e e KAMP-HIL & Bree (1964) reported P. nathusii from seven other localities. Hanak :omwv Population systematics of the gorilla /U/,.

the Swiss plains.
The question as to whether this English capture is a vagrant or part of an overlooked
population is unknown but it seems unlikely that any sizeable population exists in Dorset,

Ectoparasite

One flea was collected from this bat and was ide:tified by A. M. Hutson (Brit. Mus.
(Nat. Hist.)) as Ischnopsyilus variabilis Wagner, a female. This is the first record for Britain
of this flea but P. nathusii is the normal host (Aellen, 1960).

I wish to thank Dr G. B. Corbet (Brit. Mus. (Nat. Hist.)) for his detailed examination of my
figures and descriptions against the British Museum collections and for his most helpful comments
and information.

I should also like to thank Mr and Mrs W. G. Teagle for their hospitality, loan of books and
supply of mealworms.
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(With 4 figures in the text)

The systematics of the gorilla are reviewed in the light of abundant new material, examined
with the aid of techniques of muitivariate analysis. Defects are pointed out in the usually
accepted view that there are two clear-cut subspecies (G. g. gorilla and G. g. beringei); the
existence of morphological intergradation is shown, and an intermediate subspecies, G. g.
graueri, is recognized in addition.
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Introduction

The currently accepted classification of the gorilla recognizes a single species with two
subspecies—a view stemming from Coolidge (1929). The subspecies are the Lowland
gorilla (Gorilla gorilla gorilla Savage & Wyman, 1847) and the Mountain gorilla (G. g.
beringei Matschie, 1903). According to Coolidge the two differ in a series of characters:
the Mountain gorilla has a longer palate, narrower skull, thicker pelage, shorter arms and
longer legs. To this list Schultz (1934) adds considerably, stating that the amount of
difference between the two inclines him to the view that they are distinct species. It may
be noted, however. that many of the distinctions listed by Schultz (20 in all) appear to
be highly interdependent, reducing to a longer and narrower pelvis, shorter limbs (especi-
ally the arms), longer great toe, narrower face and peculiarly curved vertebral border to
the scapula. Finally Vogel (1961) reports that in the Mountain gorilla the toothrow is
less crowded than in the Lowland form, the mental foramen is more frequently muliiple
and is further forward on the jaw, while the genioglossal fossa is more commonly lacking.

The distributions of the two forms are highly distinctive: not only are they separated
by the whole Congo basin, where there are no gorillas. but the Mountain gorilla is found
at altitudes of above 8000 feet, while terrain occupied by the Lowland form is below 6000

21 287



o . - L) . . . DU 2 8 § L5}
extending into neighbouring countries: while that of the Mountain gorilia g given Mom”.
g g S the

mountains of ﬁ,:o Great Lakes region of the Eastern Congo. Uganda and Rwanda
The first intimation that this neat picture might be more complicated than Um.a bee
thought originated from the work of Schaller (1963), who stated ciearly that the bulic ¥
so-called "Mountain™ gorillas live in lowland forests, lying to the west of the Great Lak of -
at altitudes of some 2000 feet—the very height at which the Lowland goriila is most ¢ y .
monly found. Since this brings eastern (“"Mountain™) gorillas closer both mmomnmmi%ﬁ-
and altitudinaily to western (" Lowland”) gorillas, it seemed appropriate to mxmmﬁno s hoed
mens of these eastern lowland gorillas (i.e. the westerly group of the so-called .,iocmﬂwwmw
gorilla) in order to discover whether the differences between the two recognized forms ar
¢ in fact so clear-cut. especially as Coolidge’s biometric technigues have been severel :
w. cized by Haddow & Ross (1951).
The position of Gorilla graueri Matschie, 1914, would also appear to merit new enquiry
This is a form living on the Itombwe mountains, between Mwenga and Fizi in the S.mﬁonm -
; Congo, and which, according to Lorenz von Libernau (1917). has limb-indices similar to
/. G. g. gorilla rather than to G. g. beringei—yet according to Coolidge the name graueri is
¢ a synonym of beringei.
It is towards these enquiries that the present study has been directed, an opportunity
also having been taken to enquire into the possibility of correlations between variations
in the environment and those in the morphology of different groups of gorillas.
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Material and methods

Osteological material

f Visits to 35 institutions in 13 countries in Europe and North America afforded opportunity

i to study a total of 747 skulls of adult gorillas (469 male, 278 female) of accurately known locality,

as well as 105 complete skeletons. The localities at which specimens were collected are from all

parts of the known range of the species, and are listed and depicted in Table A, deposited in the
archives of the British Museum (Natural History): many are from the eastern Congo lowland
forests, the region intermediate between the ranges of the eastern and western subspecies, and -
therefore crucial for present purposes.

Biometrics

A total of 45 measurements was taken on each skull; these are listed and described in Table B,
also deposited in the archives of the British Museum (Natural History). These skulls were clustered
into 19 geographical groupings for males. Females were also represented in 11 of these. Each of
the resulting sumples contained at least 11 skulls, some as many as 30. The geographical locations
of these samples is indicated in Fig. 1. Three of the groups consisted of skulls from single _oom:m.nu
(Ouesso, Ebolowa and Abong Mbang); the others were drawn from several localities within
restricted areas of not more than 100 sq. miles in area. The one exception concerned skulls from
the eastern Congo lowland forests, an area of about 10,000 sq. miles, all of which were noow&
into a single sample.

For each group, means, standard deviations and correlation coefficients wers calculated betweed
each pair of dimensions, using the Atlas Computer at the Institute of Computer Science of
London University; resultant covariance matrices are deposited in the British Museum AZEE& 3
History) archives (Tables C1-67). On the basis of these intercorrelations, measurements of the

includes Lubero, Luofo, Alimbongo, Butembo; 19, Virun

18, Tshiaberimu (12):

(13): includes all localities in Virunga Volcanoes. Additional: A, Kayonza forest (including Kumbi); B, Mt. Kahuzi (including Tshibinda, Mt. Nakalongi).

B

4, Sette Camma {13): includes Fernan Vaz; 5, Mayombe (13); 6, Mambili (13): includes Opa, Bade, Zalangoye; 7, Quesso (20); 8, Nola (11); 9, Youkadout

>

<1G. 1. Geographical locations of the 19 groups of gorillas studied. The name of the chief locality of colfection is followed by the maximal number of shu

studied from that area, in parentheses; important subsidiary localities in the same area are also given.
1, Nigeria (14): includes all Cross River localities; 2, Bipindi (12): includes Campo, Lolodorf, Kribi; 3, Gabon (11): includes Sangatanga, Cap Lopez, Libi

ville
The numbers on the lines between adjoining groups are the mean squared generalized distances between them.

(11): includes Ziendi, Kadei, M'Bimou; 10, Batouri (12); 11, Lomie (24); includes Djaposten, Obala, Meyoss; 12, Abong Mbang (30); 13, Metet (11): incluc
The area comprising the great bend of the Congo, where there are no gorillas, has been omitted.

lowlands; 17, Mwenga-Fizi (11): includes Wabembe, Baraka, Itombwe



o ingle

-sutement was seiected from cach series as being the most prominent anatomic ¥.
i0 resulting craniai measurements were Cranial length, Biorbital breadth, pajy,
utside teeth). Bicanine breadth, Facial height, Postorbital breadth, Biporio breadt
row length, Palate fength and Nuchal surface length. Those on the mandible were Bicopg |
breadth. Ramus height, Ramus breadth, Bigonial breadth, Toothrow length and Breadty mow o
Jjaw body. These were then returned to the computer in their four sections (male crania, m.mama
crania. male mandibles, female mandibles) and subjected to canonical analysis (Rao, Emwa
Finally the canonical co-ordinates (also deposited in the British Museum, Tables Di-4 >
used to calculate a squared generalized distance { D) between all pairs of geographical subgray
(Mahalanobis. 1936). Thi provides @ meusure of overall separation between the chcnm.uq.:mw
techniques are used. and their implications discussed. by (for example) Ashton, Healy & Lipto
1957: Talbot & Mulhall, 1962; Healy, 1964, &

¢ breadsp
h. Tooth.

were

Results

The full results of the D* analysis are deposited in the British Museum (Tables E1-4)
and only an abbreviated version is reproduced here (summarized in Fig. C. The mmE...L
in this diagram are derived from a mean of the four matrices, and records the average
squared generalized distances between geographically adjoining subgroups.

TasLe |

Mean squared generalized distances for gorilla skulls: combined data for males and Jemales, crania and mandibles

Mwengs-
Coast Plateau Sangha Nigeria Utu Fizi Tshiaberimu  Virunga

(1) Western

Coast XXXX

Plateau 342 XXXX

Sangha 2:36 1-87 XXXX .
Nigeria 37 364 276 XXXX

(2) Intermediate eastern

Uty 10-58 7-19 8-98 12-00 XXXK

Mwenga-Fizi 13-97 9:62 12-01 13:39 2-61 XXXX

Tshiaberimu 1832 12:80 17-69 19-91 5-26 2-85 XXXX

(3) Extreme eastern

Virunga 19-35 1427 15-63 1955 8-10 5-78 4-06 XXxx

The pattern of distances thus displayed shows that the subgroups from the western part
of the gerilla’s range fall into four clusters. These are: (a) a “Nigerian™ group (no. 118
Fig. 1); () a Coastal group (nos 2-5}, with which was also closely associated a group from
the Mambili river region (no. 6); (¢) a group from the valley of the Sangha river (nos 7-9):
(d) a group from the Cameroun plateau (nos 10-15).

The remaining samples, from the eastern segment of the range, fell into four groups, of
which the three lying in the more westerly portion (nos 16-18 in Fig. 1) were quite similaf
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19). was distinct. A .
\iean square generalized distances between these eight resultant clusters are presented
Table I This indicates clearly that the intermediate eastern cluster (Utu, Mwenga-Fizi
%& Tshiaberimu) differs from each of the four western groups (Coast, Plateau., Sangha
m:u Nigeriu) by amounts comparable in scale with that separating it from the fourth
,.;(B.ocn (Virunga). Examination. first of the absolute differences shown by the
~ans of individual dimensions. and secondly of the sizes of the associated loading factors
“h al variates, showed that most discrimination was being effected by contrasis
) »pecially fength of toothrow and palate: increasingly large jaws being shown
i the sequence Western-Intermediate Eastern-Virunga. Additionaily, the Intermediate
.m;é% group was differentiated by a longer, narrower face than the other two.

2 v Kahuzi

Tshicberimu

Axis 2

a Virungo

-2 1 s 1 : 1 L I L L I 1
28 29 30 3 32 33
Axis

1. 2. The relative contrasts between geographical subgroups as shown by the first two canonical axes: data

fiom

1ale mandibles.
W, Westerp group; C, intermediate eastern group; A, extreme eastern group; @, isolated specimens from other
ey, B

A similar pattern emerges if the positions of the various groups on the first two canonical
co-ordinates {these contributing maximally to the value of the squared generalized distance)
4r¢ plotted. An example of these results, based on the female mandibles, is presented in
Fiz 2y here the easternmost group (Virunga) is completely distinct; the remaining eastern
“uhzroups forming a bridge between it and the western cluster. The total overlap between
® three major groups (Western, Intermediate Eastern, and Virunga) is not greater than

ur
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- Discussion

\;nﬁcmc:mEi:mm:mm%mmm afozm%mmnan?a&a@:nw?o:rnExo:oﬂsv\om Gorillg gorillg
(as comprising two subspecies), in showing that the eastera group COMPrises twg distingy
divisions. At the extreme eastern end of the range is the group from the Virunga Velcanoes
(topotypes of Gorilla gorilla beringei). while somewhat to the west of this, aithough almost
continuous geographically. is a further group centring on the three districts of ?:
Tshiaberimu (west of Lake Edward), the [tombwe mountains (between Mwenga and ENM.
west of Lake Tanganvika) and Utu (in the eastern Congo iowlands). : !
A further extension to the accepted taxonomy is the finding that within the western
(Lowland) subspecies of the gorilla, samples from different parts of the range do, in fact
show a number of significant contrasts. The question therefore arises as to whether om
not any or all of these additional subgroups should be given distinct subspecific status, as
was done by several authors whose work was reviewed in Coolidge’s (1929) revision.

TasLe II

Frequencies of certain meristic features in gorillu population samples

Per cent with Per cent with Per cent with Per cent with
Mental foramen Infraorb. foramen Mandib. condyle Palate incomplete
multiple multiple bifid behind
(1) Western
Coast 153-5 (120) 567 i{126) 0-0 (120} 23-1 (126)
Plateau 218 (113) 57-9 (159) 117 (113) 21-2(139)
Sangha 252 (56) 62-5 (80) 147 (56) 15-0 (80)
Nigeria 56 (18) 253 (63) 0-0 (18) T 22:4(63)
- 170 506 6-6 20-4
(2) Intermediate eastern
Utu 62-0 (36) 88-1 (40) 429 (36) 2-5 (40)
Mwenga-Fizi 770 31) 100-0 (34) 89 (31) 0-0 (34)
Tshiaberimu 667 (30) 83-8 (38) 391 (30) 0-0 (38)
686 90-6 303 0-8
(3) Extreme eastern
Virunga 919 (37) 74-7 (42) 56:5(37) 0-0 (42)
{4) Others
Kahuzi 66:7 (9) 950 (10) 80:0 (10) : 0-0 (10)
Kayonza 80-0 (5) 929 (10) 460 (5) 00 (M)

The following differences were found to be significant at the § % level of x*:

(1) Multiple mental foramen: all western from all eastern; all intermediate eastern from extreme eastern.

(2) Multiple infraorbital foramen: Nigeria from other western; all western from all eastern; Mwenga-Fizi from
¢xtreme castern.

(3) Bifid condyle: Coast and Nigeria from Plateau and Sangha; all western, plus Mwenga-Fizi, from all other
eastern,

{4) Incomplete palate:

{ western from all others,

=t R TS
species in Coolidge’s sense, with a gap of some 600 mifes v\m?«mm: Eo,wmuan:

f the Lowland goriila and the westernmost extent of .:E :Zo.E.:En form.
his discontinuity. the findings of the present oaﬁo_‘:ﬁnn m:ﬁu\.!m m:n:ommm Hw,.mﬁ
<iine in overall cranial pattern can be made out, extending from the Nigerian group in

m:, <treme west through the Plateau and Sangha groups, thence to the “Mountain
the & =
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F1G. 3. Position of largest opening of mental foramen in the three subspecies of gorilla.

Has of Uty, the Tshiaberimu and Mwenga-Fizi groups from west of the Great hmwmm,
and finally to the easternmost group in the Virunga Volcanoes. The groups comprising
this cline. however, are not, in the morphological sense, equally spaced, the squared
generalized distance between the westerly group of “Mountain™ mon:mm, on the one hand,
and both the Virunga group of true Mountain gorillas together ésv the entire complex .
of Lowland forms, on the other hand, being much bigger than the distances between any
ofthe geographical subdivisions of this latter. A priori, therefore, it might seem appropriate
: r
the name beringei to the Virunga Volcanoes form. .
In order to test this viewstill further, data were accumulated on a number of meristic



0B AT f s Ly oHBIONS 06 the posteranial skeleton, Altention had
ocen drawn to some of these by previous authors (Schultz. 1934 Vogel, 196
cess of defining the Mountain gorilla,

The meristic features, together with contrasts in their frequency of OCCurreng,
listed in Table II. This shows a progressive change in the frequency of og
Multiple mental foramina, Multiple infraorbital foramina, Bifid mandibuy]
Incomplete posterior part of palate, as progressive samples are taken from west to east
across the gorilla’s range. A further analysis showed that, in the case of the 553&58
castern group, in contrast to the other forms, a significant proportion of individugjs ha
four, five or even six openings to the mental foramen. As shown in Fig. 3, j was alsg
found that the biggest aperture of the mental foramen lies on average brogressively more
anterior in the west-to-east series.

Study of the postcranjal skeleton also confirmed the distinctive nature of the geographic-
ally intermediate group of the “Mountain” gorilla. Five morphological indices used by
Schultz (1934) in his study of this form were calculated, the results being summarized in
Table ITI. In the case of the brachial index and the relative lengths of clavicle ang humerys,
there is again a morphological west-to-east cline, while in the case of the intermembyal
index and the relative lengths of femur and humerus, the geographically intermedjate
group shows values somewhat bigger than obtained in the arcas to the east or west of jt,

From a study of 17 specimens (none included in Schultz’s (1934) analysis) it was found
that the length of the great toe, relative to the foot as a whole, was as small in the inter-
mediate group (with the exception of two specimens from M. Tshiaberimu) as in the
western (lowland) complex. This extends Schulitz’s own finding of a contrast between the
two taxa recognized by him, Lowland and Mountain, it having been ascertained that
Schultz’s “Mountain gorilla” specimens, used for all the indices in his 1934 paper, were
from the Virunga Volcanoes or else from M. Kahuzi, and thus not from any of the geo-
graphically “intermediate” areas specially studied in the present paper.

In his 1934 paper, Schultz also described a feature of the scapula as diagnostic of Moun-
tain gorillas (beringei): the vertebral border is sinuous, being somewhat pulled outwards
near or at the root of the scapular spine. In Lowland gorillas, on the other hand, the verte-
bral border was said to be straight, as in man. In the present study, numerous scapulae were
examined from all parts of the gorilla's range; out of 26 of western (lowland) gorillas,
only two showed the slightest trace of a sinuous border, whereas all from the Virunga
Voleanoes and from Mt. Kahuzi showed at least some sinuosity, this characteristic being
very marked in 10 out of 12 from Virunga and three out of four from Kahuzi. Schultz's
distinction is thus confirmed; there is hardly any overlap. In the case of gorillas from the
intermediate area, the vertebral border was found to be as straight as it is in western gorillas,
with no trace of SInuosity in any out of 24 individuals examined from Mwenga-Fizi, in
seven out of eight from Uty, or in nine out of ten from Tshiaberimu: making just two
exceptions in 42 skeletons of the intermediate form,

The precise functional meaning of this scapular form is unclear; it is possible that, as
Schultz himself suggested, it reflects a different attachment of certain muscles, such as
M. rhomboideus or M. serratus anterior. If this is so, then it might be a response to the
broader chest (as seen in the clavicle-humerus index) of the true Mountain gorillas, to
assist in respiration in the thin atmosphere at high altitudes,

In all instances these contrasts, in meristic and postcranial features, are bigger between -

4 already
) In the pro.
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Currence of
ar condyles and

e ey

ne three principal groups of gorilla defined in this study ﬁ_:m.z oEmSm. Ungwms M:memww
B e of the western (lowland) form or between :ﬁmw of the 5836&58. easter grour
Emﬁd ,:\ all findings, and especially the observation that the overlap a“mmgma by the

o wfaqm gmcﬂm:m:. measures is less than 1097, thus supports the conclusion that three
noagvnﬁwoom OHE:.\E gorilla should be recognized, rather than the two that have ormB.QoT.
,ﬁcw%rn_nmﬁ all :o.mm.aomaw since Coolidge’s (1929) revision of the genus. The name ww:ﬁ&g
:mmﬁmm‘mwm%oﬂwn be restricted to the true Mountain gorilla from the region of the Virunga
mu> ~

W

Taree 11

(1) ludices of postcranial skeleton: means and standard errors

Femur-humerus Brachial Clavicle-humerus Intermembral
Sangha e WWMMMMM MMW.V wmmM%w me\ wm.mMo.m Amw :m;\“m 1-2(6)
Tovaberimy 8350800 Boiosig  woiiels  neaiveds
mmawsxmwfan e 3011 (7) 82:8x12(7) 42-1£0-5(13) 115:3+1:0(11)
Mwmmwm; 1146 (2) 80:8+1-0(3) 408+ 11 (4) 115-5£0-5(3)

t ing di ignificant at the 5% level of Student’s r-test.

The following differences were found to be signi | ¢ . Coast

1) Femur-humerus: Extreme eastern from all others except Sangha; Intermediate eastern from Sangha; Coast/
Plateau from Sangha. | Kahuzi

{2) Brachial: Virunga from all other samples except Kahuzi. ) ) i . Tahia.

13) Cla Nnmn.rcam:ﬁ“ Virunga from all others except Kahuzi; Kahuzi from all others except Virunga, Tshia
perimu and Utu: at 109 in latter two cases. .

14} Intermembral: only Virunga from Mwenga-Fizi.

(2) Great toe 10 foot index (as in Schultz, 1934)

Schultz (1934) New data
Western 84-1-86-6 () 8§4:5+0:6 (4)
Intermediate eastern
Mwenga-Fizi mw.wwo.m AMW
Tshiaberimu 89- 2
Extreme eastern , ‘
Virunga, Kahuzi 88-6-88-9 (2) 88906 (4)

s . . o/ 1w 5
The difference between Extreme eastern and Mwenga-Fizi/Western is fully significant at Emvm % level by Student
t

ey,






