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ABSTRACT

Broad survey census data for manded howler mankeys, Aloxatta palliata, from La Selva Biological Reserve, northeastern
Costa Rica, are analyzed wich an agglomerative hierarchical clustering method co estimate minimum number of
traops. The estimate of 13 twoops (7-15 howlers /km?) provided by che cluster analysis is similar to an independent
census of the same populacion using che triangulation technique. These daca indicate the potencial usefulness of cluster
analysis methods o estimate minimum number of primace troops within an acea. Cluster analysis has several advantages
over mote tradicional primate census techniques: the assumption that it is necessary to achieve reliable estimaces from
line transece sampling is not required (i.e., points directly on che line will never be missed); census data can he
collected by ane person making it easter logistically chan conducting a census wich the teiangulation technique which
requires many people; census daca collected aver a brief period of time can be used to provide quanticative estimates
of population density, and observations provided by others in the survey area during the time period of the census
may be used. Cluster analysis is recommended when attempting to estimate population densities of primates in call
evergreen foreses where visibility is poor, when animals have long inactive periods, few or unpredicrable vocalizations,
and /or accupy the top of the canopy. The duster method of analyzing broad survey data may alsa be applicable to
other tetritorial mammalian populations chat are difficule to census by other means.

RESUMEN

Los datos obtenidos en un censo general de monos congos, Alonatta pailiata, en 1a Estacién Biglogica La Selva,
Costa Rica, fueron analizados con el métado estadistico de agrupacion jerirquica de dacos para estimar el nimero
minimo de tropas. Los resultados obrenidos a través de dicho andlisis indican que existen aproximadamente 15 tropas
de congos (7-13 animales /km?). Este resultada es semejante al obtenida por el método de triangulacién en un censo
independiente de [a misma poblacién, por lo tanto se puede considerar que el mécode de agrupacién jerdrquica es
vilido para estimar el aimero minimo de grupos de primates dentro de un area. El método de agrupacion jerarquica
tiene algunas vencajas en relacidn a las técnicas cradicionales para estimar poblaciones de primaces: no se requiere la
suposicion necesaria utilizada por el método de cransectos (ie., los monos sobre el transecto son absolucamnente
evidentes); una sola persona puede realizar los censos, lo que conlleva ventajas logisticas; se pueden usar dacos obeenidas
en un petiodo corte para obtener estimaciones cuanticativas de densidad poblacional. Ademas, pueden usarse obser-
vaciones hechas por otras personas presentes en el drea estudiada al tiempo que se tealizd €l censo. Se recomienda el
uso del método de agrupacion jerdrquica para estimar densidades poblacionales de primates en selvas de copa alta
donde la visibilidad es reducida, y cuando los primates denen periodos prolongados de inactividad, vocalizan poco
o de manera impredecible, y/o se encuentran principalmence en las parres altas del dosel. Este método padria ser
utilizado también para poblaciones de atros mamiferos terricariales, que suelen ser dificiles de contar.

Key words:  Alovatea palliaca; cencus techniques; cluster analysis; Costa Rira; howler maonkey;, La Selva; population
densizy; primate density.

THE ABUNDANCE OF NONHUMAN PRIMATES has rapidly
declined chroughoue the Neotropics in the lasc few
decades. Human interfetence from hunting, illegal
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trade, and habicat descruction threacens the survival
of most populations of wild monkeys. Habitac de-
struction due to deforestation is by far the most
serious chreac to wild primates in the Neotropics
(Thorington & Heline 1976; Rabinson & Ramirez
1982; Mirtermeier e 2f. 1986; Mirtermeier 1987,
1991). Information on population densities in pro-
tected areas may be used to recognize declining
primace populations in areas where conservarion ef-
forts are most needed. Darta on populartion densities



of primates will assist policy makers in developing
conservation laws and long-term management plans
{Thoringron & Heltne 1976, Defler & Pintor 1985,
Marsh 8 Mittermeier 1987, Chapman et /. 1988).
Finally, primate census data ace important for a
better understanding of the popularion ecology of
these long-lived mammals.

In Cosea Rica the currene rate of deforestation
outside of protected arcas has been estimated as
greacer than 7 percent of the total remaining forest
per yeat {Sader & Joyce 1988). Therefore, cbraining
escirnates of population densities of endangered spe-
cies is particularly important to determine if dimin-
ishing habitacs will be sufficient to maineain these
populations.

Population sizes of mantled bhowler monkeys
{Alouatia palliata) have been escimated in several
dry forese ateas in Costa Rica, including Santa Rosa
National Pack (Freese 1976, Fedigan et af. 1983,
Clacke et 4. 1986, Chapman et a/. 1988) and La
Pacifica (Heltne ¢t af. 1976; Glander 1978, 1980,
Clarke et af. 1986). However, with the exception
of one ten-day broad survey chac provided a pre-
liminary estimace of primate populations {Fishkind
& Sussman 1987), no information has been col-
lected on primate populations in the Atlantic low-
land wet tropical forests of Costa Rica. I conducted
a census of mantled howler monkeys at La Selva
Biological Reserve in Costa Rica, as parc of a sixceen-
month ecological study of the foraging behavior of
howler monkeys.

Several techniques have been used to escimate
primate population densities with variable success
(Green 1978, Marsh & Wilson 1981, NRC 1981,
Defler & Pincor 1985, Koster & Butynski 19835,
Brockelman & Ali 1987, Chapman et /. 1988).
Undoubtedly, the most accurare method of esti-
mating ptimate population densities is the long-
term muonitoting of specific groups {NRC 1981),
but this technique is nor always an option.

The most commonly used technique for estj-
mating primate population densities in che Neo-
cropics is one of the various line transect methods
(Brockelman & Ali 1987, Chapman ez 2/, 1988).
Line transects, however, show much variacion, mak-
ing it dificult to reliably compate estimates between
sites, Furthermore, ane of the basic assumptions for
line transects is that animals directly on the line will
never be missed (Burnham e 2/, 1980). This as-
sumption is difficule to fulfill when censusing howler
monkeys in tall evergreen forests with limited vis-
ibility (Freese ar 2/. 1982). In addition, the activity
pattern of howlers, which may spend as much as
79 percent of the daytime resting (Crockett & Ei-
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senberg 1987, Swoner 1993), further complicates
recarding their presence on a transect line. In sum,
line transect methods frequently underescimate the
density of Afsuatta in tall evergreen rain forescs.

The main objectives of chis research were to
develop a reliable and reproducible method for cen-
susing populations of Afexatta in dense evergreen
tropical forests and to obtain an estimate of the
population density of Alsuatia paliiata in the At-
lantic lowlands of Cosra Rica.

STUDY SITE

La Selva Biolegical Reserve is located at the con-
fluence of the Sarapiqui and Puerto Viejo rivers in
the Atlantic lowlands of nottheastern Costa Rica in
the province of Heredia (10°26'N, 83°39'W)
(Harwshorn 1983). This area contains two major
Holdridge life zones—Tropical Wer Forest on the
west side, and Tropical Premontane Wet Forest to
the east (Holdridge 1967), and can be defined as
wet tropical forese. La Selva s composed of ap-
proximacely 56 percent primary forest and 23 per-
cent regenerating secondary forest of various ages;
the remainder of che reserve consists of pastures and
managed areas (Clark 1990). The 1500 ha La Selva
Reserve is connected to a much larger procecred
area, Braulio Carrillo National Park, on the sourth
side via the Zona Protectora. These two ateas to-
gecher encompass an area of over 52,000 ha of
proteceed rain forest and span an aldtudinal range
of 35-2900 m.

Although no formal surveys of any primates
were conducted at La Selva prior ro 1986 (Fishkind
& Sussman 1987), local residents and researchers
from La Selva noted a scarcity of primates in the
19605 and 1970s (Timm ¢z 2/. 1989). It was be-
lieved that the nonhuman primace populations were
greatly reduced as a result of a human yellow fever
epidemic which swept chrough Cencral America in
the early 19505 (Galindo 1971, Downs 1982, Yuill
1983, Fishkind & Sussman 1987).

METHODS

Two census techniques for estimacing the minimum
number of howler monkey troops were used: a rwo-
month broad survey which used a centroid method
of agglomerative clustering to estimate minimum
number of troops (Johnson & Wichern 1982, SAS
1990); and a standard criangulation method (Coch-
ran 1980, Brockelman & Ali 1987).
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FIGURE 1.

Resules of A. paifiata census 19 July 1992 using criangulation technique to escimate minimurn, number

of troops. Each ascerisk indicates the approximate location of howler croops based on che overlap of 3 different
obsetvation groups. The numbers represent the lacations of the 23 volunteer groups recording the hawls. (Map based
on che Organization for Tropical Studies visitor's map, Carlos A. Camachg, 1987.)

DATA COLLECTION FOR CLUSTER ANALYSIS TECH-
NiQue.—All abservacions of howler monkeys were
recorded duting a broad survey conducted from 4
June chrough 31 July 1990. The census was per-
formed 6 days a week from existing erails berween
0500 and 0900 hr and becween 1400 and 1800
hr. The precise locality and the cime of observation
were recorded for all troops. Members of ccoops
encountered were counted, and identified by age
(adule, subadult, and infanc) and sex classes when
possible (NRC 1981). In addicion to my obser-
vations, information on howler sightings from nat-
uralists and researchers ar La Selva during chis period
were added co the daca base.

ESTIMATING MINIMUM NUMBER OF TROOPS WITH
CLUSTER ANALYSIS.—To estimate ¢the minimum
aumber of howler troops using the daca from howler

sightings over an eighe-week period, average home
tange size was firse estimated and then the centroid
mechod of agglomeracive hieratchical clustering was
used t0 determine which observations were likely
to be from the same croop (8AS 1990). In che
centroid cluster analysis method, che distance be-
tween two clusters is defined as the (squated) Eu-
clidean distance between their cencroids or means
(Massare & Kaufman 1983). To use this method,
the daca on troop observations were first converted
to X and Y coordinate daca and disrances berween
groups were recorded in meters. The cluster analysis
begins by considering every poinc a separate cluster
and chen points ate grouped togecher based on sim-
ilarities of distances (SAS 1990). Far example, ¢he
two closest observations of eroops would first be
combined into a cluster and the average is calcu-
lated, chen the nexe closest abservacion is added and
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TABLE 1. Home range sizas and densities reported for howler monkeys at vavious stady srites. NA: Data not available

from publication.

Horme range (ha)

Seudy site £ £ 5D N Densicy fken? Source
Mexico, o £ NA 3 23 Estrada 1982
Los Tuxtlast
Costa Rica, 10 1 77 Glander 1973
La Pacifica®
Panama, S+2 7 1067 Baldwin &
Chiriquia® Baldwin 1976
Panama, 31 £ 1 2 92 Miton 1980
Barro Colaradot
Belize 18x7 3 12 Horwich &
Gebhard 1943
Colombia, 22 1 NA Gaulin &
Finca Mereoberg? Gaulin 1982
Colombia, 24 £ 3 b] 7 Defler 1981
El Tuparro?
Colombia, 13+ 6 3 23 Defler 1981
El Tuparro?
Peru, 25 ' NA NA 30 Terbargh 1983
Cacha Cashu? (range 20--30}
Surinam, 9+ NA NA 17 Miteermeier 1977
Raleighvallen- {range 6-11}
Volrzberg Park?
Trinidad, Bush 6] \ NA Neville 1972

Bush Island!

3 95% conhdence interval based on mean home ranges reported for all sires is 5-29 ha.

Y Alonatta patliara
<A pigra
4 A, seniculus

the average is calculated again. The discance be-
tween two clusters is then calculated based on the
average within che clusters. In my analysis, howler
monkey home range size was used to define the size
of the clusters.

DATA COLLECTION FOR TRIANGULATION TECHNIQUE.~——
The howlers’ unique behavior of making loud cer-
ritarial calls ac sunrise (Crockeer & Eisenberg 1987)
allowed a rtriangulation. method to be used to es-
timate minimum number of troops. Wich che as-
sistance of 70 volunteers, a survey of the entire
reserve was conducted 18 July 1992, Volunteers
included local naruralises and field assistanes wich
considerable experience in the forest, as well as local
high school students and visiting students and re-
searchers at La Selva. The more experienced nacu-
ralists and feld assiscanes were marched up with 2—
3 others to form a group. Each group arrived at
designated sices (Fig. 1) within La Sefva forming a
triangle among theee different volunceer groups; data
were collected berween 0400 and 0700 hr. Each

group recorded che compass direction of the howl,
the dme, the approximace distance of the group,
and if one or more than one individual was calling.
The distance was a subjective estimate of close (< 100
m), medium {1L00—1000 m), or far (> 1000 m). [
telied upon the morte expetienced volunteers to de-
termine the distance, and worked wich them the
week before the survey providing examples in otder
to attain consistency for this estimate,

RESULTS

Heme range size was estimated using a represen-
tative sample of howler troop home range sizes from
the literature, which includes varigus counteries, hab-
itars, and densities {Table 1), Based on these data,
a ninety-five percent confidence interval for the mean
home range size of howler rroops was calculated as
529 hectares. [n order to be conservative and o
avold overestimating troop density, the top of the
ninety-five percenc confidence interval was used as
the estimared home range size of howlers ac La Selva
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FIGURE 2.

Results of centroid cluster analysis for A. pallizta census dara encircling observations which likely

represent the same troop, but do not indicate acrual ranging pacterns. Numbers cepresent groups which were counted
(Table 2) or are referred to in the text. Each X represents an abservacian of a howler troop an a different day duning
the two-month survey period. (Map based on the OTS visicor's map, Carlos A. Camacha, 1987.)

during the census pericd. Furthermore, dara from
ranging patterns of two howler troops at La Selva
over a 1G-month period indicate that the troops
urilized only a portion of their home range during
any two-month period (K. Stoner, pets. obs.). The
area used during a cwo-month period varied de-
pending on the season, buc che range was 10-30
ha. Therefore, an estimated home range of 29 hec-
taces for howler troops at La Selva duting a two
month period appears to be consistent with the
observed ranging patterns.

Using a home range size of 29 ha, che centroid
cluster analysis escimated a minimum of 15 howler
troops within La Selva (Fig. 2). Similar resules were
obrained from the ttiangulation method which re-
corded the vecalizations of ar least 15 different coops
(Fig. 1). All vocalizacions recorded on the census
day consisted of the howls of cwo er more individ-

uals, and thus did not represent lone males, but
mast likely troops.

To avoid areificial groupings of clustets that did
not reflece the same tracp, I compared the quan-
ticative cluster analysis with my qualicative obser-
varions of troop identificacions. For example, Figure
2 demonstrates thae groups one and two, as rec-
ognized by che cluster analysis, were very close and
thus one may doubt the validity of recognizing two
groups. However, the group composition was dif-
ferene berween these cwo croops (Table 2) and group
ane had a female with a naturally occurring unique
color mark. Another example of comparing the
quantitative resules of the cluster analysis with qual-
itative obsetvations is found for groups seven and
eight. Group seven was initially encountered close
to che trail and [ was able to accuracely count che
group (Table 2). Group eighc was heard howling
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TABLE 2.  Census data for Alouatea palliaca troops June 4=fuly 31, 1990 at La Selva Bislogical Reserve.
Group Male Fernale Subadule Infanc Nix=11£4)
SURA (1) 4 4 2 1+ 18 12
CES  (2) 4 4 2 1= 1® 15
SOR  (3) 1 4 a 1# G
SHO ) 3 3 2 a 3
LOC (5) 3 4 4 11 15
350 Q) 4 4 3 1+ 18 13
S8A (D 2 3 3 a 8

* [nfant carried an mother's back,
b [nfage carried on mather's stomach.

shortly after I had left group seven and chus rep-
resents another group. In sum, all possibilities of
compating qualitarive observations with che resules
from the cluster analysis, supported the groupings
the cluster analysis produced.

Census dara from che cwo-monch survey in 1990
indicate an average group size of 11 * 4 (Table
2), which estimaces population densicy to be 7-15
howlets /km? within the 1300 ha reserve. This den-
sity is considerably lower than has been reported
for howlers ar most other sites (Table 1).

DISCUSSION

The similar estimates provided by the cluster anal-
ysis and the triangulation method indicace the use-
fulness of cluster analysis for estimating minimum
number of troops of Alouatia and possibly other
species of primates and mammals for which broad
survey data are available. The triangulacion method
and the cluster analysis both estimaced 13 traops
to be within the resecve even though they were
conducted almost two years apart. These resules are
not surprising given the low rate of populatien
growth {Glander 1980) and group fission in howler
monkeys. It is unlikely chat the density and distri-
bution of ttoops changed significantly in two years.

POTENTIAL SOURCES OF ERROR [N THE TRIANGULATION
METHOD AND CLUSTER ANALYSIS.—Some factors may
have limiced che accuracy of the mecheds used in
this study. The triangulation technique may have
missed croops chat did noc howl on che census day
or troops that were out of detectable range and thus
may have underestimared the population densicy.
However, it has been well-documented that howler
monkeys howl mase mornings (Chivers 1969), and
the triangulation method has been successfully used
ar other sites to estimate minimum number of howl-
er troops (Milcon 1982).

Factors which may have affecred the escimare
of population densicy provided by che duscer anal-
ysis include the escimate of home range size and the
assumption of non-overlapping home ranges. If home
range size was overestimated, the number of groups
would have been underestimated; if home range
size was underestimated, the number of groups
would have been overestimared. However, as de-
scribed in the methods section, ¢he home range
estimace of 29 ha during a two-month period was
confirmed during a 16-month ecological study of
Alonatta patliata at La Selva (K. Sroner, pers. obs.).
Therefore, home range size is an unlikely source of
error for che estimare provided by the cluster analysis
in ¢his study.

Cluster analyses assume that cluscers are exclu-
sive and non-ovetlapping (Johnson & Wichern
1982). Although this assumption does not apply
to howler mookey home ranges over an entite year,
especially where there is a high population density
(Baldwin & Baldwin 1976, Milton 1980, Sekulic
1982), ic is likely to be true over some shorter time
petiod. During the eight-week survey period several
groups could be identified accurarely based on group
composition (Table 2) and fot chacacteristic marks
of individuals; however, groups were never observed
in overlapping areas. In addition, a 16-month eco-
logical scudy of Alonatia palliata provides further
evidence that howlet troaps do not have overlapping
ranges at this site during a two-month pericd (K.
Stoner, pers. obs.). Several other scudies have re-
ported non-overlapping home ranges to charactetize
howler monkeys during periods of less than three
months (Chivers 1969, Schlichte 1976, Braza ef 2/,
1981, Estrada & Coaces-Escrada 1984). In sum,
the assumption of non-overlapping home ranges
appears to be a valid assumprion aad an unlikely
soucce of error in this scudy.

APPLICATIONS AND ADVANTAGES OF CLUSTER
anaLysis,—The technique of cluster analysis can be
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used if it is assumed that home ranges are not
averlapping during che census period. Under con-
ditions of high densicy, cluster analysis can be used
to estimate minimum number of groups, bur the
census period must be shorter. Cluscers musc be
calculated before the groups’ home ranges overlap.
The length of the census period will be derermined
by the shottest time period in which one group
enters the area of another. Cluster analysis may be
performed on multiple census periods. In this way,
sequential estimaces of minimum number of troops
may be calculated as well as patterns of home range
use. The clusters will likely be in a differenc area,
but the number of clusters should be the same.

The broad survey is the most common metchod
applied when atrempting to survey a large area in
a short time period (Scoee er 21, 1976, NRC 1981);
however, broad surveys provide qualirative esti-
mates only. In contrase, cluster analysis provides a
quanticative method in which te analyze broad sur-
vey census data. Furthermore, cluster analysis has
several advanrages over more traditional primate
census techniques: the assumption that is necessary
to achieve reliable escimares from line rransecr sam-
pling is not required {i.e., points directly on che line
will never be missed); census data can be collected
by ore person making ic easier logiscically than
conducting a census witch the triangulation technique
which requires many people; census data collecred
over a brief period of time (as litcle as two weeks
depending on the size of the area sampled and the
density) can be used to provide quantitative esti-
mates of population density; and, observacions pro-
vided by others in the survey area during che time
petiod of the census may be used. Local people
often have more informaction abourt primaces in the
area than investigarors can obrain during a survey
of share duration (Colvin 1992).

Cluster analysis is pardicularly recommended
when attempting to estimace population densities
of primates that have long inactive periods, few or
unpredictable vocalizacions, and for accupy che top
of the canopy; conditions which render line transect
methods inappropriace (Burnham e# 2/. 1980). The
cluster method of analyzing broad survey data may
also be applicable to ather rerritorial mammalian
popularions which are difficult to census by other
means,
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