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Absreger, Field obzervations on reprodustive gotivity in the Paramanian tamarin
FSapnings oedipis peaffrod ) were made inoconjunction with the examingtion of 131 re-
productive tracts collected at regular mtervals over ane vear, Reproductve dract charac-
teristics were comparesd over seasons. Embryome and fetal development weare also assessed.

A distinet Bicth peak was observed from Ageeil tooearly June, Pregnancies in April ansl
May point toa potentizl, but unrealized, birth peak in August and Seprember, Dospiie
the tendency torward birth peaks, reproductive activily cccurred throughout the vear,

Reproduction was limited (o4 single female per social proup. The average number of
infants born per female was two, Groups inhabiting lowland arcas appeared o be more
sugoessful in raising voung than groups imhshiting upland greas,

Ditrodction

Marmosets and tamarins (Callitrichidag) have become increasingly popu-
far in recent years as animals for hiomedical research. Their small size, their
relative tractibility when compared (o larger specics, their wendeney o pro-
duce twins, and, in some species, their abundaoce and relatvely Jow cost
are responsible for their popularity. Moreover, while other primate popu-
lations continue to decline due to overexploitation and destruction of their
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habitats, some callitrichid species thrive in the dense, sccond-growth Torests
which result from man's activities in the Meotropics. Thus, potentially, some
callitrichid species offer at least a partial solution to the current shortage of
primates for biomedical purposes,

[n spite of the pepularity and potential of callirichids, their ecology,
behavior, and reproductive habits have been poorly understood by investi-
gators. Early field studies [20, 21] present evidence for proncunced repro-
ductive seasonality in some species. Later accounts consider Saguimes to be
nonseasonal hreeders [15] More recent works oller evidence for seasonality
in reproductive effort [7, 8, [4]. The present study, which was conducted in
conjunction with mare extensive field studies on the behavioral ecology of
5. oedipus geoffropd i central Panama [2, 3] had as its objective the elucida-
tion of the population’s reproductive parameters,

Maierials and Methods

Fizld ohservations of wmarin reproductive gotivity were made on the Pacific slope of
the Panama Canal Zone from December 1972 through May 1974 In addizion, 131 S
geailror were collected at a rate of five animals every two weeks, Tmmediately ales sacn-
fige, the animals were weighed, body measurements were taken and the reproductive tract
and suprapubic gland weree fised in aleohol-formalin-seetic acid (AFA) fisative (90 parts
952 cthanol, 5 parts of 379 Formalin and § parts glacial acetic acid) For transport 1o
the Trdocrine Research Unic at Michigan State University,

Reproductive megsurements, logelber with body weight, body length, and the Jength,
Breadth and degree of pigmentation of the suprapubic gland were compared over threo
rimesters: { 1) Movernber 1o February, the peak breeding seasen ) (2) March te June, the
peak seasoen of parturitian; and (3) July 1o Ceteber, the period of comparative reproduc-
live guicscence, Diflerences among categories wers determined using single classification
analvsis of variance with a two-sided hypothesis, Actual analysis was carried oot with the
Michisan State University Computer (CTH G300,

Weights of immature individuals and uterine measures of pregnant females were ex-
cluded Mrom this analysis,

Results

Field observations showed a distinet birth peak from late April through
garly June. Lighteen social groups with infants were observed during this
period. Five social groups with newborn infants were seen in March, and
single groups with carried young were seen in February, July and Oclober.
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Six of the seven well-developed fetuses in the collected sample dated Trom
the months of February, March and April.

Reproductive activity was not limited o a fised period preceding the
annual birth peak. Pregnant females were found from September through
May, newborn young were observed in June and Tuly, and one collected n-
fant was born in Auvgust. Mareover, two females collected in April and two
females collected in May were in the early stages of pregnancy. These ob-
servations, Logether with the presence of well-developed fetuses in a female
collected in September, point 1o the possihilivy of a potentially bimodal birch
peak, with voung being bornin April and May, and in August and September.
The reproductive potential evident from the April and May pregnancies is,
however, rarely realized, since the sightings of infants outside the March 1o
July season of parturition are very rare.

Some evidenee exists for a postpartum estrus, Three collected females
were lactating and pregnant, two of them with well-developed embrvos, Also,
in one social group (with one reproductive female), two sets of twins were
separated by only five or six months of age. Thus the effect of lactation
ancstrous, 10 0L exisds at all, must be <light,

The trimestral comparison of somatic and reproductive tract measure-
ments for mature males presented in table I revealed no dilTerences in the size
or weight of the reproductive organs. However, body weight differed mark-
edly over trimesters (F = 3.843, 32 ., p — D.028) Post-data comparison
of the trimestral means for body weight using the Student=Newman-Keuls
test indicated that mature males weighed significantly more during the July
to October trimester than during either of the other trimesters (p -20.03).
The average weights o mature males did not dilfer between the November
ta February and the March to June trimesters (p <20.03),

The comparison of somatic and reproductive measurements for mature
females over wimesters shown in lable 11 revealed no significant differences
in repraductive tract measurements. Two measurements, body weight and
the width of the suprapubic gland, did differ over trimesters (FF = 2464, 37
df, p— 009 and F = 3.752, 39 d.f, p — 0.032, respectively). The mean
width of the suprapubic gland was signilicantly greater in the March to June
trimesters (p <20.01), but no significant differences were obscrved between
the other Lwo rimesters (p -=003), A post-data comparizon of the means
indicated that mature females were signilicantly heavier during the July to
October trimester (p <20003), Weights did not differ between the other tris
mesters (p =20.03),

Reproductive females (pregnant, lactating or post-lactating) appear to be
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older than nonreproductive females as demonstrated by the criteria of a hig-
her frequency of scarring, especially on the ears and face, and the higher
incidence of damaged canine teeth. The incidence of a highly developed
suprapubic gland was also more prevalent in reproductive females,

The mean number of newborn infants per social group (per female) was
2,00 +£ 0.40 50 (n = 26). Although social groups usually contained at least
two adult females, only one mature famale per group was observed to bear
young. The number of reproductive females in the collected sample did not
differ significantly from the expected number, based on the expectation of
one reproductive female per average group size of 6.93 tamarins (x* = 1.820,
1df, p =0.01).

The mortality rate for infant tamaring 15 high {30% or more) during the
first six maonths of life. Most groups are successful in raising only one of the
infants. It also appears that the site of the group’s home range, especially
under severe climatic conditions, may affect survival. In this study, four

Table I. Somatic and reproductive tract measurements of mature male & o, peafrod,
with & comparison of measuraments over (rimestarst

Mean b1l n F statistic  Significance
probability of
F statistic

Body weight® 451.58 S0.04 35 5543 0,028

Bady length® 23176 10,85 55 0190 0827
Suprapubic gland length 31.81 6,27 43 0l 0_B66
Suprapubic gland width 20,08 308 48 L5453 0.224
Suprapubic gland condition 237 0.49 46 1107 (.340
Left testis length 11.75 1:52 54 128 0116
Left testis width T.EY 1.00 54 1212 0203
Laesft testis breadth G106 1,23 54 0274 0762
Left tastis weight! 17478 114661 34 0348l 0.574
Right testis length 11.83 1.532 56 D426 1402
Rigzht testis width 7.74 1.38 S6 0277 0,759
Right testis breadih £.10 1,16 i 001s 0924

Right lestis weight 321943 1,339.74 36 0084 a1y

! Trimesters eoual: (1 Mavember-February, (2) March-Tune, and (3) July—October.
IWeizht to nearest 00 g

AN linear measurements in mm.
+ Testis waights in mg.
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groups inhabiting lowland areas were all successful in raising both of their
twins until they were about three months of age. Two of these groups lost
aninfant at four months of age. The others survived until at least six months
of agze. In contrast, a group occupying an intermediately modst range lost
its two young within two months after birth; in the seasonally dry upland
habitat, two groups lost their twin infants within the first two months after
birth, and two groups apparently did not produce voung,

Filleen pregnant females were recovered ; the results of their examination
are shown in table IIT. The estimated embryonic or fetal ages [12] are shown
and substantiate the concept of nonseasonal breeding. The gestation length
of this species has been estimated at 140 to 145 days [13].

Table 11, Somatic and reproductive tract measuraments of mature female So. geaffrov
with a comparizon of measurements over trimesterst

Mean S0 n F statistic Significance
probability of
F staristic

Body weight? 502,50 5498 40 2464 0,099
Body length? 23853 16.82 47 0.BaT 0427
Suprapubic gland length 4043 012 42 21856 0126
Suprapubic gland width 20,452 480 42 3752 0032
Suprapubic gland condition 2067 .48 42 0722 0,492
Left ovary length 7.84 .28 45 0055 0.947
Left ovary width 512 0.7 43 0.502 0411
Lelt ovary breadth 3.39 0.&7 43 086l 0,430
Laft ovary weight® 855,22 433,160 45 Q779 0,405
Right ovary length 7.69 113 44 0.0 0.571
Fight ovary width 514 1.1a 44 0271 0.764
Right ovary beeadth 146 0,85 44 1050 (0.359
Right ovary weaight TE9.43 37392 44 0797 (.458
Uterns weight* 2,003,290 2,247 44 Mo 1717 0194
Literus width® B8O 313 A 1.357 0271

Uterus depth® £.02 3.54 36 0763 047+

' Trimesters equal: (1) Movember-February, (2) March—June, and (3} July—COctober.
2 Body weight n grams, pregnant females excluded.

* All lingar measuremants o mm.

A Ovary weights in mg.

* Pregnant females excluded, weight in me, linear measurements in mim,
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Tabfe III. Characteristics of uterine contents from pregnant females

Female  Date killed Comments
20 April 1e, 1573 twin embryos
24 May 1, 1973 no embryranic tissue prosent, placenta poorly fixed
25 May 1, 1973 twin embryos, developmental stage XTI-XTIT
g September 27, 1973 twin fetuses; crown-rump langths, 691 and
FR.0 mm; weights, 15.3 and 163 ¢
130 Cctober 23, 1973 no cmbryonic tissue, placenta present, some
chorionic tissues
141 Movember 19, 1973 sinple embryo
Tal December 17, 1973 ambryonic membranes; poorly fixned
72 Febroary 5, 1974 win embryos, developrrental stage XK1E
173 February 1%, 1974 single embryo, developmental stage XX
crown-rump length 146 mm: weight 0.5 ¢
177 February 19, 1974 some chorionic tissues, no embryoenic tissue
182 March 13, 1974 rwin feruses; crown=rump lengths, 37.5 and
2 E mm; weights, 42 and 4.3 g
191 Miarch 20, 1974 single fotus, with body hair, near birth
195 April 2, 1974 no embryonic dssue, placenta present
203 Apnl 17, 1974 Lwin fetuses: crown-rimi lengths, 558 and 51.6 mm
welghts, 13,3 and 163 g
204 April 17, 1974 twin embryos, developmental stage X35 crown-rump

lengths, 14,1 and 125 mm; weaghts, 04 and 0.5 ¢

Discussion

Abundant evidence exists for a definite 5. 0. geaffroyi breeding season

inn central Panama, Wiscockr [20, 21] found small embryos in the uteri of
females in January and early February, With a gestation period of 140 to
145 days, these tamarins would be born in April, May and June. Enpers [8]
ohserved a peak season of parturition during these months, and MoyNiHan
[14] observed that large numbers of infants appeared “quite suddenly” in the
Panama City market in May. FLEMING [8] stated, on the basis of MoyYNIHAN'S
[14] work, that 5. o. geaffroyd was scasonally monoestrous, with a breeding
peak in January and a peak season of parturition in the early wet season
when the fruits and insects eaten by tamaring are most abundant, Information
gathered during this study also offers support for the existence of a birth peak.
ErrLE [7], in a study of captive 5. o. geoffeoyi, found that births cccurred
in March, April, May and August. Her observations suggest that these
tamarins are either seasonally polyestrous or that a postpartum estrus occurs,
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She also noted an indication of postpartum estrus in two of three full-term
deliveries, Hamrron and Hamerow [9],working with the closely related 5. a.
oedipus kept under captive conditions, observed birth peaks in spring and
auturmn,

With such a body of evidence pointing to a seasonal birth peak, the pre-
senee of pregnant females throughout the year, and the data indicating the
potential for a second birth peak sometime in August or September, are
rather surprising. The existence of the primary birth peak in March-June
is easily understoad since it is correlated with the appearance of Insects and
fruits at the beginning af the wet scason. However, pregnancies leading to
the birth of young at other times of the vear would appear Lo be wasted re-
productive effort, since the young would be unlikely 1o survive the rigors
of food scarcity in the late wet and the dry season. Such pregnancies would,
however, be advantageous during exceptionally favorable years and in the
"colonization of new habitats. The adaptive advantages of extra-birth-peak
young under these circumstances may outweigh their disadvantages in sea-
sonal habitats and habitals at carrving capacity,

The actual fate of most young which are conceived outside the Novem-
ber-February breeding peak leading to the March-June birth season is un-
known. Their scarcity in groups observed after the birth peak implies that
either very few are conceived or that those which are conceived are resorbead,
aborted, or die as neonates. In light of the frequency of these extra-breeding
season pregnancies seen in the collected sample, the latter possibalities are
the most likely of the alternatives.

The scarcity of newborn young in August and September is also surpri-
sing when one considers the small embryos found in mature females collected
during April and May. Insect foods are abundant in August and September,
as are many of the smaller fruits. The failure of these pregnancies to contri-
bute young to the population cannot be due to inadequate diet for either
mother or offspring; but must rather be due to other factors, the majority
of which are prabably density-dependent and behavioral in nature.

The mechanism through which tamarin reproduction is attuned to the
seasonally variable environment is unknown. The most commeon external
regulators of reproduction are light, temperature and food supply; in pri-
mates changes in humidity and precipitation which presage seasonal peaks
of food abundance also afleet the timing of reproduction [4, 10, 13,16, 17, 19].

Differences in photoperiod at the Panamanian latitude are shight-about
63 min between the longest and shortest days of the year. Therefore, FLEMING
[8] discounts changes in the photoperiod as affecting reproduction. KoFoRD
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[13], In his study of exotic rhesus monkeys (Macaca muidatia) on Cavo
Santiago Island, which lies far to the north of Panama and experiences day-
light changes of about 0.3 min per day, also discounts light as a factor affecs
ting reproduction.

SriNacE[18] observed that while changes in day length at tropical latitudes
might be imperceptible to mammals, the sudden shift in the timing of sun-
rize and sunset at the summer and winter solstices might not be. He observed
that certain tropical ungulates living on the eguator appear to use photo-
period in synchromizing reproductive avtivity. He hypothesized that the ani-
mals did not perceive changes in day length, which is constant to within 2
min per year, but rather the regular shifts of 25 min in sunrise and sunset
time which occur at the solstices,

The sunrise-sunset shift is of greater magnitude in Panama (about 47 min
aover two months' time), and the breeding scason of many Panamanian
marmmals coincides with the shift In sunrise-sunset times [8]. The peak of
the effective tamarin breeding activity, hased on the parturiton peak minus
the 140 to 143-day gestation period, coincides with this shift. This rela-
tionship, however, may be fortuitous. Climatic changes from wel season Lo
dry season could be the proximal cue, or reproduction might be attuned to
changes in the diet which accompany this seasonal change,

Temperature may be dismissed as a factor afTecting the timing of tamarin
reproduction, While the mean monthly temperature does reach a low in
September and October and begins to climb during the peak tamarin breeding
season, the diflerences in mean temperature are slight and the variation
among days of the month, and over wears, make temperature changes a
highly undependable cue.

The popularly accepted theory regarding the onset of breeding activity
in central Panama is that reproductive activity is triggered by the drop in
precipitation and humidity which mark the beginning of the dry season [8,
4], For many mammals [8] the correlation between the onset of the dry
season and the onset of breeding activity 15 a good one. This correlation does
not hold, however, for this tamarin. The matings which lead to the April to
early June peak do not begin with the onset of the dry season, but in the
wet months of November and early December, and extend through the be-
ginning of the dry season in late December, Januvary and February,

Most primate species inhabiting the climatically seasonal middle Ameri-
can tropics show indications of seasonal breeding [11, 22]. For example, the
Saimiri, which are small insectivore-frugivores occupying a niche which is
very similar to that of Saguinus [5]. show reproductive cyclicity accompanied
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by readily visible morphological changes [4]. The tamarins, in contrast, show
no apparent seasonal changes in repraoductive tract morphology or measure-
ments.

The significantly greater body weights of both males and females in the
third trimester (July-October) appear to be due the presence of abundant
food during the first half of the trimester and in the preceding trimester. They
may also reflect the maturation and growth of juveniles which entered the
adult population in the first trimester as sexvally mature, but smaller, adoles-
cents. The general increase in weight is noticeable, however, even in older
animals, This phenomenon appears to be strictly somatic in nature and un-
related to the ‘fatted male’ condition which sccompanies reproduction in
Safmiri [4].

The high rates of infant mortality in the Panamanian tamarin [2, 3, 14]
might be expected, given its small size, the many predators, and an adult
population which probably approaches carrying capacity, [t also appears
that infant mortality may vary according to habitat type. The limited data
seem to indicate that groups inhabiting seasonally unsuitable upland areas
are less successful in raising young than are groups whose home ranges lic
in stable, lowland arcas.
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