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Body size is an important parameter for ecology, reproduction, evolution, and 
 development of animal species, besides understanding their taxonomic relationships 
DQG�WR�HVWDEOLVKLQJ�WKH�UHODWLRQVKLSV�EHWZHHQ�LQGLYLGXDO�VL]H�DQG�VKDSH��:H�HYDOXDWHG�
the variation in body size traits, sexual dimorphism in populations of a turtle species 
Acanthochelys spixii across its distribution in Brazil and we described sex ratio in those 
SRSXODWLRQV��'HVFULSWLRQ�RI�WKH�VL]H�FODVVHV�RQ�WKHVH�SRSXODWLRQV�ZDV�DOVR�SURYLGHG��:H�
VDPSOHG����DGXOWV�����LQ�0LQDV�*HUDLV��0*��DQG����LQ�5LR�*UDQGH�GR�6XO��56����7KH�
VH[�UDWLR�ZDV�����LQ�ERWK�VDPSOLQJ�DUHDV��)HPDOHV�ZHUH�ODUJHU�WKDQ�PDOHV��DQG�VSHFL-
PHQV�IURP�56�ZHUH�ODUJHU�WKDQ�WKRVH�IURP�0*��7KH�SRVWHULRU�OREH�ZLGWK��3/:��ZDV�
GHHPHG�WKH�PRVW�VLJQL¿FDQW�VH[LQJ�YDULDEOH�LQ�D�OLQHDU�GLVFULPLQDQW�DQDO\VLV�RI�VSHF-
LPHQV�ZLWKLQ�HDFK�VWDWH��7ZR�YDULDEOHV��3/:�DQG�PD[LPXP�FDUDSDFH�ZLGWK��WRJHWKHU�
GLVWLQJXLVKHG�WKH�IRXU�JURXSV��PDOHV�DQG�IHPDOHV�LQ�0*�DQG�56��ZLWK�����DFFXUDF\��
Overall, most body measures were larger for both males and females in the southern-
PRVW�SRSXODWLRQ��LQKDELWLQJ�KLJKHU�ODWLWXGHV�DQG�ORZHU�WHPSHUDWXUHV��5HJDUGLQJ�VH[XDO�
size dimorphism, females had larger PLW than males in MG, and all variables were 
GLPRUSKLF�LQ�56��LQ�JHQHUDO�IHPDOHV�EHLQJ�ODUJHU�WKDQ�PDOHV�

.H\ZRUGV��Chelidae; sex ratio; morphometrics; sexual dimorphism; Acanthochelys 
spixii

,QWURGXFWLRQ
Body size is an important parameter that can affect the ecology, reproduction, evolution, 
and development of animal species (Preston and Ackerly 2004���0RUSKRPHWULF�VWXGLHV�LQ�
turtles have contributed to understanding their taxonomic relationships and to establishing 
the relationships between individual size and shape, life history, and habitat characteristics 
(Daza and Páez, �������3RSXODWLRQV�RI�VSHFLHV�WKDW�LQKDELW�D�ZLGH�UDQJH�RI�HQYLURQPHQWV�
frequently display divergent morphologies that correlate with differences in ecological pa-
rameters (Rivera ������

In broader spatial scales, body size variation can be explained by environmental tem-
peratures, known as Bergmann’s rule (Mayr 1956���,W�LV�RIWHQ�FLWHG�DV�DQ�H[DPSOH�RI�DG-
aptative geographic variation (Mayr 1956) in which there is a within-species tendency 
for increasing body size with increasing latitude or decreasing environmental temperature 
(Ashton and Feldman 2003���2WKHU�VRXUFHV�DOVR�FRXOG�H[SODLQ�WKHVH�YDULDWLRQV��IRU�LQVWDQFH��
VHDVRQDOLW\��$VKWRQ�HW�DO���������6HDVRQDOLW\�LV�DVVRFLDWHG�ZLWK�ERG\�VL]H��EXW�QRW�LQ�D�OLQHDU�
way so that smaller body sizes occur at the intermediate gradient of the predictor variable 

&RUUHVSRQGLQJ�DXWKRU��(PDLO��DEDJHU#GEL�XÀD�EU
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2  A. Bager et al.

�$VKWRQ�HW�DO���������)ORZ�UHJLPHV��5LYHUD�����) and anthropic effects such as hunting 
pressure, which can select for a given size class (Daza and Páez, ������/RYLFK�HW�DO��2010), 
DQG�LQWHUDFWLRQV�ZLWK�RWKHU�VSHFLHV��LQFOXGLQJ�SUHGDWLRQ��KDYH�DOVR�EHHQ�H[DPLQHG�

Of interest, and also widespread described in many taxa (Shine ����, Vollrath and 
Parker 1992, Owens and Hartley ������&R[�HW�DO������, McPherson and Chenoweth 2012), 
sexual size dimorphism (SSD) is found in many reptile species (Anderson and Vitt 1990, 
&R[�HW�DO��2003���7KHVH�VL]H�GLIIHUHQFHV��KRZHYHU��GR�QRW�IROORZ�D�JHQHUDO�UXOH��&R[�HW�DO��
�������,Q�OL]DUGV�DQG�FURFRGLOLDQV��PDOHV�DUH�ODUJHU�WKDQ�IHPDOHV�LQ�PRVW�JURXSV��2OVRQ�HW�
DO��2002��&R[�HW�DO������); for turtles and snakes the inverse seem to be the most general 
(Shine 1994��&R[�HW�DO���������7KHUH�LV�HYLGHQFH�WKDW�WKH�REVHUYHG�SDWWHUQV�RI�UHSWLOH�66'�
for large male size are due to sexual selection and for large female size are due to fecundity 
selection (Shine 1994��&R[�HW�DO��2003, ����) and ecological divergence between sexes 
GXH�WR�LQWUDVSHFL¿F�FRPSHWLWLRQ��3UHHVW�1994���Acanthochelys spixii��'XPpULO�	�%LEURQ��
�������ZKLFK�EHORQJV�WR�WKH�IDPLO\�&KHOLGDH��LV�IRXQG�LQ�6RXWK�$PHULFDQ�UHJLRQV�DV�8UX-
JXD\� DQG�$UJHQWLQD� �&DUUHLUD� HW� DO�� ����, Fritz and Havas ������(VWUDGHV� HW� DO�� �������
In Brazil its distribution ranges since central areas passing through southeastern to south 
UHJLRQ���%UDQGmR�HW�DO��2002, Ribas and Monteiro Filho 2002, Fritz and Havas ����, Brasil 
HW�DO��2011���7KH�VSHFLHV�LQKDELWV�VORZ�PRYLQJ�ZDWHU�ERGLHV��SRQGV��ZHWODQGV��DQG�RWKHU�
areas with abundant submerged vegetation (Quintela and Loebmann 2009���7KH�ELRORJ\�
and ecology of A. spixii are poorly understood, and most studies have been performed on 
specimens in captivity (D’amato, 1992��%UDQGmR�HW�DO��2002��0RFHOLQ�HW�DO������, Brasil 
HW�DO��2011���$PRQJ�WKH�SXEOLFDWLRQV�GHVFULELQJ�WKH�ELRORJ\�DQG�HFRORJ\�RI�A. spixii, none 
KDV�GHVFULEHG�WKH�PRUSKRORJ\�RI�WKH�VSHFLHV�LQ�GHWDLO��%LRPHWULF�VWXGLHV�DUH�DQ�LPSRUWDQW�
tool for differentiating species and subspecies (Lamb and Lovich 1990, Lovich and Lamb 
1995��6HLGHO�HW�DO��1999), measuring geographical variation within species (Iverson ����, 
Lubcke and Wilson ����), analyzing reproductive parameters (Congdon and van Loben 
Sels 1991, Daza and Páez, ����), and evaluating the impact of commercial exploitation 
(Close and Seigel ����, Gamble and Simons 2004���7KXV��D�PRUH�GHWDLOHG�XQGHUVWDQGLQJ�
of geographic variation in morphology is critical to elucidating the systematic relationships 
DQG�HFRORJLFDO�FKDUDFWHULVWLFV�RI�WKLV�VSHFLHV�

In the present study, we sampled populations of A. spixii in two Brazilian states sepa-
rated by nearly 2000 km in order answer the following questions: (i) are there differences 
in body size across populations? (ii) Do populations differ in sex ratio? and (iii) Do popu-
lations show sexual dimorphism?

0DWHULDOV�DQG�PHWKRGV
Study area
Acanthochelys spixii individuals were captured in two Brazilian states, Rio Grande do 
Sul (RS) and Minas Gerais (MG) (Figure 1���6LWHV�ZHUH�FKRVHQ�EDVHG�RQ�SUHYLRXV�VSHFLHV�
UHFRUGV�DQG�HQYLURQPHQWDO�SHFXOLDULW\� LQ�HDFK�RQH�RI� WKHP��,Q�56��VSHFLPHQV�ZHUH�FRO-
lected at six locations from 1994 to 2006, but not annually (Table 1���7KLV�UHJLRQ�LV�KLJKO\�
homogeneous and typically of low elevation (mean = 4 m), with a geological origin in the 
4XDWHUQDU\��7KH�SUHGRPLQDQW�DTXDWLF�KDELWDWV�DUH�SXGGOHV�DQG�SRQGV��QRWDEO\�WKH�/DJRD�
0LULP�DQG�/DJRD�GRV�3DWRV��.UDXVH�HW�DO������) (Figure 1���,Q�0*��VSHFLPHQV�ZHUH�FRO-
OHFWHG�DW�6HPSUH�9LYDV�1DWLRQDO�3DUN��3$51$�GDV�6HPSUH�9LYDV��LQ�������7KH�VDPSOLQJ�
SRLQWV�ZHUH�ORFDWHG�LQ�UHJLRQV�RI�WKH�XSSHU�6mR�)UDQFLVFR�5LYHU�%DVLQV��DOO�DW�HOHYDWLRQV�
DERYH�����P�
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Data collection
Adult A. spixii�VSHFLPHQV�ZHUH�FDSWXUHG�XVLQJ�WZR�W\SHV�RI�EDLW�WUDS��I\NH�QHW�WUDSV��)1���
ZLWK�D�VLQJOH�RSHQLQJ�PHDVXULQJ������FP�LQ�ZLGWK�DQG������FP�LQ�KHLJKW��DQG�FUDE�WUDSV�
�&7���ZLWK�IRXU�RSHQLQJV�DYHUDJLQJ������FP�DURXQG�WKH�SHULPHWHU��)DJXQGHV�HW�DO��2010���
$FWLYH�VHDUFKLQJ�LQ�WKH�ZDWHU��$6:��DQG�LQ�WKH�¿HOG��$6)���%DJHU�HW�DO�������) and manual 
FDSWXUH�YLD�VQRUNHOLQJ��61���%DJHU�HW�DO���2010) were also demonstrated (Table 1), but here 
XVHG�RQO\� IRU�SXUSRVH�RI�PRUSKRPHWULF�GHVFULSWLRQ�RI� WKH�SRSXODWLRQV��(DFK� LQGLYLGXDO�
ZDV�ZHLJKHG�����J�DFFXUDF\���DQG�XS�WR����DGGLWLRQDO�PHDVXUHPHQWV�ZHUH�WDNHQ�XVLQJ�D�
YHUQLHU�FDOLSHU����PP�RU�����PP�SUHFLVLRQ���)LJXUH�2 shows how the measurements were 
PDGH�DQG�WKHLU�DFURQ\PV��&HSKDOLF�DQG�PRXWK�ZLGWK�ZHUH�PHDVXUHG�RYHU� WKH�W\PSDQLF�
PHPEUDQHV�DQG�WKH�PD[LPXP�ZLGWK�RI�WKH�ORZHU�UKDPSKRWKHFD��UHVSHFWLYHO\��0DOHV�ZHUH�
sexed based on secondary sexual characteristics: tail length (which is longer in males) and 
SODVWURQ�FRQFDYLW\��7KH�FDSWXUH�VLWH�RI�HDFK�LQGLYLGXDO�ZDV�UHFRUGHG�XVLQJ�*36��DQG�DOO�
turtles were marked by notching the marginal scutes (Cagle 1939��%DJHU�HW�DO��2010) and 
WKHQ�UHWXUQHG�WR�WKHLU�FDSWXUH�VLWHV�

)LJXUH����6DPSOLQJ�DUHDV�LQ�HDFK�VWDWH��,Q�0LQDV�*HULDV��3$51$�GDV�6HPSUH�9LYDV��PXQLFLSDOLW\�RI�
'LDPDQWLQD��,Q�5LR�*UDQGH�GR�6XO�LQ�WKH�PXQLFLSDOLWLHV�RI�3HORWDV��$UURLR�*UDQGH��5LR�*UDQGH�DQG�
WKH�(FRORJLFDO�6WDWLRQ�7DLP��(6(&�7DLP��
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4  A. Bager et al.

Data analysis
All the comparative analyses were done based on individuals sampled by the traps and 
RQO\�PHDVXUHPHQWV�WDNHQ�GXULQJ�WKH�¿UVW�FDSWXUH�ZHUH�XVHG�LQ�WKH�DQDO\VHV��-XYHQLOHV�ZHUH�
GLVUHJDUGHG�GXH� WR� WKH� VPDOO�QXPEHU�RI� LQGLYLGXDOV� FDSWXUHG��3UHYLRXV� DQDO\VLV�GLG�QRW�
identify morphometric variation between populations within RS state (F������������p� �������
and for this reason adults were grouped by sex: MG males, MG females, RS males, and 
56� IHPDOHV��1RUPDOLW\� �6KDSLUR±:LON� WHVW�� DQG� KRPRJHQHLW\� RI� YDULDQFH� �/HYHQH� WHVW��
DVVXPSWLRQV�ZHUH�FKHFNHG��7KH�.UXVNDO±:DOOLV�WHVW�ZDV�XVHG�WR�FRPSDUH�GLIIHUHQW�VH[HV�
within states (Zar 2010) (MG Male × MG Female; RS Male × RS Female) and the same 
sex from different states (MG Male × RS Male; MG Female × RS Female) in univariate 
DQDO\VHV�

The original, non-transformed data were used in the statistical analyses, except in the 
discriminant analysis, in which the value of each variable was divided by the maximum 
OHQJWK�RI�WKH�FDUDSDFH��7KLV�DSSURDFK�ZDV�XVHG�WR�UHGXFH�WKH�HIIHFW�RI�VL]H�DQG�WR�LPSURYH�
WKH�DOORPHWULF�VKDSH�DQDO\VHV�EHWZHHQ�PDOHV�DQG�IHPDOHV��%DJHU�HW�DO��2010��

Sexual dimorphism was analyzed within each region using linear regression (Zar 2010) 
ZLWK�FDUDSDFH�OHQJWK��&/��DV�WKH�LQGHSHQGHQW�YDULDEOH��3DUDOOHOLVP�WHVWV�ZHUH�XVHG�WR�FRP-
SDUH� WKH� OLQHDU�UHJUHVVLRQ�UHVXOWV�IRU�PDOHV�DQG�IHPDOHV��:KHQ�WKH�SDUDOOHOLVP�WHVW� LQGL-
FDWHG�D�QRQ�VLJQL¿FDQW�GLIIHUHQFH��ZH�XVHG�FRYDULDQFH�DQDO\VHV��ZLWK�&/�DV�WKH�FRYDULDWH�
SDUDPHWHU��WR�FRPSDUH�WKH�LQWHUFHSWV��,Q�0*��WKH�GHSHQGHQW�YDULDEOHV�ZHUH�0&:��&&:��
03/��096/��03:��3/:��0%/��&%/��&3'��&:��0:��DQG�0+6��,Q�56��WKH�GHSHQGHQW�
YDULDEOHV�ZHUH�0&:��03/��03:��3/:��&3'��DQG�0+6�

7KH�OLQHDU�GLVFULPLQDQW�DQDO\VHV��=XXU�HW�DO������) of different sexes within states uti-
lized seven variables (PLW, MPW, MHS, MVSL, MCW, MPL, and CPD) in MG and four 
YDULDEOHV��0&:��03/��3/:��DQG�0+6��LQ�56��$�OLQHDU�GLVFULPLQDQW�DQDO\VLV�ZDV�DOVR�
used to compare the geographic variation in morphology among sexes and states, but only 
IRXU�YDULDEOHV��0&:��3/:��03/��DQG�0+6��ZHUH�LQFOXGHG�LQ�WKLV�DQDO\VLV��7KH�YDULDEOHV�
ZHUH�VHOHFWHG�WR�PD[LPL]H�WKH�QXPEHU�RI�VSHFLPHQV�LQ�WKH�DQDO\VLV�

7DEOH� ��� 6DPSOLQJ� DUHDV� ZLWK� JHRJUDSKLF� ORFDOLWLHV�� VDPSOLQJ� SHULRGV�� DQG� VSHFLPHQ�FDSWXUH�
�WHFKQLTXHV�� )1�� )\NH�QHW� WUDSV�� 61��PDQXDO� FDSWXUH� YLD� VQRUNHOLQJ��&7�� FUDE� WUDSV��$6)�� DFWLYH�
VHDUFKLQJ�LQ�WKH�¿HOG��$6:��DFWLYH�VHDUFKLQJ�LQ�WKH�ZDWHU��$OO�FRRUGLQDWHV�LQ�GDWXP�:*6���

State Study area Latitude Longitude
Sampling 

period
Capture 
methods

MG Diamantina 
�3$51$�GDV�
Sempre-Vi-
vas)

�����′00″ �����′00″ May 2010 )1�61

RS Taim Ecolog-
ical Station 
(ESEC Taim)

�����′51″ �����′40″ ������������
2000, 2002, 

2003

ASF/CT

Pelotas �����′46″ ������′51″ 2002, 2003, 
2004, 2006

ASW

Arroio 
Grande

�����′21″ �����′12″ 2001, 2002 ASW

Rio Grande �����′00″ �����′00″ 1994, 1995 ASW
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The sex ratio of males and females was analyzed by Chi-Squared tests (Zar 2010) us-
LQJ�WKH�<DWHV�FRUUHFWLRQ�DQG�HTXDO�H[SHFWHG�SURSRUWLRQV�IRU�ERWK�VWDWHV��:H�XVHG�GDWD�IURP�
VSHFLPHQV�FDSWXUHG�RQO\�LQ�(6(&�7DLP�IRU�56�VWDWH�GXH�WR�VDPSOLQJ�PHWKRG�

)LJXUH����0RUSKRORJLFDO�PHDVXUHPHQWV�RI�Acanthochelys spixii��PRGL¿HG�IURP�%DJHU�HW�DO���2010���
Key: (1) carapace length (CL); (2) maximum carapace width (MCW); (3) central carapace width 
(CCW); (4) length of the third central scute (LC3); (5) width of the third central scute (WC3); (6) 
QXFKDO�VFXWH�OHQJWK��1/�������PD[LPXP�FDUDSDFH�KHLJKW��0+6�������FDUDSDFH�DQG�SODVWURQ�WHUPLQDO�
distance (CPD); (9) maximum plastron length (MPL); (10) mid-ventral suture length (MVSL); (11) 
anterior lobe width (ALW); (12) maximum plastron width (MPW); (13) posterior lobe width (PLW); 
(14) central bridge length (CBL); (15) maximum bridge length (MBL); (16) width of left and right 
JXODU�VFXWHV��:*6��������OHIW�JXODU�VFXWH�OHQJWK��*6/��������OHIW�SHFWRUDO�VFXWH�OHQJWK��3(/��������
left pectoral scute width (PSW); (20) left abdominal scute length (ASL); (21) left abdominal scute 
ZLGWK��$%6:��������OHIW�DQDO�VFXWH�OHQJWK��$16/��������OHIW�DQDO�VFXWH�ZLGWK��$6:��������PRXWK�
ZLGWK� �0:��� ����� FHSKDOLF�ZLGWK� �&:��� ����� LQWHUJXODU� VFXWH� OHQJWK� �,6/��� ����� LQWHUJXODU� VFXWH�
ZLGWK��,6:��
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66'�ZHUH�TXDQWL¿HG�DV�UHFRPPHQGHG�E\�6WHSKHQV�DQG�:LHQV��2009):

$OO� DQDO\]HV�ZHUH� GRQH� XVLQJ�%LR(VWDW� ���� �$\UHV� HW� DO�� �������$� VLJQL¿FDQFH� OHYHO� RI�
α� ������ZDV�GHVLJQDWHG�LQ�DOO�WHVWV�

5HVXOWV
,Q�WRWDO�����LQGLYLGXDOV�ZHUH�FROOHFWHG��QLQH�IHPDOHV�DQG�VL[�PDOHV�LQ�0*�DQG����IHPDOHV�
DQG����PDOHV�LQ�56��)LIWHHQ�LQGLYLGXDOV�ZHUH�IRXQG�DW�6HPSUH�9LYDV�1DWLRQDO�3DUN��3DUTXH�
1DFLRQDO�GDV�6HPSUH�9LYDV��LQ�0*�VWDWH��DQG�WKH�VH[�UDWLR���������ZDV�QRW�VLJQL¿FDQWO\�
different from 1:1 (χð� �������p� ��������7KLV�SDUDPHWHU�ZDV�DOVR�QRQ�VLJQL¿FDQW�LQ�(6(&�
7DLP��56�VWDWH�����������χð� �������p� �������

0DOH�&/�UDQJHG�IURP�����WR�����PP��ZLWK�D�PRGDO�YDOXH�RI�����PP��ZKLOH�IHPDOH�&/�
UDQJHG�IURP�����WR�����PP��ZLWK�D�PRGDO�YDOXH�RI�����PP��)LJXUH�3���,Q�JHQHUDO��IHPDOHV�
were larger than males in both regions (Table 2), but CL, MPW, and weight had similar 
size for females and males in RS, and the same was reported in MG state for the variables 
/&���:&���1&/��3(/��*6/��,6/��DQG�,6:��7KH�RQO\�YDULDEOH�IRU�ZKLFK�PDOHV�H[FHHGHG�
females in both the average value and the extreme values was ISW in MG; however, this 
GLIIHUHQFH�ZDV�QRW�VLJQL¿FDQW�

SSD = (Mean Female CL ∕Mean Male CL) − 1

)LJXUH����)UHTXHQF\�GLVWULEXWLRQV�RI�FDUDSDFH� OHQJWK��PP��IRU�PDOH��GDUN�EDUV��DQG�IHPDOH��JUD\�
bars) Acanthochelys spixii�LQ�0LQDV�*HUDLV��$���DQG�LQ�5LR�*UDQGH�GR�6XO��%��
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7KH�OLQHDU�UHJUHVVLRQV�IRU�0&:��3/:��&3'��DQG�0+6�ZHUH�VLJQL¿FDQW�DQG�KDG�KLJK�
FRHI¿FLHQWV�RI�GHWHUPLQDWLRQ��H[FHSW� IRU�0+6�LQ�0*�IHPDOHV� �F���� ��������p� ��������
r2� �������DQG�&3'�LQ�56�PDOHV��F

1,4
� ��������p� ��������r2� ��������7DEOH�3���%HFDXVH�WKLV�

UHJUHVVLRQ�ZDV�QRW�VLJQL¿FDQW��DQDO\VLV�RI�FRYDULDQFH�IRU�&3'�LQ�56�VKRXOG�EH�UHJDUGHG�
ZLWK�FDXWLRQ��2YHUDOO��IHPDOHV�KDG�ORZHU�FRHI¿FLHQWV�RI�GHWHUPLQDWLRQ�WKDQ�PDOHV��HVSH-
FLDOO\�LQ�56�

The parallelism and covariance analyses to identify sexual dimorphisms in each state 
showed that PLW was the only dimorphic variable in MG (F

1,13
� ��������p�����������EXW�DOO�

YDULDEOHV�ZHUH�GLPRUSKLF�LQ�56��7KH�QXPEHU�RI�LQGLYLGXDOV�LQ�0*�FHUWDLQO\�DIIHFWHG�WKLV�
UHVXOW��DQG�WKH�DQDO\VHV�VKRXOG�EH�UHSHDWHG�ZLWK�D�ODUJHU�QXPEHU�RI�VSHFLPHQV��2YHUDOO��
66'�ZDV������LQ�56�DQG�����LQ�0*�

/LQHDU�GLVFULPLQDQW�DQDO\VHV�EHWZHHQ�VH[HV�ZLWKLQ�VWDWHV�LGHQWL¿HG�3/:�DV�WKH�RQO\�
GHVFULSWRU�YDULDEOH�IRU�VH[XDO�GLPRUSKLVP�LQ�WKLV�VSHFLHV��7KH�GHJUHH�RI�H[SODQDWLRQ�ZDV�
�����:LONV¶�ODPEGD� ���������F

1,13
� ���������p����������LQ�0*�DQG��������:LONV¶�ODPE-

GD� ���������F
1,59
� ���������p����������LQ�56�

The linear discriminant analysis comparing the four groups (sexes × areas) was highly 
VLJQL¿FDQW��:LONV¶�ODPEGD� ���������F

6,144
� ���������p�����������)LJXUH�4), and MCW and 

3/:�ZHUH�LGHQWL¿HG�DV�WKH�GHVFULSWRU�YDULDEOHV��7KH�FODVVL¿FDWLRQ�PDWUL[�KDG�DQ�RYHUDOO�
VXFFHVV�RI������)HPDOHV�IURP�0*�ZHUH�FODVVL¿HG�ZLWK�����DFFXUDF\��WKH�RQO\�PLVFODV-
VL¿FDWLRQV�FRQFHUQHG�56�IHPDOHV��0DOHV�IURP�0*�KDG�WKH�ZRUVW�FODVVL¿FDWLRQ�DFFXUDF\��
�����EXW�WKH�VPDOO�QXPEHU�RI�LQGLYLGXDOV��n� ����DIIHFWHG�WKLV�RXWFRPH��)HPDOHV�IURP�56�
ZHUH�FODVVL¿HG�ZLWK�����DFFXUDF\�� WKH\�ZHUH�VRPHWLPHV�FRQIXVHG�ZLWK�PDOHV�IURP�WKH�
VDPH�VWDWH�DQG�ZLWK�IHPDOHV�IURP�0*��7KH�PRGHO�FRUUHFWO\�FODVVL¿HG�����RI�56�PDOHV��
WKH�UHVW�ZHUH�FRQIXVHG�ZLWK�IHPDOHV�IURP�WKH�VDPH�VWDWH�

'LVFXVVLRQ
Despite its wide distribution in Brazil, A. spixii�UHPDLQV�SRRUO\�VWXGLHG��'DWD�RQ�LWV�ELRORJ\�
are found predominantly in the gray literature, and there have been several studies on its 
distribution (D’amato and Morato, 1991��*KL]RQL� HW� DO��2011���GLHW� �%UDVLO� HW� DO��2011), 
DQG�GHPRJUDSKLFV��1HWR�HW�DO��2011���2XU�UHVXOWV�DUH�FRQVLVWHQW�ZLWK�SUHYLRXVO\�SXEOLVKHG�
descriptions of the morphology and sexual dimorphism of A. spixii (D’amato and Morato, 
1991, Bujes 2010��1HWR�HW�DO��2011���+RZHYHU��WKH\�DUH�PRUH�FRPSUHKHQVLYH�WKDQ�SUHYLRXV-
O\�DYDLODEOH�GHVFULSWLRQV��HQDEOLQJ�XV�WR�EHWWHU�DVVHVV�WKH�SDWWHUQV�RI�JHRJUDSKLF�YDULDWLRQ�

Our data show that female A. spixii�DUH�VLJQL¿FDQWO\�ODUJHU�WKDQ�PDOHV�LQ�PRVW�WUDLWV��
Other authors have reported smaller measurements for A. spixii�WKDQ�WKRVH�REWDLQHG�KHUH��
Bujes (2010��UHSRUWHG�D�PHDQ�&/�RI�������PP�IRU�IHPDOHV�DQG�������PP�IRU�PDOHV��DQG�
1HWR�HW�DO���2011��JDYH�D�PHDQ�VL]H�RI�������PP�IRU�IHPDOHV�DQG�������PP�IRU�PDOHV��
7KH� 66'� YDOXHV� UHSRUWHG� KHUH� DUH� WKH� ¿UVW� VXEPLWWHG� IRU� WKLV� VSHFLHV� DQG� GHPRQVWUDWH�
ORZ�GLPRUSKLVP��7KH�GDWD�UHSRUWHG�E\�1HWR�HW�DO���2011��DOVR�LQGLFDWH�D�ORZ�66'���������
demonstrating that A. spixii follows the pattern of most Chelidae (excluding genera such as 
Phrynops���&R[�HW�DO��������&HEDOORV�HW�DO��2012��LQ�ZKLFK�IHPDOHV�DUH�ODUJHU�WKDQ�PDOHV��
Smaller males could confer an advantage in agile courtship behaviors and mate searching 
in aquatic species in which male combat is absent, for example, (Berry and Shine �������,Q�
addition, females could grow larger than males because females gain an advantage in larger 
size to increase fecundity producing more or larger eggs or reproducing more frequently 
(Berry and Shine ����, Stephens and Wiens 2009��

7KH�VH[�UDWLRV�IRXQG�LQ�WKH�SUHVHQW�VWXG\�FRQ¿UP�WKH�UHVXOWV�RI�1HWR�HW�DO���2011) and 
Bujes (2010), demonstrating a clear pattern of sexual structure throughout the species’ 
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UDQJH�� ,Q� WXUWOH�VSHFLHV�ZLWK�JHQRW\SLF�VH[�GHWHUPLQDWLRQ��D�����VH[� UDWLR� LV�H[SHFWHG� WR�
occur (Janzen and Paukstis 1991) and this could be the case, as A. spixii is a Chelid species 
and most Chelid species follow this pattern (Ferreira 2009��

7KH�WZR�SRSXODWLRQV�H[KLELWHG�GLIIHUHQFHV�LQ�VL]H�VWUXFWXUH��HVSHFLDOO\�IRU�PDOHV��7KH�
PRGDO�FODVV�IRU�WKLV�VH[�ZDV�����PP�LQ�0*�DQG�����PP�LQ�56��1R�PDOHV�VPDOOHU�WKDQ�
130 mm were captured in MG, preventing us from assessing whether secondary sexual 
dimorphisms (tail length and concavity) begin to develop at the same size found in RS 
�&/� �����PP���)HPDOHV�KDG� ODUJHU�&3'�PHDVXUHPHQWV� WKDQ�PDOHV�� LQ�FRQWUDVW� WR�Hy-
dromedusa tectifera� �$��%DJHU�� XQSXEOLVKHG�GDWD���ZKLFK� VKRZV�KLJKHU�&3'�YDOXHV� IRU�
PDOHV��PRVW�OLNHO\�UHVXOWLQJ�IURP�WKH�WDLO�VL]H���$�SRVVLEOH�H[SODQDWLRQ�LV�WKDW�A. spixii is 
smaller in body size than H. tectifera��UHTXLULQJ�D�ODUJHU�&3'�VL]H�IRU�VSDZQLQJ�

7KH�OLQHDU�UHJUHVVLRQV�IRU�&3'�ZHUH�QRW�VLJQL¿FDQW�IRU�0*�IHPDOHV�RU�56�PDOHV��ZKLOH�
WKRVH�IRU�0+6�ZHUH�QRW�VLJQL¿FDQW�IRU�0*�IHPDOHV��ZKLFK�KDG�WKH�ORZHVW�FRUUHODWLRQ�FR-
HI¿FLHQWV�DPRQJ�WKH�DQDO\VHV�SHUIRUPHG��7KLV�UHVXOW�LV�SDUWO\�GXH�WR�WKH�VPDOO�QXPEHU�RI�
LQGLYLGXDOV�VDPSOHG��EXW�RWKHU�PHDVXUHPHQWV�KDG�KLJKHU�FRHI¿FLHQWV�GHVSLWH�DQ�LGHQWLFDO�
VDPSOH�VL]H��7KH�SDUDOOHOLVP�DQG�FRYDULDQFH�DQDO\VHV�VKRZHG�GLIIHUHQW�UHVXOWV�EHWZHHQ�WKH�
VWDWHV��7KH�YDULDEOHV�0&:�DQG�3/:�VKRZHG�VLPLODU�JURZWK�UDWHV�IRU�ERWK�VH[HV�LQ�56�
�ZLWK�ODUJHU�IHPDOHV��DQG�GLIIHUHQW�JURZWK�UDWHV�IRU�WKH�VH[HV�LQ�0+6��,Q�0*��RQO\�3/:�
VKRZHG�WKH�ODUJHU�VL]H�RI�IHPDOHV��7KLV�UHVXOW�ZDV�FRQ¿UPHG�E\�WKH�GLVFULPLQDQW�DQDO\VLV��
LQ�ZKLFK�3/:�ZDV�VHOHFWHG�DV�D�GHVFULSWRU�YDULDEOH�

Comparisons within a given sex between study areas showed that both males and fe-
males were larger in RS in some related caparace and plastron measures, but not in oth-
HUV��0DOHV�LQ�WKH�WZR�VWDWHV�ZHUH�HTXDO�LQ�VL]H�EDVHG�RQ�&/��&3'��0+6��DQG�ZHLJKW�EXW�
GLIIHUHG�LQ�0&:�DQG�LQ�SODVWURQ�UHODWHG�YDULDEOHV��03/�DQG�3/:���)HPDOHV�LQ�WKH�WZR�
states were also similar in CL but showed no clear pattern in the variables that differed 
VLJQL¿FDQWO\�EHWZHHQ�VWDWHV��LQ�FRQWUDVW�WR�WKH�FDUDSDFH��SODVWURQ��DQG�KHDG�RI�PDOHV��$[LV�

)LJXUH����/LQHDU�GLVFULPLQDQW�DQDO\VLV�EHWZHHQ�PDOHV�DQG�IHPDOHV�RI�Acanthochelys spixii in the Mi-
QDV�*HUDLV�DQG�5LR�*UDQGH�GR�6XO�VWDWHV��7ULDQJOH��)HPDOH�0*��[��)HPDOH�56��'LDPRQG��0DOH�0*��
6TXDUH��0DOH�56�DQG�&LUFOH��&HQWURLGV�
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I of the discriminant analysis separated the specimens by state, with MCW as the main 
JURXS�GHVFULSWRU�YDULDEOH��7KH�VHFRQG�D[LV�VHSDUDWHG�WKH�VSHFLPHQV�E\�VH[��DQG�3/:�ZDV�
WKH�PRVW�VLJQL¿FDQW�YDULDEOH��7KH�GLVFULPLQDQW�DQDO\VLV�UHVXOWV�FRQ¿UPHG�WKDW�A. spixii is 
PRQRPRUSKLF��DQG�ZLGWK�UHODWHG�PHDVXUHPHQWV�ZHUH�WKH�GHVFULSWRU�YDULDEOHV�

The morphological differences between individuals may be linked to environmental 
factors, including air and water temperature and other habitat characteristics (Litzgus and 
Smith 2010���RU�WR�KLVWRULFDO�IDFWRUV�OLPLWLQJ�JHQH�ÀRZ�EHWZHHQ�WKH�EDVLQV��&ODYLMR�%DTXHW�
HW�DO��2010���+RZHYHU��WKH�SRVVLELOLW\�WKDW�WKH�PRUSKRORJLFDO�GLIIHUHQFHV�UHVXOW�IURP�JHR-
graphical isolation can be ruled out because the populations inhabit different basins instead 
RI�FRQWLJXRXV�JHRJUDSKLF�DUHDV��&ODYLMR�%DTXHW�HW�DO��2010���&RQYHUVHO\��HQYLURQPHQWDO�
factors may have affected the morphological differences between the populations studied 
here because water and air temperature affect the activity and use of space by A. spixii��
Furthermore, the behavior, breeding season, and feeding ecology of this species vary sea-
sonally (Horta ����), and the minimum air temperature, water temperature, and mean air 
temperature are the climatic parameters that best explain the variation in A. spixii move-
ment (Horta �������7KLV�VWXG\�VKRZV�WKH�JHRJUDSKLF�YDULDWLRQ�LQ�ZKLFK�LQGLYLGXDOV�IURP�
South populations (higher latitudes) are larger than the ones who inhabit lower latitudes for 
A. spixii��)XUWKHU�FRPSDUDWLYH�VWXGLHV�VKRXOG�DFFRXQW�IRU�PRUH�SRSXODWLRQV�WR�VKRZ�KRZ�
these morphological traits are related to temperature and other environmental conditions 
for this species in broader areas and quantitatively infer if in fact changes in shape and 
ERG\�VL]H�DUH�GLUHFWO\�UHODWHG�WR�HQYLURQPHQWDO�FRQGLWLRQV�

$FNQRZOHGJHPHQWV
:H�DUH�JUDWHIXO�WR�5DPRQ�*RPHV�GH�&DUYDOKR�WR�KHOS�XV�ZLWK�VRPH�¿JXUHV�

'LVFORVXUH�VWDWHPHQW
1R�SRWHQWLDO�FRQÀLFW�RI�LQWHUHVW�ZDV�UHSRUWHG�E\�WKH�DXWKRUV�

)XQGLQJ
7KLV�ZRUN�ZDV�VXSSRUWHG�E\�WKH�&RQVHOKR�1DFLRQDO�GH�'HVHQYROYLPHQWR�&LHQWt¿FR�H�7HF-
QROyJLFR�>JUDQW�QXPEHU��������������@��)XQGDomR�GH�$PSDUR�j�3HVTXLVD�GR�(VWDGR�GH�
0LQDV�*HUDLV�>JUDQW�QXPEHU�&5$�±�330‐��������@��>JUDQW�QXPEHU�&5$�±�$34�������
��@�

5HIHUHQFHV
$QGHUVRQ�5$��9LWW�/-��������6H[XDO�VHOHFWLRQ�YHUVXV�DOWHUQDWLYH�FDXVHV�RI�VH[XDO�GLPRUSKLVP�LQ�WHLLG�

OL]DUGV��2HFRORJLD��������±����
$VKWRQ�.*��%XUNH�5/��/D\QH�-1��������*HRJUDSKLF�YDULDWLRQ� LQ�ERG\�DQG�FOXWFK�VL]H�RI�JRSKHU�

WRUWRLVHV��&RSHLD����������±����
$VKWRQ�.*��)HOGPDQ�&5��������%HUJPDQQ
V�UXOH�LQ�QRQDYLDQ�UHSWLOHV��WXUWOHV�IROORZ�LW��OL]DUGV�DQG�

VQDNHV�UHYHUVH�LW��(YROXWLRQ���������±�����
$\UHV�0��$\UHV�0�-U��$\UHV�'/��6DQWRV�$6��������%LRHVWDW����±�DSOLFDo}HV�HVWDWĹsticas nas áreas das 

ciências biológicas e méGLFDV��%HOpP��6RFLHGDGH�&LYLO�0DPLUDXi������S�
%DJHU�$��GH�)UHLWDV�752��.UDXVH�/��������1HVWLQJ�HFRORJ\�RI�D�SRSXODWLRQ�RI�Trachemys dorbignyi 

�HP\GLGDH��LQ�6RXWKHUQ�%UD]LO��+HUSHWRORJLFD�������±���

AQ3

AQ4
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%DJHU�$��)UHLWDV�752��.UDXVH�/��������0RUSKRORJLFDO�FKDUDFWHUL]DWLRQ�RI�DGXOWV�RI�2UELJQ\¶V�VOLG-
er Trachemys dorbignyi��'XPpULO�	�%LEURQ��������7HVWXGLQHV��(P\GLGDH��LQ�VRXWKHUQ�%UD]LO��
7URSLFDO�=RRORJ\��������±����

%HUU\�-)��6KLQH�5��������6H[XDO�VL]H�GLPRUSKLVP�DQG�VH[XDO�VHOHFWLRQ�LQ�WXUWOHV��RUGHU�WHVWXGLQHV���
2HFRORJLD��������±����

%UDQGmR�5$��=HUELQL�*-��6HEEHQ�$��0ROLQD�)%��������1RWHV�RQ�GLVWULEXWLRQ�DQG�KDELWDWV�RI�Acan-
thochelys spixii and Phrynops vanderhaegei��7HVWXGLQHV��&KHOLGDH��LQ�&HQWUDO�%UD]LO��%ROHWtQ�GH�
OD�$VRFLDFLyQ�+HUSHWROyJLFD�(VSDxROD�������±���

%UDVLO�0$��GH�)UHLWDV�+RUWD�*��1HWR�+-)��%DUURV�72��&ROOL�*5��������)HHGLQJ�(FRORJ\�RI�Acan-
thochelys spixii��7HVWXGLQHV��&KHOLGDH��LQ�WKH�&HUUDGR�RI�&HQWUDO�%UD]LO��&KHORQLDQ�&RQVHUYDWLRQ�
DQG�%LRORJ\�������±����

%XMHV�&6��������2V�7HVWXGLQHV�FRQWLQHQWDLV�GR�5LR�*UDQGH�GR�6XO��%UDVLO�WD[RQRPLD��KLVWyULD�QDWXUDO�
H�FRQVHUYDomR��,KHULQJLD��6pULH�=RRORJLD���������±����

&DJOH�)��������$�V\VWHP�RI�PDUNLQJ�WXUWOHV�IRU�IXWXUH�LGHQWL¿FDWLRQ��&RSHLD����������±����
&DUUHLUD�6��(VWUDGHV�$��$FKDYDO�)��������(VWDGR�GH�FRQVHUYDFLyQ�GH�OD�IDXQD�GH�WRUWXJDV��5HSWLOLD��

7HVWXGLQHV��GH�8UXJXD\��%ROHWtQ�6RFLHGDG�=RROyJLFD�8UXJXD\�������±���
&HEDOORV�&3��$GDPV�'&��,YHUVRQ�-%��9DOHQ]XHOD�1��������3K\ORJHQHWLF�SDWWHUQV�RI�VH[XDO�VL]H�GL-

PRUSKLVP�LQ�WXUWOHV�DQG�WKHLU�LPSOLFDWLRQV�IRU�5HQVFK¶V�UXOH��(YROXWLRQDU\�%LRORJ\�������±����
&ODYLMR�%DTXHW�6��/RXUHLUR�0��$FKDYDO�)�� ������0RUSKRORJLFDO� YDULDWLRQ� LQ� WKH�6RXWK�$PHULFDQ�

snake-necked turtle Hydromedusa tectifera��7HVWXGLQHV��&KHOLGDH���&KHORQLDQ�&RQVHUYDWLRQ�DQG�
%LRORJ\�������±����

&ORVH�/0��6HLJHO�5$��������'LIIHUHQFHV�LQ�ERG\�VL]H�DPRQJ�SRSXODWLRQV�RI�UHG�HDUHG�VOLGHUV��Tra-
chemys scripta elegans��VXEMHFWHG�WR�GLIIHUHQW�OHYHOV�RI�KDUYHVWLQJ��&KHORQLDQ�&RQVHUYDWLRQ�DQG�
%LRORJ\�������±����

&RQJGRQ� -'�� YDQ� /REHQ� 6HOV� 5&�� ������ *URZWK� DQG� ERG\� VL]H� YDULDWLRQ� LQ� %ODQGLQJ¶V� WXUWOHV�
(Emydoidea blandingii��� UHODWLRQVKLSV� WR�UHSURGXFWLRQ��&DQDGLDQ�-RXUQDO�RI�=RRORJ\��������±
����

&R[�50��%XWOHU�0$��-RKQ�$GOHU�+%��������6H[XDO�VL]H�GLPRUSKLVP�LQ�UHSWLOHV��,Q��)DLUEDLUQ�'-��
%ODQFNHQKRUQ�:8��6]HNHO\�7��HGLWRUV��6H[��VL]H��DQG�JHQGHU�UROHV��HYROXWLRQDU\�VWXGLHV�RI�VH[XDO�
VL]H�GLPRUSKLVP��2[IRUG�8QLYHUVLW\�3UHVV��S����±���

&R[�50��6NHOO\�6/��-RKQ�$OGHU�+%��������$�FRPSDUDWLYH�WHVW�RI�DGDSWLYH�K\SRWKHVHV�IRU�VH[XDO�VL]H�
GLPRUSKLVP�LQ�OL]DUGV��(YROXWLRQ���������±�����

'¶DPDWR�$)��������1RWDV� VREUH�R�GHVHQYROYLPHQWR�GH�Platemys spixii� �'XPpULO� H�%LEURQ��������
�7HVWXGLQHV��&KHOLGDH��HP�FDWLYHLUR��$FWD�%LRORJLFD�/HRSROGHQVLD�������±���

'¶DPDWR�$)��0RUDWR� 6$$�� ������ 1RWDV� ELROyJLFDV� H� ORFDOLGDGHV� GH� UHJLVWUR� GH�Platemys spixii 
�'XPpULO�H�%LEURQ���������7HVWXGLQHV��&KHOLGDH��SDUD�R�HVWDGR�GR�3DUDQi��$FWD�%LROyJLFD�/HRS-
ROGHQVLD��������±����

'D]D�-0��3iH]�93��������0RUSKRPHWULF�YDULDWLRQ�DQG�LWV�HIIHFW�RQ�UHSURGXFWLYH�SRWHQWLDO�LQ�IHPDOH�
Colombian slider turtles (Trachemys callirostris callirostris���+HUSHWRORJLFD��������±����

(VWUDGHV�$��&ODYLMR�%DTXHW�6��)DOODEULQR�$��������7RUWXJDV�'XOFHDFXtFRODV�GHO�8UXJXD\��$OPDQ-
DTXH��������±��

)DJXQGHV�&.��%DJHU�$��������(FRORJLD�UHSURGXWLYD�GH�Hydromedusa tecifera (Testudines: Chelidae) 
QR�VXO�GR�%UDVLO��%LRWD�1HRWURSLFD�����±��

)DJXQGHV�&.��%DJHU�$��&HFKtQ�67=�� ������Trachemys dorbigni in an anthropic environment in 
6RXWKHUQ�%UD]LO�� ,�� VH[XDO� VL]H�GLPRUSKLVP�DQG�SRSXODWLRQ�HVWLPDWHV��+HUSHWRORJLFDO� -RXUQDO��
������±����

)HUUHLUD�3'�-U��������$VSHFWRV�HFROyJLFRV�GD�GHWHUPLQDomR�VH[XDO�HP�WDUWDUXJDV��$FWD�$PD]RQLFD��
������±����

)ULW]�8��+DYDV�3��������&KHFNOLVW�RI�FKHORQLDQV�RI�WKH�ZRUOG��9HUWHEUDWH�=RRORJ\��������±����
*DPEOH�7��6LPRQV�$0��������&RPSDULVRQ�RI�KDUYHVWHG�DQG�QRQKDUYHVWHG�SDLQWHG�WXUWOH�SRSXODWLRQV��

:LOGOLIH�6RFLHW\�%XOOHWLQ���������±�����
*KL]RQL�,5�-U��.XQ]�76��&KHUHP�--��%pUQLOV�56��������5HJLVWURV�QRWiYHLV�GH�UpSWHLV�GH�iUHDV�DEHUWDV�

QDWXUDLV�GR�SODQDOWR�H�OLWRUDO�GR�(VWDGR�GH�6DQWD�&DWDULQD��VXO�GR�%UDVLO��%LRWHPDV��������±����
+RUWD�*)��������0RYLPHQWDomR�H�XVR�GR�HVSDoR�SRU�Acanthochelys spixii (Testudines, Chelidae) no 

3DUTXH�1DFLRQDO�GH�%UDVtOLD��'LVWULWR�)HGHUDO�>PDVWHU�GLVVHUWDWLRQ@��%UD]LO��%UDVLOLD�8QLYHUVLW\�
,YHUVRQ�-%��������*HRJUDSKLF�YDULDWLRQ�LQ�VH[XDO�GLPRUSKLVP�LQ�WKH�PXG�WXUWOH�Kinosternon hirtipes��

&RSHLD����������±����

AQ5

AQ6
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-DQ]HQ�)-��3DXNVWLV�*/��������(QYLURQPHQWDO�VH[�GHWHUPLQDWLRQ�LQ�UHSWLOHV��HFRORJ\��HYROXWLRQ��DQG�
H[SHULPHQWDO�GHVLJQ��7KH�4XDUWHUO\�5HYLHZ�RI�%LRORJ\��������±����

.UDXVH�/��*RPHV�1��/H\VHU�./�� ������2EVHUYDo}HV� 6REUH� D�1LGL¿FDomR� H�'HVHQYROYLPHQWR� GH�
Chrysemys dorbigni��'XPHULO�	�%LEURQ���������7HVWXGLQHV��(P\GLQDH��QD�(VWDomR�(FROyJLFD�GR�
7DLP��5LR�*UDQGH�GR�6XO��5HYLVWD�%UDVLOHLUD�=RRORJLD������±���

/DPE�7��/RYLFK�-(��������0RUSKRPHWULF�YDOLGDWLRQ�RI�WKH�VWULSHG�PXG�WXUWOH��Kinosternon baurii) in 
WKH�&DUROLQDV�DQG�9LUJLQLD��&RSHLD����������±����

/LW]JXV� -'�� 6PLWK� 6(�� ������*HRJUDSKLF� YDULDWLRQ� LQ� VH[XDO� VL]H� GLPRUSKLVP� LQ� 3DLQWHG�7XUWOHV�
(Chrysemys picta���-RXUQDO�RI�+HUSHWRORJ\��������±����

/RYLFK�-(��/DPE�7��������0RUSKRPHWULF�VLPLODULW\�EHWZHHQ�WKH�WXUWOHV�Kinosternon subrubrum hip-
pocrepis and K. baurii��-RXUQDO�RI�+HUSHWRORJ\��������±����

/RYLFK�-(��=QDUL�0��%DDPUDQH�0$$��1DLPL�0��0RVWDOLK�$��������%LSKDVLF�JHRJUDSKLF�YDULDWLRQ�LQ�
sexual size dimorphism of turtle (Mauremys leprosa) populations along an environmental gradi-
HQW�LQ�0RURFR��&KHORQLDQ�&RQVHUYDWLRQ�DQG�%LRORJ\������±���

/XEFNH�*0��:LOVRQ�'6��������9DULDWLRQ�LQ�VKHOO�PRUSKRORJ\�RI�WKH�ZHVWHUQ�SRQG�WXUWOH��Actinemys 
marmorata�%DLUG�DQG�*LUDUG��IURP�WKUHH�DTXDWLF�KDELWDWV�LQ�QRUWKHUQ�&DOLIRUQLD��-RXUQDO�RI�+HU-
SHWRORJ\��������±����

0D\U�(��������*HRJUDSKLFDO�FKDUDFWHU�JUDGLHQWV�DQG�FOLPDWLF�DGDSWDWLRQ��(YROXWLRQ��������±����
0F3KHUVRQ�)-��&KHQRZHWK�3-��������0DPPDOLDQ�VH[XDO�GLPRUSKLVP��$QLPDO�5HSURGXFWLRQ�6FLHQFH��

�������±����
0RFHOLQ�0$��)HUQDQGHV�5��3RUWR�0��)HUQDQGHV�'6��������5HSURGXFWLYH�ELRORJ\�DQG�QRWHV�RQ�QDWXUDO�

history of the side-necked turtle Acanthochelys radiolata��0LNDQ��������LQ�FDSWLYLW\��7HVWXGLQHV��
&KHOLGDH���6RXWK�$PHULFDQ�-RXUQDO�RI�+HUSHWRORJ\�������±����

1HWR�+-)��%UDVLO�0$��GH�)UHLWDV�+RUWD�*)��%DUURV�72��)DOFRQ�*%��&ROOL�*5��������'HPRJUDSK\�
of Acanthochelys spixii��7HVWXGLQHV��&KHOLGDH��LQ�WKH�EUD]LOLDQ�FHUUDGR��&KHORQLDQ�&RQVHUYDWLRQ�
DQG�%LRORJ\�������±���

2OVVRQ�0��6KLQH�5��:DSVWUD�(��8MYDUL�%��0DGVHQ�7��������6H[XDO�GLPRUSKLVP�LQ�OL]DUG�ERG\�VKDSH��
WKH�UROHV�RI�VH[XDO�VHOHFWLRQ�DQG�IHFXQGLW\�VHOHFWLRQ��(YROXWLRQ���������±�����

2ZHQV�,3)��+DUWOH\�,5��������6H[XDO�GLPRUSKLVP�LQ�ELUGV��ZK\�DUH�WKHUH�VR�PDQ\�GLIIHUHQW�IRUPV�RI�
GLPRUSKLVP"�3URFHHGLQJV�RI�WKH�5R\DO�6RFLHW\�%��%LRORJLFDO�6FLHQFHV���������±����

3UHHVW�05��������6H[XDO�6L]H�GLPRUSKLVP�DQG�IHHGLQJ�HQHUJHWLFV� LQ�Anolis carolinensis: why do 
IHPDOHV�WDNH�VPDOOHU�SUH\�WKDQ�PDOHV"��-RXUQDO�RI�+HUSHWRORJ\��������±����

3UHVWRQ�.$��$FNHUO\�''��������7KH�HYROXWLRQ�RI�DOORPHWU\�LQ�PRGXODU�RUJDQLVPV��,Q��3LJOLXFFL�0��
3UHVWRQ�.$�� HGLWRUV�� 3KHQRW\SLF� LQWHJUDWLRQ�� VWXG\LQJ� WKH� HFRORJ\� DQG� HYROXWLRQ� RI� FRPSOH[�
SKHQRW\SHV��2[IRUG��8.���2[IRUG�8QLYHUVLW\�3UHVV��S����±����

4XLQWHOD�)0��/RHEPDQQ�'��������*XLD�,OXVWUDGR�±�2V�UpSWHLV�GD�UHJLmR�FRVWHLUD�GR�H[WUHPR�VXO�GR�
%UDVLO��%UD]LO��0DQXDLV�GH�&DPSR�86(%�

5LEDV�(5��0RQWHLUR�)LOKR�(/$��������'LVWULEXLomR�H�KiELWDW�GDV�WDUWDUXJDV�GH�iJXD�GRFH��7HVWXGLQHV��
&KHOLGDH��GR�(VWDGR�GR�3DUDQi��%UDVLO��%LRFLrQFLDV�������±���

5LYHUD�*��������(FRPRUSKRORJLFDO�YDULDWLRQ�LQ�VKHOO�VKDSH�RI�WKH�IUHVKZDWHU�WXUWOH�Pseudemys concin-
na�LQKDELWLQJ�GLIIHUHQW�DTXDWLF�ÀRZ�UHJLPHV��,QWHJUDWLYH�DQG�&RPSDUDWLYH�%LRORJ\��������±����

6HLGHO�0(��6WXDUW�-1��'HJHQKDUGW�:*��������9DULDWLRQ�DQG�VSHFLHV�VWDWXV�RI�VOLGHU�WXUWOHV��(P\GLGDH��
7UDFKHP\V��LQ�WKH�VRXWKZHVWHUQ�8QLWHG�6WDWHV�DQG�DGMDFHQW�0H[LFR��+HUSHWRORJLFD��������±����

6KLQH�5��������6H[XDO�VHOHFWLRQ�DQG�VH[XDO�GLPRUSKLVP�LQ�WKH�$PSKLELD��&RSHLD����������±����
6KLQH�5��������6H[XDO�VL]H�GLPRUSKLVP�LQ�VQDNHV�UHYLVLWHG��&RSHLD����������±����
6WHSKHQV�35��:LHQV�--��������(YROXWLRQ�RI�VH[XDO�VL]H�GLPRUSKLVPV�LQ�HP\GLG�WXUWOHV��HFRORJLFDO�

GLPRUSKLVP��5HQVFK¶V�UXOH��DQG�V\PSDWULF�GLYHUJHQFH��(YROXWLRQ��������±����
9ROOUDWK�)��3DUNHU�*$��������6H[XDO�GLPRUSKLVP�DQG�GLVWRUWHG�VH[�UDWLRV� LQ�VSLGHUV��1DWXUH������ 

���±����
=DU�-+��������%LRVWDWLVWLFDO�DQDO\VLV���WK�HG��8SSHU�6DGGOH�5LYHU��1-���3UHQWLFH�+DOO������S�
=XXU�$)��,HQR�(1��6PLWK�*0��������$QDO\]LQJ�HFRORJLFDO�GDWD��1HZ�<RUN��1<���6SULQJHU������S�
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