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Abstract

Previous research on gibbons showthat matesO singing intensity can be used as an
indicator of their relationship qualityVe collectedbehavioral and singing data from
three Bornean agile gibbon pairs in Sabangau, Indonesia to test wheth&bmiadeors
were more synchronized arfdhey were in closer proximity asingingdays. Mates of
each group were synchronized at least halfithe, and no touching, affiliation, or
aggression occurred between matggardess of their singing activityGroup C mates
showed significantly morbehaviorakynchrony on nosinging days, contrary teur
expectations. However, they were in signifidaetoser proximity on singing day&ur
results provide preliminary evidence that singing suggbg maintenance of gibbonsO

pair-bonds with respect to matesO proximity, but not their behavioral synchrony.
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$&! Introduction

$'! Gibbons are smabodied, territorial, arboreal apes distributed across $asth

$(! Asia. There are arguably Hifferent species of gibbon, separated into four genera based
$)! partly on diploid chromosome numbeé<ifn et al., 201]. Species of all four genera

%% typically live in small groups on home ranges of up to A&0with territories ranging in

%+ size from 7 and 57 ha (average territory size 26 hatieyne, Thompsoret al, 2008].

%"  Gibbon home ranges maverlap dudo food scarcity Cheyne Thompsonet al, 200§.

Y%o# Most gibbons are palvonded and live in family groups, although polyandréus (
%$ syndactylugPalombit 1992; Lappan2007); H. lar [Reichard 1995; Reichard &

%% Sommer, 1997; Sommer & Reichard, 2000]) potygynous (e.gN. concolor [Fanet

%& al., 2006; Fan et al2009]; andV. hainanus: [Jiang et al., 1999;Sommer & Reichard,

%'l 2000; Zhou et al.2005])groups have been foundabitat disruption and destruction may
%( have caused the formationmmdrnrmonogamous groups, due to limited options for

%) dispersal and mates [Chivers, 2009w groups form after a young adult male (6 or

&*!  more years old) disperses from his natal group, seekingegally advertising for a

&+ mate [Palombit, 1994Brockelman eal., 1999.

&"! Once a mate is acquired, the pair establishegitory and forms a paivond

&# [Palombit, 1994]. Cases involving death or desertion of a mate are known to occur, and
&% when they do, vocal advertisements will be made tdfgitime gibbonOs silgstatus

&% [Palombit, 1994]Rarely, new paibonds are formed when a conspecific usurps a mate

&& and territory, or when a maturingrstakes his dead fatherOs role [Tilson, 1981]

&'! Gibbons sing speciespecific songs communicating messages regarding tgrritor

&(! mate attraction, resource and mate defesrs@pair-bond strength@heyne, Chiverset



&)! al., 2008 Fan et al, 2009 Geissmann & Orgeldinger, 200@laborate songs and

* 1 accompanying displays can be heard upkm2away and likely convey different

'+ 1 messages to ini-group and inter-group membersgheyneet al, 2007. These

" 1 communicative messages include physical displays such as bhakoly, swinging,

‘# 1 and aggessive lunges [Deputte, 1982]. Agile gibboHs &gilis) duet an average of 15

'$ | minutes er day [Haimoff & Gittins, 1985]Duetting can help pairs coordinate territorial
‘%! defense, as seen in Australian apag larks Grallina cyanoleuc@ Miieller’s gibbons

‘& ! (H. mueller) and eastern whipbird®gophodes olivacepfHall, 2000; Mitani, 1985;

" 1 Rogerset al, 2006]. Primates other than gibbons engage in duetting behaviors, for
‘(! instance, the Milndedwards sportive lemur [Mendé€zardenas & Zimmermann, 2009];
) ! during mating seasons for the spectral tarsier [MacKinnon & MacKinnon, 1980]; and
(* ! duringinter-group conflicts for the indri [Pollock, 1975], the Mentawai langur [Tilson &
(+! Tenaza, 1976], and the titi monkey [Robinson, 1979]. However, of all nonhuman

(" ! primates, gibbons produce the most vocally complex duets [Haimoff, 1984]. In most
(#! gibbon specig, mated adults sing duets in which each partner hasspseiic

($! vocalization [Gittirs, 1979;Haimoff, 1984;Haimoff & Gittins, 198%. In some species,

(% mated males also sing solos.

(&! The gibbon solds similarto the songbird solo, defined by Thorpe [1p&4Oa

(' ! series of notes, generally of more than one type, uttered in succession and so related as to
(! form arecognizable pattern sequence in timeO [p5]. Most mated gibbon adult males

() ! sing solos for one to three hours at dawn, while females engage in great calls later in the

)* ' morning hours, typically from 0700 to 126JGeissmann & Orgeldinger, 2000;

)+! Geissmann, 20@8. Unlike the structure of the male solo, female great calls comprise a



)" I complex but standardized note structure, making the duet queztdgmnizable to

Y#! researchers [Gittins, 1979]. Haimoff [1984] defines duets as songs where Oboth sexes
)$! produce loud sounds and exhibit vigorous movements in an interactive manner (i.e.
Y% performing a mutually cooperative and coordinated displgoy)841] Dueting may

)&!  prove important in paibond maintenance for some gibbon species, but perhaps not all
)" I [Cowlishaw, 1992]. While the Klos#i( klossi) gibbons in Sumatra do sing, past

)( ! behavioral research has not found any evidence to support that these vonaleratifor

)) ! the purpose of pairing or territoriality [Cowlishaw, 1992].

+x* | Complex social communication is thought to occur between gibbon groups, but
+*+1  few studies in nature have tested the communicative value of singing. Past studies on
+*" 1 duetting behaviors hawevealed correlations between song activity and behavioral

+*#!  synchronization in wild Milneedwards sportive lemurs [Mend€ardenas &

+*$!  Zimmermann, 2009], captive siamang pairs [Geissmann & Orgeldinger, 2000], and wild
+*%  black-crested gibbons [Fan et,@2009. The pair-bond hypothesis suggests that more

+*&! coordinated duets represent stronger-pamds between mated gibbons [Brockelman &
+*' I Srikosamatara, 1984; Geissmann, 1986]. Research has shown that duets are more
+*(! coordinated and synchronized in older, lon@lekshed, captive blaekrested gibbon

+*) 1 pairs, suggesting that well patterned duets represerb@ad strength [Fan et.aP009].

++*1 Duetting is a communicative mechanism helpful for strengtheningbpans.

++H MendezCardenas and Zimmermann [2009] examitiede possible duetting functions:
++"!1  mate reunion, pair reunion, and jetetritorial defense. They followed Milrédwards

++#  sportive lemurs for one year, monitoring three life phases (mating, pregnancy, offspring

++3$! care), and documenting their solitary foragand paikbonded sleeping patterns. They
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found that 1) patbonded lemurs have higher behavioral synchronization post duets, 2)
the most common synchronized behavior was locomotion, and 3) duetting occurred more
often during the offspring care period [MigeCardenas & Zimmermann, 2009]. These
results can help researchers better understand that pairs use duets as a mechanism to

strengthen paibonds ad lessen chances of infanticide

Creating a cohesive and compatible duet can take weeks for a newly mated
gibbon pair [Geissmann, 1986; Geissmann, 1999]. In his study on siamang pairs in
various European zoos, Geissmann [1999] found a correlation between perfected songs
and occurrenceof first-time copulations. Geissmann and Orgeldinger [2000] detected
that hrough administered pair swapping, siamangs developed newly acquired pair
specific traits. Hypothetically, with time and practice, welbrdinated duets correlate
with a pairOs ability to hold a territory as well as with-paird strength [Geissann &
Orgeldinger, 2000; Cheyne et,&007]. Geissmann [20B6Raddsthat the pakbonding
hypothesis Oappears to be one of the few biological functions suggested so far which

could explain a high degree of dwemplexity as adaptive@. 10]

Pairbonding mayhave evolved due to predation, mgtearding, and/or diet or
energy restrictionsgeissmann, 198&uentes, 2002]. In his study on phonded
primates, Fuentes [2002] observed that paibond strength can be measured through
affiliative behaviors, proximit, andduetting frequency and duratioimformation on
duetting communication between pawnded primates is lacking. It is important to study
duetting in order to locate a correlation between presence and function. Vocalizations
may differ between Borneaagilesub-adult males, to prevent hybridization [Marler &

Tenaza, 1976]. Variations in songs are believed to be directly connected to competition
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for selected mates [Fan et,&009]. Along with facial expressions and body positions,
singing plays a lae role in communicating messages (for example, alarm calls,

aggression, socializing).

Haimoff and Gittins [1985] researched playback experiments with wild agile
gibbons in Peninsular Malaysia and found that they could locate specific females through
unique features of their individual songs. Their study revealed that individuality exists
within vocalizations of agile gibbons, and findings suggest that songs provide an
advertisement of group location, size, individual sex, andqmaided status, and prexe
inter-species hybridization [Haimoff & Gittins, 1985; Marler & Tenaza, 1976]. “If gibbon
songs function as a means of inggoup communication, then selection may have
favored individuality and individual recognition, as well as the transmission ef oth
relevant infomationO [Haimoff & Gittins 1985, £39]. Although significant findings
were found, quantifying individuality through song has scarcely been attempted

[Geissmann, 2004.

Bornean agile gibbon#i( albibarbig are monochromatic, padondedapes
inhabiting areas of Southwest Kalimantkhalbibarbishome ranges average b&
[Cheyne, Thompsonet al, 200§. Currently, the taxonomic classification fidr
albibarbisis debated [e.g., Chatterjee, 2009; Groves 1972; Marshdh&hall 1976].
Recently, Hiraket al.[2009] justified the separation of the agile gibbon between Sumatra
and Kalimantan, based on genetic differences. Here, we rdferalbibarbisas Bornean
agile gibbons and regard them as a distinct species frimMillerOs gibbonsi(
mueller) in Borneo,andagile gibbonsHK. agilis) in Sumatra and Peninsular Malaysia

Male Bornean agile solos typically occur at dawn (beginning at 8481l lasting from



+&+#  one to three hours, intermittently) and are considefmeeursor to the pairOs duet
+&"!  [Cheyne, 2010]. Cheyne, Thompson, et Bl008] found that Bornean agile gibbosig
+&#  more frequently with increased population density. After rainy weather or human

+&3 disturbances, it takes an average of four days before sirgfinms to normal [Cheyne,

+&% 2008].

+&& Gibbons’ loud and coordinated duets exhibit intricate structures that seem to
+&'!  function in part to strengthen pdonding.GE collectetehavioral and singing data
+&(! from three Bornean agile gibbon pairs in Sabangau, kslano test whether maé@s
+&)! behaviors were more synchronized and they were in closer proximsipgingdays

+* I compared to days when no singing occurred
+'+ 1 Methods

+" Sabangau was established as a national park in 2004 and is currently operated by
+'# 1 the Centre for International Cooperation in Sustainable Managehé&rdpical Peatland
+$! (CIMTROP) Hamard et a).2010] Sabangau National Parktends 50,00Ba across

+'%! Borneoand is comprised of mixed swamp, low paed tall interior forest types

+'&! [MorroghBernardet al, 2003; CheynglThompson, et al, 2008 Figure 1. Mixed swamp
+" 1 forest encompasses 40% of the total area and is the most common haBitathéam

+'( ! agile gibbas[Cheyne Thompsonet al, 200§. Sabangau consists of western and

+') I eastern catchments, which are separhyetthe Sabangau Rived@mardet al.,2010]

+(* | The western catchment (7,2008rs peatswamp forest, and includes Setia Alam Field
+(+! Station, the base for field researchers studying in the surrounding Natural Laboratory

+(" ! Research Area (also knownlagboratorium Alam Hutan Gamhbubr LAHG, Figurel).

+#! LAHG (2° 200420 S, 120 110 Epnsists of 500kfof protected forest, with a
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relatively small portion of it destroyed by logging and converted into a failed-Rega
prgect that was deserted in 19®uckleyet al, 2006;Ludang et al., 200 amardet
al., 201Q0. The rainy season #te site typically spans October to April, and the dry
season usulgllasts from May to Septembdryjdanget al, 2007 Cheyne, 2009.
However, the summer of 2010 was abnormally rainy, which likely reduced gibbon

singing duringthe study periodGheyne, R08].

SMC began habituating Bornean aggibbons at LAHG in June 2006leyneet
al., 2007; CheyneThompsonet al, 200g9. GE collected behavioral data from the three
besthabitudaed groups (C, K, and N) from 1lyD19 September 2010. Three
monitoring posts within the groupsO territoviese used to listen for songduckleyet
al., 2006, Hamard et al, 2010] Oftentimestwo or three groups could be heard from the
same listening post, in which case group it@ntion was based on approximate
location in known territory boundaries. Starting at 0400 daily GE waited at a selected
monitoring posfor gibbons to sing15 July-7 August and 6 -19 September for Group C,
8 August- 5 Septembeifior Groups K and N). If songs occurred;E proceeded into the
forest to attempt to locate and follow that group for as long as possible. If a singing group
could not be located, or if a group did not sing on a particalg GE attempted to find
them by walking acrogeir territory. Because of the size of each territory and the
rugged terrain, it was not possible to search for more than one group per day. On days
when gibbons cdd be heard singingut couldnot be found, data were collected on song

duration and frequency.

Behavioral data were collected from each group’s mated pair. Adult males and

females could be distinguished by their-specific vocalizations, slight dimorphism,
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coloration, and genitalia. Group C was composed of two adults, two juveniles, and one
infant (b. November, 2009). Groups K and N each consisted of two adults and three

juveniles. Mates had been together for at least five years.

Scan sampling (oAmin scans, 50 scans per hr) was used to document the mated
adultsO behaviors from an ethogram matiifiem Baldwin and Teleki [1976],
Geissmann and Orgeldinger [2000hde and Sommer [2002hd Cheyng201(Q. If
both adults were visible, their proximity and behavioral synchronization was recorded on
the scan. Behaviors were considered synchronizbeé inembers of the pair engaged in
the same behavior on the same scan; they were unsynchronized if both were visible but
were engaged in different behaviors on the same scan. Proximity was categorically
recorded as touching or <151 6-25, or >25m apart When mated gibbons were both
visible during songs, behaviofs.g., displays) and proximities obsedvduring song

bouts were recorded as described above.

Daily frequencies and durations were collected on mai@esO solos and pairsO
duets.Solos, déned as multiple structured phrases uttered by the male without
contribution from his mate, were manually recorded from the minute the male began
singing his first note and ended when the male finished. Solos separated by more than 10
minutes of silencavere considered separate sortdaimoff, 1984] Duet song bouts
consisted of the introductory male solo, female great calls, and male codas. Duets began
the minute the male initiated with his solo, and ended when either the pair stopped
singing for a periodf ten minutegHaimoff, 1984] or on tte last note of the maleOs

coda Song bout durations (duets and solos) were timed using a stopwatch. Solos and duet



") I song bouts sometimes occurred more than once per day, so frequencies of songs were

"#* 1 also recorded.

"+ | Statistical analyses were performed using SPSS Statistics 17.0 with alpha set at
"#" 1 0.05. KruskalWallis H-tests (two-tailed) were used to compare solo and duet durations
"##! among the three groupShi-square tests were used to determine whether observed

"#$! frequengesdiffered significantly fronfrequencies expected under the null hypothiesis
"#9%9 Group C mates@erall behavior synchrony, atigeir proximity and behavioral

"#&'! synchrony on singing versus neimging daysSimilar tests could not be run on the

"#' 1 mates ofGroups K and N due to small sample sizes.

"H#( ! Our research methods were approved by Central Washington UniversityOs
"#) I Institutional Animal Care and Use Committé#&\(031007) before the study began, and
"$* | throughout the study we followeaHe Indonesan government@svs and regulations

"$+! protecting wildlife.
g Results

"$# ! Visual contact with a group occurred ondii of 39 searcldays, with group C

"$$! being the easiest group to locate and follawerage follow time was 104 min (range 20-

"$% 540 min).Group C was visually contacted on 111d@fsearchdays.Group COs male sang

"$&! solos and the pair duetted nine follow days, and on two follow days, Group C did not

"$' | sing at all.Groups K and N were visually contacted on 1 day each of 11 search days each.

"$( ! Some analyses include data from ofyoup COmated pair.

"$) ! Tablel summarizes singing data for all three groups. On a daily basis, mates of

"%*! each group sangd) duetsonly, 2) duets and male solos; 3) did not sing at allWe
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considered duet and duet +®dlays as Osinging daySOngdurations did nodliffer
significantly between grougd&ruskal Wallis H test Solos H=6.152, df 2, p=0.05

Kruskal Wallis H tesDuets H=2478, df 2, p9.29).

Table 2summarizes behavioral data collected from the mates of each group. Only
four behaviors were observed: feed, rest, display, and travel. No agonistic or affiliative
behaviors were observed between mates, although the latter did rarely occur between
adults ad immaturesi(e., a mother groomed her infant, and an adult male played with a
juvenile). Mated adults in Group C were more frequently in behavioral synchrony than
out of synchrony (828/1188 scahs= 183.58df 1, p<0.0001). The mated adults in
groupsk and N were in and out of synchrony with equal frequencies (K 50/100 scans
and N 30/60 scans). Feeding was the most common synchronized behavior in all three

groups

The behavioral synchrony of Group C mates was compared esimging and
singing daysduet +solodays; ! := 3.82, df 1, g0.05. Singing did not correspond with
behavioral synchrony in a straightforward way. Synchrony was 11.3% more common
than expected on days when mates did not sing, amdtes were 25.9% less

unsynchronized than expected days when they did not sin@aple 3).

If both mates of a group were visible on scans, their proxiweas categorically
noted {[Table4). Mates were never observed to touch. The mates of Group C (the group
with the most data) were withinAm of each other on 52% of scaf®r Group C,
singing corresporetito closer proximity between mates£24.55, df 3, p<0.000Ifable

5). On days when they did not sing, they were in close proximity categories at lower than
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expected frequencigandtheywere further apart at higher than expected frequencies. On
days when they sang, they were unlikely to be more than 25 m apart.

Discussion

Preliminary esults show thatadly solo andduetdurations and frequencies did not
differ significantlybetweengroups C, K and NAll coupleshavebeen mated and
habituatedor at least 5 years, haweultiple offspring,andwell-coordinatediuets so all
three groups could be considered to hae#-established paibonds.Consistency in
duettingpatterns is perlps to be expectedvgn their similar circumstances, however,
slight differences in solo patterns between groups may be in part due to the abnormal
summer weather in 2010.

Unusual weather in 2010 likelnfluenced the singing of all three study groups.
Over the course of GEOs thneenth fieldworkit rained every2-3 days. Gibbons
typically refrain from singing during downpours, possibly due to extrieeat loss
[Cheyne et al., 2007; Cheyr)08]. Cheyne [2008] conducted research on the effects of
meteorology €.g., rain, smoke, and light intensity) on gibbons in Sabangau. Rain
occurred 34 out of 120 days, and gibbons did not sing on 27 @Q%hy days. Wheit
rained andyibbons did sing, it was much later in the morntegnpared to their more
usua singing patternCheyneOs study shaithat rainfall and smoke intensiyere
correlated with diminished song intensity at this siteHigh amounts of rain recorded in
2010 likdy diminished the singing activity of all three groups, am@ngibbons refrain
from singing, locating them within their home ranges can be almost impo&3isigite
less singing and difficult terrain for the human observer to traverse, GE locatel Group C

two days (out of eleven successful follows) when they did not sing.
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Gibbon diet frequencies and duratioalso change over timeased on how long a

pair has been together [Geissmann, 1988Jvly mated captive siamang pairs produce
frequent and longer uncoordinated dukkely to attracthew potential mates, so in order
to avoid mate desertionyachronized duets must be developégissmann, 1999;
Geissmann & rgeldinger, 2000Established pairsuch as those at Sabangaay not
need to invest energy in practicing their welhearsed songand so they might sing less
oftenand/or for shorter periods of time than would be true for newly established pairs

In our study, touching, play, grooming and other affiliative behaviors were never
observed between mates, and were rarely seen to occur between an adult and offspring. In
other nonhuman primate species, grooming is used to strengthen relationships, yet wild
and captive gibbons are rarely seen grooming each other [Carpenter, 1940; Fischer &
Geissmann, 1990; Brockelman, 2009]. Perhaps this is related to low rates of within-group
aggression in gibbon species: in our study, we saw no instances of aggression between
mates, or inded between any group membétrsppears that in gibbonsost aggression
or potential aggression is directed toward other groups during morning s@ngs an
accompanying displays. Since aggression among group members is rare, perhaps there is
little need to repair damaged relationships through engaging in affiliative behaviors such
as grooming.

In nonhuman primates, the behavioral synchronization of groeiminers
facilitates group cohesion, protects group members from predators, and aids in the
location of food, although environmental and social factors can affect the coordination of
group membersO activities [King & Cowlishaw, 2009]. For example, chacmanbab

(Papio ursinu} activities are more synchronized earlier in the day, in closed woodland



#+)! habitats, and when females are gestating; baboon synchrony decreases as the day
#'* 1 progresses, in open desert habitats, and during mating seasons [King & Cowlishaw,
#'+1  2009]. Among gibbons, behavioral synchrony serves as an indicator dfguadrstrength
#™ 1 [Geissmann, 1999Earlier studies on captive gibbons and siamangs have found

#'#!1  relationships between song qualities and behavioral synchrony, however these studies

#'$! were peformed on captive individuals and included recently established pairs

#'%  [Geissmann & Orgeldinger, 2000].

#'&! The mates of all three of our study groups were behaviorally synchronized at least
#" 1 half of the time, and in the case of Group C, mates were synchronized 70% of the time.
#'( ! Perhaps because it was the most common ac®Hpbserved overall, feeding was also
#") I the most commonly synchronized behavior in all three groups.

> Contrary to our expectations that synchrony would be greater on days when
##+!  singing occurred, behavioral synchrony between mates was higher on days without
##"1  singing (78% synchrony) than on singingy€(69% synchrony). The mates of Group C

###1  actually spent significantly more time (11.3% more) in synchrony and significantly less
##$!  time (25.9%) out of synchrony on days without soffgese results are not compatible
##%  with those of Geissmann and Orgelding&d0), which found correlations between song
##&  activity and behavioral synchronly.may be that with longerm partners, such as the

##' 1 Bornean agileibbon groups we studied, songs are not needed in order to increase

##(! behavioral synchrony. Group C has been togethertemmy (more than six years) and
##)! may not need to synchronize behaviors with regard to song function. A behavioral

#$*!  synchrony/song pattemay be more apparent with newer pairs. Our results should be
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interpreted with caution, however, because we had mmammg follows on singing days
on account ofjibbonsbeingmuch easier to find when theygi

Proximity between nohiuman primate group merats may be affected by
qualities of habitat (e.g., structural comty or disturbance) [OOBrien et 8003;

Rawson, 2004], predation rates [Uhde & Sommer, 2002], age of offsprindpfr &

Dunbar, 1980; Brockelman & Srikosamatara, 1984; van Schaikd&uy 1990 and

group membefSabilities to perceive communication modalities (e.g., the ability to see
facial expressions) [Liebal & Tomasello, 2004]. For gibbons, close proximity between
adult pairs facilitates offspring survival, protects future bmegdpportunities, enhances

the ability to detect intruders, and aids in the avoidance of predators [Uhde & Sommer,
2002]. Gibbons spend most of their time in the upper forest canopy, which enhances their
visibility with each other and likely reduces pradatrisks [van Schaik, 1983].

For all three of our study groups, mates were never observed to touch and were
rarely within one meter of one another. Mates were, how&eguently at medium
distances (&5 m apart). At those distances, it was possiblenfates to contact one
another quickly, and they could likely see one another most of the time. Mates were
infrequently more than 25 m apatrt.

For the mates of Group C (the only group with sufficient data for statistical
analysis), proximity appeared to lméluenced by their singing behavior. Group C mates
were more often in closer proximity on days they sang compared to days when they did
not. On days of silence, Group C mates were significantly more likely (135%) to be more
than 25 m apart, while on day#en singing occurred, mates were more than 25 m apart

significantly less (16.9%) than expected. Singing may result in closemnnatier
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proximity as part of the pairOs territorial display and each adultOs protection of his or her
mate from conspecificThe coordinated aspects of singing, particularly those which

occur during duets, might result in closer proximity between mates throughout the
entirety of singing days.

In conclusion, our data supported our hypothesis that song activity would be
associatd with closer proximity between mates. However, our prediction that singing
would correspond with greater behavioral synchrony was not supported by our data.
Research on newly formed wild groups would shed further light on the potential
relationship betweaegibbon song and palrond strength; however, it has proved difficult
to study rare events such as group formation and dissolution in wild gibbon populations.
Our study provides preliminary evidence that singing does support theenaioe of

gibbonsO jrdonds.
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Group Solos Duets
Duration Duration Frequency Frequency Duration Duration Frequency Frequency
n Average Range Average Range n Average Range Average Range
(min) (min) (min) (min)
C 15 226 054 0.68 0-2 24 19.17 058 128 0-3
K 8 21.38 045 0.62 0-1 7 29.14 062 0.62 0-2
N 4 5 0-10 0.50 0-2 11 17.09 049 1.3 0-2




%(& Table 2.Behavioral Synchrony between Mates of Each Group
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Behavior Total
Feed Rest Display Travel  Synchronized
Group Scans Scans Scans Scans  Scans Total Scans
C 585 139 72 32 828 1188
K 42 3 0 5 50 100
N 22 7 0 1 30 60



&"&! Table 3.Group C Behavioral Synchrony and Nsynchrony on Singing versus Non
&" I singing Days
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Singing Days Non-singing
Days

Observed Expected Observed Expected
Synchronized 736 745.8 92* 82.2
Behavioral
Scans
Unsynchronized 334 324.2 26** 35.8
Behavioral
Scans

&%* 1:=3.82,df 1, p=0.05

&%+ *Standardized Residual=+1.02, 11.36% greater than expected
&%" ** Standardized Residual%.55, 25.9% less than expected
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&&# Table 4 MatesO Proximities
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Total
Scans: Proximity
Group <lm 1-5m 6-25 m >25m Scans
C 59 430 251 88 828
K 0 2 38 10 50
N 2 11 7 10 30
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Singingdays Non-singing
Days

Observed Expected Observed Expected
<lm 55 52.44 4x* 6.56
1-5m 394 382.22 36*** 47.78
6-25m 222 223.11 29 27.89
>25m 65* 78.22 23prx* 9.78

"% ! 1:=24.55, df 3, p<0.001

"& ! * Standardized Residual=+0.21, 16.9% less than expected
I ** Standardized Residuals 39% less than expected
"( ! ** Standardized Residualt.7, 24.7% less than expected
" 1 **** Standardized Residual=+4.23, 135.2% greater than expected
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Fig. 1. Map of Sabangau [Buckley et &006]
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