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The swear turtle “jurard” (Kinosternon scorpioides) is a mud turtle of the Amazon region
exposed to disordering capture in the rural areas of Maranhao, Brazil. Despite its popula-
rity in these areas, little meaningful information regarding the reproductive morphology is
currently available, fact that impedes the adoption of policies for preservation of the spe-
cies. To obtain more information, we studied the ovarian morphology adult jurara females
kept in captivity by morphological and morphometric analysis in the dry and rainy season.
The results revealed that all females were sexually mature and were in a vitellogenic pe-
riod. The ovaries are two irregular structures composed by follicles in different stages of
development (primary, secondary and tertiary) scattered in a stroma of loose connective
highly vascularized tissue. The ovary weight was 6.25+4.23g and 2.27+1.42g, for the right
and left one respectively. The gonadosomatic indexes were 2.06% for the dry season and
1.79% for the rainy season. The average of the follicles was 29.83 units per ovary. Micros-
copically, the mature ovaries revealed a basal layer composed by four cellular layers: the
inner and outer theca, stratum granulosum with perivitelline membrane and zona radiata
with vitelline membrane. No significant differences were observed in the ovaries either in

the dry or wet period.

INDEX TERMS: Ovary, turtle, Kinosternon scorpioides, Kinosternidae, reproduction, morphology.
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RESUMO.- [Aspectos morfoldgicos dos ovarios da tar-
taruga Kinosternon scorpioides criada em cativeiro.]
O jurara (Kinosternon scorpioides) é um cagado da Regido
Amazoénica que sofre com as capturas desordenadas nos
interiores maranhenses e que apesar da sua popularidade
nessas areas, os dados relacionados a morfologia reprodu-
tiva ainda sao poucos esclarecedores, o que dificulta a ado-
¢do de medidas para preservacdo da espécie. Desta forma,
caracterizou-se morfologicamente os ovarios de fémeas
adultas de jurara oriundas de cativeiro através da analise
morfolégica e morfométrica em dois periodos do ano, seco
e o chuvoso. Os resultados comprovaram que todas as fé-
meas eram maduras sexualmente e se encontravam em pe-
riodo vitelogénico. Os ovarios sdo duas estruturas irregula-
res constituidas por diversos foliculos em desenvolvimento
(primarios, secundarios e terciarios) sobre um estroma de
tecido conjuntivo frouxo ricamente vascularizado, com
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média de peso do direito e esquerdo respectivamente de
6,25+4,23g and 2,27+1,42g. indices gonadossomaticos de
2,06% para o periodo seco e de 1,79% para o chuvoso. Mé-
dia de foliculos observados de 29,83 unidades por ovario.
Histologicamente, os ovarios maduros possuiam camada
basal composta por quatro camadas celulares: as tecas ex-
terna e interna, o estrato granuloso com membrana perivi-
telinica e a zona radiata com membrana vitelinica. Nao fo-
ram observadas diferencas significativas dos ovarios entre
os dois periodos estudados.

TERMOS DE INDEXACAO: Ovdrio, tartaruga, jurard, Kinosternon
scorpioides, Kinosternidae, reprodug¢do, morfologia.

INTRODUCTION

Kinosternon scorpioides (jurara) is a small chelonian of the
Amazon region, found in low flooded fields of Maranhao
State. In spite of the existence of protective wildlife poli-
cies, these turtles are hunted indiscriminately to be used
as a culinary delicacy by the coastal population (Pereira et
al. 2007).

The ovaries are female gonads with hormonal and re-
productive function. In jurara they are irregular-shaped
exhibiting in the surface follicles in different stages of deve-
lopment (Machado Junior et al. 2006). In the juvenile fema-
le aquatic turtles they are white and very small differentl
from the mature female where they are large and yellowish
colored (Wyneken 2001). Similar findings were described
by Machado Junior et al. (2006) in adult K. scorpioides.

The ovaries of animals under reproductive activity reve-
al significant morphological changes throughout the year.
These changes show follicles in different developmental
stages such as quiescence, proliferation and maturation.
In the female turtle of Chelydra serpentina serpentina, the
follicles are very small from May to June; therefore, this
size increases rapidly between August and September, and
ovulation occurs at the end of October (White & Murphy
1973). It was found in Chrysemys picta that the ovarian
weight decreases from July to September, or after ovulation
and the nesting period (Ernst 1971). Similar observations
were also described by Altland (1951) in the turtle Terra-
pene carolina carolina.

The period of ovarian cycle varies among reptile spe-
cies. In Chrysemys picta it begins in July and August after
ovulation and posture (Ernst 1971), whereas in Kinoster-
non flavencens it just began between September and Octo-
ber when the follicles became larger. Accordingly, the pha-
ses of follicular regression and quiescence occur in July and
August respectively (Christiansen & Dunham 1972).

The regular changes during the reproductive cycle of
the reptile are regulated by intrinsic factors (hormones) or
extrinsic (food, humidity and temperature) (Fitch 1982).
Rainfall and temperature are the principal environmental
factors that define the scope and behavior of these species.

In the chelonian nestling occurs during the dry season
and births occur in the beginning or mid-rainy season (Sou-
za 2004). Similarly in Hydromedusa tecifera, founded in
southern Brazil, the offspring takes place in summer, main-
ly in November and December (Fagundes & Bager 2007).
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Based on the observations in reptile species, and the
need for data regarding the reproductive morphology of
the scorpion mud turtle (K. scorpioides), this study investi-
gates the ovaries of this species maintained in captivity du-
ring two distinct periods of the year (dry and rainy season)
in Sdo Luis, Maranhdo. The ovarian samples will be exami-
ned through morphologic and morphometric analysis.

MATERIALS AND METHODS

The investigation was performed in Sdo Luis, Maranhdo, Brazil
(Latitude: 02° 32’S-Longitude: 44° 17'W), during the period be-
tween October 2009 to March 2010 (dry and rain season). Six
female Kinosternon scorpioides turtles, older than three years of
age and with the average carapace length of 14.5+0.47cm, were
used in the present study. They were obtained from scientific bre-
eding for research on K. scorpioides of Universidade Estadual do
Maranhdo (IBAMA Licence n2 1899339/2008). The turtles were
divided into two groups of three individuals each: Group of dry
season (October-December) and Group of rain season (January-
-March). The animals were euthanized with sodium thiopental
2.5% (60mg/kg/IV) intravenously after anesthesia with xylazin
chloride (4mg/kg/IM) and ketamin (60mg/kg/IM). The females
were dissected following the standard anatomical procedures and
the reproductive organs were exposed in situ. The ovaries were
photographed and weighed in digital scale. The follicles (measu-
ring more than 10mm diameter) were quantified, manually me-
asured, and classified as small (0.1-0.5cm), medium (0.6-1.0cm)
and large (more than 1.0cm) (Ernst 1971).

Atretic follicles and follicular scars were observed. The gonad-
osomatic index (GSI) of each female was realized using the for-
mula: IGS=PTg/PTc (100); PTg is the total weight of gonads and
PTc is the total body weight of each female. The gonads were im-
mersion-fixed in 4% buffered formalin for 24 hours. After fixation
the samples were dehydrated in crescent alcohol (70°, 80°, 902 e
100°), cleared in xylol and embedded in paraffin wax. Cutting sec-
tions of 5pum were then stained with Hematoxilin-Eosin (HE) and
Masson’s Trichrome. The results obtained from the morphomet-
ric analyzes were supplemented by Paired T Test and Unparied
Test in the Instant program with significance level of p<0.05. The
project was submitted to the Veterinary Ethical Research Com-
mittee of UEMA with protocol number 041/2009.

RESULTS AND DISCUSSION

The female gonads examined were composed by irregular
bright-yellow masses containing follicles in different de-
velopmental stages. They were suspended by the mesova-
rium to the roof of the coelomic cavity (Fig.1A). Similar fin-
dings were described by Wyneken (2001) in aquatic turtle
and by Machado Junior et al. (2006) in jurara.

The presence of vitelogenic follicles in development de-
monstrated that all female were sexually mature. This pa-
rameter was used by several authors to determine sexual
maturity in reptile simultaneously with the carapace leng-
th, presence of eggs in the uterine tubes, atretic follicles or
the presence of corpus luteum in the ovaries (Ernst 1971,
Wyneken 2001, Castro 2006).

Topographically, the ovaries showed evidence of rela-
tionship with: the colon and rectum medially, the uterine
tubes laterally, the kidneys, caudal vena cava, dorsal aorta
and the roof of the celome cavity dorsally, and, ventrally to
the urinary bladder. Additionally, they are related to the
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Fig.1. The Kinosternon scorpioides ovaries. (A) Right ovary with vitellogenic follicles in development. (B) Ovarian stroma containing
vitellogenic follicles (asterisks) and atretic follicles (thick arrows). (C,D) Vascular network encircled the follicle in development. (E)
Presence of numerous primordial follicles (thin arrow). (F) Layers of tertiary follicle-yolk (asterisk), basal membrane (blue halo),
cells from the stratum granulosum (red), and layers of the theca (outer layer in blue). B,C: Masson Tricrome. D,E,F: HE (B: 4x. C: 10x.

D,E,F: 40x).

lungs, small intestine, liver and stomach cranially, and to
the salpinx caudally. These observations correlated well
with Machado Junior et al. (2006) findings in the same spe-
cies. Therefore, the asymmetry in the ovaries size seemed
to be caused by differences of the volume and quantity of
follicles among the examined specimens.

The biometric data also revealed significant differences
in the weight, number and size of the follicles between the

right and left ovaries in the same animal. The right ovary
was clearly larger and weighing more than the left. This
situation probably occurred due to the major number of
vitellogenic follicles developed in the right ovary compara-
tively to the homologue on the left. The weight was consi-
derably different (p=0,044) between the left and right ova-
ries, the average being 6.25+4.23g and 2.27+1.42g, for the
right and left ovaries respectively (Table 1). Altland (1951)
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reported that in the turtle Terrapene carolina carolina of
the USA, similarly to the scorpion mud turtle, the weight
of the right ovaries varies from October to December from
3.6 to 6.5g.

During this investigation, one female revealed lower
weight (1.56g) of the right ovary in comparison to others.
This situation may possibly due to the post-ovulation pe-
riod and was confirmed by the presence of two eggs in the
corresponding uterine tube. Supporting this observation,
Altland (1951) and Mahmoud & Licht (1997) after their
studies in turtles reported usual decrease of ovary mass in
the chelonian after ovulation. During the experimental pe-
riod, the average of the ovarian mass weight in the dry sea-
son (9.13g) was slightly superior compared to 7.91g of the
rainy season (Table 1). This appears also to be the situation
in the snake Bothrops jararaca of the south-eastern region
where decrease of the ovarian mass is reportedly confined
to the rainy season (October-March), period also described
as ovarian recess (Janeiro-Cinquini 2004).

Among the vitellogenic follicles measuring more than
10mm, it was found that the quantity of this structures
(68.43%) was elevated (p=0.0118) during the dry season.
It seems that this is the elected period for follicular develo-
pment, since ovulation occurs in the dry season (Table 2).

Regarding to the types of follicles, the small ones
(87.98%) were predominant during the dry season, whe-
reas the quantity of medium and large follicles was varia-
ble within both periods (dry and rainy season). Moreover,
the decreasing proportion in the number of small, medium
and large follicles was maintained in all animals examined
(Table 2). Parizzi et al. (2007) affirmed the existence of
significant differences (p<0.05) in the number of follicles

Table 1. Quantity of vitellogenic follicles, ovarian weight,
average of ovarian mass and average of gonadossomatic
index of Kinosternon scorpioides examined in dry and rainy
season. Sao Luis-MA, 2010

Time of year Animals FL (Qty) PO (g) MO(g) IG
D E D E
Dry 1 49 58 423 386 9.13 2.06
2 27 45 8.27 3.04
3 36 30 569 2.29
Rainy 4 7 10 1.56 087 791 179
5 20 8 413  0.27
6 30 38 13.63 3.26
Total 169 189
Média 28.17 3150 6.25 227 851 1.93
Dp 1425 19.72  4.23 142 515 117

FL = ovarian follicles; PO = ovarian weight; MO = ovarian mass (average);
IG = gonadossomatic index (average); D = right ovary ; E = left ovary; Qty
= quantity; g = grams, Dp = standard deviation.

Table 2. Classification and quantification of vitellogenic
follicles of Kinosternon scorpioides in two different climatic
periods. Sao Luis-MA, 2010

Time of year Type of follicle Total
small median large

Dry 226 (62.13%) 14 (3.91%) 5(1.39%) 245(68.43%)

Rainy 89 (24.86%) 18(5.02%) 6(1.56%) 113 (31.56%)

Total 315(87.98%) 32(8.93%) 11(3.07%) 358 (100%)
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(small, medium and large) in the ema (Rhea americana)
ovaries. However, in jurara this difference was only obser-
ved between small and medium, and also, small and large
follicles (p<0.01). No significant differences in the number
of follicles were reported in both ovaries of K. scorpioides,
even though they are invisible in major quantity in the left
ovary (Table 1).

The follicular diameter revealed that the large follicles
measuring more than 15mm during the period of the expe-
riment; this result is similar to the diameter of the jurara
egg yolk. Thus, one could suggest that all follicles measu-
ring 1.5cm of diameter are considered pre-ovulation folli-
cles. A similar report in the tortoise Chrysemys picta (Ernst
1971) could indicate that the follicles measured more than
15mm in the same period reported in the current study.

The average of the gonadossomatic index obtained from
the females in the dry season (2.06%) was slightly superior
compared to the rainy season (1.79%), although no signi-
ficant difference between the two samples was observed
(p=0.8325) (Table 1). In fishes, this factor has been used
to determine the reproductive phase. High gonadossomatic
indexes would indicate active vitellogenesis which means
that the animal is under reproductive period (Querol et al.
2002). This determination was not achievable in the ani-
mals of the present study due to the absence of alterations
between the two periods, fact that would indicate that the
jurara went through similar reproductive phase, the vi-
tellogenesis.

Structurally the ovaries of Kinosternon scorpioides are
constituted by a reduced stroma containing follicles in di-
fferent developmental stages (Fig.1B). Contrarily to the
mammals where the cortical and medullar regions are easi-
ly recognizable, in the jurara, no morphological distinction
could be made between those two regions in the paren-
chyma. The distinction between the cortical and medullar
region was also reported in avian, although in this species
the medullar region was diffuse and less developed (Banks
1992).

The ovarian stroma of the scorpion mud turtle (jurara)
female is composed by loose connective tissue richly vascu-
larized. The blood vessels were distributed around the bor-
ders of each follicle forming a vascular network (Fig.1C,D),
different to mammals (Banks 1992) where the vasculariza-
tion is only restricted to the medullar region. Smooth mus-
cle fibers were also observed in the superficial aspect of
the ovaries. Microscopically, similarly to Abas et al. (1998)
descriptions, the ovaries of the scorpion mud turtle were
composed by cortex and poorly defined medulla.

Positioned in the K. scorpioides ovarian stroma, prima-
ry follicles were aggregated in a region highly vascularized.
It might be suggested that these follicles migrate from this
region in the beginning of the follicle genesis in response
to the FSH hormone (Fig.1E). Isolated primary follicles can
also be observed scattered in the stroma; these follicles are
composed by a single layer of epithelium enclosed by con-
nective tissue; the secondary and tertiary follicles differ in
the organization of the follicular layers, as well as in their
size. Based in this statement, the tertiary follicles are larger
and presented well defined follicular layers than the secon-
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dary follicles. A similar observation was made by Nasser Ju-
nior et al. (1994) in the japanese quail (Coturnix coturnix).
It was demonstrated that the tertiary follicle wall was
composed by four cellular layers from the outer surface to
inside: outer theca, inner theca, stratum granulosum with
perivitelline membrane and zona radiata with vitelline
membrane (Fig.1F). The inner theca was composed by a
layer of connective tissue sandwiched by elongated cells,
whereas the cells from the outer theca were circular-sha-
ped. This division showed similarities to that observed in
the snakes Crotalus durissus and Bothrops jararaca (Almei-
da-Santos 2005) and ema (Rhea americana) (Parrizi 2006).
It was also noted in the present study that the the-
ca layers of the ovaries was smooth in comparison to the
ema theca layers which exhibit two thick and well defined
layers. This situation appears to be related to the inferior
evolutionary scale of reptiles. Atretic follicles in different
development stages were also visualized in the ovarian
stroma of K. scorpioides (Fig.1B). In these structures the
connective tissue gradually occupies the follicle, and the
follicular layers are disorderly arranged similarly in the
japanese quail C. coturnix (Nasser Junior et al. 1994) and
in the crocodile (Caiman crocodiles) (Calderén et al. 2004).

CONCLUSIONS

The ovaries of the swear turtle are structurally irregu-
lar, yellow-colored, containing follicles in different deve-
lopment stages scattered in a stroma of loose connective
tissue highly vascularized.

The right ovary weight is always superior to the left,
6.25+4.23g and 2.26+1.42g for the right and left ovaries
respectively.

Thirty vitellogenic follicles were observed in each go-
nad.

The morphological observations within dry and rainy
periods on the ovarian mass and gonadosomatic index re-
vealed thatin this year of the study climate change had little
influence on the reproductive cycle of the species, and that
all animals were in the vitellogenic reproductive period.

Histology revealed structural differences between the
scorpion mud turtle ovaries which are structurally diffe-
rent from avian and mammals, particularly due to the ab-
sence of cortical and medullar region in jurara.
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