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ABSTRACT

A downward kink one or more scales in length at the posterior end of the upper lateral line, leav-
ing only one scale row instead of two between it and the lower lateral line, has been considered a
synapomorphy uniting as a monophyletic group all members of both clades of endemic hap-
lochromine cichlids of Lake Malaŵi. Here, this claim is tested by surveying the character in rep-
resentatives of all genera of Lake Malaŵi haplochromines (tribe Haplochromini of the subfamily
Pseudocrenilabrinae). Presence of the kink is shown to be variable in most genera, and it was not
documented at all in two (Abactochromis, Cyrtocara). Specimens with no kink occur in many gen-
era, and kink presence and length frequently vary on the two sides of the body. Thus, it is diffi-
cult to justify the kink as a synapomorphy of the species flock. The two clades differ in kink
frequency; a kink occurred on at least one side of the body in 79% of bilaterally assessable speci-
mens in the non-mbuna clade, but in only 53% of those in the mbuna clade (p < 0.0001). When
a kink is present, its length is more variable in non-mbuna (1 to 8 scales, mode 2) than mbuna (1
to 4 scales, mode 1). Extension of the upper lateral line backward from the upper flank close to or
onto the caudal peduncle, where no scale row is as dorsally situated, is identified as one cause of
kink existence; additional factors likely await discovery. Contrary to published statements, the
kink is expressed in some specimens of Astatotilapia calliptera, a phylogenetically important
nonendemic haplochromine found in Lake Malaŵi and elsewhere, which may be the sister of the
lake’s endemic flock. An apparently identical lateral-line kink occurs sporadically in hap-
lochromines in other lakes and in members of three other pseudocrenilabrine cichlid tribes, fur-
ther refuting the hypothesis that this character is a synapomorphy of the Lake Malaŵi species
flock.
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Introduction

The haplochromine cichlid fauna of Lake Malaŵi,
with some 840 known species (the majority still
undescribed), is the world’s largest vertebrate
species flock. Although it was thought to be
monophyletic based on earlier evidence from
mitochondrial DNA (Meyer et al. 1990; Kocher 
et al. 1993; Albertson et al. 1999), morphological
characters supporting the hypothesized mono-
phyly of this rapidly evolving flock have proved
elusive. Thus, the discovery by Lippitsch (1995) of

a readily observable squamation character,
claimed to be unique to the Lake Malaŵi hap-
lochromines, is particularly important.

Lippitsch stated that “The Lake Malaŵi hap-
lochromines seem (with the exception of Astatoti-
lapia calliptera) to form a monophyletic lineage.
The uniting synapomorphy is a peculiar form of
the upper lateral line, which is kinked near its cau-
dal end, descending one scale row and leaving
only one between upper and lower lateral line, as
opposed to at least two in other taxa. This peculi-
arity has been found in all non-mbuna....In the



mbuna this character is missing in some species
and only indistinctly present in others (the scales
behind the kink having only pores and no chan-
nels)” (Lippitsch 1995:103). On her cladogram,
Lippitsch termed the kinked condition, and the
other scale specializations she hypothesized to
define lineages, autapomorphies rather than
synapomorphies. With whichever label, the phy-
logenetic significance of this kink character
(Figure 1) is considerable, as it is the only known
morphological character potentially corroborat-
ing the molecular evidence in delimiting the
endemic haplochromines of Lake Malaŵi as a
monophyletic group.

After Lippitsch (1995) reported this distinc-
tive lateral-line trait, other workers followed her

in utilizing the kink as an important character.
Turner (1996:20), in the first couplet of his key to
offshore cichlids of Lake Malaŵi, separated the
haplochromines from the tilapiines based on pres-
ence or absence of the kink. Turner further stated
(1996:27): “The tilapiine cichlids, along with the
nonendemic haplochromines Astatotilapia cal-
liptera and Serranochromis robustus,...always have
two clear rows of scales between the upper and
lower lateral lines on the caudal peduncle, while
on the endemic haplochromines the upper lateral
line kinks ventrally so that there is only one row
between the lateral lines posteriorly.” Thus, unlike
Lippitsch (1995), Turner seems to attribute an
invariably kinked condition to the mbuna, a sub-
unit of the endemic haplochromines, as well as to

Bulletin of the Peabody Museum of Natural History 57(1) • April 20164

Figure 1. Example of kinked lateral line in Otopharynx lithobates (holotype, BMNH 1974.7.5.1, 86.5 mm stan-
dard length [SL]). Inset shows the region of overlap of the downwardly flexed (kinked) upper and straight lower
lateral lines. Any upper lateral-line scales that are separated by only one scale row from the lower lateral line, as
indicated between the upper ends of the two oblique pointer lines, constitute a kink (k). This kink has a length
of 7 as it includes 7 scales. Drawing modified from Oliver (1984).



the other haplochromines of the lake. Konings
(2010) also stated that having two clear scale rows
between the upper and lower lateral lines distin-
guishes S. robustus and A. calliptera from all other
Lake Malaŵi haplochromines (thus including the
mbuna clade).

Despite its claimed significance, the kink
character has never been critically appraised since
Lippitsch (1995) called attention to it. My objec-
tives in the present study were to confirm the
presence of the described kink within the Lake
Malaŵi haplochromine species flock; estimate its
taxonomic distribution within the flock; deter-
mine whether presence of the character is
intraspecifically fixed or variable; assess any
intraindividual variability in presence of the kink;
appraise variability in kink length on the two sides
of examined specimens; and, if possible, ascertain
whether the kink occurs in any African cichlids
other than the Lake Malaŵi haplochromines.

Materials and Methods

I conducted the research for this study at the
Peabody Museum of Natural History, Yale Uni-
versity (YPM), where I was able to examine at
least one specimen from all 52 currently recog-
nized haplochromine genera endemic to Lake
Malaŵi. I examined 406 specimens (812 fish
sides) representing some 85 selected Lake 
Malaŵi–endemic species and, for comparison, 77
specimens (154 sides) belonging to 20 species of
haplochromines, including tropheines, from
Lakes Tanganyika, Victoria, George and Turkana,
and Astatotilapia calliptera, a Lake Malaŵi nonen-
demic (Appendix 1; a few additional damaged
specimens with kink status not determinable on
either side are not counted in the above numbers,
but are noted in the appendix). For examination,
specimens were allowed to partially air-dry, or
excess alcohol was gently blotted from the poste-
rior flank with paper towels, to maximize visibil-
ity of the lateral line (LL). All specimens were then
examined under a Zeiss Stemi 2000 zoom
stereo microscope (magnification 6.5–50�) with
reflected fiber-optic light illumination of variable
intensity, tilting the fish as necessary to find the
optimal angle of illumination for seeing the LL.
Selected specimens were photographed with a
Nikon D7100 camera and Nikon AF-S Micro
Nikkor 105 mm 1:2.8 macro lens; off-camera elec-

tronic flashes positioned above the dorsum of the
specimen provided optimal visibility of LL canals
and scale edges. Photographs were processed in
Corel PaintShop Pro X6 to improve contrast and
sharpness, standardize backgrounds and add
labels.

As noted by Lippitsch (1995:103), one or
more scales lacking a canal but bearing a pit or
pits, each presumably with a superficial neuro-
mast, are often found caudal to the last canal-
bearing scale of the upper LL and also anterior to
the first canal-bearing scale of the lower LL in
Lake Malaŵi haplochromines. Although missing
or pored scales within the LL are counted, this
study follows the traditional practice of consider-
ing the caudal terminus of the upper LL to be the
last scale bearing a canal (Barel et al. 1977; Snoeks
2004).

Peters (1973) demonstrated that the disjunct
trunk LL of tilapiine cichlids, and, presumably, the
similar LL of haplochromines, forms in a surpris-
ing way. After formation of the trunk neuromast
primordia, the upper and lower LL segments form
bidirectionally, the canal of each scale sequentially
enclosing its neuromast from the head toward the
caudal fin in the upper segment, and from the
caudal fin toward the head in the lower segment,
resulting in the gap between upper and lower
parts. Because of this growth pattern, Webb
(1990) argues that what cichlid taxonomists tra-
ditionally call the “upper” and “lower” LL should
instead be designated the “anterior” and “poste-
rior” LL, respectively. In this article, I focus on the
region at the posterior end of the upper (anterior)
LL. To avoid confusion, therefore, herein I retain
the older terminology of upper and lower LL,
abbreviated ULL and LLL, respectively.

I recorded kink data from both sides of each
specimen when enough scales remained to deter-
mine its presence and, if possible, its length. On
each side, I examined the caudal end of the ULL
for kink presence or absence. I considered the
kink to be present if at least one canal-bearing
scale at the caudal end of the ULL descended one
scale row so that only a single longitudinal row of
canalless scales, instead of two such rows, sepa-
rated the lines there (Figures 2, 3). In addition to
presence or absence of the kink, I recorded kink
length. Thus, for example, at the caudal end of the
ULL, two consecutive canal-bearing scales, both
separated from the LLL below by a single canalless
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row, constitute a kink of length 2. In a single
instance, the kinked region was further deflected
downward on the most posterior scale, so that this
final kink scale directly contacted the LLL beneath
it, with no scale in between (Figure 4). At the cau-
dal end of the ULL, only canal-bearing scales were
considered part of the LL; posterior scales with
only pits (Figure 5) were not counted as kink
scales unless located between kink scales with
canals. Within the kink, canalless, pitted or miss-

ing scales between canal-bearing scales were
counted as part of the kink (e.g., Figure 3B); thus,
the first kink scale (with canal) followed consecu-
tively by one empty scale pocket, one intact scale
lacking a canal and two more canal-bearing scales
would be counted as a kink of length 5. However,
when one or more scales were missing at either
end of the kink, only a minimum kink length
could be recorded. Thus, a kink consisting of one
canal-bearing scale followed in the same row by
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Figure 2. Intraindividual variation in kink presence in Melanochromis melanopterus (YPM ICH 014310), 75.5
mm SL. A, Right side, kink absent. B, Left side, same specimen, kink present (arrow indicates kink scale; kink
length 1 scale). Scale bar equals 1 cm.

Figure 3. Taeniolethrinops furcicauda (YPM ICH 014452), 138 mm SL, showing intraindividual variation in
kink presence and illustrating the possible influence of extension of the upper lateral line (ULL) onto caudal
peduncle in “forcing” the lateral line downwards into kinked position. Arrows indicate insertion of last dorsal-
fin ray at origin of caudal peduncle. A, Right side, kink absent; ULL ends anterior to caudal peduncle. B, Left side,
same specimen, kink present (k indicates kink scales, one of which lacks a canal; kink length 4 scales); ULL with
kink terminates on caudal peduncle. Scale bar equals 1 cm.



two or more empty scale pockets indicating miss-
ing scales, any of which might or might not have
been canal-bearing, and with only canalless scales
behind the missing scales in the same row, was
counted as a kink of length 1+. A kink of three
canal-bearing scales (or two canal-bearing scales
with a missing, canalless or pitted scale between
them), followed posteriorly in the same row by
only a single missing scale, which might or might
not have been canal-bearing, was recorded as a
kink of length 3(-4); that is, at least 3 and perhaps
4, but not more, scales. If the caudalmost intact
scale of the ULL was not kinked, and one or more
scales in the row below and behind it, where a
kink could have occurred, were missing, presence
or absence of a kink was not determinable. This
was the case for some specimens on one or both
body sides. If kink presence or absence could be
determined with certainty on at least one side, the
specimen was included in the study. Specimens
indeterminable bilaterally were excluded; see
Material Examined (Appendix 1).

Kink presence on left and right sides was
found not to be independent. Therefore, I used a
single value per specimen for interspecific com-
parisons of kink frequency: a kink on both sides
was coded as 1, kink absent both sides as 0 and a
kink on one side as 0.5. Resulting values were com-
pared for pairs of species using an unpaired t test.
Specimens with only one side determinable due to
scale damage were omitted from these analyses.

Specimens within each lot are listed in the
order in which they were examined (Tables 1–3).

Institutional abbreviations used are: AMNH,
American Museum of Natural History, New York,
New York, USA; BMNH, Natural History Museum,
London, United Kingdom; MFRU, Fishery
Research Unit, Monkey Bay, Malaŵi; MRAC,
Musée Royal de l’Afrique Centrale, Tervuren, Bel-
gium; YPM ICH, Division of Vertebrate Zoology
Ichthyology Collections, Peabody Museum of
Natural History, Yale University, New Haven,
Connecticut, USA.

Results

The data I obtained in the present study (see
Tables 1–3) confirm the existence within the
endemic Lake Malaŵi haplochromines of the
kinked ULL condition described by Lippitsch
(1995). The study data are also consistent with

her observation that the kink is missing or vari-
ably present in some species of the mbuna clade.

However, the data do not support Lippitsch’s
contention that the kink is found in all non-
mbuna within the endemic Lake Malaŵi hap-
lochromines. It is not present in every individual
of all species and did not occur at all in available
specimens of at least one mbuna species and one
non-mbuna species (see below).

Mbuna
Only 80 (52%) of 155 mbuna specimens exam-
ined (belonging to 18 species in all 13 mbuna gen-
era, with condition determinable on one or both
sides; Table 1) expressed the LL kink on at least
one side of the body. Of the 150 mbuna specimens
with condition bilaterally examined and deter-
minable, I confirmed that the kink was present
bilaterally in 41 (27%), absent bilaterally in 71
(47%) and mixed (present on one side and absent
on the other) in 38 (25%). Thus, in these 150 spec-
imens, a kink was confirmed present on at least
one side of the body in 79 (53%). Every mbuna
species examined with more than two specimens
seen, except Abactochromis labrosus, was variable
in development of the kink; both its presence and
its absence were confirmed in each species on at
least one side of one specimen. Available material
of A. labrosus (six specimens reexamined for the
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Figure 4. Atypical lateral-line (LL) kink in Aulonocara
sp. (YPM ICH 026588), 82.5 mm SL, right side. The
kink (length 6 scales) has its most caudal scale directly
contacting a scale of the lower lateral line below it, that
is, with no longitudinal scale rows separating the LL
sections. The kink also departs from the modal condi-
tion in being separated from the rest of the upper lat-
eral line by a canalless scale. Note that most of the kink
is on the caudal peduncle. Scale bar equals 1 cm.



present study, condition determinable on 11 sides)
invariably lacked the kink, consistent with the
finding reported by Oliver and Arnegard (2010).
In several cases, congeneric mbuna species exam-
ined here differed from each other in frequency
of kink presence, even with the small samples
examined. A kink occurred on 20 of 32 sides of
Labidochromis vellicans, but on 13 of 14 sides of
L. mathotho (t � 2.1903, two-tailed p � 0.0399)
and on only 2 of 12 sides of L. heterodon (t �
2.9665, two-tailed p � 0.0076); L. mathotho dif-
fered strongly from L. heterodon (t � 6.1378, two-
tailed p < 0.0001). Similarly, a kink occurred on
only 17 of 50 sides of Labeotropheus fuelleborni,
but on 14 of 18 sides of L. trewavasae (t � 2.3901,
two-tailed p � 0.0229).

Endemic Non-mbuna
Of non-mbuna Lake Malaŵi haplochromine
specimens examined (belonging to some 67
species in all 39 endemic non-mbuna genera, with
condition determinable on one or both sides;
Table 2), 196 (78%) of 252 expressed the kink on
at least one side. Of the 232 specimens with con-
dition determinable on both sides, a kink was con-
firmed to be present bilaterally in 127 (55%),
absent bilaterally in 49 (21%) and mixed in 56
(24%). Thus, in these 232 specimens, a kink was
confirmed present on at least one side in 183

(79%). Available material of Cyrtocara moorii
(eight specimens, condition determinable on 15
sides) invariably lacked the kink. As is also true
for the mbuna examined, there are some evident
interspecific differences in the frequency of kink
occurrence. Among relatively elongate cichlids,
the kink occurred on all 12 of 12 sides of Palli-
dochromis tokolosh, but on only 9 of 16 sides
of bilaterally determinable specimens in Sci-
aenochromis benthicola (t � 3.3101, two-tailed
p � 0.0062) and on 10 of 20 sides in Mchenga sp.
(t � 2.9580, two-tailed p � 0.0104). Among
deeper-bodied species, in nine bilaterally deter-
minable Aulonocara jacobfreibergi specimens, the
kink occurred on all 18 sides. In contrast, in the
two lots totaling eight Hemitilapia oxyrhyncha, the
kink was expressed on only 7 of 16 sides (t �
4.0612, two-tailed p � 0.0010).

When the kink is present, its length is quite
variable (Figure 6). Considering only kinks on
either body side whose length could be exactly
determined, because both ends of the kink and
at least one canalless scale adjacent to the caudal
end in the same row were intact, kink length
within the endemic Lake Malaŵi non-mbuna
haplochromine clade varied from 1 to 8 scales,
with a weak mode of 2. Among specimens of the
mbuna clade, kink length varied only from 1 to
4 scales, with a mode of 1.
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Figure 5. A, Diplotaxodon limnothrissa (YPM ICH 026569), 130 mm SL, right side, showing absence of a kink;
that is, two longitudinal scale rows (not one) separate the upper lateral line (ULL) from the lower lateral line
(LLL). Box indicates area enlarged in B. B, Same specimen, region above LLL enlarged to show the numerous
scales, mostly in the row below that of the ULL, with either single large pits or multiple small pits on the exposed
caudal field. The pits are part of the trunk lateral-line system (Webb 1990) and presumably bear superficial neu-
romasts. If they were canal-bearing, the pitted scales would be counted as a kink. A, scale bar equals 1 cm; B, scale
bar equals 5 mm.
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TABLE 1. Kink occurrence in mbuna haplochromines endemic to Lake Malaŵi. The left and right columns of
cells represent, respectively, the left and right sides of each specimen. Blank (unshaded) cells indicate confirmed
absence of a kink. Shaded cells indicate a confirmed kink. Numbers in shaded cells indicate kink length; for
example, 2 designates a kink exactly 2 scales long; 2(-3) indicates a kink at least 2 scales long, with one adjacent
scale missing posteriorly that might or might not have been a third kink scale. A “—” indicates that kink pres-
ence or absence could not be confirmed on that fish side because of missing scales. Abbreviation: NE � side not
examined for kink status.

Continued



Haplochromines Not Endemic 
to Lake Malaŵi
My data (Table 3) refute the important claim
explicitly stated by Turner (1996), and implicitly
made by Lippitsch (1995) and Konings (2010),
that the nonendemic Lake Malaŵi haplochromine
Astatotilapia calliptera always has two clear scale
rows between the ULL and LLL segments (i.e.,
always lacks a kink). Of the 15 specimens of A.
calliptera I examined, collected from a population
within the lake at Monkey Bay, Malaŵi, five
expressed the kink unilaterally (none bilaterally).
Moreover, I observed a kink in several hap-
lochromines, including tropheines which are
sometimes considered a separate tribe, from Lake
Tanganyika and in one (Haplochromis rudolfi-
anus) from Lake Turkana.

Discussion

This study confirms the existence of the kinked
LL condition among Lake Malaŵi haplochromines.
However, it is not present in all individuals of all
species. Considering only specimens with kink
status ascertainable bilaterally, a kink occurred
on at least one side far less frequently in the
mbuna clade (kink in 79 [53%] of 150 speci-
mens) than in the non-mbuna clade (kink in
183 [79%] of 232 specimens; t � 5.5928, two-
tailed p < 0.0001). Furthermore, variation in the
presence or absence of the kink is common in
species of both clades, both between conspecific
individuals and on the two sides of the same
fish.

History of the Question, Is the 
Lake Malaŵi Flock Monophyletic?
Discovery of the LL kink by Lippitsch (1995)
seemed to provide morphological evidence sup-
porting an affirmative answer to this question,
which has been discussed and debated for three-
quarters of a century. Regan (1922a:686), referring
only to the many species then assigned to Hap-
lochromis, wrote that “The Nyassa species are a
natural group and may perhaps have evolved in the
lake from a single ancestral form.” He based this
opinion on the caudal fin being truncate to emar-
ginate and nearly covered with small scales in
adults; on the several distinctive melanic color pat-
terns; and because he could not find evidence of
relationship to species elsewhere. The same year
(Regan 1922b:158), using the same evidence as
before, he amended his views somewhat, writing
that the endemic Haplochromis “appear to form a
natural group and have evidently evolved in the
lake from one or a few ancestral forms....[and,
referring now to all other Nyassa genera in addi-
tion to Haplochromis] The indications are that the
endemic Nyassa Cichlids have originated in the
lake from about half-a-dozen ancestral forms.”
Thus, Regan felt that the endemic haplochromines
had a nonmonophyletic origin. Trewavas (1949),
although adducing no further evidence, implied a
monophyletic origin for the endemic hap-
lochromines and suggested the nonendemic Hap-
lochromis callipterus (now Astatotilapia calliptera)
as a plausible ancestor of the group. Mayr
(1942:214) stated that “no objections seem to exist
against the assumption that species flocks origi-
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TABLE 2. Kink occurrence in non-mbuna haplochromines endemic to Lake Malaŵi. The left and right columns
of cells represent, respectively, the left and right sides of each specimen. Blank (unshaded) cells indicate con-
firmed absence of a kink. Shaded cells indicate a confirmed kink. Numbers in shaded cells indicate kink length;
for example, 2 designates a kink exactly 2 scales long; 2(-3) indicates a kink at least 2 scales long, with one adja-
cent scale missing posteriorly that might or might not have been a third kink scale. A “—” indicates that kink pres-
ence or absence could not be confirmed on that fish side because of missing scales. Abbreviation: NE � side not
examined for kink status.

Continued



nated by multiple colonizations.” He also opined
(1942:273), without giving evidence, “That Lake
Nyasa has more endemics than Lake Tanganyika is
probably due to the fact that in its past history it
was connected with a greater number of river sys-

tems,” thus implying a multiple origin for the flock.
Greenwood (1979:314) disputed the monophyly
of the Lake Malaŵi endemic haplochromines: “It
has been generally assumed...that the Malaŵi ‘Hap-
lochromis’-group species were derived from an
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anatomically generalized fluviatile ‘Haplochromis’
(i.e., Astatotilapia) species. I now suspect, however,
that the story is far more complex, that the Malaŵi
flock is probably of polyphyletic origin and that
lineages related to Thoracochromis as well as to
Astatotilapia and even to Serranochromis and
Chetia may have contributed to the flock.” (Eccles
and Trewavas [1989:25] mistakenly attributed to
me [Oliver 1984] the idea, which they embraced,
that the Lake Malaŵi non-mbuna might be related
to Serranochromis and Chetia [they also added
Pharyngochromis], although I merely quoted the
above statement of Greenwood [1979] and did not
advocate this hypothesis.) I reported (Oliver
1984:107ff; see also Oliver and Arnegard 2010) the
presence in the mbuna of true ocellae, each sur-
rounded by a clear ring (Greenwood 1993) on the
anal fin, a derived character apparently shared
with the Victoria–Edward–Kivu haplochromines,
whereas the non-mbuna clade of Lake Malaŵi
haplochromines invariably have nonocellate anal-
fin spots lacking a clear surrounding ring. I con-
cluded that the mbuna shared a common ancestor
with the Victoria–Edward–Kivu flock that was not
shared with the Lake Malaŵi non-mbuna, and
thus that the Lake Malaŵi haplochromines were at
least diphyletic. I have suggested that this is, there-
fore, not properly a species flock but rather might
be termed a species metaflock—a complex of two
or more closely related species flocks, each pre-
sumptively monophyletic, that do not together
constitute a monophyletic group (Oliver 1997).
More recent work (Joyce et al. 2011) using nuclear
DNA markers also indicated that the flock is not
monophyletic, but not along the lines of mbuna

versus non-mbuna as I (Oliver 1984) had sug-
gested; and determined that the riverine species
Astatotilapia tweddlei and A. bloyeti together are
the sister group of the Lake Malaŵi flock. How-
ever, Genner et al. (2015) recently discovered that
Astatotilapia sp. “Ruaha,” an undescribed species
from the Ruaha River in Tanzania, is a still-closer
sister of the Malaŵi flock including A. calliptera.
Wilson et al. (2015) term the Lake Malaŵi hap-
lochromine species flock “quasi-monophyletic.”

The mostly rocky shore–dwelling subunit of
the flock, known as the mbuna, has itself been
inferred to be monophyletic by some workers
based on both gestalt (Trewavas 1935; Fryer and
Iles 1972:493) and weak evidence from molecu-
lar systematics (conflicting studies summarized
by Genner and Turner 2005). However, Oliver
and Arnegard (2010) showed that none of the
anatomical characters proposed by various
authors as supporting the monophyly of the
mbuna can be substantiated as a synapomorphy.

Causes of the Kink
What causes the ULL to become kinked in some
cichlids? There may be more than one cause; I can
suggest one, although I have not made a rigorous
study of this aspect. In the Lake Malaŵi hap-
lochromines I examined, variation in the presence
or absence of a kink, both between species and on
the two sides of a single individual, frequently (but
not always) appears to be correlated with the pos-
terior extent of the ULL. When the ULL extends
nearly to, or onto the caudal peduncle, that is,
behind the level of the last dorsal-fin ray, the ULL
may be “forced” down one scale row because no
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scale row on the side of the caudal peduncle is
located as dorsally as the row containing the ULL
on the flank. For example, on two specimens of
Taeniolethrinops furcicauda in YPM ICH 014452
(one of which is shown in Figure 3), the ULL on
the left side extends onto the first third of the cau-
dal peduncle and a kink is present; in contrast,
there is no kink on the right side where the last
ULL scale is anterior to the last dorsal-fin soft ray
insertion. Similarly, in some specimens of Aulono-
cara jacobfreibergi in YPM ICH 020340, the ULL
extends nearly to the end of the caudal peduncle
and there is a long kink of 4 to 6 scales (see Table 2;

this situation is also illustrated for a specimen of
Otopharynx lithobates in Figure 1).

Unexpected Kink Occurrence 
in Astatotilapia calliptera
Discovery that a kinked LL occurs in some speci-
mens of Astatotilapia calliptera is surprising, as
Turner (1996:27) stated that it is invariably lacking
(A. calliptera and Serranochromis robustus “always
have two clear rows of scales between the upper and
lower lateral lines on the caudal peduncle”). Lip-
pitsch (1995:103) and Konings (2010) implicitly
agreed with this view. Not a Lake Malaŵi endemic,
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TABLE 3. Kink occurrence in some haplochromine (including tropheine) cichlids not endemic to Lake Malaŵi.
The left and right columns of cells represent, respectively, the left and right sides of each specimen. Blank
(unshaded) cells indicate confirmed absence of a kink. Shaded cells indicate a confirmed kink. Numbers in
shaded cells indicate kink length; for example, a 1 designates a kink exactly 1 scale long. A “—” indicates that kink
presence or absence could not be confirmed on that fish side because of missing scales.



A. calliptera is found widely within the lake but also
outside the lake in its inflowing streams, in small
lakes such as Lake Chilingali, and in the lower
Zambezi, lower Pungwe, Buzi, Save-Runde and
Rovuma river systems, occurring in such varied
habitats as marshes, ponds, lakes, rivers and rapidly
flowing rocky streams (Marshall 2011; Tyers and
Turner 2013). This species is nevertheless recov-
ered in molecular studies as part of the endemic
Lake Malaŵi species flock (Moran et al. 1994; Shaw
et al. 2000; Salzburger et al. 2005; Joyce et al. 2011).
Astatotilapia calliptera has been suggested to be
either representative of the ancestral stock of the
endemic Lake Malaŵi haplochromine flock (Tre-
wavas 1949; Meyer et al. 1996), the sister group of
the flock (Tyers and Turner 2013) or a repeated
invader of the lake, giving rise to multiple subclades
perhaps with some subsequent introgression (Joyce
et al. 2011). It is presently unknown if occurrence of
the LL kink in A. calliptera is limited to one or more
populations within the lake, and thus possibly due
to introgression with kink-bearing endemics, or if
it occurs also in riverine populations. In the latter
scenario, the kink may already have been variably
present in the common ancestor of A. calliptera and
the endemic Lake Malaŵi haplochromine flock.
Presence or absence of a kink has not been reported
for Astatotilapia tweddlei, A. bloyeti and A. sp.
“Ruaha” (see above).

Kink Occurrence Outside 
Lake Malaŵi Haplochromini
A kinked LL is not, as Lippitsch (1995) asserted,
unique to the haplochromines of Lake Malaŵi. I
observed presence of a kink in a haplochromine
from Lake Turkana and in several haplochromines
from Lake Tanganyika, although many of the lat-
ter are regarded by some authors as belonging to
a separate tribe Tropheini.

Stiassny (1989) described and illustrated an
apparently identical kink condition in Tylochromis
(tribe Tylochromini). She stated (1989:7) that the
terminal canal-bearing scales in the upper part
“may or may not descend scale rows.” She
reported the descending condition as occurring
in approximately 5% of specimens of T. jentinki
and illustrated the kink in four more of the 18
species treated, including the lectotype of T.
intermedius (kink length 3 scales) and the holo-
types of T. praecox (length 5 scales), T. robertsi
(length 4 scales) and T. elongatus (length 2
scales). Stiassny’s drawings clearly show that a
single scale row, rather than a minimum of two,
as implied by her statement (1989:7) that “[t]wo
or three scale rows separate the upper and lower
lateral line branches,” separates the kinked sec-
tion of the ULL from the LLL in each of these
species, exactly as in the Lake Malaŵi hap-
lochromines.
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Figure 6. Distribution of kink lengths (number of scales in kink). A, The clade of non-mbuna Lake Malaŵi hap-
lochromines. B, The mbuna clade. Data include all fish sides (left and/or right) with a kink of precisely deter-
minable length (see Tables 1, 2).



Poll (1957) provided drawings, showing
squamation including the lateral line, for every
African cichlid genus then known, except Poll’s
own genus Schwetzochromis, which he evidently
overlooked. He illustrates an abruptly down-
ward-kinked ULL with transition from two scale
rows to one separating the lines, like that seen in
Lake Malaŵi haplochromines, for Callochromis
macrops melanostigma (now C. melanostigma;
tribe Ectodini). A gradually converging ULL and
LLL, from two scale rows separating them to
one, but apparently without an abrupt kink, is
illustrated for Asprotilapia (now Xenotilapia)
leptura, Cunningtonia longiventralis, Ophthalmoti-
lapia boops, Ophthalmochromis (now Ophthal-
motilapia) ventralis and Xenotilapia sima (all
Ectodini).

A similar LL kink evidently occurs occasion-
ally also in tribe Tilapiini. Boulenger (1915, fig.
101; reproduced in fig. 100 of Trewavas 1983)
illustrated a specimen of Tilapia mossambica (�
Oreochromis mossambicus) from the Zanzibar
Coast of Mozambique. The drawing shows the
ULL descending a scale row caudally with a kink
of length 1.

Thus, similarly kinked lateral lines occur in at
least four of the approximately 16 currently recog-
nized pseudocrenilabrine tribes (Tylochromini,
Ectodini, Tilapiini and Haplochromini; also Tro-
pheini if this is considered distinct from Haplochro-
mini). As the tylochromines are plesiomorphic
pseudocrenilabrines (Stiassny 1990; Takahashi
2003; Meyer et al. 2015), the ability to express the
condition must have evolved early in the Pseudocre-
nilabrinae. It is unclear if the kink is homologous in
all tribes or evolved independently multiple times
from a nonkinked condition.

In any case, it is now evident that a kinked lat-
eral line is not unique to the endemic Lake Malaŵi
haplochromine species flock.

Conclusions

The “Malaŵi kink” is a distinctive and unusual
squamation character. However, the kink charac-
ter is not unique to them, is far from universal
even within the Lake Malaŵi flock and is fre-
quently variable in presence or length on the two
sides of a fish. A kink also occurs widely but
irregularly in other pseudocrenilabrines. Employ-
ment of the LL kink as a primary key character

for distinguishing endemic Lake Malaŵi hap-
lochromines from nonendemics and tilapiines,
therefore, is not justified. The work I report here
refutes the claim that the kink is a synapomorphy
supporting monophyly of the endemic Lake
Malaŵi flock.

For a character to be considered a synapo-
morphy, it must be found in all members, or all
individuals of one sex, of the group at some point
in their ontogeny; and it must be lacking outside
the group or be hypothesized to have arisen inde-
pendently if a similar condition occurs in other
taxa. The proposed “Malaŵi kink” character fails
on both counts, and must be rejected as a synapo-
morphy of the Lake Malaŵi haplochromine flock.
Therefore, no morphological synapomorphy
characterizing this flock as a monophyletic group
is presently known.
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Appendix 1
Material Examined

Institutional abbreviations follow Sabaj Perez (2014).
Other abbreviations: c&s, cleared and stained; CMRS, for-
mer Cape Maclear Research Station just west of Chembe,
Malaŵi; DHE, D.H. Eccles; DSCL, D.S.C. Lewis; JFRO,
former Joint Fisheries Research Organisation of North-
ern Rhodesia and Nyasaland; KRM, K.R. McKaye;
LMTS, Lake Malaŵi Trawling Survey; MFRU, Fishery
Research Unit, Monkey Bay, Malaŵi; MKO, M.K. Oliver;
TDK, T.D. Kocher; TED, T.E. “Peter” Davies.
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Mbuna clade
Abactochromis labrosus: YPM ICH 015188, 2; Malaŵi:
Nkhata Bay; MKO, KRM, TDK, 23 Jul 1980. YPM ICH
015189, 1; Malaŵi: Nkhata Bay; MKO, KRM, TDK, 24
Jul 1980. YPM ICH 021602, 1; Malaŵi: Likoma Island;
TED party, Aug 1973. YPM ICH 021603, 2; Malaŵi:
Nkhata Bay; MKO, KRM, TDK, 25 Jul 1980.
Cyathochromis obliquidens: YPM ICH 007849, 3;
Malaŵi: Monkey Bay; DHE (?), 11 May 1973. YPM ICH
016835, 1; Malaŵi: Monkey Bay; MKO, 9 Aug 1971.
YPM ICH 024973, 1; Malaŵi: off CMRS; MKO, KRM,
TDK, 7 Aug 1980.
Cynotilapia afra: YPM ICH 010180, 12 (11 used, 1 only
a head); Lake Malaŵi; 1 Mar 1955.
Genyochromis mento: YPM ICH 007856, 10; Malaŵi:
Monkey Bay; DHE (?), 4 Oct 1974. YPM ICH 015155,
2; Malaŵi: Monkey Bay; MKO, DHE, 16 Jul 1971.
Gephyrochromis lawsi: YPM ICH 014252, 3 (2 used, 1
too damaged bilaterally); Malaŵi: Nkhata Bay; JFRO.
Iodotropheus sprengerae: YPM ICH 014178, 1; Malaŵi:
Boadzulu Island; MKO party, 15 Aug 1971. YPM ICH
014254, 1; Malaŵi: Boadzulu Island; MKO party, 15 Aug
1971. BMNH 1971.9.8:5, 1 (holotype); captive (imported
wild fish).
Labeotropheus fuelleborni: YPM ICH 014144, 25;
Malaŵi: Chingubi Point; MKO, DHE, 1 Aug 1971.
Labeotropheus trewavasae: YPM ICH 014841, 10; captive.
Labidochromis heterodon: YPM ICH 014169, 6; Malaŵi:
Boadzulu Island; TED party, Nov 1970.
Labidochromis mathotho: YPM ICH 013855, 7; Malaŵi:
Chinyankwazi Island; TED party, 1971.
Labidochromis textilis: BMNH 1975.5.27:9, 1 (holotype);
captive (imported wild fish). YPM ICH 024976, 3; cap-
tive (imported wild fish).
Labidochromis vellicans: YPM ICH 014268, 16; Malaŵi:
Maleri Island; MKO, A. Mbaye, TED, D. Davies, 2 May
1971.
Maylandia zebra (BB morph): YPM ICH 007860, 5;
Malaŵi: Monkey Bay; DHE (?), Sep 1973.
Melanochromis melanopterus: YPM ICH 014310, 13;
Malaŵi: Maleri Island; MKO, DHE, TED, A. Mbaye, 2
May 1971.
Petrotilapia genalutea: YPM ICH 014274, 20; Malaŵi:
Maleri Island; MKO, DHE, TED, A. Mbaye, 2 May 1971.
Petrotilapia nigra: YPM ICH 014591, 2; Malaŵi: 300 m
E of Otter Island; MKO, KRM, TDK, 4 Jun 1980.
Pseudotropheus “elongatus aggressive”: YPM ICH
007857, 4; Malaŵi: Monkey Bay; DHE (?), 1 Sep 1973.
Tropheops aff. tropheops: YPM ICH 007855, 4; Malaŵi:
Monkey Bay; DHE (?), Sep 1973.

Non-mbuna clade of Lake Malaŵi haplochromines
Alticorpus peterdaviesi: YPM ICH 007868, 3; Malaŵi: sta-
tion Monkey Bay IV; LMTS, 27 Apr 1972. YPM ICH
014319, 1; Malaŵi: station Ilala Gap; LMTS, 20 Apr 1972.
Alticorpus sp.: YPM ICH 014477, 3; trawled Lake
Malaŵi; LMTS, 11 Mar 1972.

Aristochromis christyi: YPM ICH 014427, 1; Malaŵi: sta-
tion Namadzi Bay; LMTS, 1978. YPM ICH 014484, 1;
Malaŵi: Thumbi Island West; MKO, KRM, TDK, 16–17
Jun 1980. YPM ICH 014598, 2 (1 used, 1 too damaged
bilaterally); Malaŵi: Nkhata Bay; MKO, KRM, TDK, 26
Jul 1980.
Aulonocara jacobfreibergi: YPM ICH 020340, 11 (10
used, 1 too damaged bilaterally); Malaŵi: Domwe Island
near N tip; MKO, KRM, TDK, 3 Aug 1980.
Aulonocara macrochir: YPM ICH 014266, 2; Malaŵi:
station Michesi I; MKO, J. Tarbit, H. Klokk, LMTS, 14
Jun 1971.
Aulonocara sp.: YPM ICH 026588, 1; Malaŵi: Nkhata
Bay; MKO, KRM, TDK, 23 Jul 1980.
Buccochromis heterotaenia: YPM ICH 007821, 1;
Malaŵi: trawled in 6 fms 4 mi off Monkey Bay; LMTS,
7 Dec 1973. YPM ICH 014850, 2; Malaŵi: Nkhata Bay;
MKO, KRM, TDK, DSCL, 22 Jul 1980.
Caprichromis liemi: YPM ICH 014136, 1; Malaŵi: E side
Thumbi Island West in 30–50 m; MKO, KRM, TDK,
12–13 Jul 1980. YPM ICH 014512, 1; Malaŵi: midway
between Thumbi Island West and CMRS; MKO, KRM,
TDK, 27–28 Jun 1980.
Caprichromis orthognathus: YPM ICH 014341, 1;
Malaŵi: Thumbi Island West; MKO, KRM, TDK, 6–7
Jul 1980. YPM ICH 014509, 1; Malaŵi: between Thumbi
Island West and CMRS; MKO, KRM, TDK, 27 Jun 1980.
Champsochromis spilorhynchus: YPM ICH 007809, 2;
Malaŵi: Monkey Bay; DHE, 7 Dec 1973.
Cheilochromis euchilus: YPM ICH 027094, 1; captive
(imported wild fish). YPM ICH 027101, 1; Malaŵi:
Mumbo Island; MKO, KRM, TDK, 5 Aug 1980.
Chilotilapia rhoadesii: YPM ICH 007852, 5; Malaŵi: off
Namiasi; DHE, 12 Oct 1971.
Copadichromis mloto: YPM ICH 014470, 3; Malaŵi:
Domwe Island north point; 14 Mar 1979.
Copadichromis quadrimaculatus: YPM ICH 009826, 6
(5 used, 1 too damaged bilaterally); Malaŵi: Nkhunguni
Point; KRM, 19 Mar 1979.
Corematodus taeniatus: YPM ICH 007850, 2; Malaŵi:
station Namiasi Ic; DHE, LMTS, 1 Mar 1972. YPM
ICH 027102, 1; Malaŵi: station Foo I; LMTS, 27 Sep
1972.
Ctenopharynx intermedius: YPM ICH 007817, 6;
Malaŵi: station Namiasi Ia, 11 fms; LMTS, 13 May 1975.
Ctenopharynx nitidus: YPM ICH 007807, 2; Malaŵi: 4
mi SE Monkey Bay in 6–10 fms; LMTS, 7 Dec 1973.
Ctenopharynx pictus: YPM ICH 014553, 3; Malaŵi:
Nkhata Bay; MKO, KRM, TDK, 25 Jul 1980.
Cyrtocara moorii: YPM ICH 014123, 2; Malaŵi:
Nkhudzi Bay; MFRU (?), 7 Mar 1979. YPM ICH 014131,
1; Malaŵi: Monkey Bay; J. Bruins, 9 Aug 1971. YPM
ICH 014549, 1; Malaŵi: Nkhata Bay; MKO, KRM, TDK,
25 Jul 1980. YPM ICH 028250, 2; captive (imported wild
fish). AMNH 31781, 2; Malaŵi: Lake Malaŵi; 24 Apr
1969.
Dimidiochromis strigatus: YPM ICH 014277, 1; Malaŵi:
off CMRS; MKO, KRM, TDK, 17 Jun 1980. YPM ICH
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014517, 2; Malaŵi: off CMRS; MKO, KRM, TDK, 7 Aug
1980.
Diplotaxodon limnothrissa: YPM ICH 026569, 10 (9
used, 1 too damaged bilaterally); Malaŵi: vicinity of
Nkhata Bay, purse seined by M/V Orion; MKO, KRM,
TDK, DSCL, 22 Jul 1980.
Docimodus johnstoni: YPM ICH 014852, 2; Malaŵi:
Mumbo Island; MKO, KRM, TDK, 5 Aug 1980. YPM
ICH 026806, 1; Malaŵi: Nkhata Bay; MKO, KRM, TDK,
22 Jul 1980.
Eclectochromis lobochilus: YPM ICH 027099, 3; captive
(imported wild fish); 1976.
Exochochromis anagenys: YPM ICH 023205, 1; captive.
Fossorochromis rostratus: YPM ICH 027097, 4 (3 used, 1
too damaged bilaterally); captive (imported wild fish);
1976. AMNH 31759, 1; Malaŵi: upper Shire River
between Lake Malaŵi and Lake Malombe; DHE, 21 Dec
1966. AMNH 31760, 1; Malaŵi: Salima; DHE, 17 Feb
1959. AMNH 221936, 2; Lake Malaŵi; MKO et al., 1971.
AMNH 233495, 1; Malaŵi: ENE shore Maleri Island;
MKO, A. Mbaye, D. Davies, TED, 2 May 1971.
Hemitaeniochromis brachyrhynchus: YPM ICH 025201,
1 (holotype); Malaŵi: off Thumbi Island West; MKO,
KRM, TDK, 3 Jul 1980.
Hemitaeniochromis urotaenia: YPM ICH 007803, 1;
Malaŵi: 4 mi SE Monkey Bay in 6–10 fms; LMTS, 7 Dec
1973.
Hemitilapia oxyrhyncha: YPM ICH 007851, 5; Malaŵi:
station Foo I; LMTS, 27 Sep 1972. YPM ICH 027098, 3;
captive (imported wild fish); 1976.
Lethrinops lethrinus: YPM ICH 009827, 4; Malaŵi:
Nkhudzi Bay, trawl in 10 m; KRM, LMTS, 7 Mar 1979.
Lichnochromis acuticeps: YPM ICH 014488, 1; Malaŵi:
off CMRS; MKO, KRM, TDK, 27 Jun 1980. YPM ICH
014520, 1; Malaŵi: off CMRS; MKO, KRM, TDK, 7 Aug
1980. YPM ICH 014590, 1; Malaŵi: 300 m E of Otter
Island; MKO, KRM, TDK, 4 Jun 1980.
Mchenga sp.: YPM ICH 014271, 10 (9 used, 1 too dam-
aged bilaterally); Malaŵi: “SW arm (Monkey Bay)” [sic];
16 Feb 1979.
Mylochromis epichorialis: YPM ICH 014853, 2; Malaŵi:
Mumbo Island; MKO, KRM, TDK, 5 Aug 1980.
Mylochromis ericotaenia: YPM ICH 014362, 1; Malaŵi:
Monkey Bay; MKO, DHE, 8 Aug 1971. YPM ICH
015149, 2; Malaŵi: off CMRS; MKO, KRM, TDK, 7 Aug
1980.
Mylochromis melanonotus: YPM ICH 007812, 3; Malaŵi:
SE arm, 3–5 mi off Namiasi; LMTS, 12 Aug 1971.
Mylochromis plagiotaenia: YPM ICH 025026, 1; Malaŵi:
off CMRS; MKO, KRM, TDK, 7 Aug 1980.
Naevocromis chrysogaster: YPM ICH 014344, 2; Malaŵi:
300 m S of Otter Island; MKO, KRM, TDK, 10 Jul 1980.
YPM ICH 014414, 1; Malaŵi: Thumbi Island West;
MKO, KRM, TDK, 18–19 Aug 1980. YPM ICH 024323,
2; Malaŵi: off W end Chembe; MKO, KRM, TDK, 6–7
Aug 1980.
Nimbochromis fuscotaeniatus: YPM ICH 014385, 1;
Malaŵi: Nkhudzi Bay; DHE (?), 3 Jul 1979.

Nimbochromis linni: YPM ICH 007831, 2; Malaŵi:
trawled Florence Bay; LMTS, 17 Nov 1972. YPM ICH
014547, 2; Malaŵi: Nkhata Bay; MKO, KRM, TDK, 25
Jul 1980.
Nimbochromis polystigma: YPM ICH 014396, 3; Malaŵi:
Nkhudzi Bay, trawled in 10 m; LMTS, 7 Mar 1979.
Nyassachromis breviceps: YPM ICH 025116, 2; Malaŵi:
300 m E of Otter Island; MKO, KRM, TDK, 4 Jun 1980.
Nyassachromis nigritaeniatus: YPM ICH 007816, 2;
Malaŵi: trawled in 6 fms, 4 mi SE of Monkey Bay; DHE,
LMTS, 7 Dec 1973. YPM ICH 014265, 3; Malaŵi: Ilala
Gap 50 m S of narrowest point; MKO, KRM, TDK, 2 Jun
1980.
Otopharynx heterodon: YPM ICH 014404, 6; Malaŵi:
Thumbi Island West; KRM party (?), 23 Jun 1979.
Otopharynx lithobates: BMNH 1974.7.5:1, 1 (holotype);
Malaŵi: Thumbi Island West; 24 May 1971.
Otopharynx speciosus: YPM ICH 014311, 5; Malaŵi: sta-
tion Malembo III, 30–35 fms; LMTS, 19 Jul 1971.
Otopharynx tetraspilus: YPM ICH 014153, 4; Malaŵi:
station Namiasi Ia, 15 fms; LMTS, 15 Jun 1971.
Otopharynx “tetraspilus elongate spot”: YPM ICH
027227, 1; Malaŵi: trawled in 6 fms, 4 mi SE of Monkey
Bay; DHE, LMTS, 7 Dec 1973.
Pallidochromis tokolosh: YPM ICH 026900, 4; Malaŵi:
SE arm, commercial trawl Maldeco’s F/V Crystal Lake;
1991. YPM ICH 026901, 2; Malaŵi: SE arm, station
Midway East, 72 fms, R/V Ethelwynn Trewavas; LMTS,
28 May 1980.
Placidochromis johnstoni: YPM ICH 024307, 1; captive
(imported wild fish); 1976.
Placidochromis longimanus: YPM ICH 007869, 9;
Malaŵi: station Foo I; LMTS, 17 Jan 1973.
Placidochromis milomo: YPM ICH 027935, 1 (paratype,
skin only, removed from one specimen during prepara-
tion of c&s specimens now in AMNH 58749 SW);
Malaŵi: Thumbi Island West at SE corner; MKO, KRM,
TDK, 18 Aug 1980.
Placidochromis subocularis: YPM ICH 007804, 1;
Malaŵi: station Chipoka I; LMTS, 11 Dec 1973. YPM
ICH 014325, 1; Malaŵi: off CMRS; MKO, KRM, TDK,
7 Aug 1980. YPM ICH 014332, 1; Malaŵi: Thumbi
Island West; KRM (?), 13 Nov 1979. YPM ICH 014390,
1; Malaŵi: trawled SE arm; LMTS, 10 Jul 1971.
Protomelas labridens: YPM ICH 014519, 3; Malaŵi: off
CMRS; MKO, KRM, TDK, 7 Aug 1980.
Protomelas spilopterus: YPM ICH 014515, 1; Malaŵi: off
CMRS; MKO, KRM, TDK, 24–25 Aug 1980.
Rhamphochromis esox: YPM ICH 007866, 2; Malaŵi:
Monkey Bay; DHE, 15 Jan 1970.
Rhamphochromis macrophthalmus: YPM ICH 007867,
1; 3 mi N of Mvunguti, 56–58 fms; LMTS, 26 Feb 1972.
Rhamphochromis sp. or spp.: YPM ICH 026567, 8;
Malaŵi: vicinity Nkhata Bay; M/V Orion, 21–22 Jul
1980.
Sciaenochromis benthicola: YPM ICH 014253, 10;
Malaŵi: station Foo II; MKO, LMTS, 9 Jul 1971.
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Sciaenochromis gracilis: YPM ICH 014353, 3; Malaŵi: S
of SW corner Thumbi Island West; MKO, KRM, TDK,
18–19 Aug 1980.
Stigmatochromis pholidophorus: YPM ICH 014313, 4;
Malaŵi: Lake Malaŵi; LMTS, unknown date.
Stigmatochromis pleurospilus: YPM ICH 026590, 2:
Malaŵi: Nkhata Bay; MKO, KRM, TDK, 23 Jul 1980.
Stigmatochromis woodi: YPM ICH 014150, 1; Malaŵi:
Monkey Bay; MKO, 9 Aug 1971. YPM ICH 014593, 3;
Malaŵi: E of Otter Island; MKO, KRM, TDK, 4 Jun
1980.
Taeniochromis holotaenia: YPM ICH 007827, 3; Malaŵi:
station Vua II; LMTS, 18 Nov 1972.
Taeniolethrinops furcicauda: YPM ICH 014452, 3;
Malaŵi: Monkey Bay; no other data.
Tramitichromis brevis: YPM ICH 007847, 1; Malaŵi:
Monkey Bay; LMTS, 22 May 1973.
Tramitichromis lituris: YPM ICH 007833, 11 (10 used, 1
too damaged bilaterally); Malaŵi: station Marelli I;
LMTS, 26 May 1972.
Trematocranus placodon: YPM ICH 007800, 2; Malaŵi:
4 mi SE of Monkey Bay; LMTS, 7 Dec 1973.
Tyrannochromis nigriventer: YPM ICH 014514, 2;
Malaŵi: Nkhata Bay; MKO, KRM, TDK, 22 Jul 1980.
YPM ICH 014550, 2; Malaŵi: Nkhata Bay; MKO, KRM,
TDK, Jul 1980.

Haplochromines including Tropheini (see Takahashi
and Koblmüller 2011) not endemic to Lake Malaŵi
Astatoreochromis alluaudi: YPM ICH 003830, 2; Lake
Victoria.
Astatotilapia burtoni: YPM ICH 014133, 6; captive lab-
oratory stock.
Astatotilapia calliptera: YPM ICH 014161, 8; Malaŵi:
Monkey Bay; R.E. Furzer, 31 May 1971. YPM ICH
014175, 7; Malaŵi: Monkey Bay; MKO, DHE, 8 Aug 1971.
“Ctenochromis” horei: YPM ICH 001939, 1; Lake Tan-
ganyika; Aug 1956. YPM ICH 001954, 2; Lake Tan-
ganyika; Aug 1956. YPM ICH 009405, 1; Lake
Tanganyika; Aug 1956.
Haplochromis angustifrons: YPM ICH 028327, 1;
Uganda: Lake George at Kasenyi; MKO, 17 Apr 1971.
Haplochromis elegans: YPM ICH 014121, 8; Uganda:
Lake George at Kasenyi; MKO, 17 Apr 1971.
Haplochromis longirostris: YPM ICH 003847, 4; Lake
Victoria; 1956.
Haplochromis obliquidens: YPM ICH 009412, 4; Lake
Tanganyika; Aug 1956.
Haplochromis rudolfianus: YPM ICH 014158, 2 (+1 rep-
resented by bilateral skins removed during preparation
of c&s specimen now in AMNH 221778 SW); Lake
Turkana.
Hoplotilapia retrodens: YPM ICH 024326, 4; Lake Victo-
ria.
Interochromis loocki: YPM ICH 001975, 2; Lake Tan-
ganyika; Aug 1956. YPM ICH 009407, 2; Lake Tan-
ganyika; Aug 1956.

Limnotilapia dardennii: YPM ICH 001967, 1; Lake Tan-
ganyika; Aug 1956. YPM ICH 001978, 1; Lake Tan-
ganyika; Aug 1956. YPM ICH 001988, 1; Lake
Tanganyika; Aug 1956.
Lobochilotes labiatus: YPM ICH 024326, 1; Lake Tan-
ganyika; Aug 1956.
Macropleurodus bicolor: YPM ICH 003819, 4; Lake Vic-
toria.
Mbipia lutea: YPM ICH 023188, 1; captive.
Petrochromis polyodon: YPM ICH 001940, 1; Lake Tan-
ganyika; Aug 1956.
Serranochromis robustus robustus: YPM ICH 014544, 1;
Malaŵi: Nkhata Bay; MKO, KRM, TDK, 21 Jul 1980.
YPM ICH 014594, 1; Malaŵi: Nkhata Bay; MKO, KRM,
TDK, 21 Jul 1980.
Simochromis diagramma: YPM ICH 001932, 1; Lake
Tanganyika; Aug 1956. YPM ICH 001974, 2; Lake Tan-
ganyika; Aug 1956.
Tropheus duboisi: YPM ICH 023184, 1; captive.
Tropheus moorii: YPM ICH 014284, 6; Lake Tanganyika;
P. Brichard, Sep 1975.
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