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stfess involved in the experieﬁce.

A further design problem was the protection of the decoy's tail.
An open wire floor was used at first, as it conveniently allowed excrements
and food residues to drop through, but the decoy's tail often hung outside
the cage and was thus vulnerable to mauling by visitors. A solid cage
floor was also unsatisfactory, since the tail was then dragged repeatedly
through food and excrement. These sticky substances soon were transferred
to the rest of the fur. A compromise solution was a solid partition or
tray placed a few inches below the wire floor; this reduced the contact
of the tail to waste and still mostly protected it from outside attacks.

Openings in the sides of the cage large enough for visitors to reach

in had to be eliminated. Otherwise they could grab the decoy and draw

it to within biting reach or steal bait or the decoy's food. A protected
corner with a small shelf was essential for sleeping and escape quarters
from rain.

Three items were critical in the maintenance of decoys: (1) protec-
tion from sun, (2) water, and (3) food. When setting the traps it was
necessary to choose a spot where the decoy would not be exposed to the
sun at midday. It was learned through experience that even a one-hour
"sun-spot'" at midday can cause tamarin death. Morning sun, on the other
hand, is beneficial. Wild tamarins were often observed grooming in the
morning sun. The provision of water although seemingly simple-presented
difficulties. Standard lab-cage water bottles dripped constantly with the

movements of the cage as the monkeys jump around; also there was no cer-

tainty that the animals used them. 1In addition, since the bottles were
hung on the outside of cages, they were susceptible to perturbation by
/

other visitors such as Cebus monkeys. Open receptacles inside the cage

also presented problems, chiefly of vclume. No really satisfactory solution
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to the water supply problem was found. Commonly in a remote location one
is limited to utiliziﬁg-locally available gourds, etc. Water must be
supplied not only to decoys, of course, but also to any captured individuals
retained in the traps. Insufficiency of water probably accounted for
several trap-deaths of captured individuals during one very hot period.
It appeared that water deficit was a cumulative phenomenon, since in all
cases the individuals in question had been in the traps several days.
Maintaining live decoy tamarins was difficult in a remote area with
an irregular and scarce supply of fruit and profein. Obtaining food for
them, even such a relatively common item such as plantain, required time-
consuming trips to nearby population centers. The lack of refrigeration
limited the quantity of supplies that could be bought in any one trip.
The exigencies of tramsport (e.g., the mule trip required, limited space,
etc.) as well as seasonality of fruits practically dictated that the

staple food for the tamarins was plantain. Local inhabitants claimed to

be able to maintain tamarins on the region's human staples - rice, manioc,
milk - but I was unsuccessful in getting them to accept these items once
accustomed to Musa, which they relished. Only after many months did they
show any decline in their interest in it.

One possible strategy for circumventing decoy maintenance problems
is the use of broadcast vocalizations plus a stuffed decoy. The necessary
equipment to do this was unavailable to me. Another possibility is to use
a captured wild individual as a decoy for the neighboring group, returning
the former to his own group once some individuals from the new group were
caugh;. I tried this but did not adopt it as the preferable strategy for
two reasons. First, it was obviously highly stressful to the encaged wild

tamarin to be carried to the new location. Covering the cage during

transport helped, but not enough to overcome possible negative effects
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which might have made it impossible for me to observe that individual once
released. A second cénsideration was the possibility of death or injury
of the captured tamarin during its service as a decoy. Every such death
represented the loss of a marked animal in which considerable time and
effort had been invested. Losses of other decoys were frequent emough.
In the process of making the 165 captures, 10 decoys obtained in markets
died and 4 wild captured animals died. An additional decoy escaped and
two others were left alive with local inhabitants after being used in the
traps. Three market animals were in such poor condition when obtained
that they were never used as decoys. One animal quit eating after being
used for a while in the traps and subsequently died. Only one death
involved actual wounding. Five other market animal and 3 wild decoy
deaths were thought to have been connected with heat stress. Only one
animal was molested by non-tamarin visitors while in a trap. This

animal was badly bitten during the day, perhaps while in a moribund

state due to heat stress. Cebus monkeys were seen near the traps that
day and tooth marks in the bitten individual were large, Cebus sized.

They apparently did not molest the traps on any other occasion.

Marking Methods

I drew captured animals into reach from outside the trap using the
tail, and then administered the anesthetic ketamine hydrochloride
("Ketaset', Bristol Laboratries, 100 mg per ml.) in the tail or thigh.
A dose sufficient for about 20 minutes' unconsciousness was used.(Adult,
.02 ml, young juvenile, .01 ml.), Complete recovery and release was
possible in about 2 hours. ,

/

The tamarins were fitted with a leather collar, or a light neck chain,
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bearing either a numbered tag (18 mm diameter), or plastic colored "pony"
beads or both (Figure 7). Collars were made of leather, about 0.8 cm
wide and wrapped with colored fiber-backed plastic tape in different color
combinations and designs. They were joined by a twist of wire whose ends
were forced down into the leather to hide the sharp surfaces. Tags were
attached to the chains or collars via a wire ring, to assure that the tag
faced forward. The movement of beads around the chain, which would

have disturbed any color-order code of identification, was prevented by
placing a chain-link connector on either side of the group of beads. The
connector joining the ends of the chain had to be crimped closed with
pliers to prevent the chain from being opened By the wearer. The latter
was known to have happened in two cases with uncrimped fastemers. Both
collars and chains had to be fitted somewhat 1oose1y.but not so loosely
that they could be forced off over the head or would be caught in vege-
tation and become a danger to the animal. Animals recaptured up to three
years after marking showed no hair loss under their collars or chains. |
Generally the collar, wire, chain, beads and tags showed no evidence of
deterioration, except for occasional slight chewing, or a tendency for
the tape to begin unwinding. Some bead colors faded considerably in the
course of a year and could have eventually become undistinguishable from
other colors at a distance. One captive developed hair loss and lesions
under a too-snug collar although exhibiting no signs of distresé such as
pulling at the collar. Another managed to get the collar in its mouth
but could not free its jaw, illustrating a possible danger of a collar
that is too loose.

Chains and tags or beads are probably preferable to collars since

/
/

they appeared more comfortable to the animal. They may be less bothersome

to them when they curl up to sleep. Tags, however, have the disadvantage



Figure 7

Captured tamarins marked in different ways
for purposes of identification
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of being readable only when the wearer is stationary and facing the
observer. The identify of an animal overhead is not ascertainable.
Collars are better in this respect but have the disadvantage of rctating
about the neck. This means that identifying colors can be hidden unless
a wrapping design extends the whole length of the collar. Also, collar
colors were sometimes difficult to distinguish. Yellow and white, red

and orange, and green, blue and black can be confused in the deep shade

frequented by the tamarins. For example, an orange and yellow collar
appeared red and white until it was possible (after observing the animal
for some time) to see it in the sunlight. Bead or tag colors potentially
have the same problem but it seems to be less pronounced because they

% tend to hang out of the shadow cast by the chin.

One or two animals in each group were marked with a bell as an aid
in following the group. The bell with the lowest tone (a falcon bell)
doubled the range of detection (normally a maximum of 15 to 25 meters)
and facilitated tracking without visual contact. Visual contact was
frequently lost when groups moved quickly or when they entered dense viney
areas to forage. Radio tracking equipment (used by Dawson) might have
been preferable, of course, but was not available to me.

Animals wearing tags, collars, and bells seemed to be accepted
normally by group members since they participated in social interactions
such as grooming and continued to travel with the same group with which
they were observed when captured. There was no evidence from followed
groups that collars impeded the activities of the tamarins. I have no

experimental evidence regarding bell effects on the predation suscep-

tibility of the wearers. Tamarin predators are unlikely to rely primarily

/
on auditory cues, which may in any case be provided by the tamarins

themselves. Their '"Long Call" vocalizations are highly localizable, for
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example. Also, the bells are not as obvious as it might seem. The bells
do not ring continubusly, but irregularly according to the animal's
movements. The sounds of some insects are surprisingly similar. Persons
traveling with me were sometimes unable to detect the bells at first,
even when I could detect them clearly. ZLastly, the most successful and
most localizable bell was worn by the animal it was put on for at least

two years (1974-July 1976).

Age Estimation

The ability to estimate age is essential to amy analysis of group
structure, population dynamics, or reproductive strategy. Any inves-—
tigation of reproductive strategy requires knowledge of when births
occurred. In primate groups the occurrence of births can at best be
determined within a day by following groups daily. In practice, since
it is impossible to follow more than one group simultaneously, monitoring
of most groups in a sample is perforce intermittent. Monitoring must
also be intermittent when the investigator cannot remain continuously
at the study site. The birth date of any newly discovered infant or
juvenile can in such cases be designated only by estimating its age.

Possible parameters for estimating age given the limitations of the
study were appearance, body measures, weight, tooth eruption, and tooth
wear. The first four are potentially useful only during the period of
growth. Weight gain is the last of these parameters to level off with
age (based on a study of captive-born §. nigricollis, Chase and Cooper,
1969), as well as being easily and precisely measurable. A regression
line constructed from the age-weight relationship of two sets of twins
of known age (Figure 8) was used to estimate ages of other captured ,

juveniles. Their birth dates could then be estimated and those data
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Regression line used for estimating age of captured
juveniles; and growth of juveniles between captures.

The regression line intercept of 43 gm was arbitrarily fixed according

to the average birth weight of §. oedipus in the laboratory. The slope
was estimated using weight data for two sets of twins, whose birth dates
were approximately known from observing them with their group shortly
after birth, and which were subsequently captured before they were a

year old. The dashed lines connect data points for individuals captured
twice. Those for K1 and L1 are shown extending back to the origin (birth)
because the age of this set of twins was known to within 11 days, and so
the age at first capture was also known within those limits. Age at

first capture for all other individuals was estimated from the regression
line. The horizontal and vertical distances between successive data
points are accurate, but the placement of these segments along the
horizontal axis is subject to the error inherent in the use of the
regression line to estimate age at first capture (see text for discussion).
Note, however, that the known data from K1 and L1 agrees well with the
remaining individuals.
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included in examining-the seasonal reproductive pattern (Figure 21).

The error in this procedure derives from the variability in the slope

of weight gain in different individuals, and from the fact that weight
gain is not linearly related to age (Chase and Cooper, 1969). Unfor-
tunately, my data are insufficient to make even a crude estimate of this
error. The error estimates shown in Figure 20 were derived from

S. nigricollis weight gain data obtained by Chase and Cooper (pers.
comm., 1977). I constructed a regression line based on two pairs of

S. nigricollis which had reached the same proportion of adult average
weight1 as had the wild S. oedipus which were used to construct the
regression line for that species (Figure 8). The error estimates referred
to were simply derived from the range of actual data on either side of
the S. nigricollis regression line. The error estimate is thus conserva-
tive and probably reasonably representative. It increases rapidly with
weight. At 40% of adult weight it is about one month (4 weeks). By

60% of adult weight 10 weeks includes all observed weight values.

60% corresponds to a weight of about 250 gm in the wild S. oedipus.

lActual weights were not used because the captive adult S. nigricollis were
heavier and because juveniles gained weight much faster and attained the
average adult weight (464 gm) much sooner (at 69-70 weeks) than the wild
S. oedipus. (See Figure 8)

v S—
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Tooth Wear Observations

The only age determination method tried so far on mammals (cf.
 Morris, 1972) which is usable on intact adults is tooth wear. For

this study, four adult and two juvenile tooth wear or state categories
were established (Table 2 ). Descriptions were at first rather general
and later became more detailed. In 1976 and 1977 the canines of all
captured animals were measured with calipers. The wear pattern on the
upper canines was described and also recorded in many cases as plaster
casts or photographs (Figure 9 ). The wear state of the incisors and
molars was also described in general terms.

The focus on canines was dictated by ease of measurement and
observation. The molars were more difficult to observe and the wear
patterns more complex, less marked in absolute terms,>and more difficult
to describe adequately without extensive experience and access to
multiple specimens.

Measurements turned out to be of limited usefulness. First,
although it might seem that the gumline would be a relatively discrete
point to measure from, repeatability was poor. Secondly, wear from
year to year turned out to be much less than I had anticipated, and in
fact, within the limits of error or measurement. Thirdly, gum recession
was common on older animals (and especially evident around canines)
and actually caused apparent canine height increases between yeafs.
Lastly, since the wear face on older-animals is actually at an angle
‘to the tip, a canine height measurement is not a very good indicator
of canine wear in general, although canines are definitely shorter in
aged animals. Also, canine breakage is relatively common in older
animals and caused difficulty in judging whether shortening was due to

wear.



Table 2

Dental Age-class Criteria
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"Dental age'"  Approx.
Class Age Range Definition Example
A4 - Canines very worn/broken;
incisors worn to near Fig. 9f
gumline
A3 Over 5 or 6 Canine wear moderate,
years wear face flat or slanted. Fig. 9e
Moderately to very
discolored
A2 2-5 or 6 yrs. Canines barely worn - tips
rounded or very tip Fig. 9c,d
flattened. Teeth white.
Al 1-2 years Canines with tips showing
(subadult) no wear. Teeth very white, Fig. 9a,b
sharp.
J2 About 1 year Permanent canines growing in
J1 Under 1 year Permanent canines not yet

erupted

For purposes of ageing by canine wear, A or "adult" categories encompass
purp g by g P

all individuals whose canines are fully grown in.

Notice that physio-

logical maturity (see definition of "Adult' based on physiological
maturity, p. 86) occurs toward the end of the age span during which
the individual would be classified as Al.
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I decided therefore that the essential instrument for judging age

would be a series of descriptions, casts, or enlarged photographs of
teeth of tamarins whose age was known. This is the only way that what
is essentially a '"'gestalt'" process can be standardized and the standards
used be presented in a publishable form. I experimented with making
"Jelltrate" molds and plaster casts, and also with photographic recording
methods. Both methods have been used by others for tooth-wear studies.1
I was unable to work out all the problems with the plaster cast technique
in order to use it extensively for this study. Photographs of canines §ﬁ
from some known-aged animals have been presented (Figure 9 ) as documen-
tation of the descriptive categories mentioned at the beginning of this
section. V
The maximum age of these known-aged animals was about 5 years: an L
individual who was caught as a subadult near the beginning of the study.
Descriptions of canines are available for five individuals up to about

3-3% years. The permanent canines grew in at about 1.0-1.1 years (based

!:
t
I
|
i
{
!

on observations on two sets of twins). They are, as in S. nigricollis

and Callithrix jacchus (Chase and Cooper, 1969; Johnston, et.al., 1970)

the last permanent teeth to appear. The tips are at first very sharp
and needlelike. They then become rounded and then flattened. At
3-3% years only the very tips of the canines are worn flat. Gum receding

and canine breakage are rare at this age and height measurement varied

RT3 S S ) ¥

from 4.90 to 6.75 mm. Canine wear on the 5 year-old was not distinguish-

ey =5

able from that on the 3-3% year-olds. Although a sample of one could
hardly be said to be representative, the slightness of wear on this
5 year-old was surprising. If canine wear continues at the same rate as

in the initial four years, it would seem that the "o0ld" animals in this

See following page
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Figure 9

Canine condition of individuals
in the different dental age classes.

a-Individual designated INES
Estimated age 18 months (Gu)

b-Individual designated Al
Estimated age 23 months (Qa)

1See Table 2, p. 34, for explanation of dental age categories.

Footnote for page 35: Replicas of dental stone, using alginate for the
intermediate negative, are finding widespread use in palentological and
anthropological studies of bones and teeth, where original material is
irreplaceable. Zeimer and Palfrey (1979) demonstrated the precision of
this replicating method. Thorington (pers. comm.) and Eisenberg (pers.
comm.) have recently been using plaster casts to create aged series
for squirrel and howler monkey populations. Moss and Chase (1967) used
enlarged photographs of plaster casts of human teeth for taking measure-
ments, taking the magnification factor into account. There were no
significant differences between the measurements based on photographs
and those made on the casts themselves.
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Figure 9, continued

¢—-Individual designated A2
Estimated age 42 months (Ea)

d-Individual designated A2
Estimated age 5 yrs (Ca)
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Figure 9, continued

{1
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‘e-Individual designated A3 (101)

‘f-Individual designated A4 (Ja)







