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Abstract

The fast movement and high degoddission-fusion dynamicef spider monkeysAfeles
spp.) make them notoriously difficutt survey.We examined which aspects of survey
design affect spider monkey sightings along transects on a gfangividually recognized

spider monkeysA. geoffroyi) in Punta Laguna, Yucatan, Mexid&e calculated the

number of monkeys and subgroups sighted per transect walk. Using generalized linear

models,we found no effect of the number of observers, transect type (new vs. existing),
walking speed, atime of day on individual monkey counts and subgroup counts.
Recounting individuals was relatively rare and occurred when transects were walked
relatively slowly.We missed more young than adult monkeys. The group composition
based on survey data was simtlathe known group composition. Basaalour findings
we recommend that surveys performed on relatively flat terrain be condatseeeds
similar or faster than the moving spesdspider monkeyso minimize recounting
individuals and that young : adult female ratios based on survey data be intespreted
conservative indicatorsf population healthThe novel methods presentieddetermine
sources of biag population estimates are applicatiex wide range of primates that are

difficult to survey

Keywords: population monitoring, fission-fusion dynamics, missing individusksles

geoffroyi
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Spaan 3

Introduction

Line transect surveys are the most commonly used mé&lsuavey arboreal
primates (Peres, 1999; Bucklaethal., 2010a, 2010b), providing abundance (hereafter
population density, e.g. individuals per Rror relative abundance estimates (hereafter
encounter rate, e.g. individuals per km), which form the base of a wide variety of studies
ecology and conservation and @dhe formulation of species management plans. The
number of monkeys sighted may be affediggurvey design, whicim turn may affect
population density estimates or encounter rates.

Survey desigiis often limitedby field conditions, but dy a handful of studies have
investigated how survey design affects primate population estimates. Firstly, primate
surveys are commonly performadthe morning and late afternoon (Peres, 1999;
Ingbermaretal., 2009)asprimates are more likelp be encountered during periods of
heightened activity (Chapmaal., 1988; Peres, 1999), yet thes@o general trend on
how time of day affects encounter rate or population density (Ingbeaten 2009; Kun-
Rodrigwesetal., 2013; Leetal., 2014; Matsudetal., 201§. For instance, early morning
is the optimum time:o survey gibbonsHylobates agilisLeeetal., 2014), whereasme of
day did not affect either howler monkejlduatta clamitankor sifakas Propithecus

coquerel) population estimates (Ingbermatal., 2009; Kun-Rodriguest al., 2013).

Secondly, the effects of survey speed on encounter rate remain poorly investigated (Shupe

etal., 1987; lwanaga & Ferrari, 2002; Aliaga-Roseall., 2006; Nekaristal., 2014),
despiteits importanceo detectability. Thirdly, line transect surveys are typically performed

by a group of on¢o two observers. Studies examining the effect of the number of

observers on encounter rate or population density estimates are limited and suggest that the
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Spaan 4

number of observers does not affect primate encounter rate (Nijman & Menken, 2005; Haus
etal., 2009).

Understanding how study design affects encounter rateeegpecially
important for species that are diffictidt survey (often providing low encounter rates) such
asthose with high degrees of fission-fusion dynamics (i.e., a high temporal vanmatian
degreeof spatial cohesion and individual membershigubgroups: Aureket al., 2008) and
fast arboreal movement, suabspider monkeysAtelesspp.: Symington, 1990; Chapman
etal., 1995). These characteristics makgroblematido meetat least two of the
assumptions of line transect surveys (Bucklaral., 2001, 2010a, 2010b; Ross & Reeve,
2011): 1) groups or individuals are detected before they respadhe observeby fleeing,
and the non-responsive speed (i.e. a movement whicependent of the obserier
presence) of the animia slower than the observers speed; and 2) group sizes are recorded
precisely and groups are not counted twice.

Violating the assumptions of line transect surveys couldtteaghccurate
population estimates. Fast movement enables spider motkiéss outof the observes
sight before they are detected. Walkaig speed thas faster than the commonly used 1
km/hour may counter the problem of non-responsive movement (Pluetpire2013)as
the observersspeeds closerto the study speciéspeed. Althougiit has been suggested
that subgroup sizeanbe measured insteaaf group size for species with high degrees of
fission-fusion dynamics (Peres, 1999), subgroup size chamgestionto fruit availability
(Chapmaretal., 1995; Pinacho-Guendulain & Ramos-Fernandez, 2017) and the average
subgroup size differs between seasons (Hashietatb 2003; Asensiet al. 2009) whereas
group size remains the samesldifficult to ensure that the same group, subgroup

individuals are not counted multiple times. Despite this potentially common violtdion,
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date no primate studies have ainiethvestigate how often the same individual or grmup
detectedat various points on the same transect during the same transect walk.

Our study aimedio examine which aspects of survey design affect spider monkey
sightings along transects and determine whethere¢levant assumptions of line transect
sampling are violated.o do sowe surveyed a group of individually recognized spider
monkeysWe use the finding$o provide recommendations for the design of surveys for

animals exhibiting fast movement and high degrees of fission-fusion dynamics.

Method

Study site and subjects

We collected data between October 2014 and Januaryi@@hé Otochvia’ax
yetel Kooh Flora and Fauna Protected Area (20%387°38'W, 14 m above sea level,
Figure 1) near the village of Punta Laguna, Yucatan, Mexico. Getéfspyder monkeys
(Ateles geoffroy) have been continuously studiedthe protected area over the past 20
years (Ramos-Fernandetal.,in press). The study group included 36 individually
identifiable monkeys older than one year: four adult males, one subadult male, 12 adult
females, five subadult females and 14 youlg.defined young@sindividuals younger
than five years but older than one year, given that infants less than one year stil cling
their mothets bodies for large periods tine and individuals younger than five years are
foundin the same subgrowgstheir mother (Vick, 2008). Subadults were individuals
between five and eight years old, being sexually mature, but not fully-grown, and adults

were individuals older than eight years (Shimoekal., 2008). Femalesanbe easily
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distinguished from adult males based on the presence of a protruding clitoris. The group

included 11 mother-young dyads based on continuously updated demographic records.
We usedan existing transect and a newly cut transect of the same lengtim(919

Table 1).To increase the likelihood of monkey sightings selected the existing transect

from the trail systenasspider monkeys used the area around the selected trail during the

same period the previous yede opened the newly cut transect roughly paratiehe

existing transect (Figure 1). Both transects were located on a relatively flat terrain with only

a few large bouldet

Survey design

We performed surveys accorditgthe line transect method (Peres, 199%¢.
walked transectat a speed of 1.0-2.0 km per hour visually scanning all levels of vegetation
and listening for spider monkeya/e performed surveys twice daily for most survey days,
without walking the same transect more than three times pewdagid not consider
multiple walks per dapn the same transetd be problematic because two walks of the
same transect are considered indepenfleseparatethy a few hours (Peres, 1999); this
would not be appropriate for slower moving primates. Additionally, the spider moinkeys
our study group have large daily traveling distances (1.18 Br87 km; Ramos-Fernandez
and Ayala-Orozco, 2003). The first author veaobservein all surveys. Transect walks
were performedby one, two or three observers anane of thre¢ime blocks covering all

hours of the dain which spider monkeys were active (Table 1).

Data collection
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During eachsurveywe collected the following data: start and end time, date of
survey, number of observers, amd noted whether the transect was newly cut or existing.
When monkgs were sighted during line transect surveys,spent no more than ten
minutes collecting datan subgroup size, compositiotime of sighting and location (using
a handheld GPS device).

We collected data on subgroup compositigrcategorizing independently-moving
monkeys into two age classes: adult and young. Adults were distinguished from young
based on the size of the individual and facial coloration (Vick, 20@8)ncluded subadult
individualsin the adult clasasthey are difficultto distinguish from adults during surveys.
We excluded infants clingintp their mothers from the analysasthey may often be
obscured from view.

During 2- and 3-observer transect walks, spider monkeys were individually
recognizedy trained field assistants (with 20 years of experienégentifying spider
monkeys) and the identity of all sighted monkeys was recovtieéssigned each sighted
individualto its age-class based @s identity. This was possible since subgroups included
on average (mean +SE) 2.7 £ 0.17 independently moving individuals; this would not be

possible for species that mowelarger groups.

Data analyses

Aspects of study design
We ran generalized linear models (GLMs)determine the effect of the number of
observers (one, two or thpeavalking speed (continuous from 1@®2.0 km/hour), and

time of the dayin which the survey was carried out (06:00-10:00, 10:01-14:00 or 14:01-
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172 18:00) on individual counts (i.e., number of sighted monkeys) or subgroup counts (i.e.,
173 number of sighted subgroup¥Ye ran two sets of models with walking speed calculated
174  different waysWe calculated walking speed including ti@e to record monkey sightings
175 for one set of models and excluding such recortimg for the other set of modeM/e

176 used variance inflation factor (VIF) assess the collinearity between predictor variables.
177  All VIF values were below two indicating that there was no collinearity between predictor
178 variabkes(Rhodestal., 2009). Typically, Poisson distributions are useshodel count

179 data (Richards, 2015). After checking for overdispersion (Buckley, 2@&5)odeled

180 individual counts and subgroup counts using negative binomial distribuisreated

181 negative binomial GLMs using tlggm.nb function of the package MASS (Ripletal.,

182 2013)in the program Rr. 3.2.1(R Core Team, 2016YVe entered month and transect type
183 (newly cut vs. existing traiscontrol variablesn all modelsto account for the potential
184 effect of a different distribution of food sources across months and repeat transect walks on
185 the same transectd/e compared the full modets null models including only the control
186 variables (month and transect type) using a likelihoad test (Forstmeier & Schielzeth,
187 2011), with theANOVA functionin R. Statistical significance was s#tP<0.05.

188

189 Assumptions for line transect surveys

190 During 2- and 3-observer transect wallssused the individual identitgf the

191 spider monkey$o determine whether individuals were sighted multiple times during the
192 same transect walk (recounted individua¥8g calculated the percentage of individuals
193 that were recountely dividing the total numbesf recounted individuals by the total

194 number of individuals that were encountered and multiplying this figyd€0.To

195 determine whether walking speed affects recounting individwaldjvided transect walks
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into slowly walked when walking speed was 1.0-1.49 km/h (n=70) and rapidly walked
when speed was 1.5-2.0 km/h (n=32)e selected these two speed categasgzevious
line transect surveysf spider monkeys have been walldpeeds below or above 1.5
km/h (>1.5 km/hour: Cant, 1978; Iwanaga & Ferrari, 2002b; Ravetta & Ferrari, 2009; <1.5
km/hour:Weghorst, 2007; Linketal., 2010; Aquincetal., 2012; Kolowski & Alonso,
2012; Méndez-Carvajal, 2013).

Given thatwe knew the demographic composition of the grono®- and 3-
observer transect walkge could establish whewe missed the mother of a sigltyoung
or we missed the young of a sighted moth#&e calculated the proportion of missed
individuals per transect and age claggividing the total number of missed individualg
the total number of individuals that should have been presém:encountered subgroups
(i.e. all sighted and missed individuals) during all walks of one transect. This analysis was
limited to mother-infant dyadaswe could not determine whether other individuals were
missed during survey3.0 determine whether more individuals were misigdldey wereat
greater distances from the transect centenims;onsidered the perpendicular distance
from each missed individuakthe mearof the perpendicular distances from all sighted
members of the same subgroWge then compardthese mean valués the distribution of
the corresponding mean values for all sighted subgroups.

Using survey data without taking into account individual identitiesgalculated
the proportion of adult males, adult females and ydayngjviding the number of
individuals ofeachage-sex cladsy the total number of sighted individuals (i.e., adult
males, adult females and youngje compared proportions obtained from the survey data

to the proportions based on the known group composition.
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We calculated the young : adult female ratio of individuals distinguishing adult
females from young simply based on size and facial markiggerformed this
calculation using only individuals observed during 2- and 3-observer aslksalso
calculated the ratio excluding subadult females based on their idgWtgompared this
ratio to the ratio based on the actual group composition@ratios including missed

young and/or missed adult females.

Results

In the 102 transect walks (Table 1), for a total symeffort of 93.74 kmyve sighted
280 spider monkeys (newly cut transect: 126; existing transectirl%@3 subgroups
(newly cut transect: 48; existing transect: 55). The mean (xSE) size of encountered
subgroups was 2.7 + 0.17 (newly cut transect: 2.7 £ 0.28, range: 1-12; existing transect: 2.8
+ 0.21, range: 1-6). The size distribution for encountstbedroups during surveys was
similar to that for subgroups fourtay other researchem the same area during the study
period (77% of encountered subgroups fell within the first and third quartiles of the size
distribution of subgroups fourtwy other researchers). The number of sighted spider
monkeys duringeachtime block andn relationto the number of observeispresentedh
Table 1.

Full-null model comparisons found that the predictor variables did not affect
individual spider monkey counts includigg=7.06, df=5, p=0.22)r excluding theimeto
record individualgy®=7.04, df=5, p=0.2R Similarly, the predictor variables did not affect
spider monkey subgroup counts includiagr10.69, df=5, p=0.06)r excluding recording

time (x°=10.62, df= 5, p=0.06
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During 2- and 3-observer transect walkssighted a total of 237 spider monkeys
older than one yean 89 subgroups including 115 adult females and 93 young. Recounting
individuals was relatively rare, with only five monkeys reencountered during the same
transect walks (three on the newly cut transect and two on the existing transectjswhich
2.1% of the encountered monkeys3.3%of the encountered subgroups (three of the 89
subgroups) (Table 2No monkey was recounted more than once. Subgroup composition
changed between the first and second sighting (Table 2). The five instances of recounting
individuals occurred on three separate transect walks (Table 2). All five cases of recounting
occurred when transects were walislowly (i.e. 1.0-1.49 km/h).

There was no clear effect of walking speed on missing individuals. Waen
walked transects slowly seven individuals were missed (two adult females and five young),
whereas nine individuals (all young) were missed whemwalked transects walked fast.

A larger number of young were missed than adult females during sumveyaglalt

females (one on each transect) were missed, representingflti&encountered adult
female monkeys (115 sighted and two missed); 14 young (seven on each transect) were
missed, representing 13.1% of the encountered young (93 sighted and 14 missed). The
number of individuals missed during surveys did notapip increase with increasing
perpendicular distance from the transect (80% of perpendicular distance means for
subgroups with missed individuals fell within the first and third quartiles of the distribution
of all subgroup perpendicular distance means).

Using survey data without taking into account individual identities, the proportions
of adult males, adult females and young were 0.10, 0.48, 0.42, respectively; whereas the
corresponding proportions based on the known group composition were 0.14, 0.47 and

0.39. The young : adult female ratio for the survey data was 0.81. When both missed adult
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265 females and young were included, the ratio equaled 0.91. The young : adult female ratio
266 based on the actual group composition (14 young and 12 adult females) was 1.17, but when
267 the 5 subadult females were combined with the 12 adult females the ratio was 0.82.

268

269 Discussion

270
271 We found no effect of time of day, walking speed and number of observers on

272 individual spider monkey and subgroup counts. Although spider monkey activityipeaks
273 the early morning and late afternoon (Green, 1978; Wallace, 2001), corresponukads
274 in encounter rate (Green, 1978k found no effect ofime of day on spider monkey

275 counts. Similato our results, spider monkexx.(hybridug surveys done forest fragments
276 found no effect ofime of day on encounter rate (Marstal., 2016). Previous studies on
277 Atelines @teles chamelandLagothrix cana support our findingaswalking speed did not

278 affect encounter rate (lwanaga & Ferr2002).

279 The spider monkeys inhabiting Otokta’ax yetel Kooh are highly habituaté¢a

280 human presencasecotourism has been the major source of incontige Punta Laguna

281 village for more than 14 years, and guides enter the forest with small groups of &durists
282 least once per dait is therefore likely that the number of observers would not affect spider
283 monkeys’ behavior and therefore their sighting along transadtse study site. Surveys of
284 arboreal and terrestrial unhabituated primates, including fast moving gibibgobdtes

285 mueller), found no effect of the number of observers on counts (Nijman & Menken, 2005;

286 Hausetal., 2009), suggesting that our results may be applitabilehabituated groups of
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spider monkeys, and other primates with fast arboreal movement or high degrees of fission

fusion dynamics.

OtochMa’ax yetel Koohis a highly seasonal environment with marked dry and wet
seasons. The study was carried out during the wet season when canojpy atotssiullest
and detectabity is most difficult, a situatiomssimilaraspossibleto other tropical
rainforest environment$t must be noted that the canopy heighte study ares upto
around 25m, lower than other spider monkey habitats (Medellin and Equihua, 1998).
Although low canopy may enhance detectability, the average ratighich spider
monkeys A. belzebuth belzebujHeedin taller forests (16.6n; Dew, 2005)s around the
same heighasthe canopyat our study site. Our results should therefore be appli¢able

spider monkeys livingn less seasonal habitats with taller canopies.

The low number of recounted individuals suggests that the fast movehsgder
monkeys (mean = SE: 1.6 + 0.4 km/hatithe study s&; Ramos-Fernandez, unpublished
data) does not affect recounting when the observersavalkomparable speethe high
degreeof fission-fusion dynamics may explain why recounted spider monkeys were found
in different subgroups between first and second encounters. During surveys of species that
form cohesive groups, surveyors may avoid recourtyngxcluding groups that have the
same size and compositiaspreviously encountered. Our results show that for species
with high degrees of fission-fusion dynamics this approach does noawsubgroup size
and compositiomanchange quickly and over short distances (Table 1). This potential
problemis likely minimal aswe only recounted 2.1% of the encountered monkeys. All five
cases of recounting occurrethenwe walked transectat a speed of <1.5 km/hour,

suggesting that walking slowly may increase the chance of recounting spider monkeys, but
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this interpretation awaits confirmation given our small sample sizesur knowledge this

is the first study examining the recounting of individuals and subgrdinesdifficulty to

ensure that the same group, subgrouindividuals are not counted multiple times does not
apply onlyto spider monkeydt would be beneficiaf similar studies were performed on

other individually identified populations of primates with similar or lower levels of fission-
fusion dynamics and movemedntunderstand the potential effect on population surveys.
Understanding how quickly the same individuals or subgroups are recounted during
surveyscangreatly improve survey designs. Repeating transect walks sooner tlimmethe
neededo insure independence would resalrepeated counts of the same individuals and
groups. Our results demonstrate that for spider monkeys the same transect can be walked
repeatedly within shottime periods. Theime requiredto insure independence of transect
walks differs between primate species. Tilee between walking the same transisct

critical for slow moving species, which may remain on the same transect for days or weeks.

For instanceAlouatta palliatamove on average 381 m per day (Garber and Jelinek, 2006).

More young went undetected during surveys than adult females. The proportion of
adult females that went undetected during surveys was low (1.7%). Given that male spider
monkeys tendo move faster than females (Shimooka, 200&cannot assume that a
similar proportion of males may have been missed, despite the lack of sexual dimorphism
in spider monkeys (Rosenberggial., 2008). Based on this consideration and the actual
number of adult females and young that were missesipossible that more than 10% of
individuals over the age of one year went undetected during surveys, thereby potentially

violating the assumption that groups are counted accur#tedyherefore vitato report
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sources of error and confidence intervals of population density estimates and encounter

rates.

Surveyors often collect data on group composition]itilet evidence existasto
whether these proportions reflect the actual group composition. The proportion of adult
females and young were similar between the survey data without using individual identities
(0.48 and 0.42) and the actual group composition (0.47 and 0.39), suggesting that surveys
are reliable sources of information of group composition for these age-sex classes. These
proportions fell within those of adult females and young reported for other spider monkey
populations (adult females: 0.33.52, young: 0.26 0.45; Shimookat al., 2008). The
proportion of adult males was only slightly lower using the survey data (0.10) than the
actual group composition (0.14). Both proportions are on the lowesfehdse recorded
for spider monkey populations (0.14 - 0.36) and lower than other populatigtedesf
geoffroyi (0.2 - 0.26). These results confirm that group composition data collected during
surveys are reliable. This particularly important for studies that compare group
compositionin different areas, for instance, areas undergoing different anthropogenic

threats.

Surveys are often perform@dunexplored areas and may airprovide
information on population health using the young : adult female ratio (Fedigan & Jack,
2001). All the ratiogve calculatedo evaluate the issues of missing individuals and
misclassifying subadult females during surveys fell within the young : adult female ratios
of other spider monkey populations (0.36 - 1.31; Shimabké, 2008). The young : adult
female ratio obtained from the survey dateywhichwe did not distinguish subadult

females from adult females, was 0.81. Wiemnadded the number of subadult femates
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the actual numbesf adult femalesn the group the ratio was 0.82, showing a tagbuacy

of estimates based on survey data. Missing young disproportionally reétasidalt

females during surveys (13.1% vs 1.7%) can negatively bias the young : adult ratio. The
ratio obtained from our survey data (0.81) was lower than the ratio when missed individuals
were included (0.91). Based on the underestimated young : adult female ratio the
population would appear less healthy titaactually is, although this arguably preferable

to overestimating the ratia terms of the consequences for conservation. Distinguishing
nulliparous subadult females from adult females during population surveylsenay
problematic duo their similar size and thus several studies did not distinguish between
subadult and adult females (Struhsaker, 1981; Fedigan & Jack, 2001; Treves, 2001). As
subadult females had yiet contribute reproductivelo the population, their inclusian

the adult female age class negatively biases the young : adult femallratiostudy, the
young : adult female ratio obtained from the survey data (dr8®hich subadult females
were likely includedasadult femalesis lower than the ratio based on only the actual
number of adult females the group during the study period (1.17), which would again
suggest that the populatitmless healthy thait actually is.We therefore advise that ratios
based on survey data be interpreasdonservative indicators of population health. For
speciesn which subadult females can be clearly distinguished from adult females during

surveys, biassmaybe reduced.

Thereis anincreasing neetb standardize survey techniqusssthat population
estimates of the same speaasbe compared acrosts range. Our results show that
aspects of survey design do not affect spider monkey counts, suggesting thatcambeys

successfully adapted the logistical constraints of the survey site. Additionally, our study
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378 provided the first evidence that recountofgndividuals during the same transect walk was
379 relatively rare and that young were missed more often than adult feiWaescommend

380 that similar studies be performed on individually identifiable primate populatons

381 understand potential sources of bmpopulation estimates and young : adult female ratios.
382 Based on our findingwe recommend that surveys performedelatively flat terrain be

383 conductedat a speed similar or faster than the moving speed of spider maiokeys

384 minimize recounting individual©ur research contributés improving and standardizing
385 line transect survey methods for spider monkeys and other species with fast arboreal
386 movement anfdr a high degreef fission-fusion dynami& Many primates livingn dense
387 tropical forests are difficulib survey because they livie large, widely dispersed groups
388 (eg.red colobus, long-tailed macaques, uakaimsyyhich multiple individuals maipe

389 obscured from view or may flee before detection tdueeir fast movement. The novel

390 methods presentad this article evaluating recounting, missing individuals, subgroup
391 composition, and young : adult female ratios are applidatdevide range of primate

392 species that are difficulb survey and for whicht is particularly importanto determine

393 potential sources of bias.
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Tables and Figures

Table 1: The number of walks performed on each transealationto the number of

observers antime block. The number of sighted monkegpresentedh brackets.

Table 2: Age-sex classes of recounted individual spider monkeys during the same transect

walk.

Figure 1: Location of the two line transects for the study sitthe OtochMa’ax yetel

Kooh (OMYK) Flora and Fauna Protected Area.



