-62,
riodo de baja reproduccion estad marcado por la ausencia de glan-2003a.

dulas unicelulares en el epitelio del oviducto, con mayor afinidad

a la tincién. Este periodo corresponde al de baja precipitacioneBgyreira, A. & Dolder, H. Cytochemical study of the spermiogenesis
temperaturas mas bajas. Proponemos un andlisis de muestras deand mature spermatozoon of the lizardypidurus itambere
las colecciones zooldgicas ya que esta es una propuesta para faci{Reptilia, Squamatajcta Histochem., 105(4839-52, 2003b.
litar el trabajo de muchos investigadores a través del acceso a las

especies, especialmente especies raras. Ferreira, A.; Mehanna, M. & Dolder H. Ultrastructural
immunocytochemical evidence for actin in the acrosomal
PALABRAS CLAVE: Ciclo reproductivo; Lagartos; complex during spermiogenesis of the lizard
Brasil. Tropidurusitambere (Rodrigues, 1987) (Reptilia:

Tropiduridae) Caryologia, 59(3213-9, 2006.
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