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ones on 22 November, 1983. Formalin solution {c. 10%) was
injected into the body cavity to fix the digestive tract just after
sampling in the field. The stomach contents were analysed by the
points method'! and the occurrence method.

Results and discussion
Intestine

The intestine occupied most of the ventral cavity as a volumi-
nous mass and only the right gonad was developed in both males
and females. The intestinal coiling pattern of L. loocki is cer-
tainly of the Perrochromis type, and probably of the Petro-
chromis subtype® The minimum IP value observed was 19
(found in the 42.3-mm SL specimen). The smallest specimen
available, 37.6 mm SL, showed 21 IP and its IR was 4.29. The
haplochromine loop extended well rostrad in the specimen. Max-
imum values of IP and IR were 35 and 6.88, respectively. Both
IP and IR values increased with growth and thus there was no
distinct species-specific IP value (Fig. 1).

IP values of L. loocki throughout growth (Fig. 1) are larger
than those of Simochromis spp., T. moorii, Ps. curvifrons and L.
dardennii (c¢f. Yamaoka®). The contrast in IP values between L.
loocki and L. dardennii is especially conspicuous. The latter spe-
cies reaches the maximum value (19) at about 70 mm SL and has
the simplest coiling pattern within 10 species with a Petro-
chromis subtype of intestinal morphology. Larger specimens of
L. dardennii show even smaller values (13, 15 or 17).° The intes-
tinal morphology of L. loocki is similar to that of Perrochromis
rather than of browsers.

Neurocranium

The neurocranium of the algal feeding cichlids from Lake
Tanganyika varies considerably not only in shape but in stout-
ness. Especially conspicuous interspecific differences in its mor-
phology are exhibited in the ethmovomerine bloc {Yamacka,
unpub.). Reinthal’? stated that for rock-dwelling cichlids from
Lake Malawi the primary area of specific neurocranial shape var-
iation within the group was the vomer region.
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Fig. 1. Relation between standard length and 1P value. Triangles, Lim-
notilapia loocki; filled circles, L. dardennii; open circles, Simochromis
diagramma. Data on L. dardennii and S. diagramma modified from
Yamaoka.®
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Fig. 2. Lateral (top) and ventral (bottom) views of the neurocranium.
A, Limnotilapia loocki (BSKU 82704, 121.4 mm SL); B, L. dardennii
(BSKU 82715, 142.2 mm 8LY; C, Petrochromis orthognathus (BSKU
82730, 1143 mm SL); D, Simochromis diggramma (BSKU 82736,
132.5 mam SL). Arrow shows the ethmovomerine block. Scale = 5 mm.

The vomer is a main component of the ethmovomerine bloc. It
is a median bone, forming the rostromost cap of the neurocra-
nium and consists of two portions, a rostral head and a caudal
stalk. The dorsal face of the rostral head functions as a basis on
which the ascending arms of the premaxilla slide with an inter-
vention of the rostral cartilage on mouth opening and closing.
The neurccraniad condyle of the maxilla also slides on the latero-
ventrorosiral face through the submaxillary meniscus. It is, there-
fore, clear that the ethmovomerine bloc plays an important role
in feeding.

The ethmovomerine bloc of L. loocki has the following two
features. First, the rostral head of the bloc projects rostroventrad
and is large or moderate in width in ventral view. Second, the
rostrodorsal wall of the bloc is not steep in lateral view (Fig. 2).
The two features are shared by Petrochromis spp. By contrast,
Simochromis spp., Pseudosimochromis curvifrons and Tropheus
moerii are distinctly different in terms of these two features, The
rostral head of the bloc projects rather ventrad, and is relatively
suppressed and small in width. Its rostrodorsal wall is much or
considerably decurved and steep in lateral view (Fig. 2). L
dardennii shows an intermediate, mosaic character state between
that of L. loocki and of Simochromis spp., Pseudosimochromis
curvifrons and Tropheus moorii. Its rostral head projects rostro-
ventrad but is small in width, and the rostrodorsal wall is not
steep in lateral view,

The shape of the neurocranium of L. loocki is similar to that of
grazers not only from Lake Tanganyika but also from Lake



South African Journal of Science  Vol. 94 August 1998

P W ——

Fig. 3. Lateral view of cuter tooth on lower jaw. A, Limnotilapia
loocki (BSKU 82704, 1214 mm); B, L. dardennii (BSKU 82714, 142.3
mm}; C, Simochromis diagramma (BSKU 82736, 132.5 mm); D, Petro-
chromis fasciolatus (BSKU 82725, 114.4 mm). Scale = | mm,

Malawi. Reinthal'? showed lateral views of the neurocranium of
three Malawian epilithic algal feeding cichlids, Pseudotropheus
zebra, P. tropheops and Labeotropheus fuelleborni. L. loocki is
similar in neurocranial shape to F zebra, which brushes loose
aufwuchs from the rock surface,’> "% i.e. it is a grazer.

Jaw dentition

The morphology of the jaw teeth in L. loocki is unique among
algal-feeding cichlids from Lake Tanganyika.® It has the follow-
ing distinctive features: 1) The teeth are arranged seemingly hap-
hazardly, but they can be assigned to several tooth rows, and
form a considerably wide tooth band similar to that of P, fasci-
olarus; 2) though the crown of outer jaw teeth is bicuspid as in
browsers (L. dardennii, Simochromis spp., Pseudosimochromis
curvifrons, Tropheus moorii), the long and flexible stalk of each
outer jaw tooth and its backward curving crown are similar to
those found in Pefrochromis spp. (Fig. 3); and 3) the outer bicus-
pid teeth are movable, not attached firmly to the jaw bone as
found in Tilapia melanopleura (now Tilapia rendailiiy and Tila-
pia nilotica (now QOreochromis niloticus), which show the simi-
lar jaw tooth crown to that of L. loocki among Tanganyikan
cichlids.” Though the type specimens examined in the present
study are small (holotype; 92 mm TL), their jaw dentition gener-
ally agreed with the above descriptions.

According to Poll,27 Yamaoka®® and Brichard,!¢ all jaw teeth
are tricuspid in members of the genus Petrochromis and many of
them have relatively long stalks with backward curving crowns.
The bicuspid crown of the outer jaw teeth in L. loocki is, there-
fore, clearly different from the tricuspid jaw teeth in Petro-
chromis spp. However, other morphological aspects of the jaw
dentition are similar to those of Petrochromis spp. We
suggest that the morphology of the jaw dentition in L.
loocki is intermediate between that of grazers and brows-
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dorsal view. This feature is shared with Petrochromis spp. By
contrast, that in Simochromis spp., Pseudosimochromis curvi-
Sfrons, Tropheus moorii and L. dardennii makes an elongate,
oval-shaped facet (Fig. 4). '

Generally, the neurocraniad condyle of the maxilla plays an
important role in mouth opening in acanthopterygians and articu-
fates with the vomer through the submaxiliary meniscus.’® That
is, the condyle functions as a mediator between the premaxilia
with jaw dentitions and the base of jaw actions, the neurocra-
nium. A form of the facet therefore seems to be correlated with
the quality of the jaw action on feeding. The triangular or circu-
far facet found in L. loocki and Petrochromis spp., grazers, may
adjust itself easily to the diverse force applied from different
directions. In contrast, the elongate, oval facet in Simochromis
spp., Pseudosimochromis curvifrons, Tropheus moorii and L.
dardennii, all browsers, may not be well adapted to diverse
forces from several directions but be restricted to coping with a
powerful force from a limited direction.

This speculation is consistent with the difference in foraging
methods in natural habitats between grazers and browsers
According o Yamaoka,>'® members of the genus Petrochromis
open their mobile mouth and press the wide tooth band against
every rock surface and edge that the mouth can reach. That is,
they can adjust their jaw dentition to even minute topographic
features of the substrate. L. loocki’s feeding behaviour is very
similar to that of Petrochromis spp. Furthermore, there is no firm
connection between the symphyseal articulation facet of the jaw
and its counterpart, which controls the jaw action, in L. loocki
and Petrochromis spp.® This allows the two sides of the jaw to be
less restricted by each other. Electromyographic study shows
that Petrotilapia tridentiger, an epilithic algal scraper from Lake
Malawi, which is morphologicaly and ecologically equivalent 1o
Fetrochromis spp.,'>" adjusts the action of its bands of teeth
against an irregular substrate, by modulating bilaterally asym-
metrical muscle activity.?® It is, therefore, probable that Petro-
chromis spp. have the same asymmmetrical muscle finng system
as found in Petrotilapia tridentiger. This modulating system
might place the burden of diverse forces from various directions
on the neurocraniad condyle of the maxilla.

In sharp contrast to the looseness of the symphyseal articula-
tion in grazers, in the browsers Simochromis spp., Pseudosimo-
chromis curvifrons, Tropheus moorii and L. dardennii it is tight?
The tight symphyseal articulation will restrict bilaterally asym-
metrical jaw action, but enable fish to perform precise and hard
biting as a result of using right and left jaws as one unit. Small
browsing marks®! and raps heard in the water whenever T. moorii

A C
ers,
In the above browsers, the oufer jaw teeth are firmly
fixed to the alveolar surface of the jaw and each tooth is .
not strongly curved backward at the crown.!® This denti-

tion surely enables them to cut filamentous algae off a
substrate. By contrast, on a functional-morphological
basis, it seems almost impossible to cut off filamentous
algae with such ‘soft’ dentition in L. loocki. In the original
description of this species, Poll'? stated that the basal part
of the jaw teeth is not fixed firmly.

Maxilla
The dorsal end of the neurocraniad condyle of the max-
illa in L. loocki makes a triangular or circular facet in

D
Fig. 4. Dorsal view of the maxilla. A, Limnotilapia loocki (BSKU 82704, 121 4
mm); B, L. dardennii (BSKU 82714, 1423 mm); C, Petrochromis orthognathus

(BSKU 82730, 114.3 mm), D, Simochromis diagramma (BSKU 82736, 132.5).
Asrow shows articular facet of the neurocraniad condyle. Scale = 5 mm.
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Table 2. Dietary composition of young and adult specimens of

Limnotilapia loocki.
Young (16}
37.2-62.4

No. of specimens Adult (8)
101.4-122.4

Points (%) Frequency (%) Points (%) Frequency (%)

Range of SL (mum)

Food items

Microfilamentous

algae 58 88 1.1 il
Filamentous algae 9.6 94 6.5 44
Unicellular algae 369 {00 64.5 100
Plant tissue 42 38 22 22
Shales 0.4 6 - -
Ostracods 0.4 6 - -
Shrimps 6.2 12 -
Ephemeroptera 0.8 12
Diptera 23 31 - -
Hemiptera 04 6 - .
Sand 127 100 258 100

loocki is similar to Petrochromis spp. in taking unicellular algae.
This is also supported by Poll,” who records the intestine in spec-
imens of this species as being full of bottorm mud and diatoms.

Breeding habits

One mouthbrooding specimen (110.6 mm SL) was collected
in the offshore boulder area at a depth of 4 m. It was a female
which incubated 22 eggs; the egg size was 6.64 = 0.17 mm along
the major axis and 4.97 = 0.19 mm in diameter (mean £ s.d.,, a =
10). The egg size belongs to the largest class among the Tangan-
yikan cichlids and is similar to that of Petrochromis spp.
{6.0-7.1 mm along major axis) rather than that of Simochromis
spp. (4.5-5.2 mm).? Only the right gonad is present.

Although the spawning act was not observed, courtship dis-
play by large (¢. 15 cm TL) males towards visiting females was
often seen: the male quivered his tail in a head-up position by the
side of a rock. No special ‘nest” was made by the male, and the
courtship site was not restricted to a single rock. These character-
istics of courtship site resemble those of Petrochromis rather
than those of Simochromis.

These morphological and ecological data show that L. loocki
1s more closely related to members of the genus Petrochromis,
which are grazers, than those of the browsers Simochromis,
Pseudosimochromis, Tropheus and L. dardennii'®, though, on the
evidence of each morphological character, for example, the jaw
teeth of both grazers and browsers manifest a mosaic of character
states.

According to Greenwood,' the morphological gap found in the
premaxilla and dentary between the type species of the genera S.
diagramma and L. dardennii is bridged when one examines L.
{oocki, the morphology of whose bones is intermediate between
the two species. However, the differences in the outline of these
bones, viewed from below, between 5. diagramma and L
dardennii may be related to the differences in their feeding
behaviour. S. diagramma takes mainly filamentous algae,” for
which a straight and wide anterior jaw margin is more fitted than
a curved one because the former can press a wider jaw margin to
the rock surface than the latter on a flat rock surface on each bite.
L. dardennii has a tendency towards omnivory,” that is, it must
take diverse foods for which a non-specialised, gently curved
jaw seems to be suitable. The differences in the outline of the
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premaxilla and dentary are suggested to be more closely related
with feeding behaviours than phylogenetic relationships.

Limnotilapia loocki, L. dardennii and Simochromis spp. have
been pointed out to share slender-shafted, recurved, outer jaw
teeth, suggesting that there would be no grounds for treating
Limnotilapia and Simochromis as distinct genera.! The main rea-
son for this supposition seems to be the tooth figures shown in
the original paper!” and a familiar book.” Despite its original
description that each jaw tooth of L. loocki has the slender
shaft,'” since the distal part of the outer jaw tooth was figured
and its slender shaft, which is hidden in the labial papillae, was
not shown, only the distal tooth part was probably misunderstood
as the short and stout outer jaw tooth. As shown in Fig. 4, an
outer jaw tooth in both L. dardennii and S. diagramma is very
similar, not slender but rather stout, but that of L. loocki is clearly
different from that in the two other species.

Recently, the shape of the oral jaw teeth has been suggested to
be highly variable and thus is not a reliable character for taxo-
nomic purposes.’® We intend to make a comparative morpholog-
ical and ecological study of certain species inhabiting both the
northern and southern parts of Lake Tanganyika to elucidate the
degree of variation within each species.

Based on the above facts, we propose to place L. loocki in a
new genus, Interochromis. The third species of the geaus Limno-
tilapia, L. trematocephala, is not treated here, because it proba-
bly belongs to a different lineage and should not be included in
the genus.!

Interochromis gen. nov.
Type species: Limnotilapia loocki Poll, 1949,

Diagnosis

The genus is distinguishable from other genera in the family
Cichlidae by the following combination of characters. Outer jaw
teeth generally bicuspid and inner ones all tricuspid. Bicuspid
teeth clearly larger than tricuspid ones. Outer jaw teeth, except
lateral ones on the dentigerous lateral arms, movable (not firmly
attached to jaw bone) and brown bicuspid crown bent linguad
well with slender, long stalk. Gill-rakers on lower limb of first
left arch 10~15. Only right gonad present.

Descriptions

This genus is endemic to Lake Tanganyika with only one spe-
cies: L. loocki (Poll, 1949). Body rather deep. Upper jaw meets
the lower almost evenly in front (isognathous). Outer jaw teeth
are generally movable and have the brown bicuspid crown bent
linguad well with the slender, long stalk. Quier teeth clearly
larger than inner teeth generally having the tricuspid crowns. Jaw
teeth arranged seemingly haphazardly, but counted into several
rows (maximum 8), form tooth band in adults. The intestinal
coiling pattemn is surely of the Petrochromis type and there is no
species-specific IP value. Only right gonad present.

Body depth 2.48~2.68 times standard length (holotype, 2.48;
paratypes, 2.57 and 2.58). D. XVII-XX, 8~9 (holotype, XVIII,
8; paratypes, XVIIL, 8 and XVII, 9) A, I, 6~7 (holotype, 111, 6;
paratypes, III, 6 and 111, 7). Numbers of lateral-line scales 32~33
(holotype, 33; paratypes, 31 and 33). Gill-rakers on lower limb
of first Jeft arch 10~15. Vertebrae 31~32 [15~16 (abdominal) +
15~16 (caudal)]. Maximum size ¢. 1530 mm TL.

Colour in life: Dorsum brown. Ventral part of body whitish.
Nine brown vertical stripes on flank. Head with yellowish
patches and especially at roof region of orbit conspicuous. Ven-
tral fin whitish. Spine part of anal fin orange. Several yellow egg
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