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. Distribution and Taxonomy

A.  Distribution

MD m ~ 3 Q. i 3
o mm@: times m‘ﬁ the beginning of the present century, if not today—the
g M M Mmm been found in the following discrete areas (see Fig. 1):
50&: . MMMm Nmawm mxﬁ..m:&.bm from the Sanaga river (Cameroon) south to the
¢ lower Zaire river, and east nearly to the Oubangui river, wherever
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Fig. 1. Distribution of eastern goriila populations. See text for a description of each
numbered area. {n.b. These data are not up to date and some populations may now be
extinct.)

there is forest. The most northwesterly locality recorded is Edea (3.47°N,
10.10°E); the most northeasterly is Barundu, 22 miles northeast of Nola (3.40°N,
16.15°E); the most northerly is Touki near Bertoua (4.35°N, 13.30°E); the most
southerly is Tshela in Mayombe district (5.05°S, 12.50°E). Politically, these
localities fall within the borders of Cameroon, Equatorial Guinea, Gabon,
Central African Republic, Congo, Angola (Cabinda enclave), and Zaire.

2. A small area on the upper Cross River, from Tinto (5.33°N, 9.35°E) north-
west to the fringes of the Obudu plateau(6.38°N, 9.06°E j; straddling the border
between Cameroon and Nigeria.

3. An isolated patch of forest near Djabbir, Bondo district, Zaire (3.55°N,
23.53°E).
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4. Lowlands of eastern Zaire, from the Ulindi river north approximately to
the equator. The most northwesterly locality is Lubutu (0.40°S, 26.55°E); the
most northerly is Kilimanensa (0.35°S, 28.30°E): the most easterly is Pinga
(1.00°S, 28.40°E); the most southeasterly is Bibugwa (2.30°S, 28.20°E); the most
southerly is Shabunda (2.45°S, 27 34°EF). .

5. The Itombwe mountains, Zaire, between Mwenga (3.00°S, 28.28°E) and
Fizi (4.18°S, 28.56°E).

6. The mountains centered on Mt. Kahuz, Zaire (2.10~2.25°S, 28.40—
28.50°E).

7. The massif of Mt. Tshiaberimu, Zaire {0.05°N t0 0.40°S, 29.00—29.20°F).

8. The six extinct volcanoes of the Virunga range, straddling the Zaire—
Rwanda—Uganda border (1.20—1.30°s, 29.24-29 42°F).

9. The Kayonza or Impenetrable forest, Uganda (1.00°S, 29.40°E).

Since no gorilla has been reported from area (3) since 1908, it seems likely
that this population is extinct, The status of gorillas in area (2) is unknown,
but they still existed less than 20 vears ago (March, 1957). Within area (1),
gorillas no longer occurin the Mayombe district of Zaire, just north of the mouth
of the Zaire river (Verschuren, 1975). Elsewhere, gorillas would seem to occur
over most or all of their original range, though often in reduced numbers.

B. Taxonomy

The position adopted here is that gorilla belongs to the genus Pan. Tuttle
{1967), among others, has offered strong anatomical grounds for considering
the gorilla and chimpanzee congeneric: other features in common between the
two African apes, differentiating them from the Orangutan and man alike, are
the nature and hue of the hair pigmentation, the presence of a white pygal tuft
in the young, the drastic reduction of the musculature of the thumb, the terres-
trial adaptations of the foor (nearer to Homo than to Pongo), the form of the
skull, including the lateral burtressing of the orbits, the low position of the
braincase, and the common existence of a frontomaxillary suture in the orbit,
the relatively homomorphic incisors, the semisectorial nature of P, withonly
a small metaconid, the form of the wrist, features of blood protein chemistry,
and of the chromosomes, and perhaps ethological characteristics such as the
greater sociability than Pengo. This is not to deny that there are great differences
between the gorilla and the chimpanzee; morphologically, many of them can
be regarded as consequences of the gorilla’s large size and stocky build, special-
izations perhaps for a montane environment (Groves, 1971). However, there
are also striking differences in temperament, vocalizations, and social organiza-
tion, and it is these rather than the morphological differences which might
argue for retention of the genus Gorilla. Unfortunately, there is no fossil material
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bearing on the question of the date of separation of the two species, in spite of
an attempt by Pilbeam (1969) to allocate two species of Lower Miocene homi-
noids to the respective lineages.

From the time of its discovery, up until 1927, numerous species and subspecies
of gorillas weredescribed, over half of them by Professor Paul Matschie of Berlin.
In 1929, Coolidge reduced them all to a single species with two subspecies:
Gorilla gorilla gorilla and G. g. beringei. This classification remained sacrosanct
until Vogel (1961) showed, in a study of the mandible, that eastern gorillas (the
beringei of Coolidge) could be sharply divided into two geographically distinct
types. Raising keringei to the rank of a full species, he recognized within it two
subspecies: G. k. beringei from the Virunga Volcanoes and G. b. graueri from the
eastern lowlands and nearby mountains [areas (4), (5), and (7) mentioned pre-
viously|. In view of the clear-cut nature of Vogel's conclusions, and of a paper
by Haddow and Ross (1951) exposing certain shortcomings of the methodology
exployed by Coolidge, it is most unfortunate that Schaller, in his influential
book, deliberawly chose to be conservative and perpetuate the old two-sub-

species fallacy.

Groves's conclusions on gorilla taxonomy were published in preliminary form
in 1967 and more completely in 1970. Briefly, he found that Coolidge was
correct in assigning all gorillas to a single species, but Vogel was fully justified
in recognizing graueri as a distinct subspecies [in the 1967 paper, Groves called
this Gorilla gorita manyema, dating from Rothschild in 1908; but Corbet (1967)
considered this latter name to be a lapsus for a name mayema which had pre-
viously been applied to a western gorilla and so is a synonym of subspecies
gorilla]. The three subspecies are characterized below, using the more recent

. allocation of the gorilla to the genus Pan.

L. Pan gorillz gorilla.  Western, lowland or coast gorilla. Gorillas from areas
(1), (2), and (3} belong here. This subspecies has a broad face, small jaws and
teeth, short palate, a single mental foramen placed under the premolars; verteb-
ral border of scapula straight; humerus long; hallux short, divergent; fur short,
gray with lighter “saddle” in adult males, extending to thighs and not sharply
defined from body color; a “lip” at upper end of nasal septum.

2. Pan gorilla graueri. Eastern lowland gorilla. Gorillas from areas (4), (5),
and (7} are induded here. This subspecies has a narrow face, larger javs and
teeth, and longer palate; mental foramen often multiple, and further forward;
vertebral border of scapula straight; humerus long; hallux short, divergent; fur
fairly short, black with whitish “saddle” in adult males restricted to back and
sharply defined; no “lip” on nasal septum.

3. Pan gorills beringei.  Gorillas from area (8) are the typical representative of
this race. This subspecies has a low broad face; very bigjaws and teeth and very
long palate; nental foramen multiple, often under canine; vertebral border of
scapula sinuows; humerus shortened; hallux long, parallel to other toes; fur
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long and silky, black, with whitish sha rply defined saddlie restricted to back in
adult males; no “lip” on nasal septum.

It is to be noted that, except in the shape of the face, P, g- graueri is inter-
mediate between the other two races, such that no division into two species is
possible. . :

Recently, Cousins (1974) has amplified these descriptions somewhat, point-
ing out that P. g. gorilla can be distinguished additionally by (1) the more pro-
nounced, less hair-covered supraorbital ridge and (2) further differences in the
nose, with side-splaved and padded nostrils. By contrast the two eastern races
have narrower nostrils and a supraorbital ridge padded with hair. Cousins has
drawn typical noses of all three races; that of graueri is illustrated as being even
narrower than that of beringei, and the latter has nostrils that are more raised
above the level of both the bridge and the upper lip; in the text, however, he
describes them as “similar” —notwithstanding, it still might be possible to dif-
ferentiate them on the average, though not in every single case. None of the
photos or living examples of beringei seen has quite the narrow, flat nose of many
graueri. . ) .

Cousins also points out that most of the “Mountain” gorillasexhibited recently
and currently in zoos are in fact graweri. At present only one zoo, Cologne,
possesses genuine beringe!.

Some eastern populations are less easy to allocate to beringei and graueri.
Although mostly similar to gorillas from the lowlands larea (4)] and Itombwe
[area (5)], gorillas from area (7), Mt. Tshiaberimu, have a beringei-like foot struc-
ture. More difficult is the question of the gorillas from area (6), Mt. Kahuzi.
Groves (1967, 1970) assigned them to beringei while noting the existence of
some divergent features. Recently, however, Casimir (1975a), on the basis of
turther skull material, proposed instead to allocate this population to graueri. It
is to be noted, in addition, that photographs of Kahuzi gorillas published in
several popular magazines (see, for example, Grzimek, 1974) depict animals
with relatively short fur (especially around the face, where the fur is iong and
shaggy in beringei) and graueri-like noses. However, in postcranial features—sca-
pula, humerus, and hallux—Kahuzi gorillas are invariably like beringei. This sort
of intermediacy s, of course, to be expected in subspecies whose ranges abut.
A possible course of action might be to create a new subspecies for Kahuzi
gorillas. It is a little ironical that this population, the very one which may just
be deserving of such a status, is the one which has never been awarded a
separate name! For the moment, it is better to leave it as P. g. beringei, “with
a touch of graueri”

Nothing can be said about the Kayonza forest gorillas exceprt that the few
skulls available seem to resemble graueri; no postcranial material is known. In
the matter of absolute size, much of what has been written is mythical. Cousins
{1972) quotes and dissects a number of published claims for gorilla heights and
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welights, showing how frequently estimates or extravagantly measured records
creep into the literature and become established. He also shows that captive
gorillas become amazingly obese and quite untypical of gorillas as a whole. The
heaviest authenticated wild male gorilla would seem to be one shot by Raven
on Mt. Kahuzi, weighing 460 lbs (210 kg, whereas one zoo specimen was 776
Ibs (350 kg)! On the basis of very few specimens, Groves (1970) calculated aver-
age heights and weights for adult males of the three races as shown in the
following tabulation.

Height (cm) Weight (ib) [kg] Records
gorilla 166.6 3073 [140] 37
graueri 175 360.3 [165] 4
beringei 172.5 3429 [155] 6

Further measurements quoted by Cousins(1972) indicate that Kahuzi gorillas
can be very large, like graueri, but that the average for beringei may be too high.
He thinks the latter probably is very heavy, as indicated, but would average a
little shorter in stature than gorilla.

Mountain gorillas have more fundamentally asymmetrical skulls than west-
ern gorillas, and invariably have the left side longer than the right whereas in
western gorillas the right side is commonly longer (Groves and Humphrey,
1973). Skulls of graueri are more like western gorillas in this respect. It is sug-
gested that, in contrast to the orangutan, some cerebral dominance may exist
in the gorilla, showing up in asymmetrical behavior which, because of the
modeling effect of the jaw musculature on the skull, can be detected skeletally
in the case of chewing asymmetry. ,

Breakdown of the alveolar margins of the cheek teeth is another common
feature of mountain gorilla skulls. This often advances to the extent that the
whole root is exposed and the tooth is lost. Colver (1936) first drew attention
to this, pointing out that it is a frequent (in Groves’s experience, almost univer-
sal) occurrence in mountain gorillas, occurs in low frequency in western gorillas,
and not at allin eastern lowland gorillas. C. R. S. Pitman (personal communica-
tion) pointed out that it is never seen either in skulls from the Kayonza forest.
Colyer ascribed it to the presence of bamboo in the diet, but this is not a satis-
factory explanation since its occurrence does not, in fact, correlate with the
availability of bamboo.

Apart fromgeographical differences, itwould seem that family likeness within
a gorilla group can be strong enough to affect morphology. In 1971, by courtesy
of the National Geographic Society, Groves spent 2 weeks in Camp Visoke
(now the Kaizisoke Research Station), the study center for mountain gorillas in
Rwands, organized and run by Ms. Dian Fossey. On this occasion he was able
to study a series of thirteen gorilla skulls, of all ages and sexes, which had been
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picked up in the study area. Five of these skulls (all accompanied by partially
complete skelerons) are from a single troop, killed by poachers at Tsundura on
the siopes of Mt. Karisimbi, and were collected by Goodall in October 1970, By
comparison with other skulls, and with specimens previously studied elsewhere,
the Tsundura specimens show some unusual features: the males (but not the
females) are small in size, and one of them a peculiarly short palate; a cleft in
the mandibular condvle, seen in over half of beringei jaws, occurs on only one
side of one jaw in the series; only two of the five have the usual flaring jaw
angles; two of them have the mental foramen placed unusually far back: three
of them have a “rocking” jaw which Vogel (1961) found to be very unusual in
beringei. Even more remarkable is the finding that the Tsundura troop do not
have the usual short humeri of mountain gorillas. The limb indexes are shown
in the following tabulation:

Index Tsundura No. of skulls Other beringei
Brachial 78.0—-82.3 5 79.2-88.5

Intermembral 117.0-112.6 4 11021175
Femur—humerus 114.6—123.2 4 110.8-117.9

The sample consists of tvvo adult males, two adult females, and a juvenile female.
The similarity to each other of the whole series, including adulrs, suggests a
high level of inbreeding. Whether it applies to gorillas as a whole, or rather
implies an increasing isolation for mountain gorilla troops in recent times, can-
not be decided at the moment.

li.  Ecology

A.  Geographical Regions and Biotopes

Gorillas live in climatically, and hence floristically, very diverse regions. The
nine areas are briefly described below.

1. The main West African area is equatorial rain forest, extending in altitude
from sea level to about 2500 ft on the Cameroon plateau. The average daily
maximum temperatures for the hottest month vary from 90°F on the coast at
Kribi, to 96°F inland at Batouri and Moloundou, and 99°F at Ouesso in the
Sangha river valley; average daily minima for the coldest month do not fall
below 68°F at Kribi or 63°F at Ouesso, but fall to 56°F in the Batouri district.
Rainfall is relatively low (59.7 inches) at Mayombe but rises north along the
coast to 122.3 at Kribi, and falls again to the low 60’s inland; probably more
important is humidity, which at 0600 hours in the wettest months is universally
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94—-98%, but at noonday in the driest months can be down to 45% at Mavombe
and51% at Batouri; at Kribi it never drops below 77%.

2. The Cross River zone lies at an altitude of between 2000 and S000 feet and
it would seem (Sanderson, 1935) that gorillas are most commonly found in the
montane forest belt. Temperatures here seem comparable to those in the Came-
roon plateau region but, in spite of a high annual rainfall of 134.4 inches (at
Mamfe), humidity is low, never exceeding 89% at 0600 in the wettest month
and dropping to 55% at 1200 hours in the driest month. .

3. There is no data at all on the forest near Bondo, but it cannot be too dif-
ferent from area (1).

4. The eastern Zaire lowlands—the “Utu region” of Schaller ( 1963)—lie at
a mean altitude of some 2,000 feet, comparable to the major part of the western
lowlands. The forest type is tropical rain forest. The temperature, rainfall, and
humidity figures very closely match those for an inland locality such as Batouri
except that the average minimum temperature in the coldest month is only
63°F, adding up to a narrower temperature range than most in area (1),

5. The Itombwe massif rises in places to 10,000 feet, but a “‘mean altitude”
at which gorillas are common would be some 2200--2600 m (7200—8500 ft)
where, for example, the type series of graueri were collected. Beyond this, and
the information (Schaller, 1963) that the vegetation is montane forest with
bamboo above 8000 feet, we have no data.

6. Mr. Kahuzi, and nearby Mt. Biega, again montane forest, has been well
described by Goodall (1974) and Casimir (1975b). Gorillas inhabit mainiy the
zone between 2100 and 2400 m (6900—7900 ft). The maximum temperature
does mot vary markedly with the month, averaging 17.9°C (64°F), nor does
the minimum at a nearly constant 10.4°C (52°F). However, rainfall varies
markedly with an annual average of about 1800 mm (72 inches), relative
humidity varying from about 85% at 0600 in the wettest month to only 50% at
1500 hours (not at noon!) in the driest. Therefore, this region never has tem-
peratures as high as in the previous areas listed, although in the coldest months
it is not much colder than they are. It has a rainfall comparable to that of the
Cameroon plateau, and has a narrower humidity range, lower in the wettest
month than in previous areas listed, but comparable, or not much lower, in the
driest.

7. Gorillas seem to inhabit much the same altitudes on Mt. Tshiaberimu as
on Mt. Kahuzi; Schaller's camp was at 8600 ft and Lubero, another gorilla local-
ity, is at 7380 ft. The average daily maximum temperature are around 68°F,
with a minimum of about 52°F; rainfall is about 70 inches per annum and an
average humidity figure is 71% (from Schaller’s figures and from a geographical
handbook). There would seem, therefore, to be little or no difference between
this area, climatically, and Mt. Kahuzi.

8. In the Virunga Volcanoes, gorillas occur from about 8000 ft to the moun-
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tain peaks at over 13,000 ft, but it is clear that their activities center around
9500 to 11,000 feet. Schaller (1963) emphasizes the striking difference between
the three eastern volcanoes (Mrs. Muhavura, Gahinga, and Sabinio) and the
three western ones (Mts. Mikeno, Visoke, and Karisimbi). In the western group,
the bamboo zone extends down the mountainside as far as 7300 feet and up to
9200 feet; in the eastern group, the bamboo zone extends only down to 8500
feet, but up to 10,000 feet. Above this, and up to 11,000 feet (where the alpine
moorland zone begins) in the eastern group is a forest of tree-heath and Hyper-
icum, but in the western group this is reduced to a zone between 11,000 and
11,400 feet, and between 9,200 and 11,000 feet is the remarkable Hagenia forest,
much of which, together with open herb-covered slopes, is prime beringei habi-
tat. Spinage (1972) assigns the Hagenia and bamboo zones to the temperate
climatic zone; here the average maximum temperature is about 60°F, with a
minimum of only 40°F (freezing at night can occur at ground level). The average
rainfall is only 72 inches, while the relative humidity is fairly constantly from
67 to 76%. In between the two volcano groups lies a mountane “saddle” at 8000
to 8500 feet, mostly Qoﬁzm@ in bamboo, secondary herbs and shrubs; here too,
gorillas occur occasionally. In general, then, the Virunga habitat offers the
coldest climate of any gorilla habitat; not the wettest nor the most hurnid by
any means, but perhaps the most constantly damp, the most misty and sunless,
the most marshy, and also the most open.

it is because of the openness of the tree canopy, even in the Hagenia forest
itself, that ground vegetation flourishes, often growing up to 6—8 feet high
and providing abundant forage for gorillas. This is especially so on the more
open slopes of the volcanoes where Peucedanum, and Carduus grow in abun-
dance, and on the forest edges, especially in the saddle area, where nettles and
Galium grow together in profusion. Temperate species of Galium aparinae and
Urtica dioica are commonly thus associated in nitrophilous woodland edge
communities (Passarge, 1967).

B. Feeding Behavior
1. Dietetic Diversity

Schaller (1963) listed the food items he recorded in his seven study areas,
estimating in some cases the relative frequency of usage. Because of the strik-
ing vegetational differences, the eastern (Kisoro) and the western (Kabara)
regions of the Virunga Volcanoes had to be treated separately. Lists of gorilla
food plants from two areas in the Mt. Kahuzi region, Nyakalonge, and Mbavyo-
Tshibinda, have recenily been supplied by Goodall (1974) and for the Bukulu-
misa~Tshibinda area by Casimir (1975b). Goodall's list of 104 species (which
he believes is still incomplete) contains more species than all of Schaller’s
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lists combined. It also contains nearly twice as many as the 56 recorded by
Casimir in the same region. In part, this can be attributed to Goodall's data
on several groups in the Nyakalonge area (mainly primary forest regions) but is
undoubtedly due to a far greater reliance on visual observations to supplement
the restricted, and often misleading, data obtained from trail signs alone. For
example, the Kahuzi gorillas often discarded the leaves of the woody vine
Urera hypseledendron and ate the bark. However, by direct observations, Goodall
was able to see that the leaves are also eaten in large quantities, though not
from every vine—nhence the misleading trail signs. Similarly, Galium spurium
was also identified as being eaten though trail signs often tended to indicate it
was not. Neither of these food items (nor several others—see Goodall, 1977¢),
appear on Casimir’s lists. Other items which Casimir positively identified (from
trail signs alone) as being eaten by gorillas are doubtful, e.g. Preridium spp.
(frequently eaten by Cercopithecus mitis).

Therefore, in view of the little time spent by Schaller in some of his study
areas (particularly, Kayonza forest, Mt. Tshiaberimu, and the Utu lowlands
and his limited oppeortunity for visual observation on feeding behavior), it
would hardly be surprising if long-term studies in these areas revealed many
more food plants of gorillas. Dr. J. Sabater-Pi kindly supplied, prior to publica-
tion, a list of food plants for the western gorillas in the Mt. Alen region (Equa-
torial Guinea). This list contains 91 items and so is almost as varied as the Mt.
Kahuzi list.

In Table I we can see dietary differences between different gorilla popula-
tions, as calculated from lists supplied by the above aurhors. Despite the short-
comings of the lists for some areas, the following general statements on gorilla
feeding habits seem to be valid:

1. When considering all gorilla populations combined, a very wide variety
of different food items have already been recorded (over 200).

2. The range of variety, or dietetic diversity, varies between regions.

3. The gorillas of the Virunga Volcanoes, though their actual diet varies
markedly from the eastern to the western cluster (Schaller, 1963) (Goodall,
19713, all differ from the other gorillas in the following ways: their range of
food items is quite narrow; half their dietary items are herbaceous; they eat
flowers, and more root and bulb items than is seen in other regions; and they eat
far more stems and far fewer leaves.

4. The faur “intermediate montane” groups (Kayonza, Tshiaberimu, Kahuzi,
and Itombwe), although the lists are not all complete, nonetheless do seem to
have dietary tendencies in common in which they differ fromboth Virunga and
true lowland gorillas; they eat many vines and comparatively fewer herbs;
they consume much bark; and they eat more leaves (especially in Kahuzi) than
in most other regions,

Due to the relatively small number of items listed for all groups, except
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TABLE |

Composition of Diet in some Populations of Eastern Gorillas

Alen

Utu

Kabara Kisoro Kayonza Tshiaberimu Kahuzi Itombwe

Visoke

29 27 27 19 118 25 17 93

26

Total plants

Percentage consumed of

19
19
15
44

20 29

24

23
30

38 44 15 26
17 37

10
24

46

Herbs
Vines

18
11
16

11

15
19

16
26

14
14

Shrubs
Trees

41

24

23

11

Grass/sedge

Ferns

12

12

11

Epipyhtes

Percentage Plant parts

consumed

17
12

20

13
50
13
17

16 29 28 18 54
35 36 28

18
22

18
1

27

Leaves

13
29

Bark/cortex
Stem

20
25

27

17

10 13 17

14

18

Pith/medutla
Root/bulb
Flowers
Fruit

10

38

16

10

10

Shoot/bud

~

Whole plant
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Kahuzi, no other differences between the various areas can safely be assumed,
although the apparent heavy utilization of stems by the Tshiaberimu gorillas—
a similarity to Virunga——may be real and could relate to their flaring jaw angles,
in which thev resemble Virunga gorillas.

5. Lowland gorillas, both eastern and western, seem to have some common
dietary preferences: much of their food material is derived from trees; fruit
is prominent in their diet, especially in Mt. Alen, and to a lesser extent shoots
and bulbs; they eat little bark, especially in Mt. Alen.

However, the meager data for Utu (i.e., the eastern lowlands) does not permit
more than this sketchy generalization.

Differences in food items between the various gorilla populations cannot
be entirely explained by the presence or absence of the particular items in the
different regions. Schaller has already pointed out that while various plants
were seen to be eaten by gorillas in one region, several items, although pres-
ent, were not eaten by the gorillas in other regions. He suggested that these were
“cultural differences” in feeding habits. Goodall (1974) found similar differen-
ces between the Kahuzl gorillas and other populations. However, he also re-
corded differential importance of some food items, e.g., Galium, a major food
itemn in Virunga, is only a minor food item in the diet of the Kahuzi gorillas.
Similar differences were seen with Vernonia shrubs and various epiphytic ferns.
Evidence was also found to indicate that such differences in feeding habits
existed between neighboring groups living in adjoining areas of the Kahuzi
region and even extended to the level of individual differences within a single
gorilla group.

2. Selectivity of Food Items

Attempts to interpret the selection of food items in terms of energy and
protein values (Goodall, 1974), and protein quality in terms of various amino
acids, together with various mineral contents (Casimir, 1975b), showed no
definite correlations with any of these factors in respect to plant parts eaten
as opposed to those rejected. Goodall showed that the Kahuzi gorillas could
obtain ample supplies of energy and protein from their strictly vegetarian diet.
This diet could also supply all of their water requirements throughout the
year (although several animals were seen to lick “dew” from leaves, and trail
signs on several days indicated that animals had been drinking from a small
stream). However, he found that many items with low gross energy and pro-
tein values iespecially barks) were also eaten in large quantities. Since the
digestibility of such high fiber content foods is low in the nonruminant gorilla,
he came to the conclusion that they were actually eaten for their beneficial
physical action in the gorilla’s gut. This seems to be confirmed by observations
of the dung of the Kahuzi gorillas. When they are feeding on a variety of food
items their dung consists of a number of discrete lobes which are usually atta-
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ched o each other, rather like “popper beads,” in a long chain. It is the long
fibers of barks, such as Urera hypselodendron, which join up the lobes. When the
gorillas are feeding only on bamboo shoots and the bases of Cyperus leaves their
dung is a shapeless, watery mass.

Other factors which could possibly influence selectivity were noted by
Goodall also found that most of the Kahuzi foods tasted extremely bitter but he
shape, size, and texture, requiring varying degrees of preparation necessary
for their ingestion. Thus choice was not always confined to the most tender, the
most succulent, or the easiest item to ingest. Nothing is known of the influence
of such factors as taste or odor of plant parts. Schaller (1963) pointed out that
most of the gorilla foods have a bitter taste (to man). He saw no incident in
which a gorilla raised an object to the nose and definitely seemed to smell it.
Goodall also found that most of the Kahuzi foods tasted extremely bitter but he
suggested that the sense of smell may be much more important to gorillas than
Schaller indicates—both in its social functions and possibly in the detection
of young bamboo shoots below the grounds. He saw many incidences of gorillas
smelling strange objects, especially clothing or other items belonging to him—
even his boots and his head! Often the gorillas first touched strange objects with
their fingers and then sniffed these.

The role of “plant secondary compounds” in influencing the selectivity of
food items by herbivores has recently been emphasized by Freeland and Janzen
(1974). They point out that the production of such compounds by the plants is
an impottant process which has evolved as part of a “defense” mechanism
against being eaten by herbivores—a point often overlooked by zoologists.
According to these authors, a generalized herbivore, in order to avoid poisoning
ot physiological damage by plant secondary compounds, should

1. Treat new foods with extreme caution.

2. Be able to learn quickly to eat or reject particular foods and need only

to ingest minute quantiries to do so.

3. Have the capacity to seek out plants containing highly specific classes

of nutrients.

4. Have to ingest a number of different staple foods over a short period of
time, and simultaneously indulge in a continuous food sampling pro-
gram
Preferentially feed on the foods with which they are familiar and to
continue to feed on them for as long as is possible.

6. Prefer to feed on foods that contain only minor amounts of toxic plant

secondary compounds

7. Have searching strategies and a body size that neither maximizes the

number of types of foods that are potentially available nor maximizes
the total—but rather compromise between these two functions.
They also point out that the ability to detoxify different plant secondary

£
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compounds varies between individuals and is under genetic control.

Thus, in order to try and interpret the differences in diet between different
gorilla populations, we have to start from the position of the individual anirna)
(Goodall, 1977¢). Under such influences and constraints as local abundance and
availability of potential food items (Levins and MacArthur, 1969) and its own
ability to detect and/or detoxify various plant secondary compounds (Freeland
and Janzen, 1974) each animal chooses its own diet. Many animals have been
shown to be able to select a diet of adequate nutritional value and quality
(Harriman, 1973). Other secondary factors, such as the beneficial action oflong
bark fibers, like Urera, in the gut may also influence the choice of some food
items (Goodall, 1974). Thus the final range of items eaten by the individual
can be seen to be a compromise between a multitude of such influential factors.

Even further influences on selectivity are possible within the social nexus
of the goritla group. It has been shown that the choice of individual animals can
be influenced by the choice of others (Itani, 1958). Many animals, especially
during early stages of ontogeny, can learn which items are food from con-
specifics, particularly in social mammals (Kawamura, 1959). Therefore, depen-
ding upon its own ability to deal with any plant secondary compounds which
may be piesent, the young herbivore can then incorporate such items into its
own diet. One could also expect selection to favor some degree of individual
variation in feeding habits because of its role in reducing competition between
group members for various limited resources. Thus the “optimal diet” of in-
dividuals may be polymorphic.

It is then clear that the food repertoire of a social group is the result of the
interactioa of the choice of individual members. This will be perpetuated by
group tradition yet allowing for the incorporation of “new” food items by
individua “initiators.” In these terms it is now easy to explain the cultural
differences of Schaller, for the emphasis of each of the component influences—
both genetic and environmental—will vary not only from region to region but
within regions. Such behavior has obvious advantages to long-lived, social
animals inhabiting changing habitats, for it not only enables them to exploit
short-term abundances but to take advantage of long-term changes—a beauti-
ful example of evolutionary adaptability on the part of what Ardrey (1961)
unfortunately calls a “sorry paradox of incongruities on the road to extinction’!

Thus while further research on all gorilla populations will undoubtedly
reveal many more food items, the general pattern is now clearly as follows:

A “staple” component of the diet consists of four or five species as ex-
emplified in the Virungas by such species as Galium simense (whole plant), Car-
duus afromontanus (leaves, stem, and flowers), Peucedanum linderii (peeled stem
and root pith), Urtica massaica (leaves), Laportea alatives (leaves), and various
epiphvtic ferns Polypodium sp. (whole plant). In the Tshibinda-Kahuzi region
the “staples” are Urera hypselodendron (leaves and bark), Basella alba (leaves),
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Taccaza floribunda (leaves and bark), and Lactuca {many species) (leaves). In the
Mt Alen region “staples” are Afromomum (many sp.) {fruits, shoots, and pith)
and Musanga cecropioides (fruits, leaves, buds, and shoots).

2. “Specially preferred” food items often with a restricted and localized dis-
tribution and requiring extra energy for their collection and/or preparation
include: eg., several semiparasitic species of Loranthus (leaves, bark, and
flowers) in the Kahuzi region, together with Galineria coffeioides (pith), Coffea
sp. (leaves), and many species of Ficus (bark, especially cambium laver). In the
Virungas, similar items would be Vernonia adolphi-frederici (pith, flowers, and
bark), Lobelia wollastonii (pith), and possibly a species of bracket fungus (Gane-
derma applanatum) which Fossey and Harcourt (1977) report as being the sole
food item over which they saw “squabbles.”

3. "Seasonal items” are plants or plant parts which are eaten in large
amounts, sometimes as staples, when seasonally abundant, e.g., in Kahuzi,
Arundinaria alpina (shoots), Myrianthus holstii (fruits), Syzygium guinense (fruits);
in the Virunga region, Arndinaria alpina (shoots) where present, Pygeum afri-
canum (fruits), and Rubus runsorrensis (fruits). i

4. "Occasional” food items are sometimes chosen. In Virunga, such species
include Hagenia abyssinica (bark) and Hypericum lanceolatum (bark and rotten
wood); in Kahuzi a much wider range includes such species as Piper capense

{leaves, cortex, and stem), Hagenia abyssinica (bark and pith), and Hypoestes sp.
(leaves).

5. "Very rarely” eaten items (or perhaps newly sampled) is the final category.
Again many species in Kahuzi include Brillaniqisia (several spp.) (leaves),
Sericostachys scandens (leaves), and Eucalyptus sp. (bark); in Virunga, Senecio
alticola and S. erici-rosenii (pith and rotten wood) together with such strange
itemns as Senecio trichoptyrygius (dead leaves and pith of dead stem), and Lokelia
gibberoa (pith of dead stem) are chosen.

Such a pattern of feeding behavior clearly illustrates the predictions of
Freeland and Janzen mentioned above. Any differences between the gorillas of
different regions could have implications for conservation plans, for example,
are the gorillas of some regions “better fed” than those in other regions? Are the
Virunga gorillas—with their apparantly narrow dietetic diversity —any
worse, or better, off than the Kahuzi gorillas who have a very wide dietetic
diversity?

Before such questions are discussed in relation to the general ecology of
particular populations, two further anomalies regarding the diet of free-living
gorillas can quickly be elucidated here. First, while data from some areas now
indicate that some gorillas ingest some amounts of animal matter {Fossey,
1974; Sabater-Pi, 1966, personal communication), Goodall (1974) have shown
that the Kahuzi gorillas, at least, can obtain ample energy and protein from an
entirely phytophagous diet. It seems more likely therefore that the small
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amounts of animal matter ingested are eaten for their Vitamin By, Value and
not for their protein content alone. Second, although Goodall saw free-living
gorillas in Beth Virunga and Kahuzi drinking, his analyses of the water content
of many gorilla food items from the Kahuzi region showed that this would
generally be sufficient to maintain the gorillas in warer balance. However, it
would not necessarily preclude any animals from drinking free-standing water,
especially inthe dry season.

C. Ranging Behavior

1. General Foraging Behavior

Although the gorillas of the Virunga region climb cautiously to collect such
food items as epiphytic ferns and various fruits and some flowers, they are
mainly terrestial feeders. In contrast to this, the gorillas of Goodall's main study
group in the Tshibinda—~Kahuzi region were seen to feed in every conceivable
position from sitting on the ground to hanging in the trees suspended by one foot
and one haad, partly upsidedown, and anything up to forty meters above the
ground. A marked vertical distribution of feeding habits was usually observed
within the group (especially in secondary forest) with the largest silverback
teeding on the ground and many of the group feeding at varying heights above
him. However, when feeding on the leaves of semiparasitic Loranthus Sp.,orthe
fruits of Myranthus holstii and Syzygium guinense, all animals were seen to climb
confidently, rapidly, and expertly. Even the largest silverback, who must have
weighed at kast 200 kg (440 Ib), was frequently seen to climb over 20 m high,
even amongswaying, hanging vines. A slightly smaller adult male was an excel-
lent climberand was invariably found feeding above ground.

It was qute obvious that the main causes of such differences in climbing
behavior between the two gorilla populations were to be found in the differences
in vegetatioral types present in the two regions and thus the distribution of
available forage for the gorillas. In the more open vegetation of the Virunga
region succelent herbs and vines grow in profusion at or near ground level.
The shrub layer is limited or even absent in places and so too are trees from
many of thesteeper volcanic slopes. Woody vines are small and few in number
with very restricted distribution,

In contra¢ to this, vegetation types of an exiremely wide variety of physio-
gnomy were found in the Kahuzi region: open swamps, herbaceous meadows,
old tangled secondary regenerating forest with many different lavers intercon-
nected by imumerable vines, and, finally, mature primary montane forest with
high canopits and sparse ground cover. Thus, the forest world of the Kahuzi
gorillas offess @ much more three-dimensional habitat and therefore a wider
variety of reources for exploitation by generalized quadrupedal climbers.
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2. Range Utilization

The overall home range sizes of two gorilla groups in the Kahuzi region, about
30 km?, was found to be far larger than any recorded in the Virunga Hmmmo\s
[Goodall (1974) and data from Schaller (1963} and Fossey (1974)]. Casimir's
study group in the Bukulumisa—Tshibinda area of the eastern Kahuzi region
also had a similarly large home range (but this included incorrect data—see
Goodall, 1977a,¢). On the basis of very meager data, Jones and Sabater Pi (1971)
quote home range sizes for the western gorillas of two study areas as “averaging
from 5.6 to0 6.75 km2."”

Regarding home range utilization by eastern gorillas Schaller wrote “except
for bamboo, gorilla habitats throughout the range show no conspicuous seasonal
differences in the abundance of forage . ... The only generalization regarding
movement which can safely be made are that gorillas travel continuously within
the boundaries of their home range and that they appear to arrive in a certain
section of their home range at irregular intervals.” While this appears to be
largely true of the central Virunga gorillas (with possible exceptions when
Pygeum africanum is in fruiv), totally different patterns of home range utilization
were shown by Goodall’s main study group in Tshibinda—Kahuzi.

The study area in this region was a mosaic of eight vegetation types, namely,
four primary forest types and four secondary forest types—with many forms
of cultivation along the entire eastern boundary (Goodall, 1974).

Over 68% of the main study group’s home range area consisted of secondary
vegetation types and the remainder of primary. Some of the vegetation types, es-
pecially Bamboo and Cyperus swamp, were very localized in their distribution
about the home range while, in contrast, the open secondary forest types were
widespread, especially in the eastern section.

A detailed analysis of the daily routes taken by the group throughout a 7-
month period (which included parts of two rainy seasons and the intervening
dry season) showed that considerable changes occurred in the utilization of
different parts of the home range. The group (1) covered different lengths of day
journeys in different months; (2) visited some areas at different times ofthe year;
and (3) visited some areas more than others.

Their patterns of home range utilization can be summarized as follows. The
day journeys during the wet season months of April, May, and early June were
not extensive (X = 596 m) and were mainly restricted to localized areas of open
secondary regenerating forests. However, with the advent of the dry season in
mid-June, and the corresponding decrease in both the abundance and regenera-
tion of food plants (especially vines) in the exposed secondary forest areas, the
main group were observed tosignificantly increasethelength of the day journeys,
the total number of visits, and revisits to various quadrats. This behavior was
also correlated with the seasonal appearance of the fruits of Myrianthus holstii
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which were eaten by the study animals in vast amounts during this time. The
mean day journey distance for July/August was 1240 m./day.

As the fruiting season of this species came to an end in early September, the
new vegetative shoots of bamboo (Arundinaria alping) were appearing above the
ground in increasing numbers in the localized stands of barnboo forest. The be-
havior of the gorillas at this time showed significant increases in dav journey
length (X = 1519 m./day), and increases in the revisiting of localized areas of
bamboo. Large amounts of the fruits of Syzygium guinense and the basal parts of
Cyperus latifolius were eaten near the end of October from the localized concen-
trations of these species which occurred in or at the sides of the swamps and near
the bamboo forest. Day journey-length decreased significantly during October
(X = 1180 m./day). While overall monthly range size decreased during Sep-
tember, and again in October, the number of revisits to bamboo areas increased.

The nesting habits of the gorillas were not found to influence their migrations,
for the gorillas generally nested wherever they happened to be feeding near
nightfall. They used whatever vegetation wasavailable in the immediate vicinity
Lo construct nests unless they were in either Cyperus swamps or pure stands of
bamboo, in which case they would travel to the mixed forest interface to nest.
Thus there were no permanent, or even regularly used, nest-site locations, nor
were any particular types of vegetation used exclusively for the construction of
individual nests.

By November the open secondary forest areas had an abundance of new
growth after the late rains and almost all the traces of heavy feeding by the main
study group earlier in the year had disappeared. Accordingro Adrien Deschryver
(personal communication), Conservator of the Kahuzi~Biega National Park, the
main study group moved back to these areas by December, thus repeating the
annual cycle which, according to the most experienced pygmy tracker, has been
the same pattern during the 15 years or more he has been hunting gorillas in this
area.

D. Nesting

Schaller (1963) was the first to record differences in night nesting patterns be-
tween different populations; since then his observations have been extended by
Jones and Sabater Pi (1971), Goodall (1974), and Casimir (1975a), Of nests seen
by Schaller inthe Kabara region, 97% were on the ground while the figure given
by Goodall forthe nearby Visoke gorillas is just under 90%. These figures contrast
strongly withonly 78% in Nyakalonge-Kahuzi, 54% in the Kayonza forest, 46%
in Tshibinda-Kahuzi, 45% at Kisoro, 33% on Mt. Tshiaberimu, and only 22%
in the Utu lowlands. The reasons for such differences are undoubtedly related
to the verticaldistribution of suitable nesting material. The nest height data from
the two Kahu regions were significantly different {(p = <0.001 chi-square, in
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Goodall, 1974). The many strata in the mixed secondary/primary forest of Tshi-
binda—Kahuzi offered more suitable opportunities for tree nesting than the
mature primary forest regions near Nyakalonge, where on several occasions the
whole group slept on the ground without making nests at all. On each occasion,
suitable nesting material was only a very short distance away.

A fturther character varying in an interesting way is the presence of dung in
the night nest. At Kabara, 73% of nests contained dung which had been slept on
by the animal during the night (the dry fibrous dung of gorillas does not stick
to the fur and is, therefore, not likely to provide a focus for infection); at Kisoro
this occurred in 82% of the nests, giving a high figure for the Virunga Volcanoes
as a whole Schaller (1963). This contrast with figures of 14.2% for Tshibinda —
Kahuzi, 2.4% for Nyakalonge—Kahuz (Goodall, 1974), about 10% for M.
Tshiaberimu, Kayonza, and Utu (Schaller, 1963), and 8.7% for Bukulumisa—
Kahuzi (Casimir, 1975a). Jones and Sabater Pi found 30.7% of nests not soiled
with dung, 26.1% had dung present outside the nests, and 43.2% were soiled with
dung (they do not specify whether this was slept on or not).

Unlike the differences in nest heights, these differences cannot be so easily
explained by differences in local habitat—although differences in diet could
well affect the feces and, therefore, make them more, or less, likely to be slepton.
Again there were significant differences found between the neighboring gorilla
populations in the Nyakalonge and Tshibinda areas of Kahuzi (Goodall, 1974).
It was quite clear that many of the Nyakalonge gorillas defecated well outside
thelr nests, especially the silverbacks. Individuals in Tshibinda—Kahuzi were
seen to deliberately place their rump outside the nest rim before defecating. It
is, therefore, suggested that such differences in defecating habits, like those in
feeding habits, are cultural differences. Similarly, these differences exist not
only between populations living in widely separate regions but also between
groups living in the same region and even between individual members of the
same group. As to the reason for the apparently unsanitary habit of the Virunga
gorillas in consistently sleeping on their dung, explanations involving amount
of dung or frequency of defecation are unconvincing. The Kahuzi gorillas defe-
cated much and often but mainly carefully outside their nests. Goodall (1974)
suggests that the dung of the Virunga gorillas is deliberately used to line their
nests and thus insulating the occupant against the subzero ground temperatures
at this altitude. This is completely unnecessary at lower altitudes and has, there-
fore, not been included into the cultural repertoire of these populations.

The remarkable claims of Jones and Sabater Pi (1971) regarding the orienta-
tion or gorilla nests in order to receive maximum benefit of the sun at dawn was
not substantiated by considerable investigation into the nesting habits of both
the Visoke and Kahuzi gorillas by Goodall (1974).

Jones and Sabater-Pi's claims appear to be based solely on finding more nests
on either flat or eastern and southerly facing slopes as opposed to those where
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the terrainwas exposed to the north and west. However, they have not discussed
the distribution of suitable nesting material in relation to ground slope, ground
slope itself, the positioning of individual nests with regard to the rising sun, or,
finally, the time of rising of the gorillas in relation to the possible time the rising
sun illuminated the individual nests. Perhaps more surprising, Goodall also
found no general correlation between the location of gorilla nests and the availa-
bility of sutable shelier from the elements, though again individual gorillas
differed.

E. Group Size and Composition

Differences in social organization between gorillas in different habitats have
long been noticed by observers. Blancou (1951) stated that, in West Africa, coast-
living gorillas live in small family groups consisting of a male, one or two fe-
males, and several juveniles, while those of the interior live in much larger
groups: a typical group would contain one male, four adult females, and eight
to ten juveniles or subadults. Schaller (1963) quotes records of group sizes from
the literature and gives his own observations, and tabulates (in his Tables ] 9—
20) available data on group composition; data of Kawai and Mizuhara (1959)
and Fossey {1972) are in quite good agreement with his results.

To the nearest integer, the mean for group size for the data both of Schaller
(1963), based on ten counts, and of Fossey (19723, based on six counts, and ex-
cluding the rather peculiar group VIII, is 17 animals at Kabara and Visoke; 7 at
Kisoro (Schaller, 16 counts); 9 in the Kayonza forest, (Schaller, 13 counts); 9on
Mt. Tshiaberimu (3 counts); 11 on Mt. Kahuzi [Schaller, 1 count; Casimir (1975),
I count; Goodall (1974), 6 counts]; 13 on the Itombwe mountains (Schaller, 1
count); 12 in the Utu lowlands (Schaller quoting Cordier, 9 counts); 7 on M.
Alen, Rio Muni (Jones and Sabater Pi, 1971, 8 counts): 6 in the Abuminzok—
Aninzok region, Rio Muni (Jones and Sabater Pi, 1971, 5 counts); and about 8
in other West African records (Schaller, 6 countrs). Thus, the western volcanoces
tend to havelarger groups than elsewhere, the intermediate mountains follow,
and the West African lowlands have much smaller groups. Oddly, the eastern
volcanoes, ¥ayonza and Utu, for all of which there seems to be good counts, do
not fit into the picture: Utu has larger groups than in West Africa, and Kisoro
and Kayonz have comparatively small ones. Precisely what all this may relate
to is unclear. It should be pointed out, however, that all counts have a wide
range with maxima of twenty or thereabouts in all areas for which numerous
counts are available, except West Africa where the maximum is twelve and
minima of wo or three except at Kabara, where the minimum is five. There
are difficulties in making consistent accurate nest counts in some forest areas
since some iree nests can easily be overlooked or, as seen in Kahuzi, some ani-
mals may net make nests at all. Any real and consistent differences will only
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become clear when sufficiently accurate surveys are performed in many dif-
ferent regions.

Group composition also varies from place to place. Here the data are sparser
than for actual sizes of groups: Schaller records composition analyses for six
West African groups, six each from Kayonza and Kisoro, and ten from Kabara
(plus three from Uty, one for [tombwe; too little to be meaningtul). Of other
authors, only Fossey (1972) and Goodall ( 1974) break down group membership
(for six groups on Mt, Visoke, ini the western volcanoes like Kabara, and six
groups in the Kahuzi region, respectively). It would seem (Table Iia) that the
number of silverback males varies from 1 or 1.5 per group in the lowland and
intermediate areas (and Kisoro) to around 2 per group inthe western volcanoes.
As a percentage of the group, this means that the latter have fewer silverbacks
than elsewhere. The number of blackback males is, however, greater relatively,
as well as absolutely, in the western volcanoes, although West Africa also has
a high percentage. Relative to the number of silverbacks, the number of black-
backs is much greater in the former, but relative to the number of females West
Africa again has as high a tally as Kabara and Visoke. The significance of this
isthat males tend to leave their groupsand wanderalone, sometimes with ajuve-
nile in tow. From Schaller’s data, only one male per group would seem to be
permanently associated, such that Itani and Suzuki (1967) refer to the gorilla
group as fundamentally a one-male group. The “extra’ males may associate
with a given group for a long time or may spend most of their livesalone, travel-
ing with one group or another for only a few days at a time. Since the silverbacks
form the bulk of the solitaries at Kabara and Visoke, we may hypothesize that
either (1) a wandering silverback has less tendency to associare with groups in
the western volcanoes than elsewhere, or (2) more blackbacks g0 wandering
at Kisoro and Kayonza: (3) age-specific male mortality could also have some
bearing on this: Schaller {p. 100) infers that sexual maturity could be a time of
higher mortality in males: and (4) there is the possibility that males in different
gorilla demes acquire silverbacks at different ages so that, for example, there are
more blackback males at Kabara simply because the silvery color develops later
than at Kisoro. However, the total 8roup sex ratio still varies, so the last two ex-
planations cannot be the entire story.

Dian Fossey's (1972) group VIII, consisting of two silverbacks, three black-
backs, and an aged female, who larer died, leaving an all-male group, is so far
quite without parallel in published gorilla studies.

It must also be observed that in the East Alfrican populations the ratio of adult
females to young (infants plus juveniles) is quite constantly 1:1.2—1.5 (see
Table 11). Since this is a criterion of reproductive success, we will return to these
figures later. Unfortunately, as yet there is little known ofactual group dynamics
over any considerable period of time, with the possible exception of the Visoke
population.
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TABLE i

Troop Compaositions in Different Areas
{a} Prior to 1970*

Western Africa Kayonza Kisoro Kabara Visoke
Absolute number per troop
Silverback male 1.5 1.2 1.0 1.7 2.0
Blackback male 0.8 0.3 0.3 1.5 2.3
Adult female 3.0 1.8 2.3 6.2 5.8
Juvenile 0.7 1.5 0.8 2.9 3.3
infant 1.5 1.3 2.3 4.6 3.2
Percentage composition
Silverback maie 20.0 18.9 14.6 10.0 12.0
Blackback maie 111 5.4 4.9 8.9 14.0
Adult female 42.2 29.7 34.1 36.7 35.0
Juvenile 4.4 24.3 12.2 17.2 20.0
Infant 22.2 21.6 34.1 27.2 19.0
Infant + juvenile 26.6 45.9 46.3 44.4 39.0
Troop composition ratios
Blackbacks per silverback 0.5 0.256 0.3 0.9 1.15
Silverbacks per female 0.5 0.65 0.4 0.3 0.3
Blackbacks per female 0.3 0.2 0.1 0.3 0.4
Adult males per female 0.8 0.8 0.6 0.5 0.75
Juveniles per female 0.2 0.8 0.35 0.5 0.6
Infants per femaie 0.5 0.7 1.0 0.75 0.6
Infant + juvenile per female 0.7 1.5 1.35 1.25 1.2
(b} in 1971/1972°%
1971 1972
Total
Sabinio +
Ngezi Muside Kabgende saddle Muhavura Sabinio Karisimbi Kahuzi
No. Juveniles 2 0 2 4 1 4 2 14
No. infants 3 1 4 8 2 1 2 13
Total no infants + juveniles 5 1 6 12 3 5 4 27
No blackbacked adults 14 7 8 29 6 14 7 35
No. aduit females if
female: BB male ratio is
1:0.1 {like Kisoro) 12 6 7 25 5 12 6 32
1:0.4 {like Visoke) 10 5 6 21 4 10 5 25
Juveniles per female
Low 0.2 0.0 0.3 0.15 0.2 0.3 0.3 0.46
Juveniles
High 0.2 0.0 0.3 0.15 0.3 0.4 0.4 0.56
Infants per female
Low 0.25 0.2 0.6 0.3 0.4 0.1 0.3 0.41
High 0.3 0.2 0.7 0.4 0.5 0.1 0.4 0.52
Infants plus juveniles
female, low 0.45 0.2 0.9 0.5 0.6 0.4 0.6 0.84
Female, high 0.5 0.2 1.0 0.6 0.8 0.5 0.8 1.08

?Source: Schaller (1963); Fossey (1972).
2Source: Harcourt and Groom {1972): Groom (1973); Goodall {1974).

“Pius two unidentified: one was an adult of unknown sex.
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F. intergroup Relations

Fossev (1972) shows that the hoot-series, commonly followed by nrmm.?..cmm?
ing, function in intergroup communication. This occurs more specifically
berween the silverbacks of two groups, or between a group male and a lone male.
On Visoke if the comminucants are close, the chest beats are more liable to be
replaced by ground-thumping or branch-breaking (vocal plus visual AE%SS
or by vegetation tearing or a sideways run (visual display alone). ,E.cm lays to
rest once and for all, one would hope, the old superstitions of the gorilla chest-
beating in rage when abouwt to attack, etc. . .

According to the general view, the group is the highest level of gorilla moﬂm:
organization. However, careful reading of Schaller’s book (pp. 124—1 vaW and in-
spection of ks maps, suggest the possible existence of local SEEEED.& com-
bining several groups. Alinedrawnbetween Kabaraand Rukumiapproximately
separates the ranges of groups IV, V1, and VIII from those om.mﬂccmm 1L :.b v,
VI, and XI; indeed, only group VI crossed this boundary from time 6 time.
Group IX, whose range seemed to be to the further west, only Onnm%osmzm\
entered the sudy area, and so might be thought of as representing a third _Cmm_
community. All the intergroup interactions reported are between groups of the
same comumgity. Although group V1, as stated above, did range into Ew area
occupied by the other putative community, no approaches with any group in the
latter area were recorded.

Lone males seemed, from the evidence, to associate preferentially with a
particular greup, but in any case always withinone orother community. Schaller
describes the arrivals and departures of “the Lone Stranger,” who would at
times associate with groups IV or VI. If we include the solitaries whose wander-
ing areas are described, the western community would have at least 68 mem-
bers; the eastern one, would have 77 members. .

This comupunity organization, if substantiated by future research, would link
the social omanization of the gorilla to that of the chimpanzee. Z._mraﬁ 1968)
describes these local communities (he calls them unit groups) in the chimpan-
zees of the Mahali mountains, and compares them with other regions. The com-
munities mav number as many as 80 animals, and are generally of Em.oamﬁ of
60 or so. Interunit group relations are characterized by avoidance, with moﬂm
“subordinate” to others. Their ranges are largely separate, but overlap. The B.mE
differences fom gorillas lies in the unstable nature and constant mm.mao:?:m
of the compenent subgroups. When two groups of a community of moz:mm Emw.ﬁ
they may asociate and even nest together for a night, @E.ob mm.@m.BDD.m ‘z is
widely beliered that they always rearrange themselves into their original
groups; ther is almost no exchange between the &mmnm:ﬂ. groups. However,
there is evidence of several possible cases of females transferring from one group
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to another in Schaller's book, and in Kahuzi Goodall found widely varying nest
counts in some areas which were indicative of some group rransfers——cven if
only temporary in nature,

IHi. Conservation

A.  Population Size and Recruitment Rates

Unfortunately we have little accurate information to say exactly how endan-
gered the eastern gorilla is in terms of absolute numbers. The only general survey
and census so far conducted (Emlen and Schaller, 1960; Schaller, 1963) esti-
mated the entire population size to be between 5,000 and 15,000. The wide range
of their estimates reflects the many difficulties in conducting accurate, short-
term census work on forest-living primates. Although even the lower estimate
may not be considered alarming by some for such a long-lived animal, two
further facts must be considered: (a) The actual distributien of eastern gorillas
within their total range of 35,000 square miles (90,650 km?) is most uneven.
Schaller and Emlen found that gorillas were concentrated in some SIXty more or
less isolated pockets of forest which varied in size from 10 to 200 square miles.
In addition, the degree of isolation of these pockets varied greatly, some being
as little as 2 miles apart while others were over 30.(b) The sizes of some of these
“pockets” and their gorilla populations are being reduced, drastically in some
regions. In others, their floristic composition is being altered.

Most eastern gorillas live in Zaire—a most fortunate locality in many res-
pects for in this country there are already seven National Parks. Three of these
incorporate territory occupied by gorillas: the Virunga Park (8000 km?),
Kahuzi-Biega (600 km?), and Maiko (10,000 km?), the latter being a new park
covering part of the great Forest of Maniema in the Uty lowlands where the
bulk of the P.g. graueri population lives. No recent reliable information is
available about the status of these animals. According to Deschryver (personal
communication) gorillas were being killed by local people in the Walikali
region because of their alleged raids on local crops. It is not known how ex-
tensive are such killings.

The Trombwe mountains are not included in any reserve. Verschuren (1975}
reports that the high peaks are intact bur there is much erosion due to over-
grazing by domestic stock. There is an obvious need to place some kind of
conservation order on the area, but since the surrounding human population is
dense, it will need strict and constant surveillance.

The Kahuzi-Biega Park has recently been the site of several reports [Goodall
(1973) and Grzimek (1974)] and scientific investigations (Casimir and Buten-
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andt, 1973; Casimir, 1975a,b; Goodall 1974, 1975). den nu pwﬁ of gorillas in
the park kas been estimated by the ncsmm?m?:,. Adrien Deschryver, as Njocl
500. From extrapolation of population densities in the Z&mxm.rémm and Tshib-
inda areas and consideration of the relative proportions of U:EWQ and .mmnaz.
dary fores within the park, Goodall (1975) favors a lower figure of .mo?.m
GQMEB&M This would give a popularion density of some two to three mw:sﬁm
per km? It must be stressed here that no census has yet been conducted in 13?
region, theugh attempts are being made to get these conducted (Goodall, 1977b).

The ara subjected to more detailed study, the Virunga Volcanoes, was es-
timated t have a population of between 400 and 500 (Schaller, 1963). »&9:,
200 of these were in the vicinity of Schaller's Kabara mﬂc&w area GD area of
30 square miles covering the southern and mmm.ﬁma: flank of ,,.5.. Mikeno and
extending to the foot of Mt. Karisimbi and halfway to Mt. .S%:AS. He hypo-
thesized & least 100 more for other areas in the western section. For the whole
eastern ara of the volcanoes, the Mts. Sabinio, Mgahinga, m.u& QES%CB reg-
ion, he estimated only 40 to 50 gorillas and 50 to 75 in the 8-mile long saddle
between the two sectors of the volcanoes. .

Most of these areas have been surveyed in more recent years by various work-
ers from Dian Fossey's camp on Mt. Visoke. Based on these surveys, mcmmﬁ
(in Goodwin and Holloway, 1974) estimates only 275 m:. the Sﬁmw area .ﬁ%a
volcanoes. Harcourt and Groom (1972) found only 25 in Em saddle” and
Groom (1273) reports 45 on Mts. Sabinio and 3:545@ mE::,m :Sm they .m:n
still declining. The implication is that Schaller’s mmﬁ::m:w for this _«m.,ﬁ.oﬂa
was too bw, especially seeing that, since Schaller's day, mo::m.m have mz:awwﬂ‘
disappeard from Mt Mgahinga, and, as a Emagwmnmﬁnw from the nE_r
Ugandan portion of the volcanoes. In Wﬁ\m:&mmm territory w::.% on <: f‘wo e
is there a really tlourishing population, with over mﬁdw@ mm::.i.m r.:oS:E
exist. However, many of these animals spend large nc:.E:.m of their time ow er
in the Zare section of the park. It is thus clear Em@ with its own covEmmo:
of almost 200 animals, the Zaire section contains by far the mamm?mﬂ mauon_cz
of the endre Virunga stock. Overall the figures give a population density of some

; i er km?
mﬁMM MHMMMJ%:UQ surveys have been done in any other mwmm 55@98@5%%
eastern grillas. Schaller, in May 1959, estimated the population of Mt. Ts nm.
berimu @nacorporated within the Virunga National Park) as c.:? 30—40, m:
noted thit the number was probably decreasing Qc.m to :Cﬁ:dm and rmw:mm
destructign. It is thus questionable whether any still remain. H.rm wAtm.wam
populatien, which he estimated to be between 120 and A:wo animals, is Am:»
unstudied and perhaps relatively undisturbed due to the inhospitable nature

( the terain. .

; %mﬂmw point we can turn to Table IIb, which m:mq:ua 5. assess RQ:::AW@M:
rates by ealculation of adult femals: juvenile and infant ratios. Schaller (1963)
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finds that a female produces an infant on an average of every 4 years. Mortal-
ity is 40—50% in the first 6 years of life (ie, approximately during infant and
Juvenile stages). The infant:juvenile ratio is nearly 2:1 (except in Tshibinda—
Kahuzi where it is almost |1 ), the boundary between these two stages being
about 3 years of age. These data give us a baseline, While it is relatively easy
to assign animals to various age classes during field operations, with the ex-
ceptions of obvious cases such as silverback males and lactating females, sex
determination is much more difficult,

The observations of Harcourt and Groom (1972) and Groom (1973) distin-
guished juveniles from infants, but only rarely were able to differentiare adult
fermales from blackback males. Therefore, for the purposes of calculating female:
young ratio, a way had to be found of assessing what proportion of Harcourt
and Groom's “other adults” are likely to be females. The blackback to female
ratio at Kisoro (Table IIa) is only 0.1:1; on Visoke, from Fossey’s (1972) data,
the ratio is 0.4:1. Therefore, an approximate upper and lower figure for the
number of females likely to be included in the “other adults” is calculated.
Foilowing this, a low and a high ratio of juveniles and infants to adult fernales
Is calculated, together with a total young to female ratio.

Every one of the total young per female ratios for Harcourt and Groom's
(1972) and Groom's (1973) samples are below those for Kisoro, Kabara, and
Visoke, as recorded previously by Schaller and Fossey. This includes.the sample
for the southeast slopes of Mt. Karisimbi, where Groom (1973) considers that
the population is vigorous and healthy. However, it must be noted that, un-
like the Sabinio, Muhavura, and “saddle” counts, this does not represent the
whole population for an area and so may not be truly comparable. The figures
of 1.35, 125, and 1.2 young per female of Schaller and Fossey suggest either
that the birth interval is below 4 years, or that preadult mortality is well under
50%. The comparable figures of Harcourt and Groom, e.g., 0.5 or 0.6 in 197]
declining to 0.4—0.5 (Jow and high, respectively) in 1972 for Mr. Sabinio,
indicates a birth interval much above 4 years, or a preadult mortality above
50% or both, and a declining population [in absolute figures, the Sabinio pop-
ulation appeared to have declined even in 1 year; Harcourt and Groom (1972

estimated 31 to 42 animals the previous year while Groom (1973) counted a
definite 32 in 1972 census].

The number of juveniles in the samples is, as Schaller noted in his figures,
of the order of one-half (or stightly more) of the number of infants in most
of the 1971—1972 census figures. The exception is Mt. Sabinio where, in 1972,
fewer infants than juveniles existed, further evidence for a decline in the birth
rate, or at least in surviving young. Indeed, throughout the census figures,
particularly in the firmer (more reliable) 1972 figure (Groom, 1973), one notes
that the juvenile to female ratio is less critically low than the infant to female
ratio. There is simply no avoiding the conclusion that, as of 1972, the recruit-
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ment rate of gorillas in the eastern Virunga Volcanoes was unnaturally low
and declining.

When the data for the Kahuzi region are compared it can be seen that the
infant and juvenile to female ratio is almost 1:1. The dara as presented hide
some variation which was found within the Kahuzi region itself. The female to
juvenile and infant ratio was lower in the primary forest regions near Nyaka-
,:Emm (1:0.8), while for one group in the Tshibinda—Kahuzi area it was 1:1.2.
According to Adrien Deschryver (personal communication), this latter group
numbered only six when he first contacted it in 1966. Prior to this, there had
been considerable illegal hunting of gorillas for meat by local pygmoid people.
After 1966, regular patrols were made by armed guards in this area of the park
and the gorilla population grew rapidly. It is possible that immigration has
also served to swell the numbers of this and other groups in this particular area.
Thus, at least in the eastern section of the Kahuzi—Biega region, the recruitment
rate is healthy.

B. Threats to Gorilla Populations

While some populations of eastern gorillas may be increasing, such as those
in well protected areas like the Kahuzi—Biega National Park, others are un-
doubtedly declining. This decline is the direct result of three interrelated
factors: A.m,. predation and exploitation, (b) disturbance, and (c) habitat des-
truction. While overall population densities of eastern gorillas are by far the
highest in the Virunga Volcanoes region, this population is declining, espec-
ially in eastern areas where it is occurring at an alarming rate.

UG:: of gorillas caused by other animal predators, such as the leopard
(Schaller, 1963), have probably been minimal in the past and are Ef.n;.‘ to be
even less so in the future, since the leopard itself has virtually been eliminated
from many areas by poachers. However, gorilla mortality caused by local human
populatioas appears to be occasionally severe in some regions, although many
killings go undetected or unreported. Mention has already been E.mmm of the
group of five gorillas which had been stoned to death that Owc&m: found wwm«
WmEEcE in Virunga. Unlike the Utu gorillas which were killed as “pests” or
the Kahwt gorillas which were, in the past, killed for meat, the Tsundura
gorillas (aad others later-—see Groom, 1973 ) were apparently killed 5059\.5
obtain parts of their bodies for “witchcraft” purposes. There also «.mEmEm
the possitility that any young present in groups which are thus mﬂ:%:.m%.m
may be captured and sold to unscrupulous dealers. In at least one other inci-
gaﬂw two young males were captured in 1969 and donated 1o the Cologne zoo by
the ws,mammmm Government then in power, (Fossey, personal communication).
The fate of their mothers and fellow groups members is unknown, but it is
highly prebable that they were killed.
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Gorillas in many regions, both outside and inside protected areas, are sub-
jected to disturbance of varying degrees by human visitors to their forest habi-
tats. Such people come for manv, often illegal, purposes.

. Wood Gathering

This is probably by far the most common source of incursion into gorilla
habitat, especially in areas where other sources of cooking fuel are scarce or
expensive. The visits of large numbers of people over tong periods of time can
casily devastate extensive areas. In this way the boundaries of existing parks
and reserves are quickly eroded. Miniarure sawmills have been found in the
Virunga Volcanoes. Since Hagenia is a very slow growing tree, heavy exploita-
tion of this species would seriously affect the forest. In the south of the Kahuzi-
Biega park, several hectares of forest on Mt Shamulamba, bordering the Lush-
andja swamp, were destroyed by one of several illegal charcoal-producing
industries.

2. Poachers .

Their quarry varies from area 1o area and, in the case of some pygmoid
tribes, can include virtually anything from squirrels to monkeys and even
gorillas themselves. Often bushbuck ( Tragelaphus scriptus) and Red Duiker
(Cephalophus nigrifrons) are the main quarry, especially in the Virunga region.
Goodall once came upon an encampment of some twelve to fifteen poachers
near Mt. Karisimbi, who were about to start a large coordinated hunt. The
antelopes are often hunted with spears, bows, and arrows and are usually
chased to earth by dogs wea ring “cowbells.”. Snares are extensively set in many
areas, and in some cases visited only occasionally. One bushbuck was caught in
two such snares and eventually escaped, after the wires had ampurated the two
trapped feet. In Ruhengeri, such venison was sometimes sold openly from door
to door. An elephant was wounded and chased out of the Virunga park by
poachers in 1970. It died among the shambas where it was left to rot, appar-
ently having been killed for the hairs on its tail—which are sold as “magic
charm” bracelets.

Although no gorilla deaths were apparertly directly caused by poacher's
snares in Virunga, one young infant was found strangled in such a wire noose
by Casimir in the Kahuzi region, (personal communication). Old pitfall traps,
presumably for the giant forest hog (Hylochoerus meinerizhageni), were common
in Nyakalonge—Kahuzi. Fortunately, the gorillas appeared to be able to circum-
navigate these traps with ease. However, even if not the direct quarry them-
selves, gorillas are bound to be harassed or even accidentally killed by poaching
on such vast scales. Worse still, as in Kahuzi in the past and in Virunga today,
they are specifically hunted in some areas.






