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Introduction

As currently recognized, the genus Haplochromis Hilgendorf encompasses over 300 species, some
doubtless nominal but the majority of apparent biological validity (see Fryer & Iles, 1972;
Greenwood, 1974a). It is the most speciose African taxon in the family Cichlidae and, next to the
genus Sarotherodon has the widest distribution in the continent, extending from Tunisia in the
north to Namibia (South West Africa) in the south. It is, however, virtually absent from west
Africa, being represented there by only one or two species from Nigeria.

Amongst its numbers, indeed contributing the greatest number of species, are the well-known
Haplochromis flocks of Lakes Victoria and Malawi (Trewavas, 1935; Fryer & Iles, 1972;
Greenwood, 1974a), together with the smaller and less studied flocks of Lakes Edward, George,
Turkana (Rudolf), Albert and Kivu (see Regan, 1921a; Poll, 1932; Trewavas, 1933; Trewavas,
1938; Greenwood, 1973, 1974b).

It is amongst the species of these various lacustrine flocks that one encounters the great range
of anatomical, dental and morphological differentiation usually associated with the genus. The
fluviatile species appear to be less diversified, but even here there is more diversity than is realized
at first.

With this wide range of anatomical and morphological variation it is not surprising that the
present concept of the genus, both in morphological and in phyletic terms, is very ill-defined. In-
deed, the concept of Haplochromis seems to be based entirely on some intuitive appreciation of
‘overall similarity’ amongst its constituent species. There has been, so far, no real attempt to
test the validity of the implicit monophyly of these species. The recognizable and often noted
intrageneric variability in Haplochromis has, until recently, not been seen as an analytical taxo-
nomic tool because thinking amongst systematists working on cichlids has been dominated by a
‘size of the morphological gap’ approach to supraspecific classification.

A reappraisal of the situation with this variation seen in terms of derived (apomorph) and
primitive (pleisomorph) character states has not been applied to the genus as a whole (but see
Greenwood, 1974a, for the Lake Victoria species). It is this basically Hennigian approach (Hennig,
1966) that I have attempted to apply to the problem. Its use, I believe, does allow one to produce
a more realistic classification of the species now lumped together in Haplochromis, or separated
from that genus because of their showing an extreme manifestation of features already indicated
in species still retained in Haplochromis.

The taxon Haplochromis was first introduced by Hilgendorf (1888), as a subgenus of Chromis,
for his new species aptly named ‘obliquidens’ (see Greenwood, 1956a). The fine, closely packed
and multiseriate teeth of ‘obliquidens’, with their protracted and obliquely truncate crowns (see
Fig. 7B), provided the diagnostic features for Hilgendorf’s subgenus.

No further species were added to Haplochromis until Boulenger (1906) elevated the taxon to
generic rank and included in it six new species from Lake Victoria and the Victoria Nile. Boulenger
gave no reasons for raising Hilgendorf’s subgenus to a full genus, nor did he attempt to define
Haplochromis so as to accommodate the new species, none of which had teeth like those of
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H. obliquidens. A footnote to the paper (Boulenger, 1906 : 443) might be interpreted as a generic
definition, but it is completely inadequate and rather confusing, merely noting that ‘... in
addition to the character of the dentition, intermediate between Paratilapia and Tilapia, the
fishes of this genus differ from the latter in usually having a considerable portion of the maxillary
bone exposed when the mouth is fully closed’.

The following year Boulenger (1907 : 495) did provide a formal definition of Haplochromis, in
which genus he then synonymized Pffefer’s (1893) genus Ctenochromis and Pellegrin’s (1903)
Astatoreochromis (now recognized as a distinct genus, see Greenwood, 1959a; Poll, 1974 and
p. 285 below). This definition is, however, very vague and so worded that it is impossible to
distinguish Boulenger’s concept of Haplochromis from that of his redefined Paratilapia Bleeker.

The situation remained virtually unchanged, except for the addition of several more species,
with the publication of the third volume in Boulenger’s Catalogue of African Freshwater Fishes
(1915) in which he again comments that some Haplochromis species ‘. . . vary to such an extent
in their dentition that [they] might be referred to Tilapia and others to Paratilapia’.

Regan’s (1920, 1922a) fundamental studies on the osteology of African Cichlidae, and his
consequent revision of Boulenger’s genera, resulted in many more species being included in
Haplochromis (which then became the *. . . largest African genus’, Regan, 1920 : 45). In his 1920
paper Regan also defined (in a footnote) several genera which, although apparently related to
Haplochromis, differed from that genus in various dental features, both oral and pharyngeal.

Surprisingly, in the light of these other generic definitions, Regan was content to include in
Haplochromis a majority of species whose dental characters were quite unlike those of the type
species. In effect, Regan’s redefinition of Haplochromis in these and subsequent papers (especially
those of 1921a & b and 1922a & b) was only a slight improvement of that provided by Boulenger.
Haplochromis remained a polymorphous assemblage of species showing a wide range of dental
and other anatomical peculiarities, only united by having a particular kind of cranial apophysis
for the upper pharyngeal bones. Since a similar apophysis occurs in other taxa defined by Regan,
the monophyletic origin of Hapolchromis was not established.

That Regan was aware of his system’s shortcomings is shown by remarks in his papers on the
cichlids of Lakes Malawi (19216) and Victoria (19226). For example, regarding the Haplochromis
of Lake Victoria he wrote (Regan, 19225 : 158): ‘The species of Haplochromis exhibit almost as
great a diversity as in Nyassa, yet there are certain features which enable one to say almost at a
glance to which lake a species belongs’, and on page 160: ‘From what has been said above as to
the evolution and relationships of the Cichlidae of Victoria, it will be evident that I do not regard
the classification here proposed as entirely satisfactory’.

Regarding the species of Lake Malawi, Regan (19215 : 686) has this to say: ‘... the absence of
evident relationship to species found elsewhere leads to the conclusion that the Nyassa species
are a natural group and may, perhaps, have evolved in the lake from a single ancestral form’.
Regrettably, Regan does not elaborate on his remark about the absence of evident relationship
to species found elsewhere, particularly since a year later he was to place the majority of Lake
Victoria species in the same genus.

When revising the Lake Victoria species, Regan (1922b4) divided the Haplochromis into five
subgenera, Neochromis for H. nigricans and H. nuchisquamulatus, Bayonia for H. xenodon (now
considered a synonym of Macropleurodus, see Greenwood, 1956b), Haplochromis for H. obliqui-
dens, and Ctenochromis for the remaining 42 species. These latter were characterized by their
having conical or bicuspid teeth separated by an interspace from the smaller inner teeth, the
other subgenera having variously specialized crown forms to the teeth. Regan disregarded, or
perhaps failed to appreciate the principal diagnostic feature which Pfeffer (1893) used to diagnose
Ctenochromis, namely the very small scales on the thoracic region. Both Pfeffer and Regan over-
looked other diagnostic features in Ctenochromis pectoralis (type species of the genus), none of
which is found in any of the 42 Victoria species placed in Regan’s Ctenochromis subdivision of
that flock (see p. 287 below). Recent research (summarized in Greenwood, 1974a) also indicates
that these 42 species, and about an equal number described since Regan’s 1922 revision, can be
subdivided into several distinct groups.
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Similar arguments can be marshalled against Regan’s (1922a : 253) statement that °. . . the
species (of Haplochromis) not peculiar to the Great Lakes all belong to the subgenus Ctenochromis,
Pfeffer . . .’; this aspect of the problem will be discussed later.

Since Regan’s time, no real attempts have been made to subdivide the genus (which now
contains almost double the number of species known to Regan). Some species have been separated
off as mono- or oligotypic genera, but these actions have in no way simplified the problem either
taxonomically or phylogenetically, and the genus has still not been shown to be a monophyletic
unit.

Clearly, to test the phylogenetic integrity of such a large, ill-defined taxon will require much
detailed and critical analysis. The present paper must be looked upon as a tentative first step in
that direction. 1 shall limit my detailed analysis to those Haplochromis species which I have
studied in some depth, viz. the species flock of Lake Victoria (which contains the type species,
H. obliquidens) and those of Lakes Turkana, Albert, Edward and George, together with the few
Haplochromis occurring in Lake Tanganyika, and the purely fluviatile species from Africa and
the Middle East. Also included are the Haplochromis-like riverine genera Orthochromis Green-
wood, Serranochromis Regan and Rheohaplochromis Thys van den Audenaerde, and the partly
lacustrine Astatoreochromis Pellegrin. Unfortunately, I have been unable, through lack of first-
hand knowledge, to include the Lake Malawi Haplochromis flock. However, I trust that the
results of my analysis of these other Haplochromzs species will enable workers on the Malaw1
fishes to review the species of that lake in a new light.

My review of anatomical, osteological and morphological features, including detaxls of
secondary sexual markings and coloration, has yielded one particularly significant (but not
surprising) result; there is, apparently, not one derived feature shared only by the 190 species
examined.

The commonly occurring tooth form, an unequally bicuspid tooth, is found in several other
genera, as is the unicuspid and caniniform type. Even some of the specialized dental types seem
to have evolved independently in other genera, these genera, and those in which bi- and unicuspid
teeth also occur, each being recognizable on the basis of derived features not shared
by Haplochromis.

The structure of the cranial apophysis for the upper pharyngeal bones (see Regan, 1920) is
probably a derived feature (see Greenwood, 1978), but again it is a feature widely distributed
amongst several genera whose close affinity with Haplochromis cannot be established. At best the
pharyngeal apophysis can be used as an indicator of relationship at a more distant level than the
‘generic’ one (see Greenwood, 1978).

No derived features of the anatomy or the squamation are universally shared amongst all the
species although, as with various other characters, distinct groups can be defined within
Haplochromis on the basis of shared derived features.

The anal fin markings found in adult male Haplochromis, the so-called anal ocelli or egg-
dummies (see Wickler, 1962a & b; Trewavas, 1973), have been considered a unique feature of the
genus. Trewavas (1973 : 34) expressed the generally held view on these markings when she wrote

. within their endless diversity the species of Haplochromis have almost universally in common
a feature of the colour-pattern, the well-known ocellar spots on the anal fin of the male’ (italics
mine). Certainly such ocellar markings are present in all the described species of Haplochromis
from Lake Victoria, Edward, George and Kivu, and probably in those from Lake Turkana as
well. But, true ocelli (i.e. a central coloured spot with a clear surround) are not found in the
species of Lake Albert, in the majority of species occurring in the rivers, nor even in many of
the Lake Malawi species (see figs in Axelrod & Burgess, 1977). Coloured markings do occur on
the anal fins of these fishes (sometimes in both sexes), but are in the form of spots without a
clear surround, often smaller than the true ocellar type, sometimes more numerous and covering
the greater part of the fin, sometimes only as one or two spots, or, less commonly, similar in
number (3-5) and linear arrangements to the true ocellar type.

Clearly, the presence of ocellar anal markings cannot be considered a character of Haplochromis
as that genus is currently conceived, and the value of anal markings per se as an indicator of
phyletic relationship must be reassessed.
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Although a monophyletic origin for the ‘genus’ Haplochromis cannot be established, it is
possible to recognize several seemingly monophyletic lineages (reconstructed on the basis of
synapomorphic characters) amongst the species of Lake Victoria (Greenwood, 19744 and un-
published). None of the six major lineages recognized in that lake, however, could be interrelated
on a sister-group basis (although sister-groups could be recognized within five of the lineages
themselves). In other words, the synapomorphic features of each lineage are superimposed on a
basic, plesiomorphic ‘bauplan’ shared by all*.

A similar picture emerges when the fluviatile species, and those from Lakes Albert, Turkana
and Tanganyika are examined closely. That is, one can postulate a number of lineages (some
containing both fluviatile and lacustrine members), but none can be further interrelated on the
basis of synapomorphic features.

With the possible exception of their occurrence in two species (one from Lake Victoria, the
other from Lake George), none of the apomorph features used to delineate these lineages has
been observed amongst the ‘Haplochromis’ species of Lakes Victoria, Edward, George and Kivu.

Although no apomorph character has been found to unite all the species of Lakes Victoria,
Edward, George and Kivu, and thus suggest their common ancestry, species from the different
lakes can be grouped into common lineages each of presumed monophyletic origin. For that
reason the ‘Haplochromis’ of Lakes Edward, Kivu and George will be treated together with those
of Victoria in a forthcoming paper (except for those species which are now referred to the redefined
genus Haplochromis, see p. 280).

To summarize, the so-called Haplochromis species of Africa (excepting those of Lake Malawi
which are not included in this review) can be split into a number of major lineages. Most of these
lineages are characterized by derived features unique to its members.

The different lineages cannot be interrelated on a sister-group basis for want of ascertainable
synapomorphic features which would permit the recognition of their sister-group status. I use
the qualification ‘most of these’ because one of the groups cannot be defined on the basis of
even a single shared apomorph character. This is the group in which must be placed the widespread
H. bloyeti species complex of east Africa (see Greenwood, 1971, 1974a) and, probably, certain of
the generalized endemic species of Lake Victoria, Edward and Kivu; it is recognized merely on
the overall similarity (and plesiomorphy) of its constituent species.

Wherever breeding habits are known, members of the various lineages described in this paper
are female mouth brooders, and all have a ‘Haplochromis’-type cranial apophysis for the upper
pharyngeal bones (Greenwood, 1978), features shared with the ‘Haplochromis’ and several
seemingly related species in Lake Malawi (Trewavas, 1935; Greenwood, 1978). Oral brooding
and its associated spawning behaviour, as compared with substrate spawning and brood-care, is
a derived condition; the ‘Haplochromis’-type apophysis would also seem to be a derived feature.
One may therefore hypothesize a shared common ancestry, at some point, both for the lineages
described below and for those which eventually will be recognized amongst the Lake Malawi
haplochromine species (i.e. those with a ‘Haplochromis’-type pharyngeal apophysis and, probably
species with a ‘Tropheus’-type apophysis as well; see Greenwood, 1978).

For the moment, however, and until it is possible to interrelate dichotomously the various
lineages on a sister-group basis, one is faced with a series of unresolved dichotomies (see, for
example, the problem discussed on p. 313). In classifying this assemblage 1 have followed the
convention suggested by Nelson (1972), namely that the taxa (i.e. the individual lineages) be
given equal rank. At this stage in our knowledge of supraspecific relationships amongst African
cichlids, generic rank would seem to be the most appropriate.

Methods and materials
Methods

In essence I have attempted to break up the ‘genus’ Haplochromis into a number of monophyletic

* It has been assumed (on the basis of overall morphological similarity between the least specialized members of
cach lineage) that the endemic Haplochromis species of Lake Victoria are of monophyletic origin (Greenwood,
1974a). Since no apomorph feature unique to the Victoria species has yet been found, that hypothesis is without
formal support.
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lineages, the members of each lineage being related by their relative recency of common ancestry.
Recency of common ancestry, in turn, is recognized by members of a lineage possessing derived
(apomorph) characters which are not shared with other species.

Determining the primitive (plesiomorph) or derived status of characters in the Cichlidae is at
present a very difficult task. No guidance is available from the entirely inadequate fossil record,
and the family’s nearest living relatives have yet to be recognized. Comparisons between different
character states (outgroup comparison, see Hecht & Edwards, 1977) ideally should be carried out
across the whole family. As there are well over 600 nominal species in Africa and America, few
of which have been studied in the detail necessary for proper phyletic analysis, the level of out-
group comparisons employed in this paper is, perforce, a low one.

All comparisons have been restricted to African taxa, in particular to species and lineages
within the group having a ‘Haplochromis’-type of pharyngeal apophysis. This decision was made
on the assumption that all such taxa were derived from a common ancestor, albeit a distant one,
and that the ‘Haplochromis’-type apophysis, relative to the ‘Tilapia’-type, is itself a derived
character. The most detailed comparisons, of course, have been those made between species
comprising the lineages discussed in this paper.

Outgroup comparisons have also been made with species having a ‘Tilapia’-type apophysis, in
particular the lineages represented by the genera Sarotherodon and Tilapia.

When comparisons were made with Haplochromis from Lake Victoria, the Victorian lineages
were those discussed in Greenwood (1974a). Since no such breakdown is available for the endemic
Haplochromis of Lake Malawi or for the endemic genera with a ‘Haplochromis’-type apophysis
in Lake Tanganyika, these various taxa were not involved in the analysis.

The particular characters and character transformations studied are those which, after a
preliminary survey of the taxa involved*, seemed to be most likely to yield information on their
derived or primitive states within the material available and within the limits of the tests which
could be applied to the conclusions reached.

As might be expected, the principal test was that of the distribution of a character state amongst
the species compared. The state having the widest occurrence is assumed to be the most primitive
one, that with the most circumscribed distribution the derived one (the so-called commonality
principle of Schaeffer, Hecht & Eldredge, 1972).

The characters finally selected, and a few others that deserve comment, can now be discussed.

(i) Squamation. All Haplochromis have the scales on the chest region (the area anterior to a line
through the pelvic and pectoral fin insertions, and ventral to a horizontal line through the ventral
part of the pectoral fin insertion) smaller than those on the ventral and ventrolateral parts of the
body. The common condition is that in which the size change between the scales of the two regions
is a gradual one, see Fig. 1; even when, as in H. squamulatus of Lake Victoria, the chest scales are
noticeably small, the size change is still gradual (see fig. 17 in Greenwood, 1967). The less frequent
condition is that in which the size transition (usually along the line between pectoral and pelvic
fin insertions, but sometimes a little further posteriorly) is abrupt; since in these fishes the chest
scales are generally small and numerous, the chest squamation is noticeably distinct from that
of the belly and ventral flank regions (Figs 2 & 3).

A totally scaled chest, irrespective of squamation pattern, is the usual condition; circum-
scribed, bilaterally symmetrical naked patches are uncommon and are confined to species showing
an abrupt size transition in thoracic-abdominal scale sizes. A completely naked chest is the most
uncommon condition and would seem to be the end point in the apomorphic morphocline:
abrupt size change 9 bilateral naked patches = completely naked chest.

Although the ventral body scales extending posteriorly from the pelvic fin insertions to the
anus are smaller than those on the lateral and ventrolateral aspects of the flanks, the size gradation
between the two fields is generally gradual. However, in a few species the ventral (belly) scales are
much reduced in size and thus are clearly demarcated from the flank scales above them. This

* The Haplochromis species of Lakes Victoria, Albert, Turkana, Tanganyika, Edward, George and Kivu, of the
African rivers and those of Syria and Israel, and the species of Serranochromis, Rheohaplochronis, Orthoclhroniis,
Astatoreochromis, Macropleurodus, Platytaeniodus and Hoplotilapia, a total of some 390 species.



A REVISION OF THE HAPLOCHROMIS GENERIC CONCEPT 271

condition is correlated with an equally marked and abrupt size reduction in the scales on the
chest, so that the tiny abdominal scales appear as a posterior and ventrolateral extension of those
on the chest (Fig. 3). Such an arrangement is also considered to be a derived condition.

Surprisingly, in a group of species where most morphological features appear as elements in a
continuum of differentiation, the various scale patterns discussed above are very trenchantly
separated from one another. The few intermediate specimens I have observed are clearly individual
rather than populational or specific variants.

As with the chest, a completely scaled cheek is the common condition, the scales being arranged
in three or four horizontal rows. Reduced squamation is encountered infrequently, but ranges
from a narrow naked band (one or two rows deep) along the ventral margin, to an almost com-
pletely naked cheek with only the suborbital row, or part of that row, persisting.

10mm
Fig. 1 Thoracic-abdominal scale transition in Astatotilapia nubila; left lateral view.

On the principle of commonality (Schaeffer et al, 1972), strongly ctenoid body scales should be
looked upon as the primitive condition, and an increase in the area of the body covered by
cycloid or reduced ctenoid scales should be considered the derived one*.

Some uncertainty about this conclusion could be raised by the situation in Hemichromis, also
a ‘Haplochromis’ group species (see Regan, 19224). Here the scales are mostly cycloid with a few
weakly ctenoid ones confined to the anterior part of the body; that is, a presumably derived
condition. But Hemichromis species are substrate spawners and brood guarders, a presumed
primitive condition amongst African cichlids. Since certain other characters in Hemichromis are
apparently derived ones (the unicuspid outer teeth, the number of inner tooth rows (one or none),
and the form of the upper jaw), the cycloid scales may have evolved independently in the lineage.
On the other hand, the presence of cycloid scales in ‘Tilapia’ group species (see footnote), some
of which are also substrate spawners and all of which have an apparently plesiomorph type of
pharyngeal apophysis (see Greenwood, 1978), would appear to strengthen the argument for
considering cycloid scales as primitive features. In the face of such contradictory observations it
would seem advisable not to use this type of scale ornamentation in phyletic analysis.

All the Haplochromis and Haplochromis group species used in this review (see footnote p. 270)
have less than the proximal two-thirds of the caudal fin covered by small scales; usually only the

* Most taxa in the ‘Tilapia’ group, as defined by apophyseal structure (see Greenwood, 1978), have cycloid scales,
although some have a few weakly ctenoid scales on the anterior part of the body).
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5mm

5mm
Fig. 3 Thoracic-abdominal scale transition in Orthochromis polyacanthus; left lateral view.

proximal half is covered. In contrast, all the endemic lacustrine species from Lake Malawi have
the entire fin densely scaled (Trewavas, 1935). The partly scaled condition is assumed to be the
plesiomorph one.

(ii) Dentition. Outer tooth row in both jaws. The most frequently occurring tooth form (Fig. 4)
is that with an unequally bicuspid crown, moderately distinct neck and relatively stout body
firmly attached to the underlying bone. Neither cusp is strongly compressed, their tips are acute
or subacute and lie in or but slightly outside a vertical drawn through the corresponding outer
margin of the tooth’s body. Such teeth, apart from providing the definitive dental form in many
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species, also precede the definitive tooth type in species having unicuspid teeth in adult fishes,
and also, in at least some species, precede the definitive types when these are much modified
versions of the basic bicuspid (e.g. in H. obliquidens). Unfortunately, ontogenetic data on tooth
replacement are not available for many species, so the generality of the latter observation is
unknown.

Because of its common occurrence and its primary position in the ontogenetic sequence of
tooth replacement, the unequally bicuspid tooth is taken to be the plesiomorph dental type.
Bicuspid teeth in which there is a differential growth of one cusp (usually the larger one) or equal
development of both cusps are considered to be derived features, as are unicuspid teeth.

As mentioned above, most taxa having a definitive outer row dentition composed of unicuspid
teeth also have an ontogenetically earlier one of bicuspids (usually persisting until an individual
fish is between 80 and 100 mm standard length). Any shift forward in the time or body size at
which the definitive unicuspid teeth appear can therefore be interpreted as being a derived
condition.

Tmm

Fig. 4 Outer row jaw teeth (premaxillary) of Astatotilapia flaviijosephi.
A. Labial view. B. Lateral view (posterior aspect).

From one to six (rarely as many as twelve) enlarged and unicuspid teeth occur posteriorly on
the premaxilla, even when the other teeth on that bone are bicuspids. The replacement of these
unicuspids by teeth similar to those on the rest of the premaxilla must be considered a derived
condition.

Inner row teeth. Here, on the grounds of common occurrence, small, tricuspid teeth must
represent the primitive condition. As with the outer teeth, there can be an ontogenetic succession
of teeth types, tricuspids or a mixture of tri- and bicuspids preceding unicuspids. Occasionally
some or all inner rows are composed of highly modified bicuspid types resembling, albeit on a
smaller scale, those of the outer row (e.g. Haplochromis obliquidens and Macropleurodus bicolor;
see Greenwood, 1974aq).

The presence of inner teeth other than tricuspids is a derived condition. Since most commonly
there are from 2 to 3 rows of inner teeth, any increase or decrease in the number of rows must
also indicate an apomorph condition.

(iii) The lower pharyngeal bone and its dentition. The most commonly encountered form of lower
pharyngeal bone has an approximately equilateral, triangular dentigerous surface, is not noticeably
thickened or robust, and has its anterior blade-like portion neither noticeably elongate nor short
(Fig. 5).

The teeth are arranged anteroposteriorly in about 30 to 50 rows, with those in the two median
and in the posterior transverse row stouter than the others but, like them, retaining an unequally
bicuspid crown in which the minor cusp is a near horizontal shoulder and the major one is weakly
falciform and vertically aligned.

Apomorphic derivations from this basic type include changes in overall outline shape of the
dentigerous area (Fig. 14), elongation of the anterior blade, increase or decrease in the number
of tooth rows, an increase or, less commonly, a decrease in the number of rows of coarser teeth
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(Figs 20 & 8), and changes in crown morphology of the teeth (generally a process of molarization
associated with a general coarsening of tooth form; see Fig. 18B).

(iv) Neurocranial morphology. Modal neurocranial form (and thus the presumed plesiomorph
condition) is best appreciated from a drawing (Fig. 6).

Salient features are the moderately high supraoccipital crest (c. three-quarters of the depth of
the otic skull region measured from roof to ventral parasphenoidal face, but excluding the
pharyngeal apophysis); the preorbital skull profile (from vomerine tip to the anterior point of the
supraoccipital crest) rising at an angle of ¢.45° its outline gently curved and its ethmovomerine
region sloping forwards and downwards at a slight angle; the preotic part of the skull (measured
from the vomerine tip to the anterior vertical wall of the prootic bone) comprising some 55-60 %,
of the total length of the neurocranium, and the otic region of the skull not inflated. The pharyngeal
apophysis is not enlarged, and the prootic does not contribute to the articular surface (Greenwood,
1978).

3mm

Fig. 5 Lower pharyngeal bone of Astatotilapia bloyeti. A. Occlusal view.
B. Right lateral view (bone aligned vertically).

Derivative conditions include elongation of the preotic part of the skull (to about 709, of the
neurocranial length) correlated with a flattening of the preorbital skull profile (Fig. 13); narrowing
of the otic region, and in some variants a relative lowering of the supraoccipital crest; the reten-
tion of a basic skull form in the otic region but a marked increase in the slope of the ethmovomerine
region (in some species almost to the vertical) and a correlated increase in the slope and curvature
of the preorbital skull profile; the retention of basic otic and ethmovomerine regions but the
elevation of the preorbital skull roof so that the neurocranium becomes higher and more angular
in outline (see Greenwood, 19744, for further analysis and figures).

Departure from the plesiomorph condition for the pharyngeal apophysis is always associated
with an hypertrophy of the upper and lower pharyngeal bones and their dentition (see Greenwood,
1965a, 1974a, 1978).

(v) Anal fin markings (egg-dummies) in male fishes. Reference has already been made (p. 268) to
the variety of these markings in Haplochromis. (See Wickler, 1962a & b, 1963 for a discussion of
their importance in the breeding biology of these fishes).

Regrettably there is little information about these markings in live fishes, and what has been
recorded is often insufficiently detailed to be of value. For instance, it is important to know if the
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markings are merely coloured spots, whether each spot has a contrasting border, or whether it is
truly an ocellus with a wide and translucent surround. The number and distribution of the
markings are also important data. My own observations on live fishes from different parts of
Africa, and on preserved material as well, all suggest that the anal markings (or their absence)
may be of considerable value in helping to define lineages. But, because of a paucity of informa-
tion for many species considered below it has proved impossible to use the character fully in
this study.

It seems reasonable to assume that the egg-dummy markings (using that term in its widest
sense and not just for true ocelli) were derived from coloured streaks and spots like those that
are an almost universal feature on the dorsal fins of cichlids (see Wickler, 1962a). The first steps
in the evolution of egg-dummies from a maculate colour pattern would involve a slight reduction
in the number of spots and a consequent increase in the space between them, and the intensifica-
tion or alteration of their colour so as to differentiate the anal spots from those in the dorsal
fin. The end point in this process of differentiation seemingly would be reached with the develop-
ment of ocellar spots.

Fig. 6 Neurocranium of Astatotilapia bloyeti; left lateral view.

In species with true ocellar egg-dummies (e.g. the Haplochromis of Lake Victoria; see
Greenwood, 1974a, especially plate 1) the number of spots is reduced to modes of 3 or 4, the
coloured centre of each spot is ovoid in outline, generally has a narrow black or dark border and
is surrounded by a clear zone of fin membrane; other spots and markings on the fin are suppressed,
although the greater part of the fin may have a coloured flush. The result is a most distinctive
mark, with an illusion of three dimensionality, that is readily distinguished from any other fin
or body markings.

There are, of course, other kinds of anal marking which, in their appearance, size and distri-
bution on the fin, are intermediate between the supposed plesiomorph type (numerous, non-
ocellate spots) and the presumed apomorph kind described in the last paragraph. Their possible
phylogenetic importance will become apparent when more information is available not only on
their appearance in live animals, but also on their functional role in mate recognition, courtship
and spawning.

For the moment one can assume that the ocellar spots represent the apomorph condition and
that the multiple spot type of anal marking is the plesiomorph one. Those Haplochromis-like
species apparently without any spatially or chromatically differentiated anal markings (e.g.
Orthochromis malagaraziensis; Greenwood, 1954) provide a particular problem because we know
nothing of their reproductive behaviour. Thus the absence of ‘egg-dummies’ cannot necessarily
be construed as representing a plesiomorph condition in these species.
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(vi) Vertebral numbers. The modal range of total vertebral counts (excluding the fused PU,+ U,
urostylar element) is 27-29 (comprising 12-14 abdominal and 15 or 16 caudal centra). On the
grounds of its being the modal number, it is taken to be the plesiomorph condition.

Apomorphic deviations occur amongst the Haplochromis species of Lake Victoria where a few
species show a higher modal count (30-32); these are all long-bodied piscivorous predators and
the increase in the number of vertebrae occurs in the caudal section of the column. Parenthetically,
it may be noted that Lake Malawi Haplochromis species with more than 32 vertebrae also show
an increase in the number of caudal elements.

The most marked increase in vertebral numbers (apart from that in some Malawi species) is
found in the genus Serranochromis. Here the modal counts are 33 and 34 (abdominal modes
16-17, caudal modes also 16 and 17), with an increase in the number of abdominal rather than
the caudal elements as was the situation in the Victoria and Malawi Haplochromis species.

A similar increase in the number of abdominal vertebrae is also found in the seven Zambezi
species of so-called Haplochromis revised by Bell-Cross (1975). In these species there is, however,
a reduction in the number of caudal vertebrae as compared both with Serranochromis and with
the plesiomorphic Haplochromis condition (14 and 15 in the Zambezi species, 16 and 17 in the
others). In consequence, the modal total count (29-32) for the Zambezi fishes overlaps that of
the plesiomorph Haplochromis type.

For want of falsifying evidence, the Serranochromis and ‘Zambezi Haplochromis® conditions
are both considered to be apomorphic ones.

In some Haplochromis-like genera, certain species have low counts for caudal vertebrae, but
modal ones for the abdominal elements (see p. 290); probably these taxa, in the phyletic context
of their particular lineages (and for this particular character), should be considered derived
(i.e. autapomorphic).

(vii) Caudal fin skeleton. Vandewalle (1973) has provided a summary of the caudal fin skeleton
in 108 cichlid species, mostly African. He shows that, overall, there is a remarkable constancy in
this feature but that in some species individual hypural elements may fuse (especially hypural 1
with 2, and 3 with 4; the fifth hypural is always free except in one species (see p. 292) — Vandewalle
finds no instance of fusion between all hypurals).

My own observations generally confirm those of Vandewalle, but strongly indicate that, with
one possibly exceptional lineage (see p. 297), hypural fusion is an individual and not a specific
or lineage trait. It is thus of very restricted value as an indicator of phyletic affinities, as is the
organization of the whole caudal fin skeleton amongst the taxa examined.

(viii) Number of dorsal and anal fin rays. Amongst the Haplochromis species and related taxa
reviewed (see footnote p. 270) the modal numbers of dorsal fin rays are 15 and 16, and of branched
rays 9 and 10. Except for obvious individual variants, and two species of Astatoreochromis, all
these taxa have 3 spinous rays in the anal fin and, modally, 8 or 9 branched rays.

If, on the principle of commonality, these numbers are taken to be the basic (i.e. plesiomorph)
counts, then modal ray counts for either fin that are higher or lower should be considered derived

features.

(ix) Gill rakers. There is a fairly narrow range of both gill raker numbers and shapes (counts and
observations restricted to the outer row of gill rakers on the lower part of the first gill arch). In
most species the rakers are relatively robust, simple structures (with sometimes the upper 2 or 3
of the series flattened and bi-, tri- or even polyfid), of moderate length and numbering from 7 to
12 (modal counts 8 and 9).

Materials

All the BMNH material (spirit specimens, alizarin preparations, dry skeletons and radiographs)
of all the taxa named in this paper has been examined, as have the Museum’s collections of
Haplochromis species from Lakes Victoria, Edward, George and Kivu, and selected specimens from
the collection of Lake Malawi Haplochromis species and related genera.













































































































































