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Abstract, Tamarin activily patterns and hebitat atilization strategies mothe Tropical
Gry Toresl of the Panema Canal Zone were monitored quantitatively using radio-lacation
telemetry. The daily tamarin activity pattern differed from that of other Neotropical
primates in that early morming and late afternoon activiey normally did nat ccewr, Tatal
daily activity tirme averaged 676 + 62 min. Sleeping (rees, and behaviors associated with
thear use, were documented. Raily peth length averaged 2061 2 402 m. Mean travel destance
wis dhE 2 46 m. Approximately one-third of the home range was wtilized an a given day,
Wet season home ranges for bae social groups were 26 and 32 ha in area. Arcas of low
brush, forest cdge, snd vinc-entungled second growth were heavily used by foraging ta-
mTing. Large shade trees, partiewlarly evergreens, were impartant as refuges from salar
radiaticn, Open-canopy forest tvpes and aeeas of prass were avoided, Socnl groups on
resonree-stable lowland sites defended territornios; those on unstable upland sites wsed a
swilem of [roeespace seprogation. Upland proups became seminomadie dunng the dry
sewsan. Suitability of hame range site may affect social growp stability, natality, and infant
sirvivership,

Introduction

The Panamandan tamaring Sogeinuy eedipny geoffrow (olassification ac-
cording to Heeshkovite [1966]), & the only callitrichid endemic to Central
America. [ts ancestors apparently immigrated [rom South America, the locale of
the family’s evelutionary radiation, in the late Pliocene [Hershkovitz, 1969], The
moedern range of this species extends from the Colombian province of Chood
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nocth to central Panama. Moynihan [1970] indicares that population densities of
this tamarin are greatest in areas of moderate humidity, and that it is almost
absent from the humid Atlantic coast. However, numerous specimens have been
collected along the Atlantic coast and in the humid evergreen forests of Pana-
ma's Darién provioce [Hershkovite, 1977 ). Moreover, observations by Telford et
al. [1972] indicate that it is abundant in a strip of disturbed vegetation about
S km wiide on the Atlantic coast in the Province of San Blas. Lack of Habitat in
the appropriate early seral stages, rather than a climatclogically determined
habitat type, appears to restrict the species” range m Panama’s humid lowlands,

The Study Site

[nfarmalion on tamarin ceology was gathered duging a 1¥-month field stody (The-
cember 1972w Awmst 1974 on the Pacific slope of the Panama Casal Zone. The lormer
Bodmun Maval Ammienition Depor (Qersafler refermed to as Rodman), a fenced, 1,015 ke
biomadical research aren administered by Gorges Memortial Leborstory, served as the
principal study site.

Topogruphically, Rodman consists of o series of hills and valleys rising from near ses
lovel to 168 m. Two seasonally intermittent streams, Lhe Bio Velssques and 1 branch af the
Fio Cocoli pass through Radman and empty mnta the Panzma Canal te the northeast, Forest
cover consists mainly of second growth which has been Little disturbed since World War [1.
Eodman ligs withie the confimes of the Dev Tropical Foresr Life Zone [Haldridge and
Budowski, 1956; Holdridge, 1907]. A maore detailed desceiption of the study site may b
found m Flemong (1971 and Dawson [ 1974,

While mean monthly temperatures average approximately 80 °F (26.7 *C), rainfall 5
merkedly seasonal, with a distinet, S-month wel seazon from mid-Apr! to mud-December
and & d-menth dry season from mid-December (o mid-April. Annual rainfall averages
approximately &8 in (1727 mm), with all but about 5 in (127 mm) Falling during the wet
season (Panama Canal Company, 72 years of conbinuous records). The environmental
impact of the dey season i exacerbaled by desiceating winds, which average 10 mph
{161 km/h) and gust Lo vver 23 mph (4022 km/h).

During the course of a normal dry season, uplend areas may lose 200 408 of theie
vegetative cover due to leaf drop by deciduous trees and physological wilt and conseguent
leat drop by nondsciducus trees. Exposed hillsides are dricr and cxperience a greatar degrae
of deciduousness than lowland sites. Insect abundance and diverzsity in the tropical dey
forest slio decrease over the dey seascn, and. again, sxposed uplangd areas suffer greater
Tosses in hoth parameters than do lowland areas [Taneen and Schoener, 1968]. Additionally,
frieit abundance is at a yearly low [Smythe, 1970, b]. This period of scarcity results in a
general shift of vertebrate activity from dry uplands to lowlands, which are less atfected by
drought. Here, 1n s reduced area and in competition with other species for lmited food
resources, the local fawna pazses through an ceological hottlencck. Fat reserves are deplcted;
mammals examined are in paorer condition. Adult tamaring, for example, weigh signifi-
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cantly less than in the wet season, By the time the April rains commence, there is no race
of the subdermal or omental fat seen during the wet season. Many mammalian species
experience high rates of mortality a3 o result of dey season heedships | Kaofmann, 19462,
Smythe, 1970a, b; Fleming, 1971; Mittermeier, 1973,

The primary fredt peak beging with the coming of the rains in mid-April and carly May
and continues inte the month of August [Smythe, 19705; Fleming, 1971 Dawson, 1974
Imgect populations also recover rapidly [lanzen and Schoener, |98 Upland areas, which
weeks before were practically devoid of insect life. now harbor insect (and prabably froit)
biomasses which excecd those of Jowland areas. The reprodoction of most mammalian
species, noluding tamaring, is in svachioeny with Lhis phenomenan of abundance, with the
voung of most mammals being produced ol Lhis time [Fleming, 1973]

The secondary peak of larger Troits noted by Smythe [1970a, b] on Barmo Calorado
Plamed dlid nor eeewr in the study arca. While the availability of smaller froits most heavily
utilized by tamaring was mose ssasonally equable than that of larger fruits, 2 noliceable
dechine in their availability was evident in the late wet seasan [Dawsos, 1976]. The
abundance and diversity of insects also dechine in the late wet season | Janzen and Schoener,
1908; Galinda, personal commuen. | Thus, hoth freit and insect Biomasses are in decline
prics ta Ealling (o vearly loows nothe dry season,

The vertebrate fauns of this community is oich and varied, with possible combinations
of interspecific interactions almest Emitless. The reader i referred to Fleming [1971] and
Lawson [1876] for @ mere detaled discussion than thar which follows, Only those species
abviowsly impartant a: potentul competitors or predators will e considered here.

Four species of pomates are extant in Rodman: the Pansmanian tamarin [Saguinur
oedipng); the night monkey (Aoes mivirgenes)s the capuckin monkey (Qehus capucinig),
and men (Homoe sgpiens). Aoz, which s not uncomman, and may e & nocturnal
ecalogical equivalent of Sggredeus |Moynihan, 19841, s an importand, bul temporally
segregaled competitor. Cebus is locally rare — only three (one group) were seen during the
enbire study. Even if it were more sumerous, Cebus would not be an impertant competitor,
simee its dist does not broadly overlap that of Sssuinng | Oppenheimer, 1969; Hladik ¢t al,
1971], Man is both a potential predator and competiter. Tamarins are sometimes hunted for
their flesh, but the small return is currently nol worth the expenditure of smmunition. A
mote important saurce of ‘mactality' 5 the capture of young for the local per and
bromedical wade, which may exerl heavy pressure in some localities. A thisd, and the most
pervazive, influence of man is the destruction of tamarin babilal through land clearing
practices. Mone of these negative interactions was important i the study ares; howevar, the
third fuctor has been. and continues fo be, of paramount importance i the demise of
tamarin populations i the Republie of Prnama.

A nunber of didelphids, procvaonids, sciurids, and microchiroplerans have diets which
broadly overlap that of & gedipes, a3 do nomerous bisds, particularly those which hold
‘eleaning’ and frugiverons mches. Two sciurids, Selurns verfegoroldes and 5. granatensiy,
were frequently imvalved in interspecific disputes with tamacing. Oropendolas (Zarkpnchus
waglerd) and chachzlacas (Qreraliz cinerefceps), which compete with Sagudeey for small fruits,
wiare chasied from froit trees by the primate.

Large hawks and hawk-sagles are probably the most importent predators of tamarins
Locel raptors of proven or potential importance include the white hawk (Lencopternis
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atbicodlisi, the black hawk-eagle [Buteogallvs wrubitings). the tyeant hawk-eaple (Spizgetus
ferannug and the ommate hawk-cazle (5 ormarus). Turkey vultures (Catharfes guva) are a
potentul predator of lamarin wfants [Smythe, personal comonu |, In regard (o mammalian
predators, the tavra (Eiee Serbero) i3 koown oo ke tamaring, Yagoarundis [Felis
vaguerwnd!) may cutch tamarins on the ground and in low brush, The ccelat (Felis pardadis)
an arbareal cat, is capable of preying upen tamarins. Lerge arboreal snmakes may also be
important predators [Hesshkovitz, 1977,

Materials angd Methods

Dara obtained in thes study ace from a number ol sources: (1) a detailed radio-location
telemetry study of two social groups; (21 observations of &8 individually marked animals
fram at least six social groups; (3) ebsermations made while conducting 108 strip censuses
over & b 3-km route in Rodman; (41 less structared observations made throughaut the study
arga, but pasticularly of pemmarked geoups in Rodman, and {31 cxamination af 121
specimens collected for omedical purposes at the rate of 3 animals biweekly for 1 vear, All
collecting sites were located more than 1 km frem observation areas; most were at least
Jkm from Redman, [owill discuss the fiest two data sources in detazl, simee they contribute
mest of the data cated Berein For a detatled description of the last three data sources, Lhe
reader iz referred to Dawson [ 1976,

All Live tamaring utilized m this stady were captured in Moo 201 Tamahswi Live Traps
(Tomahawk Live Trap Co., Tomahawlk, Wisc.) baited with either mango or hanana, Traps
were wired to branches and vines 310 m above the grownd in areas frequented Ty the
tamaring. Traps wers sel in cluster: of 3-5 {o promote multiple @ptures, Ketamne
anesthesia (Ketalar; Parke-Daviz & Col) was adminstered mtramuscolacly to animals prios Lo
handling.

The radicelocation telemelry system wsed has been deseribed by Montgomery ef al
[1973], [ will, however, deseribe the component parts and ther Tunclions.

All relemetoe materals used were manufactured By the AVM [nstrument Company
[Champaig:‘n, [y, Model Se-1 transmitters mounted on higperm plastic collars equipped
with whip antennas constituted the transmitter package, Originally, oth continueus signal
and pulsating transmirtters were wsed, but the Tormer were abandoned m faver of the lighter
(20-25 g1, longer-lived pulsating madel. The weight of the pulsating transmitter packamc
was 4—3% of animal Dody welght, a permissible load for the study of free-ranging animals
|Brander and Cochran, 1969], The cutput frequency of all transmittars was contrelled by a
crvstal whick cscillated i the 50 Mz range. A customemade LA-LL recedver mounted with
1 Lwo element vagl antenna recedved signals 2t the third harmante {030 3Hz); a Dive element
vagl antenna waes wsed to recetve sinals at the ninth harmenic (450 MHz). While the
effeotive range of the 150 MHz signal may be 1,200 m o1 more under some tropical forest
conditions [ Moentgomery et al, 1973], sgnalimpeding vegetation and  topographic dis-
contimuities limited 130 MHz signe] reception to approximately 300 m. The 450 MH=z
option was used at ranges of less than 100 m far precise determination of location, Through
the wze of the 450 MiIz aption, it was possible to “pinpoint’ the pozition of hidden tamaring
and tamacin ‘nest” zites in the overhead foliage.
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Use af Time and Space by Tamaring T

Two tamarin social groups were chosen as subjects Tor detailed studies regarding the
utibzation of time and space within their respective home ranges. The first group, the
‘lawlind growp’ by desgnation, occupied a home range which was bisectsd by one of the
sasonally intermitlent tributarics of the Rio Velawuer. A gallery forest of the nen-
deciduous  Ameeardiien excelsune lined the stream: vegetation typical of increasingly
droughty sites appeared as one moved out of the fver valley o upland portions of the hams
range, Bite altitwle ranged from 12 to 55 @ with approsimately 70% of the ares Iving
belaw 30 m. In contrase, the ‘upland group’ vecupied a hilly Tome monge where up 1o HE
of the beal cover fell during the heighl of the dry season, The altitede of the upland site
varied from 43 to 127 m, wilh vver B3% of the hame range lving abave 60 m.

Icompated the use of time and space between these two groups inhabiting disparate
sites as 4 preliminary test of an hepachesis suggested by Tanzen and Schoener | 1968], which
helds that inseclivorous vertehiates (tamaring require large quantities of animal proteiz)
inhabiting scasonally-veric upland areas must radically alter their patrerns of spatial and

smpordl wsage in arder o exploil seasonal insect resouress, whils msectvores OCCUTHR
lowland aress in which nsect populations ae more stable mamtain their patiern of usage
throughoul the yesr.

Telemetersd enimals from each group were fallowed far several days te determine the
approximate boundaries of the home ranges. A systern of trails, arranged in a grid system
LOTE wil (915w om a side, was constructed in the home manges lo supplement an existing
road systerm. The superposition of this 2rid system on o pressisting contous map — 2001
(6.1 m) intervals — with numescus points of known location for reference allowed precise
location of telematered tamaring. Over 1230067 (3,812 m) of Toot Leails were cut and
mrked Dy machere i the lowland area; aver 16,000 00 (4,880 m) of trail were oot in the
upland area. Al movements of the lowland group took place within the barders of the trail
swilem; the swstem constrwctad in the upland group’s home range was large cnough to
moniter the grolp’s wel season activities, but was insufficienl during the dry season, when
the group ranged widely and cventually sbandened the drier parts of its home range. With
the use of the 450 MYz option, group location on the grid could uswally be determined Lo
within 10 m of actual location. When the group was hadden o dense faliage, tiangulation
from the grid lines determined location to within 20 m.

Eight physiognomicslly distinet habitat types were identified and mapped on the heme
eange of the lwwlsnd group pror to gathering data on habitat vsage. The null hvpothess
predacted usage proportional Lo habitat ares. Time spent and distance revelled within
habatets were designated as usage crileria; wsage-availability analysis Tollowed New oo oal,
[1974]. Telemetric and timing problems precided this analvsis in the upland arca.

istance travelled per 2-hour time upit was vsed as 2 zaouge of the tamerins daily
activity pattern. [adopled the null hypothesis thar distance travelled dunng the 2-howr time
unit would be proporticns] o total time logged in that dine block. Again, analysis follows
the usage-availability method of Mau et al, [1974).

More than 500 rsdic-contact houes were logged with the Jowland group. This included
26 complete days of radio tracking during the wet seazon and 3 complete davs during the
dry segson. Data for the upland group represent information from mare than 100k af
radigcontact oo L4 wet season days and 17 dey seasen days, Fegrettahly, eowipment failure
ard Lack of time made fall-day analysis of the upland group impossible
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In preparation for complele day trackong penods, the group was located about 2h
pricr ta sunsel on the preceding evening and then follovwed until it reached the sleeping tree
for that nighl. Behavier at the slecping trec was observed for at least 30 min prior 1o
terminating contact. | then teturned to the sleeping tree before sunrise to begin the daw's
tracking routine, Behavior in the slespimg troe was noted, and the tme tbe first tamann fer't
the tree was recorded. Locality and behaviens! date were noted &t 15-min interals through-
out the day, Contact with the group was maintained threughout the day and continued for
at least 30 min atter the growp enterad its night slesping trev.

Data oo home range ofilization were also guthered by observing patterns of spatial
vsage by eght groups of famarins, [n five of these gronps, all members were marked with
colercoded collars and small mammal ear tags. OF the remaining three groups, two
contuined several martked animals, and 8 chind was identifiable dus to the pressnce of a
hob-twled alpha female. The five individueally marked groups include the upland and
lowland groups and three bands which oocupied intermediate sites. Too of the mtecmediate
graups, Red and Green, occupted home ranges conliguows to that of the lowland group;
Mew Reod, Mew Green, and the stumptail groups hed home ranges which overlapped that of
the upland group. A limited number of interactions were alse observed between marked
groups and three unmerked groups designated by geagraphic lecation as River, Tl and Spur
TS

Results

fuitiation of Daily Acsivity

I defined initiation of daily activity as the time when the first group
member left the sleeping tree. Signs of activity were seen before this, including
the movement of group members in the sleeping tree and/or vrination and
defecation. These behaviors were quite variable; thus the time the first animal
left the tree was used as the criterion for the beginning of daily activity,

[ observed the egress of tamaring from sleeping tress on 35 days. The
averape tme of egress was suncise time plus | 1.7 min, with a standard deviation
of £ 22 min, Available lght at that time of moming varied with the eloud cover
and the density of vepetation surrounding the sleeping tree, but was sufficient in
all cases for abservation of the exiting animals. Extremely early and extremely
late times of activity initiation appeared to be roughly correlated with con:
ditions which inflluenced the cessation of activity on the previous day. For
cxample, when hesvy rains caused the tamarins to cease their movements in
mid-alternoon, activity hegan earlier the next morning. Conversely, when the
tammaring foraged after sunset, they tended to become active somewhat later the
following day.



(%]
Lo
w3

Use of Time and Space by Tamarins

Cessarion of Aerivity

Tamarins of the lowland group were observed entering the sleeping trees on 47
oocasions, The average time of entrance was sunset time minus 34.2 min, with a
standard deviation of £ 33,7 min, Heavy afternoon rains which continued wntil
after dark had the effect of depressing this average. Tn general, however, gron
activily ceased at least onehalf hour prior to sunset. Light levels on most days
would have allowed foraging for an hour or more following the cessation of daily
activily.

Toral dectivity Tinte

Average activity time (min) of the lowland group for 26 wer season
days was 676 = 62 S Daily activity lime ranged from 426 min,
for a day when heavy rain fell from 1410 h wntil dark, o 731 min. Tetal
activity time for 14 days in the early wet season (Mav—Tuly) did not differ from
activity lime observed for 12 days during the late wet season (August—Novem-
ber); F = (L1113, p 2>0.75). Rainfall, which was fairly evenly distributed within
and ameng days, did not suppress activity in any one time perind. A comparison
of the totsl activity time for each of 3 dry scason days with mean wet season
total activity time using a technique for comparing single observations with
means of samples [Sokal and Rohlf, 1969] indicated no significant differences (p
0.1 for all wests).

Cuantification of Daily Activity

A summary of daily activity ducing 2-hour time blocks = presented in
lable L. Linear distance travelled was the aclivity eriterion. The highly significant
x* value (p <0001, 6 d.f.) indicates that distance travelled over time periods
was not proporlional to the availsble time within periods, A definite activity
pattern is apparent — lamaring travelled significantly farther than one would
expect during the early morming heurs, began to reduce activity in late morning,
experienced a luell in activity during midday, and resumed rapid wavel at
significantly higher rates during the late aflerncon and evening hours. This
activity pattern (which is at variance with the observations of Moynihan [1970]),
and its significance will be discussed.

Measurahle amounts of rain fell on 21 tracking days. The loss of foraging
time due to rain which fell between initiation and cessation of activity averaged
|5 minfday. This is an underestimate of the total effect. 1t does nat account for
activity time lost when rain retarded the imitiztion of activity or hastened its
cessation. Heavy rain, and prolonged light rain, depress tamarn sctivity.



20

LA

0

iad < tg) uonaedosd poosds usyy Joufty A uempuEs venaodond pRaIsgn) .

W] g vonaodoad pojasdxs uRyy a0 ANUESRISE Uonnd Gnd PRIty .

K= BEIFFTT
e E00T 2 Td LROD Oalm PCETES T LRE'r b T
1 R R o FRETD CETEF 0fd's £
L0010 Tl RO TLLD LTEng i'e LEYE
wFRI0E "d> 9ET 0% L0 PISIR S Cat's LE9E
+AT0> "4 19170 9170 068719 COR'y LyOs
GRT0= "= ZL10 910 2950 TEF'G AEE
S 000 A= 00000 cLnm IPREG BOH'E ETEE
[ WO S| AL I ] "eoleIsp I raflaARIy ul EIURISp
RRITERT R DALDSE L [0 anireyE e Jealn| TEELEL]
LG JO _.._..:F.m..m" _.Hs_ﬁ_um_n_bm sANRA ﬂx PaAlAs0) payaadxg

(AN
Lt
azt1o
QeTo
aetTn
SLLN0
(RN

QG —RLL
VIR Bl
QST el
QET 007 TT
Q01T EWraen
Qa0 007 L0
Q0 L0 (W80

R TN S E =11
1o ueniadong

P dad aUL ARG

sAep Uoseas

pam G daan fporiad ApInol SUITNp papjeakn] AasURLSIP RN U0 PASEG CSRGRas 9 CULTILT] URILURIEUE] Juyl po wasnied Aoy | eqel



Llse of Time and Space by Tamarine a6l

Tabbe [0, Sleeping trecs of the Panamanian tamasing tree speoies and frequency of wsage

Tree species Mumber of trees used 'n' mghts Toatal Total
frees nigiits

Mights

Anageardinm excelnum g 2 i 3 I 0 12 29
Spondias srombin A || il i L L 3 il
Cesig op. | 1 i | 0 a 3 7
Luefea seemanil i i I 0 | i p ]
ChgaTinia s 0 L 0 ] ] i 1 2
Flicus ap. 1 i ] a a a 1 L
Dread trees, vine covered 1 1 { i} Q ] 2 3
Tatul 10 5 2 4 2 I 24 al

Characreristics of Sleeping Trees

Tamarinz of the Jowlaod group were observed in their sleeping trees on 61
occasions. At least seven tree species weore used as sleeping tress; many were used
repeatedly. On six of the 26 days of radio-lracking, the lowland group returned
te the same sleeping tree which it had left that moming, A summary of tree
types and frequency of usage is prescnted in table 11; the locations of night
sleeping trees are plotied in fgure 1. Three sleeping trees of the upland group
were also discovered. One site was in the top of a royval palm, Scheeles rosrrata;
the Lwo olher sites were representative of the two types of sites described below.

Trees wsed were primarily of two types: tall trees, such as Anacardium
excelsum, which posscssed broad, lesly crowns; or shorter, often deciduous trees
which supported dense langles of evergreen vines. The mean height of the
sleeping site above the geownd was 16.0 ={5D) 2.5 min the former type and 6.6
* 1.7 min the latter tree type. The mean height above the ground for all sleeping
trees was 14.0 £ 5.0 m. Tamarins slept in the crown or within tangles of vines;
tree cavities were not used, although they existad.

Futterns of Movement within the Home Range

The travels of the lowland group within its range were not random; they
appearad to be influenced by a number of factors. The foremost were territorial
behavior and disuibution of [eod resources. As noted in figure 2, a total of
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Fig. 1. Distribution of habitat types and sleoping trees witlhin the home mazge of the
levacland group.

approximately [3% of the lowland group’s home rangs {territory) was over-
lapped al four locations by four other social groups. OF the four groups, three
weTe observed to engage frequently in social altercations with the lowland group;
cmly one agonistic encounter was recorded hetween the lowland group and the
fourth group. On 19 of the 26 days monitored, the lowland group entered, or
passed within, vocalizing distance of at lesast three of the four areas of overlap
which il contested with these three groups. This observation is not incidental;
the lowland group olten travelled rapidly tooareas of overlap, and uvsvally two af
the four areas were visited from carly to mid-morning, the time of most
territorial disputes. On 6 of the remaining 7 days, the lowland group visited the
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Fig. 2. A comparisan of home range sice and degree of overlap of 2 group of tamaring

inthabiting a lowlend ares and 3 grodp inhabiting an uplind ares.

arcas of overlap of two of the three groups. On 1 day in 26, the group visited

only one area of overlap.
Availability of food also influenced movements, Marked changes in move-
ment patterns were noted when Anacardium excelsion, Lacisrems geeregpatum,
and a wild grape. Vigis sp., came into fruit. The response to the bulbous pedicels
above the fruits of 4. excelsum during the late dry season, a time of fruit
scarcily, was particularly impressive, For several weeks the movements of the
group appear to he highly correlated with the distobution of fruiting 4.
gxcelsuen in the home rangs. The distribution of suitable sleeping trees may also

influence movement.
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Table [, Daily path length and homs range sige for selected neotropacel pramates

Spocios Path Hame Eelerence
lengti) day [ENFE 5iZe
km ha
Sgganus oedipus peoffravi 106 £ Q.40 26-32 Dawzon | present study|
(5.0
Sodeilri aersredi TAE-4.2 17.8 Taldwin and Baldwin [1972]
Salwird sefurens 14.3 Thormgtan | 196 8a]
Cebus caprcinug 164 B5.2 Ompenbeimar [196Y]
Aforatia villass LL& B 120 Carpenter |1934]
Alonatrg villoss 29 14,420 Chivers [ 1565
Callicedus molooh a7 0.4 Mason | 196E]

Daily Travels within the Home Range

The mean linear distance or path length travelled per day was 2,061 m, with
a standard deviation of 402 m. Mean path length travelled per hour was 183 m
{600 ). The mean travel distances (the distznee between the two extrems
locations on a given day, defined by Mason [1968] was 468 £ 66 m. The mean
area of the home range encompassed by the daily path travelled was 9.4 +
0.6 ha. Thus, approximately 36% of the home range was encompassed hy the
sroup’s movemnent on any given day. Path distance travelled in the outer one-hall
of the home range did not differ from path distance travelled in the mnner
one-half of the home range, x° = 0.006, 1 4., p 0.9, Mean daily path length
and home range size are compared with those of other neotropical species in
takle [1I. Tamaring can, however, travel much faster than this. A single radio-
tagged animal from the upland group travelled more than %50 m over & 1-hour
period, and the lowland group once travelled 221 m in & min en route (o 2
sleeping tree, a rate of 2,210 m/h,

Differential Habitut Usage a3 Megsured by Time Spent within Habitats

The home range (= tersitory} of the lowland group was divided into eight
habitat types (see fig. 1), Time spent within cach habitat type 13 summarized in
lahle IV, The significant ¥* value (p <<0.001, 7 4.1.) indicates that the time spent
in the various habitats was not proportional to habitat area. Low brush (0—4 m)
and forest edge (4—15 m) were used significantly more than expected on the
basis of habitat area, while xeric forest, mesic forest {open canopy, 6—18 m),
sparsely forested openings, and areas of prass were used signilicantly less. The
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Fig. 3. Cumulstive maovements of the lewland group over approximately 5005 of
radio-lracking.

habitar which included vine-coversd trees with emergent palms [Schesleg
rostratal, and the gallery forest of Angeardaom excelsum were used in propor-
tion to their area.

A x? contingency test indicated that lime spent within the seven utilized
habitats was highly dependent on the day monitered (x° = 418189 6 df p
<0010 Daily variation in habital usage resulted pomarily from the existence of
pattern in the travels of the lamaring, rather than differential usage within
habitars, Since their travels encompassed only about one-thivd of the home ranpe
of a given day, some habitat types of limited area were not represented in many
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daily samples, thus producing enormous ¥° values, T considered sample sizes for
bath time and distance analyses to be sufficiently large to ignare variation due to
ravel patterns and to consider the accumulated darta as independent samples
representative af habital usage.

Cumulative time spent in the outer one-halt of the home range was not
significantly different from cumulative time spent in the inner one-half of the
range (y° = 0804, 1 d.f, p >»0.1). Thus, there was no apparent tendency ta use
central areas of the home range more than peripheral areas. A single samnple test
[Sckal and Roblf, 1969] was used to compare time spent within sach habitat
during each of 3 dry season davs with the mean time spent in each habitat over
the wet season. Mo osignificant differences were evident, with p =001 for all
COMPETISONS.

Differentiad Habitar Usgee gs Measured by Distunce Travelled within

Huabitals

In figure 3, the paths of mroup travel for the entire study period are
recorded as lines. The patterns of usage in this fgoure are further clucidated by
the information in table V, where the distance travelled within each habitat type
is compared with the expected distance travelled per habitat tvpe, based on the
hypothesis that distance travelled per habitat type is proportional to habitat
area. The significant %* value (p <Z0.001), 7 d.f) indicates that habitat usage as
estimated by distance travelled among habitats was not propaortional to habitat
area. Less travel distance was Jogped in habitats two, three, five, and eighr than
expected, while more distance was logged in arsas four. siv and seven than
expected. The distance travelled in area one was proportional to the area of that
habitat type in the home range. A ¥° contingency test (7 ¥ 26) indicared thar
the distance travelled within given hebitat types was highly dependent on davs
sampled (x* = 34, 713, 6d.f, p <0.001). Again, as indicated above, this
variation was due mainly to patterns of tamarin teavel eather than differential
usage within habitat types. As with the time analysis, the significant value of the
cantingency fesl was judged to have no effect on the validity of the hahitat
utilization analysis.

The Lowland Group vs, the Upland Group: A Camparison of Home Range

Size gnd Uitilizarion

Home range size and the degree of home range overlap with other tamarin
groups are presented in figure 2. The lowland group defended ils 26 ha home
range as a distinct territory  during the wet season about 13% of i3 territory was
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overlapped by the home ranges of other groups. The home range size of the
upland group during the first 6 months of the wat season encompassed an arca
of about 32 ha. During the late wet season and the dry season its home range
included this area and at least |1 addittonal ha. This area was not defended, but
was rather shared with five other groups through spatial and temporal seprega-
Lic.

During the first & months of the wer season, the upland arca appeared to
support higher densities of tamaring than the lowland arca. By extrapolalion
from tamarin densities on the lowland and upland home ranges, density ligures
of approximately 27 tamarins/km® were obtained for lowland sites and ap-
proximately 36 tamarins/km® for the eplands, It must be Kept in mind thatl
these figures result from data for only two sites and must be regarded cautiously.
They do, however, offer an objective cstimate in support of my subjectlive
impressions regarding population densities in the two habitat types.

Criscussion

The Use of Time and Space

Mo animal exists in & vacuum: all living animals oceupy three-dimensional
space during even the shartest moment of time. The location of an animal in
space 15 the result of a multitude of interactions between that animal and the
ervironmental milisu in which it finds ieself, and. to a greater or lesser extent,
charnce, The coevoalutionary history of the animal and the associated biota have a
bearing on the uwse of space, as do more proximate ecological occurrences.
Phyvlogeneric history is respoosible for providing the animal with a potential
behavioral repertoire with which to respond Lo environmental stimuli; impinging
stimuli, the strength of the primary stimulus, experience, and the behavioral
state of the animal will determine precisely how the animal reacts. Use of time
and space, then, is dependent on the interplay of many ecological and ethologi-
cal parameters. The purpose of this discussion is to interpret the patterns of
temporal and spatial utilization wsed by Panamanian tamarins in light of svaillable
ethological and ecological information.

Before proceeding, it is necessary to define two ferms which will appear in
the discussion. The first, home range, & defined as “The area in which an animal
normally lives, exclusive of migrations, emigrations, or wnusual, erratic wander-
mgs [Brown and Orians, 1970]. For the second term, territory. this paper will
follow the usage supgested by Noble [1939] and Buer [1943], which is any arca
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defended agsinst encroachment by extra-social-unit comspecitics. Definitions,
such as thet suggested by Schoener [1968], which reguire that the territory be
an arca of exclusive use to the cccupant. are not [lexible enough to account for
the frequent acts of trespass which accur on the periphery of Targe territories.

Dagily Activity Patterns

Maovnibao [1970]), in describing the habits of S.o. geoffrovi, observed that,
‘unlike other diurnal monkeys with which [ am familiar, and most other diurnal
mammals and brds in the same habitats, these tamarins do not hecome active ar,
ar very shortly after, dawn. In the wild they are never seen moving around until
at least 2 quarter of an hour after it has become light. In most cases. they
apparently do not get up untl approximately three quartars of an hour, or more,
after full light." He also abserved that *l1 is only approsimately one hour or half
hour before sunset that they gradually stop feeding and drift off in the general
direction of their sleeping trees.” He further states that with this unusual activity
pattern’ ', one wonders if the animals do not become torpid or semiterpid at
night.” Other observations regarding apparent torpor or semitorpor in this species
are summarized by Hershkovite [1977, pp. 730, 797

My data support these observations, Unlike the squirtel monkey [Salmiri
sehwrgusd, another small insectivore-frugivore [Eisenberg et al,, 1972] whaose
activity pattern has been documented [Thorington, 1967, Baldwin and Baldwin,
1972], this tamarin neither begins foraging at dawn nor does it customarily
forage in the twilight following sunset, Furthermore, my observations of tama-
rins suggest that they may become torpid, or scmitorpid, at night, as Moynihan
hypothesizes.

If, for example. one approaches the andmals 10—15 min aller their arrival at
the night’s slesping tree, they maintain their formation, and, il they respond to
the ohserver’s presence at all, they turn their heads groggily, slare al the
observer, and then resume their former huddled posture. The same response can
e elicited in the early morning hours.

Whether or not actus] torpor does coour, the wnasual activity pattern, which
precludes activity in the crepuscular hours, is a real phenomenon which hegs an
cxplanation. At present, theories relating to the adaptive significance of this
Behavior most, because of the limited knowledge available, be regarded ay
conjectural. A few hypotheses, however, will be supgested.

Movnihan [1970] advanced the tdea that this activity pattern is adaptive in
that it temporally removes the tamaring from competition for insects with
Mveatchers, which forspe extensively and intensively during crepuscular periods.
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While this view may have some merit, flycatchers tend to specialize on smaller
insects and flying insects, which are more difficult for tamaring to obtain and
probably prohibitively ‘expensive’ in terms of the tamarins’ cnergy budget.
Furthermore, given the remporal segregation of the Mycatchers and tamarins and
the difference in the type of insects utilized, | find his suggestion that the
similarities between many flycatcher calls and the vocal repertoire of the
lamarins represent socisl mimicry to be unlikely. On the contrary, similarities
between flycatcher and tamarin vocalizations are probably the result of the
convergent evolution of vocalization frequencies which are most efficient in the
general habitat occupied by both forms. 1f the vocalizations of the two Torms
were broadly overlapping in time, one would expect 1o find distinetly different
types of vocalizations oceurring in order to prevent the reception of extraneous
auditory signals by either form.

A more probable explanation might be that the tamarin's aclivity pattarn
may parallel the time of optimal valncrability of its insect prey. Larse or-
thopterans, lepidopterans, and coleopterans, because of their low surface o
volume ratio, warm at a slower rate than do the smaller insects. Hence, while the
small insects favored by flveatchers are warmed quickly and hecome active
shortly after dawn, these larger-bodicd insects remain farther down in the
loliage, gradually sbsorbing hear and becoming more metabolically sctive at a
later time. The time of their greatest vulnerability to tamarins must ceeur when
they are emerging from their nocturnal resting places and have net yet achisved
their optimal capacily to escape.

A similar hypothesis might be advanced regarding their early cessation of
activily. When the sun has dropped from its zenith and cooler temperatures and
higher humidities prevail, flving insects and insects in the outer layer of the
foliage become more numerous, and because of their locations, more vulnerable
to flyeatchers and gleaning birds than they were in the heat of the day. The large
insects which the tamarins prefer lose their heat more slowly than the smaller
forms because of their lower surface to volume ratio. Thus, they are relatively
invulnersble to predation by nonaerial predators until quite Jate in the evening.
The carly vessation of activity by S cedipis may be a fessible response when
insect food cannot be obtained, ¢xcept at high energelic cost, until late in the
evening, Cessation of activity and the assumption of an apparently torpid or
semitorpid condition may have an additional value in predator svoidance. Small
famarin groups may be less capable of repelling predators than, for example,
larger Saimiri groups, which may forage well after sunset [Baldwin and Baldwin,
1972,
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The lamarin may also have adopted this behavioral pattern in order to
gscupe competition from crepuscular (and ooctummal) insectivorous and frugi-
worous mammals. The night monkey, Aofus irivicgaius, which appears 1o be the
nocturnal counterpart of Saguinus [Moynihan, 1964, 1970], 3 laily comman in
the study area, and was oceasionally observed in the crepuscular hours, An
evolutionary history of widespread sympatry may be responsible for the tem-
poral segrepation of these two species. The wooly opossum, Coluroniys
derbranus, an abundant animal in Rodman, is another possible competitor that is
temporally sepregated from Saguedms,

Ougnrificarion of the Daily Activity Pattern and Behaviore! A fiributes

Upon examining table [, it 15 apparent thal tamarins travelled significantly
farther than expected during the fest 2 b of the morning, The relatively longer
distances logged are partially attributable o the tamarin’s predilection for
[eeding on insects at this time of day. On the majority of dayvs monitored,
foraging bepan at or very near the sleeping tree; usually in areas of low, brushy
veaetation, but oceasionally in the tops of Aracardium excelsin, 20 m or more
ahove the ground. On other days, the tamaring travelled 100-200 m as a group
and then began foraging after having passed other arcas which appeared fo be
equally as productive as the area in which they began foraging. Upon leaving the
sleeping trees, the monkeys began to forage individually and to move as a loose
group through the forest, Group scatter at this time was usually 40-70 m.
Foraging wes generally extensive rather than intensive, hence the longer path
length. Insects appeared to be the primary objective during at least the first half
hour of the activity period, although fruit was taken occasionally. Approxi-
mately an hour alter leaving the sleeping tree the emphasis in foraging activity
shifted 1o {roits, Contaer calls {the “long whistle” of Moyoihan [1970]), which
were cornmonly heard early in the time block became less frequent as the
tamarins reduced their group scatter, During the latter portion of this period,
and the beginning of the next, the monkeys were often sean eating fruit in single
trees and concentrated food patches. On the majority of days monitared, the
group began to move as o unit toward areas of home range overlap between
0645 and .00 h. These movements added, in part, to the significantly higher
movements per unit time before 07.00 h.

Most of the behavior involving intergroup territorial defense occurred be-
taween 07.00 and 10,00 h: the major part of the distance travelled to areas of
intergroup conflict was accomplished between 07.00 and 0900 h on 20 of 26
davs. While foraging for both fruits and insects cccurred en route Lo arcas of
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averlap, the path of travel was much more lingar than during the early moming
hours, Upon reaching aress of overlap, the group often devoted much of its time
to foraging, Io two areas, Spondizy mombin and fnge sp. were commaon and,
during their fruiting scasons, were attractive sources of fruit.

The opposing group often did not arrive at the overlap area simultanecusly,
Frequently, the lowland group remained in the ares for an hour or more before
the other group appeared; on some days the neighbhoring group did not visit the
area of overlap at the same lime as the lowland group did, if at all. In following
the lowland group, I could oot remain at the area of overlap to determine
whether ar not the other group appeared al some other lime during the day,

When the groups did encounter one another at a juncture of their lerritorial
boundaries, the behaviors observed were variable. Often a group would leave the
area before the opposing group entered. One could frequently hear the ong
whistle” vocalizations [Moynihan, 1970] of the incoming groop before the
tamaring were visible. As Moynihan [1970] indicates, ‘long whistles” are a
bivalent signal which attract group members and repulse members of other
proups. 1L seems likely that these calls enable the tamarin proups to muneally
avoid one another. When the groups did come within visual contact of each
ather, the conlrontations were accompanied by chonizes of long whistles by
both groups, Moyoikan [[970] also ohserved that these vocalizations were the
principle oocs heard in intergroup agonistic encounters. In seven instances,
chases occurred between members of opposing aroups, In three instances actoal
physical contact was made. These phosical contacts were punctusted by ‘rasping’
vocalizations (2 group of vocalizations defined by Moynihan [[970]).

Marking behaviors, i.e.. “sit mbbing’ and ‘pull rubbing” [Moynihan, 1970,
and especially the former, appeared to be more {frequent in areas of overlap than
in other parts of the home range, However, since thick brush in all areas made
ohservations of the animals difficult, comparable quantitative data were not
ohtained. Scent marking, primarily by ‘sit rubbing’, hoth preceded and [ollowed
agonistic confrontations, Sit rubbing also occurred in the absence of the op
posing group. Pull rubbing, as Moynihao [1970] indicates, is rare except in the
moere intense behavioral siwations such as those involving overt contlict, or
possibly, the sudden appearance of 2 terresteizl predator. Pull rubbing was
ohserved only four times: twice following encounters involving physical contect
with members of the other group, and twice when the observer appesred 1o be
the stimulus,

Marking at territorizl boundaries was usually initiated by the dominant {i.e.
reproductive) female. The tamaring tended to perform their rubbing hehaviors
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on protruding knots, stubs, and rough bark rather than on smooth hranches. No
evidence was found for the existence of fixed, customary territorial markers or
sign posts. While differences of opinion exist regarding the function and informa-
tien content of scent marking behaviars [Epple, 1967, 1972; Epple and Lorens,
1967 Moynihan, 1970], my observations indicate that they are an intepral
component of territorial behavior.

By spproximately 10.00 % the tamarins had begun moving out of areas of
low brush and into the shade. {Thorington [1968b] observed the same tendency
in Sagmeivees midos) On 12 days the tamaring travelled less than 200 m from an
area of overlap hefore slowing their pace and engaging in intermittent resting and
foraging activities; on 10 days the group travelled relatively rapidly across their
home range to another area of overlap before their cadence of activity dimin.
ished, On 19 of the 26 days midday activity revolved around the stands of
Angeardivm excelaon and the large, shady trees in habitat 4. While activity did
not cease between 10.00 and 15.00 h, path distance was significantly shorter
than expected due to frequent periods of quisscence and to less directionality in
group movement. Individuals and subgroups foraged sporadically between rest
periods, during which the tamarins sat relatively motionless in the trees or very
occastonally sprawled full lenpgth on a branch, Autogrooming and allogrooming
behaviors were seen mare frequently during these hours than durng the re.
mainder of the day, with the possible exception of the first few minutes
following periods of rain, when autogrooming was a common, and possibly
abligatory, comlort behavior,

On most days the lempo of sctivity began to increase at zbout 15.00h.
Travel from this time until entering the sleeping tree was directional and
relatively rapid, which resulted in significantly longer dislances travelled over the
last 2—4 h of the day. While insects were taken during the late afternoon and
evening, most travel seemed oriented toward fruit sources, The animals fre-
guently travelled 100 m or more in five ar fewer minuees and then spent
15—30min in a fruit tree. The path followed during the late afternoon did not
appear o be random; it appearad to be directed by the ultimate poal, the
sleeping trec, and the location of fruit trees. That a given sleeping tree was the
ultimate goal was indicated by: (1) the direct nature of the route of travel;
(21 the fact that former sleeping trees and other presumably suitable trees were
passed en reute; (3) the fact that individual sleeping trees were often used on
several successive nights, and (4) the rapidity of group movement over the last
100300 m before arriving at the sleeping tree. The rapid moverment 1o sleeping
trees, the direct movement between fruit trees, and the brief interludes of
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multidirectional Toraging for insects, are responsible for the significantly higher
rates of travel evident in the ultimate and penultimate time periods,

Sleeping Trees) Location and Associated Tamarin Seluriors

When the locations of sleeping trees (fip. 1) are compared with the map
showing areas of home ranges overlap (fig. 2, it 15 apparent thal most sleeping
trees are located in the northesstern portion of the home range. while the
remainder occur near areas of group overlap. Since apparently suitable trees are
located throughout the area, this clustering of sites is not readily explained. One
might surmise that the location of sleeping trees is dependent upon a number of
factors, such as patterns of territorial travel, temporal variations in the avail-
ability of food, and differential densities of competitors and predators. However,
no strong evidence exists in support of any of these factors.

sleeping trees, in 22 of 24 cases, were either much higher than the sur-
rounding vegetation, lacking extensive vine connections with other trees, o
both. This lack of physical connection with the surrounding strata might lessen
the probahility of detection by noctumnal, arbores] predators such as felids and
snakes which Hershkovitz [1977] suspects as ‘the probably enemies of conse-
quence’.

[ was able to clearly observe the sleeping tamarins in only 13 of the trees. In
cach case, the sleeping site was located toward the periphery of the tree tather
than near the trunk. Tn all instances a pad of small sticks, leaves and fibrous
material was located in the multiple branches where the amimals slept. The
presence of this material poses an interesting question, ‘Do tamarins build
nests?” | sew no evidence of tamaring carrying large pieces of vegetation in theis
mouths or otherwise participating in nest building activity. The five ‘nests” which
[ examined, however, sppeared to have been constructed from masses of ma-
lerial rather than an accumulation of debris. They may have been constructed by
squirrels, or partially constructed by tamarins. Regardless of their origin,
these ‘nests’ of vegetation did exist, and tamarins sat on them.

The existence of ‘nests’ may be important in the epidemiclogy of try-
pancsomiasis, with which these tamarins are heavily infected [Sousa et al., 1974
aousa and Dawson, [976] The ‘nest” interiors which may serve as moist refugia
for insects during the dry scason, harbor a variety of insect life. While na
triatoming bugs were encountered in the five ‘nasts’ examined, the existence of
these refugia, and a documented history of periodic visitation by the tamaring
suggest that such a vector-host relationship is feasible. This situation merits
further study,
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As indicated in the prior section, the tamaring often move both directly and
rapidly to the sleeping teee. They also travel silently, without vocalizing. Rapid,
silent movement o sleeping trees is prohably advantagecus in predator avoid-
ance.

Upeon reaching the sleeping tree the monkeys huddled together either an the
nests’ or within a tangled mass of thick leaves or vines. The tails were held
forward and curled close to the body, the sleeping position described by
Moynihan [1970]. Their heads were oriented downward and toward the center
of the huddle, thus obscuring the white crest. Small infants were carried on the
ventral sides of group members, This series of hehaviors would seem to have the
effect of rendering the animals less conspicuous while reducing individual heal
loss through huddling. Moreover., when hoddled topether as a unit, tamaring
form a compact ball about half a meter in diameater, o structure which has a very
un-tamarin-like appearance. Upon first sesing such a huddle, 1 actually thought
that il was a termite nest. I other “predators’ perceive the huddle in the same
manner, this may be an example, as Moynihan [1976] suggests, of crypsis or
proteclive mimicry. BEven if the huddle were perceived as animal, the visual size
of the prey might deter the tamaring’ smaller predators, particularly those with
ne experience with the sleeping configuration.

I the tamarins were disturbed within approximately 10 min of assuming the
hoddling posture, they usually left the tree. On 3 nights 1 unintentionally
disturbed the group while trying to get close enough to see them. On these three
occasions the huddle veritably exploded, with tamarins exiting in all directions,
[n each case the troop regrouped and setled into another sleeping tree within
15 min. In two other instances the reproductive (alpha) female left the group
and moved slowly away, at the same time uttering low volume, high pilched,
single notes of about a second’s duration. After | followed her away from the
sleeping tree, she returned to the group. This behavior pattern appears to be
analogous o the wing-dragging displays of female birds protectlinog a brood. Bath
behaviors are probably effective in predator svoidance.

[n the morniog tamaring began moving in the sleeping tree at least 10 min
hefore leaving it. Few vocalizations were uttered until after they had left the
tree. Tamarins sometimes left the tree singly; at times two or three or the entire
aroup left as a unit.

FPatrerns of Home Range [hage
That patterns of home range usage exist is evident from even a cursory
examination of the preceding figures and tables. The salient factors which may
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influence these spatial and temporal patterns include population density, ter-
ritorial behavier, thermoregulatory behavier, antipredator behavior, foraging
behavior, temparal and spatial distribution of resources, and cover types. Upon
comparing the travels of the lowland group {fig. 3) with figure 2, which depicts
those aress of the lowlands group’s territory which are overlapped by other
groups, the relationship between movements and territoriality is obvious, When
the accumulated travels of the lowland group (fig. 3} are compared with the map
depicting cover types in the group’s home range (fig. 1) the relationship between
cover type and usage 15 also apparent.

Fhaily Travels in the Home Range

The daily path length of 5. cedipus in this study, when compared to konown
path lengths of other neotropical primates { table 111}, was second only 1o that of
the squirrel monkey, Safmird cerstedi. Both forms are insectivorous and frugivo.
rous; the long daily path lengths reflect the longer distances necessary to obtain
animal protein. The path length of the white-faced capuchin, Cebus caproinus,
which s primarily frugivorows but somewhatl inscetivorous [Eiscoberg el al.,
1972] occupies an intermediate position. Howlers (dlonetre paliiorg) and the
l-ti {Callicebus moloch) are primarily frugivorous and folivorous [Carpenter,
1934) Mason, 1966]; their shorter daily path lengths reflect the nature of their
less demanding diets.

Home rangs size and rate of travel observed are reasonably close 1o the
figures predicted by Moynihan [1970]. but the tamarins did not, as he sugpested,
travel throughout their entire home range several times per day or even onee a
day. They did, however, visit most points of intergroup overlap, even on the
extreme eods of their range, on most days.

Difterential Utilization of Habitar Tvpey

Chapman [1929] and Enders [1930, 1935] wrote that this tamarin preferred
areas of second growth, and the latter avthor indicated that they were commaon
in aress of low, brushy vegetation not inhabited by ather primates. Moynihan
[1970] stated that this callitrichid had a pronounced preference for the vegera-
tion aleng the edges of taller forests. He further refined this general statement by
noting that 8. pedipues prefers to inhabit the “vicinity of the edge” rather than
‘the edge itscll”. Moynihan sl indicates that extensive areas of tall forest are
not favorable for tamarin populations, citing as evidence the inverse relationship
between forest succession and tamarin sbundanee on Barre Colorado Lsland in
the Panama Canal Zone,
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The above guthors based their opinion: oo habital wsage by wmarins on
visual ohservations made while pathering naneral history and behavioral dara, |
chose to quantify habitat usage in order to provide additional, more definitive
information regarding habitat utilization. The reader is referred to figure 1 fora
bregkdown of the lowland group’s home range by habitar; the cumulative travels
of the group are plotted in figare 2. Tables I'V and V present data an time spent
and distence travelled in esch of eight hahitat ovpes as indices of habitat usage.

Arcas of low brush and forest edge, 25 expected from natural history
observations, were used to g greater extent than their availability in the environ-
ment would dictate. While path distance travelled in low brush was not greater
than expected, the time spent within the area was significanthy areater chan
expected. These wvalues reflect the usapge pattern for this habitat: intensive,
multidirectional foraging. Areas of forest edge were used extensively [or foraging
aclivities, resting und prooming areas, and as primary arteries of travel, Intensive
use of edge wvepetation in foraging may reflect the greater abundance and
diversity of both fruits and insects which commonly occur ar such cootones
[Odum, 1971]. The abundant vines and the high foliage density also provide
readily accessible escape cover from predators, 2 characteristic described and
appraciated by Moynihan [1970].

The gallery forest of dracordivim excelsin was an important hahitat in the
daily activities of the lowland group. These tall evergreens were used extensively
ter escape solar radiation during the heat of the day. Some foraging for insects
accurrad in the upper lavels of this habitat during the early morming hours and
on several evenings; when the trees were in fruic dusing the latter part of the dry
season zod the carly wet season, the fleshy pedicles abowve the fruits were
preferied foods, This evergreen gallery forest was also an important source of
imsects at this time. The importance of A, excelsint as a sleeping tree influenced
early morning and late evening movements within this habitat, which resulfed in
higher seores for both time spent and distance travelled within the habitat.

Isbitar six, an areq which, save for the abundance of emergent roval palms
{Scheelen rostrata), resembled the forest edpe habitat, was utilized heavily in
foraging for insects and also as a staging area for disputes with the River Group,
which occupied & home range to the south of this habitat type. The tamarins
foraged widely in the palm crowns, and frequently used the fronds as arboreal
rnways, Thus my observations disagree with those of Moynihan [ 1970], who
stated that this tamarin svoided palms and other monocots. The trapping records
of Telford et al. [1972], who commonly captured this species on the ground in
clumps of Helivonia sp., also castdoubt on the validity ol Moynihan's observation.
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Four habitat types were svoided by the lowland group. These included areas
of open, seasonally deciduous forest, areas of open forest on mesic sites, a
sparsely forested opening, and the grass which bordered roads and former
ammunition bunkers. The forest habitat tvpes which were avoided held one
characteristic in common — their canopies were open, with a scarcity of vines.
Productivity of tamarin [oods in such areas may be lower than in denser forest
types. Additionally, these areas may not have provided sufficient escape cover.
That sreas of grass were not wsed is surprising, since they abut the edge
vegetation commaonly used by tamaring and contain high densities of or-
thopterans, s preferred food item. Tamaring (which do forage on the ground
occasionally, particularly during the dry season) could casily dash into the grass,
caprure several insects, and then return to the adjoining cover. One instance of
such foraging activity was observed in a small strip of grass bordering an old road
in znother part of the study area. However, the increased risk of predation, and,
particalarly, increased wulnerability to aerial predators, may make the use of
large arcas of grass undesirable.

O the basis of the above findings, the ‘ideal” mix of twmarin hahitat appears
to be arcas of low brush and vine-covered ‘edpge’ vegetation interspersed with
taller, nondeciduous trees. The former habitat types provide both food and
cover: the latter provides night roosts and shelter from the sun during the
midday heurs. Thorington [1968h] recognized the importance of this mixed
habitat type in his observations of Saguinus midas in Guyana,

The Lowland Group vs. the Upland Groug — a Comparison of Home Range

Size, Home Range Urilizavion, and Tervitoriality

Bates [1970], in a review of lerritorial behavior in primates. stated that
‘lerritorial relations between primate groups are far from universal, even among
those species which do establish territories”. Struhsaker [1967a, b, in his study
of the vervet monkey (Cercopithecus sethiops), found that home range and
territory are functions of vegetational composition and distribution rather than
group size. The validity and widespread applicability of the concept are re-
cognized by Altmann [ 1974 ], who states, "Home range overlap depends primari-
Iy on those essential resources with the most restricted spatial distribution: it
will be low in relatively uniform habitats and will be extensive if several essential
resources have very restricted distributions.” The temparal reswiction of ro-
sources 15 also important, and I submit that the word “temporal” may be
substituted for the word ‘spatial’ in the above guote. For example, in Jolly's
[197Z] study, Lennir catta proups which had formerly lived in discrete, well.
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defended territories, adopted a system of time-space segregation in response to a
scarcity of food resources during a severe dry season,

In this study, the differences in the depree of overlap between the upland
and lowland home rangss are siriking. The entire home range of the lowland
group was defended as a territory; hence the small dearee of overlap. The home
range of the upland group. on the ather hand, was widely overlapped by five
groups. Territorial defense. when defined as the defense of an exclusive area
[Schoener, 1968], did not acour. Rather, the upland group appeared to defend
the integrity of the arca around the growp at a given point in thime rather than a
fixed, peopraphical territory,

One might further differentiate between the use of space by the two groups
by observing that the travels of the lowland group conformed (o regular pattemns
of home range wsage, while those of the vpland group appearcd to be more
random. The size of the upland group’s wel scason home range exceeded that of
the lowland group, which implies that wet season resources in the upland arca,
while possibly mare abundant when considered as a whole, were lass available to
individual animals, thus necessitating widespread foraging. When resources be-
came less available during the late wel season and the dry scason, the upland
group expanded its home range by at least 11 ha and wandered widely. Semino-
madic behavior on the part of upland groups was commonly abserved in the late
wel segson and the dry seasons In contrast, the welemetered lowland proup, and
ather groups inhabiting lowland arcas, maintained intact territories and patterns
of spatial usage through this time of resource scarcity. DeMoor and Steffens
[1972] observed similar contrasts in babitat ussge between vervel monkows
{Cercopithecus sethiops) living m gallery forests and those inhabiting a sandy
hillside,

The key to this disparity in usage parterns between upland and lowland
proups appears to lie in the temporal distribution of resources. As Janzen and
Schogner [1968] indicate, lowland and mesic aress along streams support re-
latively stable quantities of insecrs throughout the wear, while the abundance
and diversity of insecl populations and communities, respectively, on upland
sites may undergo seasonal oscillations of grest magnitude, reaching a low in
hoth parameters during the dry season. The abundance and diversity of fruit
resources appear to undergo similar seasonal fluctuations,

The territorial pattern of usage exemplified by the lowland group is the
expected pattern of usage for 4 territorial primate inhabiting a relatively stable,
uniform habitat [Altmann, 1974]. The efficient exploitstion of predictably
stable, low density food resources which occur in large patches, together with
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the advantages acciued by living in an exclusive area, make territorialicy a
feasible utilization strategy for 5. cedipuy in Jowland areas.

[ contrast, the usage pattern of upland groups is a workable altzrnative
when explaiting resources which are predictably limited o a temporal sense. The
formation and defense of terdtories would probably be energetically unfeasible
in arcas which provide adequate resources for only six months of the year,
Moreover, 1 totel Tood resources are feher in the uplands than the lowlands
during the wet scason (as the higher density of lamarins per unit area of the
upland group™s home range would suggest), the energetic costs of defonding
territories in the time of food abundance would uondeubredly be higher in the
uplands than in the lowlands due to the ‘attractiveness’ of the rich resources to
contiguous groups,

Differences in the lemporal equability of home range sites available to
tamarins have conssquances bevond those mentioned above. While group sizes of
vpland and lowland groups do not differ. the teouwre of subdominant animals of
bath sexes may be of significantly shorter duration in upland groups [Dawson,
1976, 1978]. Higher levels of emigration and fmmigration aceount for the major
portion of the difference. Additionaly, upland groups seem 1o exhibit lowear
natality rates and reduced infant survivorship when compared to their lowland
counterparts [Dawson, 1976; Dawson and Dukelow, 1976].

Andersson [19707, in a consideration of ecological structure and gene flow in
small mammal popuelations, divided porentially-suitable habitats into two ca-
tegories: sucvival habitats and colenization habitats. In survival habitats, re-
sorces are relatively stable throughowet the vear, social group compositions are
stable, infant survivorship is relatively high, and territoriality is practiced. In
colonization habitats, resources are temporally diserete, social group’s compo-
sitions are unstable, infanl survivorship s relatively low, and time-space segrega-
tion 15 the modus operandi of subgroup segregation. o this context, tamaring in
loweland sites may be thought of as inhabiting survival habitats, while those in
upland areas may be thought of 22 inhabiting colonization habitats.

Anderson [1970] characterized the function of the survival component of
the population as *maintaining the ongoing population in both the ceological and
penetical senses’, and the function of the colonization component as “a test of
the full range of ecological and genetic wvariation under all of the accessible
varigtions of the fundamental niche of the species’, while, at the same time,
providing for the dissspation of excess animals. Populalions o tanaring in-
habiting r-envitonments in Panama's dry tropical forest may also benefir from the
exchangs of animals and their genes between the two disparate habitat categories,
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