
Body condition of females during tadpole attendance and 
its potential costs in a Neotropical foam-nesting frog 
(Leptodactylus podicipinus)
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0ARENTAL� CARE� INCREASES� OFFSPRING� SURVIVAL�� BUT� MAY� BE� COSTLY� FOR� PARENTS��
REDUCING�FUTURE�SURVIVAL�AND�REPRODUCTION��/FFSPRING�ATTENDANCE�MAY�INCREASE�PRE

DATION� RISK��OR� REDUCE� FOOD� INTAKE��MATING�OPPORTUNITIES��AND� REPRODUCTIVE� RATE�OF�
PARENTS��!NURANS�EXHIBIT�A�GREAT�DIVERSITY�OF�PARENTAL�CARE�BEHAVIOURS�AND�OFFER�AN�
OPPORTUNITY� TO� INVESTIGATE� THE�COSTS�AND�BENEFITS�OF�PARENTING��(ERE��WE�MEASURED�
THE� BODY� CONDITION� OF� FEMALES� OF� THE� .EOTROPICAL� FROG� ,EPTODACTYLUS� PODICIPINUS�
DURING�TADPOLE�ATTENDANCE��"Y�COMPARING�ATTENDING�AND�NON
ATTENDING�FEMALES��WE�
TESTED�THE�HYPOTHESIS�THAT�FEMALES�PROVIDING�CARE�WILL�HAVE�REDUCED�BODY�CONDITION�
AND� FOOD� INGESTION��!LTHOUGH� FAT�BODY�MASS�DID�NOT�DIFFER�� ATTENDING� FEMALES�HAD�
SIGNIFICANTLY�LOWER�BODY�MASS��OVARY�MASS��AND�STOMACH�VOLUME�AFTER���DAYS�OF�CARE��
/VERALL��ATTENDING�FEMALES�MAY�LOSE�UP�TO�����OF�BODY�MASS�DUE�TO�PARENTAL�CARE��
WHILE� NON
ATTENDING� FEMALES� GAIN� MASS�� !LTHOUGH� ���� OF� ATTENDING� FEMALES� HAD�
EMPTY� STOMACHS��PREY�DIVERSITY�WAS�HIGHER��!DDITIONALLY�� THE�HIGHER�PROPORTION�OF�
AQUATIC�HEMIPTERANS�AND�SPIDERS�PREYED�ON�BY�ATTENDING�FEMALES�MAY�BE�EXPLAINED�
BY�DIFFERENT�MICROHABITAT�USE�AND�ACTIVE�PROTECTION�OF�OFFSPRING��/UR�RESULTS�INDICATE�
THAT� PARENTAL� CARE� HAS� THE� POTENTIAL� TO� AFFECT� FUTURE� REPRODUCTION� OF� FEMALES� VIA�
REDUCTION� IN� BODY� CONDITION� AND� FOOD� INTAKE�� 3TUDIES� HAVE� SHOWN� THE� BENEFITS�
RELATED�TO�OFFSPRING�SURVIVAL�IN�ANURANS��BUT�FEW�ADDRESSED�THE�COSTS�TO�PARENTS��"Y�
EVALUATING�THE�POTENTIAL�COSTS�OF�PARENTING�IN�A�FROG�SPECIES�WITH�AQUATIC�TADPOLES�FOR�
THE�FIRST�TIME��OUR�STUDY�CONTRIBUTES�TO�FILL� THIS�GAP��3TUDIES�INVESTIGATING�THE�COSTS�
AND�BENEFITS�OF�PARENTAL�CARE�IN�DIFFERENT�LINEAGES�OF�FROGS�WILL�IMPROVE�OUR�KNOWL

EDGE�ON�THE�EVOLUTION�OF�PARENTING�IN�THIS�HIGHLY�DIVERSE�GROUP�
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0ARENTAL�INVESTMENT�CAN�BE�DEFINED�AS�ANY�INVESTMENT�PERFORMED�BY�THE�PARENTS�
TO�INCREASE�CURRENT�OFFSPRING�SURVIVAL�AT�THE�EXPENSE�OF�THE�PARENTS��FUTURE�REPRODUC

TION� �4RIVERS� ����	�� "ECAUSE� INDIVIDUALS� HAVE� LIMITED� ENERGY� AND� TIME� TO� ALLOCATE�
AMONG� DIFFERENT� ACTIVITIES� �'ADGIL� �� "OSSERT� ����	�� THE� BENEFITS� OF� PARENTAL� CARE�
IMPOSE� COSTS� FOR� THE� CAREGIVER� IN� TERMS�OF� REDUCED� FUTURE� SURVIVAL�AND� REPRODUCTIVE�
INVESTMENT� �7ILLIAMS� ������ 'ROSS� ������ +LUG� ET� AL�� ����	�� 4HE� TRADE
OFF� BETWEEN�
CURRENT� VERSUS� FUTURE� REPRODUCTION� HAS� LONG� BEEN� CONSIDERED� IMPORTANT� IN� SHAPING�
SPECIES|� LIFE
HISTORY� IN� DIFFERENT� ANIMAL� GROUPS� �2OFF� �� &AIRBAIRN� ������ 3ANTOS� ��
.AKAGAWA�������(UANG���0IKE�����	��&OR�SPECIES�WITH�PARENTAL�CARE��THE�AMOUNT�OF�
INVESTMENT�IN�CURRENT�OFFSPRING�MAY�LEAD�TO�LOSS�OF�ENERGY�DUE�TO�LESS�OPPORTUNITY�TO�
FORAGE��FOR�INSTANCE��OR�TO�ANY�OTHER�PHYSIOLOGICAL�STRESS�FOR�THE�CAREGIVER��4OWNSEND�
������ !LONSO
!LVAREZ� �� 6ELANDO� ������ 3AWEKI� ET� AL�� ����	�� 4HUS�� BECAUSE� OF� THIS�
PARENT
OFFSPRING� CONFLICT� �4RIVERS� ����	�� PARENTAL� CARE�MAY� INCREASE� PARENTS|� RISK� OF�
MORTALITY�AND�OR�REDUCE�FUTURE�FECUNDITY��MAINLY�IN�ECTOTHERMIC�FEMALES�THAT�TYPICALLY�
PRESENT� A� POSITIVE� CORRELATION� BETWEEN� BODY� SIZE� AND� CLUTCH�EGG� SIZE� �'ROSS� ������
0RADO���(ADDAD�������!LONSO
!LVAREZ���6ELANDO�����	�

!NURAN� AMPHIBIANS� EXHIBIT� A� GREAT� DIVERSITY� OF� PARENTAL� CARE� BEHAVIOURS� THAT�
EVOLVED�MAINLY�ASSOCIATED�WITH� TERRESTRIAL� REPRODUCTION� IN� THE�HUMID� TROPICS�� BUT� IS�
ALSO�OBSERVED�IN�SOME�AQUATIC�BREEDERS��#RUMP�������'OMEZ
-ESTRE�ET�AL��������6·GI�
ET�AL������	��)N�THE�LAST�YEARS��THE�NUMBER�OF�PARENTAL�CARE�MODES�IN�ANURANS�DOUBLED�
FROM����TO����WITH�THE�INCREASE�OF�STUDIES�ON�NATURAL�HISTORY��SEE�3CHULTE�ET�AL������	��
.EARLY�����OF�ANURAN�SPECIES�PROVIDE�SOME�FORM�OF�PARENTAL�CARE� TO� THEIR�OFFSPRING�
AFTER�FERTILIZATION��#RUMP�������3CHULTE�ET�AL������	��WHICH�MAY�BE�PERFORMED�BY�THE�
MALE��FEMALE��OR�EVEN�BOTH�PARENTS��2ODRIGUES�ET�AL��������$UGAS�ET�AL��������$ELIA�ET�AL��
����	��0ARENTING�IN�FROGS�INCLUDES�NOT�ONLY�CARE�OF�EGGS��6ALENCIA
!GUILAR�ET�AL������A	��
BUT�ALSO�MORE�COMPLEX�BEHAVIOURS��SUCH�AS�TADPOLE�GUIDANCE��JUVENILE�TRANSPORTATION��
AND� TADPOLE� FEEDING�� WITH� FEMALES� PROVIDING� UNFERTILIZED� EGGS� �0RADO� ET� AL�� ������
"ICKFORD� ������ "ROWN� ET� AL�� ������ $UGAS� ET� AL�� ����	�� !LTHOUGH�MANY� STUDIES� HAVE�
INVESTIGATED�DIFFERENT�ASPECTS�OF�PARENTAL�CARE�IN�ANURANS��&URNESS���#APELLINI�������
$ELIA�ET�AL��������6ALENCIA
!GUILAR�ET�AL������	�� THE�COSTS�AND�BENEFITS�REMAIN�UNDER

EXPLORED� �4OWNSEND� ������ (URME� ������ $UGAS� ET� AL�� ������ 6ALENCIA
!GUILAR� ET� AL��
����A�� ,ANGE� ET� AL�� ����	��-OST� STUDIES� USING� PARENT� REMOVAL� EXPERIMENTS� FOCUSED�
ON�THE�ADAPTIVE�BENEFITS�OF�EGG�ATTENDANCE�IN�A�FEW�FROG�LINEAGES��REVIEWED�BY�3CHULTE�
ET�AL������	��#ONSIDERING�THAT�THE�EVOLUTION�OF�PARENTAL�CARE�DEPENDS�NOT�ONLY�ON�THE�
BENEFITS�TO�OFFSPRING��BUT�ALSO�THE�RELATIVE�COSTS�TO�PARENTS��3CHULTE�ET�AL������	��STUDIES�
ON�PARENTING�COSTS�INCLUDING�DIFFERENT�TYPES�OF�PARENTAL�CARE�ARE�NEEDED�IF�WE�WANT�TO�
UNDERSTAND�THE�SELECTIVE�FORCES�AND�MECHANISMS�INVOLVED�IN�THE�EVOLUTION�OF�THE�GREAT�
DIVERSITY�OF�PARENTAL�CARE�IN�AMPHIBIANS�

)N� THE� .EOTROPICAL� FROG� FAMILY� ,EPTODACTYLIDAE�� TADPOLE� SCHOOLING� AND� ATTEN

DANCE� ARE� RESTRICTED� TO� SPECIES� IN� THE�,��MELANONOTUS� AND�,�� LATRANS� GROUPS� �0RADO�
ET�AL��������DE�3·�ET�AL������	��,EPTODACTYLUS�PODICIPINUS�BELONGS�TO�THE�,��MELANONOTUS�
SPECIES� GROUP� AND� INHABITS� OPEN� FORMATIONS� IN� 3OUTH� !MERICA�� FROM� "RAZIL� TO�
!RGENTINA��&ROST�����	��-ALES�OF�,��PODICIPINUS�CONSTRUCT�BASINS�COVERED�WITH�VEGETA

TION� AT� THE�MARGINS� OF� PONDS��WHERE� FEMALES� DEPOSIT� EGGS� EMBEDDED� IN� FOAM� NESTS�
�0RADO�ET�AL������	��&EMALES�PROVIDE�PARENTAL�CARE�FOR�BOTH�EGGS�AND�TADPOLES��GUIDING�
AND�GUARDING� THE� TADPOLE� SCHOOLS� FROM�PREDATORS� �0RADO�ET� AL�� ������-ARTINS�����	��
&EMALES� MAY� ALSO� DIG� CHANNELS� TO� CONNECT� TEMPORARY� PONDS� WHEN� WATER� LEVEL�
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DECREASES��2ODRIGUES�ET�AL������	��3TUDIES�ON�THE�BODY�CONDITION�AND�FORAGING�ACTIVITY�
OF�CAREGIVERS�HAVE�BEEN�PUBLISHED�FOR�ANURAN�SPECIES�THAT�CARE�FOR�TERRESTRIAL�EGGS��E�G��
3IMON�������4OWNSEND�����	��HOWEVER��NO�STUDIES�HAVE�INVESTIGATED�SUCH�ASPECTS�IN�
SPECIES�WITH�AQUATIC�TADPOLE�ATTENDANCE��(EREIN��WE�EVALUATED�THE�BODY�CONDITION�AND�
DIET�OF� FEMALES�OF�,��PODICIPINUS�DURING�PARENTAL�CARE�OF�AQUATIC� TADPOLES��'IVEN�THE�
DEMAND�OF�PARENTAL�CARE�FOR�THIS�SPECIES�IN�TERMS�OF�ENERGY��0RADO�ET�AL��������-ARTINS�
����	�� WE� TESTED� THE� HYPOTHESIS� THAT� TADPOLE� ATTENDANCE� WILL� DECREASE� FEMALE� BODY�
CONDITION�� )N� ADDITION�� DUE� TO� TIME� RESTRICTIONS� ON� FORAGING�� WE� EXPECT� A� MORE�
RESTRICTED� DIET� AND� SMALLER� STOMACH� VOLUME� IN� ATTENDING� FEMALES�� "Y� COMPARING�
BODY� MASS�� FAT� BODY� MASS�� OVARY� MASS�� AND� STOMACH� CONTENT� BETWEEN� ATTENDING�
FEMALES�AND�FEMALES�THAT�WERE�NOT�CARING�FOR�TADPOLES��WE�DISCUSS�THE�POTENTIAL�COSTS�
OF�PARENTAL�CARE�FOR�FUTURE�REPRODUCTION�IN�THIS�SPECIES�

-!4%2)!,3�!.$�-%4(/$3

3TUDY�SITE

/UR�STUDY�SITE�IS�LOCATED�IN�THE�0ANTANAL��IN�SOUTHERN�3OUTH�!MERICA��CONSIDERED�ONE�OF�THE�
LARGEST�FLOODPLAINS�IN�THE�WORLD��WITH�AN�AREA�OF�APPROXIMATELY���������KM�� �!LHO�ET�AL������	��
&IELDWORK� WAS� CONDUCTED� AT� THE� RESEARCH� STATION� "ASE� DE� %STUDOS� DO� 0ANTANAL� �"%0	��
5NIVERSIDADE� &EDERAL� DE� -ATO� 'ROSSO� DO� 3UL� ������v3މ������ ��	�����v7މ���� MUNICIPALITY� OF�
#ORUMB·��3TATE�OF�-ATO�'ROSSO�DO�3UL�� CENTRAL
WESTERN�"RAZIL��4HE�CLIMATE� IN� THE�0ANTANAL� IS�
MARKEDLY�SEASONAL��WITH�A�DRY�SEASON�FROM�-AY�TO�3EPTEMBER�AND�A�RAINY�SEASON�FROM�/CTOBER�TO�
!PRIL��WITH�A�MEAN�ANNUAL�RAINFALL�OF�������MM�AT�THE�STUDY�SITE��0RADO�ET�AL������	��&LOODS�ARE�
COMMON�BETWEEN�*ANUARY�AND�!PRIL��ALTHOUGH�DURATION�AND�INTENSITY�OF�FLOODS�ARE�UNPREDICTABLE�
�0RADO�ET�AL��������*UNK���DA�#UNHA�����	��/BSERVATIONS�WERE�CONDUCTED�FROM�.OVEMBER������TO�
-ARCH������AND�FROM�3EPTEMBER�TO�.OVEMBER�������REMAINING�IN�THE�FIELD�FOR���n���CONSECUTIVE�
DAYS��/BSERVATIONS�AND�SAMPLING�WERE�CARRIED�OUT�DURING� THE�DAY�AND�NIGHT�AT� THE�MARGINS�OF�
PONDS�AND�FLOODED�AREAS��WHERE�FEMALES�REMAIN�WITH�TADPOLES�

"ODY�CONDITION�MEASURES

&EMALES�ATTEND�FOAM�NESTS�AND�TADPOLES�UP�TO�THE�FINAL�STAGES�OF�THE�LARVAL�PERIOD��0RADO�
ET�AL�� ������-ARTINS�����	��4HE� LARVAL�PERIOD�OF�,��PODICIPINUS�� FROM�HATCHING�UP� TO�METAMOR

PHOSIS��LASTS�ABOUT����DAYS��RANGING�FROM����TO����DAYS��-ARTINS�����	��$URING�FEMALE�ATTENDANCE�
OF�TADPOLES��WE�MEASURED�DAILY�VARIATION�IN�BODY�MASS�DURING���CONSECUTIVE�DAYS�BY�WEIGHING�SIX�
ATTENDING� AND� NINE� NON
ATTENDING� FEMALES� EVERY� DAY�� .ON
ATTENDING� FEMALES� WERE� CONSIDERED�
THOSE�THAT�HAD�NOT�SPAWNED�YET��THUS�THEY�WERE�NOT�CARING�FOR�OFFSPRING��4O�BE�ABLE�TO�FOLLOW�AND�
MEASURE� THE�SAME� FEMALE� IN�CONSECUTIVE�DAYS��BEFORE�DATA�COLLECTION� STARTED��WE�COLLECTED�AND�
PHOTOGRAPHED�MANY� FEMALES�� %ACH� FEMALE� WAS� INDIVIDUALLY� IDENTIFIED� BY� PHOTO
ID� OF� THE� DOTS�
PRESENT�ON�THE�BELLY�AND�INFERIOR�LIP��IMAGES�WERE�ANALYSED�IN�THE�SOFTWARE�7ILD
)$��������"OLGER�
ET�AL������	��"ODY�MASS�OF�INDIVIDUALS�WAS�MEASURED�WITH�A�DIGITAL�BALANCE��NEAREST������G	��!FTER�
MEASUREMENTS��FEMALES�WERE�RELEASED�AT�THE�CAPTURE�SITE�

4O�EXAMINE�STOMACH�CONTENTS�AND�OBTAIN�MEASURES�OF�STOMACH�VOLUME��FAT�BODY�MASS�AND�
OVARY�MASS��WE�COLLECTED����NON
ATTENDING�AND����ATTENDING�FEMALES�OF�,��PODICIPINUS��DIFFERENT�
INDIVIDUALS�FROM�THOSE�USED�ABOVE	��&EMALES�WERE�EUTHANIZED�IN�SITU�WITH����LIDOCAINE��CREAM	�
APPLIED�ON�THE�VENTRAL�AND�DORSAL�REGIONS��!FTERWARDS�� THEY�WERE� FIXED� IN�����FORMALIN��WHICH�
WAS�ALSO�INJECTED�INTO�THE�CLOACA�TO�MINIMIZE�THE�EFFECTS�OF�DIGESTION��AND�THEN�PRESERVED�IN�����
ALCOHOL��-C$IARMID�����	��)N�THE�LABORATORY��36,��SNOUT
VENT�LENGTH	�OF�FEMALES�WAS�MEASURED�
WITH�A�CALIPER��NEAREST�����MM	�AND�EACH�FEMALE�WAS�DISSECTED�TO�REMOVE�FAT�BODIES��OVARIES�AND�

"ODY�CONDITION�OF�FEMALES�DURING�TADPOLE �



STOMACHS��7E�WEIGHED�FAT�BODY�MASS�AND�OVARY�MASS��COMBINING�BOTH�OVARIES	�OF�ATTENDING�AND�
NON
ATTENDING� FEMALES� IN�A�DIGITAL�BALANCE�3HIMATZU�!9����� �NEAREST������G	��4O�CALCULATE� THE�
STOMACH�CONTENT�VOLUME��WE�USED�A�CHAMBER�MADE�WITH�MICROSCOPY�SLIDES�AND�PLACED�ON�A�GRAPH�
PAPER� �NEAREST� �� MM�	�� MODIFIED� FROM� #AMERA� ET� AL�� �����	�� !NIMALS� WERE� DEPOSITED� AT� THE�
#OLE�¼O�:OOLÆGICA�DE�2EFER¾NCIA�OF�THE�5NIVERSIDADE�&EDERAL�DE�-ATO�'ROSSO�DO�3UL��VOUCHERS�
:5&-3
!-0������n�����	�

3TOMACH�CONTENT�ANALYSES

7E� IDENTIFIED� INSECT� PREY� ITEMS� TO� /RDER� LEVEL� ACCORDING� TO� 4RIPLEHORN� AND� *OHNSON�
�����	��4O�DETERMINE� THE� IMPORTANCE�OF� EACH�PREY� ITEM��WE� CALCULATED� THE� IMPORTANCE� INDEX�
FOLLOWING� +AWAKAMI� AND� 6AZZOLER� �����	�� WHERE�� )!I� �� &I� 
� 6Iگ��&I� 
� 6I	� �&I�� &REQUENCY� OF�
OCCURRENCE� OF� I� ITEM�� 6I�� VOLUME� OF� I� ITEM	�� 4HIS� INDEX� REQUIRES� PREVIOUS� MEASUREMENTS� OF�
FREQUENCY�AND�VOLUME�IN�RELATIVE�PERCENTAGES�THAT�WERE�TAKEN�AS� FOLLOWS��0REY�FREQUENCY�WAS�
CALCULATED�USING�"OWEN�S������	�FORMULA��&I�������NI�N��&I��FREQUENCY�OF�I�PREY��NI��NUMBER�OF�
STOMACH�WHERE� I� ITEM�WAS� FOUND��N�� STOMACH� CONTAINING� FOOD	�� AND� VOLUME�WAS�DETERMINED�
USING�(YNES�������	�FORMULA��6�I���6I��6I���6I����6IN	��6�I��PERCENT�VOLUME�BY�ITEM��6I��VOLUME�
BY�ITEM	��!LTHOUGH�UNDETERMINED�PREY�ITEMS�WERE�NOT�INCLUDED�IN�THE�STOMACH�CONTENT�ANALYSIS��
THEY�WERE�CONSIDERED�FOR�THE�TOTAL�VOLUME�ANALYSIS�

3TATISTICAL�ANALYSES

7E� USED� LINEAR� REGRESSIONS� TO� COMPARE� DAILY� CHANGES� IN� BODY� MASS� FOR� BOTH� GROUPS��
ATTENDING�AND�NON
ATTENDING�FEMALES��USING�ONLY� THE�MASS�DIFFERENCE�BETWEEN�THE��ST�DAY�AND�
EACH� OF� THE� CONSECUTIVE� DAYS�� !FTERWARDS�� WE� VERIFIED� THE� DIFFERENCE� BETWEEN� THE� TWO� LINEAR�
REGRESSIONS� USING� !.#/6!�� 4O� COMPARE� 36,�� BODY� MASS�� FAT� BODY� MASS�� OVARY� MASS� AND�
STOMACH�VOLUME�CONTENT�BETWEEN�ATTENDING�AND�NON
ATTENDING�FEMALES��WE�USED�3TUDENT�T�TESTS�
OR� -ANN
7HITNEY� 5� TESTS� �7ELHAM� ET� AL�� ����	�� AFTER� CHECKING� FOR� DATA� NORMALITY� AND�
HOMOSCEDASTICITY�

7E�TESTED�IF�THE�FREQUENCY�OF�EMPTY�STOMACHS�DIFFERED�BETWEEN�NON
ATTENDING�AND�ATTEND

ING� FEMALES�USING�A� CHI
SQUARE� TEST��!DDITIONALLY�� TO� ASSESS� STOMACH�CONTENT� VARIATION�BETWEEN�
BOTH�GROUPS��WE�PERFORMED�A�-!./6!�ANALYSIS�AND�A�0RINCIPAL�#OORDINATES�!NALYSIS��0#O!	�TO�
CHECK�PREY�CATEGORY�CONTRIBUTIONS�USING�THE�PREY�VOLUME�DATA��7E�PERFORMED�THE�ANALYSES�IN�THE�
2�SOFTWARE�V��������2�#ORE�4EAM�����	�USING�THE�VEGAN�PACKAGE��/KSANEN�ET�AL������	�

2%35,43

"ODY�CONDITION

!TTENDING� AND� NON
ATTENDING� FEMALES� OF� ,�� PODICIPINUS� DID� NOT� DIFFER� IN� 36,�
�T��� ������0� �� ������ 4ABLE� �	�� (OWEVER�� WE� FOUND� THAT� BODY�MASS� OF� NON
ATTENDING�
FEMALES� INCREASED� �2�� �� ������ 0� �� �����	�� WHILE� BODY� MASS� OF� ATTENDING� FEMALES�
DECREASED� �2�� �� ������ 0� �� �����	� DURING� THE� STUDY� PERIOD�� 7HEREAS� NON
ATTENDING�
FEMALES� GAINED� ����� G� PER� DAY�� ATTENDING� FEMALES� LOST� ����� G� PER� DAY� �&IG�� �	��
!DDITIONALLY�� LINEAR� REGRESSIONS� DIFFERED� SIGNIFICANTLY� FROM� EACH� OTHER� �&� �� �������
DF������0��������	��4HE�DIFFERENCE�IN�BODY�MASS�BETWEEN�THE�LAST�AND��ST�DAY�OF�CAPTURE�
WAS�SIGNIFICANT��5�������0����������&IG���!	��AFTER���DAYS��BODY�MASS�OF�NON
ATTENDING�
FEMALES� INCREASED� ON� AVERAGE� ����� �� ����� G�� WHILE� BODY�MASS� OF� ATTENDING� FEMALES�
DECREASED�ON�AVERAGE�������������G��4ABLE��	�

� *�&��#UESTAS�#ARRILLO�ET�AL�



7E� DID� NOT� FIND� SIGNIFICANT� DIFFERENCES� IN� FAT� BODY�MASS� BETWEEN� ATTENDING�
AND� NON
ATTENDING� FEMALES� �5� �� ������� 0� �� ������ &IG�� �"	�� (OWEVER�� THERE� WERE�
SIGNIFICANT� DIFFERENCES� IN� OVARY� MASS� �5� �� ����� 0� �� ������� &IG�� �#	� AND� STOMACH�
VOLUME�CONTENT��5��������0���������&IG���$	�BETWEEN�BOTH�GROUPS��/VARY�MASS�WAS�
HIGHER� IN�NON
ATTENDING� FEMALES�WHEN�COMPARED�WITH�ATTENDING� FEMALES� �4ABLE��	��
,IKEWISE�� STOMACH� VOLUME� CONTENT� WAS� LARGER� IN� NON
ATTENDING� FEMALES� THAN� IN�
ATTENDING� FEMALES� �4ABLE� �	�� !DDITIONALLY�� FREQUENCY� OF� EMPTY� STOMACHS� DIFFERED�
BETWEEN�THE�TWO�GROUPS��Ȥ�� ��������DF������0��������	��A�CONSIDERABLE�PERCENTAGE�OF�
ATTENDING�FEMALES�HAD�EMPTY�STOMACHS�����	��WHILE�NON
ATTENDING�FEMALES�HAD�NO�
EMPTY�STOMACHS�

4ABLE����

-EASURES� OF� BODY� TRAITS� COMPARED� BETWEEN� ATTENDING� FEMALES� AND� NON
ATTENDING� FEMALES� OF�
,EPTODACTYLUS� PODICIPINUS� IN� THE� SOUTHERN� 0ANTANAL�� "RAZIL�� "ODY� MASS� DIFFERENCE� �G	� REFERS� TO� THE�

DIFFERENCE�IN�FEMALE�MASS�BETWEEN�THE�FIRST�AND�LAST�DAY��AFTER���DAYS��36,���SNOUT
VENT�LENGTH��

!TTENDING�FEMALES .ON
ATTENDING�FEMALES

-EAN���3$ 2ANGE N -EAN���3$ 2ANGE N

36,��MM	 ����������� ����n���� �� ����������� ����n���� ��

"ODY�MASS��G	 ����������� ����n���� � ����������� ����n���� �

"ODY�MASS�DIFFERENCE��G	 n������������ n�����n���� � ����������� ����n���� �

&AT�BODY�MASS��MG	 ����������� ���n��� �� ����������� ���n���� ��

/VARY�MASS��G	 ����������� ����n���� �� ����������� ����n���� ��

3TOMACH�VOL��
CONTENT��MM�	

����������� ���n����� �� ������������ ���n��� ��

&IG�������$AILY�CHANGES�IN�BODY�MASS�OF�ATTENDING�FEMALES�AND�NON
ATTENDING�FEMALES�OF�,EPTODACTYLUS�
PODICIPINUS�IN�THE�SOUTHERN�0ANTANAL��"RAZIL�
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3TOMACH�CONTENT�ANALYSIS

4HE� STOMACH� CONTENT� COMPOSITION� OF� NON
ATTENDING� AND� ATTENDING� FEMALES� WAS�
SIGNIFICANTLY�DIFFERENT��&���������DF�������0��������	��#ONTRARY�TO�WHAT�WE�EXPECTED��ATTENDING�
FEMALES�PRESENTED�MORE�DIVERSIFIED�STOMACH�CONTENT�WHILE�IN�NON
ATTENDING�FEMALES�IT�WAS�
MORE�RESTRICTED� �&IG���	��#OLEOPTERANS�WERE� THE�MOST� IMPORTANT� ITEM� FOR�NON
ATTENDING�
FEMALES��ACCORDING�TO�+AWAKAMI�AND�6AZZOLER������	�FEEDING�INDEX�CALCULATION�AND�0#O!�
ORDINANCE��&IG���	��WHILE�HEMIPTERANS�WERE�THE�MOST�IMPORTANT�ITEM�FOR�ATTENDING�FEMALES�
�&IG���!
"	��7E�FOUND�SPIDERS�AND�CRICKETS�ONLY�IN�THE�STOMACHS�OF�ATTENDING�FEMALES�AND�
COCKROACHES�OCCURRED�ONLY�IN�THE�STOMACHS�OF�NON
ATTENDING�FEMALES��&IG���	�

$)3#533)/.

3TUDIES�ASSESSING�THE�COSTS�OF�PARENTAL�CARE�IN�DIFFERENT�VERTEBRATES��E�G��4OWNSEND�
������+ENAGY�ET�AL��������'ILLOOLY���"AYLIS�����	�AND�INVERTEBRATES��E�G��#ORTEZ�ET�AL��������
#OLANCECCO�ET�AL������	�HAVE�SHOWN�THAT�OFFSPRING�ATTENDANCE�MAY�INCREASE�METABOLIC�RATE��
PREDATION�RISK��REDUCE�FOOD�INTAKE�AND�BODY�CONDITION��NEGATIVELY�AFFECTING�FUTURE�SURVIVAL�

&IG�������#OMPARISON�OF�BODY�MASS�CHANGE��!	��FAT�BODY�MASS��"	��OVARY�MASS��#	��AND�STOMACH�VOLUME�
CONTENT� �$	�� AFTER� �� DAYS�� BETWEEN� ATTENDING� FEMALES� AND� NON
ATTENDING� FEMALES� OF� ,EPTODACTYLUS�
PODICIPINUS�IN�THE�SOUTHERN�0ANTANAL��"RAZIL�

� *�&��#UESTAS�#ARRILLO�ET�AL�



&IG�������&REQUENCY���	�AND�VOLUME���	�OF�PREY�ITEMS�IN�THE�STOMACHS�OF�ATTENDING�FEMALES��!	�AND�
NON
ATTENDING� FEMALES� �"	�OF�,EPTODACTYLUS�PODICIPINUS� IN� THE� SOUTHERN�0ANTANAL��"RAZIL�� )MPORTANCE�
INDEX��)!I	�FOR�EACH�PREY�ITEM�IS�SHOWN�IN�PARENTHESES��,���,ARVAE�

&IG�������0RINCIPAL�COORDINATES�ANALYSIS��0#O!	�FOR�ATTENDING�FEMALES��BLACK�CIRCLES	�AND�NON
ATTENDING�
FEMALES��WHITE�CIRCLES	�PREY�ITEMS�
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AND� REPRODUCTION�� !S� WE� HAVE� HYPOTHESIZED�� TADPOLE� ATTENDANCE� WAS� ASSOCIATED� WITH�
REDUCED�FEMALE�BODY�CONDITION�AND�FOOD�INTAKE��7E�FOUND�THAT�FEMALES�OF�,��PODICIPINUS�
GUARDING�AND�LEADING�TADPOLE�SCHOOLS�TO�SAFE�SITES�LOST�BODY�MASS�COMPARED�TO�FEMALES�THAT�
WERE�NOT�ATTENDING�TADPOLES��!FTER���DAYS��ATTENDING�FEMALES�LOST��ON�AVERAGE��������§�����G	�
OF� THEIR�BODY�MASS��WHILE�NON
ATTENDING� FEMALES� INCREASED��ON�AVERAGE�������� IN�MASS�
�§�����G��4ABLE��	��)F�LARVAL�PERIOD�LASTS��ON�AVERAGE�����DAYS�IN�THIS�SPECIES��-ARTINS�����	��
,��PODICIPINUS�FEMALES�MAY�LOSE�UP�TO�����OF�BODY�MASS�DURING�ATTENDANCE�OF�TADPOLES��%GG�
BROODING�MALES�OF�%LEUTHERODACTYLUS�COQUI�CAN�LOSE�NEARLY�����OF�BODY�MASS�ALONG����DAYS�
OF� PARENTAL� CARE� �4OWNSEND� ����	�� #ONSIDERING� THAT�%�� COQUI�MALES� REMAIN� STATIONARY�
DURING� PARENTAL� CARE� �4OWNSEND� ����	�� OUR� RESULTS� INDICATE� THAT� MATERNAL� CARE� IN�
,��PODICIPINUS�MAY�BE�MORE�ENERGETICALLY�DEMANDING��PROBABLY�BECAUSE�FEMALES�PERFORM�
DISPLACEMENTS� WITH� TADPOLE� SCHOOLS� �-ARTINS� ����	�� !CCORDING� TO� PARENTAL� INVESTMENT�
TRADE
OFFS� �'ROSS� ������ +LUG� ET� AL�� ������ (UANG� �� 0IKE� ����	�� BECAUSE� FEMALES� OF�
,��PODICIPINUS�ARE�NOT�ABLE�TO�FEED�PROPERLY�DURING�PARENTAL�CARE��2ODRIGUES�ET�AL��������
THIS�STUDY	��OUR�STUDY�INDICATES�THAT�THE�INVESTMENT�IN�CURRENT�OFFSPRING�MAY�REDUCE�BODY�
CONDITION�AND�SIZE��POTENTIALLY�DECREASING�FUTURE�FECUNDITY��BECAUSE�OF�THE�POSITIVE�RELATION

SHIP�BETWEEN�FEMALE�BODY�SIZE�AND�CLUTCH�SIZE��0RADO�ET�AL��������0RADO���(ADDAD�����	�

7E� FOUND� NO� DIFFERENCES� IN� BODY� SIZE� �36,	� BETWEEN� ATTENDING� AND� NON
�
ATTENDING� FEMALES�AND�OVARY�MASS�OF�NON
ATTENDING� FEMALES� IS�WITHIN� THE� RANGE�OF�
THAT�FOR�MATURE�FEMALES��0RADO���(ADDAD�����	��!S�EXPECTED��ATTENDING�FEMALES�HAD�
LOWER�OVARY�MASS�COMPARED�WITH�NON
ATTENDING�FEMALES��WHICH�MAY�RESULT�FROM�THE�
FACT� THAT�ATTENDING� FEMALES�HAD� RECENTLY� EMPTIED� THEIR�OVARIES��(OWEVER��BASED�ON�
THE�PRESENCE�OF�OOCYTES�AT�DIFFERENT�DEVELOPMENTAL�STAGES�IN�ATTENDING�FEMALES��*�&��
#UESTAS� #ARRILLO� UNPUBL�� DATA	�� IT� IS� FEASIBLE� THAT� FEMALES� PRODUCE�MORE� THAN� ONE�
CLUTCH�PER�YEAR�BECAUSE�,��PODICIPINUS�REPRODUCES�CONTINUOUSLY�THROUGHOUT�THE�YEAR�
AT� THE� STUDY� AREA� �0RADO� �� (ADDAD� ����	�� 4HUS�� PARENTAL� CARE� EFFORT� MAY� HAVE�
A� SHORT
TERM� EFFECT�� REDUCING� THE� NUMBER� OF� OOCYTES� PRODUCED� IN� SUBSEQUENT�
CLUTCHES�GIVEN�THE�REDUCTION�IN�FOOD�INTAKE��WHICH�DESERVES�TO�BE�CONFIRMED�

)N�AMPHIBIANS�AND�REPTILES��LIPIDS�ARE�STORED�IN�SPECIAL�ORGANS�CALLED�FAT�BODIES��
SERVING� AS� RESERVES� DURING� HIBERNATION� OR� PROVING� ENERGY� FOR� GAMETOGENESIS� �,ONG�
������*ORGENSEN�������3AIDAPUR���(OQUE�����	��&AT�BODY�MASS�WAS�EQUALLY� LOW�FOR�
BOTH� GROUPS� OF� FEMALES� AND� OUR� RESULTS� SUGGEST� THAT� FAT� BODIES� ARE� NOT� INVOLVED� IN�
PARENTAL�CARE�IN�,��PODICIPINUS��&AT�BODIES�AS�A�SOURCE�OF�ENERGY�FOR�PARENTAL�CARE�WAS�
OBSERVED�IN�EGG�BROODING�FROGS�WITH�DIRECT�DEVELOPMENT��SUCH�AS�#OPHIXALUS�PARKERI��
WITH� A� LONG� PARENTAL� CARE� PERIOD� OF� OVER� ��� DAYS� �3IMON� ����	�� AND� MALES� OF�
%LEUTHERODACTYLUS�COQUI�THAT�EXHIBITED�LOWER�FAT�BODIES�IN�THE�MIDDLE�OF�THE�PARENTAL�
CARE�PERIOD��4OWNSEND�����	��!T�OUR�STUDY�SITE�IN�THE�0ANTANAL��A�NEGATIVE�CORRELATION�
BETWEEN� FAT�BODY�AND�OVARY�MASS�WAS� REPORTED� FOR� FEMALES�OF�,EPTODACTYLUS�MACRO

STERNUM�AND�,��FUSCUS��WHICH�HAVE�SEASONAL�REPRODUCTION��BUT�NOT�FOR�,��PODICIPINUS��
WHICH�REPRODUCES�THROUGHOUT�THE�YEAR��0RADO���(ADDAD�����	��(ENCE��THE�CONTINUOUS�
REPRODUCTION�OF�,��PODICIPINUS�MAY�EXPLAIN�THE�LACK�OF�DIFFERENCES�IN�FAT�BODY�MASS�WE�
FOUND�BETWEEN�ATTENDING�AND�NON
ATTENDING�FEMALES�

!� TOTAL� OF�����OF�ATTENDING� FEMALES�PRESENTED�EMPTY� STOMACHS�AND�MEAN� STO

MACH� CONTENT� VOLUME�WAS� SMALLER� COMPARED� TO� NON
ATTENDING� FEMALES�� WHICH�MAY�
ALSO� DECREASE� BODY� CONDITION� AND� AFFECT� FUTURE� REPRODUCTION�� AS� MENTIONED� ABOVE��
(IGH�PROPORTIONS�OF�EMPTY�STOMACHS�IN�CAREGIVERS�AND�DIFFERENCES�IN�DIET�COMPOSITION�
BETWEEN�GUARDING�AND�NON
GUARDING�PARENTS�WERE�ALSO�REPORTED�FOR�OTHER�FROG�SPECIES�
�3IMON�������4OWNSEND�����	��,EPTODACTYLUS�PODICIPINUS�IS�CONSIDERED�A�SIT
AND
WAIT�
GENERALIST� PREDATOR� AND� ITS� DIET� IS�MAINLY� COMPOSED�OF� ARTHROPODS� �2ODRIGUES� ET� AL��

� *�&��#UESTAS�#ARRILLO�ET�AL�



����	��7E�FOUND�THAT�COLEOPTERANS�WERE�THE�MAIN�PREY�ITEM�IN�THE�STOMACHS�OF�NON
�
ATTENDING� FEMALES�� FOLLOWED� BY� DIPTERANS� AND� HEMIPTERANS�� SIMILAR� RESULTS� FOUND� IN�
OTHER�STUDIES�FOR�,��PODICIPINUS��E�G��2ODRIGUES�ET�AL��������#ERON�ET�AL������	��/N�THE�
OTHER�HAND��ATTENDING�FEMALES|�STOMACH�CONTENT�WAS�MORE�DIVERSE��WITH�MORE�HEMI

PTERANS�� FOLLOWED� BY� COLEOPTERANS� AND� SPIDERS�� !LTHOUGH� WE� DID� NOT� EVALUATE� PREY�
AVAILABILITY�� ATTENDING� AND� NON
ATTENDING� FEMALES� WERE� COLLECTED� IN� THE� SAME� STUDY�
SITE�AND�PERIOD�OF�THE�YEAR��THUS�WE�DO�BELIEVE�THAT�DIFFERENCES�IN�STOMACH�CONTENT�MAY�
BE� RELATED� TO� DIFFERENTIAL� USE� OF� MICROHABITAT� DURING� PARENTAL� CARE�� !DULTS� OF�
,�� PODICIPINUS� FORAGE� ON� THE� FLOOR� AT� THE� MARGINS� OF� WATER� BODIES�� ALLOWING� THE�
ENCOUNTER�OF�PREY�SUCH�AS�COLEOPTERANS� �2ODRIGUES�ET�AL������	�� )N�CONTRAST�� FEMALES�
PERFORMING� PARENTAL� CARE� REMAIN� MOST� OF� THE� TIME� IN� SHALLOW� WATER� CLOSE� TO� THE�
TADPOLES��-ARTINS�������0RADO�ET�AL��������2ODRIGUES�ET�AL������	��3IMILARLY��ATTENDING�
FEMALES� OF� ,EPTODACTYLUS� INSULARUM� SHOWED� DIFFERENCES� IN� SPATIAL� OCCUPATION� COM

PARED�TO�MALES�AND�NON
ATTENDING�FEMALES��(URME�����	��4HIS�CHANGE�IN�MICROHABITAT�
DUE�TO�PARENTAL�CARE��4OWNSEND�������2ODRIGUES�ET�AL������	�MAY�EXPLAIN�DIFFERENCES�
IN�STOMACH�CONTENT�AND�THE�HIGHER�FREQUENCY�OF�AQUATIC�HEMIPTERANS�IN�THE�STOMACHS�
OF�ATTENDING�FEMALES�IN�OUR�STUDY�

4HE� DIET� OF� GENERALIST� ANURAN� SPECIES� VARIES� ACCORDING� TO� SEASONAL� CHANGES� IN�
ARTHROPOD�DENSITIES�AND�AVAILABILITY� �4OFT�������,IEBERMAN���$OCK�����	�� AND�DIETS�
FOLLOW� THE� NATURAL� FLUCTUATIONS� OF� PREY� ABUNDANCE� �7HITFIELD� �� $ONNELLY� ����	��
(OWEVER�� THE�HIGH� FREQUENCY�OF� INGESTION�OF�!RANEAE�BY� ATTENDING� FEMALES�MAY�NOT�
REFLECT�OPPORTUNISM�OR�PREY�AVAILABILITY��3PIDERS�ARE�RECOGNIZED�AS�OPPORTUNISTIC�TAD

POLE� PREDATORS� �-ENIN� ET� AL�� ����	�� AND� ATTENDING� FEMALES� OF� ,�� PODICIPINUS� AND�
,��NATALENSIS�HAVE�BEEN�REPORTED�PREYING�ON�INSECTS�AND�SPIDERS��SPECIFICALLY�ON�SPIDERS�
APPROACHING�TO�PREY�UPON�THEIR�EGGS�AND�TADPOLES��-ARTINS�������3ANTOS���!MORIM�
����	��4HEREFORE��THE�INGESTION�OF�SPIDERS�BY�ATTENDING�FEMALES�OF�,��PODICIPINUS�MAY�
BE�THE�RESULT�OF�ACTIVE�OFFSPRING�PROTECTION�SEPARATED�FROM�FORAGING�PER�SE�

)N�ANURANS��EGG�ATTENDANCE�IS�THE�MOST�COMMON�FORM�OF�PARENTAL�CARE��OCCURRING�IN�
����OUT�OF����FROG�FAMILIES��&ROST�����	��AGAINST�����WHERE�TADPOLE�GUARDING�OCCURS��
EXCLUDING�CASES�OF�TADPOLE�TRANSPORT�AND�FEEDING��SENSU�3CHULTE�ET�AL������	��(OWEVER��IN�
CONTRAST�TO�SOME�,EPTODACTYLUS�SPECIES��WITH�PROTECTION�AND�GUIDANCE�OF�TADPOLE�SCHOOLS�
IN�OPEN�AQUATIC�HABITATS� �E�G��7ELLS���"ARD�������(OFFMANN�������3ANTOS���!MORIM�
������2ODRIGUES�ET�AL������	��MOVEMENTS�ARE�LIMITED�IN�MOST�SPECIES�WITH�TADPOLE�CARE�
BECAUSE�ATTENDANCE�OCCURS�IN�BURROWS�OR�PHYTOTELMA��SEE�7ELLS�����	��2ECENT�STUDIES�
POINT�OUT�THAT�THE�EVOLUTION�OF�EGG�CARE�IN�AMPHIBIANS�REQUIRES�ONLY�THAT�PARENTS�REMAIN�
AT� THE� OVIPOSITION� SITE� AT� A� PRESUMABLY� LOW� COST� AND� THAT� IT� DRIVES� THE� EVOLUTION� OF�
PARENTING�AT�LATER�STAGES��E�G��TADPOLES��JUVENILES	��WHICH�MAY�EVOLVE�DEPENDING�ON�THE�
ECOLOGICAL�OPPORTUNITIES�AND�SPECIES|�LIFE
HISTORY�TRAITS��&URNESS���#APELLINI�������6·GI�
ET� AL�� ����	�� &OR� INSTANCE�� THE� EVOLUTION� OF� TADPOLE� ATTENDANCE� REQUIRES� THAT� TADPOLES�
REMAIN�RESTRICTED�IN�SPACE��E�G��UNDERGROUND�NESTS��PHYTOTELMA	�OR�FORM�DENSE�SCHOOLS�
�7ELLS� ������ &URNESS� �� #APELLINI� ����	�� )N� THIS� REGARD�� TADPOLE� SCHOOLING� MAY� HAVE�
FAVOURED�PARENTAL�CARE�EVOLUTION�IN�SPECIES�OF�,EPTODACTYLUS�OF�THE�,��MELANONOTUS�AND�
,��LATRANS�GROUPS��DE�3·�ET�AL������	��BECAUSE�IT�ALLOWS�SOME�FORAGING�BY�THE�CAREGIVER�
WHILE�PROVIDING�PROTECTION�AND�CARE��&URNESS���#APELLINI�������THIS�STUDY	�

#OSTS� AND� BENEFITS� OF� CARE�� LIFE
HISTORY� TRAITS�� AND� ECOLOGICAL�� ENVIRONMENTAL� AND�
EVOLUTIONARY�DYNAMICS�ARE�SUGGESTED� TO�AFFECT� THE�EVOLUTION�OF�PARENTAL�CARE� �SEE�+LUG�
ET� AL�� ����	�� 0ARENTAL� CARE�WILL� BE� FAVOURED�WHEN� THE� FITNESS� BENEFITS� TO� THE� CAREGIVER�
OVERCOME� THE� COSTS� IMPOSED� BY� THE� CARE� �E�G�� DECREASED� PARENT� SURVIVAL� AND�OR� FUTURE�
REPRODUCTION	��+LUG�ET�AL������	��/FFSPRING�SURVIVAL�IS�THE�MAIN�BENEFIT�FOR�THE�PARENTS�AND�
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STUDIES�ON�DIFFERENT�FROG�FAMILIES�HAVE�SHOWN�HIGH�OFFSPRING�SURVIVAL�RATES�WHEN�PARENTS�
PROVIDE� CARE� �E�G�� 3IMON� ������ "URROWES� ������ "ICKFORD� ������ 0OO���"ICKFORD� ������
6ALENCIA
!GUILAR� ET� AL�� ����B	�� (OWEVER�� INTENSITY� OF� PARENTAL� CARE� INCURS� IN� COSTS� TO�
CAREGIVERS�� SUCH� AS� DECREASE� IN� BODY� CONDITION�� FOOD� INTAKE�� REDUCED�MATING� OPPORTU

NITIES�� AND� ADULT� SURVIVAL�� ULTIMATELY� AFFECTING� LIFETIME� REPRODUCTIVE� SUCCESS� OF� PARENTS�
�E�G��3IMON�������4OWNSEND�������0RÈHL���(ÈDL�������$UGAS�ET�AL������	��7E�FOUND�THAT�
FEMALES�OF�,��PODICIPINUS�SHOWED�DECREASE�IN�BODY�MASS�AND�FOOD�INTAKE�DURING�TADPOLE�
ATTENDANCE��WHICH�HAVE� THE�POTENTIAL� TO�NEGATIVELY� IMPACT� FUTURE� REPRODUCTION��&UTURE�
LONG
TERM�STUDIES�SHOULD�EVALUATE�THE�EFFECT�OF�MATERNAL�CARE�ON�TADPOLE�SURVIVAL�RATES�AND�
INVESTIGATE�POSSIBLE�FECUNDITY��SURVIVAL��AND�MATING�COSTS�FOR�ATTENDING�FEMALES��4HE�EXACT�
EXTENT�AND�NATURE�OF�PARENTAL�COSTS�REMAIN�TO�BE�MEASURED�IN�MANY�FROG�LINEAGES��THUS�THE�
STUDY�OF�THE�COSTS�AND�BENEFITS�OF�PARENTING�IN�DIFFERENT�TAXA��WITH�DIFFERENT�TYPES�OF�CARE��IS�
IMPERATIVE�TO�TEST�HYPOTHESES�AND�ADVANCE�OUR�KNOWLEDGE�ON�THE�EVOLUTION�OF�PARENTAL�
CARE�IN�THIS�HIGHLY�DIVERSE�GROUP��3CHULTE�ET�AL��������6ALENCIA
!GUILAR�ET�AL������A	�

!#+./7,%$'%-%.43

7E�ARE�GRATEFUL� TO�!��3ABOGAL� FOR�HELP�WITH�DATA�ANALYSES�AND�$��'RAY� FOR� THE�%NGLISH�
REVIEW� AND� VALUABLE� SUGGESTIONS��7E� ALSO� THANK� THE� 3ECRETARIA� DE� ,ABORATÆRIOS� DE� 0ESQUISA�
E�)NOVA�¼O��3%,!"�$)0%1�02/00��5NIVERSIDADE�&EDERAL�DE�-ATO�'ROSSO�DO�3UL��FOR�ALLOWING�
THE�USE�OF�THE�"ASE�DE�%STUDOS�DO�0ANTANAL�RESEARCH�STATION��,ISA�3CHULTE�AND�AN�ANONYMOUS�
REVIEWER�PROVIDED�VALUABLE�CRITICISMS�AND�SUGGESTIONS�THAT�GREATLY�IMPROVED�OUR�WORK�

$)3#,/352%�34!4%-%.4

.O�POTENTIAL�CONFLICT�OF�INTEREST�WAS�REPORTED�BY�THE�AUTHORS�

&5.$).'

4HIS� WORK� WAS� SUPPORTED� BY� THE� #ONSELHO� .ACIONAL� DE� $ESENVOLVIMENTO� #IENTÁFICO�
E� 4ECNOLÆGICO� �#.0Q	�� WHICH� CONCEDED� A� GRADUATE� SCHOLARSHIP� TO� *�&�� #UESTAS� #ARRILLO� ���
�����������
�	� AND� A� RESEARCH� FELLOWSHIP� TO� $�*�� 3ANTANA� ������������
�	�� AND� BY� THE� 3¼O�
0AULO� 2ESEARCH� &OUNDATION� �&UNDA�¼O� DE� !MPARO� º� 0ESQUISA� DO� %STADO� DE� 3¼O� 0AULO� 
�
&!0%30	��*0������������
�	�THAT�CONCEDED�A�GRANT�TO�#�0�!��0RADO�

%4()#!,�34!.$!2$

!NIMALS�WERE�COLLECTED�UNDER�LICENCE���������
���3)3")/	�APPROVED�BY�THE�"RAZILIAN�ENVIR

ONMENTAL�AGENCY�)#-"IO��4HE�STUDY�WAS�CONDUCTED�ACCORDING�TO�THE�"RAZILIAN�LAWS�AND�APPROVED�
BY�THE�!NIMAL�5SE�%THICAL�#OMMITTEE��#%5!�5.%30�*ABOTICABAL	�UNDER�LICENCE�������������
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*�&��#UESTAS�#ARRILLO� AND�#�0�!��0RADO�DESIGNED� THE� RESEARCH�QUESTIONS�AND� *�&��#UESTAS�
#ARRILLO�COLLECTED��ANALYSED� THE�DATA�AND�DRAFTED� THE�MANUSCRIPT��$�*��3ANTANA�HELPED�WITH� THE�
STATISTICAL�ANALYSES�AND�ALL�AUTHORS�SUBSTANTIALLY�EDITED�AND�IMPROVED�THE�MANUSCRIPT�
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