would complement those of somato-
statin, thereby providing the means for
both short- and long-term inhibition of
GH secretion.

We have described the in vitro stimu-
latory effects of SM-C on hypothalamic
somatostatin release and inhibitory ef-
fects on pituitary GH secretion. Togeth-
er with our previous report that GH
directly stimulates hypothalamic soma-
tostatin accumulation and release, our
studies provide a more complete picture
of pituitary GH regulation: GH promotes
synthesis and release of the somatome-
dins, including SM-C. Both SM-C and
GH act rapidly at the level of the hypo-
thalamus (primarily the MBH) to stimu-
late somatostatin release, thereby inhib-
iting further GH secretion. The possibili-
ty of a simultaneous effect of SM-C or
GH on hypothalamic GH-releasing fac-
tor cannot as yet be determined. More
prolonged exposure to SM-C causes di-
rect inhibition of GH release by the pitui-
tary and could account for some of the im-
paired GH responses seen in patients
with GH-secreting pituitary tumors.
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Infant Carrying by Male Chacma Baboons

Abstract. Male chacma baboons, Papio ursinus, carry their offspring during
confrontations with higher ranking immigrant males, who are a threat to the infants’
lives. The infants sometimes initiate these confrontations by approaching and
provoking immigrant males when protective males are close by. Mothers rarely

interfere during these interactions.

A frequently observed but poorly un-
derstood feature of savanna baboon (Pa-
pio spp.) societies is that an adult male
sometimes carries an infant during inter-
actions with another male (/-3). Expla-
nations of this behavior, originally
termed agonistic buffering (4), are that
by carrying an infant a male reduces his
probability of being attacked (I-3) or
increases his probability of gaining ac-
cess to an estrous female (2) or food (2,
3). The assumption is that the carrying
male gains an advantage by exploiting an
infant who is probably the opponent’s
offspring (2). In this report we present
the opposite interpretation: that the in-
fant is probably the carrying male’s off-
spring and that carrying protects the
infant from potentially infanticidal immi-
grants. Thus, we identify infant carrying
as a form of paternal care. This interpre-
tation provides a new link in the under-
standing of paternal investment (5) and
infanticide (6) in polygamous primate
groups.

During a 3-year study of chacma ba-
boons (Papio ursinus) in the Moremi
Wildlife Reserve, Botswana, we saw
adult males kill only two infants and
wound two others (7). Three of the at-

tackers were immigrant males; the fourth -

was unidentified. [Male baboons have
also attacked infants at other study sites
(3, 6, 8).] Infanticide may be infrequent
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because resident troop members protect
infants from immigrant males (6, 9).

Our analysis of infant carrying by
males focuses on the infant’s paternity.
Males compete to mate with females,
and dominant males sire most of the
infants in a troop (10). This conclusion is
based on field observations of mating
patterns 3 days before the female’s es-
trous swelling  begins  deflating
(‘D — 3”). Studies of reproduction in
captive baboons suggest that matings on
D - 3 have the highest probability of
resulting in conception (/7). Another fac-
tor influencing paternity is that males
leave one troop and join another at least
once in their lifetimes (9): a male joining
a troop after an infant’s conception can-
not be the father.

The effect of infant death on a moth-
er’s reproductive behavior (I2) is an-
other important aspect in this analysis.
Baboon infants are weaned at about 12
months of age, and mothers conceive 18
months (532 + 23 days, N = 13) after
the birth of an infant who survives to
weaning. However, if an infant dies be-
fore weaning, the mother becomes sex-
ually receptive after a few weeks and
conceives 4 months (134 = 19 days,
N = 8) after the death. Thus, by Killing
an unweaned infant, a male enhances his
opportunity to impregnate the mother
earlier than he could otherwise (6, 13).
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Table 1. Mean relative social rank of males
when they carried an infant during an interac-
tion with a male opponent and when the infant
was conceived. Relative social rank is the
fraction of other adult male group members
who are subordinate to a given individual.
N.A., not applicable.

Number Mean relative
of times social rank
male
Male carried At At
an concep- interac-
infant tion tion
WCK 47 0.98 0.81
WCF 7 0.97 0.00
WBH 5 0.90 0.38
wJO 2 0.12 0.20
CSH 18 0.65 0.14
CIT 13 0.72 0.87
CRK 11 0.74 0.00
CZL 5 1.00 0.22
CBS 3 0.92 0.30
CTP* 1 N.A. 0.44

*Absent at the time of conception of the carried
infant.

Top-ranking, or alpha, immigrant males
may benefit most from killing infants
because they have the highest probabili-
ty of subsequently impregnating the
mother. The median tenure of males at
alpha rank is 5 months (range, 1 to 12
months, N = 9). By Kkilling an infant, an
alpha male substantially increases the
probability that when the mother be-
comes sexually receptive again he will
still be alpha.

We observed two chacma baboon
troops in Moremi between September
1979 and June 1980 and recorded 112
interactions in which infants were car-
ried. The troops were designated C and
W and averaged 70 and 72 members,
including nine and six adult males, re-
spectively. The average number of inter-
actions per observation hour per troop
was 0.4. The median duration of these
interactions was 10 seconds (range, 1 to
> 360 seconds). One interaction escalat-
ed into a fight, with canine fencing be-
tween the males, but there were no inju-
ries during any interaction (3).

Evidence that males carried their own
offspring is as follows: (i) nine of ten
carrying males were troop members
when the carried infant was conceived,
and these males carried infants in all but
one of the 112 interactions (Table 1) (3);
(ii) the nine males had had significantly
higher than average social rank when the
infants they carried were conceived
(P < .05, sign test, N = 9); and (iii) we
identified the probable father (based on
D — 3 observations) of ten of the 25 in-
fants carried. All of these males subse-
quently carried their probable offspring
during interactions with other males.

The opposite pattern prevailed for the
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opponents of carrying males. Nine of the
12 opponents observed immigrated after
the carried infant’s conception (Table 2)
(I, 3). Of the 112 interactions, three
involved opponents who were troop
members at the time of the infant’s con-
ception. Two of these opponents, WSM
and CJT, were low-ranking subadults at
the time of conception and unlikely to be
fathers. Thus, all the opponents, wheth-
er present or absent at conception of the
carried infants, were probably not the
fathers. :

In 28 of 29 carrying male-opponent
combinations, the opponent was domi-
nant to the carrying male (P < .001, sign
test) (I4). Carrying males held high rank

at the time of an infant’s conception, but .

had dropped significantly in rank by the
time they carried the infant (P < .05,
Wilcoxon signed-ranks test, N = 9). Op-
ponents were high-ranking nonfathers
(Table 2), that is, were most likely to
benefit from Kkilling the infants. These
results support the interpretation that
carrying males are protecting their own
offspring rather than exploiting unrelated
infants.

Why should carrying an infant be an
effective means of protecting it against a
dominant male? We suggest that infant
carrying communicates the willingness
of fathers to protect their progeny
regardless of the opponent’s rank. In
these 'confrontations the payoff to the
carrying male, the continued survival of
an offspring, is greater than the payoff to
the opponent, a higher probability of
siring an infant in the future.

Other features support our interpreta-
tion. (i) Unweaned infants less than a

year old were carried in 101 of 112 inter-

actions (/, 3). Unweaned infants may be
at the greatest risk of attack by immi-
grant males (/3). (i) In 13 interactions
the infants elicited protective carrying by
approaching and threatening immigrant
males (3). In 18 interactions the infants
initiated contact with protective males
and in 12 interactions the latter initiated
contact. (iii) Baboon mothers rarely in-
terfere with males who carry their in-
fants, and are constant associates of
these males (8). In only one interaction
did a mother attempt to retrieve her
infant before the interaction ended. Fe-
males observe the interactions from a
distance, usually 5 m or more, and are
available to retrieve infants when the
interactions are completed. (iv) Mothers
carrying unweaned infants show alarm
by raising their tails when in close prox-
imity to immigrant males (/5). Some-
times they scream when closely ap-
proached by immigrants (9), which may
attract protective males. This antago-

Table 2. Mean relative social rank of oppo-
nents at the time of interaction with a male
carrying an infant and at the time the infant
was conceived. N.A., not applicable.

Nbuer?- Mean relative
Pres- of social rank
ent :

Male at t::;f:

con- was At ) I?t
ception concep- inter-
P Oppo- tion action

nent
WBH Yes 1 0.56 0.40
WSM Yes 1 0.00 0.80
CJT Yes 1 0.00 1.00
WNR No 57 N.A. 1.00
WCK No 2 N.A. 0.80
CBB No 19 N.A. 0.91
CMD No 11 N.A. 0.92
CPD No 7 N.A. 0.93
CBR No 5 N.A. 0.33
CSK No 4 N.A. 0.67
CPG No 2 N.A. 0.95
CTP No 2 N.A. 0.64

nism by mothers and infants toward im-
migrants suggests that these males are a
threat to the lives of the infants.

Contests over food resources or es-
trous females were not a general feature
of infant carrying in our population. Op-
ponents were in consort with estrous
females during nine interactions, and
carrying males never gained access to
these females. Also, carrying males
sometimes spatially displaced their op-
ponents (I6), but only once gained ac-
cess to food. These results further sup-
port rejection of the infant exploitation
hypothesis.

In a recent study of infant carrying by
male baboons (P. anubis) at Gombe,
Tanzania, Packer (3) concluded that al-
ternative explanations of this behavior
are needed. Observations at Gombe (/,
3) are consistent with our interpretation,
which thus may also apply to other sa-
vanna baboon populations.

CURT Busse
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Vagotomy Abolishes Cues of Satiety Produced by

Gastric Distension

Abstract. Subdiaphragmatic vagotomy in the rat abolishes responsiveness to
gastric distension, one of the cues of satiety. However, vagotomized rats remain
responsive to gastric nutrient content, another cue of satiety.

Meal size in the rat is regulated by
sensory information originating from the
preintestinal segment of the gastrointes-
tinal tract. When passage of food from
the stomach to the intestine is prevented
by blocking the pyloric sphincter with a
noose (I, 2) or an inflatable cuff (3, 4),
subjects consume meals of normal size.
Since rats overeat when food is removed
from their stomachs (2-5), gastric rather
than oropharyngeal receptors are the
likely source of satiety messages.

The stomach produces two types of
satiety signals. One conveys information
concerning the nutrient content of the

Cuffs off Cuffs on

30

—t

Vagotomized
10 controt

15 minutes

Milk intake (mi)

bl si sp bl si sp

Fig. . Mean intakes of undiluted condensed
milk for the experimental and control groups
under baseline (bl), saline infusion (si), and
siphoning (sp) conditions. Asterisks indicate
that the value is significantly different from
baseline (¥, P < .05; **, P < .01).
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stomach and is independent of gastric
volume. The other signals gastric disten-
sion and is given only after the animal
has consumed a large meal (4). We ex-
amined the effects of interrupting the
parasympathetic innervation of the
stomach on these satiety signals and
demonstrated the pathway of one of
them to the central nervous system.

Nine male Sprague-Dawley rats (325
to 495 g) were used as subjects. The
animals were habituated to a restricted
feeding schedule consisting of two meals
of undiluted canned milk (Carnation) a
day. The first meal (30 minutes) began at
1000 hours while the subjects were in
restraining cages. The second meal (3
hours) began at 1600 hours in the home
cages. The animals had free access to
water at all times, except when undergo-
ing testing in the restraining cages.

After the food intakes and weights of
the subjects had stabilized, they were
randomly assigned to a vagotomized or a
control group. Six subjects were vagoto-
mized at the subdiaphragmatic level by
stripping all neural and connective tissue
surrounding the 3- to 5-mm portion of the
esophagus immediately rostral to the
stomach (6). The hepatic branch of the
nerve was spared. In three control sub-
jects the subdiaphragmatic vagus was
identified but not injured.

All subjects were allowed to recover
for 21 days under the feeding conditions
described. They were then implanted
with inflatable pyloric cuffs and stomach
tubes (7). After a second convalescence
period of at least 10 days, the ingestive
behavior of the subjects during their 30-
minute meals was examined. The mea-
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surements consisted of (i) baseline con-
sumption, (ii) consumption when a pro-
portionate amount (50 percent by vol-
ume) of 0.9 percent saline was infused

" into the rat’s stomach as it drank (8), and

(iii) consumption when a fixed volume (5
ml) was siphoned from the rat’s stomach
as it drank at the beginning of the test.
These measurements were made in the
order described, first with the pylorus
unoccluded, then with pyloric cuff infiat-
ed with 1.5 ml of water to prevent empty-
ing of the stomach. The results were
analyzed with one-tailed r-tests for
paired data.

Figure 1 presents a summary of the
results. After being infused with saline,
the control rats decreased their intake of
milk by 23 and 22 percent after 15 and 30
minutes, respectively (1 = 4.529, P <
.05 and ¢ = 4.695, P < .05, respective-
ly). The vagotomized subjects showed
a small but nonsignificant increase
in consumption (7 and 5 percent). When
5 ml was siphoned from the stomachs of
the control rats, they increased their
intake by 6.2 and 3.5 ml after 15 and 30
minutes, respectively. The increase mea-
sured after 15 minutes is significant
(r = 15.105, P < .01); the increase mea-
sured after 30 minutes is not. Vagoto-
mized rats drank 6.5 and 7.1 ml more
when 5 ml was siphoned from their stom-
achs; both increases are significant at
P < .01 (+ =3.758 and 4.369, respec-
tively). The same pattern of results was
observed when the subjects were tested
after their pyloric cuffs were inflated to
confine the milk to their stomachs.

Since the vagotomized subjects drank
considerably less than the controls, their
milk intake was measured when a larger
(100 percent) volume of saline was in-
fused into their stomachs as they drank,
thus doubling intragastric volume. Once
again, these subjects were insensitive to
the increase in volume. Their intakes
after 15 and 30 minutes were 9.7 and 10.7
ml in the control condition and 10.7 and
11.1 ml in the saline infusion condition
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Fig. 2. Mean intakes of diluted milk for the
experimental and control groups under base-
line, saline infusion, and siphoning condi-
tions. Abbreviations are as in Fig. 1.
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