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Just north of Mount Kilithanjaroe, in East Africa, there is a vast, semi-
arid plain. The Masai-Amboseli Game Reserve occupies approximately
1,250 mi? of this arca. Rain and meltwater from snow on Kilimanjare
percolate through the igneous rocks on. the slopes, disappear from the
surface, and flow underground. Here and there on the Amboseli plain,
where surface depressions dip below the water table, natural springs
have formed. The resulting waterholes apd swamps, with their sur-
rounding vegetation, make possible a remarkable concentration of
African wildlife.

Amboseli was the major site of a field study on baboons which we
carried out between June, 1963, and Angust, 1964, Although our main
interests were in baboon behavior and social organization, we gathered
much ecological data as well, both because of the unusual opportunities
to do so and because any adaptive or evolutionary explanation of the

behavior of an animal necessarily involves an understanding of the

animal’s relations with its environment.

The present monograph covers the major ecological ohservations
that were made during our study. In subsequent reports we shall
describe the behavior, social organization and intergroup relations of
the baboons. That is, we shall be concerned here with the ways in which
a baboon social group, as a unit, meets the challenges of life on the
savannahs of Bast Africa, and iz subsequent reports, with the internal
relations and organization of the group that enable the animals to cope
with these external problems.

This is a success story. Baboons, found throughout much of sub-
saharan Africa, are among the most widespread, abundant and adapt-
able of primates. They live in a variety of habitats, ranging from
subdesert steppe, through savannahs with various propertions of wood-
land, to moist, evergreen forests. This monograph describes how baboons
make a living. It is based primarily on the animals in the Amboseli
Reserve, with comparisons to baboons elsewhere in Africa.

After a look at study areas and research methods in chapter II,
and baboon populations in chapter I1I, we trace the activities of one
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group of Amboseli baboons, beginning with sleep, awakening, and
descent from the trees (chapt. IV). The movements of the group on their
daily round are described in chapter V, followed by a chapter on food
and water. Relations with predators are described in chapter VI, which
precedes a chapter on the baboons’ relations with other species of
animals. Finally, in chapter IX we offer a number of speculations about
baboon ecology and adaptations, and point out some of the implications
of these ideas for further research.

1. Baboon Species

The taxonomic relations among the various populations of African

* baboons is still rather poorly known, but research on these animals is

expanding rapidly. As a result, their classification is now in a state of
rapid flux. Even the term ‘baboon’ is used in various ways. It may be
used, as JoLLy [1967] proposes, for any predominantly terrestrial cerco-
pithecids {old-werld moxkeys), i.e. for apimals in a similar adaptive
zone but only broadly related taxonomieally. As such, the term would
include geladas, hamadryas, the “typical’ baboons, and patas monkeys.
Or the term may be confined to the genus Papio.

But what animals should be incladed in Papio ? Just mandrills
and their congeners, says Horwoop [1947], thereby excluding both
kamadryas and ‘typical’ baboons. No, hamadryas and ‘typical’ baboons
but pot drills or mandrills, says Hri [1967]. All of the above and
geladas, too, says BURTTNER-JaNUSCE [1966]—and throw in the Celebes
‘macaques’ and the Celebes black ‘ape’, says Rorx [1965].

The problem continues at the species level, particularly in the
classification of the ‘typical’ or common baboons of the Africap savan-
nahs. They are all one species, from the Cape to the Sahara, say DEVORE
and WasEsUry [1963], Rota [1965] and BUETTNER-JANTUSCH [1966].
No, the yellow and the anubis baboons are each extremely homogeneous
populations, with a broad geographic gap between them, say MAPLES
and McKerx [1967].

There seems to be no disagreement that the baboons that we
studied in the Amboseli area are to be classified as ‘yellow’ or ‘cynmo-
cephalus’ baboons (Gr. kynos = dog, Lephalikos = head). In comparing
our observations on these animals with observations made elsewhere,
either by us or by others, we shall use the classification proposed by
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Jorry [1966 and in Hiir, 1967], which divides the genus Pepio into
five species as follows: :

(1) P.hamedryas Linn. 1758: sacred, hamadryas or mantled
baboon,

(2) P.popic Desmarest 1820: Guinea baboon,

(3) P.anubis: anubis or olive baboon,

(4) P.cynocephalus Linn. 1766 : yellow babaon,

(3) P.ursinus Kerr 1792: chacma baboon.

Distinguishing external characteristics and geographical distribution
of these species are given by Jorwy [1966]. Our use of this classification
is one of convenience, and does not imply any taxonomic judgement on
our partl.

2. Other Baboon Field Studies

In recent years, each of these species has been studied in its matural
Eabitat, Comparison of yellow baboons with the other baboon species
will be made in our text. The chacma baboon was studied in Kruger
National Park, South Africa, by BoLwic during 1953, in varicus parts
of South-West Africa and S.Rhodesia by Harx, and in South Africa
by Hair and WINGFIELD in a sexies of studies between 1958 and 1961
[HaLz, 1960, 1862a, 1962b, 1963; WincrFIELD, 1963]. Further studies
on chacma baboons in the nerthern Transvaal are now being carried
out by Lugas P.StoL1z and GRaEAM SsayMaN [1969]. Brief observa-
tions on chacma baboons in South-West Africa were made during 1968
by W.J. Hamiron [personal communication].

The olive or anubis baboon was studied by Maxim and BUETTNER-
Jaxvusce? during 1960 [Maxmm and Buerrwer-Jaxvuscy, 1963], by

1 Africon names for baboons may be of use to field workers. We do not kaow
whether any African langnages distinguish the various species of baboons. Seme African
names for baboons are as follows: koku in Kikami, nyabu in Kisagara, ryand in Kiswahili
and Nyanja, mhuma in Chicoge. poema in Kinyaturs, kuku in Kisukuma [LOVERIDGE,
1923], dayer in Somali [DRAKE-BROCEMAN, 1918], kolwe wa mpili in Bemba, pombie in
Loz, mportbo in Kzonde, sekwe or pombo in Tonga [ANsgry, 1960]. otolal in Masai.

£ Maxme and BugreNER-JANvscH indieate that their animals were P.doguera
(= P.anubis). However, according tc Marres and McKEny [1967], the baboons in the
area where Masan and BUETTNER-JANUscH worked are P.cynocephalus.
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Harw in Uganda during 1963 [Harr, 1965a and b], by RowELL in
Queen Elizabeth National Park, Uganda, between 1963 and 1965
[Rowers, 1964, 1966], by Croox and AtpricE-BLage [1968] near
Debra Libanos, Ethiopia, in 1965, by ALDRICE-BLAKE [personal com-
munication] in the Awash Valley of Ethiopia during 1968, by WaRsHALL
in Nairobi Park, Kenya during 1964 [WARSEALL, personal communi-
cation], by DEVorE and WasHEBURN in Nairobi National Park, Kenya
during 1959 and 1963 [D&VoRre, 1962, 1963; DEVoRE and WASHBURN,
1960, 1963 ; WasasUrN and DEVORE, 196]1] and by WASEBURN in the
Wankie Game Reserve, Rhodesia [WasgBvry and DEVore, 1961].
Baboons of the Wankie Reserve and in Matopes Naticnal Park, 5. Rho-
desia, were observed by TuTTLE and his students in a brief study during
1965 [CarTMILL and TUTILE, 1966; Moreax and TuTrTLE, 1966]. We
made some observations on this species in 1963, during our imitial
reconnaissance, as did STRUHSAKER [personal communication] during
1964 in the course of his work on vervet monkeys.

The study by DEVorE and WasHBURY included some observations
on yellow baboons in the Amboseli Reserve and Tsavo National Park,
Kenya; WARSHALL [personal communication] worked on baboon
ecology in Amboseli during 1964. A brief survey of baboon groups in
parts of Tsave was made by STRUESAKER [personal communication] in
1964. Our study was apparently the fizst intensive field work on this
species.

The hamadryas baboon was studied in Ethiopia by Kuumex and
Korr during 1960-61 [KuMMER and Kurr, 1963 ; Eoumer, 1967, 1968].
At the time of this writing, KUMMER is once again in Kthiopia, con-
tinuing this reseaxch.

So far as we know, the recent reports by BerT, Avars, MARTING
and CorLows [1967 2 and b] represent the only contemporary feld work
on the Guinea baboon®.

The literature on adaptations of baboons has recently been
brought together in reviews by Harx [1966], Harrand DEVoRrE [1965],
DzVore and Harw [1965], and Jorty [1967], covering baboon behavior,
ecology, morphological adaptations, distributien and evolutionary his-
tory. Over the years, baboons have also been the subject of many
anecdotes, tales, and unsystematic observations. The most informative

% According to TaPPEN [1960], the specific distinction between Guinea baboons
and olive baboons is highty questionable.
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accounts are by STEVENsoN-Haurrron [1947] and Frrzsimons [1919].
The most dramatic is by Marats [1947]. The history of man’s relations
with baboons (e.g. as house pets in ancient Egypt) may be found in
Mogxrs and Morris [1966] and in MacDonarp [1965].

II. STUDY SITES AND METHODS
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1. Reconnaissance Safari

We arrived in East Africa early in June, 1963. During the first six weeks
after our arrival, while we were making the necessary arrangements for
our extended field study, we made occasional observations on baboons

in Nairobi National Park, Eenya. Then, during the month that followed, |

we carried out a survey of baboon populations and habitat in southern
Kenya and northern Tanganyika (now Tanzania). This involved a trip of
over 2,000 mi.by Landrover, most of it through savannah country (fig. I).

Each area that was visited during this reconnaissance trip was
compared with Nairobi WNational Park, which seemed beforehand to be
the most favorable site for our study because of background data that
resulted from DEVORE's previous field work on baboons in the area. Our
comparisons of potential study areas wexe based on the density, ap-
proachability, and visibility of baboons and associated animals, as well
as access to gasoline, food, and other supplies, availability of outside
communication and mail service, availability of a local mechanic, driv-
ing conditions both on and off established roads or tracks, availability of
water for drinking and bathing, and the cooperativeness of local game
wardens and other personnel.

We summarize below our observations on the wildlife reserves that
we visited during our trip, poianting out some of the major advantages
and disadvantages of each for naturalistic studies of baboon behavior.
We did not find baboons in any of the areas outside of wildlife reserves
except for a few in the vicinity of Olnaigon Swamp, Kenya. In part,
this was beeanse the wildlife in general has been killed off in these areas.
Beyond that, however, we did not tarry in such areas beczuse we knew
how impractical it woald be to set up any long-term studies in them.
Thus, we may have missed small, inconspicious populations.

Nairobi Nationel Park (various dates, June 21 to July 21). This
park, on the outskirts of the city of Nairobi, is an excellent place in
which to see a wide variety of African wildlife. The babeons of this park
were first studied by IrvEN DEVoRE during 1959. Fortunately, DeVore
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was back in the area at the time that we began our study, carrying out
a recensus of the Nairobi Park baboons [DeVore, 1965]. With his
guidance, we quickly became familiar with many of the habits of these
animals. Thus, Nairobi Park wounld have offered the great advantage of
a previously studied baboon population as well as proximity to sources
of supplies. But it was populated with baboons that were so accustomed
to being fed by tourists that they responded continually to the presence
of any human being, a problem that had become more severe since 1959,
according to DEVoORE. This concentrated supplemental food produces
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Fig. 1. Route of initial reconnaissance (solid line) and of subsequent trips (dashed lines).




10 Study sites and methods

conspicuous changes in the behavior of the animals and doubtless in
their habitat utilization as well.

Masai-Amboseli Game Reserve, Kenya (July 24 10 August 7). In
contrast with the irregular terrain of Nairobi Park, rauch of the southern
portion of the Amboseli Reserve is quite flat. The flatness is relieved by
a fow well-demarcated hills, made up of igneous extrasions that are
probably related to the vulecanism of Mount Kilimanjaxo.

The habitat within the study area is semi-arid acacia savannah
(fig.2). It has been described by STrUESAKER [1967] as follows:

“The Masai-Amboseli Game Reserve lies in the plains immediately to the north of Mount

Kilimanjaro and is located ac 40§, 27° 10° E, with an elevation of about 3,700 feet.
Temperatures range from 48 to 90°F, sometimes within a 24k petiod. The annual

precipitation of 10 to 20 inches is restricted to 2 periods: November through December -

and March through May, The habitat at Amboseliis typified as semi-arid savanna, having
a small number of plant species. Permanent water holes and swamps within the Reserve
are fed by springs arising from the wnderground drainage of Mount Kilimanjaro, Near
these permanent sources of water there are relatively dense groves of fever trees (Acacia
xanthophloea) with an understory dominated by Asima tetracentha and Salvadora persica
shrubs. Living in these groves were greater concentrations of vervet monkeys than I
observed anmywhere else in East Africa. Other primates in the Reserve were baboons
{ Papio cynocephalus). busk babies {Galage senegalensis), and Masai tribesmen. Further-
more, there were at least 18 species of ungulates, 15 species of carnivores, and a wide
variety of birds. All anizmals within the Reserve were protected sgainst hunting. The
only source of human disturbance to the Reserve was overgrazing by the domestic stack
of the Masai people.”

Duricg our reconnaissance, this reserve was the only place, other than
Olnaigon Swamp, where we found yellow baboons, and all of our
observations confirm the sharp demarcation between yellow babeons
(Papio cynocephalus) and olive baboons {Papio anubis) that has been
reported and mapped by MarLEs 2nd McEErN [1967]; that is, we found
these 1wo forms only within the areas indicated on their distribution
map, and in zo case did we find any baboons between these two areas.

Within the viciuity of permanent water, baboons are abundant in
Amboseli. We censused several groups in Amboseli during this first
visit to the area. The baboons in Amboseli are relatively undisturbed by
the approach of humans. Far fewer tourists come to Amboseli than to
Nairobi Park, and, except for two or three animals that had become
accustomed to hand-feeding, the Amboseli baboons were conspicuous
for their lack of concern about reasonably quiet and unobirusive human

observers.
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Fig.2. Hubitat of the Masai-Amboseli Game Reserve, Kenva. (a) Fever trees {Acacia
xanthophloea}, (b) Umbrella tree (A.zortilis).
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Gasoline and vehicle repairs can be obtained within the Amboseli
Reserve at Ol Tukai. Supplies can be broughtin frora Arusha or Nairobi,
and there is a small staples store in the Reserve. A commercial tent
camp is available in Ol Tukai but is probibitively expensive for a long-
term study. In addition, a lodge for tourists was built at 01 Tukai during
our stay in Amboseli.

Another advantage of Amboseli to us at the time was that THOMAS
STRUESAKER, then a graduate student in zoology, was caITying out an
extensive study of behavior and ecology in the Amboseli vervet mon-
keys, Cercopithecus aethiops.

Lake Manyara National Park, Tanganyika (August 9-10)- Baboen
groups were seen only in the ground-water forest, at the north end of
the park {fig.3); none were seen in the acacia woodland ot scrub area in
the central and southern portions, Vervet mopkeys and blue monkeys
(Cercopithecu§ mitis ) were also seen in this Park.

During 1962, 40-50 baboons were live-trapped in the Park; 700
others were killed by means of firearms. The justification given for this

Fig. 3. Ground-water forest in Lake Manyara National Park, Tanzania.
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in reports of a previous park warden [Morean-Davies, 1961, 1962] to
the Director of the Tanganyika National Parks is that the abundance of
baboons in the ground-water forest of the Park is detrimental to the
bird population there. The basic evidence offered in support of this
theory is that hirds are more abundant in the open grassland portions of
the Park, where baboouns are seldom found. We were not able to find any
indication of an analysis of the ecology or population dynamics either
of the baboons or of any species of birds living in Lake Manyara Park.

Of course, that action made this Park completely unusable for our
naturalistic study.

Ngorongaro Crater, Tanganyike (August 11-13). Only one group
of baboons was found within this old volcanic crater. It was on the
southwest edge of the Leral Forest, on the crater loor. In addition, we
heard reports of baboons living on the forested slopes of the crater. In
any vase, it Was made clear to us that we would not be permjtted to
camp for any extended period within the crater, and thus that any
extensive studies of baboons in the area would be impossible.

] Serengeti National Park, Tanganyika { August 13-19 ). Large areas
of Serengeti consist of immense tracts of flat, treeless grassland. We did
not see baboons in any of this area. About 16 mi. east of Seronera there
are 2 number of large, rocky outcroppings (‘kopjes’). Baboons were
found om a large kopje, next to the road (fig.4). The kopjes are surround-
ed by treeless, grassy plains. The baboons seemed quite at home,
scampering about on the rocks.

Streams and river forest are abundant in the vicinity of Seronera.
We found a number of baboon groups there, including the smallest
baboon group that we saw anywhere in East Africa, consisting of only
10 apimals. We found baboons more difficalt to locate and to approach
in the Seremgeti than in Ambaseli or Nairobi. However, the relations
between the local baboons and the migratory ungulates [BARTLETT and
BarrtLETT, 1961] are of particular interest and warrant a thorough
study. None of the scientific staff was at the Michael Gxzimek Memorial
Laboratory, at Banagi, Serengeti, when we visited there, and those camp
sites that the warden permitted us to use would have been unsuitable
for long-term camping because of the lack of bathing facilities and the
proximity to campers.

Masai-Mare Game Reserve, Kenya (August 19-23 ). The Mara
Reserve lies north of the Sexengeti, just over the Kenya border. Many
of the nngulates found on the Serengeti migrate through this area
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[GrzMER and GRzIMEK, 1960]. Despite extensive driving through this
area, we found only one group of baboons, about 18 mi. along the road
from the Keekorok Lodge to Narok. THOMAS STRUHSAKER, who spent
7 days there during the month of July, 1964, encountered baboons at
14 locations in the Reserve, with some groups probably being encoun-
tered several times. The most frequent sitings were along the Talek
River, 5-10 mi, before it joins the Mara R., and pear the confluences of
the Mara, Sigera and Olchorro Loldabaith Rivers.

On the basis of what we saw during this initial reconnaissance, we
decided that the Amboseli Reserve, in southern Kenya, was the un-
equivocal choice as the study site for our detailed observations. Nowhere
else that we visited was there such an abundance of readily observed and
relatively undisturbed baboons.

All observations from September, 1963, until the termination of
the study on August 4, 1964, were made in Amboseli. After October 1,
1963, almost all observations were made on. one group of baboons, which
we designate in this work as the Main Group. As a result of several
personal mishaps, observations were made only one day between
December 4, 1963 and February 8, 1964, only the junior author was in
the field March 23 to April 2, 1964, and only the senior author was in
the field from April 21, 1964 until the termination of the study (with
the exception of 2 days). During much of the rest of the time, both
observers were in the field together, and many of the observations that
were made by one observer were verified by the other.

In total, 1,469.2 hours were spent in field observations, including
1,006.1 b with the Main Group, of which 302.0 h were spent in joint
observations, by both observers. Of this time with the Main Group,
887.1 h were spent on close observations; the remainder, 119.0 b, were
spent in more casual observations on the group, including time spent on
photography, mapping, making sound recordings, talking with visitors,
and so forth. The sampling of data was not random through the day,
particularly because we knew that social interacrions, which wexre one of
the major subjects of our expedition, were usually far more frequent
late ju the afternoon, before the baboons ascended their sleeping trees,
and again in the morning, shortly after their descent.

Because we shall often be concerned with the rates at which
various bekavioral and ecological events oceur, a detailed breakdown of
field time by hour of the day and season is presented in table L.

Fig.4. A rocky outeropping in Serengeti National Park, Tanzania, inhabited by olive
baboons.
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2. Methods of Study

We tried to maintain a neutral relationship with the baboons, at no time
attempting any intervention in anything they did or anything that
befell them. We tried not to move our field vehicle directly toward the
group, and if we could anticipate their line of progression, we tried
mever to stop in their pathway. We never fed anything to any of them.
Gradually the baboons of the Main Group—and to a lesser extent,
baboons of other, nearby groups—came to recognize our vehicle and us.
Under those conditions, prolonged observations at close range were
possible, We routinely worked at a distance of about 50 feet or less from
the nearest member of the group.

Most of our observations were made from a long-wheelbase Land-
rover stationwagon that was specially modified for our field work. A
major modification consisted of an observation platform built onto the
roof of the vehicle. Ready access to this platform was provided by a
hatch in the roof.

A standard double-bed mattress was fitted into the back of the
vehicle. By suspending this mattress, with plywood and an angle-iron
frame, level with the top of the middle seat, we had ready access to
baggage stored underneath. When we set up a tent camp in Ambhoseli,
the bed was removed and the back of the Landrover was converted into
a playroom for our infant soxn.

An aerial photograph of the Amboseli study area (VI3B/RAF/341,
frame 158, 26 JAN 63) was obtained from the Survey of Kenya Office.
A tracing was made from this photograph on which we drew the major
features of the terrain; at a scale of 1:15,000 it is possible to distinguish
individual acacia trees. The resulting map was divided into sections
that would fit conveniently inte a standard 814 1l inch, loose-leaf
notebook, and multiple prints wexe made of each section.

In the field, these map prints were used to plot positions and
movements of groups. After a few weeks of practice it was usually
possible to plot any peint within about 25 ft. In the case of our Main
Group, we made a continuous plot of the approximate couxse of the
center of mass of the group, but drawn so that the plotted line remained
within the confines of the group.

All other ecological and behavioral data were recorded in field
notebooks. Data were recorded at the time of observation, with no
subsequent ‘amplification’. Time was recorded to the nearest minute,




18 ) Study sites and methods

or to the nearest 1/, minute in the case of some types of behavior sam-
pling. Many of the data were dictated into 2 portable recorder and
subsequently typed. This technique has several advantages over hand-
writing notes. Without the necessity for looking repeatedly into a note-
book, the observer can keep animals under comtinuous observation,
something which is of particular importance in taking censuses and
when gathering detailed data on xapidly cccurring, complex processes.
We gathered about five times as many data when our field recorders

were operating as we did when they were not. On the days when at

least one recorder was operational, we dictated about 9,000 words on
the average, with a maximum of about 14,000 words. (Unfortunately,
the recorders that we used, Minifon wire recorders, frequently broke
down and we could not get satisfactory repairs from the factory.)

Data in these voluminous field notes are located by means of a
permuted index, which was produced after our return from the field, in
the following manner. As each paragraph of the field notes was read,
one of us (S.A.), using an office recorder, dictated all index entries that
were relevant to that paragraph, along with the identification number
of the paragraph (page number® and time of day). This information was
punched on IBM cards, then permuted, alphabetized and printed by a
computer. The permuting results in an index entry under each word in
the index entries. For example ‘adult male’ is alphabetized not only
under a but also under m (male adult).

Special techniques that were used for particular kinds of data are
described where appropriate in the chapters that follow. .

In general, our goal was to understand how the animals cope with
the problems that they face in their natural habizat; toward this goal,
we tried to obtain records that would be adequate, in terms of accuracy
of observation, quality of description, and quantity of data.

4 Subsequent work with the index indicates that 2 date code would be preferable
to page mmnber.,

I1I. POPULATIONS




Like virtnally all other primates, the baboons of Amboseli live in
discrete social groups. These groups are semi-closed : except through
birth or death, individuals seldom enter or leave them. As a result of this
stability, the social group is a basic population unit as well as a practical
unit for census work.

After describing our techniques of censusing free-living baboon
groups we shall present our data on the size and composition of the
groups that we censused in Amboseli and elsewhere. These data will be
compared with these in the literature.

1. Census Techniques

Our technique for taking censuses of baboon groups was as follows. We
positioned ourselves in such a way that we could watch the baboons
pass an arbitrarily selected ‘counting point’ that was clear of obstructing
foliage. This was best done in the meorning as the baboons were moving
in Ele toward the foraging areas. Binoculars, often held in place by
means of a small tripod, were kept aimed at the counting point, and one
person kept continuows watch on the counting point while the other
either took dictation (at times when our magnetic wire recorders were
not working) or verified the counts and the age-sex determinations. A
rear oblique view of the animals as they passed was best, ‘sinee it gave
a view of the ischial callosities (which are separate only in females) and
the sexual skin.

As each individual passed the counting point, the observer
indicated its age class, sex, name or conspicuous identification marks,
and, when possible, the condition of the females’ sexual skin. If an infant
was Tiding on its mother’s back or belly, this was indicated. The age
clnsses that were used are given in table IL

Atibe end of cach census, we indicated the overall quality of age-sex determinations, the
estimated percent of observations that were verified by the second cbserver, and an
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‘erzor factor’, which gives estimates of, first, the number of animals that might have
been missed (due to obstructing foliage and so forth), and second, the number of animals
that might have been counted twice {usually the result of young animals running back
and forth across the comating point). For example, *error factor (+2, -1} means that two
animals may have been missed and one may have been counted twice. As a further
check on census aceuracy, simple counts of individuals were sometimes taken on groups.
Simple counts were also made when obsexvational conditions did net permit a more
detailed census.

In Amboseli it was important not to censua animals too early in the morning.
along the major routes leading from concentrations of sleeping trees, for at that time of
day two or more groups often followed one after the other in 2 long procession, sometimes
with the rear member of one group closer to the front member of the following group
than to any member of his own group. At such times, unless one is censusing recogrizable
individuals. it is important to wait until the groups have diverged and begun to move
independently. On the other hand, censuses are usuaily very difficult later in the day,
when the members of sach group are spread out during foraging. The ideal time, then, i3
after the groups have diverged, but while the axirmals are still moving in file.

Table 1T, Age-sex classes and their charactexisties, vellow and anubis baboous

Class Age in years Physical characteristics

Hair completely or partially black (natal coat). Skin

Tnfant-1 01
: pink or zed from skin vascularity

Infant-2 Y1 Hair brown to cream-colored, oftea lighter (n
Ambaoseli} than that of adults. Skin pigmented biack,
as in adults

Juvenile-1 1-2 Not sharply demarcated from previous class. Light
bair retained in yellow baboons

Juvenile-2 2-4 Not sharply demarcated from previcus class. Hair
often. darker, as in adult

Adult female over 4 Sexuaally mature; sexual skin swells periodically.

Nipples button-like when nulliparous, elongated in
more mature, multiparous females

Development of secondary sexual characters: mantle
(in anubis), long canine teeth, large size, greater
musculatare than females. Serotum (testes) larger
thar in juvenile-2

Subadult male 46

Adult male aver & Secondary sexual characteristics fully developed
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For very accurate census work. it is essentinl that repeated tensuses be taken on
each group, and that each growp have several recognizable ‘marker’ mdividuals, Tt is
not good practice to identify or distingunish groups selely on the basiz of census results,
for two groups would then be tonsidered as one if they had the same composition {or at
least, the same census results), and one group would be considered as several if it
vielded varying census resuits, because of either census inaccuracies or natural changes
in composition with time.

2. Census Accuracy

In the years since C. R, CARPENTER’s pioneering survey of howler mon-
key populations on Barro Colorado Island [CARPENTER, 1934] numerous
censuses have been taken on primate groups in their natural habitats,
Tn none of these censuses, however, has there been any objective measure
of the amount of sampling error or observer reliability that is involved.
Such a measure can be obtained only by matching the results of censuses
against the true composition of groups, as determined by some in-
dependent and more accurate method®.

For our main study group in Amboseli the actual composition was
worked out on the basis not only of repeated counts and censuses but
independently on the basis of individnals that we could recognize. If
some individual was not observed during a census, during a scheduled
time sample on social behavior, or during other routine observations, a
search for that individual was initiated in order to discover if it was still
alive and with the group. Sixty-eight complete censuses were taken on
the Main Group. That is to say, there were 68 censuses in which we felt
that every individual in the group had been seem at the time of the
census (not just thereafter, upon tallying the results). Data from
numerous incomplete censuses were not used. The number of adult
males and adult females at the time of each of these ‘complete’ censuses
is known; only for the first few censuses might there be any doubt about
the actual numbers. The results of each census have been compared with
the known composition of the group at the time of the census. The
results are shown in figure 5, which reveals the following. First, there was
a clearcut tendency for the censuses to become more accurate: for both
adult males and adult females there was a several-fold decrease in the

% SouTEWICK and Smop10r [1966] have indicated the extent to which group
counts vary in repeated censuses of rhesns in one area. The difference between obsexver
agreement and observer reliability is the difference between consistency and accuracy.

i

Table 111, Changes in composition of Main Group
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42

21
20

18
17
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18.3.64
19.4,64
23.4,64
15.5.64
. 25.5.64

0.470
G411

41

21

0.411

39
38

20
20

17
17
17

19
18

0.411

40

21

19
19

1
2

0.352

40

21

11

5.6.04

0.352
0,294
0.294
0.294

39
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39

21
21
21

17
17
17

18
11
18

2
2
3

23.6.04
3.7.64

6.7.64
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21

17
17
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2

10.7.64
18.7.64
20.7,64
25.7,64
4,8.64
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0.250
0.250
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21
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20
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16
16

16
16
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2
2
2

0,250

38

20

16

2

374 Total

T Infant, .J juvenile, Sub subadult, Ad adult, 7 age class unknown.
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mean error rate in the last 20 censnses compared with the first 20.
Second, there was a small but fairly consistent tendency to under-
estimate the number of adults; that is, an individual adult was more
likely to be missed than counted twice. Third, the mean error rate, in
terms of numbers of individuals, is nearly the same for adult males as
for adult females. However, since adult females greatly outnumber
adult males in this group (table III) we were more likely to miss a given
male than a given female. (This is probably a reflection of the fact that
adult males are more likely than adult females to be ‘outriders’ during
group progressions.) It follows that the percentage sampling error is
greater for adult males than for adult females, as shown in figure 5.

Infants and young juveniles are not so easy as adults to recognize
individually. Comsequently it is more difficult to establish the true
distribution of their age classes independently of the censuses them-
selves. Although we could recognize several of these young animals,
there was never a time in our study when we could recognize all of
them. Thus, our check on observer reliability for these animals is not
on a par with that for adults.

Another indication of the inereased accuracy of population data
that comes when a group is censused repeatedly is the steady decrease
in the percentage of individuals in the cemsus whose sex cannot be
determined either through direct observatioms of the genitals or by
recognizing them as individuals {excluding here infants that are identi-
fied solely on the basis of being carried by a recognizable mother). This
decrease in “individuals of unknown sex’, primarily infants and juveniles,
is shown at the bottom of figure 3. :

Finally, we note that those censuses which in the field had im-
pressed us as being most complete and aceurate {as indicated by low
error factor and a high evaluation of the quality of the age-sex de-
termination) nsually were in fact so, as indicated by their close match to
the independently-known group compaosition.

3. Population Stetistics, Amboseli

During September, 1963, while deciding upon a group to adopt for
concentrated study in Amboseli, we censused several groups. There-
after, censuses on Amboseli groups other than the Main Group were
taken opportunistically, as time permuitted. After eliminating group
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Fig. 5. Census accuracy. based on repeated censuses on the Main Group. Sampling errors
for adult males and females are given as deviations of observed values from true values
at the timae of each census. For juveniles and infants, the lowez graph gives the percentage
of individuals whose sex could not be determined in the field, either by direct observation
of the genitals, or through individual recogaition during the eensus combined with
genital observation at other times, Data for juveniles and for animals of undetermined
age are given above those for infants. 30 that the upper line of the graph gives the total
mumber of baboons of undetexmined sex. Note the imcreased accuxacy of covnts {for
adnlts) xnd decreased number of animals of undetermined sex that result from repeated
censuses of one group.
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NUMBER OF GROUFS
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GROUP SIZE

Fig. 6. Size distzibution of 51 groups of yellow baboons in Amboseli.

counts and censuses that we know or feel reasonably sure were repeats
or that were unacceptable®, we have 51 determinations of group size.
Very likely, 2 number of ‘repeats’ are still present in the data, so that
the actual number of groups that were censused probably is somewhat
smaller. Furthermore, there probably were some groups in the area that
were never censused or counted.

The frequency distribution of group sizes in these 51 determina-
tions is shown in figure 6. These data suggest a skewed, unimodal
distribution with the mode in the twenties or thirties. The mean is much
higher: viz. 51.4 baboons, based on the ungrouped data. These data are

¢ Population data were unacceptable if (1) they included a *majox” inconsistency,
e.g. the census data on one group added wp to 65 baboons, yet at least 78 individuals were
counted; (2) the census or count is known or suspected to contain ‘large” errors of omission
or commission, €. g. because one subgroup did not pass the counting point, beczuse some
individuals ran past the counting point too zapidly to be censused or counted., or because
voungsters ran back and forth across the counting point so rapidly that we could not
keep track of them; or {3) if the technique that was used was poor, e.g. the count was
taken in a quick scar of the group, the counting point did not provide a sufficiently clear
view, or the record is ambiguous (as in the expression ‘juvenile-two or young adult
fernale”). In more intensive work on primate populations, triteria of adequacies for
censuses should be made more explicit than we have doze, . g. precisely how large can
inconsistencies get before the results are unacceptable ?

i promuey I, gty IR
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comparable to those obtained in Amboseli by WisHBURN in 1959,
based on 15 group counts [DEVore and Havrr, 1965] (see table VII}.

Of these 51 determinations of group size, 20 are based upomn
censuses in which the age or sex of at least 899, of the members of the
group were recorded. Again, we have eliminated those censuses that
are known to be ‘repeats’ or that were otherwise unacceptable. Census
data for these 20 groups are given inm table V. In sum, the data indicate
a population with 19.3 % infants, 23.3 %, juveniles, 30.3 % adult females,
4.1%, subadult males and 22.9 % adult males.

The overall sex ratio among the adults was (.76 males per female,
that is, about 4 females to every 3 males. But differences between
groups were considerable. The sex ratios in these 20 groups, as well as
in all others in the literature on baboons, except hamadryas, are depicted
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in figure 7. These data may be compared with those compiled by Toxuna
1196162, fig.1] for several other species of primates. In the one-male
hamadryas units, the sex ratio depends entirely uwpon the number of
females. The distribution of adult females in hamadryas units is shown
in figure 8. .

Particularly noteworthy in our data is the occurrence of groups
with more adult males than adult females. This has previously been
reported only once” im babooms—in 2 group of anubis baboons in
Queen Elizabeth Park, Uganda [RowEeLL, 1964]—and only infrequently
in other species of primates.
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MUMBER OF ONE-~MALE HAMADRYAS UNITS

1 2 3 4 5 é z g b4 10
NUMBER OF FEMALES PER UNIT

Fig. 8. Number of females per one-taale unit of hamadryas baboons. Based on KunnER,
1068 fig, 14.

7 $roLTz and SAAYMAN [1968] got 12 [adult] males and 10 {adult] fernales in one
census on a group of chacma baboons in the Northerm Transvaal, S, Africa. In a second
census on. the same group, they counted 11 males and 11 females. BUsTTNER-JANTSCH
[1965, table XT¥I] lists two baboon groups with a preponderance of males, citing DEVORE
[1962] as the seurce. But to judge by the original [DEVors, ibid., fig. 24], it appears
that the sex ratios quoted by BuerinEr-JaNuscr from DEVore's data are based on
animals of all ages, not just adults. Contrary to BoerTNER-TaNvsca [ibid., No.8 and 9],
DeVoRE's data do not include a group of 33 with a sex ratio of 1.2:1, nor a group of
33 with & sex ratio of 1:2.

Populaticns

4. Population Dynamics, Ambosel

During our study, the size and composition of the Main Group changed
as a result of five processes: birth, death, emigration, immigration, and
maturation. No permanent splitting of the group or permanent amalga-
mation with another group was observed. All known changes in the
Main Group’s composition are indicated in table IV. As a check om
completeness, if one begins with the initial composition of the group
and runs through all of these changes, the result will be the composition
of the group at the end of our study; the compositions at these times
are given in table IXT.

In actual practice, we fornd it useful to write out the changes in the oppesite direction.
We began with the compesition at the end of the study, when our ability to recognize
individuals was greatest und our censuses most accurate, and worked our way back-
wards, checking results against the 68 complete censuses on which figure 5 is based
Only one discrepancy was found that was not noted ia the field and that is not attribat-
able to census ervor: a juvenie-l male was missing in all censuses after June 24. That
juvenile bas been included in table ITT and IV. All other changes in table III and IV
were noted in the fild. We believe, therefore, that the list of changes given in table IV
is complete. and we ave confident that the only possible exception would be individuals
that eatersd and left the group whexn we wers not preseat, such as an infant that was
born and then died during one of our absences from Amboseli. Even this possibility is
unlikely during 1964, for by then we recognized each adult female of the group and kept
rocords of the females’ sexual cycles. Depigmentation of the paracaflosal skin areas
{ckanging from black to pink) occurs during pregoancy; further, these areas twrm from
pink to brillant earmine near term. then repigment in the first few weeks post partum
[Griraraw and GILBERT, 1946]. No female of the Main Group went through all of these
changes during 1964, but was not observed with an infant. This leaves only the pos-
sibility of an animal that migrated into the Main Group while we were away, then cut
again before we returned, or vice versa. .

Birth dates in the Main Group (fg.9) suggest that births in Amboseli
may be seasonal, but much larger samples are needed before we can be
confident of this. i

The data in table IV indicate that during the 372-day period from
28 July 63 until 4 August 64, the Main Group gained 13 members

MONTH

Fig. 9. Distribution of births in Main Group.
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Table V. Composition of groups of yellow baboons in Ambaseli, based on 20 groups Table V. (continued)
(of the 51 used for figure 4) in which the age or sex of at least 89 % of the members of
the group were recorded )
Group name Census date Males Females Sex unknown Total Erzor facter
I, I, YT, Yy Jps Sub Ad ? L I Lo J, Jo Jpedd 2L L LeJy Js JiaAd 2 + —
Smmall | 20.3.64 103 6 2 1 5 w10
—_ 25.10.63 3 1 12 1 1 1 18 - -
— 5.8.63 1 10 ] 1 32 1 2 - -
— 9.9.63 2 3 5 g 1 2 2 1 24 2 2
— 4.8.63 2 [} [ 1 4 2 2 29 4 4
— 7.9.63 1 g 12 1 4 1 1 5 4 38 8 2
Main 29.7.63 1 5 3 3 T 1 2 18 4} 0 0
— 12.9.62 3 1 9 14 1 4 1 4 5§ 42 1] 0
— 2.8.63 5 I 11 7 2 8 5 2 3 44 5
— 9.9.63 11 2 2 2 1 14 6 1 1 320
—_ 31.7.63 1 2 2 11 I3 13 1 4 27 3 35 -
TTF 29.3.64 2 5 2 17 11 21 1 3 2 6L - -
Shaggy’s? 29.9.64 2 1 7 4 11 1 19 1 1 2 62 4 1
— 3.8.63 8 9 8 19 6 6 11 1 5 T3 - -
— 7.9.63 1 9 1 18 33 4 8 11 5 4 3 40 [} 5
— 25.7.63 11 2 9] 1 13 12 13 18 10 106 - -
HE 6.9.63 6 8 42 59 5 2 3 16 23 5 2 35 198 15 3
Tatals 1 8 1 11 47 ¢ 45 249 0 01 0 & 6 329 0 26 142 30 95 83 5 T 28 1120
o, of total ¢.08 0.71 0.08 0,98 4.2 4.0 22 0 0.080 0,530.53 29 0 %313 2.7 85 7.4 04406225

I Infant, Iy infant , or infant », J juvenile, J,— juvenile ; or juvenile ,, Sub subadult,
Ad adult. ? age class unknown.

Male Kink's migration will be described in detail below (p.24). Male
Even Steven moved into Fang's group (mamed for a male with a pro-
truding canine). Male Newman was last seen in the Main Group on
May 5, 1964; we do not know whether he died or emigrated.

These data are in marked contrast to those obtained in 1959 by
DeVorE for olive baboons in Nairobi Park, Kenya. During the 10
. months of his study on 5 groups, only one animal, an adult male, is
' known to have changed groups [DEVoRE, 1962; DEVore and Harz,

males migrated into or out of our main study group. These males ranged
in age from the youngest fully mature male in the group to the oldest.
Specifically, three males, Shag, Whitetip and Newman, moved into
the group, whereas three other males, Kink, Humprump, and Even
Steven, moved out. Shag and Whitetip entered the Main Group to-
gether; Newman, about three months later. What group any of these
males came from is unknown. Kink and Humprumyp both moved into
a group called TTF (for ‘twisty-tailed female’}, but at different times.
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Fig.11. Relationship between percent change in size of Main Group and the size of the
group before the change. A point is plotted for every day on which there was such a
change, as shown in table IIL. If there is an equilibrium group size, then the size of the
group will tend zo inerease (4) if the group is below this size, and to decrease () if
above it. The present small sample would be adequate to reveal such a trend only if it
were very marked.

1965]. Another adult male, in a different locale, was apparently observed
to change groups by Wasseury and DEVore [1961], who indicate 2
total of two migrants.

Gains and losses in adult males are of particular interest. It may
be that adult males are more likely to leave or die in those groups that
have a relatively larger number of males, and more likely to enter those
in which adult females are relatively numerous. If so, such intergroup
migrations would tend to maintain a stable sex ratio, By compensating
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for small-sample anomalies in sex ratios at birth, they would be of
particular sigpificance in small groups.

In figure 12, the number of days that the Main Group spent at
each sex ratio is plotted. As in the case of change in group size, the
question of an equilibrivm distribution may be approached better by
considering the percent change observed at each group size. Figure 13
plots this relationship for changes in the sex ratio of the Main Group.
As before, no trend toward an equilibrium was revealed by the available
sample.

Of the other groups in the Amboseli study area, one of the most
fascinating is HB Group, so called because of the presence of a bunch-
backed adult male (fig.14). In November, 1963, this group, with 198
animals, was one of the largest groups of wild nonhuman primates ever
recorded, exceeded in size only by the nightly aggregations of hamadryas
units at sleeping rocks [KoMmMER, 1968] and by hand-fed groups of
Japanese macaques on M. Takasaki, one of which included over 700
monkeys in October, 1967 [Iraxy, 1967].

On 9 separate days during our study, we censused or counted the
members of HB Group. The results are shown in table V1. In looking
at these data, the reader should bear in mind that a group of this size
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Fig. 12. Number of days that the Main Group spent at each sex ratio.




36 Populations

Table V1. Changes in compesition of HB Group, Amboseli

No. Tate Males
I, I, I1..J, J. Jy. Sub Ad ?

1 26.7.63 : ’ H
2 31,7.63 1 6 36
3 6.8.63 12 460
4 6.9.63 3 3 42
5 14.9.63 1 8 35
6 15.9.63 2 i 3
12.10.62 S
8 3.11.63
9 8.5.64 1

Abbreviations as in table V. The two subgroups shown for September 15 were separated
for 23 h. Other counts on the first subgroup: 63, 64, 64, 65, 65, 67. Other count on the
second subgroup: 119.

+30.0 (
+20.0
+100 .

——
Q.1 0.2 Q2 0.4 0.5 0.4 o7
SEX RATIO {NUMBER OF AUULT MALES PER ADULT FEMALE)

=100k . .
.
.

% CHAMGE EN SEX RAYIO
o

—2003 .

-0

Fig.13. Relotionship between percent change in adult sex ratio of the Main Group ard
the sex ratio before the change. The percent change is calenlated as follows: 180 X new
sex ratio —old sex ratio = old sex ratio. A point is plotted for every duy on which there was
such a change, i.e. for every day on which an adult male or female entered (matured or
immigrated into) or left (died or emigrated from) the group, nsing the data given in
table ITL. If there is an equilibrium sex ratio, then the sex ratio will tend to increase (+)
if the group is below this ratio, and to decrease (—) if above it. The present small sample
would be adequate to reveal such 2 trend only if it were very marked,
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Table V1. (continued)

Females Sex unknown Total Error facter
L L Tiady Je Jiadd 2 L L I J; Jo Jiadd 2 + =
1 176 179 10 3
1 1 26 1 20 7 14 15 43 135 6 2
1 34 9 9 12 20 23 180 15 4
59 5 24 3 23 5 2 5 198 15 3
37 I 171 7 10 1 118 2 2
2 59 67
121 1211(188}
1 172 178 2 2
193 193
1 2 167 171 S B

is extremely difficalt to census or count accurately, and that the figures
in table VI are based on single counts or censuses, rather than repeated
observations on each day. Thus, while some of the apparent changes
in this group doubtless are indicative of population dynamics, others
may be the result of not seeing some subgroups, or of other errors in
observation.

Although this immense group often moved as a unit, it sometimes -
split into subgroups. On September 14, 1963, only 118 members were
found together. Next morning the group was together again, but later
that morning we watched as the group split again into two large sub-
groups (table VI, No.6). These two subgroups were observed for 2% h
after the split at the end of which time they amalgamated again into a
single group.

A group of 171 baboons and one of 185 were observed in Amboseli
in 1939 by Wasasury [DEVorE and WAsHBURN, 1963]. Unfortunately,
there is no way to know whether either was the antecedant of HB Group.

These censuses of groups in Amboseli are probably not complete,
even for groups whose home ranges overlap that of our Main Group, and
there are doubtless inaccuracies in those censuses that are presented, to
judge by fluctuations observed in results from repeated censuses on
several groups. The data are presented both for comparison with earlier
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work on baboon populations and in the hope that they may stimulate
further research in this area. We feel strongly that a study of the
population dynamics of Ambosels baboons, based upon repeated cen-
suses of known groups over a long period, is an unusual research op-
portunity. We know of no other population ¢f nonhuman primates, im
a relatively undisturbed natural habitat, that provides better oppor-
tunities for direct observations or population dynamics and for relating
these processes to underlying social and ecological factors.

5. Yellow Beboons Qutside Amboseli

Yellow or cynocephalus baboons were encountered in only one place
during our travels outside Amboseli: a group of well over 80 animals
A G L el was observed at Olnaigon Swamp, near Kimana, Kenva (fig.1). Van

S o Crrrers and his colleagues [1967] counted the baboons in six groups

o
ST e

in this area. The counts were 8, 13, 39, 58, 79, and ‘at least 150°. The
composition of three groups of baboons near Masalani, Kenya, were
given by Maxm and BUETTNER-JaNUSCH [1963] and axe shown in our
table VII. As indicated earlier {fn., p.4), these are probably yellow
baboons. We do not know of any other census work on yellow baboons
cutside Amboseli,

6. Other Baboon Species

Qur counts and censuses on groups of olive (anubis) baboons in several
locations are given in table VIII, along with counts and censuses from
the literature on this species. Population data for chacma baboouns are
compiled in table IX®. For hamadryas baboors, the distribution of
females (adult, subadult and juvenile) per one-male wnit is shown in
figure 8 [based on figure 14 in KumuEer, 1968]. KuMMER writes: ‘At
their peaks, hamadryas units contain from 2 to 5 females, most of
which are adubts’ [ibid., p.34]. These units, along with several other

% Some compiiations [e. g. Hatt, 1962, fig. 1: DEVorE and Hartr, 1965, ig.2-4]
of HaLL's chacma group counts disagroe with the raw data [e.g. Haxr, 1963, fig. 2] and

Fig, 14. The hunchbacked adult male of HB Group. with each other. We have used the most specific raw data in the literature, as cited in
Fig. 15. Isolated juvenile with paralyzed hind legs. ) our table IX.
i ) .
. | .
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Table V1I. Size and composition of yellow baboor groups, based on literature

Location, date Male Female

L, I, Lo.J; J. Ji,5ubad ? I, &, Lo.J, Ji Jaad 7

Masalani, 3 4
Kenya, 19602

Kenya. 196072 ‘

Amboseli,
Kenvya, 1959

Kenya, (date ?)

Linds of ‘detached parties’ [ibid., p.86), coalesce into large troops each
evening at the sleeping cliffs. The composition of bamadryas troops
may vary from night to night, however, and, ‘the smallest independent
entity within the troop may well be the one-male unit’ [ibid., p.99].

7. Isolated Baboons

Although baboons usually remain in obvious association with their
group, they may become isolated at times. In the literature, sacial
isolation has been treated as an all-or-none affair, but our observations
on Ambosali baboons indicate that the extent and duration of isolation
can vary greatly. These differences are important for ecological and
behavioral reasons. ‘

We distinguished a number of degrees of isolation from a group.
At z minimum, an individual may be spatiaily separated from his
group, though still within view and hearing range. Of course, this kind
of quasi-isolation occurs constantly, in that there is always some
member of the group who is farther from his nearest neighbor than is
any other member of the group. As an example of an extreme of such
separation, adult Male Three slept separately one might, but within
visual and auditory range of the Main Group.

e e -
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Table ¥'I1. {(continued)

Sex unkuown Totals Reference
I, I I..J; J. Jyodd 2

10 15 ' 60 Maxry and
BueTTNER-JANUSCH, 1963

..... ; e R e
BUETTNER-JANUSCE, 1963

BUBRTTNER-JANUSCH, 1963
13, 42, 47, 5L, 57, 64, DEVORE and
66, 70, 4, 78, 88, 94, WASEBURN, 1963
103, 171, 185 .

§.13,39, 58,79, 2150 VN CITTERS et al., 1967

Next, an animal may be temporarily out of sight of other members

of his group but still within hearing range of it. This is a common

" phenomenon, particularly when the group is moving through areas of

dense foliage. A low-pitched, quiet grunting (the ‘cohesion’ grunt)

apparently enables animals to maintain auditory eontact during such
times. Such mild isolation was too commonplace te record.

Third, from time to time during a progression, an animal may be
out of sight and sound of any other member of his group but continue
to orient toward them. For example, there sometimes are ‘outriders’
during progressions, particularly when the-group is in the widely-
dispersed formation that is characteristic of foraging periods. Occasional
glimpses of the group, combined with a knowledge of a progression
route, probably enable such animals to continue to move parallel with
the group and subsequently to rejoin it. Such outriders are usually
adult males. Shag, an adult male who migrated into the Main Group
duriog our study, was partieularly prone to being an outrider,

Another major cause of ternporary isolation without loss of orien-
tation is the capture of prey {to be discussed in detail below}. At such
times, an adult male that is eating meat, and sometimes one or more
other males that sit near him, ‘waiting’ for scraps, will lag far behind
their progressing group, to the extent that the group may go completely
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Table VIIT, Size and composition of anubis babeon groups, based on literature and Table FII1. (continued)

this study

Location Date Group Males Females . Sex unknown Total Reference

pame 1, I, IyJ; Jo JuoSubAd ? L L Lol Jo JieAd ? L L LBy Jo Timad ?

Nairobi Park, Kezya 1950 KR | §1 DrVoxre, 1965

Nairobi Park, Xenya 1959 MR 1 I 6 5 12 DeVoreand Harr, 1965
Nairohi Park, Kenya 1963 MR 3 5 2 1 2 1 6 24  Harxand DEVORE, 1965
Nairobi Park, Kenya 1959 AR 1 ‘ 9 18 28 DeVorEand Hatrn. 1963
ha.:robx Park, Kenya 1963 AR 39 DxVorx, 1965

V:urobl P:J.Ik.. Kenya 195¢ LT 2 3 3 2 1 1 3 3 17 DEVO'.RE n.ndH_&LL 1965
Nairobi Park, Kenya 1963 LT 27 DeVore, 1965

Nairobi Park, Kenya 1959 SR 2 5 1 3 4 3 7 3 31 DeVorkand Hazr, 1965
Nairobi Park, Kenya 1963 SR ) 40 DeVors, 1965

Nairobs Park, Konyu 1959 SV 8 6 H 1 3 3 14 2 42 DEVOBE and HaxL, 1965
Nuicobi Park, Kenya 1963 SV - % DrVorz. 1965

Nairobi Park, Kenya 1959 KV ’ 717  DEVors, 1965

Nairobi Park, Kenya 1963 KV 6 13 f 1 9 & 5 3 2 76 Hacz and DEVoRe. 1965
Nairobi Park, Kenyz 1959 HP | 87 DxVome, 1965

Nairobi Park. Kenya 1959 PP 24 DEVOBE. 1965

Noirobi Park, Keaya 1963 PP : T 47 Devoxs. 1965
Murchison Fells, Uganda 19632 7 7 4 18  Harr, 1965b

Murchison Falls, Uganda 1963 6 9 4 19  Haxi, 1965b
Murchisen Falls, Uganda 1963 6 g 9 24  Hazxr,1965b
Murchison Falls, Ug:mda 1963 7 : 21 28 H_ALI-. 1965b
Mm-ch:son Fal]:. Uganda 1963 12 18? ' 8 10 48 HAI.L. 1965b
Murchisor: Falls, Uganda 1963 14 Hazr, 19650
Murchison Falls, Uganda 1963 i 43  HarL, 1965b
Murchison Falls, Uganda 1963 46  Hazz, 19652
Waza Reserve, Cameroon 19677 12 : i 25 37 STXUHSAKER. pexs cor.
Nairobi Park, Kenya 1962 S5V 1 2 3 5 1 3 5 5 30 th.ls study
MNairobi Park, Kenva 1963 5 2 1 2 1 3 2 2 2] 39 this study
Lake Manyara Park, Tanzapia 1963 1 2 5 13 1 17 1 7 6 28 81  thisstady
Lake Manyara Park, Tanzania 1963 1 T4 1 11 T 3 2 3 32 21 51  this study
Ngorongoro Crater, Tanzania 1963 1 1 1 1 46 3-—10 this study
Seronera. Serengeti, Tanzaniz 1963 4 9 1 1 2 10  this stu&y
Seronera, Serengeti, Tanzaniz 1962 9 2 1 1 3 20 34 thisstudy
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Table IX. Size and compesition of chacma baboon groups, based on literatnre Teble IX, (continued) -
Location, date Male Female . Sex unlmown Growp  Totals Reference
L I, LoJd;, J: JroSuwbad 2 I, I, LeJ: Jo Jpmdd 2 I, I, LoJ, J, J.Ad ? name

Cape of Good Hope

Nature Reserve, S, Afriea
1960 2 2? 2 3 9? 3 S 26 Haxw, 1962Za
1961 3 3 5 2 3 2 6 11 3 35 WINGFIFLD, in HatL, 1963
1953-1959 1 10?7 9 N 20 Harz, 1963
1953-1959 5 21 27 C 53 Haxz, 1963
1961 ) 8 13 >4 C a0 HaLr, 1963

Table Mt.. 5. Africa 1959 3 T 23 ' Haxz, 1963

N.Transvaal, S, Africa’
21.1.67 4 3 17 W 63 Srorrz and SasymaN, 1969
12.1.68 9 2 12 w 12 SrorTz and Saavan, 1969
24.7.68 10 3 15 W 77 SrorTZ and Saaysan, 1969
9.10.67 T RB 57 Srorrz and Sasvar, 1969
29.2.68 i RB 60 Srorrz and Sasyaan, 1969
26.8.68 8 RE 59 Srorrz and Sasyman, 1969
16.10.67 4 EMO 37 STorTz and Sasynaw, 1969
17.8.68 4 KMO 36 SrorTz and Saavaan, 1969
A e et sa e ana e s eyt e e era et e et ent - = o A oo
21.8.68 [ 2 K 30 Srorzz and Saaymac, 1969
9.10.67 6 5 EMW 41 © Srorrz and SAayMaN, 1969
23.8.68 4 3 KMW 36 StorTz and Saxymar, 1969
9.10.67 9 5 GEK 41 STOLTZ and SAsavymaN, 1969
20,8.68 1 1 6 GK 45 SrorTz and Saavaran, 1969

Mana Pools, Rhodesia, 1961 13, 1115, 21-25, Hari. 1965b

3135, 3640, 3640,
3640, 46-50, 51-55,
_ 51-55, 66-70, 86-90, 109
Giant's Castle Reserve, Drakensburgs, 1961 . . . . . - o < - o s v o o om0 s e e e s e N 15, 21, 21-22. 37,58 Haxz, 1963
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out of sight. We have circumstantial evidence that an adult male baboon
(not from the Main Group) that was eaten by lions was one who caught a
hare, then lagged behind his group as he sat and ate it.

Fourth, an animal may become temporarily lost from its group.
Animals in such a situation are clearly distinguishable by their persistent
searching and visual scanning activities. Two adult females (one from
the Main Group), three adult males {one from the Main Group}, and one
large juvenile male of the Main Group were observed temporarily lost
from their groups, each on a separate occasion. The juvenile male,
Drape, became separated from the Main Group as they moved through
tall, thick grass. Drape headed toward another group, looking quite
confused, i.e., frequently starting, stopping and looking around. He
was vigorously attacked by several adult males of the other group, but
eventually managed to escape. After about 45 min of being separated
from the Main Group, he was back in it again, licking his bloody wounds.

The final two categories consist of animals that are completely
isolated from any social group and show no orientation, searching, or
scanming activity. These include, first of all, animals that are physically
capable of keeping up with a group but who are not, at least at the
time, members of any group. Seven such adult males, and one pair
consisting of an adult male and an adult female, were seen. The latter
two approached but did not jein the Main Group. In each of these
& cases, we could not find any other group for which these baboons
might have been ‘outriders’, and we are fairly confident that all of
them were isolates.

The first isolated male was at one of the largest temporary rain-
pools (No.40, fig.38) when the Main Group arrived. He approached
Male Five, the most dominant male of the group, who was seated at
the time, and tugged at Five's hip—apparently incipient mounting.
Male Five remained seated for a while, then guietly walked away. The
lone male was then approached by a large infant, who stood with its
arm outstretched to the male, either-‘milk-begging” or showing incipient
grooming. The male remained immobile, sitting quietly. The male did
not join the group as they left the rainpool. He was not seen sub-
sequently, either near the group or at the rainpool.

A second isolated adult male that approached the Main Group
was chased off by a large juvenile male of the group. Two other isolated
males watched or were watched by members of the Main Group, but
did not jein the Group.
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Of the three remaining isolated males, one had a large, bloody
wound on his right leg when first observed, but over one month later,
when cbserved again, had no obvious impairment, yet had still not
rejoined a group. The other two had ne visible wound or impairment.
One of these two males, as well as the wounded male, exhibited hiding
and ‘freezing’ behavior when approached by us, behavior that we bave
not seen in any other adult males, except occasionally in an adult male
who migrated from our main study group to another, and whose be-
havior during the transition period was observed (Male Kink, see below).

Last, we come to animals that are separated from a group for
physical rather than social reasons: they are physically incapable of
keeping up with a moving group of baboons. In this class were a crippled,
small juvenile (fig.15) and, on another occasion, an adult female with
her accompanying large infant. The adult female moved very slowly,
with her eyelids half closed. Members of the Main Group, particularly
two adult females, watched this mother and infant for some time but
the latter two made no attempt to join the group. _

Isolated baboons have seldom been reported in the literature.
Harz [1963] wrote that, ‘only one probably genuine isolate, ... a near-
adult male, has ever been cbserved by us (in S. Rhodesia), although a
full-grown male was reported by the Cape Reserve staff to be regularly
seen during the 1961 observation period there’, WasaEBURN and DrVoRE
[1961] saw only 3 solitary bahoons, two females and one male, all of
which were either very sick or badly hurt and trying to rejoin a troop.

One striking conclusion is suggested by these observations: unless
phbysically incapacitated (or in the case of a dependent infant, nnless
associated with an incapacitated mother) amimals other than adult
males are never totally isolated from a social group.

8. Migratory Males
(a) Male Kink

As mentioned above, Male Kink was one of the adult males that oui-
grated from the Main Group to another group in the area. He was an
animal that we eould readily recognize and that could be observed at
close range with a minimum of disturbance. Because his.migration
presented a unique opportunity to witness the process of intexgroup
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migration, we watched Kink whenever time allowed during this period.
A résumé of significant events is given below.

While Male Kink was not one of the most sexually active members
of the group, we saw him mount adult females on 9 occasions before
March 4, 1964, including at least 4 complete mountings, i. e. terminating
in intravaginal ejaculation. At times, he seemed to be a somewhat
peripheral member of the group, both spatially and socially.

March 4, 1964 (Day 1), at 1633. Kink chased an aduit female (Stocky), in low estrus,
away from adult male Newman, and later walked ap to her and mounted, 1635. Aftera
fight with adult males ES and BBT, ke chased an adult fomale in middle estrua.

Day 3, 0818-1230. Kink mounted adult female Stocky 5 times during this peried. He
ejaculated during at least the first mount. Between mountings, he persistently followed
her at an unusually,close distance. It was 7 days befors the onset of her detumescence:
she was in the foilicular phase of her menstrual cyele.

Day 4, 0851-0927. Kink continued to consert with Scocky and mounted her at least
once during this period, When the dominant male of the group approached them while
they were grooming cach other, they stopped grooming and gave an incipient avoidance
movement. When the dominant male continued past them, they sat dewn again and
resumed grooming.

Day 6. Male Kink could not be found in the Main Group.

Day 7, 0967, The dominant male of the Main Group mounted female Stocky and ejacu-
lated. 0924. Kink was located ¥ mi. north of the Main Group, progressing parallel to
them. There was no indication of tension or andiety on his part. 0940. The dominant
male of the Main Group moved 50 f. away from the group, approaching within 50 ft. of
Kink, who was seated and feeding at the time. Perhaps in response ta this, Kink ran,
passing through a gap separating the Main Growp from another group. whick was
progressing immediacely behind it. The dorinant male of the Main Group then returned
to his group.

From then until at least 1051, when we lost sight of him, Kizk followed
another group {probably the TTF Group). During this period, he walked
behind or parallel to them. and remained 75-80 ft. from the nearest
individuals, with mo apparent interaction. Kink alternated between
foraging on the ground and looking around him from vantage points

in fever trees.

Day 8, 0928. An adult male not frore the Main Group {possibly from the TTF Group)
chased Male Kink, who ran up a tree. Another male from the same group raa up a nearby
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tree and bellowed. Male Kink temained in the tzee until 0942, at which time he was
approached by adult male Whitetip of the Main Group and his consort female. Male
Kinle descended the tree and walked away from the Main Group.

Except for a few short periods when foliage obscured our view, we kept
Kink under continuous observation for the rest of the day. Until 1658,
he was not involved in any further interactions with groups. He foraged,
progressed, and repeatedly scanned the area, utilizing 11 different trees
as vantage points, from which he could see various babeon groups in
the area. Donbtless, it is rot by chance that he was not in the immediate
vicinity of any of them.

1658. After 91 min in a tree from which the Main Group was visible, Male Kink de-
scended and slowly approached the Main Group, walking carefully. When Xink was 60 ft.
from the group, the most dominant mwale left the group and approached him at a walk.
Kinlk fled, 20d disappeared from sight 300 yards away. The dominant male walked alone
in the same direction for about % mi., then sat on a stump 5 ft. off the ground, watching
in the direction in whick Kiak kad vanished. Subsequently, the dominant male climbed
a fever tree, from which be looked zbout in the direction that Kink had taken, and then.
at 1714, he went up a snag, from which he bellowed. -

When the dominant male left the group, many other members of the
group poured out of the grove of trees that they had been under and
moved 60 ft. out toward the male, then stopped, forming a ‘pseudopod’,
much like that found in hamadryas baboons under similar circumstances
[Kummzr, 1968, p.112].

1720. The dominant male moved back toward the Main Group.

1727. We found Male Kink about 1 mi, away, in a tree. He looked northeast toward an
approaching group, then descended and walked westward, Tharing the next 54 minutes,
he progressed fairly directly to Sleepy Hollow, the most frequently used sleeping grove
of the Main Group. No group was near him as he did so. He ascended a tree in Sleepy
Hollow at 1821, Two groups (but not the Main Group) slept withiz %/, mi. of him. No
other baboons siept in Sleepy Hollow that night.

The next morning {day 9), Kink was located at 0731 b, alone and asleep
in the trees of Sleepy Hollow. He did not descend until 0911 at which
time ejaculate could be seen dripping from his fully extended penis.

2929-1029. Kink progressed steadily, with several stops for visual scanning from trees
or from a bipedal stance. He followed the same route that he had used on the morning
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of day 7. He walked past water in a rainpool without drinling, ran through a treeless
area, and then vanished from sighs at.1029.

1030. At the approach of an observer, Kink was suddenly flushed from dense foliage
and ran away rapidly and continuously, then vanished again in wndergzowth. The place
- where he was last seen was approached by an unknowa adult male, whose gait and
watchfulness were strikingly like those dispizyed the day before by the domirant male
of the Main Group, as was the fact that this male was approximately % mi. away from
his presumed group. This male then climbed a fever tree and watched in the direction
in which Male Kink had vanished. The male remained until at least 1045, A search by
the observer for Male Kink during the next hour was unsuccessful.

Day 10, 1719-1740. A search for Kink during this period was unsuccessful, Te was not
seen in or near the Main Group on this day.

Day 11, Male Kink was not seen.
Day 12. No observations were made on this day.

Day 13. 0942, Kink was found, alone 20d on the ground, in the vicinity of trees in which
the Maif Group and two others (HB Group, White Infant Group) had slept. We observed
him wntil 1111, At 1000, ke approached and was “prected’ by ap adult male, Male Six,
of the Main Group: as Kink walked past, ¥Male Six momentarily touched his muzzle to
Kink's side. Kink ignored this. He remained in the vicinity of the Main Group until
1020, then moved progressively farther away from them, foraging as he went and
sccasionally scaneing the area, either from 2 tree or bipedally from the ground.

Day 14, 0906. Kink was found on the ground, in the vicinity of six other groups. including
the Main Group. At 0926, he was approached by & young adult male (Even Steven)
of the Main Group while the dominant male watched. Kink moved away from them.
approached an adult male of another group and grabbed at that male’s pelvis (a “greet-
ing’). The male walked past Kirk. approached and was then groomed by an adult
fernale. When Kink approached them, the male pushed closer to his female, but she
walked away when Kink got within 5 ft. The male then turned on Kink with jaws open
and bellowed at hind, Kink ran a short distance away. The malo returned to his female
companion, and they resumed grooming.

0946. A second approach and greeting by Kink to this male and female resulted in
another threat from the male, who slashed at Kink with open jaws, and then hit at him.
Kink walked away. As he did so, he looked back towazd the Main Group and toward
the group to which the male belonged. When Kinlk moved away, the dominant male of
the Main Group, wha had moved away from his group toward Kink, turned and walked
baek to his group.

1043, Twe adult males {not from the Main Group) approached Kink. One walked past
Kink. The other touched muzzles with Kink twice, Kink walked away.
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From then until 1120, Kink interacted with these two males and two
others, always peripheral to any groap. The interactions included a
variety of behaviors that might be called ‘greetings’. Thereafter until
1215, Kink remained near the group from which these males came
(TTF Group ?). During this period, ke foraged, progressed, and scanned
the other group from 2 dead txee.

We next saw Kiak at 1743, within the TTF Group from which he ran 60 ft. At the time,
the TTF Group was being closely followed by the Main Group. During the next hour,
K ink had several interactions with adult males of the TTF Group, most of which were
‘greetings’ (e.g.. the males touching the genitals of Kink: muzzle contact, fig. 16), On
several occasions during the bour, Kink was completely surrounded by baboons of the
TTF Group. Thus, almost two weeks after leaving the Main Group, he was physically
within another group. At 1845, he moved at the front of the TTF Group—as though
leading them-—when they moved toward and up a grove of sleoping trees.

It is interesting that this was a grove of trees used by the TTF Group,
but not by the Main Group. We could not tell whether Kink’s ‘choice’
was based on anticipating the line of march of the TTF Group or whether
his behavior was based on long familiarity with this group and its
customary sleeping groves.

Male Kink was seen in the TTF Group again the next day, and on
922 other days between then and the end of our stady. Indeed, he was
never again seen outside that group. He ignored an estrous female that
presented to him on March 22 (day 19), but mounted a female on June 27
{day 118). He was a well-integrated member of the TTF Group, even
during agonistic encounters between that group and the Main Group.
His behavior and social relations seemed quite indistinguishable from
those of a naturalborn member of the TTF Group. To determine whether
that is generally the case would require a more thorough study of
migrant animals than has so far been made. )

There were several noteworthy events during Kink’s transition
from the Main Group to the TTF Group. He left shortly after consorting
with an estrous female who later consorted with the most dominant
male; this was probably no coincidence. He was prevented from return-
ing to the Main Group by that male, and, while we did not see what
happened on the day of Kink’s departure, it seems likely that this male
was instrumental in evicting him.

Next, we note that Kink was able to survive for nearly two weeks
in isolation from any group. His one known sleeping grove during this
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period was the favorite sleeping grove of his former group. Yet he
quickly adopted the grove of his new group once he was accepted by
them.

While Kink occasionally kid in undergrowth, like other solitary
animals, he was generally very vigilant, frequently scanning the area
either bipedally from the ground, or from vantage points in trees.

He was often on the periphery of other groups, where his inter-
actions were virtually all with other adult males. These interactions
were usually any of a variety of behaviors that we tentatively class as
‘greetings’. His eventual access to an estrous female of the TTF Group
indicates the tole of migratory males in genetic exchange between
groups.

Finally, we note that the group which he joined is one with which
the Main Group interacts perhaps more than any other. Furthermore,
it is the group that adult male Humprump joined. Humprump was
last seen in the Main Group on March 18 {day 15 of Kink’s migration)
and was next seen on June 22, in the TTF Group, at whick time he,
Kink, and a young adult female were the three lead members of the
group. _

On the basis of migrations of other males into or out of the Main
Group, we can add further to the picture of migratory males, although
for none of these other males is our data as complete as it is for Kink.

(b) Newman

Male Newman, who had moved into the Main Group about February 16,
1964, was last seen in the group on May 30 of that year. The most note-
worthy event in the weeks preceding his exit was an intense and pro-
longed display of aggression by the dominant male against him a2nd male
Whitetip on May 23. The agonistic encounter began with an atzack by
the dominant male on Whitetip, but the latter quickly established a
coalition with Newman. Despite synchronized attacks on the dominant
male by Whitetip and Newmaxn, the two of them wexe clearly defeated
by the dominant male.

On the evening of the 30th, the last day we saw Newman, he
lagged 80 ft. behind the group as they moved toward their sleeping
grove. Subsequently, wher Whitetip was again attacked by the domi-
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Fig. 16. Muzzle contact of an adult male of TTF Group with Male Kink from the Main
Group.

Fig.17. Male Even Steven {lefs) pulling back scalp of male Humprump. Note Even
Steven's hand on Humpramp's head. Adult Male BBT is in foreground.
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nant male and tried again to establish a coalition with Newman, New-
marn simply walked away.

Newman was never seen in apother group. We do not know
whether or not he moved inte one.

(c) BBT

Male BBT {bouncy, black tail}, like Newman, was simply missing one
day (July 18, 1964) and was never seen subsequently. During the
preceding months he was not involved in any outstanding social inter-
actions; indeed, he seemed to be a rather non-interactive male. But he
became partially paralyzed early in 1964, as did a number of other
baboons in Amboseli. We first picked up symptoms of paralysis in
BBT on April 20°. By the end of May, he was walking with his toes
dragging in the dust and without fully extending the legs, so that the
pelvis was carried lower than normal. The gait was slow; the pelvic
region and lower extremities seemed stiff. These symptoms are typical
of other cases that we saw 1%, On June 29, we noted that BBT’s paralyses
was getting worse. On July 13, when the rest of the group, at the edge
of 2 waterhole, became alarmed and suddenly took flight, BBT remained
behind. Perhaps he crouched and froze, as we have observed in young
animals. He remained in the Main Group until July 17, but was never
seen again.

While male Newman may have made a successful transition to
another group, it seems unlikely to us that BBT could have survived
alone during the transition period. .

{d) Humprump

Male Humprump was a large, fully adult male, about 15 years old. He
was one of the most subordinate adult males of the Main Group. On

? We have one note made October 29 of the previous year. that BBT limped and
that bis legs seemed stiff.

30 Op the basis of serological studies at NIH in one such paralyzed babeon from
Armboseli and in our son, there is reason to suspect that a cocksackie virus, perhaps
B, or B, was spreading through Amboseli at the time, and may have been responsible
for the paralyses [c.f. KavLTeR, RATNER, RODRIGUEZ and KALTER, 1967).
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February 29, Humprump consorted with a female that had a large
sexual-skin swelling (i.e., that was in estrus), and they apparently
mated. Later that day, there were extensive and intense agonistic
interactions among several males of the Main Group, but because of
rain, we could see litzle of what transpired. The next day, three adalt
males (Even Steven, BBT, and Male Six) ganged up on Humprump in
one of the most persistent and intense coalition displays that we saw.
Humpramp was eventually reduced to a state of waxy paralysis and
sat that way despite repeated bites and threats, even when Even Steven
sat behind him, pulling back his scalp (fig-17). For the next few days,
Humprump was harassed by Even Steven and BBET. He was last seen
in the Main Group on March 18, 1964, and when found 96 days later,
in the TTF Group, he and Male Kink were among the lead membersin a
progression.

Finally, we note here the possibility that adult male Humprump
was temporarily in another group on November 3, 1963, He was out of,
or very peripheral to, the Main Group from the afternoon of Ocrober 18
until November 5, except for November 2. This period was fairly early
in our work on the Main Group, and our ability to recognize individuals
was not yet well developed.

(e} Even Steven

Adult male Even Steven himself later left the Main Group. On June 12,
the dominant male chased adult female Null away from him; at the
tize, Null (for nulliparons} was the female of the Main Group with the
largest sexual-skin swelling. (Ten days later, her sexual skin de-
tumesced.) Thirteen days after this chase, Even Steven gradually
moved ahead of the Main Group during a progression and moved over
to another, larger group. But he was chased all the way back to the
Main Group by an adult male of that group. Twe days after that, he
was attacked by the dominant male of the Main Group. On Jaly 2 he
consorted with and mounted an elderly female, Calico, who was in
estrus (six days prior to detumescence). Later that day, however, he
was again attacked by the dominant male, who had mated with this
female on June 30, and did so again on July 2, 4 and 5. The following
day was his last day in the Main Group. Six days thereafter he was
located in Fang’s Group.
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{f) Immigration

So much for the aduit males that left the Main Group. What happens,
subsequently, when a male attempts to enter another group ? We have
presented our observations on Male Kink. Transitions of the other males
that left the Main Group were not observed, but we did make observa-
tions on three adult males, Shag, Whitetip, and Newman, after they
entered the Main Group.

Shag and Whizetip arrived together, suggesting. that they may
have come out of the same group. Furthermore, they were often closely
associated in the Main Group. They were first noticed in the Main
Group during a census, on November 18, 1064. (On November 3, a male
that was probably Shag had been seen in another group.) Like Male
Kink, they were often at the rear of progressions during the early days
of their move into their adopted group.

Shag, Whitetip and Newman were all attacked, quite forcefully,
by the dominant male of the Main Group during the months following
their entrance into the group. As indieated above, Newman left again,
after 104 days in the group. Shag and Whitetip were still in the group
when our study terminated, 260 days after they moved in.

Newman, the immigrant male that Jater left the group, was only
once observed to mount a female and then he apparently did not
ejaculate (o ejaculatory pause and no ejaculate visible externally). In
other respects, Newman seemed to be one of the most subordinate adult
males of the group. In contrast, Shag and Whitetip completed copula-
tions with several adult females of the Main Group.

When these cases of migratory males ave reviewed, a common
pattern seems to emerge. The emigrant male had lost a fight—either
with the most dominant male of the group or with a coalition of other
males—several days before his departure. Yet in none of the observed
cases were there any conspicnous wounds. In at least one case, com-
petition for estrous females seemed to be involved. After a transition
period of several days, during which the migratory male was independ-
ent of any group, he began to move into a new group, at first following
it at a distance. Early encounters were primarily with adult males of
the new group; these relations with ‘outriders’ may be essential to the
eventaal acceptance of the newcomer. A variety of behaviors that might
be called ‘greetings’—perhaps because we do not yet recognize their
true fanction—were common during the early days in the new group.
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The most sabordinate of the three males that entered the Main
Group never, to our knowledge, mated successfully with any adult
female of the group, and thus did not contribute to genetic interchange
between groupe. He eventually left the group. In contrast, each of the
other two izamigrant males mated with several estrous feraales and, so
far as we know, remained in the group.

Finally, some of our observations suggest that new males are
eventually singled out for attack by the deminant male of the new
group, though we are not yet sure that such fights are more common
than those between the dominant male and other males of the group.

9. Comparisons and Discussion
{a) Group Size

The variability of baboen group sizes within any one area is striking.
The variability recorded in Amboseli appears to be the most extreme
case: group sizes ranged from 13 to 185 in WASHBURN's samplel! and
from 16 to 198 in ours, Furthermore, there seem to be marked differences
in mean group size from one area to another. In Amboseli, mean group
size was 51.4 during our study; in Nairobi during DEVORE’s study, a
sample of 9 groups had an average of 42; and in South Africa the 15
groups that FHALL censused had a mean size of 31.

Commenting on such differences, DEVORE and Harr [1963]

wrote that, .

“these data from Kenya, where the groups of 121 and 183, for example, shared
the same area, iedicate that group size in an area is related more to patterns of
social behavier than to diferences in local environment. The only suggestion
that local ecological conditions may infuence group size comes from the single
study area where differences m altitude were marked. In the Drakensberg
Mountains of South Africa a brief sampling of the population showed a negative
correlation between the height of a group’s home range and the number of
individuals in the group.... It is not unreasonable to suppose that group size
in this area is dependent upon the food resources. While baboon foods are
relatively plentiful at the lower elevations, they steadily decrease in the upper
reaches. Because they mave as & group as they forage for food, there may be an

11,12 The size of the smallest group censused in Amboseli by WASHBURN during
1959 was reported as 13 by DeVoRre [1962], but as 12 by DeVoge and Harz [1965].
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upper limit to group size in areas where food is scarce. Baboons usually travel
about three miles a dxy, and a large gronp would have more difficulty aceom-
modating the nutritional needs of all its rmembers when food is hard to obtain.”

Relating group size to social behavior and to local environment are not
alternatives: they are two different aspects of the same phenomenon.
_ The coexistence of groups of different sizes in the same area, even with
partially or totally overlapping home ranges, does not rule out the
possibility that there is an optimal group size for any particular set of
environmental conditions such that the net reproductive rate for groups
of that size wiil be greater than the reproductive rate of groups of any
other size. If such is the case, then groups whose sizes are near the
optimum will grow at the expense of those that are more aberrant.
Another possibility is that groups of different sizes occupy somewhat
different niches?®,
Euvumzr [in DEVorE, 1965] writes:

‘Hamadryas baboons sieep exclusively on vertical rocks. Now, such rocks are
very mumerous iz the western aveas, while they are scarece in the east. On the
other hand, agriculture, that is, food, kas an inverse distribution. We found a
highly significant increase of troop size from the west toward the east, which
probably means that the dense population supported by the rich food supply
in the east is forced together ir large numbers on the few rocks available.’

By ‘“troop” KumMER refers not to the one-male social units, but to
aggregations of them at the sleeping rocks. In hamadryas, however, the
foraging unit is not the troop, but the single male with his associated
adult females and offspring. These one-male units are considerably
smaller than most social groups of savannah baboons, and Kumuzr
himself [in KommeR, 1968, p.155] speculates that

‘whereas sparseness of food seems to favor a population with small, dispersed
social units, the searceness of groves or cliffs for sleeping requires exactly the
opposite, i.e., large concentrations of animals in a few spots.... The hamadryas
apparently has specialized to alternately meet both needs, Its bands can split
up into one-male units which may disperse during the day in search of food. On
the otker hand, bands can develop a relationship that permits them to share 2
sleeping rock, i.e., to form a treop.”

i RowELL [1966, p.360] has speculated that even within a baboon troep, com-
petition may be reduced by age-specific dietary preferences.
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When supplemental food was given over many years to rhesus monkeys
( Macaca mulatta ) on Cayo Santiago and to Japanese macaques (M. fus-
cata) on Mt. Takasaki and elsewhere in Japan, group sizes increased
steadily. This saggests that the natural abundance of food may be a
Bimiting factor affecting group size. ‘...1z would seem that the deter-
mirants of regional variations in group size are primarily to be found
in food density as averaged over a year’ [Harr, 1965].

The relationship of group size to food abundance in savannah
baboons is not obvious. A complicating factor and one that may be of
particular importance in establishing optimal group size is the influence
of visibility on the coordination of group movements. In the open, low
grassland of Amboseli, visibility is unusually good, particularly in the
foraging areas, where groups are usually most widely dispersed. The
terrain.is virtually flat and the grass in most places is quite low. Over a
comparable distance in Nairobi Park, baboons in one part of the group
would more often be hidden from those in another by the higher foliage
or by irregularity in terrain. On the other hand, Nairehi Park, with its
high rainfall, probably provides a richer food supply for the baboons.
Yet the minimum, maximum and mean group sizes are smaller in
Nairobi Park than in Amboseli.

Whatever the ecological determinants of group size, they must
operate through those population processes, such as birth and death,
that affect group size. Estimates of the rates of these processes in ba-
boons are given below. Their effects on the distribution of group size
will be discussed in chapter IX.

(b} Birth Rate

Some data are available with which to estimate the birth rate for female
baboons. During our study of yellow baboons, 10 infants were born in
the Main Group (table IV) during a total of 6,608 female-days (obtained
from data in table III). This gives a reproductive rate of 1.513 x 10-°
births per female per day, or an average of one infant per female every
661 days. RoweLr [1966, table III] gives the number of adult females
in two groups of olive baboons as 2114, From January, 1963, through

it According to Rowers [ibid., p. 3511, some of these females reached adultheod
during the study, but no more specific data are givern about them. Counting these females
as adults throughout the study tends to deflate the estimated reproductive rate.

o
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March, 1965, 26 new infants were observed in these two groups [ibid.,
table 1V]. Assuming that all births were seen and that all adult females
were present throughout the study, these data yleld an estimate of
26 births per 21 females per 824 days, or 1.503 X 10~ birtha per fexmale
per day, equivalent to one infant per female every 665.5 days, on the
average's. These two estimates are in close agreement.

DeVore {1962, fig.24] recorded 7 infants born during his study.
Thirty-seven adult females, not counting two that disappeared from
one group during thestudy, are listed in his census data on the 5 groups
invelved [ibid.]. Assuming that DEVORE recorded all births in these
groups during the 9-month period, April-December, 1959, and that all
adult females were present throughout the study, these data give a
reproductive rate of 0.69 10-? infants per female per day, or an infant
per female every 1,454 days. This last estimate seems unreasomably
low. It may be that breeding tends to be seasonal in Nairobi Park ba-
boons, as it seems to be in Amboseli, and that many infants were born
during the months that DEVoRE was not present. Alternatively, a
number of births may have been missed.

According to Giierrr and Grrimaxw [1951], the post-partum
amenorchea of lactating chacma baboon mothexs lasts 5-10 months.
“In two exceptional mothers...the perineum commenced to turgesce on
the 33rd and 78th days...post-partum. Normal menstrual cycles were
established immediately despite the fact that the babies were still at
the breast.... We have reason to believe that they were cvulating on
those cycles.’

Kriewaror and Hevprickx [1968] indicate that *successive full-
term births after an initial pregnancy occur 2774 80 days [range ?], or
approximately 6.5 to 12 months apart.” This datum is based on females
whose infants were taken from them at birth [HEnDRIcKX, personal
communication], and thus may be nsed as an estimate of interbirth
interval in wild females whose infants die shortly after birth.

¥ Rowzkrr [ibid., p.353]. estimated the interval between births as follows:
6 months (preguancy) + 5 months (lactation mterval) 4 5 to IS weeks (one to three
menstrual cycles before pregnancy). This would indicate a birth interval of ubout
369-439 days.

% DEVore {ibid., p.104] estimated the interval between births at twenty to
twenty-four months {(about 607 to 730 days), as follows: 12 to 15 months in the period
of post-partum amenorrhea + 2 or more months until the onset of the next breeding
season -~ 6 months gestation.
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Only one female of the Main Group, female Kink, had two infants
during our study (table I¥). Her 1963 infant died at the age of 46 days,

om 23 October 1963. Thereafter, Kink’s sexual skin became tumescent

by the end of November, and she mated with several males at that time,
and during the first week of December?. We were away from Ambaseli
in early January, when her second estrus period was expected®S. She
was again swollen and in estrus during early February (presumably
her third eycle); detumescence began on February 14. There were 172
days between the onset of this detumescence and the birth of her next
infant!. The infant was born 286 days after the birth of her previous
infanpt. ' '

Of the other 8 mothers in our study, 5 showed no sexual skin

“swelling at any time from the birth of their infant until the termination

of our study (periods of 10, 29, 60, 71, and 327 days). The infants of all 5
were still alive at the end of our study. Another female, Shorty, had an
infant that died at the age of 60 days. As in the case of female Eink,
the death of the infant seems to have initiated the onset of cycling. Her
first post-partum swelling detumesced on 24 April 64, which was 43 days
after the death of her infant. During her second post-partum cycle, in

1 KRrewArpT and HENDRICEX [1968] indicite an average of 46.4 days in the
‘recycling periods’ of baboons after natural live births. According te HENpRICKX
[personal communication] the recycling period is the interval from delivery umiil the
first sign of sexual skin swelling, and the reproduective parameters that are given in the
paper cited are for females whose infants were removed from them at the time of birth
and were not subsoquently retumed.

1 Mean eycle length in chacma baboons is 39.63 days [GzmMaN and GILBERT,
10461. According to SMITE ot al. [1967] the menstrmal cyele in baboons (species un-
specified) lasted for 35.4 days in caged females without any adult male baboon in their
colony, but for only 30.3 days after two adult males were brought iv. even though neither
male had access to the females. At the same timae, the period of *estrus’ (= sexunl skin
tumnescence ?) was extended from 3.0 days to 10.83 days.

13 4 ceording to GILmMAN and Grusarr [1946], ovulation precedes detumescence
by two to three days. The gestation interval indicated here corresponds clesely with the
period of gestation that has been observed in captive chacma babaons (187 days, range
173 to 193 days. in 14 cases; GILBERT and Grixmar, 1951). and hamadryas baboons
(172.2 days; ZUCKERMAN, 1932). GILBERT and GILiMaN’s intervald ave based on timed
matings, in which the fernale is put with the male from ‘shortly befere the expected time
of ovulation, that is, at the time of maximum perineal turgescence, and remained with
the male until the first signs of deturgescence, ... wsually ... three to four days’. They
do not say what they count as day zere of pregnancy, but assuming it is the presumed
conception day, their estimates would in geaeral be a few days longer than estimates
based on the onset of deturgescence (= detumescence),
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which detumescence began on or about June 3, she apparently became
pregnant: a slight reddish tinge was noted in the paracallosal skin®
on July 26 and was more noticable on August 1. The infants of the two
remaining mothers died during the study. The infant of Female Three
died on 15 May 64 at the age of 194 days. It was still suckling in the
weeks preceding its death. The mother had small sexual-skin swellings
during mid-June and mid-July. (Such small swellings are common in
the first post-partum swellings of baboons: GrLman and GILBERT,
1946.) Female Notch’s infant died on 10 July 64 at the age of 46 days.
On July 22, Notch was noted as having a small sexual-skin swelling.

(¢) Death Rate

The crude death rate in our Main Group was 12 deaths (or presamed
deaths) in a total of 15,449 monkey-days, or 7.77 X 10-* deaths per
monkey-day. Much of this rate is accounted for by infant mortality.
There were 4 deaths during 596 monkey-days for infant-ones (first
half-year}, equivalent to §.71 X 10~ deaths per infant-day, For older
infants and juveniles combined, there were three deaths in 5,441 mon-
key-days, or 5.51 x 10~ deaths per monkey-day. For adult females, the
rate was two deaths in 6,608 monkey-days, or 3.03 X 10-* deaths per
monkey-day. For adult males, the rate was 3 deaths in 2,804 monkey-
days, or 1.07x 10— deaths per monkey-day. {Deaths are listed in
table IV; monkey-days for any age-sex category were calculated from
the data in table ITL.)

(d) Emigration Rate

As described in this chapter, only adunlt males were observed to migrate
from group to group. There were three emigrations from our Main

20 There seems to be no standard term in the literature for this area of bare skin.
GiLeERT and Groman [1951] refer to it as ‘the non-oedematous bare areas of the skin
lateral to the callosities’. It is present in both males and females, but does not change
celor in males. It is not part of the sexual skin in the strict semse: it does not swell during
the sexual cycles. Depigmentation of this paracallosal skin, with a change from biack
to pinkish red, is an indication of pregnancy and begins during the second week after
the expected menstruation [GrLrsEsT and Grrimar, 1951].
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Group (table IV) in 2.804 monkey-days for adult males (table ILI),
equivalent to 1.07 X 10-® emigrations per male-day, or an emigration by
each male every 935 days, on the average.

¢) Group Fission and Intergroup Migration
p group hug

Only a few data are available in the literature to indicate the frequency
or circumstances under which individuals or groups of individuals leave
groups. RoweLL [1966] indicates that two adult males moved into one
of her groups of olive baboons in Uganda. In another troop, the number
of adult males ‘fAuctuated between 4 and 5 and once reached 6; twe
individuals were always present, and a third for most of the time, but
the remaining one or two had often changed between sessions...and
some older juveniles may haveleft....” [n addition, an adult male vervet
monkey ( Cercopithecus aethiops) Lived for at Jeast two years with one of
these baboon groups before moving to another one, “where it was equally
accepted in grooming and sexual interactions’ [RowEeLL, ibid.]. RowELL
[ibid.] continues as follows:
“With this amount of movement between troops—the occasional joining te-
gether of two woops in foraging expeditions (5 and F), and the fact that as the
V woop incressed. in size it occasionally divided into smaller parties which
followed different routes during part of the day-—the validity of the troop, as a
population unit, might be questioned. This is a theoretical query, there was no
subjective doubt in the field as 1o the entity of the toops. probably becanse each
had a stable nucleus of known individuals; in partienlar there was no indication
that any female, and eertainly no adult female, ever exchanged troops.’

DeVore [1962] noted one baboon, an adult male, that changed groups
during his 1959 study in Nairobi Park. He presents circumstantial
evidence that two of the groups in the park may have split between that
time and his 1963 recensus [DEVORE, 1965]. “The survey also confirmed
that group membership remains stable over long periods, even when
the population is subjected to extreme drought and flooding’ [DEVozRE,
ibid.]. No further data are given on intergroup migration.

During Hary’s studies of chacma baboons in South Africa, and of
olive baboons near Murchison Falls, Uganda, he apparently never saw
intergroup migration [of. Harw, 1962a, p.191], aithough in both areas
he did see adult males that seemed to be isolated from any group [Hary,
ibid. and 1965b].

|
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Maxry and BuETTNER-JaANTsCH [1963] observed seemingly soli-
tary babooens on four occasions. In three cases, they were large males;
the fourth was an adult female, who—judging by the authors’ de-
scription of her behavior—probably was temporarily lost.

SrorTz and SaayMan [1969] have not seen any intergroup migra-
tion in their current study of chacma baboonsin the Northern Transvaal.
They write: “Variations [over time] in troop size were probably ac-
counted for by the natural increase and mortality of baboons rather
than by the interchange of individuals from one troop to another;
observer error undoubtedly accounted for a small percentage of the

discrepancy.’

() Group Composition and the Sex Ratio

Published census data on the age-sex composition of groups of yellow,
olive, and chacma baboons are given in table V, VII, VIIL, and IX.
The composition of hamadryas troops, which probably are not homolog-
ous with the groups in savannah baboons, are given in table X. The
pumber of females per one-male hamadryas unit are given in figure 8.
Accompanying these females are their dependent offspring.

Table X, Percent composition of hamadryas groups at Erer-Gota. Ethiopia, based on
KumMEeR, 1968, table V1I

Adult Sub- 30t 2%-13% 1%-% %0 Total
adult years years years year
Males 22.9 6.0 4.3 4.9 6.5 1.9 46.5
Females 32.6 5.6 6.1 7.5 1B 53.6
Total 6L.5 9.9 11.0 4.0 3T 100.1

On the basis of these data on baboon populations, several tentative
generalizations can be made about the composition of baboon social
groups. Qo far as is known, none is devoid of preadolescent animals. All
contain at least one adult male and one or more adult females. Further-
more, one-male units are characteristic only of hamadryas baboons;

Populations 65

multi-male groups are virtually universal in olive, yellow, and chacma
baboons. Except for one group of olive baboons, the yellow baboon is
the only species in which groups have been reported with more adult
males than adult females.

In a baboon group, unequal numbers of adult males and females
may result from any of several factors. First, there may be systematic
differences at birth. Although we do not yet have enough records on the
sexes of baboon zeomates to rile this out, major differences seem un-
likely, on the basis of records from other primates (e.g., GILBERT and
Grzrman [1951] reported the births of 7 male and 7 female chaema
baboons; VAN WaGENEN [1954] reported 103 male rhesus to 105 female
rhesus born in her colony; the Yerkes colony has yielded 151 live-horn
chimps to date, of which 75 were male) as well as on theoretical grounds
[FisuER, 19301 '

Secondly, if sex determination is independent from birth to birth,
small-sample differences in sex ratios of infants will be almost inevitable
among small groups. For example, 7 of the 8 infants born in our Main
Group during this study are of known sex, and of these 7, § are males.
While this would seem to be a highly disparate sex ratio, getting at least
6 infants of the same sex out of 7 infants can be expected in about 13
out of every 100 cases, even if, at birth, the chance of a male is one-half.
In any case, the result is that variability in infant sex Tatios will be
greater in small groups. This, in turn, may have marked effects upon
behavior and social structure, as RoweLs [1966, p.351] has empha-
sized®. For example, what becomes of an infant female whose only
available playmates are male ? What happens in a group when a new
crop of juveniles, almost all of whom are males, reaches sexual maturity ?

Third, disparate sex ratios of adults may result from differences
in maturation rates, hence differences in the ages at which males and
females are called ‘adults’. Commenting on this, D=VoRE and Harr
[1965] write:

“One of the mest impaortant reasons for the disparate sex ratio in adult baboons is

the fact that females mature in roaghly half the time that males do. By the tme

she is three and one-half or four years of age the female is coming into estros.
By the age of five she is bearing young and has reached full physical growth.

21 The model of independence between group composition and the probabilities
of hehavior in animals of each age-sex category 1 given in ALTMANN [1968].
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The voung male, although he is sexually mature by five. takes from seven to ten
vears to attain full physical growth...an observer counting baboons, then, will
classify as “adult™ all females with infants, or in estrus, or above 2 certain size.
“4dult males”, however, are usually only those which have attained the full
measure of maturity.’

An implication of this explanation is that there should be an excess of
older juvenile males.

Two other factors that may affect the adult sex ratio of groups are
differential rates of migration (in the narrow semse of moving into and
out of social groups) and differential mortality. As we have indicated
above, migration of baboons in Amboseli may be a major factor affecting
adult sex ratios of individual groups, but intergroup migration alone can
have no effect on the overall sex ratio in the population of groups, except
insofar as migratory males go through a solitary peried during which
they are not counted as contributing to the sex ratio of any group. Itis
noteworthy that, except for incapacitated animals, only adult males
were observed living in isolation from any social group, and that only
adult males are known to migrate from one group to another. As for
mortality, the data from cur Mair Group suggest a higher mortality in
males: the data in table IIT and IV indicate 1.916 x 10—* deaths per
monkey-day for males, but only 0.2563 10-* deaths per monkey-day
for females.

IV. SLEEP
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In the evening, at dusk, the baboons of Amboseli climbed into fever
trees, each group usually in a separate grove of trees. The choice of
individual sleeping places within a tree seemed to depend in part upon
the weight of the animal, with the smaller animals generally selecting
smaller branches—thus making it more likely that an adult male would
be between them and any predator that attempted to climb the tree.
Shortly after ascending, the baboons settled down for the n‘ight. Often
the last sound was the calling of infants that were separated from their
mothers. Thex all was still. Once the baboons had become quiet, it was
surprising how inconspicuous they could be in well-foliated trees.

Adults usually slept hunched over, in a sitting posture™. Oc-
casionally a baboon was seen resting or sleeping on a large, horizontal
_ branch in 2 prone position, the left arm and leg hanging down one side
of the branch, the right arm and leg down the other (see chapter frontis-
piece). Small infants slept in their mother’s ventral flexure. The baboons
sometimes seemed to get into such a position, in the fork of a tree branch,
that they would not fall, even without muscle tonus.

Baboons also rest or even nap from time to time during the day.
As described in the next chapter, many afternoon progressions slow or
stop for a while. Often at such times, some members of the group ascend
trees and feed or rest there, while the remainder of the group stays on
the ground, usually involved in grooming ox other quiet social activities.
During such periods, the animals rest in a wide vanety of postures

(6g.18).

22 Bywr et al. [1967a] have observed that Guinea baboons sleep in this same
posture, and believe that maintenance of equilibrivm in this precarious pesition, high
in the trees, depends upon the baboons” pattexn of sleep. which remains light and is
interrupted by frequent awakenings, and that this aleep pattern bas, in turn, required 2
particular neurophysiolegical arganization.
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Fig. 18. Resting postures of baboons. (2) An adult male in an unusual, cat-like posture.
() A napping adult male being groomed by a large infant.
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Fig. 18. Resting postures of babeons. (¢} A large juvenile female in a common resting
posture. {d) A subadult male napping in a braced positien, with fingers held under foot.

focaiiio
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1. Sleeping Groves

The night-time sleeping grove of the Main Group is known for a total of
125 days. The locations of the groves that were used are shown,in figure
19. The frequency with which each grove was used is shown in table X1.
Table XIT gives the frequencies of transitions from one grove to another
for 88 pairs of consecutive uights.

By a slecping grove we mean & cluster of troes that are safficiently close together that the
baboons can get to any tree within it froms any other tree in it without descending to the
ground, and that are surrounded by gaps too wide to be crossed without descending®,

The Main Group had 2 ‘favorite’ grove (grove 1, fig. 19), which accounted
for 329, of their night locations*, and which we nick-named ‘Sleepy
Hollow’. If all members of the Main Group slept in Sleepy Hollow any
one night, there was about a 48 percent chance (1 3/27) that they would
return the next night. Thus, the fact that the group slept in Sleepy
Hollow the night before made it even more likely that they would
return. The next-most-popular grove, grove 2, accounted for 25%
(32/125) of their sleeping sites, and they slept in that grove 289 {7/25)
of the nights in which they had slept in that grove the night before.
Thus, this grove did not appear to exhibit the kind of residual attraction
in the choice of sleeping site that grove 1 did. All of the remaining groves
together accounted for 42 % (53/125) of the Main Group’s sleeping sites,
yet for these groves there were only nine percent repeats, all accounted
for by grove 3. Thus, it would appear that the remaining groves show,
if anything, a negative residual influence; that is, the probability that
the Main Group will sleep there on any given might is lower if they
slept there the previous might. [Excluded from this analysis are a case
in which the group was divided between groves 2z and 1 on one night,
then all slept in grove 1 the next night, and another case in which after

2 We believe, but are mot certain, that groves 2a and 2b (fig. 16) are, in this
senge, distinet groves; although data for 2a and 2b have been tabulated separately,
they have been lumped in the analyses described below. Similarly, we believe but are
not sure that grove 1 consists of two separate groves, which have been lumped in our
tabulations and calculations, On the other hand, groves 1la and 11b are probably
separate groves, and thoy bave been kept separate in the analysis,

4 35 9, if we inclnde four nights in which the group was divided between grove 1
and another grove (table XIT).
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" Fig.19. Sleeping groves of the Main Group (numbers in blaclk circles) ond of other groups
{black wiangles). The solid line is the outer boundary of the home range of the Muin
Group. Dotted lines {west side of range) indicate positions of the outermost members
of the growp when the gronp was neac the periphery of its range. Dash lines indicate
vehicle tracks. The star indicates the position of a grove of trees that was almost adopted
by the Main Group, Groves 4—7 and 11 are in KH woods; the others are in KB woods.

Tabie XI. Number of nights during which baboons of the Main Group used each of
their sleeping groves

Grove No.  Frequency of use Grove No.  Frequency of use w -« - -
1 40 10 1 - - - ~«
2a 15 1lla 1
2b 16 11b 4 " @ e — =
3 13 12 0
4 4 13 1 a - o1 - - | 2
s ¢ 1and 3a 3
b 3 land j2 1 @ ] — -
7 i aand 2b 1
3 3 4 and 5 2 — Do m s —- — o™ —_ =
g 3 5 and § 2

The locatiors of these groves are shown in figure 19. Where more than ope grove pumber
is given, the group split inte subgroups, each of which slept in 2 separate grove. (See
footnote, p. 71, for some possible errors in grove demarcation.)

Next night
11b
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2a+42b
2a--1
Tatal

=] og
L B BB VR == B B

R




74 ’ . Sleep

dividing between these two groves one night, they all slept in grove 2b
on the next night (table XIT)].

These residual effects cannot be accounted for by proximity to the
grove of trees in which the animals last slept. As we show in the next
chapter, they usually ranged, during the day, far outside the woodland
areas in which the sleeping groves were concentrated, and when return-
ing the next evening, would often pass up several groves in their pro-
gression toward the grove of their ‘choice’.

Altogether, there were 27 of 88 days (30.6 % with 95 % ¢.1.2242 %)
during which the Main Group progressed in a ‘closed loop’, i.e. some of
the group returning in the evening to the same grove from which mem-
bers of the group had descended that morning. Of these 27 days, there
were 23 on which 2l members of the group returned to the one grove
in which they had slept the night before.

On a few occasions, the Main Group was observed to leave one
grove of trees in the evening and move to another. This was almost
always the result of intergroup competition for sleeping trees.

When such competition took place late in the evening, it some-
times resulted in a group split, some members of the group going off to
another grove, others staying in the contested grove. Intergroup com-
petition was not always present during a division of the group among
sleeping groves, however: we have observed such a split in the Main
Group when no other group was near them. Members of the Main Group
slept in two separate sleeping groves on eight nights out of 125 (6.49%,
with 95 % binomial ¢.1. 3-13%). On all other nights, all members of the
group slept in but one grove. When more than onme grove was used,
there was usually conspicuous ambivalence in the movements of the
baboons as they approached the sleeping groves and at such times some
baboons, even after having partly ascended, descending again and
switched groves. When the group split into such subgroups, the two
sleeping parties were usually both quite large; the composition in one
caseis given in table XI11I. At the other extreme, adult Male Three slept
alone one night .

25 Mathematical models of primate subgroup formation have been presented by
ArTmany [1965] and, particularly, by Comen [1968]. The latter has provided & two-
parameter model that fits the distribution of sleeping subgroups observed by STRUH-
saxER [1963] in Amboseli vervet monkeys, as well as the distribution of (sub) group sizes
in several other primates.
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Table XI11. Composition of subgroups of the Mair Group on night J une 29, 1964

Baboons in grove 5 Baboons in grove 4
' Subadult Male 3 Adult ferale Whip
Adult fexnale Blondy Adult male Whitetip
Juvenile-1 male of Blendy Adult Male 5

Juvenile-2 male Drape Adult Male 6

Adult fernale Surrey Adult female Arch
Juvenile-1 male Teddy Bear Infant-1 male of Arch
Adult female Scyth Adult Female 3
Juvenile-1 male Whitey Adult female Calico
Adult female Geldy Adult female Concave
Infant-2 male of Goldy Adult male Even Steven
Juvenile-1 male Adult Female 15
Juavenile-1 male Adult female Round Hips
Adult male Shag Infant-1 male of Round Hips
Adult female Notch Adult female Shorty
Infant-] female of Notch Adult female Stecky
Adult male BBT Small Juvenile-1 Female

Medium Juvenile-1 Fernale
Large Juvenile-1 Female
Adult female Null

Adult female Light-Tip
Juvenile-2 Male 4
Juvenile-1 male

Adult female Kink

The sleeping groves of the Main Group were in two distinct wood-
land areas that are separated by an area with no permanent water and
relatively few trees. We call these wooded areas the KH and KB woods,
for their proximity to Kitirua Hill and Kitirua Beacon, respectively.
If one pools the sleeping tree transition data in table XII into these
woods the following results are obtained:

Next night

KH KB
KH 9 9

First night
KB | 12 | 58

b
L
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from which we get the following relative frequencies:

© [ 9/18 9/18
d “‘[12/70 53/70]

Using these frequencies as probability estimates, transitions between
KH and KB sleeping groves can be represeated by 2 first-order, two-
state Markov process:

2

Fig. 20. Relative frequencies of transition between sleeping in the KH woods and the
KB woeds.

Since Pis a regular stochastic matrix, its powers approach a matrix
T', each row of which is the unique fixed-point probability vector of P
[Kemeny, Svers and THOMPSON, 1957]. For the values given above for
P, that vector is (0.2553, 0.7446). What this means is that the group
will spend about 25.5 % of their nights in the KXH woods, 74.5% in the
KB woods, and that this distribution is independent of where they were
when we began sampling their sleeping groves .,

Two other estimates of these probabilities can be made. First, the column totals of
table X1 indicate that 76.1% (= 67/88) of the nights were spent in the KB woods,
23.99% (== 21/88) of the nights were spent in the K¥ woods. Comew [1968] has proved
that this and the previous estimate ara virtually identical. Second, a larger sample.
including not only these nights for which the next night’s sleeping grove is known, but
a1l others as well, is shown in table XI. This secend sample gives 22.4 % (= 28/125) of
nights in KH woods, 77.6 % (= 987/125)in KB woods. There is close agreement between
this estimate and the other two. .

Although the baboons sometimes ascended the sleeping trees as soon as
they reached the grove, they often coalesced om the ground first. At
such times, the group was generally more compact than at any other

28 We have agsumed a stationary source, Le. that the probabilities that we are
astempting to estimate are not changing during the period of abservation. As has been
shown by ComEN [1968], the staticnarity of the source cannot be demonstrated from the
same set, of data as axe used to estimate the transition prebabilities.
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time of day (p.111), and the baboons went through a period of heighten-
ed social interaction in which grooming, nursing and other quiet activi-
ties were usually predominant (p.93). In some cases the animals
seemed obviously fatigned at that time of the day.

The method by which the group’s sleeping grove of the night is
chosen is not well understood. It will be discussed in a future publication,
in which the internal dynamics of the group will be considered. Some
factors that may influence the decision are discussed below.

2. Competition for Sleeping Groves

Sleepy Hollow was in an area in which sleeping groves of many groups
of baboons were concentrated (fig. 19)%. On some evenings, six or more
groups, containing over 400 baboons, slept in this area (approx. 0.3 X 0.6
mi.). As numerous groups converged on this area each evening and then
left it again the next morning it became the center of much group inter-
action. These intergroup relations will be discussed in detail in a sub-
sequent report. They ranged from the virtual ignoring of other groups,
to massive and overt aggression. Perhaps the most frequent group
interaction was ‘pushing’, in which one group, witk no aggression more
serious than approaches and stares, repeatedly or continually induced
a group that was ahead of it to move along toward the sleeping groves.
Such group supplantation near sleeping trees sometimes took on a
tandem formation, with several groups moving along, one behind the
other, each spread out in a long file, and sometimes with the front indi-
vidual of one group and the last individual of the group ahead closer to
each other than either was to the nearest member of its own group. (As
mentioned above, group censuses at such times may be inaccurate
unless one is working with groups of recognizable individuals.}

Occasionally, when more than one group moved into the same
grove of trees, there was considerable agonistic behavior between the
groups. Doubtless one function of preferred sleeping groves for each
group is to reduce the chances of such competition.

We have evidence that the favorite.groves of the various groups
do pot coincide. Sleepy Hollow was seldom used by other groups, even

=7 Aceording to PEYER WarsmarL [persopal communication] thers may be a

similar cluster of sleeping groves in a cireular patch of trees in the western half of
quadrat {11, 7).
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when the Main Group slept elsewhere. The Main Group shared the
Hollow with another group (of 18 baboons) on only one night. Similarly,
there were many sleeping groves near Sleepy Hollow that were fre-
quented by other groups, but that were seldom or mever used by the
Main Group.

Once the baboons settled down for the night, they apparently
never change groves: on 47 mornings, we found the Main Group i the
same grove in which we bad left them the night before, never elsewhere
{95 2, binomial c.1. 0.00-0.08).

3. Adoption and Desertion of Grave.§

Near the end of our study, the Main Group seémed on the verge of
adopting a new sleeping grove, which was on the periphery of the KH
woods, though well within their home range™® (fig. 19).

On the evening of July 22, the Main Group moved toward the potenticl new grove from
the east. Six members of the group ascended. Suddenly, most if not all of the baboons
that were still on the ground ran about 30 ft. westward, toward the center of the grove.
They then stopped and looked back. No alarm barks were given by any of the baboons:
the flight of the baboons had apparently been « false alarm. Two minutes later, 2 mature
adult female (Stocky) initiated a progression of the group out of this grove and to grove
11b, about ¥ oul, away.

The next evening, the group again went to the new grove. Again, the group
suddenly left the area, but in this case, their departure did not begin with an alarm
flight. We did not see who initinted this progression; it was lead by 2 mature adult
female (Goldy). The monkeys quickly moved eastward entively out of the KH woods,
then seross an open plain to the KB woods, This progression was long, tense and rapid.
(By this time of day, it is getting dark and the baboone are usually in or near their
sleeping grove,) Between 1730 and 1800, the group progressed farther {1.39 mi.) than
during any other half-hour period during our study, for 2n average of 2.8 mi/h.

Often during this progression, virtually every member of the group,
other than clinging infants, was running. Repeatedly, the progression
stopped, and numercus baboons, starting with those near the front,
stood bipedally, looking sometimes te the north, sometimes south, but
in each case, virtually all looking in the same direction, The subadult

% On 118 nights before that, the Main Group slept clsewhere (binomial confidence
limits 0.00-0.03), Furthermore. this grove was not among those nsed on 125 nightsin the
entire study on which the Main Group's sleeping grove is known (b.c.l. 0.00-0.03).
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male was one of the lead members throughout the progression. Two
females, Goldy and Null, and the most dominant male were among the
lead members during parts of the progression.

By 1807, the group was near the western edge of the KB woods.
They stopped and fed very rapidly, one might almost say desperately.
Tension in the group remained high. About 1845, they ascended grove
2h., The entire progression, from the time the baboons left the potential
new grove, at 1719, until they ascended grove 2b took 88 min and cover-
ed 2.3 mi., for an average of 1.7 mi /h.

Another grove, 11b, was actually adopted during our study®. So
far as we know, it was used for the first time on the evening of May 12,
1964. The group was moving toward grove 11a, but at 1700 had reached
an impasse in the vegetation, about half a mile north-east of the grove.
Between them and the grove was a pan®, fringed by dense, tall grass
{ Sporobolus rebustus ). The baboons were still in the same place half an
hour later, when alarm barks were given by another group, about ¥} mi.
to the southeast. {Sporadic barks continued until at least 1805.) By
1756, two baboons of the Main Group had moved to the nearest large
grove of trees, 11b. Within 4 min, half the group had ascended the
trees of 11h, and the rest were moving rapidly toward them. At 1820,
we ascertained that apother group was in the trees north of KH 4, in
the area between groves 5 and 6. The sight of these baboons may have
contributed to the Main Group’s choice of the new grove.

The new grove, 11b, was subsequently used three tiroes by the Main Group. The next
time was 29 days later. At 1815, the group was moving across the same pax, but this
time along a well-used route. They were moving toward grove 5. Suddenly, at 1824,
there was 1 yoar from a young zdult male lion, seated on a ridge abour 150 yards from
the group and facing the group. The baboons gave their aizrm bark, and ran to two small
fever trees in the middle of the pan.

1828. The baboons were silent and motionless. So was the Lion.

1829, About 10 members of the group left the trees and moved northward across bare soil.

2% We are asseming that 11a 2nd 11b are distinet, At the time of adoption, grove
11b had not been used on any of the 73 previous nights for which the sleepmyg grove of
the Maiz Group is known (b. ¢.1. 0.000-0.055). This grove is known to have been used by
another group at least onee dusing our study.

3% A patural basin or depression in the terrain that ficods during the rainy season.
Except for a border of S.robustus grass, pans in Amboseli ave generally devoid of vege-
tation, perhaps as 2 result of accumulated zalts.
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183]. Seventeen of the baboons were on the ground, but they were sitting quietly, not
progressing. An infant cackled, but there was no other vocalization.

1833. The entire group began moving northward. led by aduit female Stocky, who was
15 ft. in front of the others. Half a minute later, two alarm bazks were given. The
babaons ran about 90 ft. farther north, then stopped: and sat. They were completely in
the open. The lion was still sitting quietly in the same place.

1834. About 5 members of the group moved southward again, L.e. toward grove 5. Bat
the rest remained seated.

1836, About three-quarters of the group moved southward. Netther female Notch nar
female Round Hips, both carrying neonates, showed any tendency to stay near adult
males. Bat about 10 sec later, most of the group turzed and moved northward again,
in what looked like a2 more definite progression. An infant screeched—the enly vocaliza-
tion, The lion was still in the same place, unmoving.

Half a minute later, female Arch, with her infant clinging to her ventrum, moved
southward, in the direction opposite from that taken by the group. The group stopped
and watched her. About 40 ft. away, she sat down for perhaps one-half minuze, then got
up, moved another 10 ft. south, ther sat down again. Virtually every baboon in the
aroup was watching her. She sat there, looked back at the group, looked over toward
the lion, and so forth. About 15 sec later, she got up and trotted toward and then through
the body of the group. This action precipitated the rapid progression that followed, and
the group moved directly to grove 1lb.

By 1844, half the group had ascended the trees. The last three to ascend were
twao of the three immigrant males, Skag and Whitetip, and the partially paralyzed male,
BBT. :

It is interesting that female Arch, whose actions seemed quite decisive
in resolving the uncertainty of the group, is the female who was carrying
the youngest infant. Her son was just 7 days old at the time.

The other two uses of grove 11b were on July 6 and July 22. On
the morning of the sixth, the baboons gave a false alarm while crossing
this same pan, but they soon quieted down again. No other alarm reac-
tion. was noted that day. (We were away from the group from 1239
watil 1633.) Utilization of grove 11b on the night of July 22, after almost
adopting a new grove, has been described above.

One grove, No.3 (fig.19) was deserted after two members of the
group were killed therein by a leopard (p.182). Although this grove had
been used as a sleeping grove on 13 out of the 57 preceding evenings
for which the grove of the group is known, it was net used once in the
subsequent 68 mights for which we have sleeping grove data. This
difference is highly significant (z = 4.16, P < 0.001; Freumnn, 1952,
sec. 10.43.
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4. Time of Descent

On 152 mornings, we estimated the median descent time of the Main
Group, that is, the time at which the median member of the group
descended to the ground. The distribution of these observed descent
times is shown at the top of figure 21. However, the distribution of
observed descent times is not an unbiased estimate of the true distri-
bution: on some days the baboons had already descended when we
reached them, and thus the distribution of observed descents is biased
against early descents. ' '
The simplest way to remove this bias is as follows. The probability that the baboons
will descend during zoy time interval can be estimated from the number of descents
ohserved in that time interval divided by the total number of days during which the
group was observed up, down, or descending during the interval. (Note that the total
includes days when we arrived before the onset of the tnterval, only to find that the

baboons had already descended.)
As we have shown elsewhere [ALTMANN and WaGNER, 1969], a more reliable

estimate of the probability P(d:+4) that the descent time will occur during the time
period {,z+ 4} may be obtained from

1 : :OD: gDi-}-.a ‘=+3D?+4
P(d:+4)=‘ﬁ[?pi+a+2cnf+a+2:D?W+—‘DDO—”’
L + e~ [l -
) .v__,ffz__]
SR

where 307 denotes the number of days on which observations begar between @ and &
o’clock and the baboons descended between ¢ and d o’clock. 4D denotes the number of
days on which observations began at b and the baboons descended between ¢ and 4,
N is the total number of days in the sample, ¢ <i<t+ 4, and j> ¢ +- 4. Since each day’s
sample is essentially a Bernoulli oial, binomial confidence Lmits may be placed on the
estimate for each time period.

The estimates that we obtained and their 959, confidence limits are
shown in figure 21, where the results are compared with the (biased}

results of plotting only observed descent times.

For the purpose of calculating confidence limits for each time period {z,¢ + 4), one must
associate with that period a sample size. That size is certainly no less than the number
N, = urDz, of days on which we arxived by the beginning of the interval. In fact, since
some additional information is gained from the days on which we arrived after the
beginning of the interval, the “trae’ sample size is no doubt larger than N;—but probably
nat as large as IV, 4 D%, = N. Those two values. N, and IV, determine an outer and an

innerpair of confidence limits far the period (¢, ¢ + 4}, both of which are plotted in figure 21.
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5. Time of Ascent

The distribution of observed ascent times is shown in figure 22. Because
of days on which we departed before the group had ascended, this
distribution is biased against late ascents, but because of a considerable
lack of independence between our departure time and the group ascent
time, the earlier techniques are inadequate to remove the bias. At
present, we do not know of any way to obtain an unbiased estimate from
the available data. The mean of the obsexved ascents is 1822, with a
standard deviation of 22 min.
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Fig, 22. Diswribution of observed nsconts of Main Group into sleeping trees.

6. Comparisons and Discussion
(a) Sleeping Sites

At night, the baboons that we observed in Amboseli slept only in trees.
In the Serengeti plains, on the other hand, baboons were observed on a
kopje (vocky outcropping). Except for several other kopjes nearby, we
could see nothing but flat, treeless plains for miles around. In all likeli-
hood, ther, these baboons in the Serengeti slept on the kopjes. Since

= =]
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the few trees on the kopjes seemed too small and too sparse to held all
of the baboons, many if not all of them probably slept on the rocks
themselves, much like baboons that sleep on cliffs, such as the chacma
baboons in the Cape Province of South Africa [Harr, 1960], hamadryas
and anubis baboons in Ethiopia [KuymmER and Kurr, 1963; Croox
and ALDRICE-BLakz, 1968], and perhaps also anubis baboons in the
arid Karamoja Province of Uganda [HarLr, 1965a). In contrast, other
baboons that we observed in Serengeti, in the vicinity of Seronara, slept
in trees.

Harw [1963, p.15] described the use of a cave by one group of chacma
baboons in South Africa and one in South-west Africa., Marals, too,
recorded the use of a cave or cliff hollow as a baboon sleeping place in
South-west Africa [Marats, 1935]. On the other hand, KumMMER {1968,
p-157] notes that the hamadryas that he studied did not sleep in caves
and in fact preferred a eave-less cliff, on one side of a ravine, to the
opposite cliff, which had two caves. A portion of one large troop of
hamadryas spent the night on flat ground above a cliff, using opuntia
cactus as its only protection [ibid., p.17].

All other reports on baboons indicate the use of either trees or
cliffs as sleeping places [e.g. Harr, 1963, 1965b; CrOOK and ALDRICH-
BLagg, 1968; LuMspEN, 1951 ; Maxiv and BUETTNER-JaNUSCH, 1963;
DeVorg, 1962; Rowery, 1966; StovTz and Sasyman, 1969]. Bzrr et al.
[1967a] observed that although the species of trees in which Guinea
baboons sleep differ from one region to another, the trees that are used
are, in each case, the highest in the area, or in one case (the ronier iree,
Boratius ethiopum), they are the trees with the most difficult access.
These authors point out that many detailed observations would be
necessary to detect any pattern in the allocation of branches within a
sleeping tree, but it seemed to them that females with infants took the
most peripheral positions, i.e. farthest from the trunk of the tree. In
Uganda, RowsLs [1966] noted that baboons used particularly tall trees
as resting places.

In many areas, there is no choice between trees and chiffs: only
one is present in suitable size. STOLTZ and Saayman [1969] have studied
chacma baboons at Tshipise (23 mi. south of Messinz in the northern
Transvaal, S. Africa), in an area where both are available. They write:

“The majority of the chacma baboon troops in the Messina distriet showed a
distinet preference for sleeping sites in the rocky krantzes [precipices] in the
sandstone ridges and kopjes; these were very similar to the steep cliffs used by
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groups in the Cape und in South-West Africa [Harz, 1962]. A few troops, how-
ever, alept in trees and these utilized the tall trees on river banks (Acacia albide.
Acacia xanthophloea, Ficus sycomorus, Croton megalobowrys) in preference to
the large baobabs, Adansonia digitata, which were available throughout the
area. A small percentage of troops used krantzes and trees as sleeping sites when
both were available. Sleeping [cliffs in the study area]...had a typical smell and
were marked by accumulations of duog and the unine-stained, sticky surface of
the rocks?l, In general, they were situated beneath overhanging rocks midway
between the wpper and lower slopes of the cliffs.”

Hamadryas, when they have a choice, sleep on rocks rather than trees.
Kuommrer [1968, p.161] writes:

*Strikingly, the permanently green, large (more than 15 m) trees of the gallery
forests were hardly used as sources of food and never as sleeping places. The
haboons osly approached them when they went to drink and rest at the water-
holes in the rivers. and then only a few animals would occasionally cimb onto
limbs not higher than about four meters and pluck some fruits.”

The use of trees as sleeping sites is virtwally universal among other
monkeys—probably a reflection of their basically arboreal babits. The
use of cliffs, caves and rocky outcroppings probably is relatively recent,
a trait that developed along with other adaptations to living on the
ground and moving into areas with progressively fewer trees. The pres-
ence of both tree- and rock-sleeping baboons in Serengeti indicates the
present-day adaptability of these animals.

What is the significance of the fact that baboons sleep off the
ground, in trees, on cliff faces or on rocky outcroppings ? We tend to
agree with DEVoRE and Harr [1965), who say that ‘the most general
statement it is possible to make about baboon sleeping sites is that they
seem to choose the safest places available to them’. BERT a1 al. [19672]
concur, and suggest further that additional protection is gained through

% FHaLL, too, commented on the acenmulation of feces on the ledges and at the
base of sleeping cliffs [Harz, 19622, p.200], and BErT et of. [1967a] have commented
on the acenmulation of feces below sleeping trees. Of course, accumulated feces may
serve as fertilizer, When the same sleopiog places are used for many years [Hannow,
1952], an appreciable amount of meterial may be transgported. Dispersion and germina-
tion of acacia seeds and those of other plants may be facilitated by being carzied in .
feces, and some hard, round seeds seem to be particularly adapted to passage through
the guts of animals without eansing harm and without suffering damage themselves
[LavPREY, 1967]. Kummnz, [1968, p.17] has suggested that opuntia cactus is planted
in this way, and that lecally, hamadryas may become independent of the scaxce sleeping
rocks by planting such protective screens.
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familiaxity with the habitat that comes from repeated use of a favorite
sleeping grove.

However, sleeping in trees is no guarantee of safety, as demon-
strated by the killing of two members of the Main Group by a leopard
{(p.182). This case tends to support our statement above, that the
baboons are less subject to attack when several groups sleep near each
other: the grove in which the Main Group was attacked by the leopard
was one of their more isolated groves.

A few data on the number of sleeping sites per group have been
published. During DEVoRE™s study of olive baboons in Nairobi Park,
‘one group, whose core area contained only one isolated grove of tall
trees, slept in this spot on all but twe evenings throughout 10 months
of almost daily records, while groups that ranged zlong the [Athi] river
might have as many as 14 sleeping sites’ [DEVoRrE and Harr, 1965,

p-32]. .

Harr's C group of chacma baboons in the Cape Reserve, South
Africa, nsed three sleeping-cliffs, His S group used 3 cliffs in 1938/59, and
the same 3, plus 2 others, during his 1960 observations. Frequencies of
use are given and, for 3 groves, Havrx lists the numbers of successive
nights that the same grove was used {HaLzy, 19622, p.200].

Srorrz and SAsyMAN [1969] give the frequencies of use of sleeping
sites for two chacma groups in the Northern Transvaal, one of which
used 5 sites, and the other, 6. Data on the order of use of sleeping sites
are given for the former (troop W), whose most frequently used krantz
accounted for 71.29, (94/132) of the nights in the sample. For that
favorite krantz, the chance that the group would return if they had slept
there the previous night was about 0.78 (= 32/41). Thus, if this krantz
exerts any residual attraction of the sort shown by Sleepy Hollow in
our study, it is not obvious from the available data.

7 Buxror [1951] presented evidence that baboons and other species
of monkeys in the Mongiro Forest of Uganda may return to certain
sleeping trees year after vear.

Evmuer [1968] does not indicate the frequemcy with which
various sleeping rocks were used by particular one-male units of
hamadryas baboons, but he does point out that a rock that is nsed by
many baboons on one night may be vacant the next. He also suggests
that abundance of available rocks may affect troop size. “Troops are
large (up to 750 individuals) in areas where rocks are scarce, and small (as
few as 12 individuals) whererocks are abundant’ [Kummer, 1968, p. 148].
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(b) Sleeping Clusters and Subgroups

In Amboseli, the concentration of several groups of babooxs into one
area at night seems to reflect not only a concentration of suitable trees,
but also an element of sociability between groups. Sleepy Hollow, the
Main Group’s most frequently used sleeping place, did not seem to us
to be any better or worse than their other sleeping places. What it did
have to offer was proximity to other baboorn groups. We do not known
the function of this evening convergence of groups. Perhaps any predator
in the area is more likely to be seen by the baboons.

This night-time concentration of baboons is quite unlike what has
been reported for baboons in Nairobi Park [DEVoRE, 1962]. It tends
towards the pattern found in hamadryas baboons that hasbeen reported
by Kvmmer and Kurr [1263] and Kommer [1968], in which many one-
male parties converge each evening on an area of cliffs used for sleeping.
Similarly, StozTz and SsAyman [1969] write: ‘A sandstone vidge, six
milesinlength, intersected the central part of the study area.... Whereas
alarge number of potential sleeping places were available, ﬁve troops...
utilized sites concentrated within one mile of the ridge.” Aggregations of
Guinea baboon groups at groves of gallery forest have been described by
BErT ¢ al. [1967a), but in such areas, the aggregations may merely
represent the concentration of suitable trees.

We have indicated that in Amboseli, groups of baboons aggregate
in the evening in the vicinity of their sleeping groves, which tend to be
clustered, and that our main stndy group cccasionally split into two
subgroups in the evening, each subgroup sleeping in a different grove of
trees. A similar combination of clustering and subgrouping was de-
scribed by ZuckERMaN [1932, p.199], based on his observations of
chacma baboons in South Africa. He wrote:

*A large pack of about one hundred animals may occupy more than ene rocky
¢liff or krantz when it settles for the night. During the day the baboons may at
tmes have been widsly scattered, but towards evening they reunite and huddle
in small parties in crevices that pearly always open onto a slope.”’

LumspEN [1951] carried out a detailed study of the might-resting habits
of several species of monkeys, including olive baboons, in the Mongiro
Forest of western Uganda. The two favorite sleeping trees of the Jocal
baboons were both Mitragyna stipulosa, of about ‘average’ (25 m.)
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beight. The crowns of both commumicated in many directions with the
crowns of other trees of the same species and of Elaeis guineensis. The
5 favorite sleeping trees of the baboons ‘accounted for 72 % of all Papio
doguera tessellatus bands observed’ [ibid., p.21]. About three yearslater,
a restudy of the same forest revealed that at least 4 of theze 5 favorite
baboon sleeping trees were still being used by them [BuxTon, 1951].
In their choice of sleeping places, the baboons favared

‘particnlarly the forest fricge and the open ground closely adjacent to it. In the
case of their two most frequented trees...little indication was evident on the
matter of preference of some trees over others; M. stipulosa is overwhelmingly
the commonest tree in the swamnp forest aad all specimens are remarkabiy uniform
in size and formation.... Yet [the faverite tree] was also highly frequented by
Carcocebus albigena johnstoni [black mangabey] so that it appears that it pos-
sessed characteristics which rendexed it a popular sleeping tree for more than
onc species’ [ibid., p. 22].

Lomspex [1951] reported the distribution of sleeping band sizes in
eight species or subspecies of primates in the Mongiro Forest. He got a
mean band size of 4.66 for olive baboons, Papio doguere, by discarding
data on solitary individuals; if one includes these solitary animals, mean.
size for these baboon sleeping bands was 4.43. Yet, ‘in the daytime
P.d.tessellatus was frequently seen in a band pumbering about 40
individuals but also in smaller ones of oxly 16 to 20. The sleeping parties
apparently separate from the band in succession at about sumset’
{ibid., p. 291

: Harr [1962 2] has summarized his observations on the groupings
of savannah baboons at their sleeping places:

“The cliffs most frequently used by 5 group in the Cape consisted of steep, nsually
vertical, rock-faces Tising more or less sheer from the sea.... Reliable chser-
vation was here almost impessible, but many observations of 5 at Matrooskop
and C at Paulshery and Kommetjieberg have been made from fairly close range
before dawx, and after dusk when there has been sufficient moan. for binoculars
to be used. Observations have alse besn made in South-West Africa from hides
directly opposite the sleeping-cliffs. The babaens in view have been observed
mostly huddled iz twos and threes, with a few single animals, and nsually in the
sitting posture, on 2 Jedge vertical o the rock-facs or crevice. One baboon was
observed lying on his side, on a ledge. dog-like, with tail dangling down....
[LumsDEN] suggests that...sleeping parties separate from the larger band in
cuccession at about sunset. There i, however, no way of determining whether
sach sub-grouping has any social significance, or whether it is simply a ¢on-
venient ndaptatien to the physical requirements of tree-space or rock-formation,
allowing for reasomable warmth, sheiter and protection from predators.
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The possibility remains, 2s a result of our own observations, that all or most
animals in a group semetimes pass the might close together. Thus, in South-West
Africa, we observed from a hide the whole of a group of 23 animals emerging at
dawn fror a single shaflow cave in the cliff-face. Watching C group from below
their Paulsbery sleeping-place, we have several times seen only a fow anirnals
emerge before dawnm, individually or in twos, from rock-crevices, the majority
of the group appearing en masse later from behind the shelter of thick bush at
the base of the cliffs.’

{c) Descent and Ascent

Several authors have commented on the time of day at which baboons
descend from or ascend into their sleeping trees or cliffs, and in some
cases the results are strikingly different from what we observed in
Amboseli. For example, SToLTz and Sasvyman [1969] write:

‘Baboons approached sleeping sites in the late afternoon and by dusk were oc-
cupying the cliffs. A troop might start the ascont a3 early as 1530 b and progress
slowly in scattered groups to gather at the sleeping site a3 darkmess fell. ... Troops
started to leave the sleeping site at first Eght when animals were able to invostigate
the surroundings. Progression started carfier than usual when conditions of
bright moonlight prevailed in the eazly momning. At daybreak (0450 b in summer,
0600 b in winter) mature males and juveniles were generally the first to show
signs of activity.... IJn winter a wwoop might move oaly 2 short distance at first
light to take shelter from cold winds: large males, in particular, remained sitting
for long periods with their backs to the sun in the vicinity of the sleeping site.’

In contrast, RowerLs [1966], in describing the olive baboons that she
observed in 2 Uganda forest wrote that,

‘bahoons are not early risers, and they rarely left the sleeping trees before
€:00 am. (dawn 6:00-6:30 a.m.}. They usually fed in the sleeping tree and
neighboring trees until midmorning, feeding gradually giving way to play and
grooming and finally dozing. After this a move weuld be made to another part
of the forest, or out to feed in the open grass or one of the areas of busk or isolated
trees...."

According to LuMsDEN’s report [1951], the olive baboons of the Mongiro
Forest, Uganda, entered the sleeping trees during the howr before sunset
(and perhaps at other times); they become inactive by half an hour
after sunset. The next morning, almost all descended before dawn.
KummeR [1968] describes the departare of hamadryas baboons

from their sleeping rocks as follows:
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*At about sunrise the parties Jeave their ledges in the sleeping rocks and go to
the open waiting areas above the face of the cliff to sic in the sun.,.. The time
spent. in waiting areas cap vary fom a few minutes to as much as three hours.
During this time the adult animals will doze, heads sunk on their chests, or will
devote themselves to social groeming within the one-male unit. Chasing between
adult males and copulation primarily occur during this morning rest period,
while young animals form play groups. At the same time the troop is preparing
for its departure: The shifts of the individual one-male units become more and
more frequent” [p.12].

“In the Erer area, the time of departure in the morning varied 2s much as 1 b and
50 min in the same troop from one day to the next, and between 06.00h and 10.40h
official time throughout the months from February through October. Thereis a
positive rank order correlation of the morning schedule with the monthly average
time of astronomical sunrise. The last animals left their sleoping ledge 28 to 38 min
after sunrise (R = 0.94, P<0.05). and the troop's departure from the waiting
area followed the time of suntise by 35 to 120 min in the monthly averages
(R == 0.23, not significant). Not included in this calculation are the months of
the long rains, July and Augnst. During this time, on rainy as well as on sunny
mornings, the animals waited twice as long before they left the cliff and before
they departed from the area’ [p.167].

The seasonal shift cbserved by Kummer, as well as the very early
departures of baboons in the Transvaal [SToL1Z and Saa¥MAN, loc. cit.]
and the late departures of the baboons in the verdant Ishacha River
valley [ROWELL, loc. cit.] suggest that the time of descent or departure
from sleeping sites may be correlated with the total productivity of the
area, and thus with the amount of time that the baboons must devote
to foraging in order to sustain themselves. Harz [1962 2, p. 201] concurs
and offers an additional suggestion: *The much earlier leaving times of
the South-West Africa groups could be due to the much colder early-
morning temperatures or to the need to-make much longer day-ranges
in order to obtain a sufficiency of food.” Harr [ibid.] also noted a
tendency for the baboons to depart ‘later in the summer months, when
the amount of day-time is greater than in winter’, but the difference in
meeans was not significant. (Harr’s comparisons are based on minutes
before or after sunrise, not time of day.) :

According to Stortz and SaavMaw [1969], ‘troops [of chacma baboons in the
Transvaal] did not attempt to occupy-slecping sites until they had scanned the
oliffs at length from beneath. The gradual approach of the baboors 1o the sleeping
sites indicated o marked degree of caution, In gereral, a single dominant male
preceded the troop by approximately 50 yards. The troop followed slowly and
voeglizations were conspicuously absent. Similar behavior was not observed at
sites I and 2, where troop W was unlikely to encounter other troops’.

ﬂ
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SyorTz and SaayMAN also indicate that when approaching sleeping trees
in gallery forest, ‘their behavior lacked the silence, slowness and caution
which characterized the approach of troops to adjacent sleeping cliffs.”

According to BERT et al. [1967a], Guinea baboons go to their
sleeping trees at 1830 to 1615 and usually ascend immediately. In three
cases, the troop was preceded some 20 to 30 min earlier by a small
subgroup composed of an adult male and several juveniles, an observa-
tion that is similar to that of SToLTZ and SAAYMAN [above].

(d) Vantage Points

Trees, cliffs and outcroppings also serve as vantage points for baboons.
From them, they have a view of much of the surrounding countryside.
No doubt this is advantageous for detecting predators as well as for
keeping track of other groups, for finding water, and so forth. Repeated
use of trees as vamtage points by an isolated male was described in
chapter IIL.

The significance of trees and cliffs as vantage points has also been
commented on by several authors. Describing anubis baboons in Ethio-
pia, Croox and ALDRICE-BLAKE [1968, Pp-214-215] write that these
animals ‘commonly climbed into trees—the large adults to sit ponder-
ously on the laxger branches.... Motionless adults in trees had a good
view through the forest and would often sit there barking occasionally
at some distant disturbance.’

Havy [1960] described vigilance behavior and visual scanning in
chacma baboons, and reviewed the earlier literature om ‘sentinal’
behavior. Rocks or trees are sometimes utilized for this purpose. These
observations have been corroborated and extended by Maxim and
BuereNen-JanuscE [1963], who describe a triangular formation of
vigilance in what are probably yellow baboons, living in an axea covered
by a heavy growth of scrub bush. According to these authors, this
particular pattern was assumed whenever, and only when, the baboons
approached an area of known danger or were surprised by the observer.
Family units always remained within the triangle.

Stovrrz and Saaymaw [1969] write: “The large males climbed trees
2nd scanned the area whenever vocalizations such as barking, squealing
or the copulatory calls of the females indicated that another troop was
in the vicinity of the drinking site.”




V. GROUP MOVEMENTS

1. Diurnal Cycle of Activities

After descending from their sleeping trees, but before moving to the
foraging grounds, the baboons sometimes staved in the vicinity of the
trees for a while, going through a period of intensified social activity.
On other days, they moved directly away from the sleeping grove to a
foraging area.

If this foraging area was in open grassland, there was a clear-cut
difference between the formation of the group while moving to the
feeding area and their formation while feeding. During the former,
they moved in 2 long file (not necessarily single), whereas when foraging
in open grassland they usually moved slowly forward in a rank, i.e.
with the long axis of the group roughly perpendicular to the line of
progression [c.f. Rowsrr, 1966; Srorrz and Saavman, 1969]. Since
the front of the file reached the foraging area before the rear, 20d spread
out earlier, the group went through a triangular transition stage, some-
thing like that described by Maxm and Buerrwer-Janusca [1963].

Late in the afternoon, the group would return to its file formation
and move toward the groves of sleeping trees. On many afternoons,
there was a period of intensified social activity on the ground, in the
vicinity of the sleeping trees.

A crude quantitative picture of the diurnal eycle of social behavior
was obtained by tabulating the number of index entries for each pattern
of social behavior during each hour of the day, lumping these behaviors
into major categories, then plotting, for each category, the number of
index entries per hour of close ohservation on ‘the Main Group (fig. 23).
These values may be taken as rough estimates of the number of social
acts per hour in this group.

In figure 23, the large morning and evening peaks in social inter-
actions conform with our impressions from the field. The smaller peak at.
1300-1500 was unexpected, however. It occurred at a period of day in
which our sampling (field time) was comparatively low, and may, there-
fore, be an artifact.
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We tested the mull hypothesis that the number of social intex-
actions per hour of observation during the two-hour period 1300-1500
was not greater than that for the period composed of the immediately
preceding hour and the immediately following hour, i.e. that the “peak’
was not significantly higher than its adjacent “valleys’. The testing was
done as follows.

Let ¢, and ¢, be the amount of time (i e. mumber of bours of ebservation) in
which the n, and n, behavioral events in the ‘peak” and “valley” periods {respectively)
occurred, and assume that the behaviors during each time period may be approximated
by Poisson processes with rates A, and i,, respectively. Cur null hypothesis is simply
that A, /1, = L, to be tested against the one-sided alternative that 4, /4;> 1. This can be
done by calenlating the variance ratio {ny2.)/(nt;) and referring to a table of the
distribution of F, with (2n,, In.) degrees of freedom [see Cox and LEWIs, 1966, p. 229]%%.
Our data give a variance ratio of 1.3599, which, with {1557, 1517) degrees of freedom, is
significant at the 0,05 level; in other words, the activity peak betweon 1300 and 1500 is
statistically significant.

While this observed peak in social activity between 1300 and 1500 is
apparently not a small-sample anomaly, it may represent the result of
biased sampling. We sometimes terminated observations at about mid-
day, at which time the baboons were often foraging, widely dispersed,
and seldom interacting. But doubtless, we sometimes remained longer
if ‘something was happening’, e.g. if the baboons were particularly
interactive. If so, an exaggeration in the apparent amount of social
activity during the subsequent few hours would result. For the field
worker, the research implication of this bias is straightforward: the
time at which each period of observation begins and ends must be
independent of what the animals do during that period.

Much of the time between the morning and evening ‘social hours’
is taken up with feeding and foraging (feeding ‘on the move’). On 104
occasions, we recorded the predominant activity in the Main Group.
In general, this was done at the end of systematic time samples o az
individual’'s behavior, but it was also done on other occasions. The re-
sults, which are given in table XIV, indicate that feeding or foraging is
usually the predominant activity in the group during the middle hours
of the day.

32 This same variance ratio technique was used beforchand, in an attempt to
justify the pooling of *valley’ data from 1200-1300 with those from 1500-1600. The
calculzted variance ratio was 1.0772 with (1870. 1152) degrees of freedom. We have not
been able to find a tabie of F sufficiently extensive to evaluate this case.
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Fig, 23. Diurnal cycle of social behaviors, compiled by an approximate technique de-
seribed in text. Points on the upper kine (TOTALY} are the sum of the points below them.
Vertical bars represent 95 % confidence limits [Cox and LEWIS, 1966, p. 31, equation 8]
Significant changes in rate (indicated by *) were tested statistically by a method de-
scribed in the text.

Table X1V, Prodominant activity of baboons in the Main Group, sampled on 104 oc-

casions -

Time of day Number of cases
Foed/Forage Other

QB00=0900 T + o v v v o o e e e e e 4 (449%) 5
0000-1000h . . . « « + 4 o e e e e e e e 11 {79 %) 3
TO00-TI00 K « « o v o e e e e e e 14 (100 %) 0
1106-1200k . . . . . e 10 (33%) 2
1000w1500 B o o o o b e e e e e e e 6 (100:%) 0
130021400 B « = v o v v m e e e e e e 3 (100 %) 0
TAO0-1S00 R « v v v e e e e e e e e e e 4 (80 %) 1
T500-1600T « » « « o o 0 o e e 8 (39 %) 1
TH00-ITO0h « o v v o e e e e e e e 615 %) 2
T700-2800H « v v o v 4 v e e e e e e s 9 (69 %) 4
TR00-LOG0 B « o o o v e e e e e e 3 (509%) 3
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2. Progression Rate

Field maps (p.17) were used to record group positions and movements. These maps
were drawn by tracing on a sheet of special plastic {Astralon, cartegraphical quality,
0.006"") from an. aerial photograph with a nominal scale of 1: 15,800 %, They were dupli-
cated at a scale of one inch to a quarter mile, i.e., on a slightly smaller scale than the
aerial photographs. In the case of our Main Group, we made a eontinuous plot of the
course of the estimated center of mass of the group, but drawn so that the pletted line
remained within the confines of the group. A time indication was given every half hour, on
the hour and the half hour. Fox special purposes, other time indications were given, as well.

Where linear distances to sleeping groves are given, they were obtaimed by
measuring from the center of the greve to the position of the group on the hour. Measure-
ments were made to the nearest 16th of an inch {equivalent to 82 % ft.), and were then
converted to decimal form. Curvilinear distances along progression routes were measured
by means of a “Hoco' map-measurer (Hughes-Owens No.1723)%, o task that requires
considerable care if consistent results are to be obtained. Each distance was measured
three times, reading the map measurer to the nearsst 1/;,”, and an average of the three
distances was recorded in decimal form,

When we frst analyzed our progression data, we utilized *extrapolated zeros’:
if the baboons were still in the trees when we arrived in the morning, then we said that,
during each previous tme interval that day, they did not progress. If baboons only
descend once per morning and if they do not progress any approeciable distance through
the trees before descending, this conclusion is valid. But we later realized that the use
of such data is biased against those days on which the group descended before our
arrival, and thus utilizing such extrapelated-zero distances would lead one to under-
estimate the mean distances progressed. All such ‘data’ were eliminated.

Bias of another sort is to be found in table XXTT, XX VI, XXIX, and XXX, and
results from the fact that we inadvertantly used distances from some partial intervals,
i.e, from half-hour periods in whieh we wera not continuously present. Thia bias results
in 20 underestimate of true mean distances progressed and would be most mariced during
the morning hours because out observations generally began part way through a time
period, A technique somewhat like that utilized for estimating the distribution of descent
time (p.81) probably can be devised to make use of actunal data cbtained when the
observer arrives or leaves part way through an interval. In lieu of this, the field worker
should consider beginning and terminating observations at the boundaries of his standard
time intervals, whenever practical. )

Since the movement during foraging was typically much slower than
the preceding movement to the foraging areas, the progression rate of
the group tended to have a maximum each morning, generally between
1000 and 1030. There was, however, much variability in the diwrnal
cycle of progressions. Figure 24 shows, for each half hour of the day, an

® o ground controls were available for these aerial photographs. The scale
indicated here was provided by the cartograpbic section of the Survey of Kenya office.
34 4 map measurer with a smaller tracing wheel would be preferable. '
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estimate of the mean, standard error of mean, standard deviation and
range of distances traveled by the Main Group.

Figure 24 includes data from periods during which the group was
still in the trees. Once the baboons were on the ground, however, the
rate of progression was as shown in figure 25. {Because no descents were
ohserved aftex 1027, this distribution would be identical with that
shown in figure 24 for subsequent time intervals.) .

Tt may be that the distance traversed by the baboons during any
period of the day depends more upon the time elapsed since the group
descended than upon the actual time of day. Figure 26 shows the distri-
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Fig. 25, Distances ptogrcsse(i by Main Group per half hour if the group was on the ground.
For subsequent hours of the day, the distribution would be the same as that shown in
figure 24. Symbeols as in figare 24

bution of distances traversed by the Main Group during the first six
half-hour intervals after their descent from the sleeping trees. (The inter-
vals that were used all begin on the hour or on the half hour; after each
day’s descent the first available of such time intervals was used for the
first interval in the figure, and so on for each subsequent interval.)
Figure 26 reveals a fairly uniform average progression rate, with a slight
maximum beginning an kour to an hour and a half after descent from
the trees.

The distribution of progression rates during any time period is far
from symmetric; rather, most progressions are slow, and very rapid
progressions are relatively rare. This fact may be appreciated from

DISTANCE PROGRESSED

Group movements . 99

. KM
MILES 1.8
4%
LOOH T 1.6
43 J.a
e

0.75- -2

33
=10

a9
40

.50 ~40.8
— 0.é
Q.25 - 0.4
—40.2

15t ond are 4th 5th e

HALE-HOUR INTERVALS 'AFTER DESCENT
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2

figure 27, which shows the distribution of distances progressed per half
hour in the periods 1030-1100, and 1100-1130. (This hour was chosen
because it gives a reasonably large sample, 192.)

3. Day-Journeys

An indication of the total distance traversed by the Main Group or an
average day can be obtained by adding the mean distances traveled
during all kalf-hour intervals. These distances can be read from the
end-points of the cumulative graphs given in figure 28. For the whole
study-—that is, disregarding seasonal variations—the cumulative mean
total distance traversed by the Main Group is 3.67 mi. per day. An
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DAYS

NuaBER  OF
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DISTANCE PROGRESSED PER HALF HOUR, 1030 - 1130

Fig. 27. Distribution of distance progressed by Main Group per half hour between 1030
and 1130.

alternative method is to utilize data from just those days for which we
have complete day-journey records. These give a mean distance of
3.42 mi. (S.E. = 0.24 mi.,, 5.0. = 0.84 mi., ¥ = 12).

Seasonal variations were slight except for apparently Jonger pro-
gressions during the January-February period. The full-day cumulative
total for the January-February period, which is 34 % higher than the
overall, nonseasonal total, includes 5 fictitious data points (see caption
of figure 28), and may therefore be misleading. However, it should be
noted that for this season the cummulative total through 1300 h—the
latest time of day that is not based on any fictitious points—is already
279%, higher than the nonseasonal total at that time of day. At present,
we have no explanation for the anomalous total during this peried,
nor for the relative uniformity during the rest of the yei1.

Group movements 101

5~

{MILES)
.
I

MEAN DISTAMCE TRAVERSED

INTER=RAINS
== PCTITIOUS DATA
o—a SHORT RAINI

ORY
—= [ONG RAIMNS
——a  ANNUAL TOTAL

CUMULATIVE

P TSN S SOV S SO B |
g 9 10 11 12 i3 14 15 1% 17 18 1

TIME QF DAY
Fig. 28. Seasonal variations in the total distance progressed by the Main Group. For each
time of day, the graph indicates the average gistance traversed by the group before that
time, (For the inter-rain period., no data are available for the period 1330-1600. Points
plotzed for this period axe fictitious; they ave based on the mean of the preceding four
points on that line.}

Kuumer[1968,p. 167] wrote of hamadryas baboons that‘the dura-
tion of the daily march tends to be constant. When a troop departs before
02.00 b it will significantly more often be back at the rock before 17.06h
than, when it departs later (P =0.03).” For the Main Group of yellow ba-
boonsin ourstudy, thetime of bothascent and descent of thesleepingtrees
isknown for 37 days. The distribution of ascent vs. descent times is shown
in figure 29. It does not xeveal the kind of tread that K uMMER describes.
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4. Proximity to Sleeping Trees

Once the baboons had begun thejr morning progression, they showed
no further attraction to the proximity of their sleeping grove of the
last night; to the contrary, they generally moved progressively farther
away, reaching a maximum linear distance from the sleeping groves
about noon, or about 5 h after descent. Each afternoon, in turn, they
got progressively closer to the coming night’s sleeping grove. These
spatial relations are depicted in figures 30 and 31.

A résumé of data on seasonal variations in the distance of the
Main Group from the previous night’s grove and distance to the coming
night’s grove is given in table XV. While some of the sample sizes in the
table are small, an interesting comparison can be made between the

data for the long rains (March—April) and for the dry season {(May-Octo-

MILES KM
125 ki =20
a5
w 2
-
2 1oof
)
% s

o
=
B
(13
[*L)
o
% orsk
(o]
Z
z
3 Juo
e
-

0.50
£
S L
[~
=
3]
g L 2 dos
= cast .
2 -
a r J
o [
o F J
i)
= L 1
—- o 1, 1 L 1

1 z 3 i 5 & 7 -3

HOURS AFTER DESCENT

Fig. 31. Linear distance of Main Group from sleeping grove of last night at hour intervals
after descent from the grove. Symbols as in figure 24.

40
e
F




104 - Group movements

Tahle X ¥. Seasonal changes in linear distance of Main Group from their morning sleeping grove

or ta evening sleeping grove

Jan-Feb (inter-rains) Mar-Apr (long raios)

Distance from Thstance to Distance from Distance to

grove grove grove grove

R z ad. =n z s.d. m E s.d. n x s.d.
0800 10 0.33 0.66 13 0.05 0.11
0900 8 113 1L.10 26 0.50 Q.64
1000 8 3.35 2.52 24 1.60 1.32
1100 8 3.83 2.84 22 3.50 243 :
1200 5 476 2.78 4 3,74 230 21 3.98 235 17 4,78 2.01
13060 2 4,44 247 3 5.48 349 14 3.68 217 13 4.37  2.28
1400 0 - - - - - ° 203 200 12 362 213
1500 ] - - - - - T 339 2.1% 9 2,95 2.24
1600 - - - 4 220 1.94
1700 2 037 018 14 1.42 1.26
1800 3 0.71 0,60 25 0.68 0.83

Distances are given in one-quarter mile units. n= sample size; £== mean; s.d.= standard deviation.

ber). These data suggest that, on the average, the baboons were farthest
from their previous night’s grove by noon during the long rains, but
ot until about 1400 during the dry season, and that they moved farther
away during the dry season. On the other hand, during the long rains,
the group approached the coming night’s sleeping grove more slowly,
in that at almost every hour of the afternoon, their linear distance to
the coming night’s sleeping grove was farther during the long rains than
during the dry season. .

The morning progressions gemerally took the baboons out of the
forests and onto the open grassland, where they foraged. Social activities
became minimal {fig.23). On some days, however, the group remained
within the forest the entire day, and fed there.

5. Change in Pragression Rate

Baboon group progressions have a strong inmertia, in that there is a
marked tendency for the baboons to travel as far during any hour as
during the next or the preceding hour. This tendency is clearly indicated
in figure 32, Much of the inertia is accounted for by sustained slow (or
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Table X V. {continued)

May-Oct (dry) Nov-Dec (short rains)

Distance from Distance to Distance from Distance to

grovc grnve grOVe grove

n % s.d. n E s.d. n z a.d. n S s.d.

9 0.02 0.06 5 102 0.92

41  0.43 .52 1 226 143

43 153 1.17 T 3.47 L.56

42 2,76 L8l [} 5.44 232

36 3.83 1.97 35 3.67 231 T 5.61  3.36 4 3.37 L56

29 404 L72 23 3.60  2.53 3 6,10 .86 4 3.33 L71

13 430 1.93 15 318 228 1 4.38 0 3 3.04 LTS

14 3.85 1.48 18 3.21 1.80 1 3.7 0 3 240 1.47
24 219 147 3 219 114
34 149 .64 4 .25 0.79
38 0.56 0.69 5 040 0.37

zero) progressions: 49% of all hour-to-hour transitions were cases in
which the Main Group traveled less than %y mi. during each of two
consecutive half-hour intervals (table XVI).

Figure 32 and the other data given below on change in progression rate were compiled
in the following manner. For each hour of the day, a matrix of transition frequencios was
drawn up; the rows indicate the rate of progression during the hour in question, and
the columna indicate the rate of progression duxing the next hour of the day. Table XVI,
which was used to make fizure 32, is the sum of these hourly matrices. Thus, these
rabulations are based on all pairs of consecntive hours in which the length of progression
of the Main Group is known during both hours. The rows and columns were in % mi.
increments. Those cells that zepresent the same change in progression Tate will all fall
along the main diagonal of the matrix (no change} or along one of the diagonals that is
parallel to it, with accelerations onone side of the main diagonal, decelerationson the other.

The data that are shown in figure 32 {dots and solid line) are compared
with two null hypotheses, the random hypothesis (dashed line) and the
independence hypothesis (dotted line). The random hypothesis is that
all progression rates from 0 to 2% m.p.h. are equally likely and the
progression rate is independent from hour to hour, i.e. that all of the
cells in the transition matrix of table XV are equiprobable. The in-
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Table X¥'1. Change in progression rate of Main Group dependence hypothesis is the one that is routinely used in the analysis
: of contingency tables, namely, that the probability that an observation

Distance progressed during next hour (miles) will fall in any row can be estimated from the contribution of that row to

R o el ol ol G VR (A YA A i the grand total, and similarly for the probability of being in any column,

and that row and column probabilities are independent of each other.

ey 1 o ' 2 0 . . . -
3 Y 3319 16 8 83 0 1 2 0 0 0 0 00 Neither hypothesis fits the data. For the independence bhypothesis,
E Y. 619 9 9 10 2.2 o0 1 2 6 0 0 0 0 ) . " .
T Y, 14010 1813 75 0 0 2 0 0 ¢ 0 0 0 which has the closer fit, y* = 236.478 (rows calculated with columns
E et s § 1z 18 3 8 3 o 1 0 1 & 0 0 @ 12-14 pooled, 144 d.f.), which is significant beyond the 0.0005 level.
w18 1 8 7 9 23 3 1 0 9 0o ¢ 0 0 1 As may readily be seen in the figure, almost all of the deviation from
b N # y y =1
S UTh p 1 1 2 33 3 0 2 0 0 0 0 00 these two hypotheses is accounted for by the high frequency of small
= a7 a 2 - . . . .
" ,/ s ¢ 21 2 121 0 1 00 0 0 00 changes in progression rate. Thus, the inertia in the progressions of the
ER/ ¢ 0 1 1 00 0 1 @ o0 o 1 0 9 0 Ay cod for by eith del
3 L1y, o 2 0 2 21 6 0 0 0 0 0 0 0 0 group canmo ¢ accounted for by either model.
B omyely, 0 0 1 0 91 6 0 0 0 0 ¢ 0 0 o Figure 32 suggests that changes in progression rate may have a
& 1y, ¢ 0 0 0 00 L 0 00 0 0 9 0 ¢ normal distribution, However, the observed distribution deviates sig-
a Bbn 00l e 1 00 0 0 0 0 0 0 ¢ 00 nificantly from a normal distribution with the same mean and variance:
17 15 n - N Y
3 119 0 0 0 0 00 0 0 0 0 0 0 0 09 P (4* = 307.184; 20 d.£)<0.001. In particular, the tails of the observed
g 1l o 0o 0 0 00 0O 6 O 0 © 0 90 0 O discribuati low. Similarly, despite th £ ihese d
£ Wy, o0 0 1 0 00 1 00 o 0 0 0 0 0 stribution are too low. Similarly, despite the appearance of these data
The table entries indicate the frequency with which the group was observed to prég:ess Py
the distance indicated for the rows during one hour and for the columns during the second. 998 e
Pata that fell on the border between two intervals were placed in the upperinterval. —~ g5l
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3 8- [}
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Fig. 32. Distribution of change in progression rates of the Main Group, See text for detail. Fig. 33. Pr'obir_ analysis of change in progression rate. Sec text for details.
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when “folded’ on zero and plotted on logarithmic probit paper (fig.33).
the observed data deviate significantly from a log-normal distribution
(P<0.001, y* = 30.59, 9 d.f. withlast two cells pooled). The nature of the
underlying distribution is at present uvoknown.

The rate of acceleration changed during the day. The dinrnal shift
in acceleration may be obtained in two ways, first, from mean changes
in progression rate at each time of day (i.¢. using the hourly matrices
upon which table XVI is based) and second, from first differences in
mean progression rate, at each hour, as given in figure 24. That is, we
can use the mean change in progression rate, or the change in mean
progression rate. The results are given in table XVII. The two methods
give results that agree in sign for all two-hour periods except those
beginning at 1200 and 1300 h. For these periods, sample sizes are small
and the differences in rate are slight.

Table X VII. Diurnal shift in acceleration of Main Group

Beginning of two-hour Change in progression Tate
period Mean change Change in mean
9700 2.33 0,077
0300 L1le 0.237
0900 0.75 0.141
1000 ~0.19 : —0.071
1100 -0.16 -0.098
1200 Q.19 ~0.10%
1300 0.15 -0.008
1400 0.04 ’ 0.006
150¢ 0.48 0.06%
1600 -0.55 —01.009
1700 -1.83 . -0.141

Changes in progression rate are given in quartez-mile per hour per hour anits.

5. Maxime and Minima

The data on mean change indicate peaks in acceleration during the
period from 0800 h to 1000 b, and again between 1500 h and 1700 b.
The group tends to initiate progressions away from the sleeping trees
and toward the foraging areas during the morging peak, and in the
reverse direction in the afternoon.
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Despite the ‘inertia’ in group progressions, movement of the
group nearly ceased for a while on most days, typically in the afternoon,
and often when the baboons were in the vicinity of trees. During these
‘rest periods’, some members of the group would often climb into the
acacias and feed, or just sit quietly in the trees looking about (*sentry’
behavior), while others would remain on the ground, resting, playing,
involved in other social behavior, or continuing to forage.

The magnitude of such progression minima, during the period
1100-1600, and their influence on the rate of progression during pre-
ceding and succeeding time periods, are shown in figure 34, based on a
sample of 31 days for which the distance that the Main Group progressed
is known for all half-hour intervals between 1100 and 1600. For each
of these days, we determined the half-hour interval during which the
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Fig. 34. Distance progrossed by Main Group per balf hour during afterncon progression
minima and during preceding and succeeding time periods. See text for details.
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group progressed the shortest distance, then aligned the remaining
data for that day accordingly. A more exact description of the technique
that was used is available from the anthors.

As would be expected from the “nertia® effect, progressions during
the half-hour periods just before and just after the ‘rest periods’ tended
16 be slower than those at other times of the day. This effect can be
seen in figure 34, in the data for distance progressed in the half-hour
periods immediately before and after the minima.

. We presume that the magnitades of the minima are lower than

would be expected from aligning the minima of days in which progres-
sion rates were determined independently for each interval, and accord-
ing to the distributions shown in figure 24. Or to put it the other way
around, we believe that figure 24 obscures the rest periods because they
do not oceur at the same time each day and their records are thus pooled
with data from periods of active progression on other days. The times
of the 31 progression minima in this sample are shown in figure 35; these
data tend to confirm our assumption about the variability o the time
of progression minima.

v o

IS

FREQUENCY
(2]

1 ] 1 1 ] 1 1 1 1 Ll |
N1S 1145 1215 1243 1315 1345 1415 1445 1515 1545 1615

TIME OF DAY
Fig. 35. Distribution of afternoon ‘rest periods’.

7. Responses to Rain

Progressions do not cease because of light rain, but withrain of moderate
or heavy intensity, the baboons stop wherever they are and sit with
their backs hunched (i.e. convex} and with arms and legs flexed. Infants
huddle in their mother’s ventral flexure and are held there by the
mother. In a strong wind, the animals generally sit with their backs

Group moverents 111

10 the wind. We once observed a single adult male move 80 fr. away
from the group to the shelter of a tree, beneath which he huddled during
the ensuing rain while his companions remained in the open. CROOE and
AvpricE-Braxs [1968] write: ‘In heavy rain P.a.doguera were seen to
climb intotrees with a good canopyand sitstilluntil thestorm moderated.”

8. Aggregetion and Dispersion

The extent to which the members of a group are spaced varies enormous-
ly. At one extreme, the Main Group was moted as being spread in an
irregular line for */ mi. on 2 occasions, ¥, mi. on 6 occasions, %y mi. ont
3 occasions, and once for 14 mi. (These measurements were facilitated
by means of a¥/;-mile odometer, which we had installed on our vehicle.)
At the other extreme, the members of a group sometimes aggregated
into a small, roughly elliptical area. A sampling of the axes of such
minimal areas for the Main Group is as follows (all measurements in
feet): 13 % 60, 15 x40, 15X 45, 15 % 50, 20 % 20 (twice}, 20 x 30, 20X 40,
95 x 45, 30 % 30, 30 X 60 (twice), 40X 60, and 50 50.

The baboons of a group aggregated under the following circum-
stances: (1) during encounters with potential predators; (2) in response
to strong predator alarm calls from another group of baboons; (3) durxing
false alarms; (4) when closely approached by another baboon group or
by Masai cattle; (5) in areas of heavy undexgrowth; (6) before going
through 2 critical pass in the foliage; (7} when on an unfamiliar route;
(8) in response to a spatially restricted resource, such as a water source
or the shade of a tree; (9) at or slightly before the beginning of a group
progression ; (10) in the evening, just before ascending a grove of sleeping
trees, and less often just after descending in the morning; and {11)
during the morning and evening ‘soeial hours’. The first 7 situations
are actually or potentially threatening to the group. Numbers 9 and 10
are times of critical ‘decision-making’. )

Conversely, the members of the group became more widely spaced
ander the following circumstances: (1) in open gerrain; (2) just after
compacting under threat, as if from ‘relief’ or ‘rebound’; (3) when on 2
familiar route that has no critical passes.

The extent of group dispersion during feeding and resting seemed
to depend to a considerable cxtent upen additional factors. Certainly,
all of the maximal group dispersions occurred when the gromp was

TERTTY
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foraging in open terrain, but on the other hand the members of a group
would be moderately cohesive when feeding on understory plants in
wooded areas. During some afternoon rest periods the group was about
as compact as when in their sleeping trees, i.e. within an area of about
40% 120 f1., but at other times they were more widely dispersed.

The spread of the group during progressions may be estimated as follows. Assuming a
steady progression rate, the spread of the group, from front to back, will be the progres-
sion rate times the amount of time necessary for them to pass a fixed point. For practical
reasons, censuses were taken only when the group was in the long file formation. For
59 of the censuses taken on the Main Croup, we have arecord of the time that the census
began and the time that it ended. The difference is the amount of time required for the
group to pass a fxed point—-the ‘counting point’. The progression zate for each census
was taken as the mean rate during the half-hour interval that included the mid-point,
in time, of the census. Seasonal mean progression Tates Were used whenever these were
hased on at least 10 observations; otherwise, annmal zates (fig. 24) were nsed. From these
data, the spread of the group was estimated for each census. The mean spread during
these censuses was 263 ft. (3. D. 206 ft.).

9. Lunar Periedicities

Nocturnal predators that rely on vision are probably better able to
locate their prey when the moon is full than at other times. From our
tent, we sometirzes heard baboon groups giving alarm calls in the middle
of the night, in much the same manner as they do when they see a
predator during the day. and it seemed to us that such nocturnal barking
was more prevalant when the moon was full. At night, baboons in Txees
may be safe from all predators except the leopard. A direct test of this
assumption would have required overnight observations, which were
‘probibited in the Amboseli Reserve. Nonetheless, it seemed likely to
us that if baboons are, in fact, more susceptable to attack at full moon,
they may be awake and alert for much of the might at such times, even
if a leopard is not actually present®.

35 Happow [1951, p.361] has noted that captive groups of vervet menkeys in
large open-air runs at’ Ertebbe, Uzanda, may show considerable activity on nights of
bright moonlight, and he cites SANDERSON [1939] for similar observations on New
World monkeys. According to STOLTZ and SaayMaN [1969], ‘reliable informants report
that baboons from W troop have been seen to descend the kopje on moonlit evenings
during conditions of drought to feed from marula trees (Sclerocarye caffre ) near the
botel rendavels. Similar observations have been reported to us by Nature Conservation
Officers in Rhodesia.’ LOVERIDGE [1921] reports baboons drinking at 2 a.m.
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If so, it seemed likely that their daytime activities would be
affected. We therefore looked atJunar variations in some of the baboons’
activities.

Dates of full meon were cbtained from a British almanac. (While Amboseli is some 37°
east of Greenwich, this difference in longitude would reswit in enly an oceasional, one-day
discrepancy in the date of full moon.) The lunar month was then divided into quarters,
as follows. The day of the fall moon, plus the three preceding and three succeeding days,
were taker as the second quaxter {full moon). The next 3 days were taken a3 the third
quarter (waning moon), and the 7 days after that, the fourth quarter (dark moon).
The remaining days (variousty 7 or 8) were taken as the first quarter {(waxing moon).
Data from all days in the study that were the same number of days away from a full
moan were tabulated together, and the results were then pocled by lupar quarters.

The results are shown in table XVIIL. While the data available for an
activity in any ome quarter are somewhat sparce, there seems to be a
consistent deviation of the data during the time of the full moon. On
the average, the morning progression of the Main Group was longer at
that time than during any other quarter. By noon, they were farther
from the previous night’s sleeping grove, and at 1700 they were farther
from the next night’s sleeping grove than during any other quartex. In
short, the haboons tended to avoid the vicinity of sleeping trees more

Table X ¥ IIT. Lunar periodicity in selected activities of Main Group

Lunax quarters

I I I v

Waxing moon  Full meen Waping moon  Dark moon
z n x. r E n z n

Linear distance at  0.063 14 0.071 20 0.079 16 0.068 19
1200 from previcus

night's sleeping grove

Linear distance at 0.023 .10 0.028 16 0.019 14 0025 11
1700 to that night's

sleeping grove

Distance traversed  4.647 6 5.983 16 4,941 11 4974 12
between 0830 and

1200

Thstances are in miles. ¥ = mean, 2 == sample size.
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during days of the quarter of the full moon than at any other time i
the lunar cycle. Whether this effect is directly related to greater sus-
ceptibility to predation at that time, or has some other explanation,
cannot be determined without prolonged night-tiree observations. Itis
certainly contrary to our initial supposition that fatigue resulting from
nocturnalvigilence wonld reduce theextent of progression duringtheday.

10. Horne Range

The wanderings of a group of baboons may at first seem to be random
and without bounds. This is because during any one day’s progression
the members of the group will move through only a small part of their
total range, and several days may pass with no significant repetition of
the area covered. But prolonged observation reveals that they move
within a fairly circumseribed area and often along habitual routes. It
thus becomes necessary to accumulate data from many days of ob-
sexrvation in order to build up a composite picture of the area occupied
by the group.

The most straightforward method of establishing the total home
range would secem to be to plot 2ll locations in which the group was
seen. The results for the Main Group are shown in fgure 36. But the
attempt to draw a boundary around such a ‘“tangled ball of yarn®, xaises
many interpretive problems.

A more informative method is to show the rate at which daily
progressions of the baboons took them into areas not utilized during
carlier days in the sample. This technique may not only lead to more
accurate estimates of the total area occupied by the group, but may also
give an indication of the amount of time that is required for the baboons
to cover given portions of their home range. The rate of range occupancy
of the Main Group was calculated in the following manner:

For sach successive day of observations we measured the size of the area in the day.
rapge of the group that was not incloded in any previous day-range in our sample-
{Incomplete day-ranges were alse utilized.) Day-ranges were delimited as follows.
A ‘tzut string line’ was drawn araund the record of each day’s progression line (‘day-
journey'} on the map, enclosing the record of just that day’s progression. (Mathemati-
calty, this is the convek hull of the day’s progression line.) These simple, closed curves
surround the day-ramges. Map representations of day-ranges were superimposod
in chronological order (starting November 2, 1963) and for each day of observation. we

measured the area not included in any previously chserved day-ranges.
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Fig. 36, Moverments of Main Group. The map shows all observed pathways of the center
of mass of the Main Group.

Cumulative totals of these area increments are shown in figure 37, based
on 139 days. Even near the end of this long sampling period, the baboons
sometimes entered new areas, though in general, this happened progres-
sively less frequently as the study progressed. This suggests that the
baboons have a relatively fixed home range beyond which they do not
go, and that the size of this range could be estimated by the least upper
bound of the distribution indicated by the points in figure 37. We have
not attempted to estimate this least upper bound; the total area that
we observed the Main Group to occupy was 9.299 sq.mi.%.

11. Seasonal Chenges in Renge Size

We began our detailed study on the Main Group during October, 1963,
which was the last month of the dry season. Duriag that peried, we
began to work out the homerange of the Main Group, using rough sketch

38 This figure incledes an area of £.098 sq.mi. that was inadvertantly omitted in
making figure 37, but is included in all home range maps herein.
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Fig. 37. Cumulative area cccupied by Main Group, based on 139 day-journeys.

maps of the area—our detailed 1:15,000-scale maps were not completed
until the following month—and during that early work we gaived the
impression of several sharp boundary Limits to the group’s range; i.€.,
there were several places on the periphery of the October range to
which the Group repeatedly returned, but beyond which they did not
go. On this basis, we felt confident that within a short time, we would
have completely delimited the Group’s entire home range. The area
occupied by the Main Group during October is shown in figure 38.

Thus, we were astonished, in November, to find the group moving
far beyond the limits of their October range. The onset of the rains on
November 1 of that year brought about a major ecological change:
thereafter, the baboons could get drinking water almost anywhere and
thus were no longer tied to the vicinity of permanent waterholes. That
this change in range size cannot be attributed to alterations in vege-
tation is evident from the fact that the change was apparent as s0em as
the rainy season began, during the frst week of November, before the
new grass had a chance to grow.

By the end of our study, in early August, 1964, no comparable
reduction in the Main Group’s home range had taken place. The group
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Fig. 38. Locations of permanent waterholes (numbers preceded by KH or KB) and major
temporary rainpools {numbered dots). Home range boundaries are shown for the end

_ of the dry season. (October 1963) and for the rest of the study.

continued to move within an area that was many times the size of their
October range (fig. 38). Possible reasons for this will be discussed in the
next chapter.

12. Range Occupancy Distribution

The Main Group did not occupy the various portions of its home range
equally. This can be <hown in several ways, each of which attempts Lo
depict occupation density. (‘Density’ is here used in the sense of proba-
bility, not individuals pex unit area.) One way is to plot every place
that the group was observed, as in figure 36. Another is to count the
frequency with which each quadrat®® of the home range was entered.

¥ Covners of the 0.4 X ¢.4 mile quadrats that were nsed ixn this study were taken
from fidueial cxosses en an aerial photograph that was obtained from the Survey of
Keaya (V13B/RAF/341, frame 158, 26 JAN 63).
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results are ‘mapped’ in table XIX; the cumulative frequency distri-
bution of observed occupation times is shown in figure 39. Note that
this curve is even steeper than that for entry frequencies. For example,
500, of the baboons’ observed day time was spent in just 6 quadrats.
The 42 quadrats in which the group was observed longest account for
over 95 %, of the group’s observed time.

A particular quadrat does mot pecessarily have the same rank
order by both criteria, frequency of entry and dusation of occupation,
bt the ranks are correlated, i. e. in our observations, the baboons tended
£ return often to those quadrats that they remained in for long periods.

The results of these three methods should not be taken literaily.
All three are biased agaiust those areas that the animals tended to
occupy during hours of the day in which our observations were less
frequent. For example, we made relatively few observations in the
early afternoon (table T), and thus the observed distribution is biased
against areas of open grassland, which the bahoons often occupied at
that time of day.

The bias that results from uneven sampling times was removed in the following manner.
The proportion of the *day’ (i e. the period for which we have map data. 0600-1900 b}
that the Main Group spends in a given quadrat g will zlso be the prohability, P(0,), that
the group will be found in that quadrat during any randomly selected minute dering
the day, which in turn is equal to the mean of the probabilities that the group will ocenpy
quadrat g during the various minutes of the day. Forthe 13 hours from 1600 to 1900, this
mean is ’
1859
PO) =——= >, PO N
T80 ;%00

This can be estimated from

. 1 M8 R0 N
POp=—"— 2 ( 2 ‘)‘
780 (Foe - miR) .

where r{0, N &) is the number of times (days) that the group was obaerved to oceupy
quadrat g during minute &, and n{z) is the total number of days on which observations
were made at minute i,

To reduce the number of terms in the qumation, we divide the day into 13 b,
and assame that r(y), the mamber of observations made at any given minute i.is the

3 A minute is considered a sufficiently small period of time to be treated as an
indivisibie mnit, in that during aay one minute, the center of mass of the group can. be
considered to occupy just one quadrat.
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same as that for any other minute during that hour of the day-—and hence equal to
Yo of the number N(T}) of observation-mi 33,
0 3 servation-minutes for that hour of the day®. Thus.

500 = [ 8% p (0N y) N 189 (0, 1)
Y7 250 | S N(Te)/60 ¢ o N(T1:)/60
1 1 459 1 139"
=— N om0, A+
13 [N(Tﬁ) e g - N{Ts) ;'_%oun(ﬁI am)|

In the last expression, the ﬁrs1_; summation, for example, is simply the number of minutes
that the group was observed to spend in quadrat ¢ during the hour beginning at 060¢ k.
Abbreviating that summation by V{04 ¢), and similarly for the other summations, we get

1 18
ey > N0 )N (T
Fer b

] (Oq) =
The resulting probabilities, expressed as percentages of daytime, are
given in table XIX. If the percentages of time in each quadrat are rank-
oxrdered, and the contributions to total hours of occupancy made by
each quadrat below any specified rank are graphed, the resulting curve is
slightly above that shown in figure 39 for the uncorrected data. More
important than this subtle difference in the graphs, however, is that
the corrected estimates are not biased by our unevenly distributed
observation times. As a result, the unbiased rank ordering of the quad-
rats is different. The 6 quadrats that were occupied the longest account
for over half of the group’s time; yet, these 6 quadrats have only 7%
of the area of the 87 quadrats that the group is known to have entered,
or about 10% of the home range area as estimated by the technique
described on p.114.

About three-quarters of the Main Group’s daytime and all of
the nights were spent in only one-quarter (14 quadrats) of their home

* yange area. These 14 quadrats form two areas, one in the KH woodland,

one in KB (fig.19). The obvious question is, what is special about these
highly favored areas ? These 14 quadrats, and some major natural
resources provided by each, are indicated in table XX.

% Gince we mapped the position of the Main Group during almost all times that
we observed them, N(T;) is approximately the number of hours of observation on the
Main Group during each hour of the day (B+C time, tablo I). Bowaver, because of sorae
importzat exceptions {e. g. in October, 1963, before our field maps were completed}, we

have taken N(T5) to be L n(0g:)
[}




Table XX, Resources of ‘favorite’ quadrats
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The resources that are indicated in the table are sleeping groves,
water sources and major travel routes ox passes #_ Food resources were
not included. The baboons fed in virtually every quadrat of their home
range. At present we have no measures of the quantity or quality of
food that is available and utilized in the various quadrats. But none of
these 14 favorite quadrats fs primarily 2 feeding site. Each contains at
least ome of the other essential resources that are indicated.

From table XX we can sce that the 14 favorite quadrats accounted
for 75.8% of the Main Group’s drinking sessions, and 100%, of their
sleeping sessions. They also account for virtually all major passes and
corridors.

13. Diurnal Cycle of Localization

The distribution of the Main Group’s sleeping groves was the major
factor restricting the variability of the group’s positions during the late
evening, night, and early morning, at which times they were still in the
trees. No other essential resource with a restricted spatial distribution
is utilized during such a circumscribed (although long) period of the day.
And similarly, their position, say, one hour after descent was lirited
1o the area within an bour’s progression from the trees. Positions duxing
the hours just after descent, or just before descent, were further restrict-
ed by the availability of clear corridors or passes through the vegetation.
Conversely, open savannah foraging areas are widely dispersed, and
mid-day positions of the group were very variable. The resulting diurnal
cycle of clustering of the Main Group’s positions is illustrated by figures
4043 for the hour intervals beginning at 8,9, 11 and 17 h. The corre-
sponding cumulative occupancy curves are shown in figure 44. (Occu-
pancy data for other hours of the day are available from the authors.)

40 By g pass, we mMean 2 DATewW preferred route of travel that results from the
ecology of the habitat. A corridor isan clongated pass. For our baboons, these preferred
passes und corviders seemed to be the shortest routes that comnected sleeping groves,
water holes and foraging areas, and that could be traversed readily, with a minimum of
danger. In particular, open areas were generally preferred to azeas with heavy uwnder-
growth. The locations of these passes and corridors are clearly evident in figure 36.
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Fig. 40. Positions of Main Group between 0500 and 0900 b.

Fig.4]. Positions of Main Group between 0900 and 1900 h.
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Fig, 44. Diurnal changes in the degree of localization of the Main Group's positions.

14. Home Range Overlap

Our recorded data on the positions of other groups within the home
range of the Main Group are indicated in figare 45. This figure is a
composite of the recorded positions and movements of 7 identifiable
groups and an unknown number of unidentifiable groups. Furthermore,
home range overlap is even more extensive than this figure suggests.
We plotted the locations of othex groups only when their position could
be plotted with about the same accuracy as that used for the Main
Group, and thus figure 45 might be looked upon as a map primarily of
those areas in which the Main Group was nearest other groups, i.e.those
regions of home range overlap that were most likely to be occupied
simultapeously. But while staying with the Main Group, we often saw
other groups that were at too great a distance to be mapped accurately,
yet that were within the Main Group’s home range. Our distinet im-
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Fig. 45. Kaown Jocation of other groups within the Main Group’s home range.

pression was that there was no portion of the Main Group’s home range
that was not alse a part of the home range of several other groups, or,
to put it the other way around, there is no portion of the Main Group’s
home range that we believe to be occupied by them exclusively.

15. Comparisons and Discussion
(a) Diurnal Activity Cycle

The diwrnal cycle of activity that we observed in yellow baboons was
much like that reported by Hary [1963, p.15] for chacma baboons:

“The diurnal pattern is characteristically made wp of a period in the moming
when social-sexnal activity is greatest (at any rate in the Cape), with a second
lesser peak near the sleeping place at the end of the day....

Chacma growps, in all areas where we have obscrved them, do not rest at all
rvegularly. Rather, their day has'been one of persistent foraging for food, but with
the occasiona] and brregular period of resting and grooming in bright sunlight.’

-
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Srovrtz and Saayman [1969] write that, ‘the distribution of social
interactions in the present study resembled that described [by Hari]'.
This pattern is quite different from that found in most other African
monkeys. According to Hsppow [1951, p- 346}, who had many years
of field experience with monkeys in Uganda,

‘a1l the East African monkeys with which the writer is familiar (with the single
exception of Papio) have two feeding-periods in the day, the first in the early
morming and the second in the afternoon and evening, Between theso peaks there
is a peried of minimal aetivity during which the monkeys rest or even sleep.’

(b) Day-Journeys

Harr [1962a] recorded a mean day-jouwrney s of 2.9 mi. (range 1.0-5.0
mi., N = 32) for chacma bahoons in the Cape Reserve, S, Africa. His
data indicate that day-journeys were significantly longer when the
evening sleeping place was different from that of the previous night.
Winter day-journeys were significantly longer than those of summer,
‘perhaps [because of] the greater concentration of suitable vegetable
food during the summer months’ [Harz, ibid.]-

In South-West Africa, Harr [ibid.] observed a group progress
12 mi. in one day. He comments: “There is ne reason. to suppose that
this is a typical distance, but there is every likelihood from observation
of other groups in the area that day-ranges are necess arily longér in this
arid country of sparse vegetation than are those of Cape groups.’

In the northern Transvaal, STorTz and Sasymax [1969] recorded
a mean day-journey of 5.0 mi. (standard error 0.23 mi., range 1.5-9.0
mi.). They have shown that lengths of day-journeys in chacma baboons
of the northern Transvaal are inversely correlated with maximum daily
temperature; i.e., the baboons tended to travel farther on cooler days.
There was no correlation between length of day-journey and maximum
relative humidity. The distance did not vary markedly between summer
and winter, but neither did maximum daily temperatures.

Kummer [1968, p.168] gives a graph indicating mean progression
" rates of hamadryas baboons at different times of day and at various

1 Harr and some other authors would use the term ‘day range’ bere. but we
prefer to zeserve that term for the portion of the home range that the animals cccupy
or utilize in one day, i e., for an arex, rather than a distance.
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intervals after departure from the sleeping cliffs. His results are guite
different from ours: hamadryas progress most rapidly between § and 9
in the morning, with a marked decrease in rate until mid-day, then an
increase again in mid-afternoon. KuMMER’s graph implies that hama-
dryas move a total of 13.9 kix, on the average, between 0800 and 1600 h.
"This figare agrees closely with an average of 13.2 km per day (range 9.8
to 19.2) that KuMMER obtained on the basis of 8 daily routes that were
known completely [ibid., p.167]; an exceptionally short route of 4.1 km
was set aside. During this same period of time, (4800 to 1600, the Main

. Group of yellow baboons that we studied progressed 4.2 km (2.62 mi.),

on the average.

Hamadryas day-jeurneys are, so far as we kanow, longer on the
average than those reported for any other species of nonhuman primate.
Other reports of unusually long progressions include HALL’s one obser-
vation (above) of a 12-mile trek by a group of baboons in South-West
Africa, Brarv's report [1965] of a group of vervets moving 11 miles in
one day in the Wankie National Park, Rhodesia, and Firzsimows’
report [1919 quoted in Zuckrrmay, 1932] of a population of chacma
baboons in South Africa that migrated from one chain of mountains
to another. In each case, these were exceptional journeys.

According to Harnr [1963], ‘the possibility of long-distance...
migrations of baboon groups...could probably best be studied in 5.W.
Africa where prolonged drought is not uncommen, and where large-scale
movement of baboons away from such regions as the Kaokoveld are
known to occuxr’. . :

For other baboon populations, only brief comments have been
made on progression rates and distances. For the forest-living anubis
baboons that RowetrL [1966] studied in Uganda ‘four miles was the
longest [day’s journey], a mile or a mile and a half typical, and on some
days they moved only a few hundred yards.’

During one day, according to DEVoRE and WasEBURK [1962], a
troop of anubis baboons in Nairobi Park ‘completes an average circuit
of about 3 mi....but this distance varies from a few yards on some days
to 6 or 7 mi. on others. These figures refer to the distance between points
on a map. As a troop meanders across a plain, however, the individuals
actually walk twice as far as these figures indicate.”

What is the adaptive significance of the baboons’ use of preferred
routes, corridors and passes ? We speculate that baboons tend to route
themselves so as to maximize their chances of survival in each situation,
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and that the preferred routes represent the most frequent solutions to
these maximizing problems. The safety of preferred routes probably is
enhanced by the great familiarity of the baboons with these areas.
Berr e ol. [1967a] have commented on the baboons’ responses to even
slight changes in such areas.

To illustrate, suppose that a group of babooxs is moving in late
afternoon from the open grassland to a sleeping grove. One available
route leads through an open, fairly safe pass or corridor; the other,
through a meore restricted, riskier pass. However, the first route is
longer, thus exposing the group to the dangers associated with being
on the ground after dark, and increasing the chances that, in the end,
all familiar sleeping groves will be occupied by other groups. The
problem that the baboons face is that of minimizing their risks while
maximizing their gains. The fact that the species is extant and, indeed,
successfal, indicates that in general, their solutions to these problems
must be fairly good. But groups may differ in their ability to solve such
problems; if so, differential mortality will result.

(¢) Territoriality ard Home Range

Attempts to clarify and sharpen our thinking about the land on which
animals or groups of animals live have had an interesting development.
Much of the eaxly literature for mammals was reviewed by Burr [1943,
1949], who defined home range as that area normally traversed by an
individual in its day-to-day activities of food-gathering, mating, and
caring for young. More recent: reviews of mammalian home ranges
inclade those by JEwELL [1966] and Browx [1966].

Territory, on the other hand, was defined as any defended part of
the home range. This is essentially the concept of territory that was
developed on the basis of bird data by Avrum [1903] and independently
by Howarp [1907-1914, 1920, 1929.] The concept of territory as ‘amy
defended area’ [NoBLE, 1939] is now almost unjversally accepted.

There is at present no convincing evidence for territoriality, in the
cense of a defended area, in any population of baboons, including those
that we observed. Indeed, the presence of territorial defense in baboous
has been specifically denied [Harr, 1962a; RoweLL, 1966; WASHBURN
and DeVore, 1961]. Srorrz and Sasvman [1969], after desecribing
intergroup antagonism in chacroa baboons, write: ‘For the present the
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significance of these observations for concepts of territorial defense in
baboons remains obscure.” Apparently the ounly two suggestions in the
Jiterature of tercitoriality in baboons are by Hary [1965b, contra Harr,
1962a] and by Maxm and Buerrner-Januscr [1963]. The lattes
write: “We cannot argue strongly that our observations are direct
evidence for it [territoriality].” The cases that they and HaLL describe
may just as readily be attributed to defense of group integrity.

Aside from the question of territoriality, two majox problems
arise repeatedly in studies of home range: how to delimit the boundaries
of the range and how to describe differential utilization of areas within
this boundary. In studies of mammalian home ranges, these problems
are confounded by the fact that much of the work is based on capture
data. For many species of small mammals, direct observations are not
feasible. Several techmiques have been proposed for systematically
demarcating the home range from such data [Mo=r, 1947; STICEEL,
1954]. DaLEE {1942, also DaLxE and StME, 1938] drew straight lines
connecting the extreme outermost points at which the animals were
observed or captured. The resulting polygon was referred to as the
minimum home range. On the other hand, Opum and KUENZLER [1955]
refer to this polygon as the maximum home range, and believe it will
often be larger than the utilized home range, that is, the portion of the
maximum home range that the animals actually use.

Some authors, e. g. DicE and CLARK [1953], believe that for mam-
mals without territories there is no fixed limit to their wanderings and
thus attempts to fix boundaries on home Tanges and to express home
ranges as areas are futile. Others, including Dasmany and TABER [1956]
and Kavrmany [1962] felt that the mammals that they had studied had
home ranges with definite limits even though there was no defended
territory within that range.

In studies of differential nse of land within the home range, several
authors have attempted to distinguish areas of special significance {other
than territories). PITELEA [1959] pointed out the ecological significance
of exclusively occupied portions of the home range. He proposed calling
such areas territories, but to do so would only result in confusion over
this well-established term. These exclusively occupied areas are referred
to as monopolized zones by JEWELL [1966].

Kaurmany [1962] defined the core ares as ‘the area of heaviest
regular use throughout the entire period of observation ... detexmined by
inspecting the daily route maps for each band.... Areas of heavy
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temporary use...wers not included.” Thus, the coze area is essentially
the same as the focus of the home range, which was defined by
CamPENTER [1934] as ‘the place where the group was found most fre-
quently’.

The concept of core area has been utilized in several primate field
stadies [e.g. DEVORE, 1962; Jay, 1965]. An examination of actual
activity records and the core areas that have been drawn from them
le.g. Kaurmany, 1962, p.172; DEVoRE and Harz, 1965, p.35] clearly
reveals the amount of arbitrariness that is involved in drawing a
Boundary around the proposed core area.

Of course, distinguishing the most frequently used area from the
least is just a first approximatiox. A few attempts have been made to
use the loci of observations or of trappings to estimate the animal’s
actual distribution of land use. As a result of D1ce and CraRrK’s specula-
tion [above] that nonterritorial mammals have no fixed range bounda-
ries, these authors proposed that home range be expressed in terms of 4o

activity radius, based on the distance of recaptures from the recapture
center. The recapture centex concept was apparently first used by Hay~e
[1949] and called the center of activity by him. Tt is the geographic center
of all the points of observation or recapture; that is, it is the point whose
coordinates are the means, on the x- and y-axes, of the points of capture.
As such, it is the point with the smallest total squared distance to the
points of capture as well as the center of gravity of those points. Around
this center, HayNE visualized concentric rings or zones of equal proba-
bility of capture.

On the assumption that the animals’ use of their home range has a
bivariate normal distribution which centers on the recapture centex, one
can obtain expressions for the probability of finding or trapping an
animal in amy part of its range, the probability that two animals will
simultaneously use overlapping portions of their range, and so forth
[DicE and Crars, 1953; CaLEOUN and CasBy, 1958; JORGENSEN, 1968].
CarEOUN [1964] has pointed out 2 number of population ¢onsequences
of home ranges with such distributions.

Tn our study, we had the advantage of direct observations on the
animals’ positions and activities. While it would be possible to use these
observations to determine a position center, analogous to the above-
mentioned recapture center, tbe observed home range of our animals
was not at all circular, nor was the distribution of activities within that
area radially symmetric, It appears that no such simple geometric
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interpretation of differential activity within portions of the home range
will suffice for baboons.

Our major reason for leoking closely at the distribution of move-
ments within the home range is to understand how the animals utilize
this land in order to survive. The home range is not a homogeneous
piece of land. Different parts of the range have different things to offer.
The most straightforward approach to the problem of preferential land
use is to observe how the animals distribute their activities among the
various portions of their range, and record what each portion provides
the animals. The biological relevance of differential land use can then be
-understood by relating it to the distribution of resources and hazards
within the area.

We sympathize with JEWELL [1966] who wrote: ‘It would seem
that further attempts to define the qualities of home range in a formal
way are not very useful at the present time, when so little is known about
home range behavior. What is required is an understanding of the ways
in which an animal makes use of the terrain in which it has established
itself.’

There have been a few previous attempts in primate field studies
to establish the distribution of time among quadrats of the home range.
These include the work of STRUESAEER [1967] on vervets, SrorTz and
SasyMaN [1969] on chacma baboons, and Rowers [1966] on anubis
baboons, noune of whom have attempted to remove the bias that is
introduced by the distribution of observation time.

We have indicated the concentration of water sources and sleeping
trees in those portions of the home range that were most frequently
used. Similar results were obtained on chacma baboons by Stourz and
Sasvman [1969]: *...the areas most frequently occupied by the troop
were situated in the vicinity of water reservoires...the vicinity of the
sleeping cliffs represented a secondary focus of troop activity. Hours
were evenly distributed throughout the major vegetation types.’

SrorTz and SasyMax [1969] have indicated that seasonal shifts
in the portions of the home range that were utilized by the chacma
baboons that they studied in the Transvaal may have resulted from
the seasonal availability of cocoons of the sweet-tasting mopane fiy and
from the distribution of available drinking water. They emphasize that
the latter also had marked effects on the choice of sleeping sites, on home
range size and, as noted above, on the length of day-journey.
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Tn Rowerl's study, which was conducted on baboons in the
Ishasha River valley,

‘the time spent in fozest was very high: in the home ranges of 5 and V troops,
18 % of the grid squares contained forest, river odge bush, or forest edge. but the
animals spent 60 % of the time in them. ... Vegetation types wezo associated with
different activities: open sandy areas, and open places on the river bani, were
faveoured as resting places; foraging was seon mainly in short or course [coarse ?]
grass, Isolated trees were typically eating places, abandoned as soon as the troop
was satiated. In forest., and high bush; the pattern was cating and resting, fol-
lowed by a very short walk to the next site. This pattern, zlso refiected in the
short daily journey, is different from that of open country baboon treops. which
scem. 1o Keep moving fairly steadily through the day, foraging as they go....
Each troop concentrated much of its activicy in a very sinall part of the available
area. These could perhaps be regarded as “core areas”™ of the ranges. but they
were not the exclusive “‘property” of any one troop. There was a suggestion,
though no good evidence, that 8 and ¥V troops aveided each other in their area of
overlap in so far as cach troop usually used it wher the other was at the far end
of its range.’

(d) Home Range Size

DeVore and Hars [1965] give home range sizes for 8 groups in Nairobi
Park, Kenvya, and 3 groups in Cape Reserve, South Africa, and comment
that ‘the ranges for only 4 of these groups is judged to be complete’.
According to their table 2-4, these four groups are groups LT and SR
of Najrobi Park, and groups N and S of Cape Reserve. For groups SR
and 8§, samples of 55 and 10 day ranges, respectively, are indicated. If
we assame that the relative rate of area increment with continued
sampling is about the same in these baboons as in the Amboseli baboons
that we observed, then the home ranges estimated for these TWO groups
are, respectively, 82 % and 35 % of what they would have been had these
groups been sampled for 139 days, as in our sample, and thus are
presumably even smaller percentages of the actual total range. For the
remainder of DeVore and Harv’s groups, the number of day-ranges
that were sampled presumably was, in general, smaller {though a sample
of 21 day ranges is indicated for one group). On the same basis, DeVore
2nd HArLL’s estimate, that the home range ‘sizes shown for the other 5
[77) groups probably include 80% of their annual range’, is too high.

We have indicated that no apparent reduction in the Main Group’s
home range had taken place by the end of our study, in early Aungust,
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1664, despite the fact that the dry season was well underway and the
baboons got free water with decreasing frequency from sources other
than permanent waterholes. Several possible explanations for this
have occurred to us. Perhaps the small October, 1363, range was a
sampling error, or a response to the constant presence of then-unfamiliar
observers. We doubt both of these possibilities and suggest that an
ecological explanation, related to water balance, is more likely. One
might suppose that the home range is restricted to the vicinity of
permanent waterholes whenever the need for free water is very great
and the permanent waterholes are the only available source. If so, the
baboons would be expected to drink more frequently during the dry
season than during the rainy season. But exactly the opposite seems to
be the case (p. 143), so this suggestion must be discarded. Alternatively,
baboons may considerably reduce their watex loss by remaining in the
forested areas that occur mear permanent waterholes. For instance,
going from the KH woods to the KB woods meant crossing large, un-
shaded areas of open grassland. Yet, much unused woodland was virtu-
ally continuous with the portion of the KB woods within which they
remained during October.

We shall continue the diseussion of the effects of food and water
resources on home range in the next chapter. In the final chapter, we
shall return to the questions of how babeons sustain themselves withino a
relatively fixed area, how they allocate their time and energy among the
~various portions of their home range, and how the land is distributed

among the various groups.

Corrigendum added ir proof. On the basis of discussions during 1969 with aerial
photographers at the Survey of Kenya, the scale of the 1963 aerial photographs is
probably closer ta 1:12.500 than te 1:15.000, as indicated on p.113 however, ground
control is still not available for Amboseli. £ the scale of 1:12,500 is correct. then all
linear measuroments for Amboseli that are given in this monograpk should be reduced
to 5/, of the stated values, and all area measurements should be reduced to /s of the
stated values. All distribution parameters {(mean. standard deviation, etc.) may be
similarly scaled down (because expected values are invariant under linear transformation
of the random variable). During 1967, new. clearer aerial photographs of Ambosell
were taken (V13B/RAR/585, frame 014, 17 JAN 67, and V13B/RAF/616, frame 116,

2 FEB 67).
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1. Sources of Water

Two major sources of free water are available to baboons in Amboseli,
permanent waterholes, fed by springs®®, and temporary rain pools.
During our study, thé Main Group is known to have utilized 40 of the
48 rain pools within their home range®®. All waterholes within the Main
Group’s range were used*, some (especially KB-1, KB-3, and KB-5),
more frequently than others (see table XXI). Differences in frequency
of use seemed to be due primarily to proximity of ‘favorite’ waterholes
to the group’s major progression routes, rather than to the absence of
surrounding vegetation that might conceal a predator. For example,
waterhole KB-1, around which vegetation is fairly heavy, was used
more frequently than KB-2, the south and east sides of which are rela-
tively free of obscuring vegetation. However, when baboons and vervets
did use KB-1, they were observed drinking only from the sides where
the foliage is least obscuring.

When 2 group of baboons goes to a waterhale, they do not all
drink at the same time, even at those water sources for which shore
access is not a limiting factor. Rather, a few drink and then move away,
to be replaced by others. At times, members of the group remain in the
vicinity (fg.46), and 2 few may climb nearby trees. At other times, the
baboons file past the edge of the water, ¢ach baboon drinking when at

12 The areas around the largest of these springs are referred to as swamps on
government maps; there is similar vegetation. on a smaller scale, around the large
waterholes.

42 The exceptions were: rain pools 4. 7, 14, 39, 41, 46—43. Of course, immediately
after a heavy rain, there aro puddles in many places. We have tried to distinguish the
largest poals, as well as those used by the Main Group.

4 Waterkole KH 3.5 is 2 marginal case. Baboons of the Main Group were observed,
in the grove of trees around this small waterhole on the marning of Juns 27, 1964, The
observarions were made by Dr. Ixven DEVoRe and his associztes. We did not locate
the group until 0915, at which time it was already on the ground. and about 80 f.,
from KH 3.5. We do not know whether this waterhole was used by them. At no other
time were they observed at this water souxce. .
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Table XX I. Diurnal changes in use of individual waterholes and of rain pools. The table
gives numbers of drinking sessions in the Main Group

Waterholes
¥H EHE KH KE KH Ke KB XB KB KB Rain Total
3 3.5 4 4z 5 1 2 3 4 5 pool

5 ¢ o o © 0o 0o 0 90 a 0 0 0
- 7 s o o o o o 0 0D p ¢ 0 0
= 8 6o o o0 o o 1 ¢ 0o 00 1 2
B 9 o o 1 0o o 2 0o 1 1 1 8 14
£ 1 o 9o o o 3 1 4 1 1 12 23
s U o o 2 ¢ o 2 2 3 0 4 13 2%
£ 1 o o o ©° ©o 1 o 1 2 1. 8 13
R o o 1 o o 0 o 1 0 0 4 6
21 s o 0 o ¢ 2 0 2 ¢ 0 4 8
T 1 > o 1 ¢ 0o 1 ¢ 0 0 0 3 5
2 16 1 ¢ 1 o o 3 0 ¢ o0 1 3 9
- Vi s -0 o o 9o 2z & 1 iz 17 13
g 18 s o 1 o ¢ o 0 0 g 0 2 3
219 o o © 9o o o 0 0 g 0 9 0

Total 2 o 1 0 ¢ 17 3 13 5 lo 5 122

the shore. These procedures probablyreduce the risk of being surprised by
a predator, since there is never a time when al} the animals are drinking,
and at all times some of them are near the drinkers, looking about.
When shore access is limited, as at a partially dried-up pool.
Jominant amimals sometimes supplant subordinates from the drinking
spot,but wenever observed intense agonistic conflicts in those situations.
The dominance relations are apparently established at other times and
places. KUMMER [1968, p-122] writes of hamadryas baboons as follows:

*With some exaggeration one might, say that in the safety of the sleeping rock,
social relationships are being established, whereas in the open field they are
in function: here, their seological value comes 1o the test., and during this subtle
functioning the purely establishing patterns of behavior are suppressed.’

Fig.46. Baboons at waterholes and temporary rain peols.
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- 2. Frequency of Drinking

How often do baboons drink ? How long do they go without water ?
Do baboons drink every day? Altogether, we observed 132 drinking
sessions® in the Main Group during a total of 1,006.12 daylight hours,
or an average of 0,12 drinking sessions per hour of obhservation. Intervals
hetween drinks can be obtained from ‘complete days’, i.e. days with
complete drinking records. Such records are available for 19 days*.

Of these 19 days, there were 3 on which the baboons had no
drinking session. Thus, the baboons went without water on 16 % of the
days in the sample. There were 11 days {58%,) on which they took one
drink, a2nd 5 (26%,), on which they took two. When the group drank
but once, mean time of the drinking session was 1313 h. When the
baboons drank twice, the first drink was at 1026 b, the second, at 1346 h,
on the average; thus, on such days, there was an average of 3 h and
19 min between drinks.

The 19 days for which we have complete drinking records include
four rans of two or more consecutive days. The numbers of drinks per day
in these runs were as follows:

Day
1st 2nd 3rd 4th

Runl 2 —+1 —-{L}—1
Run II 1 -2 =0

Ron JII1 —(1)—1 —1
Rup IV 2 — 2 —(1)— 1

Parentheses indicate drinks observed on single days with incomplete
drinking records where such days join a run of ‘complete days’ to
another “‘complete day’.

The observed drinking sessions of the Main Group were distri-
buted through the hours of the day as showr in table XXI1I. However,

48 See footnote 47, p. 142.

46 This includes 12 days on which we observed the Main Group continuously, from
befors they descended the sleeping trees in the merning until they ascended aguin that
evening, and 7 days on which we have complete abservations except for a short period
ofter descent ar before ascent, during which we are confident that the group did not have
access to a rain pool or waterhole.
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Table XX II. Seasonal changes in drinking sessions of Main Group

Jan-Feb Mar-Apr May-Oct Nov-Dec Total
WH RP WH RP WH RP

i

0700
0800
0900
1000
1100
1200
1300

1400
1500
1600
1700
1800

== R Er - - P - N N )
D eSO D Do O
N R - - == -]
P R N N N N ]
]

e D DU b O
OO O DR W U S O
(= = - I =N L SRR = =
o D e D DWW R o

Time of day (onset of interval)

1 On 19 b pS

{
{
|
|

Total 11 28 63 20 122

Drinks per hour
of gbservation  0.13 . 0.12 0.11 0.16 0.12

WH waterhole, RFP rain pool.

this sample is biased because our observations were not evenly distri-
buted through the day. For each hour of the day, the probability of
drinking at least once was estimated from the number of days with at
least one drinking session divided by the number of hours of observation
at that hour. The results are shown in figure 47. There is 2 peak between
1100 and 1200 in the probability of drinking, with a fairly high proba-
bility maintained for 6 h thereafter, i.¢., during the hottest part of the
day or as soon thereafter as the group got back to water after foraging.

That the number of drinks per hour of observation during any (hour) interval is an
estimate of the probability of drinking during that interval can be seen from the follow-
ing. Data for the interval come from two kinds of days, those on which we observed
throughout the interval and those oa which we observed during only part of the interval.
An estimate could be based solely on the former by dividing the number of days on which
a drink was observed by the tetal number of days in the sample. i.e., the number of
successes divided by the number of successes plus failures. Days with data for only
part of the hour can also be included in this calculation if we assume that the probability
of drinking is uniform throughout the hour, and thus thas the contribution of each such
day to the numerator and denominator of the estirnate is proportiopal to the fraction of
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Fig, 47. Probability of drinking by the Main Group during each hour of the day.

an hour during which observations were made. If this is done, the resulting estimate is
obtained by simply dividing the total number of doys on which the group was observed
1o drink during the hour interval by the total number of days ot fractions thereof during
which the group was observed during the interval. '

3. Seasonal Differences in Drinking

Although the timing and quantity of rainfall in Kenya varies from
year to year, there are typically two rainy seasons, the first in November
and December, the second in March through April or early May. Be-
tween these two rainy seasons are two dry seasons [Grarrrras, 1962].
During the year of our study, the J anuary-February period was never
totally dry: rain came often enough to maintain green grass and to
keep water in the larger, seasonal rain pools.

The number of drinking sessions*? by the Main Group that were
observed during these four seasons are shown in table XXII. However,

4 The term ‘drinking session’ refers to a group activity. in which numerous
mernhers of the group drink from & water source. It does not inchude times when only
one individual drinks. Such solitary dricking is particularly frequent during the rriny
seasons, when many small puddles of water are available. Thus, the higher frequency
of drinking during the rainy season is even more marked than the above data indicate.
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these frequencies are biased by differences in observation time in the
four seasons. In each season, an estimate of the probability of drinking
can be obtained, as before, from the pumber of drinks per hour of
observation on the group (B + C time, table I). The results are shown in
the last row of table XXII. Contrary to what one might expect, the
animals were most likely to drink during the heavy rains of November-
December and least likely during the long dry period, from May to
October. Drinking was about as likely during the January-Febroary
intex-rain period as it was during the short rains of March-April.

In the preceding chapter, we described the fact that in October,
1963, at the end of the dry season, the Main Group had a range that was
limited to the vicinity of the KB waterholes, that this range increased
dramatically with the onset of the rains in November of that year, but
that no reduction to the October range had taken place by early August
of the next year. This use of areas remote from permanent water may
be directly related to the weather and to the continued availability of
water in the largest temporary rain pools throughout this ‘dry’ season.

There was heavy rain in Amboseli during the last week of April,
1964, at which time the pools were filled. There was no rain during May,
but on many days, there was a heavy overcast. During that month, the
Main Group used at least 10 waterholes (No. 3, 6, 8, 15, 26, 21, 22, 31,
32, 40). By the first week of June, there was still no rain, the grass was
almost entirely brown, and the rain pools were dry or almost so. On
June 5, we estimated that the muddy water in ome rain pool that was
used by the Main Group (rain pool No.5} would not last another week.
But heavy rain fell on June 8. thus replenishing the pools. At least four
rain pools (No. 5, 20, 24, and 40) were used that month, Weather during
the next two months was generally cool and the sky was often heavily
overcast. Such weather doubtless cuts down on evaporative loss from
yain pools. Nevertheless, by July 2, rain pool No.44 was, so far as we
know, the only temporary rain pool left in the Main Group’s range that
still contained potable water. Nine days later, there was only mud
in the bottom of it. On July 12, the Main Group moved to rain poeol
No.3, only to find it dry; so, too, were all the other rain pools in that
area. We have no record of any rain pool being used during July or
the first week of August and the baboons were completely dependent
upon the permanent waterholes. Nonetheless, the Main Group’s range
remained large. Perhaps the cool weather and heavy overcasts during
that period reduced their water requirements.

i
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4, Plant Food

Baboons have a very diverse diet. Their lack of highly specialized
anatomical adaptations, combined with their keen vision and their
ability to climb, dig, pull, pluck, gnaw, and to move great distances,
often far from trees, enable them to exploit a wide variety of foods,
and thus to survive in a great diversity of habitats. Baboons are the
most widespread and abundant nonhuman primates on the Afxican
continent.

Of particular importance in the diet of Amboseli baboons are
grasses and acacia trees. Virtually all of the trees in the study area are
of one species of acacia, the fever tree ( Acacia manthophloee ) ; in the drier
parts of the study area, fever trees are replaced. by umbrella trees,
Acacia tortilis {fig.2). Many parts of these two acacias are eaten: leaves
{rarely),sap,cambium (when exposed by elephants), blossoms, seeds, seed
pods, and even rotten wood {perhaps because of termites or otherinsects).

The gummy sap of the fever tree was, to us, both odoriess and Ravoriess, yet the baboons
seemed attracted to it, and would even leave a group progression if ene of them sighted
a sap 00Ze. :

Fever tree sceda were eaten in great mumbers. Much ground foraging beneath
Zfever trees was injtially mistaken by us for grass eating, but clasex ebservations revealed
that in many such cages the baboons picked out the acacia seeda that had fallen into the
grasa, At close range . we could readily hear the erunching of the seeds and smell their
garlic-like oder.

Acacia blossoms and green pods were available only during a small part of the
year, at which time they were eaten in large quantities, Many fever trees in Amboseli
were in full bloom during mid-Octeber, 1963. We recorded acacia-flower eating between
12 October and 2 November 1963, with 2 peak about 18 October. On that day individual
fecding Tazes in adults averaged 10 “bites’ (one or more blossoms per bite} every 16.7 sec
{sample of 17, 10-bite sessions). Such feeding may continue for several hours a day;
thus, enormous numbers of blossoms are consumed. Green acacia peds were eaten.
beginning the frst week of November (fig. 48). A month later, the pods were drying and
losing their green color. Dry pods were enten, too, though perhaps not as often as green
ones. The dry pods were taken from the trees or from where they had fallen on the
ground. By May 1, however. very few pods atill hung in the trees.

Many of these parts of acacias, particularly the pods and seeds, are zood
sources of protein. Dovugcary, DryspaLE and Groves [1964], on the
basis of their analysis of Kenya’'s browse and pasture herbage, indicate

Fig.48 a) and ). Feeding on green pods of fever trees. ¢} Feeding on 3a2p of fever tree.
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that the legumes are the richest source of protein and are the least
fibrous of 2]l the vegetation.

Grass seeds were eaten when available. Particularly favored were
those on stellate seed heads, such as Dactylotenium sp.nov. ard Cynedon
plectostachyus. The baboons neatly stripped the seed heads between
their fingers, or between their tongue and teeth. Such selective feeding
on grass seeds during dry periods means that the baboons are using one
of the most nutriticus parte of the plant.

Grass blades were commonly eaten when young.and green {i.e.
after the onset of the rains), but only rarely when dry. On November 22,
just three weeks after the onset of the torrential ‘long’ rains, a major
change in the baboons’ feeding habits took place: an estimated 90 %
of the bulk of their food consisted of green grass that had grown since
the onset of the rains. Suck new growth was eaten by infants, as well as
byadults (fig. 49). Dovcars, DryspaLEand GLOVER [1964] point outthat

“the Jeafy tissues of young grass are rich in protein and minerals and they are not
fibrous.... As grass ages physiologically, its percentage cantent of protein and
minerals declines as these components become progressively diluted in am in-
creasing percentage content of non-nitrogenous organic matter, including crude
fibre: its nutritive content declines concomitansly....”

The baboons’ ‘specialty’, particularly during the dry season is the
rhizome and base of the blades of grass plants. They liberate the rhizome
by digging around the grass plant with their hands, then pulling the
plant up, using the hands or the mouth (fg.50). In this way, an adult
male baboon may consume 8 grass plants in 10 min, as timed observa-
tions revealed. When rain has softened the earth, grass plants are some-
times pulled up with little or no digging, particularly by adult males.
The plant is often pulled out with the teeth, After a grass plant is
pulled up, the baboons often wipe ox rub dirt from the roots and rhizome,
a technique that probably reduces wear on the molar teeth [DEVoRE and
WASEBURN, 1960]. They then eat the fleshy rhizome and particularly
the white, subterranean bases of the grass blades, but little or none
of the dry, upper stalks.

In utilizing the rhizome, baboons are getting at one of the richest
sources of nutrients in the grass plant; they are tapping a major food
and water supply that is not available to grazing ungulates.

Two grasses deserve particular comment. Sporobolus robustus is a
tall, tough grass that grows on the edges of pans. There it forms dense
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Fig. 49, Infant eating fresh, preen grass at beginning of rainy season.
Fig.50. Adult female feeding on rhizome of grass plant. Note full check pouches.
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stands that would easily conceal a predator. Baboons were often alert
or tense when near this grass, particularly when they passed through it.
They seldom ate it (10 observed cases in the Main Group), and so far
as we could tell, it was seldom eaten by other animals. Another grass,
Cynodon dactylon (or Sporobelus marginatus ?} grows as a thick mat
around waterholes. Despite numerous trips to the waterholes, baboons
of the Main Group were not observed feeding on this plant, except
during the period October 93-November 4, when they fed extensively
on it. The new growth of Cynodon dactylon is high in protein [DoUGALL
and GLOVER, 1964].

Plants other than acacias and grasses probably contributed less
to the baboons’ total diet, though some of these were seasonally very
significant.

The small, red fruit of Selanum incanum, was eaten between
February 11 and July 30; several times during that period {¢.g. March 2,
March 13, June 23, July 10} members of the Main Group gorged them-
selves on these berries, which tous had a most unpalatable, acrid-bitter
favor. The leaves of this species are high in protein, calcium and phos-
phorous [DoveazL, DRYSDALE and GLOVER, 1964], but the fruits ap-
parently have not yet been analyzed. The genus Solanum includes the
deadly nightshade and several other toxic plants. No adverse effects
were moted after the berries were eaten by the baboons. A species of
Solanum that grows in Uganda is avoided by the baboons there [Ro-
WELL, 1966]. .

At times, a succulent, prostrate plant, Trigntheme ceratosepala,
was a copmon source of food {feeding recorded June-Qctober). Some-
times the edge of the plant was rolled over, like a rug, thereby exposing
the berries, which were picked off and eaten. The leaves have a slightly
salty taste, but are otherwise flavorless.

The gray-white berries of a common spiny bush, Azmao tetra-
cantha, were eaten ; feeding was most extensive during March 8-12. New
leaves were eaten occasionally from the last week of May until mid-July.

Papyrus plants (Cyperus laevigalus or C.immensus) from the
waterholes were occasionally eaten by the baboons.

Leaves of Salvadora persica were once observed {(by TEoMas
SraumsaEER on May 7) being eaten by baboons (not from the Matn
Group). We have no other record of feeding on this common plant. It
has no outstanding nutritive value except as a source of caleium
[Dovearz, DrYspaLE and GLOVER, 1964]. According to NaPIER Bax
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and SmELpRICE [1963], this plant was eaten by elephants in Tsavo
Park, Kenya, during a period of drought (1961) brut not at other times.

On April 21, new growth on Suaeda moneica was eaten, but other-
wise this common plant seems to have been ignored by the baboons.
DoucaLt, DryspaLE and GLOVER'S sample [ibid.] of twigs, blackish
mature leaves, and flowers of this plant indicates a Temarkably high
sodium content—by far the highest of any plant that they analyzed—
but no other outstanding putritionat characteristies.

A monocot resembling lilies springs np in some grassy areas after
the onset of rains. We observed baboons eating it twice, March 15 in
the SW portion of quadrat (3, 9} and May 7 in the NE portion of quadrat
(T, 11}z 0om the latter date, it was beginning to flower.

On one occasion (December 21), 2 juvenile-2 was ohserved eating
white mushrooms.

Geveral unidentified and unfamiliar plants were eaten occasional-
ly. The cherry-sized green frmits of a vine that climbs on fever trees
were eaten on March 11 by one subadult male, the leaves, on May 24
by ome juvenile male. Green seed pods of a plant ( Commicarpus pedun-
culosus ?) with a small, yellow fiower, growing beneath umbrella trees
in the SW corner of quadrat (5, 19), were eaten by many members of
the Main Group on May 25. On July 30, 2 mature female ate fower buds
of a vine-like plant growing in depressions near Solanum incanum; the
flowers are tiny and white, and grow in clusters. As she ate, she was
watched by other baboons of the Main Group. The seed pods or berries
of one other unidentified plant that grows in these depressions was also
eaten. Thatexhausts the list of known food plants of baboons i Amboseli.

Leucas stricta, one of the few plants that grows on certain patches
of a distinetive type of soil in Amboseli, was not eaten by the baboons.
Upon entexing such an area, the baboons stopped feeding, traversed
the patch, passing numerous plants of this species, and then resumed
feeding ou the other side. The nutritive content is not known.

. 5. Animal Food

Baboons sometimes prey on other animals. Grasshoppers were, by far,
the animals preyed upon Imost frequently’ by baboons of the Main
Group. A quick swatata grasshopper on the ground was sometimes all
that was mecessary to cateh it. At other times, grasshoppers that took




150 Water and food

flight were chased and sometimes caught in mid-air. About ¥, of all
attempts at capturing grasshoppers were successful. On some occasions,
a flving grasshopper that was being chased by a baboon was captured
in flight by a lilac-breasted roller (Coracias caudata). Yet these birds
were threatened by the baboons only once (p.194).

Locusts are grasshoppers that form immense migratory swarms
after a long period of high rainfall. Locust swarms sometimes move
through North and East Africa (e.g. during 1968). The impact of the

baboons on the locust population—and vice versa—is not known, but -

because of the potential of biological control, the study of such ecological
relations is of great importance. It may be, for example, that the devas-
tating losses to farmers and ranchers that accompany an unchecked
locust invasion exceed what is gained by eliminating baboons and other
grasshopper predators from agricultural areas. KumuER [1968] relates
that the hamadryas that he watched ate large quantities of locusts after
swarms of them settled in the area.

Three attempts (all in February) at catching flying butterflies
(small, yellow-white) were observed. One attempt was unsuccessful;
the outcome of the other two attempts is not known.

On a number of cccasions, baboons were seer gnawing on pieces
of rotten acacia wood or picking small objects off such wood with their
lips or fingers. Perhaps they were eating termites, beetles or ants living
therein, ‘

No other invertebrates were observed being eaten by baboous in
Amboseli. In Nairobi Park, we once observed baboons picking up and
eating objects from a patch of soil on the npper bank of a stream. Subse-
quent examination of this earth showed it to be full of earthworm diggings
and castings, and we assume that the baboons were eating earthworms.

One reptile, a small lizard, was caught and eaten by a juvenile-2
male of the Main Group. On another ocecasion, a large monitor lizard
(Varanus niloticus) was closely observed by members of the Main
Group but was not attacked by them.

Three-banded plovers (Charadrius tricollaris ) sometimes made
screaming dives on the baboons as the baboons foraged in open grass-
land, but predation on plovers or their eggs was not observed. One
plover nest in which eggs were observed was empty a few days later;
the predator is not known.

On April 21, two adult males of the Main Group fed on eggs of the
helmeted quinea-fowl ( Numida mitrata ). On May 15, a third adult male
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of the Main Group caught and ate two chicks of this species. As he ate
them, a subadult and two juvenile males chased a covey of these chicks,
but retreated when the adult fowl turned on them.

On May 14, a mouse or some other small mammal was eaten by
an adult female of the Main Group.

The Cape hare { Lepus capensis ) and an enidentified fossorial mam-
mal were the vertebrates preyed upon most frequently by the bahoons.

Of 14 observations on baboon-hare relations. three were of hares that were within or near
the Main Group but were not attacked by the baboons. At least one of these hares was
definitely seen by the baboons. In 3 other cages, baboons were seen chasing hares, An
adulz female that chasod one was not successful. We observed only about 60 ft. of 2
second chase: it is believed 10 have been unsuccessful. A third hare was at first chased by
several members of the Main Group, then only by the most dominant male. He continued
the chase for 70 sec, then ¢caught the hare and ate it. Tn 5 cases in the Main Group, the
capture of 2 hare that was eaten was not seen. In two of these casoes, an adult female
already had a hare when it was first spotted by us. One of the fernales ate her hare. The
other female's hare was taken from her by an old adult male, who ate it. Twice, an adult
male had 2 hare when the hare was first seen; both hares were eaten. Once, a Juvenile-2
had a hare when we first saw it: he ate it. Three additional observations of hares being
eaten by baboons in our study area were made by Dr. THOMAS STRUHSAKER two were

eaten by subadult males.

The fossorial mammal, 2 small, pinkish animal about three inches long
and one inch diameter, was dug out of its burrows during the rainy
season, when the earth was soft (observations November 24-—-April 29).
In the Main Group, adults—male and female—and juvenile-2 males
were observed digging for these animals, which were caught when they
jumped or rao from their excavated burrows and were then eaten
immediately. The burrows of these animals (mole-rats, Bathyergidae ?)
oceurred in clusters, in bare ground near fever trees. We did not fnd
anything in 14 holes into which we dug. In the 15th, we found a large
scorpion. Yet in no case did we see baboons give the ‘scorpion-response’
that was described and illustrated by Harz [1963] when they dug into
these burrows.

A neonatal Grant’s gazelle (Gazella granti) was killed and eaten

by adult males in HB Group.

Our attention was first caught by 3 aduit pazelle that were Tunning back and forth,
Junging at the baboons. Within a minute, an adult male baboon appeared from a thicket
with. a baby gazelle in its mouth. The gazelle already had one wound other than where it
was held by the baboon’s jaws; it bleated. About 6 other adult males pressed close, but
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the male with the gazelle avoided them. During the next 20 min, there were repeated
agonistic interactions among aduit males around the meat (fig. 51). Several of the males
became smeared witk blood. Eating began on the postericr half of the body and prog-
ressed toward the head. Various other members of the group, including some adalt
males, watched this scene for a few minutes before moving on.

This gazelle was killed and eaten on November 21. Unfortunately, we
were away from Amboseli December 4—February 8 (except for one
day), and thus were not present during most of the time when neonatal
gazelle were available. By the time of our return to Amboseli in Feb-
ruary, the newborn gazelle were too swift-footed to be easy prey for
baboons, and no further attempt 1o prey on them was seen.

Two other species of nonhuman primates live in the study area,
the vervet monkey (Cercopithecus aethiops) and the lesser bushbaby
{Gelago senegalensis ). Both were eaten by baboons. Four vervets were
chased, but escaped. Ome vervet was eaten primarily by a subadult
male, one by three adult males, and two others each by a single adult
male. In 6 cases (one in the Main Group, two others contributed by
T.STRUBSAKER) baboous were observed eating vervets, but the capture
was not observed.

In ome othet case, the entire predation process was observed. As the group progressed
zear fever trees, moving toward their sleeping grove, an adult male, Humpramp,
suddenly sprang at vervets in a group that had been displaced by the approaching
baboons. He reached around a piece of dead wood hanging from a tree and with one
swipe caught a vervet. Another adult male, Whitetip, followed him for a few minutes,
but Humprump moved away from the group, inte a clump of undergrowth. There.
unmolested, he ate the vervet, beginning with the hind legs (fig.52). The rest of the
Main Group continued their progression. Forty minutes later, Humprump left the rest
of the carcass and moved toward his group. He had eaten the hind legs but not the feet.
He had completely erushed the mandible and skull case, and had apparently eaten the
brain tissue. The arms, hands, thorax and viscera had not been eaten.

According to T, STRUHSAKER, the vervet was 2 female, 34 months old.
Humprump is one of two males that migrated from the Main Group to
the TTF group, where he was observed, some five months later, eating
another vervet. While this may be coincidence, it seems more likely, in
view of our infrequent observations om the TTF group, that male
Humprump was particularly adept at catching vervets or was partic-
ulazrly attracted to them.

Bushbabies were twice observed being preyed upon by babeons.
One bushbaby was eaten by an adult male, not of the Main Group
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Fig.51. Adultmalesof HB Geoup fighting over infant Grant's gazelle (held by male on left).

Fig.52. Adult male Humprump eating a vervet monkey.
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{capture not observed). Another bushbaby was chased in a dead tree,
then caught and eaten by an adult male, whereupon other baboons
began to tear bark from this same tree (observation by T. STRUBSAKER).

Once, as two duikers or dik-diks®® chased each other through the
undergrowth, beneath a grove of fever trees, they passed directly in
front of the most dominant male baboon of the Main Group, who was
sitting quietly on a log. The muale jumped- at them, but missed.

A small, unidentified mammal { ?) that was caught and eaten by
an adult female of the Main Group completes our records of baboon
meat-eating.

6. Sorme Sociel Aspects of Feeding

The response of other baboons in a group when one of them had found
a prey animal varied greatly. With very small prey, such as grasshoppers
or the fossorial mammal, there was no competition. At the other ex-
treme, there was much fighting among the adult males of HB group
for the meat of the infant gazelle. While the prey animal was being
chased, the baboons gave a chorus of barks that sounded just like the
chorus given when the baboons themselves were faced with a predator.

Once the initial aggressive responses are over and one baboon has
settled down to eat the prey, one or more other baboons of the group
usually show a ‘vulture response’. That is, they sit near the feeding
baboon, quietly watching (fig.33), and then, when the feeder walks
away, pick up whatever scraps are left behind.

Baboons sometimes approach and smiff the muzzle of another
member of their group, or at least, they place their muszzle up to the
muzzle of the partmer (fig.54), and this behavior seemed much moxe
frequent when the partner had food in its mouth. It may be that in this
way, information about a new food source would spread through the

group. Similar behavior has been described by Hary [1962, 1963] in .

chacma baboons and by StrUmsaxEr [1967] for vervet monkeys
( Cercopithecus aethiops ), based on observations made in Amboseli.
Baboons sometimes supplanted one another from grass plants
that had been partially dug up. Thus, by exploiting the labor of others,
dominant baboons can get a larger supply of food with a smaller ex-

18 Both have been recorded in Amboseli [WrLrrams, 1967]; our brief view did
not enable us to tell which we were seeing.
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Fig.53. Adult males of HB Group "waiting for scraps’ of the infant Grant's gazelle.

penditure of energy. As in the case of water (p.138), strong displays of
aggression during displacements from food were not noted. However,
this point should be checked in subsequent field observations onbaboons,
because displacements during foraging were not noticed until fairly
late in our study. The displacements usually were quite subtle, involving
ouly simple approach-avoidance behavior over a distance of several
feet between animals. The observer must have seen exactly which plant
was being worked on by the supplanted individual. We have suggested
elsewhere, in another context, that conservation of energy may be one
of the major advantages of high dominance status [ALTMANN, 1967).

7. Comparisons and Discussion
(a} Water Resources of Other Baboons

KummeR's 1968 monograph on hamadryas baboons in Ethiopia includes
a pumber of observations on the use of water resources by these animals.
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“Dhuring the dry season the bands will usnally come together az midday at some
shady riverbed which still contains water.... Drinking i3 aceompanied by a one
10 two hour Test period. Grooming and play occur at this time but chasing he-
tween males and copulation is as a rule omitted, In the rainy season, this ouidday
rest is replaced by 2 sumber of ahart rest periods under bushes while the animals
drink here and there as they cross sireams and riverlets' [p. 12]. “During the dry
season, each troop had 2 to 4 permanent watering places within its range, mostly
at pools under small chutes in the otherwise dry riverbeds. The hamadryas
frequently dug individual drinking holes in the sand of the riverbeds, at any
distanee from their natural pools, by pulling uvp the wet sand with their bands
while sitting. In contrast te the water of the pools, the water collecting in suech
boles is cool and free of algae, In order to drink. the baboons rest their weight
on their forearms, often anchoring their tails around a piece of rock’ [p. 1641
“The thormy branches with which the [Gurgure] nomads protect their own water-
holes were sufficient to keep the wild ungulates away from the water, but the
baboons were seen dragging the branches apart and drinking from the holes’
[p- 165]. “In the dxy season, it wags striking to see that the large parties gradually
assembling at a water hole did not drink at once but first settled down for groom-
ing and play. On & occasions when the times were measured, an average of 69 min
elapsed before the first baboons drank, the drinking being followed each time
by another social period” {p.169]. “At the waterhole, around noan, there was 4
tepporary and significant reduction in flight distance, and, as at the sleeping
rock, the distance was significantly lower befare the location-apecific actior than
after its occurrence’ [p. 1701

Digging of water-hollows has also been observed in anubis baboons,
by Croox and Arprica-BraxE [1968, p.214], on the sandy shore of
Lake Langano, Ethiopia, ‘the small holes rapidly filling with seepage
from the lake’. The anubis that they observed near Debra Libanos,
Ethiopia, ‘drank directly from the stream oT from puddles of rain water’
[ibid.l.

The anubis baboons that RowzLL [1966] studied along the Ishasha
River in Queen Elizabeth National Park, Uganda, had ready access
to the water of the river, which is permanent, fast-lowing, and cold.
Furthermore, rain falls throughout the year in the area, and it is ex-
ceptional to have more than two weeks without rain. In addition, these
animals often feed on suecalant foods, such as figs. Although BoweLL's
report does not include any data on drinking behavior, it seems unlikely
that water is a limiting factor affecting the activities of this population
at any time of the year.

Similarly, fox the chacma baboons in the Cape Reserve, South
Africa, drinking-water does not seem Lo be a problem. HaLr [1962a]
potes that
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*in the 1958/59 observation period [one day of observation per week throughout
the year with occasional extended periods up to 14 days], baboons of the Cape
Reserve groups were seen to drink on only 8 ocecasions. Water is to be found at
many different points in the Reserve during the rainy months of winter and spring,
but it seems probable that the animals obtained mast of their water from dew

precipitation and from the water-content of the flora on which they fed. There -

was no evidence of regular drinking from dams or streams, and 7 of the 8 occasions
occurred during the months of February, March and April 1959, when a few of
the animals drank briefly from the small puddles of water in the hellows and
crevices of rocks left by the occasional rain-shower. In the 1960 period [August
and part of September], there were § occasions when 2 few baboons of 5 group
drank from rain-puddles in the same way. They were not seen to drink from any
other standing water in their area. The drinking posture has always been to
crouch down so that the mouth comesinto contact with the water. On 3 occasions,
during this period, baboons of § group drank briefly from pools of water on the
coast which were distinetly salty to taste. On one of these occasions, a fairly hot,
sunny day, practically every baboon in this group drank from a salt-water pool
close to the mter-tidal rocks, some drinking briefly, some for as mueh as thirty
seconds” [pp. 215-216].

By way of contrast, the arid northern Transvaal is the site of the
current work by StoLTz and Ssavmanw [1968]. The baboons that they
observed there drank every day, and the scarcity of water sources in
the area brought groups together at drinking places. These authors
have emphasized the importance of water ‘in the determination of day
ranges and in the utilization of home ranges.... The scarcity of water
sources in this arid area...leads to an extensive overlap of the home
ranges of troops mear the water supply. Seasomal variations in the
availability of water may bring about irregular movements of troops
into unfamiliar terrain’, Their report states that, ‘wateris not constantly
available in some reservoires and most natural drinking places’. As
water sources dried up, the baboons shifted their day ranges to other
areas { STOLTZ, personal communication].

* Harw [1962a] made observations on babeons in the arid thoruveld
of South-West Africa. In July, 1960, there was no rain or dew precipi-
tation, and vegetation was very sparse. “Groups were observed to drink
at the infrequent water-holes used by game, at dams, and from cattle-
troughs, on 10 occasions. Nine of these came in the period from 1400
to 1700 h, and the tenth occasior was a session from 0923 1o 1020, when
every individual of a group came down to a water-hole from the cliffs
above and drank...” [p.216]. Weather bureau data quoted by HarL
indicate that in South-West Africa, ‘1959/60 was the fifth year of
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drought, the total rainfall over the 12-month period having been 123.5
mm’, whereas in the Cape, ‘winter rainfall reached a highest total figare
of 118 mm in one menth, but averaged about 30 mm a month. The
lowest rainfall was 2.4 mm in December’ [p.189]. )

According to SHORTRIDGE [1934, quoted in FlaLr, 1962 ], baboons
in South-West Africa °...drink regularly, and in undisturbed areas,
usually come to water in the late afternoon just before sunset’.

HazL's observations on the chaema baboon’s access to water in
other areas have been summarized by him [Harr, 1963, p.16] as follows:

“In 5. Rhodesix, ... groups‘? came to'the edge of pools to drink, or. on the Kariba
island. drank from the lake waters in which, 1s also 2t Mana Pools, they paddled
in the shallows in search of food, such as the stems of water lilies. During or
after rain. the animals lick up water from rain-puddles and from their own fur. ...
Chacma baboons certainly have mo aversion to immersing themselves in water
Thus, in the Cape... [a group of baboons] walked through the shallow water of
2 vlei [temporary pond or lake], some of them drinking. and while in the vlei, a
severe squabble broke out in which several of the participants were drenched
with water. This group, and the others that fed off shell-fish, frequently splash
through sea-water pools, and confidently sit on rocks at the very edge of the wavez.”

After subsequent field work on anubis baboons in Murchison Falls
National Park, Uganda, Harr [1965b] wrote that ‘baboons drink fairly
regularly from streams, rivers, or waterboles, and, indeed, the home
ranges in all the groups observed in Murchison always included such
water supply’.

HaLl’s comment, above, is one of the few descriptions of haboons
entering fresh water. Another is by DEVORE and WASEBURN [1963],
who write that *.. . along the rivers in Nairobi Park and axound the water
holes at Amboseli Reserve...they will wade into the shallow water to
eat such plants as rushes and the buds of water lilies”. Brown’s book
on Africa includes a photograph of baboons in a pool in a miambo
woodland [Browr, 1965]. We never saw baboons enter water during
our study. It seems likely to us that avoidance of immersion, the
digging of drinking holes, described above, and even the minimal con-
tact between lips and water surfaces while drinking (fig.46) are adapta-
tions to minimizinginfection with schistosomiasis. Schistosome infections
in baboons have been reported by MILLER [1960] and NELson [1960].

4 Havy [1962a, p. 183] comments that these may be cynocephalus baboons, not

chacma.
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DeVose and WasHBURN [1963] wrote:

“In 1959 throughout the dry season there were only iwo sources of water in
Nairobi Park which also contained tall trees: the Athi River, which forms the
southern boundary of the Park. and a water hole in the core area of the Lone
Tree troop®, All the troops except Lone Tree had at least one core area alang the
Athi River, which is the boundary between the Park and the Ngong Reserve.’

(b) The Dry Season

We suggest the following explanation of the relative infrequency of
drinking on the part of Amboseli baboons during the dry season, without
discarding the possibility that a sampling error is involved. As the dry
season progresses the temporary rain pools dry out until finally the only
available sources of free water are the permanent waterholes. However,
baboons are much more susceptible to attack in the vicinity of these
waterholes—the surrounding vegetation makes an excellent hiding place

. for leopards—and drink from them only when necessary. Two lines of
evidence support this explanation. The first is the distribution of
predators and their attacks, which are clearly coocentrated in the
vicinity of the waterholes (see fig. 55, below). The second line of evidence
comes from the relative frequency with which the baboons drank from
permanent waterholes versus temaporary rain pools. In the no-choice
situation, i.e. at the end of the dry season. they drank only from the
waterholes; but during the rainy season, when they had a choice, they
seldom drank from the waterholes {table XXII).

Several mammals of the East African savannahs, including dik-
dik, Grant’s gazelle, gerenuk and oryx, can live indefinitely without
access to drinking water [LamprEY, 1963, 1964; Tavroxr, 1968]. Impala
gazelle aze a marginal case in that they can survive with no drinking
water other than morning dew [Lamprey, 1963]. Other mammals,
including baboons, are limited in their distribution by the amount of
time that they can go without water and by the distxibution of water
itself. Consequently, such species are restricted, at the end of the dry
season, to the area within éruising range of permanent water sources.

8 This description seerns to differ from that given in DEVor: and Hart [1965]:
*...only the Athi River at the southern edge of the park contained surface water through-
out the dry seasom.’

|
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During the rainy season, most of these obligate drinkers disperse
widely across the African savannahs. The bahoons do not. Instead,
they simply enlarge their home range. It may be that at such times, the
distribution of baboons is restricted by some essential resource with a
more restricted spatial distribution. The most likely limiting factor is
the distribution of groves of trees that are of adequate size to provide
anight-time safety for the baboons.

Scarcity of water—or of any other essential resource—may have
2 marked influence on home range overlap. According to DEVorxk and
WasHBURN [1963] baboons in Amboseli “were tightly clustered around
waterholes’ at the end of the dry season, in September and October,
1959. “Troops 51, 66, and 171 used only the northern pool [EB 3], and
went north and west from the peols during the day (shaded area)’.
The shaded area on their map 2 (which did not reproduce on the printed
copies that we have examined) indicates that these three groups ranged
within the northern portion of the KB forest and the savapnahs north
of there, almost to the Enkongo Narok swamp. No tight clustering of
groups around waterholes was obsexrved during our study, although there
were times when groups were near each other at waterholes. Such ag-
gregations were minor compared with the nightly aggregations of groups
in the vieinity of sleeping trees.

Aceording to STorTz and Saavmax [1969], ‘the scarcity of water
sources in the area frequently brought troops together at drinking
places; the length of time spent by troop RB at the reservoires may
partially be accounted for by interactions between troops converging
on the same water supply.’ These authors describe intergroup inter-
actions in detail.

Despite the ecological significance of water for man and beast,
accurate information on its distribution is difficult to find. A 1958-60
water supply investigation map of Amboseli (Kenya Ministry of Works,
Hydraulic Head Office, map DRG No. H 20/11) shows the man-made
boreholes and the large swamps, but none of the permanent waterhaoles
in the KH or KB forests. Only two of these waterholes (probably KH-3

ard 4) are shown on the most detailed map of Amboseli that is published
by the Survey of Kenya (Series Y 731, edition 2-SK., 1:50,000). On the
other hand, a young Masai moran who grew up in Amboseli was familiar
with all of the permanent waterholes except KH-2, which is small and
is hidden on all sides by vegetation. On the basis of this experience, it
would appear that the most accurate information on water distribution

e
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can be obtained only by detailed ground sarveys, supplemented by
interviews with indigenous people.

Masai names for the Amboseli waterholes are as follows. KH-0 =
Maji Moto (‘hot water’ in Ki-swahili), KH-1 = Nabwru Waterhole,
KH-3 — Ole Nkaiyia W.H., EH-3.5 = 9, KHF-4a = Ole Kandu W.H.,
KH-5 = ? KB-1 = Olchorro Losailagi W.H., KB-2 = Ikitiruaxni
W.H., KB-3 = Ole Partimo W.H,, KB-4 = Purdul W.H., KB-5 =
Ole Kununi W. H. ‘

(¢) Foods of Other Baboons

Several authors have listed species of wild plants that they have observed
baboons to feed upon, e.g. RowsLy [1966], Harw (19622, 1963, 19653,
DeVors and WAsHBURN [1963]. Quantitative data on relative use are,
of course, much more difficult to obtain.

Paboons have a well-known predilection for agricultural products,
and in some areas they feed extensively from farms. However, almost
all of the agricultural products fnvolved have been introduced into
Africa within recent times, 2nd hence the baboon’s use of such food is
of only marginal interest in attempts to understand the evolution and
adaptive radiation of these animals, except as an indication of their
great adaptability.

HavLL [1963] summarized his numerous ohservations on the food
of baboons in southern Africa as follows: .

“The diet, in all areas of observation, has consisted mainty of a wide variety of
plants, bulbs, seeds, leaves and stems. In the Cape, where our collection of food
specimens has been most thorough, 94 plants have provided some part ¢f leaf,
root, etc., for food.’

According to Haxir [ibid.], chacma baboons on the Cape Peninsula,
South Africa, also feed on intertidal animals, including black mussels,
limpets, sea-lice, crabs, sand-hoppers, and probably oysters, and there
is circumstantial evidence that shells of the last are broken open with
triangular-shaped stoues. Other indigenous anjmal foods of chacma
baboons include ‘locusts, grasshoppers and ants, and the larvae—
probably of termites—found in the hollows of dead branches’ and per-
haps scorpions, although HarL presents evidence that these animals
elicit a startle response from some chacma baboons.
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Anubis baboons that HALL [1965a] observed in the Chobi area
of Murchison Falls Natiopal Park, TUganda, fed on the seedpods and
beans of tamarinds ( Tamarindus indica), the tough sausage-shaped
fruits of Kigelia aethiepica, occasionally the small fruits of Balanites
aegyplica, various grasses, mushrooms, and znts, and were reported
10 eat bird eggs, and crocodile eggs dug up by monitor lizards on the
mud flats of the Victoria Nile. In none of Hary's field work did he see

predation by baboons on any mammal.
Crook and ALDRICH-BLAKE [1968] observed anubis baboons in

Eth.{opia, where baboons of this species feed on

‘feshy plants particularly the Prickly Pear, Opuniic, also Phoenix palm. Aloe,
bulbs dug up, olives both from below the trees and from the branches, fresh
twigs torn from trees (especially Ficus sp.), lichen obtained by gnawing at dead
wood. Acacia leaves and arthropods obtained by turning stones.’

These anthors describe an unusual feeding techniqae:

* P. . doguere feeding techniques may be bighly claborate. In the forest Opuntia
Joaves and fruit were clearly the favoured food, large quantities of seeds being
seen in all faeces. This is a spiny plant and the animals had developed great skill
$n handling both the fruit and the large plate-like Seshy Jeaves which were eaten
like sandwiches. The animals will sit gingerly on or mear the (punzic plant and
strile or stroke the chosen. leaf from the stem attachment to the end of the
structure, This eventually breaks the poiat of attackment. The direction of strike
foliows the lay of the spines so that the animal is not pricked. When the leaf
hangs loose, it is plucked and closely examined and fingered, all spines on it
being removed. Occasionally a spipe sticks in the hand and is then cautiously
pulled out and discarded. Fruit may be picked, deaned sinilarly and then bitten
into in such a way that the animal removes the centre of the fruit from the skin
which, is then thrown away. Fruit it also rotied too and froin 2 patch of dry
earth which evidently removes the prickles. Again the fruit is bitten into. the
coptents eaten. and the skin discarded. Sequences such as these wero observed
in detail more than 10 times and also filmed.” '

In the Ishasha River valley of Uganda, ‘a complete list of plants eaten
would probably be approximate te the botanical species list for the
area. .., aceording to ROWELL [1966].

T+ was in relation to... [fruiting] trees in particuler, that the baboons® local
knawledge seemed mportant, and each tree was exploited as it became edible.
Qccasionally a baboon, usaally an adult male, wag secn to leave the main party
to inspect a troe, taste the fruit, and if it was not ready, to spit it out and return
to the troop. ... There was no season at which a wide variety of food plants was
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not available. ... Many of the plant foods were protein-storing seeds, like Parkic
and Acacia. Fruits were, for the most part, eater long before they would be
considered ripe by human standards.... Of grasses, the parts eaten were mew
shoots, green seedheads, and the storage leaf bases of some species, which are
again high in protein content....'

*The mainly herbivorous diet was supplemented by animal protein. Imsects
(muainly grasshoppers and butterflies) were grabbed in the open grass; land snails
( Limicolaria) were suspected but never confirmed. as food (a baheon found and
bit open a dead shell and expressed disgust when he found it full of mud): birds’
nests were investigated and a passing bird grabbed at, but again eating was not
seen. Occasional lizards were caught and eaton. On 6 occasions, hares (Lepus
capensis) were coursed by babeons after being flushed in open grass, and on
four of these they were successfuily caught and eaten. This represents a catch
rate of one every 30 h that baboons were observed in the appropriate vegetation,
which over the year, wauld represent both considerable protein input inte the
population, and predation pressure on the hares. (One captor was a female, one
a juvenile male, and two adult majes.)’

Kuumer {1968, p.160] wrote of the hamadryas diet as follows: ‘Un
certain days, Kurt recorded the food eaten by each baboon he could
observe at the moment he spotted the animal.” Kurt’s records indicate
that beans and dry leaves of acacia accounted for 84 % of the food
types at the end of the dry season; acacia flowers and fresh shoots
accounted for 46 %, of the food types in the sample during the long rains.
The only other type of food that was observed being eaten by more than
109, of the individuals was grass seed, picked from the ground, which
accounted for 44 % of the food types sampled during the long rains.
Such extensive use of acacias and of grasses is just what we observed in
yellow baboons in Amboseli.

*Acacia flowers and grass seeds are preferred to any other type of food. Both are
more abundant in the northern parts of the habitat. This is probably the reason
why, during the rainy season, the daily routes pointed northwards from all rocks.
...Strikingly. the permanently green, large (more than 15 m) trees of the gallexy
forests were hardly wsed as sources of food.... The baboons only approached
them when they went to drink and rest at the waterholes in the rivers, and then
only a few animals would occasionally climb onto limbs not higher than about
four meters and pleek some fruits” {ibid., p.161].

KumMER continues: ‘“Though generally considered as extremely ter-
restrial primates, our “desert baboons™ may be more arboreal in their
feeding habits than the anubis baboons whe sleep on trees but usually
forage on the ground....
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DeVorE and WasHEURN [1963] have written a general description
of the feeding habits and foods of baboons, based primarily on their
observations of anubis baboons in Nairobi Park, Kenya. According to
them, ‘grass is the bahoon’s single most important food’. These authors,
too, indicate the important role of acacias in the baboon diet. Grasses,
along with acacias and figs, are ‘the most important food sources in the
park’. Other plant foods indicated by these authors include tuberous
roots or bulbs, rushes, buds of water lilies, the berries, buds, blossoms and
seed pods of various bushes, flowering plants and shrubs, ‘kei-apples’,
croton nuts, sisal plants, mushrooms, and the produce ofnative gardens.

Invertebrate food eaten by baboons in Nairobi Park included ants
living in the galls of deacia drepanolobium, beetles, slugs, crickets, and
grasshoppers. During an infestation of the area with ‘army worm’
caterpillars, baboons ate little else. Some were timed picking up 100
caterpillars per minute.

DeVore and WAsEBURN recorded several occasions during 12
months of study in Kenya and the Rhodesias on which they saw baboons
eating freshly killed vertebrates, as follows: two half-grown hares (Lepus
capensis) were eaten by adult males, two or three fledgling birds, prob-
ably crowned plovers (Stephanibyx coronatus), were captured by a
juvenile and eaten by an adult male, two very young Thomson’s gazelle
(Gazella thomsonii) were eaten by adult males, and a juvenile vervet
monkey { Cercopithecus aethiops) was eaten by an adult male.

*In summary, baboons may be described as very inefficient predators...and

meat never becomes an important souzce of food for the whole troop.... It would

seem. ..rezsonable to us, on the present evidenece, to assume that meat has been

a consistent but very minor part of the baboon diet throughout their evolutionary

history. In localities wheze sources of amimal protein can be obtained without

danger baboons apparently include these in their regular diet.... But baboons
are ill itted anatomically to be carnivores, and too great a dependence on meat
eating could have been detrimental to their wide exploitation of the vegetable
foods they depend upen today. By their utilization of a wide variety of plant and
tree products, baboons have been able to spread over the African continent, and.
together with the macaques, to cover most of the tropical Old World” [ibid.].

These authors emphasize the frequency with which baboons are near
potential prey animals and seem to ignore ther. A female baboon neax
Victoria Falls caught a vervet and held it in her mouth, but then released
it, unharmed.

Other observers have seen baboons eat vertebrate animals. The
aumerous observations of chacma baboon predation on domestic stock
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in South Africa have been compiled by Dart [1953, 1957, 1963] and by
Storrz and Sasymax [1969]. The most recent of DART’s articles also
records several observations on baboouns in game reserves preying on
wild animals, including mountain reedbuck, duiker, francolin, guinea-
fowl, steenibuck, and impala gazelle.

In the field work of Stortz and Saayman [1969], invelving 183
days, and 1,285 hours of systematic observation, only two instances of
meat-eating were seen. Once, 2 fully grown African hare was eaten, first
by alactating female, then by ar estrous female, On another ocecasion, a
young klipspringer (Creotragus creotragus) was killed by a dominant
male, then eaten by him, by another dominant male, and by a receptive
female, in turn. In both cases, other members of the group chased or
threatened the animal that first had the meat. Yet, °... hares and kiip-
springers were seen moving without apparent fear close to baboons
which paid them not the slightest attention’ [ihid.].

During Kvmuer and Kuzt’s work on hamadryas haboons, only
one case of possible predation on small mammals was observed: a
three-year-old hamadxryas female was seen carrying a dead, young dik-
dik antelope { Madogua kirki). When approached by an adult male, the
female fled into the bush, still carrying the dik-dik and screaming.
Subsequent examination of the carcass suggested that it had been
partially eaten [KommER, 19681,

BartLETT and BaRTLETT [1961] have observed anubis baboons
in the Serengeti (northwest Tanzania) kill Thomson’s gazelle fawns
‘not once but a dozen or more times’. According to them, ‘the big male
baboons are the biggest offenders, searching slowly and systematically
through a herd of grazing Tommies or Grants [gazelles]. The baby buck
rely on camouflage for protection often not moving until they are
actually picked up from the ground.” The existence of frequent baboon
predation on Thomsoen’s gazelle fawns in the Serengeti has been
confirmed by SCHALLER [personal commaunication)]. :

LoverinGE [1923] recorded that a ‘bushfowl’ was taken from a
trap by a yellow baboon and eaten.

In recent years, several othex species of nonhuman primates have
been observed preying upon vertebrates. Chimpanzees { Pan satyrus)
have been seen eating young bushpig and bushbuck, red colobus mon-
keys, baboons, and a small unidentified mammal [Gooparr, 1963;
van Lawick-Goopats, 1965]. Patas monkeys (Erythrocebus patas)
have been observed catching small lizards (including Agema agama) and
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once eating the eggs of a tree-nesting bird [Harr, 19652, p. 50]. Accord-
ing to STRUHSAKER [1967], vervets in Amboseli ate the eggs of dronge
birds (Dicrurus adsimiiis) and chicks of the yellow-necked spurfowl
( Plermistia leucoscepus ). Gibbons (Hylobates lar) eat bird eggs and
voung birds [CARPENTER, 1940). At the Yerkes Field Station, where
groups of primates are kept in large, outdoor enclosures, both pigtail
macaques (Macaca nemestrina} and capuchin monkeys {Cebus nigri-
vittatus) catch and eat birds; the capuchins also eatch and eat lizards

' [BERNSTEIN, personal communication]. Other cases of predation by

primates on vertebrates, compiled from replies to a questionaire, bave
been listed by KorrranpT and Koowr [1963].

Several aspects of baboon meat-eating deserve comment. First,
110 cases of carrion feeding were observed. Even when we did not observe
the capture of the baboons’ prey, the presence of fresh blood indicated
that the animal had just been killed, and the baboons’ antipathy toward
predators makes it highly unlikely that they would ever take meat
from them. We do not know how the baboons would respond to an animal
that had recently died, say from disease. Such an animal would not
remain on the ground for long, however: the numerous vultures of the
savannah are ever-watchful.

Second, it is not always true that baboon predation is fortuitous,
that they merely stumble upon their prey [DPEVoRE and WASHBURN,
1963] and do not hunt it. If one considers the major phases or compo-

" pents of hunting, including stalking or searching, attacking or chasing,

killing, and eating, it becomes clear that the extent to which baboons
‘hunt’ depends upon numerous factors, including particularly the
species of prey. The searching phase was cdleasly evident in visual scan-
ning for grasshoppers, in digging out the fossorial mammal, and in
tearing bark off the tree in which ome bushbaby had already been
caught. The lizard, the duiker, the guinea fowl chicks, and hares were
attzcked or chased. Stalking, in the sense of taking any action whose
major function is hiding from potential prey, was never observed in
bhaboons. Killing, including, when necessary, aggression against the prey
animal’s conspecifics (as in the case of the infant Grant’s gazelle), was
also observed, though the baboon that got most of the meat was not
necessarily the one that did the killing.

Finally, the preponderance of males among the meat eaters is
noteworthy, and such meat-eating may at times be a significant portion
of their diet. During our study, the most dominant male of the Main
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Group ate one hare, two guinea fowl chicks, probably several sub-
terranean mammals, large numbers of grasshoppers, and just missed
catching a duiker, Male Humpramp ate at least two vervet monkeys
within 5 months. Juvenile-2 male Three ate a small hare, several fossorial
mammals, and a lizard. Killing of young gazelle may predominate in
very large groups, such as the HB group, because of the capability of
siuch a group to cope effectively with the aggressive responses of a
group of adult gazelle, and the dominant males of such baboon groups
may thereby get 2 particularly large amount of meat.

(d) Food, Day-Journeys and Home Range Size

In describing the day-journeys of bahoons, DEVorz and Harr [1965]

write:
“This varies from onky & few yards (when a Kenya group sleeps in a fig tzee and
feeds in and under the tree throughout the following day) te a maximum distance
of twelve mi. {observed once for 2 group of 65 in South-West Africa). The contrast
in available foods between 2 heavily laden fig tree and the sparse vegetation of
the study ares in South-West Africa supgests that available food is the single
most important factor affecting length of day range This is sapported by ob-

servations at different seasons, which show that during the seasons when suitable

vegetable foods are most plentiful average day ranges are shorter [Haxr, 1962,
p.193). A sccond reason for the longer average day range in the dry season
(Kenya} or winter {Cape)is that a group is more likely to shift to anew coredread...
during these seagons. It is Jikely that this shifting is also related to the available
foed supply, representing movement to & new locus of foraging aetivity after
reduction of the available food in the former locus.”

The available data on day-journeys (chapter V), though admittedly
sparse for some baboon populations, are consistent with the hypothesis
that the mean length of day-journeys is related to food abundance, and
thus may reflect the carrying capacity of the land. In arid areas, such as
South-West Africa, the northern Transvaal, and Ethiopia, plant pro-
ductivity probably is limited primarily by available rainwater, and the
baboons must cover much ground in order to get enough food to sustain
themselves. At the other extreme, the gallery forest along the Ishasha
River, where ROWELL made her chservations, is quite luxuriant; cor-
respondingly, the groups moved much shorter distances each day. In
the Cape Resexve, which lies at 34° 8. latitude and is thus well within the
temperate zone, seasonal variations in sunlight may play a significant
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réle in plant productivity, and, as a1y has suggested, this difference
in plapt abundance may, in turn, account for the longer progressions

in winter.
This hypothesis does not contradict SToLTz and SasYMAN'S

"jmportant correlation of maximum daily temperature with length of

day-journey {chapter V). Temperature may account for much of the
day-to-day variability within any one area, food availability may
account for long-term differences between areas.

Just as the distribution of food within the home range may affect
the movements of the animals, so the total available food in the area
may affect the total home Tange size. This has been suggested by HaLr
on the basis of two groups that he studied in the Gape Reserve. One of
these groups (C group) had an area of 13 sq. mi., only a third of which was
extensively and regularly culled for food, the rest consisting of open
veldt with reeds, grasses, and some bulbs. ‘In contrast, the home range
of 8 group covers an area of about 5% to 6 sq.mi. butitis densely packed
with suitable vegetation, and only one small area at the northern end is
of the open veldt vegetation variety’ [Hari, 1963]. The picture is
complicated, however, by the fact that group C, which had the laxger
range, was about twice the size of group 3.

(e} Selective Feeding

Tn reviewing our records of the baboons’ food plants in the light of the
chemical composition of Kenya browse and pasture berbage, as analyzed
by DougaLL, DRYSDALE and GLOVER, we have heen impressed by the
apparent capacity of these animals to feed selectively on the most
nutritious parts of the plants available in their habitat at each time of
the year. Finding out how efficient they are at maximizing their yield
with 2 minimum expenditure of energy would be a fascinating research
problem, combining ecology, physiology, and nutritional biochemistry.

Corvigendum added’ ir proof. Observations oz baboons in Amboseli during 1969
indicate that a specimen of Solanum incanum Wwas incorrectly collected mstead of
Withania somniferc. The two grow near each other in mmoist depressions. The fruit of
the latter is bright red when ripe (September), and about the size of a small pea. Baboons
fod extensively oun the ripe fruit of this plant. The fruit of Solanum inceaum is Dot red
at any stage. Whenripe, it is yellow and about 3—4 em diameter. We do not kmow whether
baboons ever eat it.




VII. PREDATORS

1. Direct Responses

During 1006 k of observation on the Main Group, 103 reactions of the
baboons to predators or supposed predators were observed. The diurnal
and seasonal distribution of these reactions is shown in table XXIIL.

. Their spatial distribution is shown in figare 55. Predator-reactions

appeared to occur at the highest rate during the long dry season, next
highest during the semi-dry peried between the rains, and at the lowest
rate during the intense rains of November-December. No diurnal pat-
tern is apparent in the available data (table XXIII).
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Some of these relations are shown graphically in figures 56 and 57.
Figure 57 indicates that, for quadrats in which we observed the Main
Group foratleast 10 h, the number of alarms per quadratisroughly propor-
tional to the amount of time that the group spest in the quadrat. On the
other hand, the frequency of predator-reactions per quadrat was poorly
correlated with the number of times the quadrat was entered (fig.56)-

The Main Group’s 14 ‘favorite’ quadrats, which accounted for
74.8%, of the baboons’ daytime (table XIX) also accounted for 81.5 %
of their predator reactions (table XX1V). Another way of looking at this
relationship is to observe that there were 0.00245 (= 84/34270) reactions
per minute of observation in the 14 favorite quadrats, and 0.00136
(= 19/13920) reactions per minute in the rest of the home range. Thus,
it appears that, as a group, these 14 quadrats are more dangerons than
the others and that the high frequency of predator attacks in these 14
quadrats is higher than would be expected, considering the amount of
time that the baboons spent in these areas; P (s> 2.34) < 0.05.

From the standpoint of minimizing exposure to predation, the
baboons would be better off concentrating their activities in low-risk
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Fig.57. Relationship between the duration of quadrat occupancy and the frequency
of alarms therein.

areas. That they do not is attributable to the fact—documented in
chapter [V—that a number of essential resources are concentrated in
the favored areas.

Actunally, none of these ‘favorite’ 14 quadrats are among the 4
gquadrats that would seem to be most dangerous, as judged by the pum-
ber of predator-reactions per minute of observation (table XX1V). In
each of those, there were more than 0.01 predator-reactions per minute,
with an average of 0.018 reactions per minute. These 4 quadrats ac-
counted for 3.89 of the predator-reactions, but only 0.4 % of the ba-
boons’ daytime positions (table XIX). All 4 of these quadrats are on the
periphery of the group’s range, and the high frequency of predator-
reactions, many of which were false alarms (see below), may be primarily
an indication of the greater tension of the group when in such areas,
rather than of any real danger. In general, actual predator attacks (fig.
55) occur so seldom that it is quite difficult to use them to obtain a direct
estimate of the relative danger of a quadrat. Wooded areas were the
locales of most of those attacks that we did observe, and of all those
that involved either leopards or animals that were seen briefly and
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tentatively identified as cheetahs but that may have been leopards.
Judging by the very intense responses of baboons, these felids are
probably the most serious threat to baboons in Amboseli.

The 103 predator-reactions were elicited as follows: (i) leopards
( Panthera pardus), Do predation (two cases); (if) a leopard—one of a
pair—that killed an adult male and a large juvenile male {1 case);
(iti) cheetahs (Acinonyx jubatus) (or leopards ?), no predation (2 cases);
{iv} lions { Pantheraleo ), o predation (4 cases); (v} silver-backed jackals
{ Canis mesomelas ), 0o predation (2 cases); (vi) spotted hyaenas { Crocuta
crocuta ), no predation (3 cases); {vi) tawny eagles ( Agquila rapaz )}, no
predation (2 cases); {viii} 2 vulture, no predation (1 case}; {ix) predators
not visible to ws (15 cases, one large infant killed); (x) false alarms
(71 cases). These false alarms will be described below, in the section on
secondary responses.

The reactions of baboons to a predator’s attack are often rapid,
complex and variable. They are thas unusually difficult to observe and
describe. Common denominators include a sudden barrage of loud,
plosive vocalizations, and flurry of animals running in several directions.
Thus, if a leopard misses in his first lunge, the ensuing commotion prob-
ably makes it very difficult for him to single out one individual for
attack.

When the baboons took flight, there was 2 tendency for some
adult males to start later, to run more slowly, and to stop and tarn
sooner, the net result of which was that adult males tended to be inter-
posed between potential sources of danger and the rest of the group-
However, in some cases, adult and subadult males, and even juyeniles and
adalt females with infants clinging tothem lunged at orchaseda predator.

When two silver-backed jackals chased juveniles and adult fernales of the Main Group,
they were, in turn, vigoroushy chased and routed from the group by the most dominant
male. Oz apotber occasion, two jackals approached an adult female, Shorty, on the edge
of the group; Shorty was carrying an infant on her belly at the time. Ske fled into the
group. A large youay juvenile baboon then trotted toward the jackals, baut ran off when
the jackals twned and faced him. The jackais then left the area.

’ Ouce, an animol quickdy identified as a cheetah, but more likely a leopard,
sprang from undergrowth into the group. at the edge of the basin of waterhole EB-1.
The baboons sprang away, then tarned or the leopard, barking loudly as several mem-
bers of the group ran at the leopard. The vocalizations were recorded. While details are
Jifficult to note while recording, we did notice that at one moment, the dominaat male
waa closest to the leopard. Faced with this mass attack, the leopard turned and raz
into the catchment basin of the waterhole, Afterwards, we noted several wounds on the
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baboons. Adult male Whitetip had blood on his month. The subadult male had cats on
the mideallosity and the left hip. A juvenile-2 male bad a long cut dewn the right forearm
and on the right leg. He began to limp about 3 weeks later, favoring the right arm, bat
later recovered.

Another time when a “cheetah’ (leopard ?) jumped at a vervet on an Azima bush,
adult male and female baboons, some with infants chinging to theix bellies, ran at the cat,
barking loudly. The cat quickly vanisked.

On one occasion, while the bahoons of the Main Group were fighting over the
meat of an African hare (Lepus capensis). a tawny €agle | Aquila rapax) swooped low
over the baboons. The domirant male of the group, who had killed the hare, jumped ap
into the air at the eagle, but missed. The eagle landed in a pearby dead tree, where it
was harrassed by juvenile baboons, who climbed into the tree and threatened it. (Cine
films were taken during this encounter.)

Baboons do not invariably attack or approach a predator that has
attacked them.

When a Jeopard sprang from the bushes into the midst of the Main Group, at the east end
of 1 waterhole {KB-5). the baboons fled, barking, from the basin of the waterhole.
{Sound recordings were made throughout this interaction.} The leopard Jooked down and
very rapidly scanned the grass around bim, where the baboons had been, then ran after
the group for about 30 fz. before stopping. Then a baboon that had been crouching silently
in the grass sprang up and ran to the group. Apparently, the leopard had overlooked it.

The leopard’s scanning behavior suggests that this silent crouching is
not an unusual response of some baboons. We saw it again, on May 7,
1964, in response to a strong earthquake that was felt throughout much
of East Africa.

Most of the members of the group fled, then stopped about 80 ft. away. buta large infant
froze in the grass, A small juvenile that was in a tree at the onset of the eaxthquake
remained there. About a miaute later, the infant got up and ran to the group. It ran
immediately to the nearest baboox, an adult male, and rode ventrally on the male.
After about 4 min the juvenile descended the tree and ran toward the group. As ir did
so, an aduit female went roward it and reached out to it. But it ran past her and began
rough-and-tumble play with another juvenile.

Baboons bark vigorously at a leopard whenever they see one, even if
the leopard does not attack. But we once saw a large group of baboons
virtually ignore an adult male lion who was basking in the afternoon
sun. He was barked at by only one baboon, a juvenile-1 male, 2nd by a
group of vervets, while +he rest of the baboons continued to move toward
their sleeping trees, some passing within about 100 ft. of the lion with no
indication of alarm. Yet, lions are known to prey on baboous, or at
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least, to eat them (see below), and baboons sometimes react quite

strongly to them (p.7%}.
The responses of the baboons to Masai tribesmen, or to their dogs,

was uplike their response to any predator. Even if they were in the

trees when the Masai approached, the baboons fled across the ground.'

en masse and without vocalizing. (Occasionally, a single alarm bark was
given when the Masai first appeared.) Although Masai are basically
herdsmen, rather than hunters, we have observed a Masai boy using
baboons as a target for spear practice.

2. Deaths from Predation

In addition to 3 deaths in the Main Group due to predators, one female
of the Main Group, female Notch, was barking and ‘looking for’ her
infant on the morning of July 11. Ske had Jong scratches down her left
leg, and she limped. Her infant had been present during our previous
observation period, on July 6, but was never seen again, We assume
that the infant was taken by a predator, perhaps a felid, and that Notch
was scratched while attempting to protect it.

We observed attacks npon the baboons of the Main Group by
leopard, tawny eagle, and silver-backed jackal. In addition, we found
a lioness eating an adult male baboon, and 2 striped hyaena (Hyaena
hyaena) carrying half an adult male baboon in its mouth; neither of
these baboons was from the Main Group. Hunting dogs (Lycson pictus)
were observed in Amboseli only once, and then, not near baboons.

3. Responses to Dead Infants-

As has been recorded numerous times in the literature on primates,
adult fernales sometimes carry their dead infants for several days, often
until the corpse is dried and shriveled. We observed this in several
instances during our study.

Two deaths during our study elicited unusual responses.

On May 15, the infant of Female Three was apparently killed by a predato:. Most of
the members of the group had left a grove of faver trees and had moved south, out onto
open grassland, where they foraged, At 1155, one buboor of the group, probably a
juvenile, began barking from a tree to the north, in the area that the group had just left.
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From another tree, 100 yards away. an adult male of the group gave a decp. bellowing
call. We then counted baboons in the group: all except one—the infont of Female Threa
— were accounted for. When the barking began, about half the baboons of the group
looked that way, then returned to feeding. Ocly two baboons, fernales Three and Calico,
responded differently: they walked back about 50 ft., then stood bipedally, locking
toward the trees.

At 1200, when the barking ceased, we stopped observations in order to catch up
on field notes. But at 1208, there was a sudden series of alarm barks from the north.
We drove to that arez. When we arrived, Female Three was walking rapidiy and steadily
away. Male Five, the dominant male of the group. had the infant of Female Three, and
female Calico who may have been the infant’s grandmother®™. was attempting to get
the infarit from him. He repeatedly threatened her, however, until finally she lay down
on her side, exhausted. About 5 min later, she, too, walked away, leaving the infant
with Male Five.

For the mext 10 minutes, the aduit male repeatedly rubbed the thorax of the
infant. Several times, he ook it into his mouth. Undoubtedly, he got a taste of the blood
that was on the fuz.

These manipulations by the adult male were strikingly like those used
by baboons, including this male, when eating 2 piece of meat. The main
differences were that the rubbing was very much prolonged, and the
male did not eat the infant, he simply walked away. If the infant had
been in a state of shock, rather than dead, the thoracic massage might
have revived it

Another infant. that of Shorty, was apparently found dead by a juvenile-1 female,
perhaps its older sibling. When we caught sight of ber, she was dragging the dead body,
using one arm to press it te her ventrum. She earried it up to sm adult female and
grimaced at her. Bat this female ignored the infant and moved on. Shorty, however,
accepted the dead infant and held it in muck the same manner that a live infant would
be held. The juvenile female then sat down and groomed Shorty (fig. 58). Thereafter,
Shorty carried the dead infant about from place to place. Sometimes, when she put it
down for a while, it wos examined and even carried by other members of the group.

On the zfternoon of the third day after the death of the infant, Shorty abandoened
it. Several times that morning, as she foraged with the group. the lagged behind, thea
turned back and retrieved the corpse. By noon, she had begun to give the two-phased
‘alarm’ bark several times, looking back toward where she had left the infant, before
oing back. However, the other baboons did not become alarmed.

RBeginning at 1331, she began z long session of barking. We counted 124 barks
by Shorty during the next 89 min. Several times during this period, she moved short

%1 Female Calico was old enough to be the grandmother of the dead infant.
32 This remarkable behavior of Male Five was fiimed. An excorpt is included in
the BEC-TV film on baboons ‘Not So Much a Species, More a Way of Life’,
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Fig. 58. Adult female Shorty holding her dead (or dying) infant and being groomed by
the juvenile-1 female that brought the infant to her.

distances in the direction of the group. then at 1445, she climbed 8 ft. into a dead tree,
faced in the direction from which the group had come and toward the area in which
she had left the infant, then continted her barking. One adult male, Newman, remained
with her. The other members of the group continued their progression, and none of them
seemed to react to Shorty, except perhaps to delay somewhat their departure from the
area. :

Fifty-five minutes later, Shorty stopped barking, descended to the ground, gave
ene more bark, then trotted toward the group. which was 0.3 mi. ahead of her. She
paused after 30 yards, looked back ance, then again trotted toward the groap. She gave
2o more barks until that evening, when she brielly stood bipedally, looked toward the
distant grove in which the dead infant had been left, and barked.

4. Secondary Responses

In addition to responses to the immediate presence of a predator or
presumed predator, such as we have described, there are other, more
subtle responses of baboons that are indieative of the long-term influ-
ence of predators. These secondary responses are described below.
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(a) Vigilance Behavior

There is a spectrum of responses, including alerting and visual scanning,
which may be referred to as vigilance behawvior. These responses are
given quadrupedally, bipedally, or from an elevation, such as a log ot
tree. Movement of baboons into trees is common when they approach
an area with obscuring undergrowth. Such animals are not “posted
sentries’, despite several anecdotal accounts that so claim. Harx [1960],
SroL1z and Saayman [1969] and BERT ¢t al. [1568 b] kave reviewed the
Literature on vigilance behavior, in both baboons and other animals, and
have presented their own observations on such behavior in baboons
(seealsop.137, above). From Hawr’s account, itis clearthat the baboons
in the Cape of Good Hope Nature Reserve, where he worked, were far
more sensitive to the presence of a human than the baboons that we
observed in Amboseli.

(b) Tension and False Alarms

Increased muscular tonus, quick ‘startle’ responses, alertness and fre-
quent visual scanning are indicative of increased tension and lowered
response thresholds. When in this cendition, baboons became more
cohesive, and laggards in the ‘group progression quickly moved toward
the group. Such tension and cohesiveness, combined with vigilance
behavior, were pronounced whenever a group of baboons came to a
narrow pass in obscuring foliage. The animals coalesced at the entrance
to the pass. Some climbed trees and scanned the area, Often, there were
several incipient progressions of clusters of animals before the group as
a whole moved through. When they finally did so, many of them trotted
or ran.

False alarms were likely to be given at such times, but they were
given at other times, as well. Falsé alarms included reactions that were
similar to those given to predators, but in situations in which we were
confident that mo predator was present. The babeons’ false-alarm
response commonly followed a stmple sequence: yun — stop — look back
— calm down. At times, some of the animals ran toward and even partly
up trees. _

This chain of reactions was sometimes precipitated by an alarm
bark from just one member of the group. At other times, the animals did
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not vocalize at all, and the response apparently spread as 2 result of the
Laboons' sensitivity to any sudden movement in their group. In some
cases we could see what elicited such false alarms. Examples are:
(i) juveniles startled and ran when an adult male jumped at a flying
insect; (ii) about 6 members of the Main Group ran about 10 ft. when a
large juvenile suddenly jumped up on a log; (iii) a subadult male gave
alarm barks to the broken stump of a large fever tree branch that was
yellow with blackish spots: (iv) sudden rustling of dense, nearby under-
growth, either by baboons or by other animals, precipitated a strong
alarm respomnse.

We occasionally saw a baboon put its tail upright as it walked
through dense foliage, in a posture used by baboons that have been
frightened during social interactione. But none of the other components
of the fear response—grimacing, screeching, cackling, piloerection, or
flexion of the arms and legs—were present, and we have no explanation
for this response. '

(c) Short-Term Shifts

As a result of recent experience with a predator, the baboons may avoid a
particular area, or may become bypersensitive to danger signals in an
area, We arrived at the sleeping grove of the Main Group at 0930 one
morning, to find a leopard in the trees with them, standing over two
bodies. A second leopard was sitting on the ground, near the base of
the trees. The baboons were still in the trees, barking loudly. As men-
tioned earlier (p.80), the Main Group was pever again seen sleeping in
this grove. Three days after that incident the baboons were sufficiently
alarmed by the chatter-bark of vervet monkeys in the KB woods that
they left, moved to the X H woods, and slept there.

This last observation led us to wonder whether predator-alarms or
false alarms, either in the group or in other, nearby groups, might have
some general influence on the choice between sleeping in the KH woods
or the KB woods. This possibility was tested as follows.

Those days on which we observed the Main Group and for which both the morning and
evening sleeping grove of the group is known, were classified two ways, first, according
1o whether the baboons slept in the same woods (KH or KB) both nights or moved to
the other woods, and secend, aceording to whether there was at least one observed
predator-reaction that day in the woods that the group slept in that morning. For the
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purpose of this tabulation. we included as a predator-reaction not only direct responses
2nd false alarms in the Main Group, but also. conspicuous alarm responses in other
groups, of the sort that the Main Group probably perceived and by which they might
have been infinenced. The resalts are shown below:

Alarm No alarm
Maove 10 8
Stay 33 34

A test for independence in this two-by-two table gave P (x> 0.1110)>
0.05. Thus, the available data do not reveal any effect of predator-
reactions on the choice of woods in which to sleep.

Progressions sometimes stopped and were deflected when the
baboons heard alarm ealls ahead of them, or even when they began to
approach an area in which they had previously encountered a predator.
Similarly, if the group had been stationary, incipient progressions by
subgroups teward such areas sometimes aborted, with the group finally
going off in a different direction. Progressions away from areas where
predators were encountered or alarm calls were heard were often pro-
longed and rapid. For example, during the first 30 min after descending
from the trees in which the leopard had killed two baboons, the Main
Group moved 0.61 mi., the longest we observed them to move in such a
period of time.

{d) Long-Term Shifts

Persistent patterns of habitat preference and avoidance may result in

* part from repeated experience with predators in particular habitat

types. For example, the great wariness of baboons when moving through
an area with dense, obscuring undergrowth, such. as Sporobolus robustus
grass, may be due in part to their previous experiences with leopards in
such areas. Not surprisingly, baboons tend to avoid such areas, and to
prefer more open portions of their home range. It may also be that the
extensive use of rain pools, rather than waterholes, and the preference
for certain sleeping groves is the result of such experience.

Ox the basis of limited observations, we got the impression that
each baboonr slept as far out on tre¢ limbs as it could, considering its
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weight. This, too, might be the result of previous experience with
predators, as, indeed, might be the basic baboon pattern of sleeping in
trees or on cliffs. Now, however, wehave begun talking about exp eriences
of baboons that may be consistent over many generations, thus selecting
for the genotypes of individuals who make the appropriate response.
Whether the differences between those that respond appropriately and
those that do not are due to differences in genetics, in social learning and
cultural transmission within the group, or in the direct experiences of
the individuals, cannot be decided on the basis of evidence now available.

5. Indirect Responses

A group of baboons often responds to the alarms or even alerting
responses of other baboon groups or other species. In response to the
alarm calls of another group of baboons, the Main Group gave any ofa
variety of responses, depending upon circumstances. If the other group
was distant or the alarms were mild, the group generally alerted. Often
some individuals would stand bipedally, or climb trees, and look. If the
group had been moving toward the area from which the call came, they
sometimes changed the direction of their progression. In response to
rapid, intense alarms from another group at short range—say, within a
quarter mile—the group almost invariably joined in the barking.
Responses of baboons to the alarm calls of other species will be
described in the next chapter, on interspecific relations of baboons.

.6. Comparisons and Discussion
(a) The Baboons” Predators

Happow [1952], in an excellent review of the predators of African
monkeys, wxites: ‘Leopards are frequently mentioned as enexmies of
monkeys generally. There are numerous records of baboons being at-
tacked and killed, and the writer has had personal experience of such
occurrences.’ In a study of predation by lien, leopard, cheetah, and wild
dog in the Serengeti area, KRUUK and TusNER [1967)] reported only
the leopard as a predator of baboons, which made up 4% of leopard
kills. In a study of predation in the Kafue National Park, Zambia,
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baboons were the prey of leopards twice, out of 96 kills, but there were
no instances of them heing preyed on by lion, cheetah, wild dog, croco-
dile, or martial eagle [MITCHELL, SgentoN and Uys, 1965].

" Baboons were not included in the stomach contents of 201 black-
backed jackals {Canis mesomelas) from southern Africa, mostly from
the Transvaal [GrarTON, 1965]. STOLTZ and Sasyman [1969] write
that jackals of this species “were seen on occasion to move freely amongst
baboons’. This contrasts with the vigorous responses of baboons in
Amboseli to the approach of silver-backed jackals (p.176). GoopaLL
[1965] reported once seeing 2 chimpanzee eating a baboon and once
observed chimpanzees unsuccessfully stalking a baboon.

Eagles {species not indicated) are Teported to capture young
baboons in the Drakensberg Mountains (see below). However, there
appear to be no published observations of predation on baboons by
the crowned eagle or ‘monkey-eating eagle’ ( Stephanaoaetus coronatus ),
2 immense bird with a pan-African distribution, although these birds
are known to prey on some monkeys [Happow, 1952, and references
cited therein]. _

On occasion, pythons (Python sebae) may prey on baboons.
IsEMONGER [1962] observed pythons attacking baboons on two oc-
casions, once successfully, and he once observed baboons fighting with a
python at night. On the other hand, Prrmax [1938, cited in HappOW,
1952] does not include monkeys in his extensive list of the mammals
preyed on by P. sebae, and he stated in a personal commumnication to
Happow [ibid.] that peither he, nor LOVERIDGE, nor various other
experts on spakes with whom he had communicated knew of monkeys
or baboons being preyed on by pythons. IsemowcER [ibid.] also reports
seeing a young baboon bitten by a puff-adder.

Attacks of dogs on baboons have been reported by DEVORE and
Harr [1965a], by CroOK and ALDRICH-BLAEE [1968], and by StorTz
and Saavman [1969].

Combining the observations in the literature with our own, we
see that baboons have been killed and/or eaten by lion, leopard, striped
hyaena, chimpanzees, python, puff-adder, ‘eagles’ and humans. He-
saccessful or incipient attacks on baboons have been made by leopard,
cheetah, python, chimpanzees, and dog. In addition, baboons react
strongly to the sight of leopard, and sometimes to lion, cheetah, spotted
hyaena, and dog.
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~ Thereisno doubt that within recent times, humans have been the
major predators of baboons. Each year, thousands are killed or trapped,
pot only near farms, but also elsewhere.

The impact of the other predators on baboon populations cannot
be assessed accurately on the Hasis of data now available. To do so will
require long-term observations both on the baboons and on the pre-
dators. Perhaps, as a result of the present surge of research on African
apimals, the necessary information will gradually be amassed.

(b) Reactions to Predators

Several authors have described the way in which baboons approach
and bark at cheetah, leopaxd, and lion [e. g. BoLwiG, 1959; FrTzPATRICK,
1907; STEVENSON-HAMILTON, 1947; LOVERIDGE, 1923]. According to
DeVoxe and WasEBURN [1963],

“{f a predator is sighted, all the adult males actively defend the troop, On one
occasion we saw two dogs rum up behind a troop, barking. The females and
juveniles hurried zhead, bat the males continued walking slowly, After a momexnt
an irregular group of some 20 adult males was between the dogs and the rest of
the troop. When a male turned on the dogs, they ran off. On another day we saw
three cheetahs approach a treop of baboons. A single adult male stepped toward
the cheetahs, gave a loud, defiant bark, and displayed his canine teeth; the
chestahs trotted away.... If baboons come upon predators while en route to
their slecping trees, the troop sT0ps and waits while the males in the center
move abead and find an alternate route (the young juveniles and mothers with
infants stay behind with the peripheral adult males). Eventually the dominant
males return, the original order of progression is re-established, and the trecp
proceeds along the new route. These behavior patterns assure that the females
and young are protected in the troop’s center.”

Similarly, SToL1z and SAAYMAN [1969] write:
“When packs of dogs threatened troops...the large adult males irnmediately
interposed between the troop 2nd the actacling animals and it was Dot UACODIMOT
for a single dominant male to maim or kil three or four large dogs before Te-
treating in the direction taken by the troep.’

On the other hand, RowzsLy [1966] says that,

“this deployment—flesing troops forming a bedyguard of adult males between
the source of danger and the rest of the troop—was seeL 90 0CCASIOT, but only
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when the cause of alarm was =0 slight that the more confident adult males did
not respond to something that set the juveniles running; @ strengel stimules
produced precipitate flight, with the big males well to the front and the last
animals usually the females carrying beavier babies’ [RowseLt, 1966, p.362.
rearranged]-

Such precipitous flight, with the dominant adult males well zhead of
the weaker animals and mothers carrying infants was observed by
Srovrz and SaayMaN when chacma baboonswere threatened byhumans.

Harw [1963] wrote that

*no attacks have ever been witnessed on a group by the writer. On one occasion
only, the writer has seen most of a baboon group, in immediate response to a
vap-bark, shrieking and scattering up the trees (Mana Pool, 1961), on the ap-
proach of a hyena which, in the carly morning soon after the group had descendod
from their sleeping trees, was seen to be walking toward them.... The only other
animal {(non-human) reported 1o prey on. the Chacma is the Black eagle, Agquile
perreauai. In the Cape Reserve, where a pair of these birds breeds and forages
regularly. the baboons ignore their pressance overhead. and no attack or swoops
by the eagles toward the baboons have ever been obaerved. In the Drakensberg
Mountains of Natal, Mr. Brer BarNEs has reported himself seeing eagles take
young baboons and quite often swooping over them.”

When Havr [ibid.] placed a stuffed serval cat near baboons in the Cape
Reserve, it elicited little more than close attention, tension-yawning,
and displacement mounting. No alarm barks were given.

RoweLL [1966] wrote that “Baboens alerted and made alarm noises when non-
hunting Hons walked near the troop in the early morning on two occasions. Alarm
qnoises of baboons, “'singing” of colobus and sawing of leopard were heard together
in the night on two or three sccasions. No other interactions with these predators
were seen. or deduced.

According to STorrz and SAAYMAN [1969], ‘perseverative barking of the
dominant males was heard on occasions from troops W and RB as late
as 2400 to 0200 h; following such disturbances, the spoor of leopards
or hyena were not infrequently found beneath the sleeping cliffs next
morning.” During daytime observations, STOLTZ 2nd SAAYMAN found
that females with enlarged sexual skin were more likely than other
females to give alarm barks.
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(c) Order of Progression VIII. OTHER ANIMALS

DrVore and WAsHEURN [1963] believe that they discerned a particular
formation in a moving group of baboons, and that this formation is an
adaptation to protection of the group: ’

*A babooen troop that i3 in or under trees seems to have no particular organization,
but when the woap moves out suta the apen plains a clear order of progression
appeazs. Out io front of the troop move the boldest treop members—the less
dominant adult males acd the older juvenile males.... Following them are other
members of the troop’s periphery, preguant and estrus adult females and juveniles.
MNext, in the center, comes the nucleas of dominant adult males, fernales with
infants, and young juveniles. The rear of the troop is a mizror image of its front,
with aduits and older juveniles following the nucleus and more adult males at
the end. This order of progrossion is invariably faliowed when the troop is moving
rapidly from one feeding area o another during the day, and to its sleeping trees
at dusk. ... The arrangement of the troop members when they are moving insures
maximum protection for the infants and juveniles in the center of the troop. An
approaching predator would first encounter the adult males on the tToop s
periphery, and then the adult males in the center, before it could reach defenseless

traep members in the center.’ ' wd T “ PN S o
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Our observations do not confirm this description. We have numerous LI
records of group progressions., not onlyin the Main Group, butin various RIA\ )
other groups, both in Amboseli and elsewhere. The progressions that we y
observed, even those of a single group, did not reveal any invarizble ﬂ
order of progression, mor was it true that the front and back of the i & J" ;
progression invariably consisted of adult males and older juvenile males. e
Similarly, SToLTz and SaayMAN [1969] write:
‘Clearly defined formations of this nature were not observed in the present study.
Under these conditions, where the majority of movements occurred when the J gt
troop foraged widely seattersd through the bush, two observers. keeping int o
close radio and visual contact, were unabie to formulate meaningful conclusions
concerning the spatial relationships of the vazious classes of baboon with reference
to the dominant and... [subordinate] males. There was a tendency, however,
for mothers with infants to remain in the vieinity of the dominant males and
direct observation of troops as well as spoor couats of troops crossing open ground
supported this impression.” ) . ,
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The actual variability of progression order in baboons when on the

move deserves careful study, particularly in view of DEVORE and , ).‘l {: | "ﬂ'l 1/; j s e -J'/-— ~- ’JL J:ff, e
WasHEURI's interesting suggestion that the formation assumed by a By vtd e . I{’ e
moving group of baboons is of great significance in the baboons’ adapta-
tioms to a terrestrial mode of life. Our data on this topic will be analyzed
and presented in a future publication.
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In the two preceding chapters, we have described the reactions of
baboons to their predators and their prey. From time to time, baboons
interact with other animals, and some of these interactions are mutually
beneficial. Several times, we watched zebra, wildebeest and baboons
move as a group to a waterbole. Associations of baboons with several
species of ungulates at waterholes have been described and illustrated
by DEVoRE and WasseURN [1963], and STrumssxer [1967] has seen
baboons and vervets drink at the same time from the same waterhole.
Doubtless, all are safex as a result.

1. :Tmpala

‘Relations between baboons and impala gazelle (4depyceros melampus)
are of particular interest because of the loose symbiosis between them.
Baboons and impala were often seen foraging and progressing near
each other—even intermixed with each other—with practically ne
interaction. In general, there seems to be a slight attraction between the
two. In part, however, much of the association results from attraction
of both species to a common part of the habitat: open, grassy areas,
near or under fever trees. When either species becomes alarmed, the
response spreads immediately to the associated animals of the other
species. In this way, each species has the advantage of the particular
capabilities of the other species to-detect their common predators, such
as leopard and lion. In addition, impala, unlike many of Amboseli’s
ungulates, do not migrate away from the vieinity of the permanent
waterholes during the rainy season, Their association with baboons is
thereby extended.

2. Grant’s Gazelle

Unlike impala, Grant’s gazelle (Gazella gazella} are frequently found in
very open country (e.g. grassland with a few umbrella trees) and may
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remain in the open in the hottest weather [LamprEY, 1963), although in
Amboseli they sometimes take advantage of available shade. We have
only a few records of Grant’s gazelle near or among baboons. In most
cases, they ignored each other. Once, a group of these gazelle that were
intermixed with the Main Group became alarmed and ran. The alarm
spread to the baboons, who ran in the same direction. On the other
hand, adult male baboons sometimes chased Grant’s gazelle, and we
have described above a case of baboons preying upen a young gazelle
of this species.

3. Thomsen’s Gazelle

Wehave but onerecord of baboons inclose proximitytoThomson’s gazelle
{Gazellathomsonii ). During a progression, the Main Group flowed around
two of these amimals, neither of which seemed alarmed or concerned.

4. Warthogs

Relations between baboons and warthogs ( Phacochoerus aethiopicus ),
which the baboons sometimes encountered near waterholes, were hardly
cordial. Baboons encountered warthogs most frequently near permanent
waterholes. The two species tolerated each other at a distance of 30 ft.
o so, and their groups sometimes partially intermingled without alter-
cation. At other times, warthogs chased baboons, even adult males.
When this happened, the baboons quickly got out of the way, but did
not bark or show other signs of alarm.

5. Vervet Monkeys

Of all the baboons® relations with other species, those with the vervet
monkeys are among the most fascinating. These two species exhibit a
combination of futerrelations that may be unique in the animal king-
dom. First of all, baboons and vervets occasionally play with each other.
Large infant and small juvenile baboons, either singly or in small
groups, were observed playing with young vervets 3 or 4 times during
our study (fig.59). Body comtact was seldom seen during this play;
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Fig.59. Young baboon and vervet in rongh-and-tumble play.

rather, it usually consisted of running and reciprocal chasing, both on
the ground and within the trees.

Second, each of these two species responds to the alarm calls of
the other, and thus each assists the other to become aware of predatoxs
in the vicinity. We have observed simultaneous alarm-barking by
baboons and vervets toward lion and leopard, and vervets, like baboous,
ave known to be preved on by leopard {STRUESAKER, 1967,

Third, there is niche overlap in the two species. They share food
and water resources, and both species use groves of fever trees for sleep-
ing [STRUHSAKER, 1967). Indeed, on ope occasion a group of vervet
monkeys slept in Sleepy Hollow, the most frequently used sleeping
grove of the Main Group, during the same night that the Main Group was
in the grove. Niche overlap is doubtless considerably reduced by dif-
ferences in habitat preference in the two species: unlike vervets, baboons
readily move out onte cpen grassiand, so far from trees that they cannot
resort to them for safety. Vervets, in contrast, tend to trot when moving
across large open expanses between Trees.

Fourth, there are frequent agonistic encounters between haboons
and vervets, despite the fact that vervets tend to avoid baboons,
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typically by ascending and remaining in trees when baboons approach.
Baboons, from the size of a small juvenile upward, are able to chase off
even the jarge adult male vervets. At times most members of 2 baboon
group will bark at and chase vervet monkeys in a response that is very
similar to their response to a predatoer or prey animal. Typiczally, the
vervets responded to this by retreating to the heights of a tree. Finally,
a5 we indicated in the chapter on baboon foods, baboons sometimes eat
vervet monkeys.

Yet, despite these intensive interactions between the two species
it is sometimes quite surprising to see a group of vervets move close to
or even through a group of baboons and elicit nothing more than watch-
fulpess and a few grunting vocalizations.

6. Other Mammals

Relations between baboons and the other large mammals of Amboseli,
such as elephant, girafle, rhinoceros, waterbuck, wildebeest, and zebra,
are usually neutral, except that baboons move guietly out of the way
if these larger animals move toward them. In addition, we have some
observations that suggest that zebra and wildebeest may respond to
bhaboon alarms, and vice versa.

7. Eagles and Buzzards

Once, a single baboon of the Main Group screeched as an African hawk
eagle (Hieraaetus spilogaster) flew low over the sleeping txees at 0750.
Yet one day, the babooas ignored an eagle of this species to which vervet
monkeys were giving vocal threats, and on another day they only
responded with cohesion grunts as vervels barked at a large bird,
doubtless an eagle. When an unidentified eagle landed in a dead tree
some 70 yards from the Main Group, cohesion grunts were given. And
when an eagle (or vulture) flew directly into the sleeping trees, an adalt
male gave a deep, bass grunting vocalization. On another day, the
baboons of the Main Group moved directly under a fever tree atop
which sat two augar buzzards (Buteo rufofuscus) without showing any
concern. When two vultures went through their nolsy mating process
one morning near a dozing adult male baboon, he ignered them.
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8. Owls

Verreaux's eagle owl (Bubo lacteus) was ignored by the baboons. It is
not known whether these or any other raptors of Amboseli ever prey
upon baboons.

9. Starlings and Spurfowl

Babooﬁs alerted when superb starlings (Spreo superbus ) squawked at a
slender mongoose, and when yellow-necked spurfowl (Pternisis leu-
coscepus ) suddenly took flight, probably in response to a raptor.

10. Hornbills, Bustards

Baboons generally ignored ground hornbills { Bucervus leadbeateri) and
koxi bustards (Ardeotis kori) when these large birds walked near or
amongst them. Bustards, particularly, will wnperturbedly walk through
the midst of a baboon gromp. On one occasion, when a bustard was
approached quite closely by baboouns, it gave several, deep, grunt-like
vocalizations, then walked on.

11. Rollers

At times, lilac-breasted rollers (Coracias caudata) remained near ba-
boons and seemed somewhat attracted to them. If grasshoppers took
flight when disturbed by the baboons, the rollers would sometimes catch
them in mid-air. Young baboons that tried to catch a flying grasshopper
would sometimes have it caught directly in front of them by a roller.
Once, a large juvenile male baboon briefly chased a roller. On all other
occasions, the baboons ignored these birds.

12. Plovers and Lapwings

Blacksmith plovers (Hoplopterus armatus) and crowned lapwings
(Stephanibyx coronatus) often mobbed the baboons with screaming
dives. Spotted eggs were found in open grassland on June 28; they were
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probably those of the crowned lapwing. A week later, the sggs were
gone, and scrape marks through the dirt at that spot may have been
left by the predator, which might have been a baboon. We have no
direct evidence of predation by baboons on these birds or their eggs.

13. Comparisons and Discussion

Several authors comment on the fact that baboons associate, without al-
tercation, with other animals—exceptthosethattheyeatorthateatthem.

*In mature it is comparatively rare to see baboons taking much notice of animals
which de not normally serve as food. In the Kruger National Park it was a
common feature that guinea fowls, impala, bushbok, blue duiker and baboons
fed together without taking any notice of ene another. On a few oceasions,
however, 1 have seen baboons tease bigger animals—on one a young female
kudu, and on two others, Lons. In the case of the kudu, a2 bush obstructed my
view but, as far as I could see only young baboons participated. The game only
consisted in lashing out with the hands at the kudu’s legs, the result being that
the poor animal which was completely surrounded, performed the most peculiar
jumps on the spot, unable to escape either in one direction: or another” [Borwic,
1959].

*An example of a presumably vausual antipathy betwoen baboons and eland was
seen at the Cape, 1961. A cow eland (one-horped), which was clescly accompanied
by twe calves, on two occasions charged at S group, scattering the whole group.
Although the dominant male on the second oceasion then walked directly towards
this cow and made threat intention-movements at hez, there was ne doubt of
the proup’s general wariness of this particular animal, though not of others in
the Reserve.... With the exception of the eland episodes referred to above, the
relationship between baboon groups and sl other ungulates has invariably been
one of apparent mutual disregard. This applies to ail the different species observed
near baboons in S5.W.Adfrica, S.Rhodesia, the Drakenbergs, and the Cape
Reserve' [HarL, 1963].

Subsequently, Harr {1965a] noted bushbuck chasing baboons in
Uganda. *...Baboons are moxre ““casnal” than patas, sometimes just
stepping out of the way of feeding elephants when the latter are only a
few metres from them’ [HaLL, 1965a].

*Antelope [in the Ishasha River valley, Uganda] include topi, kob, waterbuck and
bushbuck but interaction between the baboons and these, and warthog and forest
hog scemed to be minimal. Ungulates and baboons, though they took note of
cach others’ alarm calls, rarely acted on them; there was none of the interspecific
co-operation reported by DEVore [1963]" [Rowzrt, 1966).
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‘In the densely populated game reserves of Kenya [baboons] ara seldom far
from other amimals.... The baboons’ relationship with most of these species is
mutual tolerance, and most of the time the species simply ignore each other”
(DEVoRE and Harr, 1965].

Crook and ArpricE-Braxe [1968] and KuMMER [1968] have described
a number of interactions between hamadryas haboons and gelada
‘baboons’ { Theropithecus gelada ) in Ethiopia. Hamadryas were observed
by Croox and ALDRICE-BLAKE to walk directly through a group of
geladas. In this, as in most of the other cases that are described, some
of the geladas moved out of the way of the hamadryas, but otherwise
took virtually no notice of them.

That baboons become alerted or alarmed in response 1o alarm
responses of ungulates and vice versa has been noted in several of
DEVoRE’s papers [e.g. WASHEBURN and DEVoxre, 1961; DEVorE and
Harr, 1965; Emzrr and DeVorg, 1965], Hary [1965 a] noted such
relations between patas monkeys and oribi in Uganda. STRUBSARER
[1967] records 7 species of ungulates in such relations with vervet
monkeys, and comments that, ‘Tt seems quite likely that such 2 relation-
ship exists between vervels and all sympatric ungulates having similar
predators, combining the advantages of the visual acuity of the monkeys
and the olfactory semsitivity of the ungulates.’

The kinds of interrelations and interactions between baboons and
vervets that we described above were confirmed by STruEsAKER [1967]
during his study of vervets in Amboseli:

¢ . Epcounters between baboons and vervets were seen almoat. daily. In the
sreat majority of these encounters there was spatial supplantation of vervets
by the babaors. The influence of baboons on movemenis of vervets seemed
greater in open than in woaded arens. The terminal ends of small branches were
among the few places from which baboons could not supplant vervets, due to
their large size. The relationship between these Two species was extremely
complex. Not enly were they food competitors, but as mentioned eariier, baboors
preyed on vervets. 1n addition, they sometimes stept together in the same tree,
drank simultaneously from the same water hole, and warned ore another of
mutual predators such a3 leopard and lion. Furthermore, young baboons fre-
quently approached vervets in 2 *playful” marner. The vervets responded by
moving away and sometimes by jerking their forequarters toward the baboons
in a threatening manner. After one such approach an agonistic encounter ensued
in which a vervet and juvenile baboon actually grabbed at one another with
their handas.”

IX. SPECULATIONS




1. The Mental- Map

Direct movement of baboons over long distances to some of the laxger,
semi-permanent rain pools, even when the baboons could not see the
rain pool during their progression, convinced us that they were familiar
with the locations of these water sources. We believe that they were
orienting on the basis of memory, rather than the immediate sensory
perception of water. Similarly, they would come quite directly to 2
sleeping grove from different directions on different afternocns, even
when intervening foliage probably made it impossible for them to see
the grove from the ground. )

We feel certain that the baboons were familiar with the major
topography of their home range, and could navigate within it on the
basis of that familarity. Such a system is obviously more efficient than
random wandering, and js one of the factors that extends the dependence
of the young baboon from a reliance solely upon his mother to a de-
pendence upon the collective experience and action of the entire group.

In all likelihood, familiarity with a particular area results in
greater efficiency in exploiting resources and in avoiding hazards. This
would give a selective advantage to those behaviors—which might be
called “traditional’—that tend to bind an animal or group of animals
to an abiding howe range. This advantage should be most marked for
animals with large home ranges, some Very restricted resources, greal
longevity, and good memories—exactly the combination of traits found
in savannah baboons.

2. Home Range Utilization

Tt is now clear that for a group of baboons, there is no single pattern
of home range utilization. There is not ome single progression route mor
even a umique route between any two parts of their range, no single
sleeping grove nor even a fixed sequence of rotation among sleeping
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groves, no one preferred food thatis eaten to exhaustion before the next
in order of preference is taken. There is no one waterhole that is used
in preference to all others, and no invariable response to predators,
even those of a single species. Regardless of what biologically important
zetivity we examine, we find, not a fixed pattern of action, but rather, a
distribution of responses. .

In this connection, we can imagine two possibilities. Perhaps for
each such class of activities there is some one Tesponse that is adaptive,
all others being maladaptive. It might be supposed that the babeons,
even though they are not perfect, utilize this adaptive response often
enough to survive. Under such circumstances, selection would favor
any population of baboons that made the appropriate response more
frequently or more accurately. Alternatively, it may be that there are
a variety of adaptive responses; if the adaptiveness of each course of
action depends on the particular circumstances, the distribution of
these circumstances will establish the distribution of adaptive responses.

Each portion of a group’s home range can be regarded as having a
certain utility to the animals, namely, the difference between what they
gain from the area, in terms of access to those resources that will enhance
survival, growth, and reproduction, and what they lose, as a Tesult of
hazards to Jife encountered therein.

In the short run, the utility of an area is not comstant. It depends
on varjations in the environment and on previous behavior of the ani-
mals. But in the long rom, each area will have 2 net utility. For example,
the value of water sources to a group of baboons is very different,
depending on whether it has been a cool day, or on whether the baboons
recently drank®®. But in the Jong run, baboons in a particular area have
a pet water loss that must be restored if they are to survive, and this,
ip turn, establishes a net utility of water resources for these animals.

The perpetuation of a group depends upon its ability so to allocate
the distribution of its activities among the parts of the home range that
the net utility of the range to the animals is positive, or at least, non-
negative. Successful (i.e. well-adapted) social groups will be character-
ized by positive utilization rates. In such groups, birth rate will exceed
death rate. In a stable population without intexgroup migration, such

% Thus, the baboons’ decision problems might be regarded as z stochastic game,
in that ‘the player's strategies eontrol mot only the...payoff but alse the tramsition
probabilities which govern the game to be played at the next stage’ [LUCE and RATFFA,
1857}
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groups will inevitably expand more rapidly than others with lower
{particularly negative) utilization rates.

Thus, in analyzing the utilization of home range, we must consider
not only those parts of the home range that the animals enter frequently
or remain in for long periods of time, but also those that are seldom and
briefly entered. More precisely, we must consider the spatial distribu-
tion of home range utilization and its relationships to the distribution of
both hazards and natoral resources among the parts of the home range.

In Amboseli, the following major natural resources of the baboons
vary markedly from one part of the home range to another: (i) seasonal
rain pools; (i) permanent waterholes; (iil) groves of trees suitable for
group sleeping; (iv) sources of plant foeds; and (v) safe, short routes
interconnecting the above.

Major hazards that vary from one part of the home range to
another include: (i) intense inselation, lack of shade, and remoteness
from water, with attendant dangers of dehydration and thermal im-
balance; (i) intergroup competition; (iif) mosquitos, schistosomiasis,
and coxsackie B, (endemic to Ambhoseli baboons), all of which are
probably most abundant or most readily transmitted in or near the
permanent waterholes; and (iv) carmivores, which, for Amboseli ba-
boons, include leopard, lion and silver-backed jackal, and probably also
cheetah, spotted hyaena, striped hyaena, hunting dog, martial eagle
and hawk eagle. Of these, the leopard is probably the baboons’ majer
predator.

But if the utility to the baboons of a portion of their home range
depends only on the balance between such risks on the one hand and
the payoff to the animals on the other hard, then a particular degree
of utility may result in some paxts of the range from a high risk rate and
a correspondingly high resource value, in others, from a low risk rate
with a correspondingly low resource value, and similarly for intermediate
values. For example, an area sparsely covered with edible grass and
remote from any undergrowth that could conceal a leopard might have
the same low but positive utility value to the baboons as another area
in which free water is available and plant growth is lush but the chances
of predator attack are high.

Bevyond that, some hazards, such as attack by a leopard, material-
ize suddenly. Others, such as dehydration or thermal imbalance in areas
without shade or water, develop relatively slowly. Similarly for essential
resources: some, such as water, can be utilized rapidly by baboons,
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compared with others such as food, or, in the extreme case, sleeping
trees. Among foods, fruits and large seed pods may be utilized relatively
quickly; other foods such as the rhizomes of grass plants, which must be
dug from the ground, can only be utilized more slowly. Thus, one must
consider not only the frequency with which each part of the home range
is entered, but the duration of occupancy, as well.

Areas with high risks or low payoff probably will be infrequently
entered by well-adapted baboon groups. Similaxly, unexpected hazards
and quickly accessible resources should resuit in occupations of short
duration, such as one gets, in Amboseli, in areas of high, dense Sporobelus
robustus grass. Contrariwise, areas that are frequently entered and long-
occupied probably have low, slow risks and high, prolonged payoffs;
e.g. areas containing sleeping groves.

Such considerations have lead us to the concept of an adaptive
distribution of baboon activities, which may be stated as follows: For
any set of tolerable ecological conditions, the adaptive activities of
baboons tend in the long run toward some optimal distribution away
from which mortality rate is higher, or reproductive rate is lower,
or both.

3. Home Range Overlap

. The natural tendency of animals to ocempy all available parts of the

habitat while minimizing competition with conspecifics, combined with
the advantages of an established, familiar area, tend to produce a
mosaic distribution of home ranges, with contiguous or minimally
overlapping boundaries. Such a situatiéon cannot prevail, however, if
ome or more essential resoarces are not well-distributed throughout the
habitat. When that is the case, we propose two general hypotheses to
explain home range overlap. First, the amount of home range overlap
will depend primarily upon those essential resources that have the most
restricted spatial distribution. Consequently, home range overlap will
be low in relatively uniform environments, and will be extensive where
several essential resources have very restricted distributions. Second,
the amount of time that groups with overlapping ranges will simul-
taneously be in the shared portion of their ranges will depend primarily
on those essential resources in the overlap zone that can only be utilized
slowly and whose availability is most restricted in time. As a result,
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simultaneous occupancy of overlap zones will be long wherever slowly
atilized resources have a restricted period of availability, and conversely,
will be brief if those resources that require longest to utilize are conti-
nuously available,

Thaus, an essential mature resource is 2 restrictive factor in home
range separation, in time or space, 10 the extent that increasing its
dispersion in time or space will reduce home range overlap.

4, Flome Range Size

For a mammal, body weight influences the rate of energy expenditure,
and this, in turn, influences the amount of food that the animal must
obtain to supply its requirements. McNaz» [1963] has pointed out that
this results in z fairly linear correlation, in mammals, between body
weight and home range size, with home range sizes usnally being larger
for ‘hunters’ (including those species that are either granivorous,
frugivorous, insectivorous or ¢arniverous) than for ‘croppers’ (including
those species that are either grazers or browsers) of the same weight.

McNAr’s correlation spanned mammals ranging in size from
shrews to moose, and showed considerable ‘scatter’ about the least-
squares regression line. Thus, in making intra-specific comparisons,
within a relatively small size range, other factors may have an over-
riding influence.

An animal’s basic metabolic limitation is that energy output
cannot indefinitely exceed energy input. While basal metabolic rate is
closely related to body size, primarily as a result of the ratio of surface
area to body mass, additional energy expenditure depends upon many
factors that collectively might be called the animal’s ‘mode of life’.

We would expect available energy sources to be strictly propor-
tional to home range size only if the habitat were uniform. But it never
is, mot only because of spatial variations in the food resources them-
selves, but also because of the effects of home range overlap. For 2
species in which population depsity is food-limited, the number or
biomass of individuals that can be supported by an area depends npon
the food productivity of the area, regardless of home range sizes and the
extent of home range overlap. It seems plausiblc that these latter will be
affected primarily by the distribution of resources and the strategies
that are employed by the animals in exploiting them.
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Ultimately, home ranges are limited to areas lying within cruising
range of the essential resource with the most restricted distribution.
Yet, for animals of many species, there must be large areas of land
within the limits of their distribution in which even the most restricted
resource is sufficiently well-dispersed that it places no such ultimate
restriction on the animals’ home ranges. If, despite this lack of restric-
tion, home ranges do not drift, but tend to remain fixed in place, other
factors, such as the advantages of a fixed abode, reinforced by com-
petition from other home range units, must provide an explanation.

Whereas resources with restricted distributions place an upper
limit, sparce resources place a lower limit on home range size®. The
amimals must cover enough ground to obtain a subsistence amount of
those resources. Home range size is bounded by these two limits. Where
these limits are close to each other, they will be the primary factors that
determine home range size. .

HavL [1963] suggested the possibility that in baboons the typical
extent of day-jowrneys and the size of the home range were relatively
constant and that baboon groups would grow ‘to fit its viable limit’.
Harz himself did not take this proposal too seriously, however, since he
knew that it was at variance with a number of his own observations as
well as those of others [Havt, ibid.]. The alternative that we snggest
here is that home range size and the mean length of day-journeys depend
primarily apen those vital resources with the sparsest and most re-
stricted distributions. For example, in an area in which sleeping trees,
water and other resources are abundant, but food plants are sparsely
distributed, we would expect the lower limit on home range size 1o be
determined primarily by available food.

This hypothesis could be checked observationally, by studying
the correlation of home range size and of day-journey length with
resource distribution, either in various habitats or in the same habitat

with changing climate, e.g. seasomal or anpual variatioms, Experi~

mentally it could be checked by increasing the local abundance of the
most sparsely distributed resource. If, for example, plant growth is
limited by the availability of soil nutrients, these could be introduced
Tocally [ef. Warsox, 1969].

%4 Of course the sparseness of 2 Tesource depends not only on its density distri-
bution, but also upon the needs of the animale,

T
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5. Population Dyramics and Group Size

In chapter III, we reviewed the available data and ideas on the ecologi-
cal correlates of baboon group sizes. Two quite different problems are
invelved, first, to account for the distribution of group sizes within a
population, and second, to account for the fact that mean group size
varies greatly from one region to another. Put somewhat differently, we
need to account for both differences between populations and differences
within them. To date, the proposed explanations have all hinged on
gross correlations between group size and habitat type. Another, and
quite different approach involves studying the actual dynamics of
changes in group size, then relating these to underlying population
processes and to the effective ecological phenomena.

Regardless of the ecological correlates of group size, the distri-
bution of group sizes in an area is a reflection of the dynamics of indi-
vidual groups. The size of a group may change as the result of 6 processes:
birth, death, emigration, immigration, group splitting (‘fission’), and
amalgamation of groups (‘fusion’). The last of these processes has not
been reported in any [ree-ranging cercopithecine primate and is pre-
suraably sorareasto have nomajoreffect on the distribution of group sizes.

The question may now be asked, what combination of birth, death,
emigration, immigration and group splitting results in an equilibrium
distribution of group sizes, and what is the natare of the distribution at
equilibriam ?

A model that predicts the distribution of group sizes on the basis
of rates of birth, immigration, death and emigration—the BIDE model
— has recently been described by Comen [1969], based on earlier work
by Erxpary [1949] and others. Comex has applied this model, with
remarkable success, to the distribution of group sizes in several species
of primates.

The model is based on the following assumptions. During any
time period, each individual in the population has certain probabilities
of giving birth to a single other individual, of dying, or of emigrating
from the social group, and these are the same for all individuals in the
group. Thus, the probability of a birth, a death, or an emigration in 2
group during any time period will depend on group size. On the other
hapd, immigration into the group is assumed to take place at a rate that
is independent of group size. These processes in the group are assumed
to be mutnally independent, and each group is assumed to develop
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independently of every other group. Under these assumptions, the
probability p (k) that the population will contain k individuals after a
long time period is independent of starting size and is given by the
negative binomial distribution

Pl = (r+i_l>9’q", k=012

where r is the ratio of the emigration rate to the bixthrate, p= 1—g, and
gis the ratio of the birth rate to the loss rate’ (death rate plus emigration

- rate).

The fit of this model to datz on group size distributions in chacma,
anubis and yellow baboons js shown in table XXV, which is reproduced
with permission from COEENs manuscriptss. The fit to Harr’s chacma
data is poor, perhaps because data from several areas were pooled. The
£it to our data from Amboseli is good, as is the fit when our data are
combined with WASHBURN’s and WaRsHALL’s from Amboseli.

In fitting these models to data on group size distributions to
obtain the expected values shown in table XXV, the ratio of immigra-
tion rate to birth rate, and of birth rate to loss rate were estimated from
the size distribution. Independent evaluation of these parameters of
the model were made by CoREN from data on one group of baboons, our
main study group in Amboseli. Using the datain table IV herein, Comew
estimated the birth rate at 6.49 X 10~ births per individual per day, the
immigration xate as 8.043 % 10~ immigrants per group per day, and the
loss rate at 9.74%x 10-* deaths or emigrations per individual per day.
The expected distribution (table XXVI herein, reproduced with per-
rission from Comen, 1969, table IX) departs markedly from our data
and from a combination of our data and those of WASHBURN and
WarsEALL from Amboseli.

The poor fit of the model using these estimates of the parameters
may be attributable to any of several sources [ef. ConEmw, 1969]. Esti-
mates of the birth-iumigration-death-emigration parameters from this
one group may be biased as a result of sampling error. Or the parameters
of this group may be atypical. These are empirical problems for which
the solution depends on getting more field data than are now available.

s Comen [ihid] also fits this model, and a related ome based on the Poisson

distribution, to published data on group sizes in colobus monkeys, langurs, howler
monkeys, and gibbons.
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Table XX ¥T. Observed and predicted distribution of group sizes in Amboseli when the
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during infancy, then relatively low and level thereafter until the late
adult period, during which it is again high. Qur estimates of death rates
are given on page 62.

(iv) Our data on migrants suggest that intergroup migration is
very unlikely for any class other than fully adult males. Thus, the num-
ber of adult males per group, rather than total group size, should be used
in estimating the probability of an emigration during any time period.
Estimates of emigration rate per.adult male have been given on page 63.
As for immigrants, our data (chapt. T1I} do not contradict the assump-
tion that the probability of immigration is independent of group size.

(v) Group fission has not been taken inte account, yet it has been
reported several times in the baboon-macaque group [Furuya, 1960;
Kororp, 1966; Suctyama, 1960, and chapt. 111 herein].

(vi) The model treats each group as an independent replication,
unaffected by the outcome of other groups. Yet, this is surely not the
case. For example, one group’s immigrant must have been another
group’s emigrant. In a closed system of groups, the number of immi-
grants hefore any point in Time cannot exceed the number of emigrants
before that time, and if, as in the BIDE model, emigration rate depends
upon group size but immigration rate does not, then small groups will
grow at the expense of large ones, and thus intexgroup migration will
tend to equalize group size. But witha model that assumes independence
of groups, no group expands at another’s expense; the effect of immi-
gration and emigration on group size depends solely upon the balance be-
tween the two, and that balanceis unaffected by what happens elsewhere.

(vii) The model is an equilibrium model that assumes constant,
time-independent rates of birth, death, and migration. We find it
difficalt to believe that these rates have not varied widely, even within
quite Tecent times, as a result of major fluctuations in climate. Severe
drought gripped East Africa from late 1959 until 1ate 1961. The drought
was followed by exceptionally heavy rains that flooded many areas.
Such rains occurred again during 1968, The vegetation is dramatically
altered by such climatic changes [BrETTNER-JANUSCH, 1965]. It seems
likely that such changes in the environment will have marked effects on
baboon populations.

From what we have said above, it should be clear that improving
the BIDE model is going to Tequire not only further mathematical
developments, but also, more and better data on primate populations
than are now available.
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6. Sexual Dimorphism and the Sex Ratio

DeVore and WASHBUI;N [1963] have speculated on the ecological
significance of the difference in size between adult male and adult female
baboons:

“The role of the adult male haboons as defenders of the troop has been described.
This behavior is vital to the sarvival of the troop, and especially to the survival
of the most helpless amimals—ferales with mew babies, small juveniles, and
temporarily sick or injured individuals. Selection has favored the evolution o
males which weigh more than twice as much as females, and the advantage to
the troap of these Jarge animalsis clear, but it is not obviows why it is advantageous
for the forales to be small. The answer to the degroe of sex differences appears
o be that thig iz the optimum distribution of the biomass of the species. If the
average adult male weighs approximately 75 pounds and the average acult foraale
30 pounds, each adult male requires more than twice the food of a female. If the
food supply is a majer factor in Hmiting the rumber of baboons, and if survival
is more likely if there are many individuals, and if the roles of male and female are
different—then salection will favor a sex difference in average body size which
allows the largest number of animals compatible witk the different social roles
in the troop. ‘

If solection favors males averaging 75 pounds, then it, will favor famales which
are as much smaller s is compatible with their social roles. Since the females
must travel the same distances, corTy young, engage in sexual and competitive
activities, thers are Limits to the degree of sexual differentiation, but the adaptive
value of the difference is clear. For example, a troop of 36 bahoons composed of
6 adult paales and 12 adult females and their young (18 juveniles and infants) has
2 biomass of some 1,000 pounds. If the ferales also weighed 75 pounds each.
6 adult males and 6 adult females would aloge total 900 pounds and have only
one-half the reproductive potential of 6 adult males and 12 adult females. Bacanse
this would halve the number of young, i would greatly reduce the troop's chances
of survival®, Our data are not sufficiently detailed to analyze the actnal distri-
bution of biomass in the troops we observed, but eur observations are compatible
with the limited data on weights and the mumbers of adult animals we saw.
Viewing sexual differentiation in size as & function of the optimum diswribution
of biomass of the troop offers a way of understanding sexnal dimorpbism funda-~
mentally different from the view which considers only sexual selection, domi-
nance, and intratroop factors. Obviously, all factors should be considered .

% DEVorE and WASHBURN here soem to be postulating the action of group
selection [of. WynNE-EDWARDS, 1962], a process that presuppeses special conditions that
are unlikely to be found in nature [MAYNARD Spre, 1964]. All thatisrequired hereis that
emall females have a higher reproductive rate than large females. Evolution of the male’s
altruistic but hazardous behavior of actively defending the group against attack may
be due, in part, to kin selection [ELascon, 1963, 1964].

% While such selection may account for the evolution of dimorphism i size,
it cannot account for other components of sexual dimorphism in baboeons.
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Adaptation is a complex process and results in compromises between the different
selactive pressures, but a distzibution of biomass which doubles the repreductive
potential of a species is so important that other factors xaay be minimized.’

This ecological argument may also be applied to the number of adult
rmales, and there may be ecological advantage in having females small
but numerous, and males large but relatively less numerous—yet still
sufficiently abundant that they can defend the group and fertilize the
females. If so, then such selective advantages may, in part, account for
the preponderance of females in most baboon groups and for a mating
system in which a male may breed with more than one female. KuMMER
[1968, p.21] noted a steady increase in the percent of adult males in
hamadryas troops as he moved from west to east: there were 15.05%
2dult males in hamadryas troops in Alilth and 22.6% in those near
Harar, Ethiopia. Cotrespondingly, the percent of adult females de-
creased from 36.5 to 30.8 %. He offered no explanation for the gradient.
Food was more abundant and group size was larger near Harar [ibid.,
p-19]; correspondingly, there may have been less intense selection for
a disparate sex ratjo in that area than in Alilti.

7. Baboons, Vervets and Patas Monkeys

Tn a broad belt of savannah running all the way across Africa, primarily
north of the Equator, baboons encounter vervet monkeys and patas
monkeys [Tarrrx, 1960; Harr, 1965 a]. All three occur in the Amboseli
Reserve. The 3 species are separated by major differences in their
niches, which, in simplified form, are these. Vervets are primarily
animals of open forest. They seldom and ounly briefly move far from
groves of trees. Patas are animals of open bush and grassland; they
seldom enter even those gallery forests that cut through their habitat.
Bzboons get the best of both worlds: they make use of the forests for
shade, food, water, and sleeping trees, yet they are able to tap the im-
mense food resources of the open grasslands at such great distances
from trees that they could not rely npon them for safety.

The late K.R.L. Haxrr had the unique combination of extensive
field experience with all three species in several areas of Africa. His
monograph on patas monkeys [HALL, 19652] includes a number of
interesting comparisons between these three monkeys:
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“The difference in the home range pattern as between baboons, vervets, and
patas was made specially clear from seeing groups of the three species in the
Chobi-Karuma ared.... The baboon and the verve: group returzed regulacly to
the same clusters of trees along the Nile bank every might on which observations
were made—and were still doing so when GARTLAN [personal communication]
spent 3 weeks in the area in July 1964, 2 year later. The patas group passed each
pight in a different area of the woodland savannah, and never went nearer to the
bank than about 400 m in the course of its day-ranges. No patas group has so
far been encountered in Murchison near the riverine vegetation or in the heavily
wooded parts of some of the valleys. The baboon groups near Paraa likewise
regularly returned sither to tree clusters along the Nile or, in one case, to a tree
cluster by the Emi river. Baboon groups range far into the savannah from these
home bases, but there are many arens of savannah and erosion valley ranged by
the patas where baboons were never seen. Thus, in the 28 consecutive days of
sbservation of Group I'V, not a single baboon group was sighted. only one isclate
adult male baboon being seen twice in the home range. Patas Group II, on the
other hand, met baboen groups several times in the southern third of its home
range, but never in the northern two-thirds which was further away from the Nile.
Vervets were often seen in the Chobi woodland savannah, but the pattern the
one group showed was similar, on 1 much smaller scale, to that of the baboons,
pamely ranging out during the day into the savannah, then returning to the river
bank. This particular group never went far from trees, and rushed back to trees
whenever it was frightened. Tt tended to feed and rest during the lattex part of
the day along the Nile bank. Small parties of vervets were sometimes found far
into the grass savannah away from the river, but they were always near small
guilies with o fow trees. Thus, although baboons and vervets everlap with the
patas home ranges, and eat some of the same foods such as berxies and fruits,
there are largo arcas of Combretum bush grass savannah and erosion valley where
only patas have beer seen. The vervet still remains z tree or thicket-based mon-
key, in spite of its sometimes quite long grassland excursions. The patas, one
may say. is essentially, by contrast, a ground-based monkey who sometinzes uscs
trees or thickets for food and shade. The escape behaviour of the two species
asually shows this cleaxly~—patas running down trees and away across the ground,
even in wooadland, vervets ruuning up into trees” [pp.37~38]

*On the rare eccasions when a baboon group approached directly an area where
patas were feeding, the latter withdrew rapidly.... No threat behaviour or
vocalizations have occwrred with reference to the other, either on the side of the
patas or of the baboons on these occasions. No doubt the patas kmow the probable
behaviour of the baboons encountered in their home range with some accuracy,
so that they do not unnecessarily take evasive action.

The only definite encounters with vervet groups occurred in the Woodland
savannah at Chobi and Pamdera. There is no evidence that vervets withdraw
from patas, or vice versa.... [Once a patas group] and 2 vervet group wore be-
tween BO and 150 m from each other for nearly an hour. During this peried,
patas and vervet watched each other., but there were no vocalizations and ne
alarm or threat behaviour. The vervets began to feed on the figs in one of the
1rees, these being one of the main food items at this time of the patas groop. In the

.




&

[ 2]
1]

Speculations

more open grassiond hahitat, where vervets were rarely secn, Do encounters with
patas were observed. Om two occagions. volleys of culls that were prabably from
vervet groups were heard. apparently when the patas group that we were follow-
ing had come into contaet with them. On both occasions, the adult male patas
barked repeatedly—a rare occurrence that otherwise was recorded only when a
patas group encountered other patas. As the behaviour of the vervets was not
abserved, the data are inconelusive, and there remains from tke present study
insufficient evidence as [to] the usual relationship between the two species.
Because of their way of life which, at Murchison and in West Africa [BooTH,
1956], brings them oxly to the edges of forest, and of riverine thicket and tres
clumps, patas are very unlikely to encounter monkey species other than baboons
and vervets’ [pp.48~49].

“The fact that these patas groups went do rarely to the water sources in the
valleys, even when they were ranging close to them, suggests that there may be
some special hazard for them assoeciated with such places. This s alse indicated
by the watchfulness of the adult male, and by the briefnesz of the drinking.
Baboons showed no such caution at Murchisen, some of them baing seen to drink
from poals or wallows on all the full day-rasges in the Paraa area’ [p.33].

“The patas has been supposed to be much less dependent on water availabilicy
thon baboons. BrcovrpaN and Prunizr [1927] zeport the occurrence of patas
during the dry sexson in areas of West Africa completely devoid of water, whereas
the baboons at that season remain fairly close to water because they are said to
need to drink everyday.

At Murchison, apart from observations of a special type of drinking seen in
Group I in Pamdero...during the whole of the Stages I and IT study period a
group, or individuals from a group, was seen to go to water heles, wallows, pools
or puddles to drink on only four sceasions...” [p.52].

“Qur present evidence certainly strongly suggesis very clear and impertant
differences iv the ecology and behaviour of patas and vervet, as well as in that
of patas and baboon.

We have said that the patas has evelved to extreme form amongst monkeys 2
particular complex of adaptatiens to ground living. This complex contrasts in
many important features from that which makes up the kind of ground plan of
baboors and macagues. The major contrast seems to lie in the physical adap tation
for high speed ground locometion, and the associated adaptations of evasion by
concealment, by dispersion, and by silence. Correlatad with these is the uniquely
interesting watchful and perhaps diversionary behaviour of the adult male, and
the probably closely-organized social system of the adult females who, with the
voung animals of the group, aever taks part in such behaviour but remain quite
separate from the adult male during these activities. The very small amovnt of
aggredsion, and, when it does oceur, its usually non-contact variety, compares
very markedly with the babeen group the adult males of which can be exceedingly
rough in “disciplining™ the group and exceedingly effective in combined defence-
attack against prodators {see WaswBURN and DEVers, 1960, film entitled
Baboon Behavior)' [p.83].

*The importance of the contrast between the patas and baboonsisin emphasizing
the quite different survival pattern of the two genera, Baboons, being based on
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rocky escarpments or cliffs or on large tree elumps, use the savannah or woedland
from these bases, and rely for daytime security on the defensive power of adult
males and on the alertaess of peripheral males. Patas are truly croatures of the
savannah itseif, and there are no arsas within the home ranges which are specially
favaured because of the security they offet’ [p.84]. Harr's paper includes a
detailed tabular comparison of these two species [ibid., table XT].

An ecological comparison of baboons and vervets has been made by
SrRUESAKER [1967]. STRUESAKER's field work on vervets was carried
out in the same area and at the same time as our baboon study. He wrote
as follows:

*One of the mare impertant aspects of the complex relationship between Ambosel:
baboons and vervets is that of niche separation, especially as it relates to food.
Althongh baboons were physically capable of cating all the foods that vervets
did, the comverse was not trze. Apparcatly, the smaller vervets lacked the
strength or ability to pull and dig grass plasts from the ground and thus expose
their root systems. During the dry season, which prevails for 1 of each year the
major food in the open-plains habitat for non-rurinants are grass roats. It is
this food source which baboons so efficiently exploited. Thus, although these twe
cercopithecines did compiete with ome anather for food, such compezition was
greatly reduced when baboons spent large amounts of time in the open-plaios
habitat utilizing a food that was unavailable to vervets.

Correlated with their relatively small size vervets demonstrated extreme arboreal
agility, which was their major defense against diurpal predators. Furthermore,
beeanse of their small size, vervets had about four times as many predators a3
baboons. It may be this defense mechanism, linked with their relatively small
size, inability to procure grass reots, and large number of predators that restricts
vervets to tho proximity of trees aad thickets.

Related to this partial niche separation was the radically different predator
defense system. of baboons, Fheir defense depended on large bady size and large
canines, ¢specially evident in the adult males, and in their large social groups.
In Amboseli the baboans formed significantly larger (0.001 level) groups than did
vervets (STRUHSAXER, in prep.). Such a defense permitted utilization of open
habitat awsy from trees and thickets and, thus, forther enhanced niche separation
from the vervets.’

Although baboons are found in environments ranging all the way from
moist, evergreen forest to semi-desert steppe, most of them live in
savannah habitat, that is, in areas in which perennial grasses are the
dominant ground cover, and in which trees, though of variable density,
are never completely absent. Such plant associations cover much of the
African continent [KeAY, 1959]. Thus, much of the abundance and-wide
distoibution of baboons is the result of being successful in a predominant
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habitat. Nor is the present wide distribution of baboons something new:
Parapapio jonesi of the early Pleistocene ranged at least from northwest
Kenya to South Africa [PATTERSON, 1968].

The survival of baboons in open savannahs, often too far from
trees to rely on them for safety, depends on a combination of bekavioral,
socinl and anatomical traits that enables them to defend themselves
from attack by terrestrial predators [DEVORE and WASHBURN, 1963].
This aggressive potential makes it possible for them to displace any other
monkeys that they encounter.

On the savannahs, the success of baboons depends upon their
ability to exploit a wide variety of plant and animal foed sources, and to
feed selectively on some of the most concentrated sources of nutrients
in their environment. The efficiency of this exploitation and indeed the
survival of the animals depends, in turn, on the fact that through in-
timate familiarity with one particular area, the baboons of a group are
able so to distribute their activities that they have adequate a2ccess to
the essential natural resources of their home range without exposing
themselves to excessive risks.
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