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CHAPTER 1 

Investigating How Ecology and Demography Influence Folivore Primate Biomass: 

Project Introduction and Background  

 

 

1.1 Introduction 
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67>%'56?45%"5/%":4A51&#',"67:32%7A67?"5/6'">4&645617"67"1&8%&"51"),"@%55%&"278%&'5478"/1;"

/4@6545"%A131?9"4::%A5'"5/%"8%7'659"1:"B%;"C1&38":136>1&12'"0&6<45%'"478"D,"A1<04&%"

;/%5/%&"B%;"C1&38":136>1&%'"4&%"36<65%8"@9"5/%"'4<%":4A51&'"4'"E38"C1&38"54F4"#$%&%'("

)**+,-""

" G5"6'";%33"81A2<%75%8"5/45"5/%"8%?&%%"1:"/27567?"0&%''2&%"0&1:127839"4::%A5'"

<4<<43647"@61<4''"67"4"?6>%7"/4@6545"#%-?-("$%&%'(")**+("DHHH,("478"/1;3%&"<17=%9'"4&%"

71"%FA%05617"51"5/6'-"$%&%'"#)**+,"'/1;%8"5/45"/1;3%&"<17=%9"0102345617'"'2@I%A5%8"51"

>4&967?"8%?&%%'"1:"/4&>%'5"675%7'659"1AA2&&%8"45"'6?76:6A47539"31;%&"8%7'656%'"478"@61<4''"

5/47"5/1'%";/6A/"/48"7%>%&"@%%7"'2@I%A5"51"/27567?("1&"71"317?%&"/275%8":1&"<1&%"5/47"

:6:5%%7"9%4&'-"C/63%"/27567?"0&%''2&%";4'":1278"51"@%"4"?118"6786A451&"1:"/1;3%&"<17=%9"

0102345617"8%7'659("5/6'";4'"<1'5"%>68%75"67"0&%'2<4@39"/6?/"J243659"/4@6545'"'2A/"4'"

8%A68212'("345%K'2AA%''61743(":311803467"478"?433%&9":1&%'5'("478"/48":4&"3%''"0&%86A56>%"

01;%&":1&"%>%&?&%%7":1&%'5'";/6A/"/12'%8"L675&67'6A4339"31;"/1;3%&"<17=%9"8%7'656%'"

%>%7"67"5/%"A1<03%5%"4@'%7A%"1:"/27567?M"#$%&%'(")**+,-""N2&5/%&<1&%("$%&%'"#)**+,"

'/1;%8"5/45"/27567?"0&%''2&%"4317%"1739"4AA1275%8":1&"17%KJ24&5%&"1:"5/%">4&645617"

%F/6@65%8"67"/1;3%&"<17=%9"8%7'656%'"478"@61<4''"4A&1''"5;%759K5/&%%"O<4P17647"'65%'-"

" G7"36?/5"1:"5/%'%"&%'235'("$%&%'"#)**+,"01675%8"51"5/%"7%A%''659"1:"A17'68%&67?"5/%"

%::%A5'"1:"'65%K'0%A6:6A"6786A451&'"1:"/4@6545"J243659("67"48865617"51"/27567?"0&%''2&%("51"

%F03467"5/%">4&645617"67"/1;3%&"<17=%9"0102345617"8%7'659"5/&12?/125"5/%"O<4P17647"

&%?617-"O"34&?%K'A43%"?%1?&40/6A"A1<04&6'17"%F4<6767?"@15/"5/%"%::%A5'"1:"/27567?"

0&%''2&%"478"'%>%&43"6786&%A5"6786A451&'"1:"/4@6545"J243659"17"5/%"4@27847A%"1:"/1;3%&"
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#$%&'()")*$+',"-*.-/"$%0'",122'3'%0')"1%"*4%-1%5"63'))43'"+'3'"0$%-3$77',"2$3/"#$)-"$2"

-*'"8.31.-1$%"1%"*$+7'3"#$%&'(",'%)1-1')"+.)"'967.1%',":("1%,13'0-"#'.)43')"$2"*.:1-.-"

;4.71-(/")6'01210.77("2$3')-")-340-43'/")'.)$%.71-(/".%,"5'$#$36*10"0$33'7.-')"$2")$17"

2'3-171-("<='3')/">??@AB"C,,1-1$%.77(/"-*'")1%57'":')-"63',10-$3"$2"Alouatta",'%)1-1')"1%"

'8'353''%"2$3')-)"$2"0'%-3.7"7$+7.%,"C#.D$%1."+.)"2$4%,"-$":'"-*'",1)-.%0'"-$"#.E$3"

+*1-'F+.-'3"318'3)/"+*10*"0$F8.31')"+1-*"2$3')-"*'-'3$5'%'1-(".%,")$17"2'3-171-("<='3')/"

>??@G"H.45..)'%".%,"='3')/"IJJ!AB"C#.D$%1.%"+*1-'F+.-'3"318'3)"$3151%.-'"1%"-*'"($4%5"

.77481.7")$17)"$2"-*'"C%,')"K$4%-.1%)".%,".3'"7.,'%"+1-*"%4-31'%-F310*")',1#'%-)B"L$17)"1%"

-*'"2$3')-)".,E.0'%-"-$"+*1-'F+.-'3")$430')".3'".%%4.77("27$$,',".%,"-*4)"0$%)1)-'%-7("

3'67'%1)*',"+1-*"%4-31'%-)"<='3')/">??@AB"H15*'3")$17"2'3-171-(/"1%"-*'"2$3#"$2"*15*'3"7'8'7)"

$2"631#.3(".%,")'0$%,.3("#.03$%4-31'%-)/"0.%"1%"-43%"1%274'%0'"-*'".:4%,.%0'/";4.71-(/"

*'-'3$5'%'1-(".%,".))$01.-',"6*'%$7$510.7"6.--'3%)"$2"-*'"3')$430')"-*.-"53$+"46$%"-*'#"

<M.%D'%/">?@!G"='3')/">??@G"H.45..)'%".%,"='3')/"IJJ!AB""

" H$+'8'3/"-*'".))$01.-1$%"$2"*$+7'3"#$%&'(",'%)1-("+1-*"27$$,',"2$3')-"

'0$)()-'#)"#.("%$-"*$7,"-34'"1%".77"6.3-)"$2"-*'"C#.D$%B"L438'()"0$%,40-',":("N+.%.5."

.%,"O'33.31"<IJJIA"1%"27$$,',".%,"4%27$$,',"3'51$%)"-*3$45*$4-"-*'"P3.D171.%")-.-'"$2"

Q$%,R%1."1%")$4-*+')-'3%"C#.D$%1./"2$3"'9.#67'/"2$4%,"-*.-"*$+7'3)"+'3'"$%7("63')'%-"

.-"$%'F-*13,"$2"-*'"-*13-(F)19")1-')")438'(',".%,"+'3'".:)'%-"23$#"#$)-"$2"-*'"27$$,67.1%)"

.,E.0'%-"-$"+*1-'F+.-'3"318'3)B"O43-*'3#$3'/"1%".3'.)"+*'3'"*$+7'3"#$%&'()"+'3'"

63')'%-/"-*'("+'3'"3'6$3-',"-$":'"3'7.-18'7("3.3'/"')6'01.77("1%"0$#6.31)$%"+1-*")(#6.-310"

.-'71,)"<Ateles".%,"LagothrixA"<N+.%.5.".%,"O'33.31/"IJJIAB""

" S*4)/"+*17'"1-"1)"07'.3"-*.-"*.:1-.-"'0$7$5("53'.-7("1%274'%0')"-*'",'%)1-("$2"

Alouatta"1%"-*'"T'$-3$610)/"-*'"'9.0-"2.0-$3)".22'0-1%5",122'3'%0')"1%"-*'13".:4%,.%0'"1%"
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#$%%&'&()"'&*$+(,"+%"-./0+($/",)$11"'&./$(",+.&23/)"4('&,+15&#6""-##$)$+(/1178".+,)"+%"

)3&"9+.:/'/)$5&"&9+1+*7",)4#$&,"+("3+21&'".+(;&7,"3/5&"9+''&1/)&#":+:41/)$+("#&(,$)7"

2$)3"$(#$'&9)".&/,4'&,"+%"3/<$)/)"=4/1$)7"$(,)&/#"+%"#$'&9)17",/.:1$(*"/(#"9+.:/'$(*")3&"

&9+1+*$9/1"5/'$/<1&,"<&)2&&(",$)&,6">3/)"$,"(+2"(&&#&#"$,"/("&%%+')")+")&/,&"/:/')")3&"

%+11+2$(*"91+,&17"'&1/)&#"5/'$/<1&,8"/(#"#$'&9)17"9+.:/'&")3&."<&)2&&(",$)&,8"$("+'#&'")+"

#&)&'.$(&"23/)"&?&'),")3&"*'&/)&,)"$(%14&(9&"+("/"*$5&("%+1$5+'+4,":'$./)&":+:41/)$+(6"

" -"<'$&%",4../'7"+%")3&",$?"./@+'"/,:&9),"+%"&9+1+*7":+)&()$/117"$(%14&(9$(*"

%+1$5+'&"#&(,$)78"/(#")3&"&%%&9),"+%"&/938"$,"*$5&("<&1+2A"

(1) Hunting: B3&"/.+4()"+%"34()$(*"23$93"+994',"$("/("/'&/"9/("/%%&9)":'$./)&"

:+:41/)$+(,6"C+'"$(,)/(9&8"$)"$,";(+2(")3/)"34()&',")/'*&)"1/'*&D<+#$&#":'$./)&",:&9$&,"

:'&%&'&()$/117"/(#")3$,"3/,"<&&(":'+:+,&#"/,"/"./@+'"#&)&'.$(/()"%+'")3&"5/'$/)$+("$("

Alouatta #&(,$)7"EF&'&,8"GHHI8"GHHHJ6 

(2) Soil fertility: K+$1"%&')$1$)7"'&%&',")+")3&"1&5&1"+%"./9'+(4)'$&(),"E$(914#$(*"

L$)'+*&(8"F3+,:3+'4,8"F+)/,,$4.8"K+#$4.8"M/19$4.8"/(#"N/*(&,$4.J8"/,"2&11"/,")3&":O8"

/(#"91/7"/(#",/(#"9+()&()"%+4(#"$(",+$16"B3&"9+.:+,$)$+("+%",+$1"3/,"<&&(",4**&,)&#")+"

$(%14&(9&"%+1$5+'+4,":'$./)&,"23&'&<7"3/<$)/),"3$*3&'"$(",+$1"%&')$1$)7"/1,+",4::+')"/"

3$*3&'"<$+./,,"+%"%+1$5+'+4,")/?/"EN9P&78"GHIQJ6"B3$,"$,"</,&#"+(")3&"$#&/")3/)"(4)'$&(),"

9+()/$(&#"2$)3$(")3&",+$1"9/("<&")'/(,%&''&#")+")3&":1/(),")3/)"*'+2"+(")3&.8":'+5$#$(*"/"

.+'&":'+#49)$5&",4<,)'/)&6"B3&'&%+'&",+$1,"3$*3&'"$("%&')$1$)7"./7"<&"/<1&")+":'+#49&"<+)3"

*'&/)&'"=4/1$)7"/(#"=4/()$)7"+%"%++#8"&(/<1$(*"/"3/<$)/)")+",4::+')"/"3$*3&'"<$+./,,"+%"

%+1$5+'+4,":'$./)&,6" 

(3) Habitat heterogeneity: O/<$)/)"3&)&'+*&(&$)7"#&,9'$<&,")3&".+,/$9",)'49)4'&"+%"/"
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#$%&'("'$)*+,'(-%".',/&0(/"12"%3("+4,')-%)0"$*/".32-)0$4".',.('%)(-",+")%-"5(6(%$%),*"$*/"

%3("5$'),&-"-%$6(-",+"'(6(*('$%),*"78,&'4)('(9":;<=>?"8$-)0$4429"%3("#,'("3(%(',6(*(,&-"$"

3$1)%$%9"%3("#,'("*)03(-"#$2"1("$5$)4$14("7@4($64(9":;;;>?"AB,"0,#.,*(*%-",+"3$1)%$%"

3(%(',6(*()%2"3$5("1((*"-&66(-%(/"%,"$++(0%".')#$%(".,.&4$%),*"/(*-)%)(-"C".4$*%"-.(0)(-"

/)5('-)%2"$*/"+,'(-%"-%'&0%&'(?"D4$*%"-.(0)(-"/)5('-)%2"'(+('-"%,"%3("*&#1('",+".4$*%"-.(0)(-"

)*"$"3$1)%$%?"E"3)63"/)5('-)%2")-"4)F(42"%,")*0'($-("%3("5$')(%2",+"+,,/"%2.(-"$5$)4$14("$%"$*2"

,*("%)#("$*/"#$2")*0'($-(".')#$%("+,4)5,'("/(*-)%2"7G$%(-"(%"$4?9":;;H>?"@,'(-%"-%'&0%&'("

/(-0')1(-"%3(".32-)0$4"-%'&0%&'(",+"%3("+,'(-%"$*/"3,B"%3)-"0$*")*+4&(*0("%3("-)I(9"*$%&'(9"

$*/",')(*%$%),*",+".,-)%),*$4"-&..,'%-"78,&'4)('(9":;<=>?"A3("-%'&0%&'(",+"$"+,'(-%"$4-,"

/(%('#)*(-"%3("/(6'((",+"(J.,-&'("%,"/)'(0%"-&*4)63%",+"-&10$*,.2"%'((-"$*/"5)*(-9"$*/"

%3&-"%3(".,%(*%)$4",+"'$.)/"6',B%3",+"%(*/('"+,4)$6("7K$*I3,'*9":;;=>? E"3)63"-%'&0%&'$4"

/)5('-)%2"0$*"%3('(+,'(")*0'($-("%3("$#,&*%",+"%'$5(4".$%3B$2-"$*/"-4((.)*6"-)%(-")*"$"

3$1)%$%9"$-"B(44"$-".,%(*%)$442")*0'($-("*(B"4($+".',/&0%),*9"B3)03"0,&4/")*0'($-("%3("

0$''2)*6"0$.$0)%2"$*/".')#$%("1),#$--")*"$"6)5(*"3$1)%$%"7K$*I3,'*9":;;L>?""

(4) Phenology: D3(*,4,62"#$2"1("/)5)/(/")*%,".',/&0%)5)%2"$*/"-($-,*$4)%2?"

D',/&0%)5)%2")-"-)#.42"%3(",5('$44"$1&*/$*0(",+"+,,/"'(-,&'0(-")*"$"3$1)%$%9"$*/"$*"

$1-,4&%("3)63('"$1&*/$*0(",+"+,,/"#$2"-&..,'%"$"3)63('"0$''2)*6"0$.$0)%2?"G*"%3(",%3('"

3$*/9"-($-,*$4)%2"'(+('-"%,"5$')$%),*")*"'(-,&'0("$5$)4$1)4)%2",5('"$*"$**&$4"0204(?"M(--"

-($-,*$4"3$1)%$%-"0$*"1("/(-0')1(/"$-"3$5)*6"4(--"5$')$%),*")*"+,,/"'(-,&'0(-",5('"$*"

$**&$4"0204("$*/".,--)142"4($/"%,"$"3)63('".')#$%("1),#$--"7N).4(29":;!;O"K&.%$"$*/"

P3)5('-9":;;;>?"Q$1)%$%-"B)%3"$-2*03',*,&-"+,,/".',/&0%),*"#$2"3$5("3)63"R&$4)%2"

+$441$0F"+,,/-9"-&03"$-"2,&*6"4($5(-9"1()*6".',/&0(/"/&')*6"%3(-("4($*".('),/-"$*/"

.,--)142"'(-&4%)*6")*"3)63('".')#$%("1),#$--?"S3)4("'(0(*%"(5)/(*0("-&66(-%-"%3$%"
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#$%&'()%*+,-*)%").".(/*-*%0",%1"23,.*%0"*#"%)-"4(3#3%-",-"5)#-"63)-()4*&,2"#*-3#"783$5,%%9"

:;;<=9"*%1*>*1/,2",(3,#"5,$"#-*22"?3",..3&-31"?$"-'*#".,&-)(@"A%"&)%-(,#-9"-'3"?*)5,##")."

.)2*>)()/#"235/(#"7B,%+')(%9"<CC:D"B,%+')(%"3-",2@9"<CCC=9",#"E322",#"Alouatta 7F3(3#9"

<CCG=9"',#"?33%"(34)(-31"-)"*%&(3,#3"E*-'"*%&(3,#*%0"#3,#)%,2*-$@"H%3"3I42,%,-*)%".)("-'*#"

*#"-',-"?3&,/#3"0(3,-3("#3,#)%,2*-$"1*(3&-2$"(32,-3#"-)"-'3"4()1/&-*)%")."$)/%0".)2*,039",%1"

-'/#","5)(3"13&*1/)/#",%1"#')(-3("23,."2*.3"#4,%9"*-"&,%"*%"-/(%"*%.2/3%&3"(3#)/(&3"J/,2*-$"

?3&,/#3"42,%-#"E*22"?3"*%>3#-*%0"23##"*%"&'35*&,2"13.3%#3#!7K)23$"L"M,()%3-"<CCND"O,%#)%"

L"K',45,%"<CCCD"M()&P5,%",%1">,%"Q&',*P9":;;R=@"8)E3>3(9"*%"(30*)%#"-',-"1)"%)-"

',>3","4()%)/%&31")("4()2)%031"1($"43(*)19"#/&'",#"-'3"2)E2,%1"S5,+)%*,%"(30*)%"*%"

T,#-3(%"T&/,1)("E'3(3",%%/,2"(,*%.,22"*#"UV9:;;"55",%1"%)"5)%-'"(3&3*>3#"23##"-',%"<;;"

55")."(,*%"7F*-5,%9":;;;D"W*"X*)(3",%1"Y)15,%9":;;<=9"23##"#3,#)%,2"',?*-,-#"#')/21"?3"

5)(3"?3%3.*&*,2"-)"4(*5,-3"4)4/2,-*)%#@"""

(5) Density of food resources: Z'3"%/5?3(").".))1"-(33#"*%","0*>3%",(3,"&,%",..3&-"

4(*5,-3"4)4/2,-*)%#"E'3(3?$",%"*%&(3,#3"*%"-'3")>3(,22"13%#*-$").".))1"(3#)/(&3#9",%1"*%"

-/(%"-'3")>3(,22",?/%1,%&3").".))19"&,%"*%&(3,#3"-'3"&,(($*%0"&,4,&*-$").","',?*-,-",%1"

4)##*?2$"*%&(3,#3"4(*5,-3"?*)5,##"7Q,123*(9"<CNCD"Y)15,%9"<CG!=@ 

(6) Leaf quality: X)2*>)()/#"4(*5,-3#"&,%"?3"*%.2/3%&31"?$"-'3"%/-(*3%-9"5*%3(,29")("

1*03#-*?*2*-$").".)2*,03"7.)(","(3>*3E"#33"O,%#)%",%1"K',45,%9"<CCC=@"[3,."J/,2*-$"5,$"

,2#)"?3"1*>*131"*%-)"-'(33"&)54)%3%-#9"E'*&'"*%1343%13%-2$")("-)03-'3("5,$",..3&-"

13%#*-$"\"1*03#-*?*2*-$9"5*%3(,2"23>32#9",%1"4()-3*%\-)\.*?3("(,-*)@"W*03#-*?*2*-$")."23,>3#"

&,%"(3.3("3*-'3("-)"-'3"23>32")."#3&)%1,($"&)54)/%1#"7K)23$",%1"M,()%39"<CCN=")("-)".*?3("

&)%-3%-"7]*2-)%9"<C!;=@"])(3"-',%"<:9;;;"42,%-"#3&)%1,($"53-,?)2*-3#",(3"P%)E%"-)"?3"

*%>)2>31"E*-'"42,%-\,%*5,2"*%-3(,&-*)%#"7[,5?3(-9"<CC!=",%1"-'3$",(3"-$4*&,22$"1*>*131"
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#$%&"%'&"()&*+",*%-.&)#-/0"12"+#.-/%#&$"#$3#(#%&)/"'3#,3"#$%-)4-)-"'#%3"%3-"-44#,#-$,5"'#%3"

'3#,3"*$"*$#6*7"&(%*#$/"$8%)#-$%/"*$+"92"%&:#$/"'3#,3"*)-"3*)6487"%&"%3-"*$#6*7"(-,*8/-"

%3-5"#$%-)4-)-"'#%3"$&)6*7";35/#&7&.5"<=*%-)6*$"*$+">&&7?"1!!@2A"B$-"&4"%3-"6&/%"'-77C

/%8+#-+".)&8;"&4"+#.-/%#&$"#$3#(#%&)/"*)-"%3-";&75;3-$&7#,",&6;&8$+/"D$&'$"*/"%*$$#$/A"

E*$$#$/"(#$+"%&"%3-";)&%-#$"#$";7*$%/"*$+"%38/"#$3#(#%"%3-"+#.-/%#&$"*$+"8;%*D-"&4";)&%-#$"

4)&6";7*$%"6*%-)#*7"<=*%-)6*$"*$+">&&7?"1!!@2A"F-G-)*7"/%8+#-/"3*G-"/3&'$"%3-";)-/-$,-"

&4",&$+-$/-+"%*$$#$/"#$";7*$%"6*%-)#*7"#/"$-.*%#G-75")-7*%-+"%&";)#6*%-"4--+#$."<-A.A?"

=)*$.3*6"*$+"=*%-)6*$?"1!H12A"=3#7-"*77"4&&+/",&$%*#$"/&6-";3-$&7#,",&6;&8$+/?"

/&6-"4&&+/"3*G-"*"68,3"3#.3-)",&$%-$%"%3*$"&%3-)/A"=3-$"*$"&).*$#/6",*$$&%";)&,-//"

&8%"%3-";3-$&7#,",&6;&8$+/"*/"4*/%"*/"%3-5",&$/86-"%3-6?";3-$&7/",*$"/%*)%"(*,D#$."8;"

#$"%3-"/5/%-6"*$+"*",8687*%#G-"-44-,%"&4"#$,)-*/#$."7-G-7/",*$",*8/-"*"65)#*+"&4"$-.*%#G-"

)-*,%#&$/?"#$"-//-$,-"*,%#$."*/"*"%&:#$"%&"%3-"(&+5"<I)5*$%"-%"*7A"1!!92A""

" " J#.-/%#(#7#%5",*$"*7/&"(-"*44-,%-+"(5"(87D"4&&+/?"/8,3"*/"7-*G-/"%3*%"*)-"3#.3"#$"

4#(-)?"(-,*8/-"%3-5")-K8#)-"*"7&$.-)"*6&8$%"&4"%#6-"%&"4-)6-$%"*$+"+#.-/%"#$"&)+-)"%&"

6*:#6#L-"%3-"*(/&);%#&$"&4"$8%)#%#&$*7",&$%-$%"<=*%-)6*$"*$+">&&7?"1!!@2A""M%"3*/"(--$"

/8..-/%-+"%3*%"3*(#%*%/"%3*%"3*G-"*"3#.3-)"+#.-/%#(#7#%5"&4"7-*G-/",*$"*77&'"4&)"*"3#.3-)"

*6&8$%"&4"4&&+";-)"8$#%"%#6-"%&"(-",&$/86-+"<N#76&)-"*$+"O&&D?"1!H12A"M$"*++#%#&$"

;)&%-#$"3*/"(--$",&$/#+-)-+"*"6*P&)"7#6#%#$."4*,%&)"#$"%3-"-G&78%#&$"&4";)#6*%-?"*$+"

*$#6*7?"-G&78%#&$"*$+"7#4-"3#/%&)5"%)*#%/"<-A.A?"=3#%-?"1!!Q2A"R&&+/"'#%3"%3-",&6(#$-+"

,3*)*,%-)#/%#,/"&4"3#.3-)";)&%-#$"*$+"7&'-)"4#(-)")-;)-/-$%"#%-6/"%3*%"*)-"(&%3"3#.3-)"

K8*7#%5"*$+"6&)-"-44#,#-$%75"+#.-/%-+A"E3-"*(#7#%5"%&",&$/86-"*$+"+#.-/%"6&)-"4&&+"'#%3"

3#.3-)";)&%-#$"6*5"/3&)%-$"#$%-)C(#)%3"#$%-)G*7/"<3-$,-?"#$,)-*/-"(#)%3")*%-/2"*$+";&//#(75"

7-*+"%&"3#.3-)";)#6*%-"(#&6*//A""
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# # $%&#'&()*+#(),-)*&*./#,0*&123#3&4&3/#+&'(105&'#.%&#2,)6*.#)7#8%)'-%)16'/#

8).2''06,/#9)+06,/#:23(06,/#2*+#;2<*&'06,#0*#3&24&'=#>*+040+623'#?%)#21&#*).#30,0.&+#

5@#,0*&123#+&70(0&*(0&'#,2@#%24&#0,-1)4&+#)4&1233#%&23.%/#3&2+0*<#.)#%0<%&1#'6140425030.@#

2*+#'%)1.&1#0*.&1A501.%#0*.&1423'#?%0(%#()63+#1&'63.#0*#2#%0<%&1#-10,2.&#50),2''#BC03,)1&#

2*+#:))D/#!EF!G#H2.&'#&.#23=/#!EE"I=#J0*233@/#2#%0<%#-1).&0*A.)A705&1#12.0)#B0=&=/#2#%0<%#

2,)6*.#)7#-1).&0*#1&32.04&#.)#705&1I#,2@#0*(1&2'&#)4&1233#%&23.%/#3&2+0*<#.)#%0<%&1#

'6140425030.@#2*+#2*#0*(1&2'&#0*#7&,23&#501.%#12.&#+6&#.)#'%)1.&1#0*.&1A501.%#0*.&1423'#

BC03,)1&#2*+#:))D/#!EF!G#;03.)*/#!EF"I=#

#

K()3)<0(23#>*736&*(&'#)*#L&,)<12-%0(#82..&1*'#

# M250.2.#&()3)<@#*).#)*3@#277&(.'#-)-632.0)*#+&*'0.@/#56.#23')#.%&#+&,)<12-%0(#

-2..&1*'#)7#.%&#-)-632.0)*'=#J)1#&N2,-3&/#0*(1&2'0*<#5).%#7))+#2420325030.@#2*+#7))+#

O6230.@#(2*#-1)40+&#2#+0&.#%0<%&1#0*#-1).&0*/#2*+#5&..&1#*6.10.0)*#,2@#0*736&*(&#'6(%#

2'-&(.'#2'#'%)1.&1#0*.&1A501.%#0*.&1423'#2*+#%0<%&1#)4&1233#1&-1)+6(.04&#)6.-6.#B92+30&1/#

!EPEG#Q)1+&#2*+#9-6%3&1/#!ERSI=#$%6'#+&,)<12-%@#,2@#5&#40&?&+#2'#2#-1)N@#7)1#7&1.030.@#

2*+#'61404)1'%0-/#.%&#.?)#,20*#(),-)*&*.'#.%2.#()*.1056.&#.)#-)-632.0)*#+&*'0.@#BC).&330/#

!EEFI=#>*#)1+&1#.)#6*+&1'.2*+#%)?#(%2*<&'#0*#+&*'0.@#210'&#2'#2#1&'63.#)7#.%0'#42102.0)*#0*#

+&,)<12-%@#2*+#?%0(%#72(.)1'#277&(.#+&*'0.@/#0.#0'#*&(&''21@#.)#&N2,0*&#5).%#.%&#

,&(%2*0','#.%2.#0*736&*(&#(%2*<&'#0*#-)-632.0)*#+&*'0.@#2*+#.%&#&()3)<@#)7#2#%250.2.=#

9),&#)7#.%&#.1&*+'#0*#+&,)<12-%@#2.#%0<%#4&1'6'#3)?#-)-632.0)*#+&*'0.@#)5'&14&+#7)1#

).%&1#-10,2.&#-)-632.0)*'#21&T#!I#$%&#24&12<&#*6,5&1#)7#,23&'#-&1#<1)6-#0'#higher#

B:1)(D&../#!EEPI/#UI#$%&#24&12<&#*6,5&1#)7#2+63.#7&,23&#%)?3&1#,)*D&@#-&1#<1)6-#0'#
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higher #$%&'()**+"!,,-.+"/0*"1&)2"not exceed four"#$%&'()**+"!,,-3"$%&'()**"451"6452&5+"

78883"9&%:;'<")*"4=>+"788!.+"?."@<)"4A)%4B)"B%&0C"2;D)";2"larger"#$%&'()**+"!,,-."451"E."

@<)"%4*;&"&F";5F45*2"451"G0A)5;=)2"*&"410=*"F)H4=)2";2"higher+"#I41=;)%+"!,-,3"6&%1)"451"

IC0<=)%+"!,JE.>"K*";2"C&22;/=)"*<4*"F4'*&%2"20'<"42"2)L"/;42)1"1;2C)%24="H4M";5F=0)5')"*<)2)"

C4**)%52>"N&%")L4HC=)+"H4=)"/;42)1"1;2C)%24=+":<;'<";2"*<)"H&2*"'&HH&5"C4**)%5":;*<;5"

$)%'&C;*<)';14)"#O4:2&5"9451=)M"451"P)%%;5+"788J.+"H4M";5'%)42)"*<)"50H/)%"&F"

F)H4=)2"/0*"5&*"H4=)2"C)%"B%&0C>"N0%*<)%H&%)+";F"1;2C)%24="1;2*45')";2"%)=4*;A)=M"B%)4*";5"

*<;2"2')54%;&"451Q&%"*<)"H4=)2"/)'&H)"2&=;*4%M"*<)M"H4M")LC)%;)5')"<;B<)%"H&%*4=;*M"

#)>B>+"10)"*&"C%)14*;&5.":<;'<"'&0=1"C&*)5*;4==M"1)'%)42)"*<)"C)%')5*4B)"&F"H4=)2";5"*<)"

C&C0=4*;&5"42":)==>""

" K*";2"C&22;/=)+"<&:)A)%+"*<4*"1;FF)%)5*")'&=&B;'4="A4%;4/=)2"'&0=1"C%&10')"*<)"24H)"

&/2)%A4/=)"1)H&B%4C<;'"C4**)%52";5"4"C&C0=4*;&5>"@<)%)F&%)"F&'02;5B"&5")'&=&BM"451"

1)H&B%4C<M"4=&5)"H4M"5&*"C%&A;1)")5&0B<";5F&%H4*;&5"*&"F0==M"1;2*;5B0;2<"/)*:))5"

:<;'<"F4'*&%#2."C=4M"*<)"=4%B)2*"%&=)";5"4FF)'*;5B"1;FF)%)5')2";5"F&=;A&%)"1)52;*M>"R5)":4M"

*&"411%)22"*<)2)";220)2";2"*&"=&&("4*"*<)"/)<4A;&%"&F"C%;H4*)2+":<;'<";2"4FF)'*)1"/M"/&*<"*<)"

)'&=&BM"&F"4"<4/;*4*"42":)=="42"*<)"1)52;*M"451"1)H&B%4C<M"&F"4"C&C0=4*;&5>""

"

K5*)%%)=4*;&52<;C2"&F"S'&=&BM+"T)H&B%4C<M"451"U)<4A;&%"

" U)<4A;&%4="C%)1;'*;&52"4/&0*"<&:"C%;H4*)2"2<&0=1"%)2C&51"*&"1;FF)%)5')2";5"

%)2&0%')"4A4;=4/;=;*M"'45"/)"1)%;A)1"F%&H");*<)%"4"*<)&%)*;'4="C)%2C)'*;A)+"20'<"42"RC*;H4="

N&%4B;5B"@<)&%M"#V4'W%*<0%"451"P;45(4+"!,--3"$<4%5&A+"!,J,3"90H)+"!,X,.+"&%"F%&H"

)HC;%;'4="14*4";5"*<)"=;*)%4*0%)";51;'4*;5B"*<4*"1;FF)%)5')2";5"*<)"4'*;A;*M"/01B)*2"&F"
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$%&'(%)%*+#,)'-./0+#'1#)0+,%1+0#/%#(.)'./'%1#'1#$%%2#.(.'&.3'&'/4#506768#2.#9'&(.8#!::";#

<.+='17#0/#.&68#">>?;#@%)+/A01+#.12#B*13.)8#">>?C6#D4#'1/07)./'17#/=0#0E%&%7'E.&8#

20-%7).,='E#.12#30=.('%).&#'1$%)-./'%18#.#10F#,0)+,0E/'(0#%1#=%F#/%#/0.+0#.,.)/#F='E=#

E&%+0&4#)0&./02#3'%&%7'E.&#$.E/%)+#.)0#'1$&*01E'17#201+'/4#-.4#30#7.'1026#G10#F.4#/%#2%#

/='+#'+#/%#0-,&%4#.#-*&/'(.)'./0#.,,)%.E=#F='E=#/0+/+#-*&/',&0#0E%&%7'E.&#$.E/%)+#/=./#E.1#

30#2'+/'17*'+=02#34#=%F#/=04#F%*&2#.$$0E/#/=0#30=.('%)#%$#$%&'(%)%*+#,)'-./0+6#

9,0E'$'E.&&48#0.E=#$.E/%)#F%*&2#30#.EE%-,.1'02#34#.#+0/#%$#-*/*.&&4#0HE&*+'(0#a priori#

,)02'E/'%1+#)07.)2'17#=%F#0.E=#+=%*&28#.&&#%/=0)#.+,0E/+#)0-.'1'17#0I*.&8#.$$0E/#/=0#

30=.('%)#%$#$%&'(%)%*+#,)'-./0+#'1#.)0.+#%$#high versus low population density6#J='+#

01.3&0+#.#E%-,.)'+%1#%$#F='E=#0E%&%7'E.&#(.)'.3&05+C#30+/#,)02'E/#/=0#%3+0)(02#,.//0)1+#%$#

Alouatta#30=.('%)#./#/=0#='7=#201+'/4#+'/08#.12#/=*+#'201/'$4#/=%+0#.+,0E/+#%$#$%)0+/#

0E%&%74#F='E=#.)0#'1$&*01E'17#,%,*&./'%1#201+'/46#J='+#+/*24#F'&&#0H.-'10#/=0#

)0&./'%1+=',+#30/F001#0E%&%748#20-%7).,=4#.12#30=.('%)#'1#%)20)#/%#.22)0++#/=0#I*0+/'%1#

%$#F='E=#$.E/%)+#.$$0E/#K0%/)%,'E.&#$%&'(%)0#201+'/4#'1#/F%#,%,*&./'%1+#%$#=%F&0)#

-%1L04+#5Alouatta seniculusC#/=./#.)0#70%7).,='E.&&4#E&%+08#3*/#%EE*)#'1#2'$$0)01/#$%)0+/#

/4,0+#.12#./#2'$$0)01/#201+'/'0+6##

#

1.2 Specific Aims 

 J='+#+/*24#=.+#/=)00#-.'1#7%.&+6#J=0#$')+/#'+#/%#0(.&*./0#F=0/=0)#,)02'E/02#

2'$$0)01E0+#'1#0E%&%74#%EE*)#./#/=0#+'/0#F'/=#='7=#=%F&0)#-%1L04#201+'/46##D.+02#%1#/=0#

0E%&%7'E.&#(.)'.3&0+#,)0('%*+#)0+0.)E=#=.+#+*770+/02#.$$0E/#$%&'(%)0#,)'-./0#201+'/48#0'7=/#

0E%&%7'E.&#$.E/%)+#F0)0#'201/'$'02#5'6068##/=0#+'H#(.)'.3&0+#,)0+01/02#'1#+0E/'%1#!6!#.12#/F%#
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$%%&'&()$*#+$,'(-.#'/$'#,(01&)2#'/2#2++2,'.#(+#3*$)'#45$*&'6#$)%#3*$)'#%2).&'67##$)%#8&**#12#

29$*5$'2%#$)%#,(03$-2%#12'822)#'/2#'8(#.'5%6#.&'2.#:;$1*2#!7<#;/2#.2,()%#=($*#&.#'(#

&%2)'&+6#8/2'/2-#/&=/#3(35*$'&()#%2).&'6#8$.#*&)>2%#'(#'/2#+(**(8&)=#,/$)=2.#&)#

%20(=-$3/6#'/$'#/$92#122)#(1.2-92%#&)#('/2-#3-&0$'2#3(35*$'&().?#!7#;/2#$92-$=2#

)5012-#(+#0$*2.#32-#=-(53#&.#/&=/2-@#A7#;/2#$92-$=2#)5012-#(+#$%5*'#+20$*2#/(8*2-#

0()>26#32-#=-(53#&.#/&=/2-@#15'#%(2.#)('#2B,22%#+(5-@#"7#;/2#$92-$=2#=-(53#.&C2#&.#/&=/2-#

$)%#D7#;/2#-$'&(#(+#&)+$)'.#$)%#E592)&*2.#'(#$%5*'#+20$*2.#&.#/&=/2-<#;/2#'/&-%#=($*#&.#'(#

2B$0&)2#8/&,/#2,(*(=&,$*#9$-&$1*2:.7#/$92#12.'#3-2%&,'2%#'/2#(1.2-92%#3$''2-).#(+#

Alouatta#12/$9&(-#$'#'/2#/&=/#%2).&'6#.&'2#&)#(-%2-#'(#&%2)'&+6#8/&,/#$.32,'.#(+#+(-2.'#

2,(*(=6#$-2#&)+*52),&)=#/(8*2-#0()>26#%2).&'&2.#&)#F$.5)G#H$'&()$*#I$->@#J,5$%(-<#;/2#

12/$9&(-$*#3-2%&,'&().#+(-#2$,/#(+#'/2#2,(*(=&,$*#/63('/2.2.#$-2#.500$-&C2%#&)#;$1*2#!#

$)%#'/2#.32,&+&,#-$'&()$*2.#12/&)%#2$,/#(+#'/20#$-2#=&92)#12*(8?#

Behavioral Predictions for the categories of (1) percentage of time spent resting, (2) 

percentage of time spent feeding, (3) percentage of time spent moving, (4) between 

patch movement and (5) the number of trees fed upon per day are given for the 

eight ecological variables based on how each should, all aspects remaining equal, 

affect howler monkeys in a high versus a low density area: 

(H1) Lower Hunting:#;/2#12/$9&(-#(+#/(8*2-#0()>26.#$'#$#/&=/#92-.5.#$#*(8#%2).&'6#

3(35*$'&()#&.#2B32,'2%#'(#12#'/2#.$02@#2B,23'#+(-#'/2#,$'2=(-6#(+#32-,2)'$=2#(+#'&02#.32)'#

0(9&)=<#K(8*2-#0()>26.#$-2#3-2%&,'2%#'(#.32)%#$#/&=/2-#32-,2)'$=2#(+#'&02#0(9&)=#&+#

'/26#$-2#2B3(.2%#'(#$#*(82-#*292*#(+#/5)'&)=<#;/&.#&.#12,$5.2#3-&0$'2.#$-2#>)(8)#'(#$%(3'#

$#,-63'&,#0(9202)'#3$''2-)#&)#$-2$.#8/2-2#'/26#$-2#:(-#/$92#-2,2)'*6#122)7#/5)'2%#&)#

(-%2-#'(#$9(&%#%2'2,'&()#16#/5)'2-.#:L$).()@#!MMAN#O2-16@#32-.()$*#(1.2-9$'&()7<#;/5.#
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$%&$'$&()*+#+,-(*&#+./%&#0-1/#2$0/#0-'$%3#$4#2,/5#&-#%-2#,)'/#2-#6-%2/%&#7$2,#,(%2$%3#

)'-$&)%6/8####  

(H2) High Soil Fertility/Habitat Heterogeneity: 9$3,/1#+-$*#4/12$*$25#)%&#)#0-1/#

,/2/1-3/%/-(+#,):$2)2#)1/#$%&$+2$%3($+,):*/#$%#2,/$1#.1/&$62$-%+#4-1#2,/+/#.)12$6(*)1#

:/,)'$-1)*#6)2/3-1$/+#)%&#)1/#2,/1/4-1/#6-%+$&/1/&#2-3/2,/1#,/1/8#;-2,#')1$):*/+<#7$2,#)**#

-2,/1#)+./62+#-4#/6-*-35#1/0)$%$%3#/=()*<#)1/#.1/&$62/&#2-#,)'/#)#+$0$*)1#/44/62#-%#2,/#

:/,)'$-1#-4#,-7*/1#0-%>/5+#$%#)#,$3,#'/1+(+#)#*-7#&/%+$25#.-.(*)2$-%8#?2#$+#.1/&$62/&#2,)2#

2,/#./16/%2)3/#-4#2$0/#+./%2#1/+2$%3<#4//&$%3<#0-'$%3<#)%&#2,/#:/27//%#.)26,#&$+2)%6/#

7$**#:/#2,/#+)0/#:/27//%#+$2/+8#

(H3) Less Phenological Seasonality:  @*2,-(3,#:-2,#)#*-7/1#)+#7/**#)+#)#,$3,/1#&/31//#

-4#+/)+-%)*$25#,)'/#://%#+(33/+2/&#2-#$%61/)+/#.1$0)2/#.-.(*)2$-%#&/%+$25<#*/++#

+/)+-%)*$25#$+#/A./62/&#2-#:/#-4#31/)2/1#$0.-12)%6/#$%#1/3$-%+#7,/1/#.1/6$.$2)2$-%#$+#

1/*)2$'/*5#,$3,/1#2,1-(3,-(2#2,/#5/)1#)%&#)+#+(6,#2,/1/#)1/#%-#.1-%-(%6/&#&15#+/)+-%+8#

B,/#+2(&5#+$2/+#$%#C)+2/1%#C6()&-1#)1/#6,)1)62/1$D/&#:5#+(6,#)#.)22/1%#EF$20)%<#GHHHI#J$#

K$-1/#)%&#L-&0)%<#GHH!M8#N/++#+/)+-%)*#,):$2)2+#+,-(*&#,)'/#)#0-1/#)+5%6,1-%-(+#

.)22/1%#-4#4--&#.1-&(62$-%<#)%&#2,(+#)#,$3,/1#)')$*):$*$25#-4#4--&#2,1-(3,-(2#2,/#5/)1<#

7,$6,#+(..-12+#)#,$3,/1#Alouatta#&/%+$258#N/++#+/)+-%)*$25#$+#/A./62/&#2-#,)'/#2,/#+)0/#

/44/62#-%#:/,)'$-1#$%#:-2,#)#,$3,#'/1+(+#)#*-7#&/%+$25#.-.(*)2$-%<#7$2,#2,/#/A6/.2$-%#-4#)#

*-7/1#:/27//%#.)26,#0-'/0/%28#B,$+#$+#:)+/&#-%#2,/#)++(0.2$-%#2,)2#,$3,/1#4--&#

)')$*):$*$25#+,-(*&#)**-7#4-1#.1$0)2/+#2-#21)'/*#+,-12/1#&$+2)%6/+#:/27//%#.)26,/+#$%#-1&/1#

2-#*-6)2/#4--&#)2#)%5#3$'/%#2$0/#E/838<#O,)1%-'<#!PQPM8B,/#./16/%2)3/#-4#2$0/#+./%2#

1/+2$%3<#4//&$%3#)%&##0-'$%3#)1/#.1/&$62/&#2-#:/#2,/#+)0/#:/27//%#2,/#+$2/+8##
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(H4) Higher Phenological Productivity: $#%&'%()#*+(),--#.)*/012&*3#*4#4**/#2%)*0'%*02#

2%(#5(,)#&6#.)(/&12(/#2*#(3,7-(#%*8-()#9*3:(56#2*#6.(3/#,#-*8()#.()1(32,'(#*4#2&9(#

9*+&3';#*)#4*),'&3'; &3#*)/()#2*#-*1,2(#)(6*0)1(6#2%)*0'%*02#2%(&)#%,7&2,2#<(='=;#

>,1$)2%0)#,3/#?&,3:,;#!@AAB=#

(H5) Resource Quality (lower level of phenolic content): ?%(3*-&16;#601%#,6#2,33&36;#

1,3#,12#,6#/&'(62&*3#&3%&7&2*)6#,3/#%,+(#7((3#6%*83#2*#)(/01(#4((/&3'#2&9(#<C),3'%,9#

,3/#C,2()9,3;#!@D!B=#E(,+(6#1*32,&3&3'#,#-*8()#.%(3*-&1#1*32(32#6%*0-/#,--*8#%*8-()#

9*3:(56#2*#6.(3/#,#-*8()#.()1(32,'(#*4#2&9(#)(62&3'#,3/#,#')(,2()#.()1(32,'(#*4#2&9(#

4((/&3'=#F%(#.()1(32,'(#*4#2&9(#6.(32#9*+&3'#,3/#2%(#7(28((3#.,21%#/&62,31(#,)(#3*2#

.)(/&12(/#2*#/&44()#7(28((3#,#%&'%#+()606#,#-*8#.*.0-,2&*3#/(36&25=#

(H6) Resource Quality (a higher ratio of protein-to-fiber in leaves): F%(#4*),'&3'#

62),2('5#*4#%*8-()#9*3:(56#6%*0-/#7(#2*#6(-(12#4**/#*4#,#)(-,2&+(-5#%&'%#G0,-&25;#2*#

9&3&9&H(#2%(#1*626#*4#.)*10)&3'#601%#4**/6#,3/#'(3(),--5#2*#1*36()+(#(3()'5#<>&-2*3;#

!@DIB=#E(,+(6#2%,2#%,+(#,#%&'%()#),2&*#*4#.)*2(&3J2*J4&7()#(3,7-(#%*8-()6#2*#,1G0&)(#,#

')(,2()#302)&2&*3,-#,9*032#.()#4((/&3'#7*02#,3/#2%06#2%(5#6%*0-/#6.(3/#,#')(,2()#

.()1(32,'(#*4#2&9(#4((/&3'#,6#8(--#,6#%,+(#,#-*3'()#.()&*/#*4#2&9(#2*#)(62=#

(H7) Resource Density (higher density of resources lower in phenolic content): F%(#
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fiber in leaves): F%(#1*97&3(/#(44(12#*4#%,+&3'#)(6*0)1(6#%&'%()#&3#.)*2(&3J2*J4&7()#,3/#,#
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1.5 Tables 

TABLE 1: Ecological variables examined and compared between the two study sites, along 

with their corresponding predictions of the patterns expected to occur at the high 

population density site.  

 

Ecological variable 

 

Predictions for the ecological context 

expected to occur at the high density 

howler monkey site   

 

References 

(1) Hunting Lower#$%&'(&)## *+)+,#-*.*/,#0112,#0111#

(2) Soil fertility/ Forest 

heterogeneity 

Higher#$*'*.3)*&*('4#5&6#higher#/3(7#8*.'(7('4## 93(7#8*.'(7('4:####

;<=*4,#012>?#-*.*/,#

0112?#@5%))*/*&#5&6#

-*.*/,#!AAB#

C3.*/'#$*'*.3)*&*('4:##

C7*5)7*,#0111?#

D3%.7(*.*,#01>B?#E5'*/#

*'#57+,#011A?#F5&G$3.&,#

011"#

(3) Phenological seasonality Less H$*&373)(<57#/*5/3&57('4# I(H7*4,#0121?#

J*.K3.)$,#01>L?#F%H'5#

5&6#M$(N*./,#0111#

(4) Phenological productivity  Higher H$*&373)(<57#H.36%<'(N('4# 9567*(.,#01L1?#

M$5HO5&#5&6#

M$5HO5&,#0111#

(5) Resource quality: 

Phenolic level 

Lower##7*N*7#38#H$*&37(</#(&#7*5N*/# M37*4#5&6#D5.3&*,#

011L#

(6) Resource quality:     

Ratio of protein-to-fiber 

Higher .5'(3#38#H.3'*(&P'3P8(K*.#(&#7*5N*/# ;(7'3&,#01>A?#

M$5HO5&#*'#57+,#!AA!,#

!AAQ#

(7) Resource density: 

Phenolic content 

Higher#6*&/('4#38#H75&'/#73R#(&#H$*&37(</# M$5HO5&#*'#57+,#!AA!,#

!AAQ#

(8) Resource density:     

Ratio of protein-to-fiber 

Higher#6*&/('4#38#H75&'/#R('$#$()$#.5'(3/#38#

H.3'*(&P'3P8(K*.#(&#7*5N*/#

M$5HO5&#*'#57+,#!AA!,#

!AAQ#
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TABLE 2: Summary of ecological variables and their corresponding behavioral predictions. 

Predictions were made based on how each variable should, all aspects remaining equal, 

affect howler monkeys in a high versus a low density area.  

 Behavioral Predictions 

 

Ecological 

Hypotheses 

 

 

% Time 

spent resting 

 

% Time 

spent 

feeding 

 

% Time 

spent 

moving 

 

Between 

patch 

movement 

 

# of trees fed 

upon per day

 

H1 

Hunting: 

lower 

#

Predicted: 

same 

 

 

Predicted: 

same 

 

 

Predicted: 

higher  

 

 

Predicted: 

same  

 

 

N/A 

H2 

Soil 

fertility/habitat 

heterogeneity: 

higher 

Predicted: 

same 

 

 

 

Predicted: 

same 

 

 

Predicted: 

same  

 

 

Predicted: 

same  

 

 

N/A 

H3 

Phenological 

seasonality: 

less 

Predicted: 

same 

 

 

Predicted: 

same 

 

 

Predicted: 

same  

 

 

Predicted: 

lower  

 

 

N/A 

H4  

Phenological 

productivity: 

higher#

N/A N/A Predicted: 

higher 

 

 

Predicted: 

same  

 

 

N/A 

H5 

Resource quality:  

phenolic content 

in leaves 

lower 

Predicted: 

lower 

 

 

 

Predicted: 

higher 

 

 

 

Predicted: 

same  

 

 

 

Predicted: 

same 

 

 

 

N/A 

H6 

Resource 

quality: 

protein-to-fiber 

ratio in leaves 

higher 

Predicted: 

higher 

 

 

 

Predicted: 

higher 

 

 

 

 

N/A N/A N/A 

H7 

Resource density:  

low phenolic 

content in leaves 

higher 

Predicted: 

lower 

 

 

 

Predicted: 

higher 

 

 

 

Predicted: 

lower 

 

 

#

Predicted: 

lower 

 

 

N/A 

H8 

Resource density:  

high protein-to-

fiber ratio in 

leaves 

higher 

Predicted: 

higher 

 

 

 

Predicted: 

higher 

 

 

 

Predicted: 

lower 

 

 

 

Predicted: 

lower 

 

 

 

Predicted: 

higher 

 

 

 

#
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CHAPTER 2 

Primate Population Density at Two Sites in Amazonian Ecuador: Possible Impacts 

of Subsistence Hunting 

 

 

2.1 Abstract 

 This chapter presents the first systematic data on primate population density in 

two different regions in Yasuní National Park, Western Amazon. The study sites are 

located close together (~36 km apart) and are characterized by the same primate 

community; however the level of hunting pressure differs between regions (no hunting 

versus some hunting). The prediction is tested that larger-bodied species should be 

relatively less abundant when hunted than smaller-bodied species. Population density 

data from this study are then combined with existing data on the annual harvest rates for 

primate species in the region where hunting occurs. When the hunted site is compared to 

the non-hunted site the results support the prediction by indicating that 1) the majority of 

species occur at slightly lower densities, 2) the large bodied taxa occur at significantly 

lower densities compared to that of small and medium size taxa and, 3) the average group 

size is significantly larger. However, when all taxa are compared, there is not a 

significant relationship between the comparative density ratio in the hunted versus the 

non-hunted region and the annual harvest rates. These data are discussed in the context of 

human population density and indigenous hunting practices in YNP as well as the 

biological factors influencing primate species’ vulnerability for local depletion and the 

possible conservation implications these issues may have for the region.   
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2.2 Introduction 

 Hunting of mammalian communities by humans is widespread throughout the 

tropics. It varies in intensity and context, ranging from subsistence to game or market 

hunting (Peres, 2000). It has been shown that while habitat destruction has the greatest 

negative impact on rainforest wildlife, hunting remains the greatest single threat to 

tropical biodiversity in the forests that are still standing (Redford, 1992; Alvard, 1997). 

Recently, both anthropologists and applied ecologists have focused their attention on the 

influence that hunting is having on tropical mammal populations and how this in turn 

impacts entire forest ecosystems (Robinson and Bennett, 1999; Peres, 2000; for recent 

review see Biotropica Special Section, 2007). One example is the influence that 

preferential hunting of large-bodied primate species (e.g., Peres, 1997, 1999) has on seed 

dispersal, a key process in forest maintenance (Howe and Smallwood, 1982; Cain et al., 

2000; Schupp et al., 2001; Wenny, 2001; Corlett, 2002). Detailed studies of primates and 

fruiting trees have shown they are involved in very complex interactions and it has been 

suggested that the removal of primates through hunting may decrease and/or eliminate 

important seed dispersers, severely limiting the ability of forest regeneration (Corlett, 

1998; Bohning-Gaese et al., 1999; Knogge and Heymann, 2003; Lambert and Chapman, 

2005; Link and Di Fiore, 2006; Moura and McConkey, 2007).  

 Today subsistence hunting in particular affects vast tracts of tropical wilderness in 

South America (Peres, 1997, 2000; Carrillo et al., 2000), and probably has to some extent 

for at least the last 12,000 years, since indigenous peoples first colonized the neotropics 

(Roosevelt et al., 1996). Historically, subsistence hunting was thought to occur within the 

construct of an inherent ecological balance that existed between human hunter-gathers 
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and wildlife, and certainly at one time this might have been true. More recently, however, 

the concept of sustainable harvests of tropical wildlife by forest-dwelling people has been 

the focus of much discussion and debate by both conservation and development 

professionals (Mena et al., 2000).  

 A central issue is the rapid cultural change forest-dwelling people are undergoing 

that often occurs within a very short time period. Two well documented examples of this 

rapid transformation that have occurred in indigenous Amazonian populations during the 

last several decades are 1) the transition from using traditional weapons to hunting with 

guns (e.g., shotguns and rifles) and 2) the pronounced shift from a nomadic to a 

permanently settled lifestyle (Leeuwenberg and Robinson, 2005; Mena et al., 2005; 

Franzen, 2006). One direct outcome of this shift in settlement pattern has been increased 

human colonization both nearby and within forests, a pattern shown to lead to prolonged 

hunting pressure and forest clearing and to result in significant negative effects on the 

abundance and the diversity of mammalian assemblages (Leeuwenberg and Robinson, 

2000; Lopes and Ferrari, 2000; Mena et al., 2000; Franzen, 2006). Indeed there is grave 

concern that the combination of more centralized and growing subsistence human 

populations, more efficient hunting technology, and an increasing market for bush meat is 

driving many neotropical species to local extinction (Mittermeier and Cheney, 1987; 

Peres, 1990; Avard et al., 1997). Yasuní National Park and Biosphere Reserve (YNP), 

Eastern Ecuador, provides an example and a test case for this scenario. 

 YNP is a 900,000 km
2
 area in Eastern Ecuador that conserves one of the larger 

contiguous tracts of western Amazonian rainforest. The region is characterized by 

extreme faunal and floral biodiversity; examples include the highest documented 
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herptofauna diversity in all of South America (105 amphibian & 83 reptile species), the 

highest known biodiversity of insects in the world (> 100,000 species of insects/ha), one 

of the most diverse avian sites in the world (housing 44% of all Amazonian bird species), 

and over 1,576 plant species (Koester, 2001; Nabe-Nielson, 2001; Scientists Concerned 

for Yasuní Technical Advisory Report, 2004 unpublished data). YNP is also home to 173 

mammals including 10 primate species, two of which appear as Vulnerable on the IUCN 

Red List (Ateles belzebuth: Rylands and Mittermeier, 2003; Lagothrix poeppigii: Rylands 

et al., 2003).  

 During the last decade in Ecuador, YNP has experienced an increase in human 

colonization by indigenous ethnic groups (Scientists Concerned for Yasuní, unpublished 

data; F. Koester, personal communication). The influx of human habitation is largely due 

to the construction of a road built in the early 1990’s by the oil company Maxus Energy 

Corporation, attracting people from other areas who establish permanent settlements 

along it because of the ease of mobility it provides (Franzen, 2006). Rural development, 

and roads in particular, provide greater access to areas of the forest that otherwise would 

not have been accessible to hunters (Peres and Terborgh, 1995; Wilkie et al., 2000). 

Recent data suggests this is occurring within YNP and that the Maxus road has led to 

increased subsistence hunting, threatening the local depletion of large bodied primates in 

areas of persistent hunting (Franzen, 2006).  

  Residing within the reserve are two indigenous groups, the Quichua and the 

Waorani, who occupy mutually exclusive areas. In 1990, the Ecuadorian government 

granted 6,100 km
2
 to the Waorani, designated as the Waorani Ethnic Reserve (Lu, 1999). 

The last published estimates suggested between 1,500 and 2,000 Waorani lived in this 
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region (Lu, 2001), but the extent to which the population has increased in the last 6 years 

has not been closely documented.  

  The Waorani are subsistence hunters who traditionally used weapons such as 

blowguns for hunting arboreal prey and spears for terrestrial prey (Mena et al., 2000). 

One recent study, however, revealed that they have also become involved in market 

hunting on a limited scale, and that nearly all hunters in the communities located in the 

region this study took place now use guns (Franzen, 2005, 2006). In fact, only 12% of the 

weapons hunters use today are traditional (e.g., blowgun, spear, barbasco, sticks, nets, 

and hands) while the remaining 88% consist of rifles, shotguns, dynamite, hook and line, 

and dogs (Franzen, 2005, 2006). A striking element to this transition is that it occurred in 

less than three decades (Mena et al., 2000). 

  Despite these changes, there has not been any published systematic long-term data 

on primate, or other mammal, densities in YNP. Hence, even though there has been an 

influx of human colonization, increased subsistence hunting, and a shift in hunting style, 

the effects on primates have been largely undocumented (but see Franzen, 2006). As a 

first step in understanding the effects of hunting on the primate community, it seems vital 

to assess the abundance and diversity of the primate community within this region. This 

study evaluates the primate community population density in two regions of YNP, one 

where low levels of hunting occur and one where hunting has not been reported to occur 

in order to 1) establish base-line population density data for YNP and 2) assess what 

possible effect hunting may be having on the primate communities. Specifically, based on 

existing data from regions where hunting occurs (e.g., Peres, 1990, Robinson and 
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Redford, 1991), the prediction is tested that larger-bodied species should be relatively 

less abundant when hunted than smaller-bodied species.  

 

2. 3 Methods 

Study Area 

 Research took place from February-December 2005 in the Yasuní National Park 

and Biosphere Reserve, a primary neotropical rainforest located south of the Rio Napo in 

the Amazon region of Ecuador (Koester, 2001). This region has been designated as an 

UNESCO Man and the Biosphere reserve due to its extremely high species diversity (Di 

Fiore, 1997). At least ten species of non-human primates occur within the region, 

including three genera of large-bodied atelids (Ateles belzebuth, Lagothrix poeppigii, and 

Alouatta seniculus), making it one of the few areas in South America where significant 

populations of these closely related taxa can be found sympatrically (Di Fiore, 1997). The 

region is moist tropical forest composed of approximately 80% terra firme forest and 

smaller areas of riparian forest and swamp (Pitman et al., 2001). The elevation ranges 

from 190-350 m and there is no distinct dry season. Mean annual rainfall is ca. 3,200 

mm, and, although rainfall is variable throughout the year, all months typically receive 

more than 100 mm (Di Fiore and Rodman, 2001). Mean annual temperature is 26˚C and 

is relatively constant throughout the year (Di Fiore, 1997, 2003; Di Fiore and Rodman, 

2001). Until recently, much of the park remained pristine, but human subsistence 

practices and resource extraction have altered portions of the reserve (Di Fiore, 1997), 

including a road built by the Maxus Ecuador Corporation, which now stretches over 100 

km inside YNP (Franzen, 2006).  
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Study Sites  

 The study was conducted at two sites within YNP. The first location is the 

Proyecto Primates Research Area (PPRA) that was established in the mid-nineties (Di 

Fiore, 1997, 2001; Dew, 2001; Suarez, 2003; Spehar, 2006). The PPRA site is 

approximately 650 ha in size and is characterized by primary, non-flooded terra firme 

forest with a road that borders the area on two sides. Due to regular researcher presence 

and a long-standing agreement with two nearby Waorani communities, this site has 

experienced low levels of hunting over the last decade compared to that of the 

surrounding area (A. Di Fiore, personal communication). This low level of hunting has 

mainly occurred during periods of researcher absence. Therefore, the results for this study 

site represent a conservative estimate of the effect of hunting on the primate community 

at YNP.  

  The second site, bordering the Tiputini River near the Tiputini Biodiversity 

Station (TBS), is also a roughly 650 ha area and consists of a mix of terra firme and 

seasonally flooded habitat. It is located further from the Waorani communities and thus 

far hunting has not been reported at TBS. The PPRA and TBS study sites are located 

approximately 36 km apart from each other (Figure 1) and both are contiguous with large 

tracts of unfragmented tropical rainforest. It can therefore be assumed that the primate 

populations at the two sites are potentially part of larger populations.  
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Density Estimates 

 Two types of surveys were conducted: 1) distributional surveys to determine the 

presence or absence of primate species at the two study sites and 2) line transect surveys 

to quantify densities of primate groups. Only diurnal surveys were conducted. Hence, 

although at least 10 primate species occur within YNP, the nocturnal owl monkey (Aotus 

vericifons) was not considered in this study. Thus, the following nine primate species 

were expected to occur during surveys: woolly monkeys (Lagothrix poeppigii), spider 

monkeys (Ateles belzebuth), howler monkeys (Alouatta seniculus), white-fronted 

capuchins (Cebus albifrons), dusky titi monkeys (Callicebus discolor), saki monkeys 

(Pithecia spp.), squirrel monkeys (Saimiri sciureus), golden mantled tamarins (Saguinus 

tripartitus) and pygmy marmosets (Cebuella pygmaea). 

  Distributional surveys were conducted at both sites on a weekly basis throughout 

the study period. As part of a larger project investigating howler monkey density, surveys 

were done with the intent to search and conduct a complete count of howler groups in the 

study sites. During these surveys, however, all primate encounters were recorded to 

augment information obtained from the line transect surveys in order to gain a more 

comprehensive knowledge of primate group density and composition. One to three days 

per week were spent surveying each site, and data on the species, location, time of 

contact, activity, and group size and composition were recorded each time primates were 

encountered.   

  Population density for each species was estimated using standard line transect 

sampling following methods outlined by the National Resource Council (1981) and Peres 

(1999). During October 2004, 4 km and 3 km transects were established at the PPRA and 
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TBS study sites, respectively, and data were collected 2-3 days per month from February 

until December 2005. Transects were walked at a mean velocity of 1 km per hour, 

between 0600 and 1400 hours, and for each primate sighting the following data were 

recorded: contact start/stop time, transect location, observer-to-animal distance, 

perpendicular distance, angle from the transect to first animal observed, species, group 

size, group spread, activity and mode of detection. Groups were defined as all adult and 

immature members visible during a 10 minute contact duration (following Peres, 1999). 

However, the associated social and ranging patterns of species that live in large groups 

(e.g., Saimiri), have large group spreads (e.g., Lagothrix), or have fission-fusion social 

organizations (e.g., Ateles) rarely allowed for a complete group count during a single 

contact (Peres, 1993, 1997). For example, Lagothrix is characterized as a socially 

cohesive but spatially dispersed species (Di Fiore, 1997), with group spreads ranging 

more than 100m (Di Fiore, 1997; this study, unpublished data). The average group size 

for this species more accurately reflects group “pods”, or groups of potentially socially 

interacting individuals (Di Fiore, 1997).  In a situation where Lagothrix pods are 

separated by 50-100m from each other (the approximate maximum distance along the 

transect one could detect large-bodied primates either by site or sound) and by more than 

10 minutes of contact duration (the cut-off time for individual contacts), it would 

technically be considered two contacts and two groups, instead of one contact with one 

group. Thus, to avoid overestimating the densities of species in large groups, a correction 

factor was applied based on group spread for every independent sighting that was clearly 

a continuation of the group from the previous contact (judged by the distance between 
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pods and time duration between contacts: see above) (Peres, 1999; Janson and Terborgh, 

1980).  

  Density estimates were calculated separately for each species by assessing the 

effective transect width (w) based on the maximum reliability sighting distance for that 

taxon evaluated over the entire set of transect walks (observer-to-animal distance: 

National Resource Council, 1981, Janson and Terborgh unpublished cited in NRC, 1981). 

This distance was estimated by examining histograms of total sightings for each species. 

The transect width was assumed to be the first distance interval at which the number of 

detected groups or individuals dropped to two-thirds or less than that of the preceding 

distance interval (i.e., “fall of distance” criterion; see Kelker, 1945). Transect width (w) 

was assumed to be the same for both sides of the transect. The census area was calculated 

by multiplying the transect length (l), by twice the transect width (w). On this basis, 

population densities (dind) along with the number of groups encountered (dgroups) per km
2
 

were calculated by dividing the mean number of individuals (nind) or groups (ngroups) 

recorded during censuses by the census area covered (2lw).  

d = n/2lw 

 Additionally, average group size was calculated from the line transect data and 

reflects the average number of individuals recorded per contact for each species. Despite 

a number of potential problems, line transect surveying is considered the best method for 

the evaluation of diurnal rainforest primate densities (Emmons, 1984; Lopes and Ferrari, 

2000) except if species are cryptic or occur in very low densities (McDonald, 2004). 

There are many methods available for calculating population density from line transect 

data (Brockelman and Ali, 1987; Buckland et al., 1993), all of which require a rather high 



35 

 

number of sightings. Recommendations for the minimum number of sightings to 

calculate reliable densities range from 40 (Buckland et al., 1993) to 100 sightings 

(Plumptre, 2000), and, depending on the methods employed, small sample size can result 

in widely varying estimates of population density at the same site and differentially 

between both sites and species (Lopes and Ferrari, 1993, 2000). Because these numbers 

were not reached for any of the species in this study, I evaluated the reliability of my 

density estimates in three ways. First, data on average group size collected from long-

term behavioral and demographic research conducted on two of the primate species at 

both study sites (Ateles: Spehar, 2006; A. Di Fiore and A. Link unpublished data; 

Alouatta: this study, unpublished data) were compared to line transect data for these 

species. Second, cumulative densities were calculated to look for continuity in the data 

(e.g., Borries et al., 2002). Even though this method does not estimate the accuracy of the 

values, it does evaluate its precision. Third, standard deviations were calculated for each 

of the species’ values to estimate the degree of variation present (Krebs, 1998). 

 

Annual Harvest Rate 

 Hunting data were compiled from a recent study that evaluated and compared the 

sustainability of subsistence hunting practices across the three Waorani communities that 

occur in proximity to the PPRA study site (Franzen, 2005). The study employed 

Robinson and Redford’s (1991) model to evaluate the sustainability of hunting rates, 

measured as the number of individuals taken/km
2
/year (or harvest “rate”). The 

information was gained by giving Polaroid cameras to 20 households in the three 

communities, and members were asked to photograph harvests from each hunting episode 
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over the study period (N = 413 hunting episodes). Interviews were conducted weekly and 

the Polaroid photographs were used to facilitate the interviewees’ recall and confirm 

hunters’ reports of the species harvested during interviews. Since hunting by indigenous 

habitants within YNP is permitted, Franzen (2006) felt there was no reason to expect 

concealed data.  

 Franzen’s (2006) annual harvest rate data for primates were combined with 

population density estimates from this study in order to 1) examine the relationship 

between harvest rates and inter-site population density differences and 2) calculate an 

index of hunting pressure. A comparative density ratio was first calculated to measure 

between site density differences by dividing species’ density in the lightly hunted site by 

the non-hunted site. Second, in order to look at the relationship between harvest rate and 

body mass, which is likely confounded by the population density of these species, an 

index of hunting pressure was calculated separately for each species. This index was 

defined as the number of individuals harvested per year divided by the raw population 

density, which was assumed to be the density from the non-hunted site; the index thus 

can be thought of as the relative ratio of hunted to available individuals. It is expected 

that if hunting is mainly driving lower population density in the hunted site then species 

with the lowest comparative density should also have the highest hunting pressure index. 

 

Statistical Testing 

 In addition to the accuracy and precision assessments of the density data (see 

above), the following statistical tests were applied. A Wilcoxon Matched Pairs Test was 

performed on the line transect data to compare species’ densities and average group size 



37 

 

between the sites (Siegel & Castellan 1988). A one-tailed test was used to compare 

species’ densities following the prediction that primate population densities, overall, 

should be higher in the non-hunted region, while a two-tailed test was used to compare 

average group size between the two sites because studies have demonstrated that primates 

may respond to hunting either by increasing or decreasing group size, depending on their 

anti-predator strategy (Isbell 1994, Janson & Goldsmith 1995, Hill & Lee 1998, Croes et 

al 2007). In addition, the following analyses were conducted in order to evaluate the 

possible effects of hunting. First, I used Spearman’s Rank Order Correlation (Siegel & 

Castellan 1988) to look at the relationship between the comparative density ratio and the 

annual harvest rate for each species. Second, a Mann-Whitney U Test was used to 

compare specifically the density ratio of large versus small and medium primate species 

in the hunted compared to the non-hunted region. Third, Spearman’s Rank Order 

Correlation (Siegel & Castellan 1988) was again used to analyze the relationship between 

body mass and the annual harvest rate for each species. Body mass was estimated using 

values taken from Franzen (2005) for all species except Saguinus; data for this species 

were not available and were instead taken from the literature (Smith and Jungers 1997). 

However, since this relationship is likely confounded by species’ population density, I 

also used Spearman’s Rank Order Correlation (Siegel & Castellan 1988) to examine the 

relationship between the index of hunting pressure and the comparative density ratios for 

each species.  

 

2.4 Results 

Primate Population Density 
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 A total of 128 km of transect were walked at the two sites (PPRA: 80 km, TBS: 

48 km) resulting in 93 primate contacts recorded at PPRA and 99 contacts recorded at 

TBS. Primate communities at both sites were characterized by the same 10 species, 

however population densities were found to differ (Table 1). Comparative densities for 

three species could not be calculated from line transect sampling either because they are 

nocturnal (Aotus vociferans), rarely observed (Cebuella pygmaea), or not seen at all at 

one of the sites (Pithecia spp., which was not observed on PPRA transect, although direct 

observations of this species were made during distributional surveys, indicating they do 

occur at low densities in the PPRA).  

  At both sites, the same three species (Lagothrix poeppigii, Saimiri sciureus, and 

Saguinus tripartitus) were found to occur at the highest population densities. In general, 

species were found to occur at higher population densities at the TBS as compared to the 

PPRA site (Table 1), including the three atelids (Lagothrix poeppigii, Ateles belzebuth, 

Alouatta seniculus), Callicebus discolor and Saguinus tripartitus. The exceptions to this, 

albeit slight, are Cebus albifrons and Saimiri sciureus. While these data indicate a trend 

toward higher density in the non hunted site, it fails to reach statistical significance 

(Wilcoxon Matched Pairs Test: N= 7, T= 5.0, Z= 1.52, P (1-tailed) = 0.06).  

  There was a significant difference found in the average group size between sites. 

Across all species, the site difference is in the same direction, toward larger average 

group size in the hunted versus the non-hunted region (Wilcoxon Matched Pairs Test: N= 

7, T= 0.0, Z= 2.37, P (2-tailed) = 0.02). As previously mentioned, line transect data can 

sometimes underestimate actual group size (National Resource Council 1981, Plumptre 

2000). Evidence from this study does in fact show that average group size of Alouatta 
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and Ateles calculated from transect data is an underestimate when compared to the known 

average group size (Table 1). Additionally, Ateles and Lagothrix are characterized by a 

fission-fusion social organization and a large group spread, respectively, and thus average 

“group size” for these species more accurately reflects average “subgroup” size. 

However, the issues of what “group size” defines aside, the species’ averages recorded in 

this study represent the same characteristics of social organization at both sites and are 

therefore comparable for the same taxon between sites. 

  The accuracy and precision assessments performed on the density estimates 

calculated from line transect sampling indicate that overall, despite low contact numbers, 

the data appear to have a moderate to high reliability for most species. Figure 2 shows the 

cumulative densities calculated for each species at each site. The results illustrate a 

general trend for high variation during the onset of the study and then leveling off toward 

the middle or end of the study, depending on the species, as the distance and number of 

contacts increased. Two exceptions to this trend are Samiri and Lagothrix. Samiri density 

at TBS shows the most variation of any species at both sites, coinciding with the lowest 

number of transect contacts (N = 3). In addition, these two species also have the largest 

group size and the highest standard deviation in average group size recorded during 

contacts (Table 1).  

 

Annual Harvest Rates and the Effects of Hunting  

 The hunting data reported here are taken from Franzen (2006) and represent the 

combined total of animals harvested per year by three Waorani communities in the 

vicinity of the PPRA study area. Franzen (2006) estimated that in these three 
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communities, the following number of individuals of each species were harvested per 

year: Lagothrix = 83, Ateles = 58, Alouatta = 28, Cebus = 18, Saimiri = 4, Callicebus = 

10, Saguinus = 2. Based on these estimated harvest rates, Franzen (2006) concluded that 

woolly monkeys, spider monkeys, howler monkeys, and capuchin monkeys are at risk of 

being over-hunted in at least one community. Franzen (2006) also suggested that 

evidence from harvest composition comparisons indicate that two primate species, the 

woolly monkeys and spider monkeys, are already facing local depletion in the areas 

surrounding the two oldest communities. Her study also reports that it is not the market 

sale of hunted meat which appears to be a significant force driving hunting rates, but 

rather subsistence hunting (Franzen, 2005, 2006). 

  Figure 3 plots, for each species, the annual harvest rate reported by Franzen 

(2006) and the comparative density ratio (density in hunted site/density in non-hunted 

site).  The relationship between these two variables is not significant (Spearman’s rs = - 

0.375, P > 0.05). However, when the comparative density ratios of the three largest-

bodied primates (Lagothrix, Ateles, and Alouatta) are contrasted with those of small and 

medium sized taxa, the data show large bodied taxa occur at significantly lower densities 

in the hunted site (Figure 4: Mann Whitney U Test, P < 0.05). 

 Figure 5a illustrates the correlation between annual harvest rates and body size 

estimates taken from Franzen (2005) and the literature (Smith and Jungers, 1997). In this 

analysis it appears the largest bodied species are being hunted at the highest rates 

(Spearman’s rs = 0.90, P < 0.001). This result, however, becomes non-significant when 

instead the hunting pressure index is used (Table 2) and correlated with the comparative 

density ratio (Figure 5b: Spearman’s rs = -0.107, P > 0.05).  
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2.5 Discussion  

Density Estimates 

 This paper has two main objectives; the first is to establish baseline population 

density data for primates in YNP. The reliability estimates performed on the line-transect 

density data indicate that, while sample sizes are small, the ensemble of the data appears 

to be reasonably precise for the majority of species. The exceptions to this are the data for 

Samiri at the TBS site and Lagothrix at PPRA site; these species exhibited high 

variability in their cumulative densities and standard deviations of average group size. 

Reasons for this may be due in part to large group size in these species and small sample 

size for Samiri, which resulted in this study being unable to provide reliable information 

on species’ density for these two taxa. A final reliability assessment performed on the 

data is comparisons of average group size for Ateles and Alouatta, calculated from line 

transect sampling, to the actual group size (or sub-group size in the case of Ateles) 

gathered from long-term behavioral and demographic research at both sites. The average 

size estimated for both species underestimated actual group or sub-group size (Table 1), a 

caveat of line transect sampling that previous authors have cautioned about (e.g., 

National Resource Council, 1981; Plumptre, 2000). It is therefore suggested that the 

comparative population density estimates for five of the seven primate species reported 

here can be viewed as reliable base-line data, but the value for average group size should 

be used with caution as it likely underestimates actual group size for all species at both 

sites.  

 However, while the actual values may be underestimates, this does not negate the 

significantly larger average group sizes seen across taxa at the PPRA site. There are 
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several possible explanations for this. Predation pressure has long been proposed as a 

determinant of group living in mammals whereby larger groups reduce the rate of 

predation through increased vigilance and predator detection distances and decrease the 

probability that any particular individual will be killed during a predation attempt 

(Hamilton, 1971; Alexander, 1974). Human hunting could have an effect similar to 

predation and may also lead to larger group size in areas where hunting occurs. This idea 

is not universally supported in primates though, as other studies have shown that 

predation risk - including that of human hunting - may increase, decrease, or have no 

effect on primate group size (Isbell, 1994; Janson and Goldsmith 1995; Hill and Lee, 

1998; Croes et al., 2007) depending on the level of predation pressure, anti-predator 

strategies, as well as ecological and social constraints.   

 However, not only is average group size larger at the PPRA site but group 

density,  the number of groups contacted per distance surveyed,  is lower (Table 1). In 

addition to the direct effect hunting may be having on group size, lower group density 

may be due to hunting indirectly affecting demography by reducing individuals in the 

surrounding area and thereby freeing up space for dispersal. Considering both the lower 

density of most species at the PPRA site and the possibility of anti-predator grouping 

strategies, individuals may be coming into the area to avoid higher hunting pressure 

outside the study site and aggregating within larger groups for protection.  

 

Impact of Hunting on the YNP Primate Community 

 The second objective of this paper is to assess what effect hunting may be having 

on the primate community of YNP. This assessment can be done by looking both at how 
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primates are directly as well as indirectly affected by hunting. The data indicate that the 

majority of species in this study occur at slightly lower densities at PPRA versus TBS 

(Table 1) and that large bodied taxa occur at significantly lower densities in the hunted 

site compared to that of small and medium size taxa (Figure 4: Mann Whitney U Test, P 

< 0.05). These data support the prediction that larger-bodied species should decline more 

rapidly when hunted than smaller-bodied species.  Nonetheless when all taxa are 

compared there is not a significant relationship between the comparative density ratio in 

the hunted versus the non-hunted region and annual harvest rates as would be expected if 

larger-bodied primates were differentially harvested to the point where that harvest has a 

measurable effect on the population. Additionally while the correlation between harvest 

rate and body size appears to illustrate a significant relationship (Figure 5a: Spearman’s rs 

= 1.0, P < 0.001), it becomes non-significant when the hunting pressure index is instead 

used and compared with the comparative density ratio (Figure 5b: Spearman’s rs = -

0.107, P > 0.05).  

  Two major differences between the hunting pressure index-to-comparative 

density ratio correlation versus the harvest rate-to-body size correlation are where Ateles 

and Alouatta fall along the slope (Figure 5a and 5b). Ateles has a high harvest rate 

(N=58) but also a high comparative density ratio (close to 1), meaning there is not a large 

disparity between the densities they occur at within TBS compared to PPRA. There is the 

possibility that this pattern is real and spider monkeys are not being heavily affected by 

harvest rates in the region. However, because the harvest rate for this species is so high 

and indicative of unsustainable hunting practices, the pattern could also be representing 

an indirect effect of hunting as mentioned above, where individuals may be coming into 
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the study site to avoid hunting pressure from the surrounding area. If this were the case, 

the comparable density of Ateles at the PPRA site relative to that of the TBS site may, in 

fact, not be reflecting the density of Ateles in the larger hunted portion of YNP. Another 

explanation could be that Ateles density is somewhat lower than expected at TBS due to 

increased resource competition with Lagothrix. At the TBS site Lagothrix density is 56% 

higher than it is at PPRA while Ateles is only 15.7% higher. Considering both species 

have a large fruit component to their diet, increased feeding competition could be 

influencing spider monkey density at TBS.  

  The second major difference is where Alouatta falls along the slope. Howler 

monkeys are ranked third in harvest rate (N=28) and yet have the lowest comparative 

density ratio. A likely explanation for this pattern is that while hunting pressure might be 

affecting their density to some degree, ecology may be playing a much larger role in the 

inter-site density differences. Alouatta is one of the most folivorous New World monkeys 

(Milton, 1980) and previous research has shown the density of leaf eating primates to be 

correlated with several ecological factors such as leaf quality and content (e.g., Waterman 

et al., 1988; Oates et al., 1990, Ganzhorn, 1992). 

 The current population density estimations and analyses taken at face value could 

imply that hunting is not having a large impact on the primate community as a whole. 

However several aspects of these data should be examined more closely and in concert 

with the current cultural transitions occurring within YNP.   

 One factor to consider when evaluating the potential effects of hunting pressure 

on a primate community is body size. Previous studies have shown that large-bodied 

primates are preferentially hunted and are most often the first taxa to become locally 
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depleted (Peres, 1999). Franzen’s data (2006) shows large bodied primates may be 

experiencing selective hunting by indigenous communities within YNP.  Her study 

suggests that Lagothrix, Ateles, and Alouatta are at risk of being over-hunted in at least 

one community, while the woolly and spider monkey are already facing local depletion in 

the areas surrounding the two oldest communities. This study did not show that larger-

bodied species are overall less abundant than smaller-bodied species in an area where 

some limited hunting occurs. Although Lagothrix and Alouatta both have high hunting 

pressure indices and low comparative densities, Ateles, which showed the highest hunting 

pressure index, showed instead a high comparative density (see above). Thus two of the 

three large bodied primates show a relationship between a high hunting pressure and a 

low comparative density ratio.  

 Behavioral differences between the sites may also be indicative of hunting 

pressure. It is worth noting that personal observations of unhabituated Alouatta groups at 

PPRA during surveys or transect walks indicated they were extremely shy around 

humans. They were very vigilant of myself and my field assistants (whether I was alone 

or with assistants), and would hide at the top of large trees for long periods of time (often 

up to an hour) followed by the group splitting up to flee the area. Typically the male 

would display an overt behavior, for example more conspicuous movements or, on 

occasion, even vocalizing, while the females and immature would quietly but quickly 

move off in another direction. This pattern has also been observed in other species, such 

as Simias concolor in areas where they have been hunted (Tilson and Tenaza, 1976). On 

some occasions all members would cryptically leave from the tree we were observing 

them, making almost no noise whatsoever as they slowing bridged across to adjoining 
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tree canopies. This behavior, however, was also observed in groups of unhabituated of 

howler monkeys at TBS, but to a slightly lesser extent, suggesting it may be a species-

specific response to unfamiliar entities. Compared to the other large bodied species 

(Ateles and Lagothrix), the locomotion pattern of howler monkeys is generally less 

conspicuous because they rarely use suspensory behavior or jump across tree gaps, and as 

such naturally have an relatively quieter mode of travel. That being said, howler monkeys 

at the PPRA site were not only more deliberate and cautious in their movements than 

those at TBS, but they rarely vocalized. Several studies have found that rain forest 

monkeys alter their anti-predatory behavior in response to hunting by becoming more 

secretive when hunted, commencing alarm calls only when at a certain distance (typically 

> 50 m) from humans (Croes et al., 2007) or not at all (Watanabe, 1981). Howler 

monkeys were found to vocalize significantly less at PPRA compared to those at TBS 

(4.7% of observation days versus 40.6%, see Chapter 4), but it is possible that low 

density, as opposed to hunting per se, could be influencing this pattern.  

 Considering there have been researchers working in the study site on and off for 

the past ten years, it is surprising that the howler monkeys would be so wary of humans if 

there was no effect of human hunting pressure. This behavior could presumably be 

attributed to higher non-human predation at PPRA, but there is little evidence to support 

this. Evaluating predation risk is a difficult endeavor, but a study currently in progress 

may suggest that TBS has one of the highest reported densities of jaguar and puma 

populations in the region (J. Blake, personal communication). To my knowledge there are 

no such published studies from PPRA from which to compare, but considering PPRA is 

situated in an area of higher disturbance (surrounded on two sides by a road that is 
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traversed by an influx of vehicles from oil development plants and Waorani settlements 

in close proximity) I would suspect that the non-human predation may be less at PPRA.  

 While there may be very low human hunting pressure that has occurred in recent 

years, past exposure to hunting may have lasting behavioral modifications. Although 

primate species vary in their responses to hunters, for instance Lagothrix has been 

observed to confront and display aggressive behavior against unknown humans or 

hunters (personal observation), it is possible that the hyper-cryptic behaviors observed in 

howler monkeys at PPRA reflect their species-specific behavioral adaptations in response 

to past hunting pressure.  

 The second aspect to consider when evaluating the current population density 

estimations and whether hunting is having an impact on the primate community as a 

whole is how the reproductive biology of the hunted taxa may influence the likelihood of 

species extinction (Bodmer et al., 1997; Mena et al., 2000).  Large bodied platyrrhine 

primates are long-lived mammals characterized by 1) long inter-birth intervals, with 

average intervals ranging from 2 years in Alouatta (Pope, 1997) to 3 years in the atelins 

(Peres, 1994, Fedigan and Rose, 1995, Di Fiore and Campbell, 2007), 2) long gestation 

periods, averaging 6 months in Alouatta (Pope, 1997) to 7 months in Ateles (Fedigan and 

Rose, 1995) and 7.5 months in Lagothrix (Nishimura et al., 1992) and 3) delayed age at 

first reproduction, ranging from 4.5 years in Alouatta to at least 5 years and as many as 8 

years in the atelins (Robinson and Redford, 1986; Nishmura, 2004). These traits greatly 

influence the parameters limiting population growth and recovery, and in fact a recent 

study shows that Amazonian species with lower rates of maximum reproduction, longer-

lived individuals, and longer generation times are more vulnerable to extinction (Bodmer 
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et al., 1997). This applies directly to the three large bodied primates at YNP and thus 

increases their vulnerability for local depletion in areas of hunting.   

  It is also important to view this information together with the current cultural 

transitions taking place in the indigenous communities. The increase in human 

colonization in the form of permanent settlements along the Maxus road means that the 

demand for meat will be higher. This demand will likely be met by acquiring large game 

with the aid of shotguns and rifles, which have all but replaced traditional hunting 

weapons (Franzen, 2005), enabling an increased return to hunters, in terms of both mean 

kilograms recovered per unit effort and number of animals killed per hour (Mena et al., 

2000). Therefore an increase in annual harvest rates appears inevitable unless changes in 

the current hunting practices occur. However, previous research suggests that once a shift 

from the use of traditional to more technologically advanced weapons takes place there is 

no reason to believe hunters will revert back (Mena et al., 2000). Furthermore, even if 

current harvest rates are maintained this situation places Lagothrix, Ateles, and Alouatta 

at serious risk for local extinction.  

 

Other Factors Contributing to Lower Primate Density at PPRA 

 Aside from hunting, another factor that may be contributing to the overall lower 

primate density at PPRA versus TBS is the difference in habitat ecology. This research is 

part of a larger project specifically focusing on how ecology influences red howler 

monkey density, the most folivorous Neotropical primate. While hunting may be 

responsible for reducing the primate community as whole at PPRA, this is not the only 

factor that appears to be contributing to the lower density of particular taxa. The data 
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presented here show that the species with the lowest comparative density is Alouatta, 

even though this species ranked only third in annual harvest rates, behind Lagothix and 

Ateles. This seems to indicate that ecological factors may be influencing howler monkey 

population density. Data to address this question are currently being analyzed and results 

will be forthcoming. 

 

Conservation implications for YNP 

 This study showed that there is a trend toward lower primate density at the site 

located near hunted areas. While this trend is not significant, the three largest bodied 

primates do occur at significantly lower densities in the hunted site compared to 

small/medium sized taxa. Both group size and group density within the site may reflect 

behavioral adaptations to increased predation pressure. It is important to note that this 

study represents a conservative estimate of the impact of hunting, likely a “best-case 

scenario” due to the much lower level of hunting within the PPRA compared to that 

outside the study site. Viewed as such, it is possible that if hunting continues at the 

current rate several of the large bodied species may be at risk for local depletion. Projects 

attempting to introduce alternative protein resources (e.g., chicken farming) have not yet 

been approved (F. Koester, personal communication.) and yucca as well as other crop 

farming has been steadily increasing alongside the communities (A.D., personal 

observation). The implications of a reduction, or local extinction, of protein resources 

may mean that the nutritional quality of the Waorani diet could decline, along with their 

health. Moreover the increased farming will result in increased deforestation and 

reduction in available animal habitat, exacerbating an already precarious situation.  
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 There is an urgent need to continue primate population monitoring in YNP in order to 

assess and evaluate the changes in density that are occurring. It is suggested that this 

work be done in collaboration with Waorani counterparts to allow for local involvement, 

training opportunities and stewardship in the long-term monitoring and preservation of 

YNP’s primate community.  
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2.7 Tables and Figures 
 

TABLE 1: Primate density and average group size at hunted vs. non-hunted regions in 

YNP. Species density reported as number of individuals/km2 in the non-hunted (TBS = NH) 

versus the hunted (PPRA = H) region and the total number of contacts for each species in 

parentheses. The symbol * appears when fewer than 3 contacts occurred on a transect and an 

estimate was not calculated. The symbol ** refers to numbers representing sub-group size instead 

of total group size. Species Key: LP= Lagothrix poeppigii, AB= Ateles belzebuth, AS= Alouatta 

seniculus, CA= Cebus albifrons, CD= Callicebus discolor, Ps= Pithecia spp., SS= Saimiri 

sciureus, ST= Saguinus tripartitus.  

                 Population  

                 Density 
                 (individuals/km

2
) 

Group Density 
(groups/km

2
) 

 

Avg. Group Size 
(line transect survey 

data) 

  Actual Group  

           Size 
(long-term 

behavioral data) 

 

Species 

 

    H             NH 

 

 H            NH 

 

      H             NH 

 

H             NH 

LP 20.40 

(11) 

 

31.80  

(13) 

 

1.96 

 

3.86 

 

9.50 

(SD= 

6.43) 

 

7.87 

(SD= 

4.52) 

 

 

 

 

 

AB 6.75 

(12) 

 

7.81 

 (9) 

 

 

1.63 

 

2.60 

 

3.50** 

(SD= 

2.19) 

1.79** 

(SD= 

1.25) 

4.55** 

(1) 

 

 

AS 5.00 

(6) 

 

11.45 

(8) 

 

1.25 

 

4.17 

 

 

4.14 

(SD= 

2.34) 

 

1.50 

(SD= 

1.41) 

 

6  

(SD= 

2.0) 

(3) 

5.1  

(SD= 

2.2) 

(9) 

CA 

 

7.97 

(10) 

 

7.29 

(4) 

1.60 

 

2.08 

 

5.10 

(SD= 

2.73) 

 

3.50 

(SD= 

2.38) 

 

  

CD 

 

 

9.69 

(13) 

10.80 

(11) 

3.75 

 

4.60 

 

2.26 

(SD= 

0.62) 

 

2.10 

(SD= 

0.41) 

 

  

Ps 

 

 

* 7.29 

(4) 

 

* 2.08 

 

* 3.50 

(SD= 

1.29) 

  

SS 

 

32.75 

(6) 

31.25 

(3) 

1.50 

 

 

1.50 21.83 

(SD= 

6.18) 

 

20.00 

(SD= 

5) 

 

  

ST 

 

18.75 

(12) 

26.60 

(7) 

5.00 

 

8.10 

 

3.75 

(SD= 

1.29) 

 

3.50 

(SD= 

1.51) 
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TABLE 2: Harvest rate, hunting pressure, and comparative density at hunted vs. non-

hunted regions in YNP. Species harvest rates are reported as individuals harvested/year and 

density reported as number of individuals/km2 in the non-hunted (TBS= NH) versus the hunted 

(PPRA= H) region. Hunting pressure is given as an index of harvest rate/raw population density 

(NH) and comparative density is the ratio of H/NH density. Species Key: LP= Lagothrix 

poeppigii, AB= Ateles belzebuth, AS= Alouatta seniculus, CA= Cebus albifrons, CD= Callicebus 

discolor, Ps= Pithecia spp., SS= Saimiri sciureus, ST= Saguinus tripartitus.  

Species Harvest 

Rate 

H 

Density 

NH 

Density 

Hunting 

Pressure Index 

Comparative 

Density 

Ratio 

LP 83 20.40 31.8 2.61 0.64 

AB 58   6.75 7.81 7.43 0.86 

AS 28   5.00 11.45 2.45 0.44 

CA 18   7.97 7.29 2.47 1.09 

CD 10   9.69 10.80 0.32 0.89 

SS 4 32.75 31.25 0.37  0.90 

ST 2 18.75 26.60 0.08 0.70 
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FIGURE 1: Map of the study sites in YNP 
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FIGURE 2a: Reliability Test: Cumulative Densities The figures indicate cumulative 

densities calculated for each species at the PPRA (2a) and TBS (2b). The Y axis shows 

population density calculated as the number of individuals per km2. The X axis indicates the 

transect walk and the total distance in km used for each cumulative calculation shown in 

parentheses. Species Key: LP= Lagothrix poeppigii, AB= Ateles belzebuth, AS= Alouatta 

seniculus, CA= Cebus albifrons, CD= Callicebus discolor, SS= Saimiri sciureus, ST= Saguinus 

tripartitus. 
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FIGURE 2b  
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FIGURE 3: Correlation between comparative density ratio and annual harvest rate. The left 

Y axis indicates species’ comparative density ratio in the hunted as compared to the non-hunted 

site and the right Y axis shows annual harvest rates (calculated as # of individuals/year). The X 

axis indicates the primate species [LP= Lagothrix poeppigii, AB= Ateles belzebuth, AS= Alouatta 

seniculus, CA= Cebus albifrons, CD= Callicebus discolor, SS= Saimiri sciureus, ST= Saguinus 

tripartitus]. 
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FIGURE 4: Comparative density ratio of large versus small/medium species’ density.  

The left Y axis indicates species’ density ratio in the hunted as compared to the non-hunted site. 

The X axis compares large primate species [LP= Lagothrix poeppigii, AB= Ateles belzebuth, 

AS= Alouatta seniculus] to small/medium species [CA= Cebus albifrons, CD= Callicebus 

discolor, SS= Saimiri sciureus, ST= Saguinus tripartitus].   
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FIGURE 5a: Correlation between body size and annual harvest rate 

The Y axis indicates average primate body size (taken Franzen 2005 and Smith & Jungers 1997) 

and the X axis shows annual harvest rates (calculated as # of individuals/year). Markers indicate 

the primate species [LP= Lagothrix poeppigii, AB= Ateles belzebuth, AS= Alouatta seniculus, 

CA= Cebus albifrons, Ps= Pithecia species, CD= Callicebus discolor, SS= Saimiri sciureus, ST= 

Saguinus tripartitus]. 
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FIGURE 5b: Correlation between comparative density ratio and hunting pressure index 

The Y axis indicates the comparative density as a ratio of H/NH density and the X axis shows 

hunting pressure given as an index of harvest rate/raw population density (NH).Markers indicate 

the primate species [LP= Lagothrix poeppigii, AB= Ateles belzebuth, AS= Alouatta seniculus, 

CA= Cebus albifrons, CD= Callicebus discolor, SS= Saimiri sciureus, ST= Saguinus tripartitus]. 
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# # D%)8#J.#./<#K:#.&'#,-@%&)./)#)%#@5./)#:&%7)80#$%&#'F.-@5'#J.#,(#./#'(('/),.5#@.&)#
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-./6#@5./)#'/R6-'(#/''<'<#$%&#:&%7)8#*K'/:'5#./<#P,&H>60#1""M23#C8'#(%,5#@I#;./#
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*113;3+*'&()#(2#(65*)&1#;*''46#*)%#'84#'&4#3/#(2#)3'6&4)'.-#/*6'&13+*6+,#)&'6(54)-#'8*'#*64#

84+%#&)#'84#(65*)&1#;*''46#?@4)54+#*)%#A&6>9,-#BCC"D<###

# # E(&+.#26(;#'8&.#.'3%,#7464#)('#()+,#2(3)%#'(#94#+(746#&)#$+#/(.'F2+((%&)5-#93'#

6&/*6&*)#*64*.#8*%#*#8&5846#*:46*54#/0#?@4*)G#H<IJ-#K*)54G#H<LLFL<CL-#M#N#OD#'8*)#)()F
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8(./&'*9+4#.39.'6*'4#2(6#/+*)'#56(7'8<#P'#&.#/(..&9+4#'8*'#941*3.4#Q=E#8*.#*#;(64#
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6*0$-.:#$7/1'6#9*#&$$/)-&.*6#=-.7#@A#7-87*,#/+*,&''#$.*%#6*0$-.:#-06-)&.-+*#/5#7-87*,#5//6#

&9106&0)*#&06#7*0)*#&#8,*&.*,#)&,,:-08#)&3&)-.:#/5#.7*#7&9-.&.B#"A#7-87*,#5'/,-$.-)#

6-+*,$-.:#C&$#&#3,/D:#5/,#&#%/,*#7*.*,/8*0*/1$#7&9-.&.A#-06-)&.-+*#/5#&#7-87#6-+*,$-.:#/5#
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?0*,-#-&1,-%#:R,-,%8#B!!S<3#>/%)8#*+,#9)-,%*#0*#MGK#&%#)'/@#9/));,;#9)-#02)$*#*?)#6)'*+%#



!"#

#

$%&#'%(&)#*+,$(&%-#.+#.&/%#0(&1%(#2(34.(.5#624*2#(77/(88'#98++-#/$#.+#54:#,+7.25#;<%&%5)#

=!!>?#@(/A((5%7#(7-#<%&%5)#BCCDEF#@+6%0%&)#&%A(&-8%55#+9#.2%#47/7-(.4+7#$%&4+-#47#.245#
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#

G(%/%1H*#-,*#I.&1=)*#+,*#J%%:((24*#G,*#()4#-9%'BK?1%/1)*#I,G,#6!7L,#M9';9/?&?9)#()4#
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CHAPTER 4 

The Interrelationship Between Forest Ecology, Population Structure and Behavior 

in Red Howler Monkeys (Alouatta seniculus) 

 

 

4.1 Abstract 

 

 $%&'#(%)*+,-#&./,'+&0)+,1#%23#1&44,-,.(,'#&.#%235,-#62.7,8#*2*95)+&2.#1,.'&+8#

6)8#-,5)+,#+2#4221#-,'29-(,':#1,620-)*%&(#*)++,-.':#).1#;,%)/&2-<#$%,-,#3,-,#+%-,,#6)&.#

02)5'<#$%,#4&-'+#3)'#+2#+,'+#3%,+%,-#+%,-,#3,-,#1&44,-,.(,'#&.#+%,#=9)5&+8#24#-,'29-(,'#

)/)&5);5,#;,+3,,.#+%,#'&+,'#;8#5227&.0#)+#!>#+%,#1&0,'+&;&5&+8#24#5,)/,'#)'#6,)'9-,1#;8#+%,#

*-,',.(,#24#+2+)5#*%,.25&(#(2.+,.+:#?>#+%,#-)+&2#24#*-2+,&.@+2@4&;,-#&.#5,)/,':#).1#A>#+%,#

1,.'&+&,'#24#-,'29-(,'#3&+%#5,)/,'#+%)+#%)/,#+%,#523,'+#(2.+,.+#24#*%,.25&('#).1#+%,#

%&0%,'+#-)+&2'#24#*-2+,&.@+2@4&;,-<#$%,#',(2.1#02)5#3)'#+2#&1,.+&48#3%,+%,-#%&0%#

*2*95)+&2.#1,.'&+8#3)'#5&.7,1#+2#+%,#*)-+&(95)-#1&44,-,.(,'#&.#1,620-)*%8#)'#*-2*2',1#42-#

2+%,-#*-&6)+,'<#B&.)558:#)#(26*)-&'2.#3)'#12.,#+2#+,'+#3%&(%#24#+%,#);2/,#,(2520&()5#

/)-&);5,'#%)1#;,%)/&2-)5#*-,1&(+&/,#',+'#+%)+#;,'+#6)+(%,1#+%,#2;',-/,1#*)++,-.'#24#

Alouatta#;,%)/&2-<#

# $%&'#'+918#'%23,1#+%)+#+%,#4)(+2-'#5&7,58#+2#;,#*5)8&.0#+%,#5)-0,'+#-25,'#

&.459,.(&.0#+%,#1&44,-,.(,'#&.#%235,-#62.7,8#*2*95)+&2.#1,.'&+8#&.#C)'9.D#E<F<#)-,#)#

(26;&.)+&2.#24#%&0%,-#*-2+,&.#(2.+,.+#&.#5,)/,'#).1#)#%&0%,-#1,.'&+8#24#+%,',#-,'29-(,':#

)52.0#3&+%#)#%&0%,-#1,.'&+8#24#-,'29-(,'#523#&.#*%,.25&('<#$%&'#'+918#&559'+-)+,'#+%)+#

+,'+&.0#695+&*5,#,(2520&()5#4)(+2-':#+%)+#().#;,#1&'+&.09&'%,1#;8#%23#+%,8#'%2951#)44,(+#
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$%&#'&%()*+,#+-#-+.*)+,+/0#1,*2($&03#*0#(#0$&1#*4#$%&#,*5%$#6*,&7$*+4#$+#%&.1#$&(0&#(1(,$#

8%*7%#7.+0&.9#,&.($&6#'*+.+5*7(.#-(7$+,0#(,&#7+4$,*'/$*45#$+#6*--&,&47&0#*4#-+.*)+,&#6&40*$9:##

 

 

4.2 Introduction 

 

# ;%&,&#%(0#'&&4#7+40*6&,('.&#8+,<#6+4&#$+#(66,&00#$%&#=/&0$*+4#+-#8%*7%#-(7$+,0#

*4-./&47&#1,*2($&#1+1/.($*+4#6&40*$9#*4#(4#&--+,$#$+#'&$$&,#/46&,0$(46#$%&#1,+7&00#+-#

'&%()*+,(.#(6(1$($*+40#>&:5:3#?($&0#&$#(.:3#!""@A#B()*&03#!""CD#(0#8&..#(0#$+#(*6#

7+40&,)($*+4#&46&()+,0#>&:5:3#E%(12(4#&$#(.:3#F@@FA#G$,/%0(<&,#&$#(.:3#F@@CD:#G&)&,(.#

-(7$+,0#(,&#$%+/5%$#$+#(--&7$#1,*2($&#6&40*$9#0/7%#(0#food quality#>H($&,2(4#&$#(.:3#!"IIA#

?($&0#&$#(.:3#!""@3#J(4K%+,43#!""FD3#seasonality#>L(4K&43#!"MNA#B()*&03#!""CA#-+,#(#

,&7&4$#,&)*&8#0&&#O,+7<2(4#(46#)(4#G7%(*<3#F@@ND3#habitat heterogeneity#>O+/,.*&,&3#

!"INA#;&,'+,5%#(46#)(4#G7%(*<3#!"IMD3#(46#density and availability of food resources#

>&:5:3#;&,'+,5%#(46#)(4#G7%(*<3#!"IMA#B()*&03#!""CD: 

# P2+45#$%&0&3#$%&#6&40*$9#+-#-++6#,&0+/,7&0#%(0#'&&4#0/55&0$&6#$+#'&#$%&#1,*2(,9#

6&$&,2*4(4$#+-#1,*2($&#1+1/.($*+4#6&40*$9#>&:5:3#;&,'+,5%#(46#)(4#G7%(*<3#!"IMA#B()*&03#

!""CD:#;%*0#%91+$%&0*0#%(0#5(*4&6#2/7%#0/11+,$#-,+2#0$/6*&0#$%($#%()&#.++<&6#($#&*$%&,#

7.+0&.9#,&.($&6#01&7*&0#+,#$%&#0(2&#01&7*&0#($#.+7($*+40#$%($#6*--&,&6#*4#()(*.('*.*$9#+-#

,&0+/,7&0#(46#*4#1,*2($&#6&40*$9#>&:5:3#E%(12(4#(46#E%(12(43#!"""D#+,#1+1/.($*+40#$%($#

%()&#*../0$,($&6#6,(2($*7#6&7.*4&0#(0#(#,&0/.$#+-#,&5*+4(.#&7+.+5*7(.#7%(45&0#(46#(#

,&6/7$*+4#+-#()(*.('.&#,&0+/,7&0#+)&,#$*2&#>&:5:3#9&..+8#'('++40Q#R(/0-($&,3#!"MN3#

P.$2(44#&$#(.:3#!"INA#)&,)&$0Q#G$,/%0(<&,3#!"MSA#$+=/&#2(7(=/&0Q#B*$$/03#!"M"A#

2(45('&90Q#?./1+$#&$#(.:3#!""CD:##
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$ %&'()'*$'*+$%&'()'*$,!---.$/0112/3$3&2$4'/5/$678$3&5/$5/$3&'3$'$182'328$

'40*+'*92$76$677+$':'5;'45;53<$38'*/;'32/$5*37$'$182'328$)'=5)0)$':'5;'45;53<$76$2*281<>$

0;35)'32;<$2*'4;5*1$&51&28$82(87+0935:2$8'32/?$@782$/(295659';;<>$A&5;2$(7(0;'357*$+2*/53<$

5/$'$60*9357*$76$2)518'357*>$5))518'357*>$4583&$'*+$+2'3&$8'32/>$53$5/$3&2$;'3328$3A7$A&59&$

'82$)7/3$9;7/2;<$;5*B2+$37$677+$':'5;'45;53<?$C'/2+$7*$3&5/>$'82'/$A53&$&51&28$677+$

':'5;'45;53<>$'*+$3&0/$'$&51&28$9'88<5*1$9'('953<>$/&70;+$2*'4;2$(7(0;'357*/$37$&':2$&51&28$

4583&$8'32/$'*+D78$;7A28$+2'3&$8'32/$78$4583&$8'32/$3&'3$2=(2852*92$'$/387*128$5*982'/2$3&'*$

+2'3&$8'32/?$E&2$82/0;35*1$('3328*$3&0/$;2'+/$37$'$&51&28$*23$8298053)2*3$'*+$0;35)'32;<$37$'$

&51&28$(7(0;'357*$+2*/53<$5*$'82'/$A53&$&51&28$677+$':'5;'45;53<?$E&2826782$53$5/$

&<(73&2/5F2+$3&'3$'82'/$A53&$&51&28$':'5;'45;53<$76$82/70892/$/&70;+$)'5*3'5*$'$&51&28$

(85)'32$+2*/53<$3&'*$'82'/$A53&$;7A28$':'5;'45;53<?$$

$ @7/3$76$3&2$:'85'357*$5*$457)'//$2=&54532+$5*$(85)'32$97))0*5352/$5/$'9970*32+$

678$4<$67;5:782/$,E284781&$'*+$:'*$G9&'5B>$!-HI.$'*+$&2*92$'$182'3$+2';$76$82/2'89&$&'/$

/(295659';;<$6790/2+$7*$3&2/2$/(2952/?$J02$37$3&2$9&';;2*12/$3&'3$;2'6$97*/0)(357*$9'*$

(7/2>$/09&$'/$+566590;3$37$+512/3$92;;0;7/2$'*+$&51&$;2:2;/$76$(732*35';;<$37=59$/297*+'8<$

97)(70*+/$,K'328)'*$23$';?>$!-HHL$M'32/$23$';?>$!--#L$N'*F&78*>$!--".>$+'3'$7*$82/70892$

O0';53<>$'/$A2;;$'/$82/70892$+2*/53<>$&':2$422*$3&2$)'5*$6795$76$82/2'89&?$P78$5*/3'*92>$53$

&'/$422*$/0112/32+$3&'3$67;5:7870/$(85)'32$(7(0;'357*$+2*/53<$5/$(7/535:2;<$97882;'32+$

A53&$3&2$':28'12$;2'6$O0';53<$76$'$&'453'3>$826;2932+$'/$3&2$+512/3545;53<$,253&28$5*$;7A$;2:2;/$

76$65428$78$/297*+'8<$97)(70*+/.$78$3&2$8'357$76$(87325*$37$65428$5*$;2':2/?$K&5;2$3&5/$5/$

4<$*7$)2'*/$'$&'8+$'*+$6'/3$80;2>$3&2$5+2'$&'/$422*$A2;;$/0((7832+$5*$'*$'88'<$76$

67;5:7870/$3'='$'*+$5*$2'9&$76$3&2$)'Q78$(85)'32$8'+5'357*/$,G382(/58&5*5R$N'*F&78*>$!--"L$

%2897(53&2975+2'R$M'32/$'*+$J':52/>$!--#>$%&'()'*$23$';?>$"##">$"##S>$K'//28)'*$'*+$
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$%&'(&)*#"++,-#./&012%3)34#.5256*#!7789:#;<=5>52#(<60#<?#0%565#5??<206#%&>5#@55)#

A<)A5)02&05B#<)#C?23A&)#&)B#C63&)#?</3><256#=%3/5#/566#&005)03<)#%&6#@55)#'&3B#0<#D5=#

E<2/B#?</3><256#A%&2&A0523F5B#@1#&#B3??525)0#B3G5603>5#(<2'%</<G1#H@I0#655#J3/0<)*#!787-#

K1/&)B6*#!7L8-#K55B*#!777-#.5256*#!778&*#@-#$%&'(&)#&)B#M&/A<(@*#!77L-#.5256#&)B#

N&)6<)*#!7779:####

# O%5#5A</<G1#<?#&#%&@30&0#A&)#&/6<#&??5A0#0%5#B5(<G2&'%1*#&)B#)<0#PI60#0%5#B5)6301*#

<?#&#'<'I/&03<):#Q<2#5R&('/5*#3)A25&63)G#@<0%#?<<B#&>&3/&@3/301#&)B#?<<B#SI&/301#A&)#

'2<>3B5#&#B350#%3G%52#3)#'2<053)*#&)B#@50052#)I02303<)#A&)#3)#0I2)#3)?/I5)A5#&6'5A06#6IA%#&6#

6%<2052#3)052T@320%#3)052>&/6#&)B#%3G%52#<>52&//#25'2<BIA03>5#<I0'I0:#O%I6#B5(<G2&'%1#

(&1#@5#>35=5B#&6#&#'2<R1#?<2#?5203/301#&)B#6I2>3><26%3'*#0%5#0=<#(&3)#A<('<)5)06#0%&0#

A<)023@I05#0<#'<'I/&03<)#B5)6301#HU<05//3*#!77L9:#V)#<2B52#0<#I)B5260&)B#0%5#=&1#3)#=%3A%#

A%&)G56#3)#B5)6301#&2365#&6#&#256I/0#<?#0%36#>&23&03<)#3)#B5(<G2&'%1#&)B#=%3A%#?&A0<26#

(<60#G25&0/1#&??5A0#B5)6301*#30#36#)5A566&21#0<#5R&(3)5#@<0%#0%5#(5A%&)36(6#0%&0#3)?/I5)A5#

A%&)G56#3)#'<'I/&03<)#B5)6301#&)B#0%5#5A</<G1#<?#&#%&@30&0:#W<(5#<?#0%5#025)B6#3)#

B5(<G2&'%1#&0#%3G%#>526I6#/<=#'<'I/&03<)#B5)6301#<@652>5B#?<2#<0%52#'23(&05#

'<'I/&03<)6#&254#!9#O%5#&>52&G5#)I(@52#<?#(&/56#'52#G2<I'#36#higher#H$2<AX500*#!77Y9*#"9#

O%5#&>52&G5#)I(@52#<?#&BI/0#?5(&/5#%<=/52#(<)X51#'52#G2<I'#36#higher H$2<AX500*#

!77Y9*#@I0#B<56#not exceed four#H$2<AX500*#!77Y-#$2<AX500#&)B#N&)6<)*#"+++-#;<2=3A%#50#

&/:*#"++!9*#,9#O%5#&>52&G5#G2<I'#63F5#36#larger#H$2<AX500*#!77Y9#&)B#Z9#O%5#2&03<#<?#

3)?&)06#&)B#PI>5)3/56#0<#&BI/0#?5(&/56#36#higher*#HW&B/352*#!7Y7-#N<2B5#&)B#W'I%/52*#!78Z9:#

V0#36#'<663@/5#0%&0#?&A0<26#6IA%#&6#65R#@3&65B#B36'526&/#(&1#3)?/I5)A5#0%565#'&0052)6:#Q<2#

5R&('/5*#(&/5#@3&65B#B36'526&/*#=%3A%#36#0%5#(<60#A<((<)#'&0052)#=30%3)#

$52A<'30%5A3B&5#H[&=6<)#;&)B/51#&)B#.5223)*#"++89*#(&1#3)A25&65#0%5#)I(@52#<?#
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$%&'(%)#*+,#-.,#&'(%)#/%0#10.+/2#3+0,4%0&.0%5#6$#76)/%0)'(#76),'-8%#6)#0%(',69%(:#10%',#6-#

,46)#)8%-'06.#'-7;.0#,4%#&'(%)#*%8.&%#).(6,'0:#,4%:#&':#%</%06%-8%#4614%0#&.0,'(6,:#

=%2125#7+%#,.#/0%7',6.->#?4684#8.+(7#/.,%-,6'((:#7%80%')%#,4%#/%08%-,'1%#.$#&'(%)#6-#,4%#

/./+(',6.-#')#?%((2##

# @4%#8+&+(',69%#6-$.0&',6.-#1'6-%7#$0.&#,4%#8.&/'0',69%#),+76%)#76)8+))%7#,4+)#

$'0#4')#*%%-#%))%-,6'(#,.#+-8.9%06-1#,4%#/',,%0-)#,4',#%<6),#*%,?%%-#%8.(.1:#'-7#$.(69.0%#

7%-)6,:5#*+,#&.),#),+76%)#4'9%#*%%-#+-69'06',%#6-#-',+0%5#8.00%(',6-1#.-%#')/%8,#.$#4'*6,',#

%8.(.1:#?6,4#$.(69.0%#7%-)6,:2#3+0,4%0&.0%#?46(%#,4%0%#6)#6-$.0&',6.-#,4',#)+11%),)#

4'*6,',#A+'(6,:#'().#6-$(+%-8%)#7%&.10'/468#/',,%0-)5#6,#6)#/.))6*(%#,4',#76$$%0%-,#

%8.(.168'(#9'06'*(%)#8.+(7#/0.7+8%#,4%#)'&%#.*)%09'*(%#/',,%0-)2#@4%0%$.0%#$.8+)6-1#.-#

%8.(.1:#'-7#7%&.10'/4:#'(.-%#&':#-.,#/0.967%#%-.+14#6-$.0&',6.-#,.#$+((:#76),6-1+6)4#

?4684#$'8,.0=)>#/(':#,4%#('01%),#0.(%#6-#'$$%8,6-1#76$$%0%-8%)#6-#$.(69.0%#7%-)6,:2##

# B-%#?':#,.#'770%))#,4%)%#6))+%)#6)#,.#(..C#',#,4%#*%4'96.0#.$#/06&',%)5#?4684#8'-#

*%#6-$(+%-8%7#*:#,4%#%8.(.1:#.$#'#4'*6,',#')#?%((#')#,4%#7%-)6,:#'-7#7%&.10'/4:#.$#'#

/./+(',6.-2#D%4'96.0'(#/0%768,6.-)#'*.+,#4.?#/06&',%)#)4.+(7#0%)/.-7#,.#76$$%0%-8%)#6-#

0%).+08%#'9'6('*6(6,:#8'-#*%#7%069%7#$0.&#'#,4%.0%,68'(#/%0)/%8,69%5#)+84#')#./,6&'(#

$.0'16-1#,4%.0:#=E'8F0,4+0#'-7#G6'-C'5#!HIIJ#K4'0-.95#!HLHJ#M+&%5#!HNH>5#'-7#$0.&#

7','#6-#,4%#(6,%0',+0%#6-768',6-1#,4',#76$$%0%-8%)#6-#,4%#'8,696,:#*+71%,)#.$#$.(69.0.+)#

/06&',%)#8'-#'06)%#6-#0%)/.-)%#,.#9'06',6.-#6-#$..7#'9'6('*6(6,:#=%2125#O')6(9'5#!HH"J#

3')46-1#%,#'(25#"PPLJ#Q.0),R%-)#'-7#O+-*'05#"PPL>2#3.0#%<'&/(%5#./,6&'(#$.0'16-1#,4%.0:#

&'C%)#/0%768,6.-)#0%1'076-1#/',84#0%)67%-8:#,6&%)2#M.?%9%05#,4%)%#/0%768,6.-)#'0%#*')%7#

.-#,4%#'))+&/,6.-#,4',#$%%76-1#0',%)#7%8(6-%#10'7+'((:#?6,4#,6&%#)/%-,#6-#'#/',842#S-#

/0'8,68%5#4.?%9%05#$%%76-1#0',%)#'0%#(6C%(:#,.#0%&'6-#0',4%0#8.-),'-,#$.0#&.0%#8.-)/68+.+)#
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%&'()$)*+,$-)$./*%&0$.123'/)0$-45$62*47$1'-8')9$:4$&,')'$+-)')0$;-&+,$/')%5'4+6$&%('$3%11$

42&$5';'45$24$'%&,'/$<4'/76=>%('$2/$&,'$('-4$/-&'$2.$.225$%4&-?'$%4$&,'$;-&+,9$>,'/'.2/'$

&,'/'$%)$)&/247$/'-)24$&2$-/7*'$&,-&$;/'5%+&%24)$(-5'$.2/$;-&+,$/')%5'4+6$&%('$@6$2;&%(-1$

.2/-7%47$&,'2/6$(-6$42&$,215$%4$.21%82/2*)$;/%(-&')$-45$-/'$&,*)$42&$+24)%5'/'5$,'/'9$ $

$A2(;-/-&%8'$)&*5%')$(-6$@'$(2/'$*)'.*1$-45$-;;1%+-@1'$%4$(-?%47$;/'5%+&%24)$.2/$

-+&%8%&6$@*57'&)$2.$.21%82/2*)$;/%(-&')$%4$/');24)'$&2$8-/%-&%24$%4$.225$-8-%1-@%1%&69$

B'8'/-1$)&*5%')$,-8'$),234$&,-&$;/%(-&')$(-6$);'45$(2/'$&%('$.''5%47$;'/$5-6$-)$;'/$

+-;%&-$.225$C*-1%&6$5%(%4%),')$3%&,$-4$%4+/'-)'$%4$&,'$4*(@'/$2.$+2(;'&%&2/)$-45$);'45$

(2/'$&%('$(28%47$-)$.225$;-&+,')$-/'$5';1'&'5$D8-4$B+,-%?$'&$-190$!EF#G$H-4)24$-45$8-4$

B+,-%?0$!EFFG$H-4)24$-45$I215)(%&,0$!EEJK9$L23'8'/$&,%)$/'1-&%24),%;$%4$&%('$-112+-&%24)$

%)$'M;'+&'5$2416$%.$&,'/'$-/'$42$5%..'/'4+')$%4$.225$C*-1%&6$-45$5'4)%&6$@'&3''4$)%&')$

DI%11');%'$-45$A,-;(-40$"NN!K9$:4$&,'$+24&'M&$3,'/'$24'$,-@%&-&$%)$+,-/-+&'/%O'5$@6$

,%7,'/$/')2*/+'$C*-1%&60$.2/$'M-(;1'$%4$&,'$.2/($2.$1'-8')$3%&,$,%7,'/$/-&%2)$2.$;/2&'%4P&2P

.%@'/0$&,%)$/'1-&%24),%;$-&$&,'$,%7,'/$C*-1%&6$)%&'$(-6$)&%11$/'.1'+&$(2/'$&%('$.''5%47$@*&$

&,'/'$(-6$@'$1'))$&%('$);'4&$/')&%47$5*'$&2$1'))$&%('$/'C*%/'5$.2/$&,'$5%7')&%24$2.$,%7,P

;/2&'%4P&2P123$.%@'/$%&'()$DQ%1&240$!EFNG$A21'6$-45$R-/&240$!EESK9$$T*/&,'/(2/'0$%.$&,'$

5'4)%&6$2.$&,')'$,%7,$C*-1%&6$/')2*/+')$3'/'$%4+/'-)'50$&,'$@',-8%2/-1$;/'5%+&%24)$.2/$

%4+/'-)'5$C*-1%&6$32*15$)&%11$,2150$@*&$-4%(-1)$(%7,&$%4)&'-5$);'45$1'))$&%('$(28%47$

@'+-*)'$@'&3''4$;-&+,$5%)&-4+')$32*15$5'+/'-)'$-)$/')2*/+'$5'4)%&6$%4+/'-)'59$>,%)$%)$-$

;-&&'/4$&,-&$,-)$@''4$2@)'/8'5$%4$1-/7'$,'/@-+'2*)$&'//')&/%-1$(-((-1)$D'9790$72-&)U$5'$

V4'7&
$
'&$-190$"NNWK$-45$%4$.21%82/2*)$;/%(-&')$D,231'/$(24?'6)U$Q%1&240$"NNNK9$$

$ T%4-1160$%&$,-)$@''4$)*77')&'5$&,-&$;2;*1-&%24$5'4)%&6$(-6$-1)2$-..'+&$;/%(-&'$

@',-8%2/9$T2/$'M-(;1'0$%&$,-)$),234$&,-&$X'2&/2;%+-1$,231'/$(24?'6)$&,-&$1%8'$-&$,%7,$
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%&%'()*+&,$-.,/+*+./$0)1.$/0&2*.2$-)3$2),4./$),-$/5)((.2$0&5.$2),4./$670+1.2/8$!9:9;$

72&<=.**$),-$>+/.,?.248$!9@AB$),-$.,4)4.$+,$0+40.2$2)*./$&C$(&,4$<)(($1&<)(+D)*+&,/$

670+)2.((&8$!99EBF$

$ G$,.H$%.2/%.<*+1.$&,$0&H$*&$*.)/.$)%)2*$H0+<0$<(&/.(3$2.()*.-$?+&(&4+<)($C)<*&2/$

)2.$+,C('.,<+,4$-.,/+*3$5)3$*0.2.C&2.$?.$4)+,.-$?3$<&,/+-.2+,4$*0.$.<&(&4+<)(8$

-.5&42)%0+<$),-$?.0)1+&2)($+,C&25)*+&,$*&4.*0.2F$G$H)3$*&$-&$*0+/$+/$*&$.5%(&3$)$

5'(*+1)2+)*.$)%%2&)<0$H0+<0$*./*/$5'(*+%(.$.<&(&4+<)($C)<*&2/$*0)*$<),$?.$-+/*+,4'+/0.-$?3$

0&H$*0.3$H&'(-$)CC.<*$*0.$?.0)1+&2$&C$C&(+1&2&'/$%2+5)*./F$I%.<+C+<)((38$.)<0$C)<*&2$

H&'(-$?.$)<<&5%),+.-$?3$)$/.*$&C$5'*')((3$.J<('/+1.$a priori$%2.-+<*+&,/$2.4)2-+,4$0&H$

.)<0$/0&'(-8$)(($&*0.2$)/%.<*/$2.5)+,+,4$.K')(8$)CC.<*$*0.$?.0)1+&2$&C$C&(+1&2&'/$%2+5)*./$

+,$)2.)/$&C$0+40$1.2/'/$(&H$%&%'()*+&,$-.,/+*3F$

$ L0+/$/*'-3$H+(($.J)5+,.$*0.$2.()*+&,/0+%/$?.*H..,$.<&(&438$-.5&42)%03$),-$

?.0)1+&2$+,$&2-.2$*&$)--2.//$*0.$K'./*+&,$&C$H0+<0$C)<*&2/$+,C('.,<.$C&(+1&2.$-.,/+*3$+,$

*H&$%&%'()*+&,/$&C$0&H(.2$5&,=.3/$6Alouatta seniculusBF$L0.$*H&$%&%'()*+&,/$)2.$

4.&42)%0+<)((3$<(&/.8$?'*$&<<'2$+,$-+CC.2.,*$C&2./*$*3%./$),-$)*$-+CC.2.,*$-.,/+*+./F$M&H(.2$

5&,=.3/$64.,'/$AlouattaB$)2.$)5&,4$*0.$5&/*$C&(+1&2&'/$N.&*2&%+<)($%2+5)*./$6e.g.8$

O+(*&,$!9@P8$Q2)D)$et al.8$!9@!B$),-$0)1.$)$H+-.$4.&42)%0+<$2),4.F$I.1.,$/%.<+./$&<<'2$

C2&5$/&'*0.2,$O.J+<&$*&$,&2*0.2,$G24.,*+,)$6R2&1./8$"PP!B$?'*$*0.+2$-.,/+*+./$)2.$

1)2+)?(.$*02&'40&'*$*0+/$-+/*2+?'*+&,$6C&2$2.1+.H$/..$70)%5),$S$Q)(<&5?8$!99@BF$$

$ L0.2.$)2.$*02..$5)+,$4&)(/$*&$*0+/$%)%.2;$*0.$C+2/*$+/$*&$*./*$H0.*0.2$*0.2.$)2.$

-+CC.2.,<./$+,$*0.$K')(+*3$&C$2./&'2<./$)1)+()?(.$?.*H..,$*0.$/+*./$?3$(&&=+,4$)*$!B$*0.$

-+4./*+?+(+*3$&C$(.)1./$)/$5.)/'2.-$?3$*0.$%2./.,<.$&C$*&*)($%0.,&(+<$<&,*.,*8$"B$*0.$2)*+&$

&C$%2&*.+,T*&TC+?.2$+,$(.)1./8$),-$UB$*0.$-.,/+*+./$&C$2./&'2<./$H+*0$(.)1./$*0)*$0)1.$*0.$



!"#$

$

%&'()*$+&,*(,*$&-$./(,&%0+)$1,2$*/($/03/()*$41*0&)$&-$.4&*(0,5*&5-06(47$8/($)(+&,2$3&1%$0)$

*&$02(,*0-9$'/(*/(4$/03/$.&.:%1*0&,$2(,)0*9$'1)$%0,;(2$*&$*/($-&%%&'0,3$20--(4(,+()$0,$

2(<&341./9$1)$.4&.&)(2$-&4$&*/(4$.40<1*()=$!>$8/($1?(413($,:<6(4$&-$<1%()$.(4$34&:.$0)$

higher@$">$8/($1?(413($,:<6(4$&-$12:%*$-(<1%($/&'%(4$<&,;(9$.(4$34&:.$0)$higher 6:*$

2&()$not exceed four@$A>$8/($1?(413($34&:.$)0B($0)$larger$1,2$C>$8/($41*0&$&-$0,-1,*)$1,2$

D:?(,0%()$*&$12:%*$-(<1%()$0)$higher7$E220*0&,1%%9$*/($.4(20+*0&,)$*/1*$/&'%(4)$%0?0,3$1*$

/03/(4$.&.:%1*0&,$2(,)0*0()$)/&:%2$/1?($)/&4*(4$219$41,3()$1,2$)<1%%(4$/&<($41,3()$

FG/0?(4)@$!HIHJ$G4&+;(**$1,2$K0)(,6(43@$!HLM>$1,2$(,313($0,$/03/(4$41*()$&-$%&,3$+1%%$

?&+1%0B1*0&,)$FG/014(%%&@$!HH#>$'0%%$6($*()*(27$N0,1%%9@$0,$&42(4$*&$*49$1,2$*(1)($1.14*$

'/0+/$(+&%&30+1%$-1+*&4F)>$0,-%:(,+($/&'%(4$<&,;(9$2(,)0*9@$1$+&<.140)&,$'1)$2&,($*&$

*()*$'/0+/$(+&%&30+1%$?14016%(F)>$/12$6(/1?0&41%$.4(20+*0?($)(*)$6()*$<1*+/(2$*&$*/($

&6)(4?(2$.1**(4,)$&-$Alouatta$6(/1?0&47$$

$ 8/($-04)*$*'&$/9.&*/()()$4(31420,3$4()&:4+($O:1%0*9$4(-%(+*$)&%(%9$.%1,*$O:1%0*9@$

'/0%($*/($%1)*$*'&$4(-%(+*$*/($+&<60,(2$(--(+*)$&-$6&*/$O:1%0*9$1,2$2(,)0*97$8/($(+&%&30+1%$

/9.&*/()()$/1?($<:*:1%%9$(P+%:)0?($)(*)$&-$a priori$.4(20+*0&,)$61)(2$&,$/&'$(1+/$&-$*/($

?14016%()@$'0*/$1%%$&*/(4$1).(+*)$4(<10,0,3$(O:1%@$)/&:%2$affect the behavior of howler 

monkeys in terms of percentage of time spent resting, feeding, and moving, between 

patch distance and number of patches fed upon per day, in a high versus a low 

population density region.$8/($(+&%&30+1%$/9.&*/()()$1,2$*/(04$+&44().&,20,3$

.4(20+*0&,)$14($1)$-&%%&')=$$

$

H1 A lower level of total phenolics in leaves supports a high Alouatta density.$8/0)$0)$

61)(2$&,$*/($02(1$*/1*$./(,&%0+)@$):+/$1)$*1,,0,)@$+1,$1+*$1)$203()*0&,$0,/060*&4)$1,2$/1?($
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%&&'$()*+'$,*$-&./0&$1&&.2'3$,24&$56-7'3)74$7'.$67,&-47'8$!9:!;<$=)/(8$>&7?&($

0*',72'2'3$7$>*+&-$@)&'*>20$0*',&',$()*/>.$7>>*+$)*+>&-$4*'A&B($,*$(@&'.$7$>*+&-$

@&-0&',73&$*1$,24&$-&(,2'3$7'.$7$3-&7,&-$@&-0&',73&$*1$,24&$1&&.2'3<$=)&$@&-0&',73&$*1$

,24&$(@&',$4*?2'3$7'.$,)&$%&,+&&'$@7,0)$.2(,7'0&$7-&$'*,$@-&.20,&.$,*$.211&-$%&,+&&'$7$

)23)$?&-(/($7$>*+$@*@/>7,2*'$.&'(2,B<$$

H2 A high protein-to-fiber ratio in the leaves supports a high Alouatta density.$=)&$

1*-732'3$(,-7,&3B$*1$)*+>&-$4*'A&B($()*/>.$%&$,*$(&>&0,$1**.$*1$7$-&>7,2?&>B$)23)$C/7>2,B8$

,*$42'242D&$,)&$0*(,($*1$@-*0/-2'3$(/0)$1**.($7'.$3&'&-7>>B$,*$0*'(&-?&$&'&-3B$5E2>,*'8$

!9:F;<$G&7?&($,)7,$)7?&$7$)23)&-$-7,2*$*1$@-*,&2'H,*H12%&-$&'7%>&$)*+>&-($,*$70C/2-&$7$

3-&7,&-$'/,-2,2*'7>$74*/',$@&-$1&&.2'3$%*/,$7'.$,)/($,)&B$()*/>.$(@&'.$7$3-&7,&-$

@&-0&',73&$*1$,24&$1&&.2'3$7($+&>>$7($)7?&$7$>*'3&-$@&-2*.$*1$,24&$,*$-&(,<$

H3 A high density of resources low in phenolic content supports a high Alouatta 

density. =)&$0*4%2'&.$&11&0,$*1$-&(*/-0&($>*+&-$2'$@)&'*>20$0*',&',$7'.$7$)23)&-$.&'(2,B$

*1$,)&(&$-&(*/-0&($7?72>7%>&$.211&-($1-*4$I!$2'$,)7,$)23)&-$.&'(2,B$.&0-&7(&($,)&$.2(,7'0&$

%&,+&&'$@7,0)&(8$7'.$,)/($,)&$@&-0&',73&$*1$,24&$(@&',$4*?2'3<$

H4 A high density of resources with high protein-to-fiber ratios supports a high 

Alouatta density. =)&$0*4%2'&.$&11&0,$*1$)7?2'3$-&(*/-0&($)23)&-$2'$@-*,&2'H,*H12%&-$7'.$

7$)23)&-$.&'(2,B$*1$,)&(&$-&(*/-0&($.211&-($1-*4$I"$2'$,)7,$)23)&-$.&'(2,B$.&0-&7(&($,)&$

.2(,7'0&$%&,+&&'$@7,0)&($,)/($.&0-&7(2'3$,)&$@&-0&',73&$*1$,24&$(@&',$4*?2'3<$J,$2($7>(*$

@-&.20,&.$,)7,$)*+>&-$4*'A&B($+2>>$%&$7%>&$,*$1&&.$*'$7$)23)&-$'/4%&-$*1$,-&&($@&-$.7B<$

=)2($@-&.20,2*'$2($%7(&.$*'$,)&$7((/4@,2*'$,)7,$/'.&-$,)&(&$0*'.2,2*'($2'.2?2./7>($47B$%&$

>&(($'/,-2,2*'7>>B$>242,&.$./&$,*$7$.2&,$)23)&-$2'$@-*,&2'8$&'7%>2'3$,)&4$,*$,-7?&>$,*$4*-&$

@7,0)&($@&-$.7B$1702>2,7,&.$%B$,)&$.&0-&7(&.$.2(,7'0&$%&,+&&'$,)*(&$@7,0)&(<$$
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4.3 Methods 

Study Area 

$ %&'&()*+$,--.$/0(*&$1)-2$3&4)5()678&*&24&)$"99:$;<$,+&$=('5<>$?(,;-<(0$@().$

(<A$B;-'/+&)&$%&'&)C&D$($/);2()6$?&-,)-/;*(0$)(;<1-)&',$0-*(,&A$'-5,+$-1$,+&$%;-$?(/-$;<$

,+&$E2(F-<$)&G;-<$-1$H*5(A-)$IJ-&',&)D$"99!KL$M+;'$)&G;-<$+('$4&&<$A&';G<(,&A$('$(<$

N?HOPQ$R(<$(<A$,+&$B;-'/+&)&$)&'&)C&$A5&$,-$;,'$&S,)&2&06$+;G+$'/&*;&'$A;C&)';,6$I8;$

3;-)&D$!TT#KL$M+&$)&G;-<$;'$2-;',$,)-/;*(0$1-)&',$*-2/-'&A$/);2();06$-1$terra firme$1-)&',$

(<A$'2(00&)$()&('$-1$);/();(<$1-)&',$(<A$'U(2/$U;,+$($2&(<$(<<5(0$,&2/&)(,5)&$-1$"V!P$

,+(,$;'$)&0(,;C&06$*-<',(<,$,+)-5G+-5,$,+&$6&()$I8;$3;-)&D$!TT#D$"99WX$8;$3;-)&$(<A$

%-A2(<D$"99!KL$M+&$&0&C(,;-<$)(<G&'$1)-2$!T97W:9$2$(<A$,+&)&$;'$($2&(<$(<<5(0$)(;<1(00$

-1$*(L$WD"99$22$U;,+$<-$A;',;<*,$A)6$'&('-<$I8;$3;-)&D$!TT#D$"99WX$8;$3;-)&$(<A$%-A2(<D$

"99!KL$N<,;0$)&*&<,06D$25*+$-1$,+&$/().$)&2(;<&A$/);',;<&D$45,$+52(<$'54';',&<*&$

/)(*,;*&'$(<A$)&'-5)*&$&S,)(*,;-<$+(C&$(0,&)&A$/-),;-<'$-1$,+&$)&'&)C&$I8;$3;-)&D$!TT#KD$

;<*05A;<G$($)-(A$,+(,$U('$45;0,$;<$,+&$&()06$!TT9Y'$46$R(S5'$H*5(A-)$P-)/-)(,;-<D$U+;*+$

<-U$',)&,*+&'$-C&)$!99$.2$;<';A&$=?@$I3)(<F&<D$"99VKL$ 

 

Study Sites  

$ M+&$',5A6$U('$*-<A5*,&A$(,$,U-$';,&'$U;,+;<$=?@L$M+&$1;)',$0-*(,;-<$;'$,+&$

@)-6&*,-$@);2(,&'$%&'&()*+$E)&($I@@%EK$&',(40;'+&A$;<$,+&$2;A7<;<&,;&'$I8;$3;-)&D$!TT#D$

"99!X$8&UD$"99!X$O5()&FD$"99WX$O/&+()D$"99VKL$M+&$@@%E$';,&$;'$(//)-S;2(,&06$V:9$+($

;<$';F&$(<A$;'$*+()(*,&);F&A$46$/);2()6D$<-<710--A&A$terra firme$1-)&',$U;,+$($)-(A$,+(,$

4-)A&)'$,+&$()&($-<$,U-$';A&'L$M+&$'&*-<A$';,&D$4-)A&);<G$,+&$M;/5,;<;$%;C&)$<&()$,+&$

M;/5,;<;$B;-A;C&)';,6$O,(,;-<$IMBOKD$;'$(0'-$)-5G+06$V:9$+($()&($(<A$*-<';','$-1$($2;S$-1$
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$

terra firme$%&'$()%(*&%++,$-+**')'$.%/01%12$31$0($+*4%1)'$-561.)6$-6*7$1.)$8%*6%&0$

4*775&010)($%&'$1.5($-%6$.5&10&9$.%($&*1$/))&$6):*61)'$%1$;<=2$;.)$>>?@$%&'$;<=$

(15',$(01)($%6)$+*4%1)'$%::6*A07%1)+,$BC$D7$%:%61$-6*7$)%4.$*1.)6$EF0956)$!G$%&'$/*1.$%6)$

4*&1095*5($H01.$+%69)$16%41($*-$5&-6%97)&1)'$16*:04%+$6%0&-*6)(12$;*1%+$:607%1)$/0*7%(($%1$

>>?@$0($"#I2"$D9JD7
"
K$H01.$BB2B$D9JD7

"
$4*7:*()'$*-$.*H+)6$7*&D),(K$H.0+)$%1$;<=$01$

0($I!L2M$D9JD7
"
$H01.$.*H+)6$7*&D),($4*7:60(0&9$NC2B$D9JD7

"
2$;.)$'0--)6)&4)$6)-+)41($%$

.*H+)6$7*&D),$/0*7%(($1.%1$0($"2B$107)($.09.)6$%1$;<=$1.%&$%1$>>?@$EO)6/,$0&$

:6):%6%10*&G2$

$

Nutritional Analysis 

$ >+%&1$(%7:+)($6):6)()&10&9$/*1.$-**'$%&'$&*&P-**'$01)7($H)6)$4*++)41)'$-6*7$1.)$

(15',$(01)($/)1H))&$Q*R)7/)6$"LLIPO)4)7/)6$"LLM$EQS$!"NT$MM$%1$>>?@K$N"$%1$;<=G2$

F**'$(%7:+)($H)6)$%4U506)'$0&$1H*$H%,(K$)01.)6$-6*7$1.)$)A%41$/6%&4.$+*4%10*&$H01.0&$

1.6))$'%,($*-$H.)&$1.)$7*&D),($-)'$-6*7$1.)$:%14.$5(0&9$%$7*'0-0)'$46*((/*H$*6$-6*7$

4*++)410&9$1.)$6)7%0&($*&$1.)$96*5&'$1.%1$-)++$-6*7$1.)$%&07%+(V$7*51.($H.0+)$)%10&92$

=%7:+)($H)6)$0')&10-0)'K$H)09.)'$EH)1GK$'60)'K$6)PH)09.)'$E'6,GK$%&'$()&1$1*$1.)$

W&0R)6(01,$*-$X%7/569K$Y)67%&,$-*6$&516010*&%+$%&%+,(0(2$;%/+)$!$+0(1($1.)$)A16%410*&$

:6*4)'56)($5()'$0&$1.0($(15',2$$

$ 3&$%''010*&K$1.)$1*:$1)&$(:)40)($H01.$1.)$.09.)(1$:)64)&1%9)$*-$:6*1)0&$%&'$1.)$1*:$

-*56$(:)40)($H01.$1.)$+*H)(1$4*&1)&1$*-$:.)&*+04($H)6)$0')&10-0)'$%1$)%4.$(01)$%&'$)A0(10&9$

'%1%$*&$1.)()$(:)40)(V$4*66)(:*&'0&9$')&(01,$-6)U5)&40)($H)6)$1.)&$4*7:%6)'$/)1H))&$

1.)$(01)($EO)6/,$0&$:6):%6%10*&G2$3')%++,$1.)$1*:$1)&$(:)40)($H*5+'$.%R)$%+(*$/))&$()+)41)'$

1*$0&R)(109%1)$1.)$')&(01,$*-$16))($H01.$1.)$+*H)(1$+)R)+($*-$:.)&*+04(K$.*H)R)6$/)4%5()$

&*1$%++$(%7:+)($H)6)$%/+)$1*$/)$0')&10-0)'$*&+,$1.)$1*:$-*56$(:)40)($H)6)$5()'2$O%1%$*&$1.)$
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%&''$()'*+'($,'-(+%.$*/0'($1&/0$(%&2%+1+',$3/%2-+*24$)4/%($%52%$&')&'('-%',$2$%/%24$/1$!67$52$

2%$'2*5$(+%'$8+%5$244$%&''($9$!:$;<=$+,'-%+1+',6$>5'$%/%24$-?03'&$/1$(%'0($)'&$!67$52$2%$

><@$82($#:#$2-,$ABC$2%$DDEF6$

 

Demographic Data 

$ $ F44$,2%2$8'&'$*/44'*%',$3'%8''-$G'3&?2&.$2-,$;'*'03'&$"::7$2%$%5'$DDEF$2-,$

%5'$><@$(%?,.$(+%'(6$;'0/H&2)5+*$+-1/&02%+/-$/-$5/84'&$0/-I'.$H&/?)$(+J'$2-,$

*/0)/(+%+/-$82($*/44'*%',$,?&+-H$1?44$,2.$1/44/8($/-$523+%?2%',$1/*24$H&/?)($%8/$%/$%5&''$

,2.($)'&$0/-%5$KLM$!$H&/?)$2%$DDEFN$"$H&/?)($2%$><@O6$;?&+-H$1?44$,2.$1/44/8(P$,2%2$/-$

H&/?)$(+J'$2-,$*/0)/(+%+/-$8'&'$&'*/&,',$1/&$%5'$1/*24$H&/?)$2-,$2-.$2,,+%+/-24$5/84'&$

H&/?)$%52%$82($'-*/?-%'&',$85+4'$8+%5$%5'$1/*24$H&/?)6$Q&/?)$*/0)/(+%+/-$82($,'1+-',$

2($244$2,?4%$2-,$+002%?&'$0'03'&($K1/44/8+-H$D'&'(P$!###O$2-,$%5'$('R$2-,$2H'$*42(($/1$

244$H&/?)$0'03'&($82($&'*/&,',6$S-$2,,+%+/-$%/$H&/?)$1/44/8(P$8''I4.$,+(%&+3?%+/-24$

(?&T'.($2-,$0/-%54.$4+-'$%&2-('*%$(20)4+-H$8'&'$,/-'$8+%5$%5'$+-%'-%$%/$('2&*5$2-,$

*/-,?*%$2$*/0)4'%'$*/?-%$/1$5/84'&$H&/?)($+-$%5'$(%?,.$(+%'($K;'&3.$+-$)&')2&2%+/-O6 ;2%2$

/-$%5'$H&/?)$(+J'$2-,$*/0)/(+%+/-$/1$5/84'&$H&/?)($2%$'2*5$(+%'$8'&'$,'&+T',$'+%5'&$1&/0$

1/44/8($8+%5$1/*24$H&/?)(P$(?&T'.($/&$%&2-('*%$824I(6$S-$%5'$42%%'&$%8/$*2('(P$2$1?44$.'2&$/1$

(?&T'.$2-,$%&2-('*%$,2%2$8'&'$'R20+-',P$24/-H$8+%5$%5'$H'-'&24$I-/84',H'$/1$5/84'&$

0/-I'.$5/0'$&2-H'($1&/0$%5'('$(+%'(P$%/$,'%'&0+-'$%5'$H'-'&24$4/*2%+/-$2-,$&2-H'$/1$

'2*5$H&/?)$8+%5+-$%5'$(%?,.$(+%'($2-,$%5'+&$(+J'$2-,$*/0)/(+%+/-6$ 

 

Group Encounters and Relative Vocalization Rate 

$ Q&/?)$'-*/?-%'&($2-,$T/*24+J2%+/-$&2%'($8'&'$&'*/&,',$+-$2-$244$/**?&&'-*'$
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$

%&''()$*+&),-'$&'.$/&,(01'2$!33"45$67('$8)19:$(';19',()0$1;;9))(.$,7($<1==1>-'8$

-'<1)%&,-1'$>&0$,&?('@$0:(;-(02$'9%A()$1<$-'.-B-.9&=02$&8($;=&00$&'.$0(C$1<$-'.-B-.9&=02$

=1;&,-1'2$.9)&,-1'2$&'.$'&,9)($1<$(';19',()$*&<<-=-&,-B(2$'(9,)&=2$&81'-0,-;45$D==$=1'8$;&==$

B1;&=-E&,-1'0$7(&).$,7)198719,$,7($;19)0($1<$,7($.&F$<)1%$A1,7$<1;&=$&'.$9'?'1>'$

8)19:0$>()($)(;1).(.5$G1)$(&;7$1;;9))(';($,7($.&,($&'.$,-%($,18(,7()$>-,7$,7($.9)&,-1'$

>()($'1,(.5$D$)(=&,-B($B1;&=-E&,-1'$)&,($>&0$;&=;9=&,(.$90-'8$,7($<1==1>-'8$<1)%9=&@$$$$

(Total number of long call events/Total observation days) 

$

Behavioral Data  

H1%($)&'8(2$.&-=F$:&,7$=('8,72$&'.$&;,-B-,F$:&,,()'$

$ I'$1).()$,1$&00(00$71%($)&'8(2$.&-=F$:&,7$=('8,72$&'.$&;,-B-,F$:&,,()'0$1<$,7($)(.$

71>=()$%1'?(F02$<9==$.&F$<1==1>0$>()($;1'.9;,(.$1'$7&A-,9&,(.$<1;&=$8)19:0$*JK$!$

8)19:$&,$LLMDN$O$8)19:0$&,$P/Q4$,>1$,1$,7)(($.&F0$:()$%1',7$&,$(&;7$0-,(5$Q-E($&'.$

;1%:10-,-1'$1<$,7($LLMD$<1;&=$8)19:$>&0$R$-'.-B-.9&=02$-';=9.-'8$!$&.9=,$%&=(2$!$09AS

&.9=,$%&=(2$O$&.9=,$<(%&=(02$!$09AS&.9=,$<(%&=(2$!$T9B('-=($&'.$!$-'<&',5$U)19:$!$&,$P/Q$

7&.$&$,1,&=$1<$!#$-'.-B-.9&=0$-';=9.-'8$!$&.9=,$%&=(2$!$09AS&.9=,$%&=(2$V$&.9=,$<(%&=(02$!$

09AS&.9=,$<(%&=(2$O$T9B('-=(02$&'.$!$-'<&',$>7-=($U)19:$O$7&.$&$,1,&=$1<$W$-'.-B-.9&=0$>-,7$

!$&.9=,$%&=(2$!$09AS&.9=,$%&=(2$O$&.9=,$<(%&=(02$&'.$!$T9B('-=(5$

$ D=,71987$,7($-',(',-1'$1<$,7-0$0,9.F$>&0$,1$%1'-,1)$<1;&=$8)19:0$&,$A1,7$0-,(0$<1)$

,7($.9)&,-1'$1<$,7($:)1T(;,2$,7-0$>&0$1'=F$&;7-(B(.$&,$,7($P/Q$0-,(5$I,$>&0$'1,$:100-A=($,1$

=1;&,($&'.$7&A-,9&,($&$0,9.F$8)19:$&,$,7($LLMD$0-,($9',-=$Q(:,(%A()$1<$O##W5$I'$=&)8($:&),$

,7-0$>&0$.9($,1$,7($=1>$.('0-,F$1<$71>=()$%1'?(F0$&,$,7-0$0-,($&'.$,7($B-),9&=$'1'S

(C-0,(';($1<$=1'8$;&==$B1;&=-E&,-1'0$,7&,$,F:-;&==F$&-.$-'$,7($('.(&B1)$,1$=1;&,($&'.$<1==1>$
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#

$%&'()*#+,-%-.&%-/#0,-#1-,234&%25#6202#7&8(2%4)&9)#:-%-#%-)0%470-6#0&#0,-#8&90,)#&.#

&3-%52(#1-0:--9#0,-#.&725#$%&'(#.&55&:)#20#0,-#0:&#)40-)#;<=#"#8&90,)>*##

# ?&90,5@#62@#%29$-#6202#7&55-704&9#1-$29#1@#.49649$#0,-#8&9A-@)#49#0,-4%#)5--(#

)40-#.%&8#0,-#(%-34&')#-3-949$#296#%-7&%649$#40)#5&7204&9*#+,-#29$5-#&.#255#)'1)-B'-90#

0%23-5#8&3-8-90)#296#0,-#5&7204&9#&.#-27,#%-)049$#296#.--649$#0%--#;6-.49-6#1-5&:>#:-%-#

0,-9#%-7&%6-6#25&9$#:40,#0,-4%#64)0297-#296#29$5-#.%&8#0,-#9-2%-)0#82%A-6#0%245)#296#0%--)#

82((-6#:40,#C5&125#D&)404&949$#E@)0-8#;CDE>#7&&%64920-)#;F4G4&%-/#!HHIJ#E'2%-K/#

LMM">*#N55#(&490)#:-%-#7&93-%0-6#490&#O943-%)25#+%29)3-%)-#?-%720&%#;O+?>#7&&%64920-)#

296#-90-%-6#490&#N%7P4-:#"*"*#Q&8-#%29$-#:2)#6-0-%849-6#')49$#0,-#N%7P4-:#"*"#

E(20425#N925@)0#:,47,#7257'520-6#1&0,#2#84948'8#7&93-R#(&5@$&9#296#2#HST#U-%9-5#

.%&8#255#62@#%29$-#6202#(&490)#.&%#-27,#$%&'(*#F245@#(20,#5-9$0,#:2)#0,-9#7257'520-6#1@#

)'8849$#0,-#)0%24$,0#549-#64)0297-)#1-0:--9#-27,#%-7&%6-6#5&7204&9#')49$#0,-#N%7P4-:#

"*"#?&3-8-90#)&.0:2%-*#N704340@#1'6$-0#6202#:-%-#6-%43-6#.%&8#.4.0--9#849'0-#

1-,234&%25#)729#)28(549$#;?2%049#296#V20-)&9/#!HH">#0,20#%-7&%6-6#0,-#.&55&:49$#.&'%#

720-$&%4-)W#.--649$/#%-)049$/#8&349$#296#)&74254K49$*##

#

V-0:--9#(207,#64)0297-#296#9'81-%#&.#.--649$#0%--)#')-6#(-%#62@#

# N#(207,/#&%#.--649$#0%--/#:2)#6-.49-6#2)#2#0%--#&%#54292#:40,49#2#0%--#:,-%-#.--649$#

&77'%%-6#.&%#8&%-#0,29#.43-#849'0-)#;F4#G4&%-/#!HHI>*#V-0:--9#(207,#64)0297-#:2)#

8-2)'%-6#1@#02A49$#0,-#CDE#(&490)#.%&8#-27,#.--649$#0%--#0,-#,&:5-%#8&9A-@)#-90-%-6#

296#7257'52049$#0,-#)0%24$,0#549-#64)0297-#1-0:--9#)-B'-90425#(207,-)#49#N%7P4-:#"*"#;)--#

21&3->*#D207,#.--649$#048-#:2)#6-.49-6#2)#0,-#5-9$0,#&.#048-#.%&8#:,-9#0,-#.4%)0#8&9A-@#

49#2#$%&'(#-90-%-6#2#(207,#'9045#0,-#52)0#8&9A-@#5-.0#0,-#)28-#(207,*##
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$

Statistical Testing$

$ %&'$()**)+,-.$/010,/0,21*$0'/0/$+'3'$144*,'5$0)$0&'$51016$7-$)35'3$0)$2)8413'$0&'$

-903,0,)-1*$2)84)-'-0/$)($4*1-0$,0'8/$:'0+''-$0&'$/,0'/;$7-5'4'-5'-0$%<0'/0/$+'3'$9/'56$

=9'$0)$0&'$/81**$/,>'/$)($0&'$:'&1?,)31*$5101$/'0;$/'?'31*$0'/0/$+'3'$4'3()38'5$)-$0&'/'$

/2)3'/$,-$)35'3$0)$*))@$10$0&'$?13,1-2'$+,0&,-$0&'$5101$:)0&$)-$0&'$51,*A$1-5$0&'$8)-0&*A$

*'?'*$:'0+''-$0&'$0+)$/,0'/6$$B,3/0;$1$C1--<D&,0-'A$E$%'/0$FG,'.'*$1-5$H1/0'**1-;$!IJJK$

+1/$4'3()38'5$)-$0&'$51,*A$/2)3'/$()3$0&'$120,?,0A$:95.'0/$1-5$0&'-$1.1,-$)-$0&'$8)-0&*A$

1?'31.'/6$G'2)-5;$1$D,*2)L)-$C102&'5$M1,3/$%'/0$FG,'.'*$1-5$H1/0'**1-;$!IJJK$+1/$

144*,'5$0)$0&'$8)-0&*A$1?'31.'/6$7-$155,0,)-;$:'0+''-$4102&$5,/01-2'/$+'3'$0'/0'5$9/,-.$1$

N-'<+1A$OPNQO$FG)@1*$1-5$R)&*(;$!IISK$1-5$IST$H)-(,5'-2'$U,8,0/$+'3'$144*,'5$0)$

0&'$-98:'3$)($(''5,-.$03''/$9/'5$4'3$51A$10$:)0&$/,0'/6$U1/0*A;$1$C1--<D&,0-'A$E$%'/0$

+1/$9/'5$0)$*))@$10$0&'$5'8).314&,2$2&13120'3/$)($0&'$.3)94/$10$:)0&$/,0'/;$+&,*'$1$H&,$

GV913'$%'/0$+1/$9/'5$0) 0'/0$0&'$-98:'3$)($51A/$+,0&$*)-.$21**$?)21*,>10,)-/$?'3/9/$

+,0&)90$?)21*,>10,)-/$:'0+''-$0&'$0+)$4)49*10,)-/6$ 

 

4.4 Results 

Resource Quality and Density 

$ %&'$4*1-0$/184*'/$+'3'$0'/0'5$()3$/,L$-903,0,)-1*$2)84)-'-0/$F%1:*'$!K$1-5$0&'$

*'1?'/$(3)8$0&'$0+)$/,0'/$+'3'$()9-5$0)$&1?'$0+)$/,.-,(,21-0$5,(('3'-2'/$F%1:*'$#K;$+&,*'$

-)$5,(('3'-2'/$+'3'$()9-5$,-$0&'$(39,0$2)-0'-06$%&'$0)01*$4'32'-0$43)0',-$,-$0&'$81093'$1-5$

A)9-.$*'1?'/$2)8:,-'5$+1/$()9-5$0)$:'$/,.-,(,21-0*A$&,.&'3$10$%WG$F7-5'4'-5'-0$%<0'/0X$

5($Y$Z[;$0$Y$#6SZ;$MY$[6[!K;$+&,*'$0&'$43)0',-$0)$(,:'3$F12,5$5'0'3.'-0$(,:'3K$310,)$+1/$
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#

$%&'(#)%#*+#,-.'-$-/0')12#3-.3+4#-'#)3+#50)&4+#1+06+,#0)#789#:;'(+<+'(+')#7=)+,)>#($#?#!@A#

)#?#=BC""#D#?#ECE"FC##

# G((-)-%'0112A#)3+#)%<#)+'#,<+/-+,#H-)3#)3+#3-.3+,)#<+4/+')0.+#%$#<4%)+-'#H+4+#

-(+')-$-+(#0)#+0/3#,-)+#0'(#+I-,)-'.#(0)0#%'#)3+,+#,<+/-+,J#/%44+,<%'(-'.#(+',-)2#

$4+K&+'/-+,#H+4+#)3+'#/%5<04+(#*+)H++'#)3+#,-)+,C#;)#H0,#$%&'(#)30)#)3+#06+40.+#<4%)+-'#

<+4/+')0.+#%$#)3+#)%<#)+'#,<+/-+,#0)#789#H0,#LCEM#:9N#?#BC"F#0'(#)30)#)3+4+#H+4+#O@#

-'(-6-(&01,#%$#)3+,+#,<+/-+,#$%&'(#H-)3-'#!CP#30#%$#*%)0'-/01#<1%),A#4+<4+,+')-'.#PC!Q#%$#

)3+#)%)01#)4++#(+',-)2C#73+#06+40.+#<+4/+')0.+#<4%)+-'#%$#)3+#)%<#)+'#,<+/-+,#0)#DDRG#H0,#

SCMM#:9N#?#BCSFA#0'(#)3+4+#H+4+#%'12#!!#-'(-6-(&01,#%$#)3+,+#,<+/-+,#$%&'(#H-)3-'#!CP#30#

%$#*%)0'-/01#<1%),A#4+<4+,+')-'.#!CPQ#%$#)3+#)%)01#)4++#(+',-)2C#T&4)3+45%4+A#H3+'#)3+#)%<#

)+'#,<+/-+,#$4%5#+0/3#,-)+#04+#/%5*-'+(A#)3+4+#04+#!OE#-'(-6-(&01,#:!PCOQ#%$#)%)01#)4++#

(+',-)2F#<4+,+')#H-)3-'#)3+#*%)0'-/01#<1%),#0)#789A#H3-1+#%'12#P!#-'(-6-(&01,#:@CLQ#%$#

)%)01#)4++#(+',-)2F#H+4+#$%&'(#0)#DDRG#:70*1+#"FC###

# G1)3%&.3#)3+4+#H+4+#'%#,-.'-$-/0')#(-$$+4+'/+,#$%&'(#*+)H++'#,-)+,#-'#)3+#06+40.+#

<3+'%1-/#/%')+')#H-)3-'#)3+#1+06+,A#0#,-.'-$-/0')#(-$$+4+'/+#+5+4.+,#-$#)3+#(+',-)2#%$#)3+#

)%<#$%&4#,<+/-+,#H-)3#)3+#1%H+,)#1+6+1,#%$#,+/%'(042#/%5<%&'(,#-,#/01/&10)+(#$%4#+0/3#

,-)+C#73+4+#H+4+#!EP#)4++,#0)#789#H-)3#)3+#1%H+,)#<3+'%1-/#/%')+')#:G6+40.+#?#ECPEA#9N#?#

ECB!FA#%4#!!C@Q#%$#)3+#)%)01#)4++#(+',-)2#H-)3-'#)3+#*%)0'-/01#<1%),A#H3+4+0,#)3+4+#H+4+#

%'12#BE#)4++,#)30)#%//&44+(#0)#DDRGC#U3+'#)3+#,<+/-+,#04+#/%5*-'+(#$4%5#*%)3#,-)+,#0'(#

)3+#)%<#+-.3)#04+#)0V+'#-')%#/%',-(+40)-%'A#)3+4+#04+#0#)%)01#%$#!BS#-'(-6-(&01,#0)#789A#%4#

!"CLQ#%$#)3+#)4++#(+',-)2A#6+4,&,#OO#)4++,#0)#DDRG#H3-/3#4+<4+,+'),#PCLQ#%$#)3+#)%)01#

*%)0'-/01#<1%)#(+',-)2#:70*1+#OFC##

#
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Demography 

$ %&'(&)$'(*$+&,&-./$+&0*1$+'213$+&'*+4$56'($.77/68&,.'*-3$9:;$(.4$'(*/*$<*/*$"$

=/627+$>62)1$'6$6??2/$.'$'(*$@@AB$+&'*$.)1$!;$=/627+$.'$'(*$CDE$+&'*F$C(*$.G*/.=*$=/627$

+&0*$<.+$+-&=('-3$-./=*/$.'$@@AB4$/*>-*?'*1$,.&)-3$&)$.$(&=(*/$)2,5*/$6>$>*,.-*+4$52'$)6$

=/627$<.+$>62)1$'6$(.G*$=/*.'*/$'(.)$>62/$>*,.-*+$7*/$=/627$HC.5-*$:IF$C(*$/.'&6$6>$

&,,.'2/*$'6$>*,.-*+$<.+$+-&=('-3$(&=(*/$.'$CDE$H!J;FKKI$?6,7./*1$'6$@@AB$H!J;F9LIF$

M6<*G*/4$)*&'(*/$'(*$.G*/.=*$=/627$+&0*$)6/$.)3$.+7*?'$6>$=/627$?6,76+&'&6)$1&>>*/*1$

+&=)&>&?.)'-3$5*'<**)$'(*$'<6$+&'*+$HC.5-*$:J$N.))O%(&')*3$P$C*+'4$@$Q$;F;:IF$$$

$

Group Encounters and Relative Vocalization Frequency 

$ R)'*/O=/627$*)?62)'*/+$<*/*$/./*-3$<&')*++*1$.'$*&'(*/$+&'*F$M6<*G*/4$>&G*$

6??2//*1$<(&-*$*&'(*/$+*./?(&)=$>6/$6/$<&'($'(*$>6?.-$=/627+$.'$'(*$CDE$+&'*$.)1$6)*$

6??2//*1$.'$'(*$@@AB$+&'*F$M6<-*/$,6)S*3+$.'$56'($+&'*+$(.G*$.'$-*.+'$+6,*$7./'$6>$'(*&/$

7*/&7(*/.-$(6,*$/.)=*$6G*/-.77&)=$<&'($.1T.?*)'$=/627$/.)=*+4$.)1$&'$&+$'(*+*$7*/&7(*/.-$

./*.+$'(.'$*)?62)'*/+$<*/*$65+*/G*1F$B--$*)?62)'*/+$5*=.)$<&'($-6)=$?.--$G6?.-&0.'&6)+$53$

'(*$,.-*H+I$&)$*.?($=/627$H>*,.-*+$<*/*$)6'$65+*/G*1$G6?.-&0&)=I$.)1$>62/$62'$6>$+&8$

*)?62)'*/+$*+?.-.'*1$'6$1&/*?'$.==/*++&6)F$B--$6>$'(*$1&/*?'$.==/*++&6)$*)?62)'*/+$

6??2//*1$.'$'(*$CDE$+&'*4$/*+2-'&)=$&)$/&G.-$,.-*$=/627$,*,5*/+$?(.+&)=$*.?($6'(*/$

'(/62=($'(*$?.)673F$C(*$6'(*/$'<6$6??.+&6)+$<*/*$+'/&?'-3$UG6?.-$5.''-*+V$5*'<**)$=/627$

,.-*+$-6?.'*1$-*++$'(.)$:;$,$.7./'$>/6,$6)*$.)6'(*/$H6)*$.'$'(*$CDE$+&'*4$6)*$.'$@@ABIF$$

$ R)$?6)'/.+'4$-6)=$?.--$G6?.-&0.'&6)+$<*/*$,2?($,6/*$?6,,6)F$B'$'(*$CDE$+&'*$.$

'6'.-$6>$!#;$-6)=$?.--$G6?.-&0.'&6)$*G*)'+$6??2//*1$6)$:K$6>$'(*$!#"$'6'.-$65+*/G.'&6)$

1.3+4$6/$#;F9W$6>$'(*$'&,*F$C(*$/*-.'&G*$G6?.-&0.'&6)$/.'*4$<(&?($&+$'(*$'6'.-$)2,5*/$6>$
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%&'($)*%%$+,+'-./-&-*%$&0.+1,*-2&'$3*4.5$6*.$789:$*'3$-;1&<(;&<-$-;+$.-<34$=+12&3$-;+1+$

6+1+5$&'$*,+1*(+5$!8>7$?@AB$78:#C$%&'($)*%%$,&)*%2D*-2&'.$=+1$3*48$E;2.$,*12+3$-;1&<(;&<-$

-;+$4+*1$;&6+,+1$?F2(<1+$>*C5$62-;$*$G*H2G<G$'<G0+1$&I$"8""$)*%%.$=+1$3*4$2'$J*4$>77#$

*'3$*$G2'2G<G$&I$78>7$2'$J*1);$>77#8$

$ K'$)&'-1*.-5$-;+1+$6+1+$.2('2I2)*'-%4$I+6+1$%&'($)*%%.$*-$-;+$LLMN$.2-+$?O;2$@P<*1+5$

#Q8R"5$L$S$7877!T$UB$#:$3*4.$62-;$,&)*%2D*-2&'.$*'3$:#$62-;&<-$I&1$EV@T$UB$W$3*4.$62-;$

,&)*%2D*-2&'.$*'3$!Q"$62-;&<-$I&1$LLMNC8$N$-&-*%$&I$:$%&'($)*%%$,&)*%2D*-2&'$+,+'-.$

&))<11+3$3<12'($W$&I$-;+$!#7$-&-*%$&0.+1,*-2&'$3*4.5$&1$Q8WX$&I$-;+$-2G+$*-$LLMN8$E;+$

1+%*-2,+$,&)*%2D*-2&'$1*-+$6*.$787#$*'3$-;+$&,+1*%%$*,+1*(+$&I$%&'($)*%%$,&)*%2D*-2&'.$=+1$

3*4$6*.$787Q$?@AB$78!!C$I&1$-;+$.-<34$=+12&35$62-;$-;+$G*H2G<G$'<G0+1$2'$U&,+G0+1$

>77Q$&'%4$1+*);2'($78>:$*'3$+2(;-$G&'-;.$62-;$D+1&$%&'($)*%%.$1+)&13+3$?F2(<1+$>0C8$$

$

Behavioral Data 

Y&G+$1*'(+5$3*2%4$=*-;$%+'(-;5$*'3$*)-2,2-4$=*--+1'$

$ Z;+'$)&G=*12'($-;+$;&G+$1*'(+$*1+*$I&1$-6&$.2G2%*1$.2D+3$;&6%+1$G&'[+4$

(1&<=.$?\1&<=LLMN$B$W$2'32,23<*%.5$U$B$R$3*4.$*'3$">$1*'(2'($=&2'-.T$\1&<=EV@$B$!7$

2'32,23<*%.5$U$B$W$3*4.$*'3$RQ$1*'(2'($=&2'-.C5$-;+$LLMN$(1&<=$2.$I&<'3$-&$;*,+$*$

.G*%%+1$;&G+$1*'(+8$E;+$32II+1+')+$2'$*1+*$2.$"8:$;*$6;+'$<.2'($*$J2'2G<G$O&',+H$

L&%4(&'$?JOLC$-&$)*%)<%*-+$;&G+$1*'(+$?LLMNB$>"8R$;*T$EV@B$>W8Q$;*C$*'3$>8>$;*$

6;+'$<.2'($*$9#X$]+1'+%$?LLMNB$>Q8RT$EV@$B$>R8:$;*C8$E;2.$.2G2%*12-4$2'$;&G+$1*'(+$

.2D+$0+-6++'$-6&$(1&<=.$-;*-$&))<1$*-$.2-+.$-;*-$*1+$.2G2%*1$2'$.2D+$0<-$32II+1$2'$=&=<%*-2&'$

*'3$(1&<=$3+'.2-4$G*4$0+$1+I%+)-2,+$&I$.G*%%$.*G=%+$.2D+.8$N%-;&<(;$-;+$*,+1*(+$3*2%4$

=*-;$%+'(-;$*-$-;+$LLMN$.2-+$2.$.;&1-+1$?QQ:8"$G$*-$LLMN5$UB$R$3*4.T$R!R8WG$*-$EV@5$UB$
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%$&'()*+$,-$&./)$0.-$),10,2,3'0-4($&,22/5$6/-7//0$-8/$15.9:)$;<,195/$"=$>?@$A.02,&/03/$

B,C,-)*D$ 

$ $ E.7/F/5+$5/)94-)$2.5$15.9:$'3-,F,-($:'--/50)$,0&,3'-/$-8/5/$'5/$),10,2,3'0-$

&,22/5/03/)$6/-7//0$-8/$-7.$:.:94'-,.0)D$<,5)-+$&,22/5/03/)$6/-7//0$-8/$6/8'F,.5'4$&',4($

'F/5'1/)$$7/5/$-/)-/&+$)8.7,01$-8'-$8.74/5$C.0G/()$'-$-8/$HIJ$),-/$):/0-$),10,2,3'0-4($

C.5/$-,C/$2//&,01$;K'00LM8,-0/($N$H/)-+$N$O$PD?+$QRRST$O$%+$QHIJ$O$>+$R$UVDV?*D$H8/5/$

7/5/$0.$&,22/5/03/)$2.90&$,0$-8/$-,C/$):/0-$C.F,01+$5/)-,01+$.5$).3,'4,W,01$;NC.F/$O$X!D?+$

N5/)-$O$X%+$N).3$O$"!D?+$QRRST$O$%+$QHIJ$O$>+$'44$R)$Y$VD!*D$M8/0$C.0-84($'F/5'1/)$'5/$

-/)-/&+$-,C/$):/0-$2//&,01$,)$)-,44$),10,2,3'0-4($8,18/5$'-$HIJ$;K'00LM8,-0/($N$H/)-+$N$O$

VDV+$QRRST$O$"+$QHIJ$O$"+$R$UVDV?*$'0&+$78,4/$0.-$),10,2,3'0-+$-8/$&'-'$,0&,3'-/&$-8'-$-8/($

'5/$'4).$):/0&,01$4/))$-,C/$C.F,01D$H.$3.0-5.4$2.5$:.)),64/$)/').0'4$/22/3-)+$'$M,43.Z.0$

K'-38/&$R',5)$H/)-$7')$'4).$'::4,/&$-.$-8/$C.0-84($'F/5'1/)+$'0&$,-$'4).$,0&,3'-/&$-8'-$

C.0G/()$'-$HIJ$'5/$2//&,01$C.5/$'0&$C.F,01$4/))$;<,195/$P=$H2//&$O$VDV+$HC.F/$O$VDV+$

QRRST$O$"+$QHIJ$O$"+$R$YVDV?*D$M8,4/$-8/$5/)94-)$25.C$-8/$M,43.Z.0$K'-38/&$R',5)$H/)-$

3'00.-$6/$),10,2,3'0-$&9/$-.$)C'44$)'C:4/$),W/+$-8/5/$7')$0.$/Z3/:-,.0$-.$-8/$&,5/3-,.0$.2$

-8/$'F/5'1/$)3.5/)$2.5$/'38$C.0-8$6/-7//0$-8/$),-/)+$)911/)-,01$-8'-$-8/$0.0L),10,2,3'0-$

5/)94-$7')$C.5/$4,G/4($&9/$-.$)'C:4/$),W/$'0&$0.-$6/3'9)/$.2$F'5,'-,.0$,0$-8/$&'-'D$$

$ $ [0$'&&,-,.0$-.$-8/$&,22/5/03/)$,0$-,C/$):/0-$2//&,01+$-8/5/$'5/$'4).$'$2/7$

&,22/5/03/)$,0$-8/$'C.90-$'0&$-8/$-(:/$.2$2..&)$6/,01$3.0)9C/&D$K.0G/()$'-$6.-8$),-/)$

8'F/$'$8,18$.F/5'44$'F/5'1/$.2$4/'F/)$,0$-8/,5$&,/-+$8.7/F/5$,-$7')$)4,18-4($8,18/5$'-$HIJ$

;HIJO$\!D\@]$RRSTO$%"DX@*D$M,-8,0$-8,)$3'-/1.5(+$'-$HIJ$-8/$'F/5'1/$'C.90-$.2$

(.901$4/'F/)$3.0)9C/&$7')$8,18/5$'0&$3.0F/5)/4($-8/$'F/5'1/$'C.90-$.2$C'-95/$4/'F/)$

7')$4.7/5$;HIJ=$(.901$4/'F/)O$%%@+$C'-95/$4/'F/)O$PD\]$RRST=$(.901$4/'F/)O$?>D>@+$
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%&'()*$+*&,*-.$!"/"01/$23*$45*'$&'$267$&+-8$&99*&)-$'8$:*$%8)*$45,*)-*;$)*<+*='*4$:>$'3*$

%8?'3+>$5?=+(-58?$8<$<+8@*)-;$<)(5'-;$8)$984-$@35+*$'3*$45*'$&'$AABC$@&-$)*-')5='*4$'8$8?+>$

'3*$5?=+(-58?$8<$<)(5'-$DE5F()*$G1/$$$

$

6*'@**?$9&'=3$45-'&?=*$&?4$?(%:*)$8<$<**45?F$')**-$(-*4$9*)$4&>$

$ 23*$45-'&?=*$:*'@**?$<**45?F$9&'=3*-;$8)$5?'*)H9&'=3$45-'&?=*;$@&-$<8(?4$'8$:*$

-5F?5<5=&?'+>$+8?F*)$&'$'3*$AABC$-5'*/$23*$&,*)&F*$5?'*)H9&'=3$45-'&?=*$&'$'3*$AABC$-5'*$

@&-$II/JK$%*'*)-$=8%9&)*4$'8$&?$&,*)&F*$8<$#L/L"$%*'*)-$&'$'3*$267$-5'*$DE5F()*$JM$!H

@&>$CNOPC;$E$.$#J/LG;$A$QR/RGS$NAABC$.$K#$&?4$N267$.$GT$<**45?F$')**-1/$U35+*$'3*$

&,*)&F*$9&'=3$)*-54*?=>$'5%*$454$?8'$45<<*)$:*'@**?$-5'*-$DV&??$U35'?*>$W;$W$.$TKR/G;$A$

.$R/!T;$NAABC.$KT;$C,*)&F*$.$!J/J$%5?('*-;$7X$.$!G/RT$%5?('*-S$N267$.$#";$C,*)&F*$.$

KR/T"$%5?('*-$7X$.$!I/JI1;$'3*$?(%:*)$8<$<**45?F$')**-$(-*4$9*)$4&>$454$DE5F()*$#1/$O?$

&,*)&F*;$'3*$38@+*)$%8?Y*>-$&'$'3*$AABC$-5'*$<*4$<)8%$G/G$D7X$.$!/RL1$')**-$9*)$4&>;$

@35=3$5-$-5F?5<5=&?'+>$+8@*)$'3&?$'3*$I/K$D7X$.$L/G#1$')**-$<*4$(98?$9*)$4&>$&'$'3*$267$

-5'*$DIG0$Z8?<54*?=*$[5%5'-S$N$.$J$4&>-$&'$AABC$<8)$&$'8'&+$8<$""$<**45?F$')**-$&?4$N$.$

#$4&>-$&'$267$<8)$&$'8'&+$8<$JG$<**45?F$')**-1/$$

 

4.5 Discussion 

Ecological Patterns 

$ 23*$4&'&$-(FF*-'$'3&'$'3*$-5'*$@5'3$&$35F3*)$4*?-5'>$8<$38@+*)$%8?Y*>-;$267;$5-$

=3&)&='*)5\*4$:>$:8'3$&$35F3*)$](&+5'>$&?4$4*?-5'>$8<$)*-8()=*-$=8%9&)*4$'8$'3&'$8<$

AABC;$@35=3$3&-$&$+8@*)$4*?-5'>$8<$38@+*)$%8?Y*>-/$C'$267;$'3*$%&'()*$&?4$>8(?F$

+*&,*-$=8%:5?*4$3&,*$&$-5F?5<5=&?'+>$35F3*)$'8'&+$9*)=*?'$9)8'*5?$&?4$%&'()*$+*&,*-$3&,*$
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%$&'()'*'+%),-.$/'(/01$1%,'2$2*$312,0')4,24*'501$6%+'7$70,01(0),$*'5018$,/%)$99:;<$=2>0?01$

,/0$*'501$+2),0),$652,/$%+'7$70,01(0),$%)7$)0@,1%-$70,01(0),8$%+12&&$&30+'0&$7'7$)2,$7'**01$

50,>00)$&',0&A$&@((0&,')($,/%,$',$'&$,/0$2?01%--$/'(/01$-0?0-$2*$312,0')$71'?')($,/'&$3%,,01)<$

B)$%77','2)$CDE$/%&$%$/'(/01$&,0F$70)&',.$2*$,/0&0$/'(/$G@%-',.$10&2@1+0&A$10*-0+,07$5.$%$

(10%,01$)@F501$2*$&,0F&$10310&0),')($,/0$,23$,0)$&30+'0&$>',/$,/0$/'(/0&,$312,0')$+2),0),$

310&0),$')$,/0$52,%)'+%-$3-2,&$6CDEH$!I<JK$2*$,2,%-$52,%)'+%-$3-2,$,100$70)&',.L$99:;H$

M<NK$2*$,2,%-$52,%)'+%-$3-2,$,100$70)&',.8<$;77','2)%--.A$>/'-0$,/010$>%&$)2$&'()'*'+%),$

7'**010)+0$*2@)7$')$,/0$3/0)2-'+$+2),0),$2*$-0%?0&$%+12&&$&30+'0&$50,>00)$&',0&A$,/0$7%,%$

&@((0&,$,/%,$CDE$%-&2$/%&$%$/'(/01$70)&',.$2*$&,0F&$+/%1%+,01'O07$5.$-2>01$-0?0-&$2*$,2,%-$

3/0)2-'+&$310&0),$')$52,%)'+%-$3-2,&$6CDEH$!"<NK$?01&@&$99:;H$I<NK8<$B)$52,/$+%&0&A$,/0$

70)&',.$2*$&,0F&$/'(/01$')$312,0')$-0?0-&$%)7$-2>01$')$3/0)2-'+&A$CDE$/%7$F210$,/%)$

72@5-0$,/0$301+0),%(0$2*$,2,%-$,100$70)&',.$10310&0),07$5.$,/0&0$&30+'0&$+2F3%107$,2$

99:;<$$

$ C/@&$',$%330%1&$,/%,$,/100$2*$,/0$*2@1$0+2-2('+%-$?%1'%5-0&$,0&,07$%10$&@3321,07$%,$

,/0$/'(/$/2>-01$70)&',.$&',0<$C/0$10&2@1+0&$%,$CDE$%10$/'(/01$G@%-',.A$')$,/0$*21F$2*$

301+0),$312,0')$%)7$312,0')4,24*'501$1%,'2$')$,/0$-0%?0&A$%)7$,/010$>%&$%$(10%,01$70)&',.$2*$

&,0F&$-2>01$')$3/0)2-'+&$%,$CDE$&@((0&,')($,/%,$,/010$'&$%$(10%,01$%?%'-%5'-',.$2*$-0%?0&$%,$

CDE$,/%,$%10$/'(/01$')$,2,%-$0)01(.$%)7$0%&'01$,2$7'(0&,<$

 

Ecology and Demography  

$ P'?0)$,/0$/'(/01$G@%-',.$2*$*227$%,$CDE$%&$>0--$%&$7%,%$*12F$!8$310?'2@&$&,@7'0&$

'--@&,1%,')($31'F%,0$10&32)&0&$,2$?%1'%,'2)$')$*227$%?%'-%5'-',.$%)7$Q8$323@-%,'2)$

+/%1%+,01'&,'+&$2*$/2>-01$F2)R0.&$')$/'(/$70)&',.$&',0&A$,/0$*2--2>')($,10)7&$')$
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%&'()*+,-.$/-(01%$2&$,*&/&345$!6$7-&$+8&*+)&$30'2&*$(9$'+1&/$,&*$)*(0,$:/$higher;$<6$

7-&$+8&*+)&$30'2&*$(9$+%014$9&'+1&$-(=1&*$'(3>&.$,&*$)*(0,$:/$higher 204$%(&/$not 

exceed four;$"6$7-&$+8&*+)&$)*(0,$/:?&$:/$larger$+3%$@6$7-&$*+4:($(9$:39+34/$+3%$A08&3:1&/$

4($+%014$9&'+1&/$:/$higherB$C14-(0)-$4-&$(8&*+11$%&3/:4.$:/$-:)-&*$+4$7DE;$4-&*&$=&*&$3($

/:)3:9:F+34$%:99&*&3F&/$9(03%$:3$4-&$%&'()*+,-:F$F-+*+F4&*:/4:F/$(9$+8&*+)&$)*(0,$/:?&$(*$

)*(0,$F(',(/:4:(3B$7-&$/:':1+*:4.$:3$+8&*+)&$)*(0,$/:?&$2&4=&&3$/:4&/$'+.$2&$:3$1+*)&$

,+*4$%0&$4($4-&$,*&/&3F&$(9$3&=1.$9(*'&%$)*(0,/;$=-:F-$=&*&$(31.$(2/&*8&%$+4$7DEB$G3$

9+F4$4=($(9$4-&$!H$)*(0,/$+4$7DE$=&*&$F-+*+F4&*:?&%$+/$I3&=$)*(0,/J$(*$)*(0,/$4-+4$-+%$

(31.$(3&$'+1&$+3%$9&'+1&$=:4-$(*$=:4-(04$(99/,*:3)$KLM$<;$"6;$=-:1&$NNOC$-+%$3(3&B$

P&=$)*(0,/$+*&$/'+11&*$4-+3$1+*)&*$&/4+21:/-&%$(3&/$+3%$4-&*&9(*&$1(=&*$4-&$(8&*+11$'&+3$

)*(0,$/:?&$+/$=&11$+/$4-&$+8&*+)&$30'2&*$(9$'+1&/$+3%$9&'+1&/B$Q*(F>&44$K!##R6$+1/($

9(03%$4-+4$%:99&*&3F&/$:3$4-&$'&+3$)*(0,$/:?&$(9$Alouatta seniculus$2&4=&&3$4=($/:4&/$:3$

S&3&?0&1+$=&*&$*&%0F&%$(8&*$4:'&$'+:31.$%0&$4($%:99&*&3F&/$:3$4-&$,*(,(*4:(3$(9$3&=1.$

9(*'&%$)*(0,/$F*&+4&%$2.$%:/,&*/:3)$:3%:8:%0+1/;$*+4-&*$4-+3$9*('$9://:(3:3)$)*(0,/;$+3%$

&',-+/:?&%$4-&$*(1&$(9$9&'+1&$%:/,&*/+1$:3$'+:34+:3:3)$/'+11$)*(0,$/:?&B$7-:/$:/$

,+*4:F01+*1.$*&1&8+34$4($4-&$)*(0,/$+4$NNOC$2&F+0/&$-0'+3$-034:3)$(FF0*/$:3$4-&$*&):(3$

+%A+F&34$4($4-&$/40%.$/:4&;$+3%$+14-(0)-$:4$-+/$2&&3$:39*&T0&34;$:4$+1/($(FF0*/$=:4-:3$4-&$

/:4&$=-:F-$F(01%$'+>&$4-&$,*(/,&F4$(9$9(*':3)$3&=$/'+11$)*(0,/$+$-:)-$*:/>$2&-+8:(*B$$

$ U0*4-&*'(*&;$4-&$+8&*+)&$30'2&*$(9$+%014$9&'+1&/$,&*$)*(0,$K<BRV$+4$NNOC$

8&*/0/$!BVW$+4$7DE6$=+/$-:)-&*$+4$NNOC$:3/4&+%$(9$7DEB$X-:1&$4-&/&$=&*&$3(4$

/:)3:9:F+341.$%:99&*&34;$:4$:/$F(34*+*.$4($4-&$,*&%:F4&%$%&'()*+,-:F$,+44&*3/$9(*$-(=1&*/$

(FF0**:3)$+4$-:)-&*$,(,01+4:(3$%&3/:4.B$Y3&$*&+/(3$4-&*&$+*&$'(*&$9&'+1&/$,&*$)*(0,$+4$

NNOC$'+.$2&$4-+4$4-&*&$:/$1&//$9&'+1&Z9&'+1&$+))*&//:(3$+4$4-:/$/:4&B$G4$-+/$2&&3$



!"#$

$

%&''(%)(*$)+,)$Alouatta seniculus$+,%$+-'+$.,)(%$/0$-10,1)-2-*($,1*$)+,)$'./&3%$4-)+$+-'+(.$

1&56(.%$/0$0(5,7(%$,.($5/.($,)$.-%8$/0$,$'./&3$),8(/9(.$:;./28())<$!==>?$;./28())$,1*$

@,1%/1<$A###?$@,1%/1$,1*$9,1$B2+,-8<$A###CD$E+-%$%)&*F$%+/4(*$%-5-7,.$.(%&7)%$)/$/)+(.$

3&67-%+(*$*,),$/1$.(*$+/47(.$5/18(F$'./&3$2/53/%-)-/1$-1$)+,)$1/$'./&3$(G2((*(*$0/&.$

0(5,7(%<$,$7-5-),)-/1$)+/&'+)$)/$6($-53/%(*$6F$-10,1)-2-*($,9/-*,12($-1$)+-%$%3(2-(%$

:;./28())<$!==>?$;./28())$,1*$@,1%/1<$A###CD$H(5,7(%$,.($81/41$)/$6($+-'+7F$,''.(%%-9($

)/4,.*%$-55-'.,1)$0(5,7(%$).F-1'$)/$I/-1$)+(-.$'./&3$,1*$4-77$(9(1$(9-2)$)+(-.$*,&'+)(.%$

,%$,$4,F$)/$.(*&2($)+($1&56(.$/0$0(5,7(%$-1$)+(-.$/41$'./&3$:;./28())<$!==>?$@,1%/1$,1*$

;./28())<$A###CD$J)$KKLJ<$+/4(9(.<$)+($*(1%-)F$5,F$6($%/$7/4$)+,)$)+($)+.(,)$/0$

-10,1)-2-*,7$6(+,9-/.$-%$7(%%$6(2,&%($)+(.($,.($0(4(.$5,7(%$)+,)$2/&7*$),8($/9(.$'./&3%D$

M1*(.$)+-%$2-.2&5%),12($0(5,7(N0(5,7($,''.(%%-/1$5,F$6($.(7,G(*$,1*$)+&%$+/47(.%$2,1$

,00/.*$)/$+,9($7,.'(.$'./&3%<$,%$7/1'$,%$0((*-1'$2/53()-)-/1$-%$1/)$)//$+-'+D$$

$ J$%(2/1*$.(,%/1$0/.$7,.'(.$'./&3%$2/&7*$6($)+,)$)+($2/%)$/0$*-%3(.%,7$-%$+-'+(.$,)$

KKLJ$*&($)/$)+($3.(%(12($/0$/22,%-/1,7$+&1)-1'$-1$,1*$,./&1*$)+($%)&*F$%-)(D$O(12(<$,77$

(7%($6(-1'$(P&,7<$0(5,7(%$%+/&7*$6($7(%%$-127-1(*$)/$8-28$)+(-.$*,&'+)(.%$/&)$/0$)+($'./&3<$

.(%&7)-1'$-1$7,.'(.$'./&3%D$E+(.($-%$%/5($(9-*(12($)/$%&33/.)$)+($0-.%)$%2(1,.-/$0./5$)+($

9/2,7-Q,)-/1$.,)(%$/6%(.9(*$6()4((1$)+($%-)(%D$O/47(.$7/1'$2,77$9/2,7-Q,)-/1%$,.($)+/&'+)$

)/$,2)$6/)+$,%$,1$+/1(%)$%-'1,7$/0$5,7($9-),7-)F$,1*$%).(1')+$,%$4(77$,%$,$%3,2-1'$

5(2+,1-%5$:B(8&7-2<$!=RA?$;./28())<$!==RC$,1*$,%$%&2+$2/&7*$6($&%(*$,%$,$3./GF$)/$

-1*-2,)($5,7(N5,7($2/53()-)-/1D$E+(.(0/.($7/1'$2,77$9/2,7-Q,)-/1%$5-'+)$6($(G3(2)(*$)/$

6($7/4(.$-1$,.(,%$/0$7/4(.$5,7(N5,7($2/53()-)-/1$,1*$7/4(.$3/3&7,)-/1$*(1%-)F<$4+-2+$-%$

)+($2,%($,)$KKLJ$:7/1'$2,77%$/22&.$"DST$/0$)+($)-5($,)$KKLJ$9(.%&%$"#D>T$/0$)+($)-5($,)$

EUBCD$$



!"!#

#

# $%&#'()*+#+,#*--().'&#)+#,&-(/&0#(/0+#1*1#2+)#1*,,&'#3&)4&&2#0*)&05#%+4&6&'#*)#4(0#

0/*7%)/8#%*7%&'#()#$9:#;!<=>??@#A+-B('&1#)+#CCDE#;!<=>FG@>#H%&2#1()(#+2#*--().'&0#('&#

A+-3*2&1#(21#'&/()&1#)+#)%&#2.-3&'#+,#,&-(/&0#*2#(#B+B./()*+2#*)#*0#'&,&''&1#)+#(0#(#

I'&A'.*)-&2)J#'()&#(21#A(2#'&,/&A)#)%&#7&2&'(/#%&(/)%#+,#(#B+B./()*+2>#K)#)(L&0#(#02(B0%+)#+,#

(#B+B./()*+2#(21#)%&#*--().'&0#)%()#('&#A+.2)&1#('&#(//#*2,(2)0#(21#M.6&2*/&0#)%()#4&'&#

3+'2#-*2.0#)%+0&#)%()#%(6&#1*0(BB&('&1#+'#1*&1>#$+#0+-&#1&7'&&#*)#4*//#'&/()&#)+#%(3*)()#

N.(/*)8#;(,,&A)*27#3*')%#'()&#(21#)+#0+-&#1&7'&&#-+')(/*)8@5#3.)#0*2A&#*)#(/0+#'&/()&0#)+#

-+')(/*)8#*)#'&B'&0&2)0#+)%&'#,(A)+'0#(0#4&//#;&>7>5#B'&1()*+2@>#$%&#%*7%&'#'()*+#()#$9:#

A+./1#3&#(#B+00*3/&#*21*A()*+2#)%()#)%&#+6&'(//#%&(/)%#+,#)%*0#B+B./()*+2#*0#0/*7%)/8#%*7%&'>#

E/)%+.7%5#A+20*1&'*27#)%*0#0).18#*0#0%+')#)&'-#(21#A(2#2+)#(1&N.()&/8#(00&00#3*')%#(21#

1&()%#'()&0#*2#)%&#B+B./()*+25#)%&0&#'()*+0#0%+./1#3&#/++L&1#()#4*)%#A(.)*+2>##

# O(0)/85#)%&'&#4(0#2+#1*,,&'&2A&#,+.21#3&)4&&2#)%&#B&'A&2)(7&#+,#*2,(2)0#(21#

M.6&2*/&0#*2#)%&#B+B./()*+25#4%*A%#0.77&0)0#)%()#)%&#3*')%#'()&0#('&#0*-*/('#3&)4&&2#)%&#

)4+#0*)&0>#E00.-*27#)%()#)%&#'&(0+20#,+'#)%*0#('&#2+)#1.&#)+#1*,,&'&2A&0#*2#-+')(/*)85#3.)#

'()%&'#)+#1*,,&'&2A&0#*2#,++1#(6(*/(3*/*)85#*)#*0#&PB&A)&1#)%()#B+B./()*+20#+,#1*,,&'&2)#

1&20*)*&0#()#&N.*/*3'*.-#4*//#3&#&N.(//8#A+20)'(*2&1#'&B'+1.A)*6&/8#;Q(27&/#(21#R/('L&5#

!S?S@>#K)#*0#)%&'&,+'&#B+00*3/&#)%()#3+)%#+,#)%&#B+B./()*+20#('&#()#A(''8*27#A(B(A*)85#4%*A%#

*0#/*L&/8#)+#3&#/+4&'#()#CCDE#(21#%*7%&'#()#$9:#1.&#)+#1*,,&'&2A&0#*2#,++1#N.(/*)8#(21#

1&20*)8>#H%*/&#(#-+')(/*)8#'()&#B&'#0&#A+./1#2+)#3&#A(/A./()&15#*)#A(2#3&#N.(/*)()*6&/8#2+)&1#

)%()#+2/8#+2&#1*0(BB&('(2A&#;M.6&2*/&#,&-(/&@#4(0#'&A+'1&1#()#$9:#(21#2+2&#4&'&#

'&A+'1&1#()#CCDE>#T+4&6&'5#3&%(6*+'(/#B())&'20#+,#)%&#%+4/&'#-+2L&80#()#CCDE#-(8#3&#

*21*A()*6&#+,#B(0)#%.2)*27#B'&00.'&#)%()#*0#(,,&A)*27#A.''&2)#B+B./()*+2#1&20*)8>#U+'#

&P(-B/&5#%+4/&'#-+2L&80#()#CCDE#('&#6&'8#A'8B)*A#*2#)%&*'#3&%(6*+'5#3'*17*27#)%'+.7%#



!"#$

$

%&'$()*+,-$.+/'$012'%3-$%&)*$%&+4'$)%$567$)*8$/)/'3-$9+()32:2*;<$.)=2*;$%&'.$&)/8'/$%+$

>2*8$)*8$>+33+?@$5&'4'$A'&)92+/4$(+138$41;;'4%$%&)%$&1*%2*;$,/'441/'$.)-$A'$)>>'(%2*;$%&'$

82>>'/'*('$2*$,+,13)%2+*$8'*42%-$A'%?''*$%&'$%?+$42%'4@$B+?'9'/<$2%$24$1*('/%)2*$?&'%&'/$

&1*%2*;$,/'441/'$)3+*'$24$)(%1)33-$&')923-$2.,)(%2*;$%&24$82>>'/'*('@$C&'*$%&'$,/2.)%'$

(+..1*2%-$24$(+*428'/'8$)4$)$?&+3'$%&'/'$24$*+%$)$42;*2>2()*%$/'3)%2+*4&2,$A'%?''*$%&'$

(+.,)/)%29'$8'*42%-$/)%2+$2*$%&'$&1*%'8$9'/414$%&'$*+*D&1*%'8$/';2+*$)*8$)**1)3$&)/9'4%$

/)%'4<$)4$?+138$A'$'E,'(%'8$2>$,/2.)%'4$?'/'$A'2*;$&)/9'4%'8$%+$%&'$,+2*%$?&'/'$2%$&)4$)$

.')41/)A3'$'>>'(%$+*$%&'$,+,13)%2+*$FG'/A-$2*$,/',)/)%2+*H@$B+?'9'/<$)33$+>$%&'$,/2.)%'$

4,'(2'4$41/9'-'8$)%$IIJK$?'/'$>+1*8$%+$&)9'$3)/;'/$;/+1,$42:'4$%&)*$%&+4'$)%$567<$

?&2(&$(+138$,+442A3-$A'$)$,/'8)%2+*$)9+28)*('$/'4,+*4'$%+$&1*%2*;$FG'/A-$2*$

,/',)/)%2+*H@$$

$ L%$24$2.,+/%)*%$%+$,+2*%$+1%$%&)%$8'.+;/),&2($,)/).'%'/4$9)/-$+9'/$%2.'$)*8$4,)('<$

%&14$4&+/%$%'/.$4%182'4$'E).2*2*;$,)%%'/*4$+>$8'.+;/),&-$?233$+*3-$(),%1/'$)$4,'(2>2($

4%)%2($4*),4&+%$+>$%&24$9)/2)%2+*@$L%$&)4$A''*$4&+?*$%&)%$)4,'(%4$41(&$)4$,+,13)%2+*$

8'*42%-<$;/+1,$42:'<$);'D4'E$(+.,+42%2+*<$*)%)32%-$)*8$M19'*23'$/'(/12%.'*%$)33$9)/-$

(+*428'/)A3-$?2%&2*$,+,13)%2+*4$+9'/$%2.'$F7%/1&4)='/<$#NNOH<$/'012/2*;$(+*%2*1'8$3+*;D

%'/.$.+*2%+/2*;$>/+.$(+.,)/)%29'$4%182'4$2*$+/8'/$%+$1*8'/4%)*8$%&'$>133$4,'(%/1.$+>$

9)/2)%2+*$%&)%$'E24%4$?2%&2*$)*8$A'%?''*$,+,13)%2+*4@$$

$

Ecology and behavior 

$ K$41..)/-$+>$%&'$'(+3+;2()3$)*8$A'&)92+/)3$9)/2)A3'4$24$4&+?*$2*$5)A3'$P@$5&'$

8)%)$/'9')3$%&)%$?&23'$B#$FK$&2;&$,/+%'2*D%+D>2A'/$/)%2+$2*$%&'$3')9'4$41,,+/%4$)$&2;&$

Alouatta$8'*42%-H<$BQ$FK$&2;&$8'*42%-$+>$/'4+1/('4$3+?$2*$,&'*+32($(+*%'*%$41,,+/%4$)$



!"#$

$

%&'%$Alouatta ()*+&,y-$.*( /"$01$%&'%$()*+&,2$34$5)+3657)+$8&,%$%&'%$953,)&*:,3:4&;)5$

5.,&3+$+69935,+$.$%&'%$Alouatta$()*+&,2-$.5)$+69935,)($;2$,%)$)73<3'&7.<$(.,.=$*3*)$34$,%)$

95)(&7,&>)$+),+$34$;)%.>&35.<$7355)<.,)+$435$.*2$34$,%)$%293,%)+)+$.5)$46<<2$+69935,)($

0?.;<)$@-A$?%)$95)(&7,&3*$,%.,$.<<$34$,%)$%293,%)+)+$4.&<)($,3$+69935,$8.+$.$+&'*&4&7.*,<2$

(&44)5)*,$5)+,&*'$,&B)A$C*)$93++&;<)$)D9<.*.,&3*$435$,%&+$&+$,%.,$%38<)5$B3*E)2+$B.2$;)$.,$

,%)$B&*&B.<$5)+,&*'$,&B)$5)F6&5)($435$(&')+,&3*A$G%)*$,%)$5)+,&*'$,&B)+$34$+&D$Alouatta 

+9)7&)+$453B$!"$+)9.5.,)$+,6(&)+$.5)$)D.B&*)(=$,%)$.>)5.')$9)57)*,.')$34$,&B)$+9)*,$

5)+,&*'$&+$H#AIJ=$5.*'&*'$453B$KKAIJ:@IA@J$0?.;<)$@-A$L)+,&*'$,&B)$5)935,)($435$

Alouatta seniculus &*$9.5,&76<.5$&+$3*$,%)$%&'%)5$)*($34$,%&+$5.*')$0@MAKJN$O.6<&*$.*($

O.6<&*=$!IMP-A$?%&+$+,6(2$436*($,%.,$,%)$.>)5.')$,&B)$+9)*,$5)+,&*'$.,$?QR$8.+$K#A@J=$

.*($KIA"J$.,$SSL1=$8%&7%$.5)$.,$,%)$<38$)*($34$,%)$5.*')$435$,%&+$')*6+=$;6,$.5)$B67%$

<38)5$&*$73B9.5&+3*$,3$,%)$5)+,&*'$,&B)$5)935,)($435$3,%)5$5)($%38<)5$B3*E)2+A$$

$ C,%)5$43<&>3536+$95&B.,)+$8%&7%$.5)$%&*('6,$4)5B)*,)5+=$%38)>)5=$%.>)$5)+,&*'$

,&B)+$5)935,)($,3$;)$<38)5$,%.*$,%.,$34$,%)$%38<)5+$&*$,%&+$+,6(2$0?.;<)$@-A$T35$)D.B9<)=$

Gorilla gorilla beringei$&+$5)935,)($,3=$3*$.>)5.')=$+9)*($3*<2$.;36,$"UJ$34$,%)&5$,&B)$

5)+,&*'$0V.B.'&8.=$!IMHW$G.,,+=$!IMM-=$8%&<)$Gorilla gorilla gorilla$+9)*(+$.$+&B&<.5$

.B36*,$.,$#@A#J$0X3(8&7E=$6*96;<&+%)($(.,.-A$Y*$.((&,&3*=$43<&>3536+$<)B65+$+67%$.+$

+&4.E.+$0)A'A=$Propithecus candidus-$+9)*($3*$.>)5.')$"KJ$34$,%)&5$,&B)$5)+,&*'$0R.*,35)<&$

),$.<A=$PUUH-A$?%6+=$8%&<)$&,$.99).5+$3,%)5$')*)5.$8&,%$%&*(:'6,$(&')+,&3*$.(.9,.,&3*+$435$

43<&>352$.5)$.;<)$,3$+9)*($.$<38)5$.B36*,$34$,&B)$5)+,&*'=$,%)$%38<)5$B3*E)2+$.,$?QR$(3$

%.>)$.$+<&'%,<2$<38)5$5)+,&*'$.>)5.')$,%.*$,%)$5.*')$5)935,)($435$+&D$+9)7&)+$34$Alouatta=$

.*($.$B67%$<38)5$5)+,&*'$.>)5.')$5)935,)($95)>&36+<2$435$,%&+$+9)7&)+A$?%&+$+6'')+,+$,%.,$

,%)5)$B.2$;)$+3B)$+69935,$435$,%)$&().$,%.,$,%)$%38<)5$B3*E)2+$&*$,%&+$+,6(2$.5)$



!""#

#

$%&'(&)*++,#*&#&-'#.)().*+#/'0&)(1#&).'0#/'23)/'4#5%/#4)1'0&)%(#)(#&-)0#0$'6)'07#*(4#$'/-*$0#

8-,#&-'#$/'4)6&)%(#%5#*#0)1()5)6*(&+,#4)55'/'(&#/'0&)(1#&).'#8*0#(%&#.'&9#

# :-'#/'.*)()(1#$/'4)6&)%(0#5%/#;%&-#<=#*(4#<"#8'/'#03$$%/&'4#;,#&-'#4*&*7#

0311'0&)(1#&-'0'#5*6&%/0#*/'#+)>'+,#$+*,)(1#&-'#+*/1'0&#/%+'0#)(5+3'(6)(1#&-'#4)55'/'(6'#)(#

-%8+'/#$%$3+*&)%(#4'(0)&,#;'&8''(#&-'#0)&'09#?(+,#%('#%5#&-'#$/'4)6&)%(0#5%/#<@#)0#

03$$%/&'47#*(4#&-30#)&#)0#(%&#+)>'+,#&-*&#&-'#/*&)%#%5#$/%&')(A&%A5);'/#%(#)&0#%8(#)0#*55'6&)(1#

-%8+'/#4'(0)&,#*0#.36-#*0#&-'#6%.;)('4#'55'6&0#%5#/'0%3/6'#23*+)&,#*(4#4'(0)&,9#B3'#&%#

&-'#-)1-'/#4'(0)&,#%5#-)1-'/#23*+)&,#5%%4#/'0%3/6'0#*&#:CD#&-'#4)0&*(6'#;'&8''(#$*&6-'0#)0#

0-%/&'/7#'(*;+)(1#-%8+'/0#&%#0$'(4#+'00#&).'#.%E)(1#;'&8''(#$*&6-'0#*(4#&%#5''4#%(#*#

+*/1'/#(3.;'/#%5#$*&6-'0#$'/#4*,7#3+&).*&'+,#/'03+&)(1#)(#*#-)1-'/#&).'#0$'(&#5''4)(1#$'/#

4*,9#:-'/'#8*0#(%#4)55'/'(6'#)(#4*)+,#$*&-#+'(1&-#;'&8''(#&-'#0)&'07#-%8'E'/7#0%#&-'#

-%8+'/0#*&#:CD#*/'#*66%.$+)0-)(1#&-)0#(%&#;,#.%E)(1#53/&-'/#'*6-#4*,#;3&#$%00);+,#;,#

.%E)(1#5*0&'/9#:-)0#*0$'6&#6*(#;'#+%%>'4#*&#)(4)/'6&+,#;,#&*>)(1#&-'#*E'/*1'#&).'#0$'(&#
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TABLE 3: Tree species density: protein content. %&'()$*+,-*$.+)$.,/$.)0$.1))$*/)23)*$&.$)&2+$

*3.)$.+&.$+&4)$.+)$+35+)*.$&4)1&5)$/1,.)30$2,0.)0.$6%789$:!;!<=$>>?@9$:!!;A<B$&0C$+,-$D&0E$

30C343CF&($.1))*$,G$.+)*)$*/)23)*$,22F1$-3.+30$.+)$',.&032&($/(,.*$&.$)&2+$*3.)H$$

Family Genus Species # of trees/1.5 ha 

   TBS        PPRA 
 (N=140)       (N= 51) 

Avg % Protein 

      TBS        PPRA    
(*Avg = 9.08    (Avg = 7.88) 

    SD = 2.29)      SD = 2.71)  

!H$I&'&2)&)$ >.)1,2&1/F*$ ?,+133$ J$ K$ !LHMM$ $

AH$I&'&2)&)$ N,02+,2&1/F*$ *),1*F*$2GH$ !$ !$ !!HJK$ $

KH$I&'&2)&)$ 71,-0),/*3*$ F2&E&(30&$ A#$ <$ MHM#$ $

LH$I&'&2)&)$ >&1O3&$ DF(.3PF05&$ A$ <$ MHM"$ $

"H$Q,1&2)&)$ R(&13*&$ ?&2)D,*&$ !$ !$ MHLK$ $

#H$8&/,.&2)&)$ S3/(,,0$ */H$ <$ <$ MH!J$ $

JH$Q,1&2)&)$ 8,1,2)&$ */H$ J$ !$ JHJK$ $

MH$Q,1&2)&)$ I32F*$ >31)*3&0&$ !$ !$ JH#M$ $

TH$R,D'1).&2)&)$ %)1D30&(3&$ &D&U,03&$ <$ <$ JH"M$ $

!<H$S32+&/).&($ %&/F1&$ VF1F&0&$ !$ L$ #HTK$ $

!H$8&/,.&2)&)$ >,F.)13&$ */H$ !L$ !J$ $ !KHMT$

AH$Q3D,*&2)&)$ W05&$ X&2,&0&$ <$ <$ $ !!H"T$

KH$8&/30C&2)&)$ >&F((303&$ 71&2.),*&$ <$ <$ $ MHLK$

LH$?F'3&2)&)$ Y&1*U)-32U3&$ R,22Z0)&$ <$ A$ $ MHLK$

"H$I&'&2)&)$ %&2+35&(3$ 5F3&0)0*3*$ <$ <$ $ JHJ"$

#H$I&'&2)&)$ 71,-0),/*3*$ */H$ A#$ <$ $ #H<T$

JH$I&'&2)&)$ 71,-0)&$ 51&0C32)/*$ K<$ !L$ $ #H<"$

MH$>&'&2)&)$ Q&1D&3,.E(FD$ 7&*3PF53D$ <$ <$ $ "H""$

TH$QE13*.32&2)&)$ [.,'&$ 5(E2E2,,1/&$ AK$ J$ $ "H""$

!<H$I&'&2)&)$ W05&$ .+3'&FC3&0&$ !$ <$ $ "H"!$
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TABLE 4: Tree species density: phenolic content. %&'()$*+,-*$.+)$.,/$0,12$.2))$*/)34)*$&.$)&3+$

*4.)$.+&.$+&5)$.+)$(,-)*.$&5)2&6)$/+)7,(43$3,7.)7.$8%9:;$<!=>?$@@AB;$<"=CD$&7E$+,-$F&7G$

47E454E1&($.2))*$,0$.+)*)$*/)34)*$,3312$-4.+47$.+)$',.&743&($/(,.*$&.$)&3+$*4.)H$$

Family Genus Species # of trees/1.5 ha 

   TBS        PPRA 
 (N=127)       (N= 44) 

Avg % Phenolics 

      TBS              PPRA 
  (Avg = 0.50         (Avg = 0.49 

    SD = 0.21)          SD = 0.11)  

!HI&'&3)&)$ J76&$ */H$ #K$ L$ LHM>$ $

MH$N,2&3)&)$ :,2,3)&$ @1'45)7&$ !$ ML$ LH>O$ $

OH$N,2&3)&)$ I431*$ P(4Q&R$ O$ L$ LH"S$ $

>H$I&'&3)&)$ 92,-7),/*4*$ T3&G&(47&$ M"$ L$ LH#M$ $

!H$T(F&3)&)$ U)(.4*$ J61&7)&$ !$ MO$ $ LHOK$

MH$9,F'&3&3)&)$ N&.4*4&$ N&(&3,3&(G*$ !L$ L$ $ LH>>$

OH$94'7,74&3)&)$ N)F,2&$ U(&E,.243+&$ L$ !$ $ LH"!$

>H$%4(4&3)&)$ B/)4'&$ F)F'2&7&3)&$ !!$ L$ $ LHKL$
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TABLE 5: Group demographic characteristics  

Site # of 

groups 

Avg #  

Ad M 

Avg #  

SAd M 

Avg #  

Ad F 

Avg #  

SAd F 

Avg 

 # Juv 

Avg 

 # Inf 

Avg  

Total # 

PPRA %$ !&''$ '&()$ *&()$ '&%%$ !&''$ '&()$ (&%%$

TBS !'$ !&!!$ '&"'$ !&)#$ '&(%$ '&#+$ '&)"$ "&,,$

Mann- 

Whitney 

U Test 

Values 

$ -$.$!*&'$

/$.$0'&*#$

1$.$'&)#$

-$.$!'&"$

/$.$'&""$

1$.$'&)#$

-$.$)&"$

/$.$!&*'$

1$.$'&*%$

-$.$!!&"$

/$.$0'&%)$

1$.$'&)!$

-$.$!*&'$

/$.$'&*#$

1$.$'&)#$

-$.$!%&'$

/$.$'&'+$

1$.$'&+%$

-$.$+&'$

/$.$'&#%$

1$.$'&,!$

$

$

$

$

$

$

$

$

$

$

$

$

$
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TABLE 6: Summary of ecological and behavioral variables 

* Indicates a significant 

difference 

PPRA 

(lower density) 

TBS 

(higher density) 

Home range (MCP) Smaller$%&'()$*+,$ Larger %&-(.$*+,$

Avg. daily path length /0$1233454674$ /0$1233454674$

Avg. B/T patch distance* Longer$%##()$8,$ Shorter$%-.(.8,$

Avg. patch residency time /0$1233454674$ /0$1233454674$

Avg. # of feeding trees/day* Lower %"(",$ Higher %#(',$$

% Feeding* Lower %!.(-, Higher %'!(", 

% Moving 92:*45$%&"(.,$ ;0<45$%!.(!,$

% Resting /0$1233454674$ /0$1233454674$

% Socializing /0$1233454674$ /0$1233454674$

Inter-group encounters 

observed 

Lower$%!,$ Higher$%",$

Relative long call vocalization 

frequency* 

Lower %"(',$ Higher$%#-(#,$

% Plant protein* Lower %.(#', Higher %)(-=, 

Protein:Fiber ratio in leaves* Lower %>(>-, Higher %>(!>, 
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TABLE 7: Su
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protein-to-fib

ratio in leaves

supports a hig
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density!

!

14!A high 

density of 

resources low

in phenolics 

supports a hig

3'&%*,,*!

density!

!

15!A high 

density of 

resources wit

high protein t

fiber ratios 

supports a hig
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density!

!
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TABLE 8: Average time spent resting by folivorous hind-gut fermenting primate species 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Genus and Species % Time 

Spent 

Resting 

Study 

Length 

(Months) 

Source 

Alouatta belzebul $%&'# !(# )*+,-.#/((/#

A. belzebul $$&0# !1# 2-+3*4*+-.#!0%0#

A. caraya "!&"# !/# 2*44567589:;<.#!001#

A. caraya $"&(# !/# )85,;< 5+=#2*44567589:;<.#/((%

A. guariba '!&%# !1# 7;+=;<#!0%0.#

A. guariba $'&"# !/# >;#7589:;<#!00$.#!00"#

A. guariba "1&'# !/# ?@*58;AA-.#!001#

A. palliata "$&$# !(# 7*A,-+.#!0%(#

A. palliata '0&'# !/# B<,85=5#;,#5A&.#!000#

A. palliata '/&$# C0# D;5E-8=#5+=#FA5+=;8.#!00"#

A. palliata G$"# !$# H,-+;8#!00".#

A. palliata $'&(# !1# I*AA*5J<6F:*AAK+.#/((1#

A. pigra "!&0# !C# H*A3;8#;,#5A&.#!00%#

A. seniculus '%&$# !(# F5:A*+#5+=#F5:A*+.#!0%/#

A. seniculus $1&'# '# >;8LM.#,@*<#<,:=M#

A. seniculus $0&C# 1# >;8LM.#,@*<#<,:=M#

Gorilla. gorilla beringei C1&'# 0# N5J5O*P5.#!0%"#

G. gorilla beringei 1C&C# !'# I5,,<.#!0%%#

G. gorilla gorilla 1'&1## !!# Q-=P*4R.#:+S:LA*<@;=#=5,5#

Propithecus candidus C$&(# !C&$# H5+,-8;AA*#;,#5A&.#/(("#
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FIGURE 1: Map of the study sites 
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FIGURE 2a: Average number of howler long calls per day at TBS. %&'$()*+,'-$,'.,'-'/0$0&'$

12/0&34$56',5*'$2($&273',$32/*$8533-$50$95:$%;<$5/=$9>:$??@AB$%&'$C$5D)-$-&27-$0&'$56',5*'$

/+1>',$2($62853)E50)2/-$.',$=54$5/=$0&'$F$5D)-$-&27-$0&'$12/0&-$7)0&$0&'$02053$/+1>',$2($

62853)E50)2/$'6'/0-$5/=$0&'$02053$/+1>',$2($=54-$50$0&'$-0+=4$-)0'$)/$.5,'/0&'-'-B$
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FIGURE 2b: Average number of howler long calls per day at PPRA 
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FIGURE 3: Average daily path length 
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FIGURE 4: Average monthly activity budgets  
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Wilcoxon Matched Pairs Test
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FIGURE 5: Monthly average percentage plant part in the diet  
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FIGURE 6: Average inter-patch distance 
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FIGURE 7: Average number of feeding trees used per day 
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FIGURE 8: Ecological influences on howler monkey behavior at TBS. %&'$()*+,*-$)../01,*1'0$

1&'$2344'21)34$5'16''4$*$&)+&',$('40)17$38$&)+&',$9/*.)17$833($,'03/,2'0$*1$%:;$)48./'42)4+$1&'$

()01*42'$5'16''4$<*12&'0$13$5'$0&3,1',=$'4*5.)4+$&36.',0$13$0<'4($.'00$1)-'$-3>)4+$5'16''4$

<*12&'0=$*4($*..36)4+$1&'-$13$8''($34$*$.*,+',$4/-5',$38$<*12&'0$<',$(*7=$/.1)-*1'.7$,'0/.1)4+$)4$

*$&)+&',$1)-'$0<'41$8''()4+$<',$(*7?$%&'$&36.',0$*,'$431$-3>)4+$8/,1&',$*1$%:;=$5/1$*,'$-3>)4+$

*1$*$8*01',$,*1'$,'8.'21'($57$1&'$(*).7$*>',*+'$<*1&$.'4+1&$()>)('($57$1&'$*>',*+'$4/-5',$38$&3/,0$

0<'41$-3>)4+$<',$!@$&3/,$(*7?$
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CHAPTER 5 

How Ecology Affects the Behavior and Demography of Red Howler Monkeys 

(Aloutta seniculus) in Western Amazonian: Synthesis and Conclusions 

 

 

5.1 Introduction 

 The aim of this study was to examine the relationships between ecology, 

demography and behavior in order to address the question of which factors most 

influence folivore density in two populations of howler monkeys (Alouatta seniculus). 

The premise of this endeavor stemmed from previous work that illustrated there were 

numerous aspects of forest ecology which could potentially affect primate, and 

specifically folivore, population density (e.g., food quality: Waterman et al., 1988; Oates 

et al., 1990, Ganzhorn, 1992, Chapman et al., 2002, 2004; seasonality: Janzen, 1975; 

Davies, 1994; for a recent review see Brockman and van Schaik, 2005; habitat 

heterogeneity: Bourliere, 1985; Terborgh and van Schaik, 1987: soil fertility: Peres, 

1997; density and availability of food resources: e.g., Terborgh and van Schaik, 1987; 

Davies, 1994). Additional factors such as hunting (Redford, 1992; Alvard, 1997, Peres, 

2000) and forest fragmentation (DeGama-Blanchet and Fedigan, 2006) have also been 

shown to affect primate population density as well. Attempting to narrow down and tease 

apart many of the closely related biological factors thought to affect primate density is 

not only relevant because it may further our understanding of the process of behavioral 

adaptations (e.g., Oates et al., 1990; Davies, 1994), but also because it has become a 
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critical component in contributing aid to conservation endeavors (e.g., Chapman et al., 

2002; Struhsaker et al., 2004).   

 This research combined the cumulative work of various theoretical and field work 

studies that investigated 1) which ecological factors may influence primate, and 

specifically folivore, density, 2) how ecology may affect the demography of a population 

and 3) how ecology should affect the behavior of primates in a given habitat. I then 

synthesized and integrated this information into a multivariate design that tested which 

ecological variables best predicted the observed patterns of behaviors in a folivorous 

Neotropical primate (Alouatta seniculus), which has received relatively little attention on 

this issue compared to African and Asian taxa (but see Milton, 1980; Peres, 1997).  

 This design was carried out in the context of a comparative study of two 

populations of Alouatta seniculus, the red howler monkey, in Yasuni N.P.  Ecuador, 

which were geographically close but occurred in different forest types and at different 

densities. A priori predictions were made as to how, all aspects being equal, each 

ecological component should affect primate behavior, yielding mutually exclusive 

predictive sets for each of the variables. The predictions were derived from examples 

provided in the literature which indicated differences in the activity budgets of folivorous 

primates in response to variation in food availability (e.g., Dasilva, 1992; Fashing et al., 

2007; Korstjens and Dunbar, 2007). 

 There were three main goals of this study. The first was to evaluate which 

ecological variables, possibly affecting population density, differed between the sites 

(Table 1). The second was to identify whether high population density was linked to the 

following demographic characteristics as proposed for other primates: 1) The average 
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number of males per group is higher (Crockett, 1996), 2) The average number of adult 

female howler monkey per group is higher (Crockett, 1996), but does not exceed four 

(Crockett, 1996; Crockett and Janson, 2000; Horwich et al., 2001), 3) The average group 

size is larger (Crockett, 1996) and 4) The ratio of infants and juveniles to adult females 

is higher, (Sadlier, 1969; Jorde and Spuhler, 1974). Lastly, in order to try and tease apart 

which aspects of forest ecology were contributing to howler monkey densities in Yasuni 

N.P., a comparison was done to test which ecological variable(s) had behavioral 

predictive sets that best matched the observed patterns of Alouatta behavior.  

 

5.2 Summary of Ecological Testing                                                                      

 Eight ecological variables were tested in this study (Table 1), the first of which 

was hunting and was addressed in chapter two. There were two main questions addressed 

in this chapter, whether hunting pressure correlates with body size and whether it has a 

measurable effect on the population density. A comparative density ratio was first 

calculated to measure between site density differences by dividing species’ density in the 

lightly hunted site (PPRA) by the non-hunted site (TBS). Additionally, in order to look at 

the relationship between harvest rate and body mass, which is likely confounded by the 

population density of these species, an index of hunting pressure was calculated 

separately for each species. This index was defined as the number of individuals 

harvested per year (harvest data taken from Franzen, 2006) divided by the raw population 

density, which was assumed to be the density from the non-hunted site. The index was 

used to represent the relative ratio of hunted to available individuals. It was expected that 
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if hunting was mainly driving lower population density in the hunted site then species 

with the lowest comparative density should also have the highest hunting pressure index. 

 The population density data indicated that the majority of species in this study 

occurred at slightly lower densities at PPRA, where there had been a very low level of 

hunting over the past decade, versus TBS, where there had not been any hunting observed 

(total primate biomass at PPRA is 284.19 kg/km
2
, with 33.3 kg/km

2
 represented by 

howler monkeys, while at TBS it is 410.54kg/km
2
 with howler monkeys comprising 

76.26 kg/km
2
). In addition, the data indicated that large bodied taxa (Alouatta, Ateles, and 

Lagothrix) had the highest annual harvest rates and occurred at significantly lower 

densities in the hunted site compared to that of small and medium sized taxa. Furthermore, 

two of the three large bodied primates show a relationship between a high hunting pressure and a 

low comparative density ratio (Alouatta and Lagothrix). 

 When all taxa were compared, there was not a significant relationship between the 

comparative density ratio in the hunted versus the non-hunted region and annual harvest 

rates, as would be expected if larger-bodied primates were differentially harvested to the 

point where that harvest had a measurable effect on the population. However this 

measure assumes that all populations should respond to hunting pressure in the same 

way, which may not necessarily be the case. A capuchin monkey, for example, may not 

respond in the same way as a saki monkey or a spider monkey would due to differences 

in behavior, social organization or life history patterns.  That being said, all species were 

found to have larger group sizes at PPRA versus TBS, which could potentially be a 

predation avoidance response. This grouping pattern would likely only be beneficial if 

entire groups were not pursued and killed by hunters, which is a strategy used by the 
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Aché in Paraguay (Stanford and Wrangham, 1998). However, the culling of entire groups 

during hunting episodes has not been observed or recorded to occur by the Waorani. The 

extreme cryptic behavior of the howler monkeys at PPRA also seems to suggest they may 

be responding to hunting pressure by trying to reduce detection as much as possible. The 

fact that they had the lowest comparative densities but did not have the highest harvest 

rates may even indicate they are responding to past high hunting pressure, and are not 

harvested as much now because their densities are reduced and they are in fact harder to 

find. Although this hypothesis is reasonable, I suggest it may be unlikely in this study for 

three reasons: 1) howler monkey densities are reported to be generally much lower in 

terra firme habitats across Amazonia (Peres, 1997), 2) there has been little hunting in the 

site for the past ten years (Di Fiore, personal communication), and 3) Alouatta 

reproductive rates are higher in comparison to the other large bodied atelines (Di Fiore 

and Cambell, 2007). I suggest that these factors, together with the density and behavioral 

data collected on red howler monkeys during this study, suggest that hunting is likely 

affecting the howler monkey population to some degree, but that in addition, habitat 

ecology is also contributing to the difference in density observed between these two 

populations. 

  Next, chapter three evaluates ecological variables two, three and four. The 

hypothesis for variable two states that a habitat with a more heterogeneous forest and 

higher soil fertility should support a higher Alouatta population density. Forest 

heterogeneity, which has been shown to co-vary with soil fertility (Peres, 1997), was 

tested by using the Simpson’s Diversity Index (D) to look at species diversity between 

sites. Additionally, soil was examined for macronutrients and pH levels. Contrary to the 
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prediction, the study site characterized by terra firme habitat and lower howler 

population density (PPRA) had a significantly higher diversity index than the seasonally 

flooded habitat with higher howler density (TBS), although both sites were indicative of 

hyper-diverse and extremely heterogeneous environments. There were also no overall 

differences in soil fertility between sites. There were, however, significant differences 

between pre- and post flooding samples and between microhabitats within the sites. First, 

post flooding samples from both sites were found to have levels of Mn that were 

significantly higher and Al that were significantly lower than pre-flooding samples. 

Second, the post-flooding samples from riparian micro-habitats were found to be 

significantly higher in pH, Ca, and Mg than non-riparian at both sites. Furthermore, when 

the post-flooding samples from riparian transects at both sites were combined and 

compared to all non-riparian transects, these levels were significant. Thus, no significant 

differences were found between sites, but rather between the microhabitats within sites in 

that the flooded, or riparian transects, were found to be higher in several macronutrient 

and lower in pH. Due to the fact that TBS has a more extensive area of flooded forest, 

and thus a larger area characterized by higher soil fertility and more hospitable pH levels, 

this data was suggested to partially support variable two. 

  The hypothesis for variable three states that a habitat with less phenological 

seasonality should support a higher Alouatta population density. This hypothesis was not 

supported by the data. Although the temporal patterns of when the peak percentage of 

trees in each phase occurred were somewhat different between sites, the total percentage 

of trees scored in each phenophase per month did not differ significantly between sites. 

On the other hand, the hypothesis for variable four, which states that a habitat higher in 
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phenological productivity should support a higher Alouatta population density, was 

supported. The total amount of new leaves, flower buds and mature flowers produced per 

month were significantly higher at TBS. It is has been proposed that higher phenological 

productivity may be related to high soil fertility and more hospitable soil pH levels (e.g., 

Woodward, 1996). The flooded transects, which were higher in soil nutrients and lower 

in pH, were in fact found to have a higher production of fruit compared to the non-

flooded transects. Additionally, the flooded transects at TBS had a significantly higher 

production of fruit than did the flooded transect at PPRA.  

 The remaining ecological variables were examined in chapter four. Hypotheses 

five and six reflect solely plant quality (i.e., a lower level of phenolic content and a 

higher overall protein and/or higher ratio of protein-to-fiber in leaves, respectively, 

support a higher Alouatta population density) while seven and eight reflect the combined 

effects of both quality and density (i.e., a higher density of resources low in phenolics and 

a higher density of resources higher in overall protein and/or ratio of protein- to-fiber in 

leaves, respectively, support a higher Alouatta population density). While there was no 

difference in the phenolic content across species between sites, the resources at TBS were 

of higher quality, in the form of overall percent protein in all leaves and protein-to-fiber 

ratio in the mature leaves. There were no differences in fiber, however, suggesting that 

protein levels were likely driving this difference. Lastly, a greater density of stems lower 

in phenolics and higher in percent protein were found at TBS, suggesting that there was a 

greater availability of leaves at TBS that are higher in total energy and easier to digest. 

Thus, in sum, six of the eight hypotheses regarding forest ecology were shown to be 
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relevant to test their predictive behavioral sets against the observed patterns of Alouatta 

behavior (Table 2). 

 

5.3 Summary of Demographic Patterns 

 Given the higher abundance of high quality food at TBS, theory would suggest 

that the following trends in demography should be present: 1) The average number of 

males per group is higher, 2) The average number of adult female howler monkey per 

group is higher, but does not exceed four, 3) The average group size is larger and 4) 

The ratio of infants and juveniles to adult females is higher. Although the overall 

population density was higher at TBS, there were no significant differences found in the 

demographic characteristics of average group size or composition, however the ratio of 

immature to females in the population was slightly higher at TBS. The first two aspects 

are in large part due to the presence of newly formed groups, which were only observed 

at TBS. Furthermore, the average number of adult females per group and the percentage 

of adult females in the population were higher at PPRA instead of TBS. While these were 

not significantly different, it was contrary to the predicted demographic patterns for 

howlers occurring at higher population density.  

One reason there were more females per group at PPRA may be that there was less 

female-female aggression at this site. It other Alouatta seniculus populations high rates of 

infanticide have been observed and groups with higher numbers of females are more at 

risk of a group takeover (Crockett, 1996; Crockett and Janson, 2000; Janson and van 

Schaik, 2000). At PPRA, however, the density may be so low that the threat of 
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infanticide is less because there are fewer males that could take over groups. Under this 

circumstance female-female aggression may be relaxed and thus howler monkeys can 

afford to have larger groups, as long as feeding competition is not too high. A second 

reason for larger groups could be because distances between potential new groups were 

presumably greater due to the overall lower population and group density, potentially 

producing a higher cost of dispersal at PPRA. The longer the duration that individuals 

spend without a group, either searching to join or form a new one, the higher the risk of 

predation may be, especially at PPRA where there is occasional hunting in and around 

the study site. Hence, all else being equal, females should be less inclined to expel their 

daughters out of the group, resulting in larger groups 

 Also, there was no difference found between the percentage of infants and 

juveniles in the population, which suggests that the birth rates were similar between the 

two sites. Assuming the reasons for this are not due to differences in mortality, but rather 

to differences in food availability, it is expected that populations of different densities at 

equilibrium will be equally constrained reproductively (Mangel and Clarke, 1989). It is 

therefore possible that both of the populations are at carrying capacity, which is likely to 

be lower at PPRA and higher at TBS due to differences in food quality and density.  

 

5.4 Summary of Ecological and Behavioral Predictions                                                               

  The six significant associations between differences in forest ecology and the 

density of howler monkeys at the two sites, along with their corresponding behavioral 

predictions, are shown in Table 2. None of the predictive sets of behavioral correlates for 

any of the hypotheses are fully supported. The behavioral prediction that all of the fully 
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supported ecology hypotheses failed to meet was a significant difference in resting time. 

Based on resting times reported for other populations of red howler monkeys and other 

Alouatta species, I suggest that the resting time may be at, or near, a minimal level 

required for digestion in both of these populations and thus making it less likely to detect 

differences between the two populations.  

  It is interesting to note that one hypothesis, soil fertility, did support the above 

prediction which all the others failed to. This is because there were no differences in 

behavior predicted for any of the behavioral categories between the sites for this variable, 

supporting the observed non-significant difference found in resting time. However, this 

hypothesis is only partially supported by the ecological data and thus may not be fully 

representative of the effect it had on howler behavior.  

  Only one prediction was met for H1, H2, H4 and H6. This suggests it is unlikely 

that hunting, soil fertility, phenological productivity or plant quality (in the form of 

higher protein-to-fiber ratios) are, on their own, influencing differences in density in a 

significant way. In contrast, the last two hypotheses, which combined leaf quality in the 

form of lower phenolic content (H7) and higher protein levels (H8) with the density of 

these resources, were most heavily supported by the data, suggesting these factors are 

likely playing the largest roles influencing the difference in howler population density 

between the sites.  

  

5.5 Conclusions 
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 The degree of hunting pressure can profoundly affect mammalian biomass, and 

this has been documented explicitly for howler monkeys (e.g., Peres, 1997, 2000). Peres 

(1997) showed that howler monkey populations subjected to varying degrees of harvest 

intensity occurred at significantly lower densities and biomass than those which had 

never been subject to hunting, or no longer hunted for more than fifteen years. However, 

while hunting pressure was found to be a good indicator of howler monkey population 

density, this was most evident in presumably high quality habitats such as deciduous, 

late-successional, floodplain and gallery forests, and had far less predictive power for 

evergreen forests or terra firme which housed “intrinsically low howler monkey densities 

even in the complete absence of hunting” (Peres, 1997).  Peres (1997) also showed that 

hunting pressure alone only accounted for one-quarter of the variation exhibited in 

howler monkey densities and biomass across twenty-three Amazonian sites, and pointed 

to the necessity of considering the effects of site-specific indicators of habitat quality, in 

addition to hunting pressure, to explain the variation in howler monkey population 

density throughout the Amazonian region. It was shown that once differences in hunting 

pressure were controlled for, most of the variation in howler monkey densities was 

explained by indirect measures of habitat quality, specifically forest structure, 

seasonality, and geomorphic correlates of soil fertility (Peres, 1997). Other studies have 

also cited that hunting pressure can mask the effects of logging or forest type on other 

species as well (e.g., Ateles paniscus and Cebus apella; de Thoisy et al., 2005).  

Additionally, the single best predictor of Alouatta densities in evergreen forests of 

central lowland Amazonia was found to be the distance to major white-water rivers, 

which co-varies with forest heterogeneity and soil fertility (Peres, 1997; Haugaasen and 
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Peres, 2005). It has therefore been suggested that higher soil fertility, in the form of 

higher levels of primary and secondary macronutrients, can in turn influence the 

abundance, quality, heterogeneity and associated phenological patterns of the resources 

that grow upon them (Janzen, 1975; Peres, 1997; Haugaasen and Peres, 2005). This study 

shows some support that food abundance is affected by soil fertility in relation to fruit 

production, and while it is possible that leaf quality may also be affected, this hypothesis 

could not be directly tested in this study. 

  I suggest that hunting is likely contributing to the difference in howler monkey 

density at PPRA versus TBS to some degree. However, I also suggest that the difference 

in density between the two populations is also likely being affected by a higher 

abundance of higher quality resources at TBS. By integrating these hypotheses with the 

full spectrum of behavioral data collected (Chapter 4), I suggest the following scenario to 

explain the observed behavioral patterns of howler monkeys at the high density site. Due 

to the higher density of higher quality food resources at TBS the distance between 

patches are shorter, enabling howlers to spend less time moving between patches and to 

feed on a larger number of patches per day, ultimately resulting in a longer time spent 

feeding per day. There was no difference in daily path length between the sites, however, 

so the howler monkeys at TBS are accomplishing this not by moving further each day but 

possibly by moving faster. This aspect can be examined indirectly by taking the average 

time spent moving per day and converting it to a 12 hour day, which is representative of a 

howler monkey daily activity cycle. For example, it was found that howler monkeys at 

PPRA spend on average 25.4% moving per day, if this converted to a 12 hour day they 

are spending 3.05 hours moving. When the average daily path length is now divided by 
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this time it equates to a movement rate of 147 m/hr (448.3 m/3.05 hrs = 147 m/hr). 

Contrast this with the much lower time spent moving at TBS, only 14.1%, and divide it 

by the longer daily path length and the resulting movement rate is nearly 2.5 times faster 

(616.7m/1.69 hrs = 364.9 m/hr). The ability to move more quickly between patches may 

again tie back in to the overall higher amount of protein, and thus energy, available in the 

leaves and allow howler monkeys to be less energetically limited at TBS compared to 

PPRA. Although whether the rate of travel differs greatly enough between the animals at 

these sites to actually effect caloric expenditure is not known. Regardless, this behavior 

may well be indicative of greater inter- and perhaps intra-group scramble competition at 

this site due to higher howler group density.  

  Despite the fact that leaves are generally considered to be ubiquitous and evenly 

distributed, data from this study and others illustrates that folivore resources vary both in 

quality and abundance. Furthermore, there is behavioral evidence to support scramble 

competition occurring in folivorous primates (recently reviewed in Snaith and Chapman, 

2007). For example, research on Colobus angolensis, a species that can reach group sizes 

up to 300 members, suggests that despite high habitat quality individuals may experience 

intense intra-group scramble competition reflected by their increased rate of movement 

and lower percentage of time spent resting compared to other species within the genus 

(Fashing, 2007). In addition, folivores do not simply forage continuously through the 

canopy but instead have been found to preferentially use certain trees that are not large 

enough for all group members to feed simultaneously (Semnopithecus entellus: Koenig et 

al., 1998, Koenig, 2000), to feed on selected food parts (C. guereza: Oates, 1977; Harris, 

2006) and to travel directly from one source to another (A. palliata: Milton, 1980; A. 
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seniculus: this study). Thus, both Old and New World folivores appear to demonstrate 

patterns of food selectivity, indicating that scramble competition does occur in folivorous 

species and would likely be exacerbated in areas of high population density such as the 

TBS site in this study.     

  Results from this study also show support for several aspects of forest ecology 

that have been suggested to affect folivore primate density.  First, previous studies on 

howler monkeys found population density in Central America to be positively correlated 

with resource abundance in regenerating forests, estimated using the average tree DBH 

(A. palliata: Sorensen and Fedigan, 2000), and forest fragments, calculated from the 

annual productivity of the most important food item in the howler monkey diet (A. pigra: 

Silver et al., 1998). Second, research on Old World folivorous primates have shown 

population density to be positively correlated with a high abundance of higher quality 

foods. For instance, a positive correlation was found between colobine biomass and the 

average protein-to-fiber ratio in mature leaves of the 20 most abundant species at sites in 

Kibale National Park, Uganda (Chapman et al., 2002). Data from this study illustrate that 

the ecological factors influencing Old World folivorous primate density may also hold 

true for folivorous Neotropical species, which are characterized by a different digestive 

morphology. Lastly, this data illustrates partial support for work showing that the single 

best predictor of Alouatta densities in central lowland Amazonia is the distance to major 

white-water rivers (Peres, 1997; Haugaasen and Peres, 2005).  

 As with all short term studies however, it is important to view the population 

density and demographic patterns within and between sites as part of a larger construct of 

animal life history patterns that change over time and space (Struhsaker, 2008). There is 
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no doubt that the best strategy for acquiring this information on primate populations, and 

the most relevant for conservation management strategies, is certainly long-term 

population monitoring. However, because many primate populations are now vulnerable 

to local extinction due to increased human disturbance activities in and around tropical 

habitats (e.g., Alvard, 1997; Peres, 1997), there is an urgency to try and identify areas and 

populations that are at greatest risk. I suggest that short term studies, if approached from 

a multivariate and integrative viewpoint, may be helpful in identifying the factors that 

most greatly influence primate density and allow conservationists to target regions 

characterized by these parameters as high priority. In this way habitats that are capable of 

sustaining higher densities of primates will be conserved, which may foster the 

sustainability of vulnerable or at risk species or populations and provide the opportunity 

for long-term studies to take place.     

 

5.6 Conservation Implications for Yasuní 

 The biodiversity of flora and fauna that occurs within the Yasuní region is among 

the highest in the world (Pitman, 2000). Amidst the incredible species richness, a 

precarious relationship between forest existence and human subsistence is faced with the 

pressure of a new dynamic- namely, the effects of increasing human colonization and oil 

development. Once a vast sea of tropical forest sparsely inhabited by indigenous 

Waorani, Yasuní is quickly becoming more like a patchwork of roads, bridges, 

permanent human settlements and farms. It is thus imperative that research and 

conservation efforts focus on this region in order to monitor the effects of increasing land 
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use on both the plant and animal communities and to contribute to informed management 

planning to preserve particular areas within this rapidly changing ecosystem.  

 This study has shown that small scale variation in habitat ecology occurs within 

Yasuní, and that areas characterized with a higher abundance of high quality of resources, 

and possibly higher soil fertility, are underlying factors influencing differences in howler 

monkey density. This knowledge can be used to identify and target areas that may be 

capable of sustaining higher howler monkey populations throughout the region and to 

propose such areas to be concessioned as non-development sites in order to preserve their 

ecological integrity. Although the genus Alouatta is widely distributed from Mexico to 

Argentina and only one of the seven species is currently list by the IUCN as Endangered 

(A. pigra: Cuarón et al., 2003), populations are still at risk of local depletion due to 

habitat destruction (Horwich, 1998), habitat fragmentation (Mandujano and Escobedo-

Morales, 2008) and hunting (Peres, 1997). Unlike some primates, howler monkeys are 

able to adapt to low and moderate levels of forest disturbance (or in some cases even do 

better) giving them the chance for survival, but only if hunting can be controlled 

(Horwich, 1998; Peres, 1999). Currently the low hunting levels in Yasuní appear to be to 

having some affect on howler monkeys and the primate community as a whole. This 

study showed that large bodied primates are experiencing higher harvest rates, a familiar 

pattern seen throughout the tropics, and this aspect should continue to be monitored in 

conjunction with the hunting practices of an increasing human population. Yasuní thus 

represents an ideal region not only for continued research and scientific discovery, but 

also for conservation endeavors that can contribute to long-term animal population 

monitoring and strategies for land use management.   
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5.8 Tables  

TABLE 1: Ecological variables examined and compared between the two study sites and 

their corresponding predictions of the patterns expected to occur at the high density site.  
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