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PΙio'Pleistοeene ΙΙippοpοtamidae frοm the Upper SemΙiki

Ρarissis P. Paγlakis

Abstrαct.'T.he.sam-ple size of the fossil hippopotamid material
:::9u9_,.,l in,ιhe Upper SemΙiki is second onl'y ιo b";i;;.'Th;'maJorlιy ol the sample consisιs oΓ weΙl preseived isolaιed ι..ιt'.l ne moSι complete specimens include a mandible Γragmenιedanteriorly to Ρ+ and an opisthocranium. Τhe t*" p..'?ri"i"-
H-exαprotcldon cf . H. imλgunculus in tlre ιusso s';αir;d."'-
Hippopotαmιzs aff. a. αnphibιus in every deposit. τl'" ii.'ttaxon is very similar to Ιi er' imαgunculis Γrom ιhe κaiio 

_

:::iL,1:: '-1 !ε1n9a. However, the taxon Hex' imαgunculus ispoorly sampled at lhe ιype site and at Upper Semliki. Τhe
Ylr.l|:η]iki sampJe is'assigned ιo Hc'x'. cf . u. imigiλ'iutus,\Ν'lιn Heχ. ιmαgunι.ulus.mainιained only Γor ιhe ιype'rrι.riui.'
The second species is-similar 

'to 
Ηip kλisensis uλλ nip. ^_-'

αmphibius. Α study of a sample of cranial and dental
measurΘments of modern Hip. αmphibiι;s (N=34) and the entir"Hip. kαisensis hypodigm showed that the i.no* metric and
::}i:|1. ηoτphological characteristics of n ip. lroiiri^'ir'u."not αιSt1ngulshabΙe at the species level from Ιiip. αmphibius. Ι
l::]Ψ.^1lh. large hippopoiamid form from the'Uppe? s.-rlκi1nto the taxon Ηip. atf . !. αmphibius until furtheiλater;ai anλa major revision of the famiΙf Hippopota-iau. d"fi;iλ.' 

..-'"

P_roper taxonomic status of the ,w;itΘrn Rift Ρlio-Pleistocene
Hippopotαmus taxa.

R6sum6. L'abondance des res.tes d.Ηippopotamid6s provenant
de la Ηaute-Semliki ne le cδde qr'a .δiir'ae Boviddi. LapΙupart sont des dents iso16es biδn conse.ue"s; l. spΞcilen leplus.complet comprend une portion de mandibut" 

"'rt;;i;;;";r'4 eι un opls1hocranium. Deux espθces reprdsenτdes son1H'exαprotodon cf. H. imαgu'nc'ulu, dan, lei Couches d. iurso etHippοpotαmus aff . n. αiplιiυiu.s dans torte ta 
'6ar.;;.. L;" "'

premier taxon est fort semblab1e λ' Hex' imαguncilus de Ιa
ξ9Ι.-.urio, de Kaiso ιUganda). Toutefois lei6chantiΙlδn' 

'ortcΙeΙΙclentS_de part et d'autre. Notre attributioη 11ex. cf.imαgunculus en Ηaute-Semliki ne laisse la d6terminatio n Hex.i'm.αgunι'ulus.qu'aΙ type. La second espδie est sembiable λnιp. ΚαιSenSιs et Ηip. αmphibius. Aprδs avoir compard lescaractδres dentaires et crλniaux ae sq Hip. αmphibius
specimens λ ceux de Ι,hypodigme total ai uiρ.'lcαisensis' nousjugons-que les deux espδδes, i'en ront qu'une, tant d,aprδs lescaracιdrisιiques m6ιriqueS que non-meιriques. Noιre
:..1.or] nuI]on Hip.'a.ΓΓ. αmphibirzs est provisionelle, dansI attente d'une reνision majeure de 1aΤamiΙle Hippopotamidae.
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ΙNTRoDUcTΙoN
This report presents the systematics of the hip-
popotamid material recοvered by the SRE in
the field seasons I 983-86. Much of the paleon-
tological work in the Western Rift has taken
place in Uganda, calτied out between 1920 and
1 960 by Wayland, O'Brien, Fuchs, and Bishop,
and has produced a sizable fossil mammalian
fauna (Hopwood, 1926, 1939; Fuchs, 1934;

Bishop, 1969; Cooke and Coryndon, 197Ο). Αn
updated mammalian faunal list can be found in
Pavlakis (1987). Fossil mammals have been
collected primarily in the areas of Kaiso ViΙ-
lage on the eastern shore of Lake Mobutu,
Kisegi-Wasa, and Kazinga Channel. The first
site is the type locality of two hippopotamid
species: Hexαprοtοdon imαguncuh.ιs Ηop-
wood, a pygmy, possibly hexaprotodont
species, and Hippopotαmus kαisensis Ηop-
wood, a large tetraprotodont hippo (Ηopwοοd,
1926; Cooke and Coryndon, 1970). Bishop,
Gautier, and de Ηeinzelin (Gautier, 1967) es-

tablished the Kaiso Formation, which included
the major localities of Kaiso Vil1age,
Nyawiega, Behanga ΙΛΙ, and North and South
Nyabrogo. These have been biochrοnological-
ly dated by the large mammal concuιτent
biochrοn range method (Ηedberg, 1976), and
the stage-of-evolution method based on
Suidae, Elephantidae, and Bovidae taxa be-
tween 3.0 and 1.8 my BP (Pavlakis, 1987). Ιn
addition, application of the computerized tem-
poral biostratigraphy method (Shuey et a1.,

1978) showed best fit dates for these faunas to

range from 2.6-2.3 my BP (Pavlakis, 1987).

The valley of the Upper Semliki produced
its first mammalian fossils in 1935-1936
(Damas, 1940). Ηowever, no reports exist
citing fossil hippopotamids in that collection.
BetwΘen 1938 and 194Ο, Lepersonne (1949)
made a detailed geological study of the
Western Rift from Lake Rutanzige to Lake
Mobutu. Ιn addition, he collected mammalian
fossil hippopotamids.

Specimen Ι{o. 683 is a we1Ι preserved first
front phalanx οf a large hippopotamid
recovered from lοcality L311 at Katanda, 6-8
m aboνe the Semliki River, in deposits
equivalent to Ugandan middle Ρleistocene for-
mations (Ηooijer, 1963:22; de Ηeinzelin'
1955:41 ; Lepersonne, Ι949:30). Ηooijer
(1963:58) refered this specimen to "Hip-
popotαmus αmphibius cf. gorgops'' Dietrich,

and noted that the specimen is much larger than
the small Ηexαprotοdοn imαguncuh;s of the
Kaiso Formation in Uganda. He thought that ".

. . (the specimen) may be referred tο the living
H ' αmphibius, a fossil race of which from the
early and midd1e Pleistocene of East Αfrica has

been described as H. gorgops by Dietrich
(1962,1928), and as H. αmphibius kαiseπsls by
Ηopwood (1926:23)'' (Hooijer, 1963:59). He
believed that the two taΧa were equivalent and
that the former name had priority. Αlso, he

noticed that this extinct "race" is very similar
in moφhology to the recent hippopotamus. J.

de Ηeinzelin (1955 47) had attributed this
specimen to Hip' αmphibius. Thus, the very
first hippopotamid specimen recovered in the

Upper Semliki presented the fulΙ scale of the

controversy invοΙved in the taxonomic status of
the'Western F.ift Η ipρop ot(Ιmus.

Subsequently, de ΗeinzeΙin directed
geological and archaeological research in the

Upper Semliki Valley, from 195Ο to 1960 (de

Ηeinzelin, ι955,1951' 1961a,b). Among other
discoveries. he found fossil remains of both
Hippοtαmus αmρhibius and Hexαprοtodοn im-
αgunculus, at the presumably Lusso Bed
locality οf Kanyatsi on the northern margin of
Lake Rutanzige (de Heinzelin, 1955:84, 85;

Αdam and Lepersonne, 1959: 1 1 3, i 14).

The deposits in the vaΙΙey consist of
lacustrine and aΙluvial οr colluvial sediments'
Ιn some parts they are covered by recent ash
from nearby volcanoes' There are Ρlio-Pleis-
tocene and Ηolocene sediments in the area

outcropping on the margins of the lake and
river, as well as at most tributary streams and
ravines from the rift walltο the river. The oldest
deposits in the Upper Semliki are currentΙy
referred to as "Lusso Beds" (Verniers and de
Heinzelin, this volume). Younger deposits
comprise the Semliki Beds of probable middle
Pleistocene age overlain by terτace complexes
and the Katwe Αsh. of late PleistocΘne to

Holocene age (Veιπiers and de Ηeinzelin, this
volume, Table 1; see also preliminary
stratigraphic definitions).

The mammalian fauna recovered so far
from all formations in the Upper Semliki in-
cΙudes rodents, primates, proboscideans,
equids, suids, hippotamids, and boνids (see

cοntributiοns in this voΙume)' The faunal in-
ventory from the Semliki Beds is rather small,



205ΡLΙO-ΡLEΙSTOCENE ΗΙΡΡoΡoTΑMΙDΑE

x+ααz x*e,αz xz xz

* λ8Ξ- 3Ξ8^ ; 9 Ξ'd;:'-.:'.;^ r--;- Ξ

ηΘO
- +-ΞΦΦ -.- ;Μ\o σ\ .+

i ΞΞ:* -Ξn^ Ξ- : _ 
Ξ

o
Φ

=κo;E o.r

Ei
il

?,2
Φo

δΞ
;τδ-ο

Ξa.9

l>cΞ_ΞΦ
ΦΦ
δi -οMi
c!Φ&
δοΞΦζn.FΦ

j:Φ
Ξo

ΞΞ
:iΦ

' ox.j φφ\ ai_-e!l
+i ll Ξ

s . Ξ.Ξοtr:Yδo
!ΙO Ξ ω

S.Ξ ll --Ssx t\ Ξ ''_Ξ
aΞ..e
Ξloρ

aΞ > dο,Ξ9ι
E Ξ-ο μ
Ο E<o
-i
o
-ο
.ζn
F

}$ λ\;. 'Ξ
δ'τοο ξJ οοcirin\{\{Ξ$.

"a

ι
Ri



Ρ.P. ΡΑvLΑΚΙS

due possibly to the fact that these deposits are

less abundant than either Lusso or higher beds.

The sizable terrace complex/Katwe fauna es-

sentially has a modern aspect. Biochronologi-
cal cοrrelations of the Lusso Beds and Kaiso
Fοrmation mammalian faunas indicate that the

Lusso fauna is corelative to Kaiso Village and
Behanga Ι/ΙΙ, and may have a chronologic
range between 2.3 and 1.8 my BP (Ρavlakis,
1987).

ABBREVATΙONS AΝD DEFΙNΙTΙONS

Αbbreviatiοns and definitions used in the cur-
rent work are listed be1ow.

SRE: Semliki Research ExPedition
VNMΗ: Virginia Museum of Natural

History
BMNΗ: British Museum (Natural

Ηistory)
AMNΗ: Αmerican Museum of NaturaΙ

History
NMNH: National Museum of Natural
Ηistory (Smithsonian)

Measurements (in mm unless otherwise in-
dicatΘd)

Cranium:
lc=min. pοStorbital constriction
lη=max. distance of zygapophyses
1o=fir?x. distance of occipital condyles
lp =-a*. width of occipital plane
ea=max. width of rt. glenoid cavity
hc=min' heighι οΓ fl. Zygomatic process
hd=max. height of supraoccipital

tuberosity
hι=height of right occipital condyle

Mandible:
1l =max. width at of canine

tuberosities
12 =min. intercanine distance at rοot
level

13 =min. width at leνel of Ρ:
lο =mesiolabial distance of Pz
e1 =min. thickness of canine apophysis
e2=thickness of horizontal ramus at Ρ3

e+=length of mandibular symphysis
h ι=height of horizontal ramus anterior

to pz

Teeth:
L=max. mesiodistal length
lt=max' mesiaΙ width
12=max. distal width

l3=min. width of buccolingual
constriction
h=height
dt=max. diameter of anterior teeth

dz=min. diameJer οf anterior teeth

Astragali:
Ht=medial length parallel to long axis
H2=distance of center of proximal
groove to distal interarticular ridge
Η3=lateral length parallel to long axis
L1=proximal width
Lz=distal width
e1=max. length of medial-proximal ar-

ticular suface
e2=min. length of medial-distal ar-

ticular surface

SYSTEMATΙCS oF TΗE UPPΕR
SEMLΙKΙ FOSSΙL ΗΙPPOΡOTAMΙDS

Oγervierr of the Collection

The sample of fοssil hippopotamid material iS

second in size only to that of bovids. Ιt consists
of 97 specimens, both cranio-dental (66) and
postcranial (31). The majority of the specimens
are teeth (64); anterior teeth (36) are always
fragmented; postcanine teeth (28) occasionally
prΘSent complete crowns. Cranial fragments
include four fairly complete specimens. Kt2-8'
after reconstruction, is the most complete
specimen in the collection. Ιt is the anterior
portion of a large mandible including the man-
dibular symphysis, the complete right canine,
and both tοoth rows up to and incΙuding the Pη's
(Fig. 1Α). Ks3-2 is part of an opisthocranium
recovered in one piece imbedded in hard, ce-
ment-like sediment. Ιt preserves also the
ma.jority of the brain case (Fig. 1B). Mnl-1 and
Sn5Α-720 are parts of hemimandibles includ-
ing premοlars and molars. The 31 postcranial
fragments are distributed as follows: ten car-
pal/tarsal fragments, seven phalanges, four
long bone fragments, three vertebral frag-
ments, two pelvic fragments, two scapular frag-
ments, one rib fragment, one complete
astragalus, and one complete patella. Most of
the specimens (74) were recovered from Lusso
Beds deposits, and 23 from younger deposits.

The condition of preservation of the
material is generally good. Most of the Lusso
Bed specimens had the characteristic ironstone
sediments on them, with dark reddish colora-
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Figure 1(Ν). Hippοpotαmus aff ' H ' αnιphiblιls marrdibular tiagment Kt2-8

Figure 1(B). Opisthocranium fragment Ks3-2.
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tion. The majority of the Lusso Bed specimens
do not show weathered surfaces, except the

evidence of rοlling in some specimens, as indi-
cated by their rounded surfaces. Most of the

fossils from the Semliki or terτace/Katwe
deposits have light coloration. Their surfaces

show extensive v/eathΘring (cracking), while
some of them are encrusted in hard sediment.

Methοdοlogy

The ironstone sediment was removed
from the specimens using an airscribe in the

laboratory. Αl1 measurements were taken using
a Helios 0.05 mm sliding caliper, or a Seritex
steel tape. The Upper Semliki material was

compared with that of Hex. imαgunculus aπd
Hip. kαisensis material from Uganda (BMNΗ).
All dental and most postcranial specimens in
the collection were measured. Αdditionally,
every specimen from the Upper Semliki was

compared with data of most East Αfrican Ρ1io-

Ρleistocene hippopotamid species. Major sour-

ces include Gδze (1980, 1985), Coryndon
(1,910, 1916, \971a, 1911b, 1918), Corvndon
and Coppens (1.9'73,1975), Cooke and Coryn-
don (1970), and Corbet (1969). Furthermore'
the Division of Mammals of the NMNΗ
provided on loan tv/o skeletons of modemHψ-
popοtαmus αmphibius, as we11 as a skeleton of
Hexαprotοdοn liberiensis. They were used for
rnoφhological comparison with the fossil hip-
popotamid material under study. Ιn order to

estimate the range of variation of the metric and

nonmetric dental and cranial characteristics of
the species Ηippopotαmus αmphibius, Ι

measured a sample of 34 modem hippo skulls
housed in the ΑMNΗ and NMtιΙΗ. A total of
78 measurements wΘre taken on each cranium
(35), mandible (19), and each of the teeth (three

on premolar and five on molars), based on Gδze
(198Ο) and Ηooijer (1950). The cusp
nomΘnclature used for description is that used

by Gδze (1985, 19s0), Ηooijer (1950)' and

osbom (19Ο7). Ι do acknowledge, however,

Gaziry's (1937) question of such nomencla-
ture. Discussion of this mattΘr is beyond the

scope of this study. Forthe syntax of taxonomic
Statemοnts Ι follow Lucas (1986). Ι ιse Hex'
and Ηip. for Hexαprotοdon and Ηippοpotαmus
generic initials, resPectivelY.

Systematic Descriptiοn

Order ArtiodactYla Owen, 1848
Family Hippopotamidae GraY' 1821
Genus Hexαprοtodοrr Falconer and

Cautley,1836
Species Hexαprotοdon cf . H' imαgun-

culus Ηopwood' t926

Horizon: Lusso Beds; Plio-Pleistocene Age

Material: Sn6-2 LM3, Lu1-3ΟLP3, Kn2-45l41
RC/, Kt1-23 RC/, Sn13B-]l ?LIC,Κn3_1LCl,
Sn5A-628 LlC, Lιι1-29 RC/, Sn16Α_| LCl'
Κn2-|4 lC,Kn2-46 L/C, Ks4_11 LlC'Κn2_5
LlC,Κn2-1 RΡη, Kn4- 1 RΡ+, Kt8- 1 RΡ+, Sn5Α-
720 LM1-LMz, Sn6-3 RMz, Sn5Α-34 RMz,
Lν2-\3 ?LMz, Sn5Α_158 ?Mz, Kv7-1 molar,
Κπ2-l1 lt. caΙcaneum, Kn3-15 rt. scaphoid.

Referred specimens: .Kιl-4 LΙ|. Κs2-5 ?Ι|.
Κι3- lO LC' Ks2-22 RPu, Kι l-22 molars. Κs2-2
ulna, Lu2-14 dmt.

ComParison

LΙpper cαnines: The sample οf five
canines comes from the Lusso Beds, and
presents the foilowing taxonomicaΙly salient
characters: largο and deep posterior groοve not

covered by enamel, triangular cΙoSS Section,
and finely striated enamel. The sample shows

definite Ηexαprotodon characteristics, and is
most similar in moφhology and size to Ηex.
imαgunculus' specimen M25130 (Cooke and
Cοryndon, |970:|'72' PL. 12a). Size com-
parison, however, is not particularly helpful in
distinguishing upper canines of Hexαprotodon
species .

Ll ρper PJ: Moφhological comparison oΓ

Lu l -3Ο, an LP'. ιhe only upper premolar recog-

nized in the sample, with available East
Αfrican hippopοtamid Species p1us the two ex-

tant hippοs, revealed that Lu1-30 approaches
more the Hex. imαgunculus condition than any

other species. Ιt shares the fοllοwing charac-

ters: one main cusp with incipient distolingual
accessory cusp, triangular but widening distal-
ly tooth outline, mesially strong and indentate

cingulum, and rugose enamel surface. Ιt is
specifically very similar lo Ηex. imαgunculus
(M12619,) an LΡ3 from Kaiso Village (Cooke
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and Coryndon, \910, Pl. 12b). A ptot of L/z
index fbr fossil hippopotamid species shows
that Lu1-30 is, close to. but shorter than the
mean of five Ρ3's included inthe Hex. imαgulι-
culus hypodigm (Pavlakis, 1987), probably
caused by the fact that Lu 1 -30 is broken at rhe
distaΙ end.

LΙpper M3: Sn6-2, an LM3' is the only M3
in the samp1e. Ηippopotamid molars are mor-
phologically conservative and are not par-
ticularly useful in taxonomy, especially when
they are isolated. Nevertheless, Sn6-2 differs in
taxonomica1Ιy important morphologicaΙ char-
acters from Trilοbορhorus and HippopotαmuS.
These differences include triangular occlusal
enamel pattern, tapering upwards from the
cusps, and a deep transverse valley. There is
limited morphological difference of taxonomic
νalue betw^een Sn6-2 and the modern pygmy
hippo's M3 (Pavlakis ' 1981)' τne presenδ or
a cingulum in the labia1 aspect ofthe transverse
valley in Sn6-2 is certainly a unique character,
but evaluation of its consistency must await the
recovery of further material.

Hex. shungul'ensis and Hex' kαrumensis
have more well-develοped cingula than does
Sn6-2; the former species has a cingulum lin-
gually and labialΙy, and the Ιatter a-11 around the
crown (Pavlakis, 1987). Sn6-2 Mr fits exactly
the diagnosis of Hex. imαguncιιlus in the coni-
caΙ shape of the cusps, and the shape of the
cingulum. Comparions oΓSn6'-2 wiιh M26328.
a right maxilla wiιh M'and M'in place iCooke
and Coryndon, 1910' Pl. 13a,b), shοws that
they are moφhologicaΙly almost identical. The
metacone and metacοnule have the same coni-
cal shape, their occlusal surface is cΙearly trian-
gular, and the teeth are similarly naΙTo\ν near
their occlusal surface and wider at the cingulum
level. Α mesostyle is present on the labiaΙ side
of Μ26328, exactly as in Sn6-2. Ιn addition,
both specimens seem to have similar transverse
valleys with pairs of mesial and distal cusps
slightΙy touching each other. No comparison
can be made withl1e'τ. ι:οryndoni asπo descrip_
tion of MJ is avail*rble. From photographs in
Gδze (198Ο) the M3 is shown qrit..oυurt rltt'
long cusps. The bivariaιe pΙoι oΓ ιhe lengιh-
widιh i.ndex is shown in Figure 2. Αs wiιh PJ,
the M3 has an index of LΛz cΙoser to Hex.
im'αgunι:ulus than to any other species.

Lοιυer cαnines'. There are seven lower

canines included in the sample of the Upper
Semliki small fossil hippo. They are aΙl typical
Hexαprοtodol.l, since they present the charac-
teristic paraΙΙel enamel ridges (Coryndon,
1977a' \978). Αl1 specimens conform mostly
with the morphology of Hex' imαgunculus
lower canines by presenting fine enamel stria-
tions, the characteristic bean-shape cross sec-
tion, and shalΙow mesial groove. Α bivariate
plot of lower canine cross section dimensions
fails to show cΙear metric relations between the
species, due to the small available sample size
for most Ηexαprotodοn species. Ιt is concluded
that on morphological grounds the Upper Sem-
liki sample of lower canines is close lo Hex.
imαgunculus'

Lοινer P4: Τhere are three RP+'s in the
sample. Hippo Pa's are moφhologically vari-
able. The Upper Semliki sampΙe of P4's con_
tains a robust main cusp triangular in cross
section and an auxiΙiary cusp attached to it.
They compare c1osely with the three Ρ+'s in the
Hex. imαgunculus hypodigm; specifically
M2633Ο to Kn2-1 aπdΜ|2621to Κt8-1 (Fig.
3Α,B, and Cooke and Cοryndon, 1970, Ρls. 14d
and 14c, respectively). The size reΙationships
oΓ ιhe Εast ΑΓrican PIio-PΙeisιocene hip-
popotamid species is shown in Figure 4. The
similarity in dimensions between Kt8-1 and
Kn2- l (x) ro Μ12921 and M2633Ο (i) is clear.

Lοlηer M2: Τhere are five Mz's in the
Lusso sample. Αs with lower molars, the up-
pers are conservative and do not show sig-
nificant interspecific change. Ηowever,
Ηexαprοtοdoiz lower molars differ from Hφ-
popotαmus in having a conical shape, occlusal
surface divided by a lingually and labially
deep transverse valley, triangular occlusal
enamel pattern, and low cingulum (Coryndon,
1911a, 1978; Corbet, 1969; Gδze, 198Ο; Fig.
3C,D, and 5Α). These characters, however, are
present ιn a\\ Ηerαprοtodοn Species. Distin-
guishing Hc'ιαρι'orοιΙυr Species on mor-
phologicaΙ characters of isolated Mz's,
therefore, is not certain. Figure 6 shows the
bivariate plot of Μz Ll\ index for many hip-
popotamid species. The Lusso sample is very
close to Hc'r. imαgunι'ulus.

Postcrαniα'' Kn3-15, a complete right
scaphoid, is the most complete postcranial
specimen in the sample (Fig. 5B). Ιt is not
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Figure 2. Bivariate plot of Ηexαprotodon cf . Η. imαgunculus M3 maximum distal width (12) tο maximum

mesiodistal length (L).
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Figure 3. Herαprotodon cf . H. imαgunc'u1u;s RP4 Kn2- 1(a), RPη Kt8- Ι (b)' and RMz Sn5-34(c,d).
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Figure 5(Α) ' Ηippοpοtαmus aff . Η . αmphibi πs RM2 Lu2- 1 (lef t) compared to
Hexαprotοdon cf . Η . inlαgunι:ulus LΜ2 Lu2-\3 (right).

Figure 5(B). Hipp()potαmus aff . H. αmphibius left scaphoid Ky:-20 (left)
compared to Ηexαprοtodon cf . H . imαgul'ιculus right scaphoid Kn3- 1 5 (right).
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distinguishable from H ex. imαgunculus
(M12631), Hip. αmphibiπs (ΝMNH |62976)'
or Hip. kαisensis (M12634).Comparison with
Hex. liberiensis (tι{MNΗ 444361)' however,
showed that the medial crest of the articular
surface with the magnum extends anteriorly
more ιhan in Κn3- l5. Comparison oΓ ιhe Κn3-
1 5 length index of articular surfacοs with radius
and magnum, over the dimension perpen-

dicular to it (0.983), however, showed that it is
closer to that for Her. imαgunculus Μ1'2631'
(0.916) than any other hippopotamid species
(Ρavlakis' 1987).

Genus Hippopotαmπs Linnaeus, 1758
Species Hippοpοtαmus aff . H' αm-
phibius Linnaeus, 1758

.a1

11
(πo)

Figure 6. Bivariate p\ot of Ηexαprοtodon cf . Η. imαgunculus M2 maximum mesial width (11) to maximum
mesiodistal length (L).
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ΙΙοrizon: Lusso Beds, Semtiki Beds' ter-
racelKatwe levels; late Pliocene-late Ρleis-
tocene Αge.

Materiai: Ιs8-5 RΙ2; Kt5-1 RC/; Sn5Α-1Ο6
RC/;Kt3-1 ?RC/;Kt1-3 Ιr;Ky5-1 ?Ιr;t Kv7-48
LΙl: Κsl-3 LΙz?: Kν8-1 RΙu: Kt4-ll R/C;Κν3-
1 LlC; Ιs2_12 R/C; Ιs2_13 LlC; Κt2-11 LlC:
Mn l-39 LlC: Ky6-2 R/C: Ιs?- l8 R/C; Mn l-4Ο
/C: Ktl-l2 LP:: KyΙΟ_I LPa:Ky7-57

Lοwer P2: Τhe only twο Pz,s in the
sample belοng to the Kt2-8 mandibular fraρ-
ment (Fig. 1Α). They are single-cusped, bΞ-
rooted, preSent a Strong cinguΙum
anteropoStΘriorly, and have longitudinal
enameΙ ridges at the distal slope of the cusp.
These are characteristics of Hip. kαisensis aicl
Hip. αmphibiιs, whose P2,s are moφhologi-
calΙy indistinguishable. There are no Ρj,' uru]t-
ablefor Hip. gorgops.The Lusso pz,s and those
of Hip. kαisensis are also positioned within the
95Ψο confidence e1lipse of the Hip' αmphibius
sample for the Llz index ( Fig. 7). τtre Rpz is
not complete.

Lower PJ: There are four p3's in the
sample, two in the Kt2-8 mandibutar fragment(
Fig. 1Α). Α1Ι present a single robust cuip with
a Strong cingu1um mesiaΙly and distatty. The
RP: of the Kt2-8 mandible presents also a small
lingual accessory cusp. This is a νariable char-
acter within hippopotamid species. Ιn general,
isolated P3's are not easiΙy distinguisiiabte to
taxa. Κt2-8 left and right Ρ3,s of course are part
of a huge mandible whose sizes and shape
exc1ude them from HexαproτocΙon uλd
Trilobophoru^s. The dimensions of the four
Upper Semtiki specimens are within the ranρe
of .the Hip. αmphibiπs sample, as are Hip'
kαisensis andHip. gor1ops. They cannot, how-
ever, be assigned to Hip. gorgops because thev
do not have a ralonid (Coryndon, l9i-6). i.
ξαrensisP3's are bicuspid and give the tooth a
triangular shape (Gδze, 1985), λuch wider in
the middΙe and in general ιι iιh a quiιe diΓΓerent
configuration from that shown by the Lusso
sample. Figure 7 shows rhar the Upper Semliki
sample, as well as the fourP3's knοwn for Hip.
kαisensis 

' falls within the 95o/a confidence el_
lipse for the Hip. αmphibius sample.

P4: The right and left p+,s of mandibular
fragment Κι2_8 are the only Ρ+,s in the sample

(Fig. 1Α). They present one Ιarge triangular
cusp with high cingulum distaΠy. This is afoint
of dissimilarity with Hip. gοrgops. Ιn addition
T' αfαrensis Ρ+'s have low meiiat and distaΙ
cingula. Hip. αmphibiιls Ρ4,s are indistinguish-
abl.e from H ip' kαi s e ns is,and both specieifrom
th'e Upper Semliki sample. Ιn size, the sample
of Upper Semliki P+'s is similar to Hip' kαis)n-
sis, and both are included ιnthe Hip. imphibius
range of LP+'s (Fig. 7). The Upper Semtiki
sample is smalier than Hip. gorgops, and sub_
sιanιially larger lhan H iρ. ιleιhiορicl;s ( Pav-
lakis. Ι987l. Κy |0-l. ιheοnl1 Ρa. is missingιhe
entire mesiolabial part. Ιt is bicuspid with wide
cingulum and circular perimeter. resembling in
size and morphology Hip. αmphibiι;s. Ky1δ-1,
a fragmented LP+, is the onΙy upper premolai
in the sampΙe. Ιt is circular, υicuipiα, λnd has a
pronounced cinguIum. Ιι is simiΙar in moφhol-
ogy to Hip. αmphibius. No dimension, .orld be
taken.

Mοlαι.'τ.. Five specimens are refeιτed ιo
Hip. af!. H αmphibius but they are badly frag_
mented. The eight Ιower molars resembie Hfi.
kαisensis in overaΙl moφhology, especialΙy on
their occlusal surfaces. They have thick and
rugose enamel and, less cΙearly defined, a
trefoil enamel pattern. Τhey contias τ with i ip.
gorgops in the enamel pattern and the weak

:ingγ.1γ- without pustulate ridges. The Upper
S-emliki molar sample could noi be assigned to
Hexαprotodon orT. αfαren'sis. The dimJnsions
oΓιhe molars in ιhe sample are much larger. and
the crown moφhology is very differeit from
the smal1, conical Hexαprotodon and
TriΙobοphorus iower moΙars with the tapering
upwards cusps and deep transverse vallevs-.
The comparison of dimensions of the Lusso
lower mo1aτ sampΙe with species of Hip-
popotαmus Showed that it could not be assignδd
to Hip. αethiopicus on the basis of size. δr to
Ηiρ. gοrgoρs on the basis oΓ the occlusaΙ
enamel pattern and the shape ancΙ size οf the
cingulum (Pavlakis, 1987). As shown in Figure
7, however, the Hip. aff . H. αmphibius saλp\e
of Ιower molars is Ιocated within the 95Ψο con-
fidenceellipse of the Hip. αmphibil.ιs sample,
ΘxcΘpt for one Mz which falls outside thα el-
lipse because of the length (L) dimension. Ιt is
taxonomically significant that the Hip. kαisen-
sis lower molars are also included within the
Hip. αmphibir.' range' Κy7-57, the on1y upper
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molar in the Upper Semliki large hippo sample,
is indistinguishable from Hip' αmphibius ιn
size and moφhοlogy.

Kt2-8 mαndibulαr frαgmenr: Kt2-8 (Fig.
1Α) is clearly tetraprotodont and, besides the

size similarity, presents typical Hippοpotαmus
canine characters (T. αfαrensis is
hexaprotodont). Table 1 compares the dimen-
sions of Kt2-8 with available samples of Hip-
pοpοtαmus species. Hip. αethiοpicus is
removed from any cοnsideration due to its very
small size (Coppens and Coryndon, 1975). Ιn
addition, the Kt2-8 P+ differs substantially in
the occlusal morphology fromΗip. gοrgopS,aS
discussed previously' Kt2-8 is within the Hψ.
αmphibius range of dimensions eΧcept for the
mandibular ramus width (ez) at P:, and the
intercanine distance (11), which falls outside the
upperrange of thΘHip.αmphibius sample. Ιtis
evident from the size of the alveolus that the
second incisor is not much smaller than the

first, 1hus approaching the Hip. kαisensis con'
dition more than the Hip. αmphibius. The

h"

3.00

1m

11.00

Ι2.2a 1

dimensions of the Kt2-8 canine and third
premolar exceed the Ηip. kαisensis range' but
are included in ιhe Ηip. αmρhibius range. The
95% confidence ellipse for the ltleq index of
modern hippos relative to the Κt2-8 mandible
is shοwn in Figure 7. The large intercanine
distance (1r) puts Kt2-8 just outside the 95a/ο

ellipse.
Κs3-2 opisthocrαnium: Comparing the

dimensions of Ks3-2 (Fig. 1B) with thοse of the

H ip. αmphibiπs sample. \νe noιe in mosι meas-
urements a close similarity to the mean of the

sample. Furthermore, moφhologically, Κs3-2
is very similar to HiΡ. αmphibius. The glenοid
cavity is wide, with the paroccipital process
protruding beyond the level of the occipital
condyle. The foramen magnum is quite narrow
and superio11y there is no high crest. The tiontaΙ
and the fronto-parietal sutures are flat. The only
material comparable to Ks3-2 ιn the Hip.
kαisensishypodigm is a fragment of the left otic
region (Cooke and Coryndon, 1970:|92). Ιt
presents a more compressed post-glenoid area

0
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than in Κs3-2 or Ηip. αmphibius'
Ιn addition, Ηip. gorgops presents a dif-

ferent configuration of the occipital part than
Ks3-2, with the extreme elevation of the
supraoccipitai apophyses. Comparing Ks3-2 to
Ηip. αethiοpicus, the most notable difference is
that the Ιatter taxon has a Hexαprοtοdon-l1ke
lateral cranial shape with the postorbital part of
the cranium ascending towards the orbits. Τhe
95Ψο confidence elΙipses of the modern hippo
sample for available Ks3-2 indices are shown
in Figure 7 (indices hι/Ιo, lp/ha, hc/ea, ln/c).
Τhey illustrate the close similarity of Κs3-2 to
Ηip. αmphiblπs. Ιn a1l graphs Ks3-2 fits
remarkabΙy near the center of the ellipse.

P οstcrαniα: H ippopοtαmus postcrania in
general are not easily classified into species.
The Upper Semliki postcranial sample is very
similar to modem hippo. Specifically, the
dimensions of the complete left astragalus
Mnl-16 are compared in Tabte 2 with sampΙes
of astragali of most East Αfrican hippopotamid
species. Mn1-16 is closer to Hip. αmphibius ιn
the ratio of the dimensions than to any other
speοies. Ιt should be noted that Mn1 is not a
Lusso Bed site and is likely late Pleistocene in
age, so this result is not unexpected.

DΙSCUSSΙoN

That there are two hippopotamid species
present in the Upper Semliki Plio-Pleistocene
to late Pleistocene mammalian fauna, is easily
detectable from the size difference between the
SampΙes assigned to Heχ(ιprοtodon cf . H. im-
αgunculus and Hippopοtαmus aff . H' αm-
phibius. Figure 5Α, for example, very clearly
demonstrates this size difference. The two
molars Lι2-13 (LMz) and Lu2-1 (RM2) wou1d
appear to belong to two different taxa. The
roughly equal amount of wear shown by both
indicates tha1 they were generally of simiΙar
age. Ιn addition, the size difference is so Ιarge
that sexual dimoφhism is excluded. Τhe es-
timated length and width of Lu2-13 fall outside
the lower range of the LM2 dimensions in the
sample of 34 modern Hip. αmphibius, whi\e
Lu2-1 falls well within rhe range (pavlakis,
1987). Even with the 1arge modem Hiρ. αm-
phibius intraspecific variation as scale, it is
apparent ιhatLιΩ-l3 and Lu2_1 do not belong
to the same species. The same is also evident

from the scaphoids Κyl-20 and Kn3-15 (Fig.
5B), as well as from most specimens belonging
to the two taxa recognized in the Upper Semliki
hippopotamid material. The taxonomic assign-
ment, however, of these two sampΙes is nοt so
straightforward.

Αfter the detailed comparison of each
specimen with East Αfrican hippopotamid
species, it is evident rhat the Upper Semliki
small hippopotamid sample is very similar to
Her. imαgunculus. Hex. imαgunculus, how-
ever, is stiΙl a poorly known species. Ιts
hypodigm consists of only isolated teeth and
fragmentary jaws (Cooke and Coryndon,
197Ο)' Nο complete sku1Ι is yet known, so
detailed comparisons are not possible. The
relevant material from the Upper Semliki is
also very fragmentary and doΘS not cοntribute
to a better understanding of that species. Ενen
though the size of the sample's anterior teeth
conforτned to the hypodigm of Hex' imαgun-
culus, their moφhology is quite undiagnostic
for taxonomic puφoses. For this reason there-
fore, and in order to stress the fact that Hex.
imαgunculus is not a suitably defined species,
Ι assign the Upper Semliki smaΙ1 hippopotamid
sample to Hexαprotοdon cf . H. imαgunculus
until further material becomes available. Ι
prefer to restrict the nomen Her. imαgunculus
to the material found in the type locaΙity of the
Uganda Kaiso Formation. BiostratigraphicaΙ1y,
Hex. cf . H. imαgunculus coexists in Lusso Beds
with the large hippopotamid but disappears
after Lusso times, as does F1ex. imαgunc'ulus in
the Kaiso Formation.

The Upper Semliki large hippoporamid
sample is referred here to Ηip' aff . H. αm-
phibius. Ηooijer ( 1 950) and Coryndon ( 197O)
established that the taΧon Hip. αmphibius in_
cludes a substantiaΙ moφhological variation.
Hooijer (195Ο) specifically made an analysis of
this variation and suggested that the existence
at that time of five subspecies within the
modern amphibious hippo is without founda-
tion. He concluded τhat Ηip. αmphibius is a
single moφho1ogicalΙy continuous taxon and
noted that it presents a considerable amount of
variation. He applied this observed range of
variation to the fossil species Hex. siναlensis,
to which he included skul1s which evolved
from an early Ρleistocene Stage having low
orbits, eΙongated post-orbital region, long low
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symphysis and low horizontal ramus. to a late
Pleistocene stage having high orbits, shorter
postorbitaΙ region, narow and high symphysis,
and horizontal ramus. More recentΙy, Gδze
(1980' 1985) divided Hex. protαmphibius inΙo
two subspecies, Hex. p. turkαnensis and Hex.
p. prοtαmphibius.The range of moφhological
variation within this species includes:
hexaprotodonty to tetraprotodonty, orbits low
to moderateΙy high, occipitaΙ plane high to
lower' cranium 1ong to gΙobular, and
brachydont to marked hypsodont postcanine
teeth.

Taking into consideration the fact that
some fossil hippopotamid species and the
modern amphibious hippo include a Ιarge
amount of moφhoΙogical variation, as well as
my o\νn observations of the clοse moφhoΙogi-
cal similarity of the Hip. kαisensis material to
Ηip. αmphibias, Ι decided to test the vaΙidity of
Hip' kαisensi,s taxon' For this reason Ι com-
pared the Hip. kαisensis hypodigm with the
sample of 34 skulls of modeιn hippo referred
to at the moφhologica1 comparison' The statis-
tical analysis applied to the samples of Hip.
kαisensis and Hip. αmphibius measurements
was employed in οrder to evaΙuate the
hypothesis that both samples belong to a single
population. The two-sided students' t-test
(Thomas, 1976) was apptied since Ι actually
compared two sample means while the popula-
tion standard deviation is unknown (Simpson
et at., 1960). The results of the metric character
analysis showed that 99Ψο of the time each
mΘasurement incΙuded in the entire Hip.
kαisensis hypodigm belonged to the Hip. αm-
phibius population. This is also supported by
the 95Ψο confidence elΙipses made on the Hip.
αmphibius sample of 34 crania' Ε,very available
cranial measurement of the Hip. kαisensis
hypodigm Γalls wiτhin ιhe ellipse 1Fig. 7. plus
indices LΛz for LΡ'. L/l l Γor LPa, and ιhe
mandibular indices hzlez aπd Ιοle+ which are
not shown). Furthermore, the results of the
comparison of the available nonmetric charac-
ters between the Hip. kαisensis entire
hypodigm and the 34 Hip. αmphibius skιl|s
revealed that the existing morpholοgical dif-
ferences are of a strictΙy quantitative naturΘ.
There is no clean-cut, qua1itative moφhologi-
caΙ difference between the two taxa in the avail_
able Hip. kαisensis material. Characteristics

typical for Hip. kαisensis which are found only
rarely in Hip. αmphibius are the triangular
enamel pattern of moΙars, the mostΙy bicuspid
Ρ:, and the rugose enamel of the lower molλrs.
Ιn addition, the Hip. kαisensis Ι2's are not as
small relative to the central incisors as in Hip.
αmphibius' ]ι{evertheless, all the above charac-
ters 'νΙ/ere present in about 8Ψο of the sampΙe of
34 modern skulls. Α1l other morphological
characteristics of Ηip. kαisensis that are in-
cluded in its diagnosis (Cooke and Coryndon,
1970) were present ln Hip' αmphibius for at
|east2Uσ/ο of the sample.

Ιn the known moφhologicaΙ characters
Hip. kαisensis has retained many primitive
characleristics: large Ιz. ζower ρremolars oΓιen
wiιh pustulaιe ridges. P*more oΓιen bicuspid.
molars with triangular enamel pattern, and pos-
sibΙy more slender body proportions than Hφ.
αmphibius. Hip. αmphibiι;s shows a reduction
of the Ιz size, simpler premolars, often single-
cuspid Ρη, molars with trefoit enamel pattΘrn,
and possibly with heavier body propoπions.
Αl1 these differences between the two taxa are
not clear-cut' Βoth Hip. αmphibius and Hip.
kαisensis present these characters although
Hip. kαisensis shows the first set οf characters
more often than does Hφ . αmphibius.

Taking, therefore, the folΙowing facts
under consideration: (a) according to the cur-
rent taxonomy of the family Hippopotamidae,
fossil species such as Ηex. siναlensis (Ηooijer,
1950) and Hex' protαmphibius (Gδzq 1985)
include a wide range of moφhological varia-
tion, (b) the modern Hip. αmphibirus is also
morpho1ogica11y substantialΙy variable
(Ηooijer, 195Ο; Pavlakis, 1987); and (c) Hip.
kαisensis in its known morphology is consider-
ably similar to Hip. αmphibius; the vatidity of
Hip. kαisensis taxon is questionable. Therefore,
Ι refer the Upper Semliki large hippopotamid
sample c1ose to Hip' kαisensis and' Hip. αm-
phibius ιo Hip' aff. H. αmphibias. The oΙdest
fossil record of Hip. αmphibias is in Member K
of the omo Shungura Formation (Gδze, 1980).
The present date of Tuff K is 1.6 my Bp (Brown
et a1., 1985). The oldest record of Hip. aff . H.
αmphibius in the Westem Rift is close to 2.3
my BP. The specific taxonomic status of the
Western Rift largeHippοpotαmustaxaHip. aff '
H. αmphibius and Hip. kαisensis should await
a major revision of the family Ηippopotamidae.
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