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Abstract

Pseudotropheus livingstonii and P. elegans are two sand-dwelling cichlid species that belong to the so-called mbuna, a
group of predominantly rock-dwelling haplochromines of Lake Malawi. The identity of these two species has confused
taxonomists for almost a century until a recent rediscovery of representatives of P. elegans close to its type locality. New
diagnoses for both species are provided.
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Introduction

In the lakes of East Africa, fishes of the family Cichlidae have undergone an extraordinarily rapid and extensive
radiation. Within Lake Malawi, over 450 species have been formally described, and many undescribed species
have been discovered from recently explored areas. It is estimated that in Lake Malawi alone, there may be as
many as 850 cichlid species (Konings 2007). Within this diverse assemblage of fishes the small and colorful rock-
dwelling cichlids are referred to as mbuna in the local vernacular. Although not formally described, the mbuna
share the following characters: 1) large number of small scales on the nape and chest region; 2) abrupt transition
from large flank scales to small chest scales; 3) reduction of the left ovary which is non-functional; and 4)
possession of true ocelli on the anal fin (Fryer 1959; Oliver 1984). The mbuna are mostly associated with rocky
habitats, but a small group of species occurs on sandy substrates (Fryer 1959; Fryer & Iles 1972; Ribbink et al.
1983; Stauffer 1991), including Pseudotropheus elegans Trewavas and P. livingstonii (Boulenger).

Discrimination among cichlid species of Lake Malawi can be difficult, because visual differences among
species may be very small (Konings 2007) and because morphological characters may be prone to convergence
(Kocher et al. 1993) and/or are phenotypically flexible (Stauffer & Gray 2004). In conjunction with their
morphological attributes, behavioral traits of these species are important diagnostic tools in distinguishing the
multitude of species (Barlow 2002; Stauffer et al. 2002). The taxonomic history of P. livingstonii and P. elegans
represents the difficulties researchers have in classifying Malawi cichlids.

In 1899, Boulenger described Tilapia livingstonii from a single specimen which was collected in Lake Malawi
about 40 years earlier by Livingstone during his Zambesi Expedition and which was since 1863 registered as Perca
vittata (a marine species) in the British Museum (BMNH 1863.11.12.22). In 1922, Regan synonymized 7.
livingstonii with Pseudotropheus williamsi Guinther 1893, but it was later reinstated as P. /ivingstonii by Trewavas
(1935). At the same time, Trewavas described P. elegans from a single specimen collected in Deep Bay (Chilumba
Bay), Lake Malawi, by Christy. Trewavas had examined the type of P. [ivingstonii and found that it was sufficiently
different from P. elegans to warrant the description of the latter. The type of P. [ivingstonii, even after more than
150 years of preservation, still exhibits a vague barring pattern (the drawing accompanying its description depicts
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distinct bars), but no such pattern is discernable on the type of P. elegans. Nevertheless, Trewavas (1935) did not
remark on this difference in melanin patterns, but instead distinguished P. elegans from P. livingstonii by its
slightly larger eye and narrower preorbital bone. In 1983, Ribbink et al. (1983) found that Pseudotropheus
lanisticola Burgess 1976, a shell-dwelling mbuna described from the southern part of the lake, was conspecific
with Boulenger’s P. livingstonii and regarded P. lanisticola as a junior synonym. Ribbink ez al. (1983) further
reported on the presence of large numbers of P. elegans in the southern portion of the lake in schools over sandy
bottom. Stauffer et al. (1997) assigned P. livingstonii and P. elegans to Metriaclima, but Konings (2007) reversed
this assignment.

Stauffer et al (1997) diagnosed Metriaclima, and this diagnosis was expanded by Konings & Stauffer (2006).
Condé & Géry (1999) claimed that Metriaclima should be regarded as a junior synonym of Maylandia Meyer &
Foerster (1984), however, Meyer & Foerster (1984) failed to supply a character in which their subgenus
Maylandia, defined by its type species M. greshakei, is distinct from Pseudotropheus. Characters were given for a
so-called zebra complex but M. greshakei was not considered part of that complex. The subgenus was thus not
diagnosed according to the requirements of Article 13.1.1 of the Code, and was therefore regarded a nomen nudum
by Stauffer et al. (1997) and subsequent authors (Konings & Geerts 1999, Geerts 2002, Stauffer & Kellogg 2002).

In 2007, Konings also synonymized P. elegans with P. livingstonii and reinstated P. lanisticola as the shell-
dwelling species. The purpose of this paper is to redescribe P. livingstonii and P. elegans on the basis of
morphological examination of the type material and on behavioral differences obtained from field observations.
Our studies show that P. livingstonii, P. elegans, and P. lanisticola are three species distinguishable by
morphological and behavioral differences.

Methods and materials

Fishes were collected in Lake Malawi by chasing them into a monofilament block net while SCUBA diving. Fishes
were collected and processed under approval of the Animal Use and Care Committee at Penn State University
(IACUC #24269). All fishes were anesthetized with clove oil, euthanized in 1% formalin, pinned in trays so that
the bodies were flat and the fins erect, preserved in 10% formalin, and placed in permanent storage in 70% ethanol.
Counts and measurements follow Stauffer (1994) and Stauffer & Konings (2006). All counts and measurements
were taken from the left side of the body with the exception of gill-raker counts, which were taken on the right side.

Morphometric data were analyzed using a sheared principal component analysis, which factors the covariance
matrix and restricts size variation to the first principal component (Humpbhries et al. 1981; Bookstein et al. 1985).
Meristic data were analyzed using a principal component analysis in which the correlation matrix was factored.
Differences among species were illustrated by plotting the sheared second principal components (SPC2) of the
morphometric data against the first principal components (PC1) of the meristic data (Stauffer & Hert 1992).

The holotypes of P. livingstonii (BMNH1863.11.12.22), P. elegans (BMNH1935.6.14.127) and Metriaclima
lanisticola (USNM 216266) were scanned on the high-resolution x-ray computed tomography (HRCT) system in
the Center for Quantitative X-Ray Imaging (CQI) at Penn State University. Specimens were mounted vertically, the
mandibles pinned together to create a standard position, and scanned with target pixel and slice resolutions of
approximately 20 pm. Scan data were reconstructed as 16-bit TIFF images with a 1024x1024 pixel grid. For each
individual, the entire head was scanned. The volumetric image datasets for each fish were used to create a three-
dimensional isosurface reconstruction (Fig. 1) in order to study bone tissue using the visualization software Avizo
6.1 (VSG, Burlington, MA). Because all of the fishes were HRCT scanned with the same energy settings and voxel
resolutions, a global threshold was used for all datasets to separate bone from non-bone for the three-dimensional
reconstructions.

Angles were measured on the ethmo-vomerine bloc of the parasphenoid in Avizo 8.0. The 3D reconstruction of
the parasphenoid was cut along a parasagittal plane, and a line was defined along the cranio-caudal axis of this
element using the ventral most extent of the juncture of the posterior parasphenoid processes and the ventral most
extent of the anterior portion of the parasphenoid at the top of the ethmo-vomerine bloc. The angle was measured
between this axis and the long axis of the ethmo-vomerine bloc drawn on this mid-line cross-section.
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Fig.la

Fig. 1b

Fig. 1c

FIGURE 1. Three-dimensional surface reconstructions of the skulls of the three holotypes, showing the position of the
parasphenoid and the angle of the ethmo-vomerine bloc. la, Metriaclima lanisticola (BMNH1976.7.29.2), angle 48.7°; 1D,
Pseudotropheus livingstonii (BMNH1863.11.12.22), angle 57°; 1c, P. elegans (BMNH1935.6.14.127), angle 58°.
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Results

Pseudotropheus livingstonii (Boulenger 1899)
(Fig. 2)

Tilapia livingstonii Boulenger 1899

Pseudotropheus williamsi (non-Giinther).—Regan 1922
Pseudotropheus livingstonii, Trewavas 1935.—Konings 2007
Pseudotropheus elegans (non-Trewavas) .—Ribbink et al. 1983
Metriaclima livingstonii—Stauffer et al. 1997

Material examined. Pseudotropheus livingstonii BMNH1863.11.12.22, holotype, 55.7 mm SL, Zambesi
Expedition, Lake Malawi; PSU4925, 19, 64.3—114.4 mm SL, Cape Maclear, 14°05” S, 34°54°E, Lake Malawi .

Diagnosis. Pseudotropheus livingstonii is distinguished from all other members currently in Pseudotropheus
(Konings 2007), except P. crabro, P. demasoni, and P. saulosi, by the presence of five or fewer vertical bars below
the dorsal fin. Most Pseudotropheus species either have no bars or have greater than five below the dorsal fin.
Pseudotropheus livingstonii is distinguished from P. crabro, P. demasoni, and P. saulosi by a pale yellow to hyaline
dorsal fin vs. dorsal fin heavily pigmented with black.

Description. Principal morphometric ratios and meristics for holotype and for specimens from population at
Cape Maclear in Table 1. Medium-sized to large mbuna, ovoid body (mean BD 31.4% SL) with greatest depth
between fourth to sixth dorsal spine. Dorsal body profile with gradual curve downward posteriorly, more
pronounced towards caudal peduncle; ventral body profile almost straight between pelvic fins and base of anal fin
with upward taper to caudal peduncle. Dorsal head profile rounded, with smooth curve between interorbital and
dorsal-fin origin; horizontal eye diameter (mean 32.0% HL) greater than preorbital depth (mean 19.6% HL); eye
(along horizontal axis) in center of head; snout straight to slightly concave in some individuals; isognathous jaws;
tooth bands with 45 rows in upper jaw and 3—-5 rows in lower; rows continuous through symphyses; teeth in
anterior outer row bicuspid with posterior lateral teeth primarily unicuspid, teeth in inner rows tricuspid.

TABLE 1. Morphometric and meristic values of Pseudotropheus livingstonii, and P. elegans.

Variable P. livingstonii P, livingstonii P, elegans P. elegans (PSU11394)

(holotype) (PSU4925) (holotype) Chitande (n=12)

BMNHI1863.11. Cape Maclear (n=19) BMNHI1935.6.1

12.22 4.127

Mean Range Mean Range

Standard length, mm 55.7 82.7 64.3-1144 854 55.9 43.4-63.1
Head length, mm 18.4 25.0 19.7-34.7 2438 17.5 13.5-20.0
Percent standard length
Head length 33.0 30.3 28.2-32.5 293 31.3 29.4-33.1
Body depth 314 314 28-35 322 31.6 29-34
Snout to dorsal-fin origin 33.6 33.8 32.2-35.6  32.6 344 31.7-37.8
Snout to pelvic-fin origin 36.4 37.4 35.4-39.7  39.0 37.6 35.1-39.8
Dorsal-fin base length 64.0 59.2 56.9-61.8  61.1 60.7 57.6-64.9
Anterior dorsal to anterior anal 55.4 51.3 48.1-54.6 527 49.4 47.3-51.9
Anterior dorsal to posterior anal 63.7 62.4 58.7-654  64.6 61.1 57.1-64.7
Posterior dorsal to anterior anal 34.0 30.9 28.9-324 303 31.9 30.2-33.9
Posterior dorsal to posterior anal 18.2 15.2 14.3-16.2 15.4 15.8 14.5-16.9
Posterior dorsal to ventral caudal 20.6 18.0 16.0-20.0 19.5 18.4 16.8-21.1
Posterior anal to dorsal caudal 20.4 20.6 17.0-22.6 20.4 20.7 19.0-22.6
Anterior dorsal to pelvic-fin origin ~ 33.3 33.1 30.2-36.7 343 32.2 29.1-35.4

44444 continued on the next page
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TABLE 1. (Continued)

Variable P, livingstonii P, livingstonii P, elegans P. elegans (PSU11394)

(holotype) (PSU4925) (holotype) Chitande (n=12)

BMNHI1863.11. Cape Maclear (n=19) BMNHI1935.6.1

12.22 4.127

Mean Range Mean Range

Posterior dorsal to pelvic-fin origin ~ 54.1 56.3 53.5-58.8  56.6 58.1 55.4-60.6
Caudal-peduncle length 17.2 16.0 14.1-17.9 15.6 15.8 14.6-17.0
Least caudal-peduncle depth 13.5 12.1 11.2-12.8 12.0 12.3 11.2-13.0
Percent head length
Snout length 32.7 34.6 31.7404 313 28.9 26.4-31.9
Postorbital head length 45.8 373 35.2-40.8  36.7 40.8 37.4-47.3
Horizontal eye diameter 32.5 32.0 29.1-35.3 36.0 36.7 34.0-39.3
Vertical eye diameter 31.7 30.5 26.3-33.7 347 35.1 32.5-38.0
Preorbital depth 21.5 19.6 15.4-23.8 205 16.3 15.1-18.3
Cheek depth 24.0 229 20.8-259 275 20.9 19.3-22.7
Lower-jaw length 38.1 37.5 32.642.0 35.6 35.9 30.641.0
Head depth 85.8 84.6 74.9-98.7  97.0 84.5 77.2-89.2
Counts Mode Range Mode Range
Dorsal-fin spines 17 18 17-19 17 18 17-19
Dorsal-fin rays 9 9 9-10 9 9 89
Anal-fin spines 3 3 3 3 3 3
Anal-fin rays 8 8 89 8 8 89
Pectoral-fin rays 5 5 5 5 5 5
Pelvic-fin rays 14 14 13-14 14 13 12-14
Lateral-line scales 31 33 32-35 31 32 32-33
Pored scales posterior to lateral line 2 3 2-4 2 2 1-2
Scale rows on cheek. 4 4 34 4 3 3
Gill-rakers on first ceratobranchial 10 11 9-12 11 11 10-12
Teeth on outer row of left lower jaw 11 14 12-17 11 11 11-14
Teeth rows on upper jaw 5 5 4-5 5 4 4
Teeth rows on lower jaw 5 4 3-5 5 3 34

FIGURE 2. The holotype of Pseudotropheus livingstonii (BMNH1863.11.12.22).

Dorsal fin XVII-XIX (mode XVIII) and 9-10 (mode 9). Anal fin 111 and 8-9 (mode 8). First 4-5 dorsal-fin
spines gradually longer posteriorly; fourth spine about 2 times length of first spine; last 13 spines slightly longer
posteriorly; last spine longest, about 3 times length of first spine; rayed portion of dorsal fin with subacuminate
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(females) to pointed (males) tip, third or fourth ray longest, to approximately % length of caudal fin in females and
approximately % length of caudal fin in males. Anal-fin spines progressively longer posteriorly; third or fourth
anal-fin ray longest, 2 length caudal fin in both sexes; 0—3 small yellow spots on posterior part of anal fin in
females and 0—6 yellow spots on posterior part of anal fin in males. Caudal fin subtruncate to slightly emarginate.
Pelvic fin to first or second spine of anal fin. Pectoral fin moderately long and wing-shaped with upper pointed tip,
length to vertical line through base of 12th or 14th dorsal-fin spine. Flank scales ctenoid with abrupt transition to
small scales on breast; 32—35 lateral-line scales; cheek with 3—4 (mode 4) rows of small scales; caudal fin with tiny
scales to ¥ length; no scales on other fins. Gill rakers on first ceratobranchial 9—12 (mode 11).

Recently captured fish with dark brown head, white gular region with gray blotches; black spot on opercle with
reflected blue highlights. Laterally brown with 4 dark brown bars from dorsal fin to belly. Caudal fin with yellow
rays and clear membranes. Anal fin brown anteriorly to first or second ray, hyaline posteriorly; 0—6 yellow ocelli in
rayed portion. Pectoral fins with yellow rays and clear membranes. Pelvic fins black anteriorly, hyaline posteriorly.
Female coloration similar to male, not as vivid.

Pseudotropheus elegans Trewavas 1935
(Fig. 3)

Pseudotropheus elegans Trewavas 1935

Metriaclima elegans.—Staufter et al. 1997

Pseudotropheus livingstonii (non-Boulenger).—Konings 2007
Pseudotropheus sp. ‘acei’.—Konings 2007

Material examined. Pseudotropheus elegans, BMNH1935.6.14.127, holotype, 85.4 mm SL, Chilumba Bay, Lake
Malawi; PSU11394, 12 specimens, 43.4—63.1 mm SL, Chitande Island, 12°23.764'S 34° 15.275'E, Lake Malawi .

Diagnosis. Pseudotropheus elegans is distinguished from all other members currently in Pseudotropheus,
except P. williamsi, by a pale yellow to hyaline dorsal fin and by the absence of distinct vertical bars below the
dorsal fin. Most species of Pseudotropheus either have distinct bars below the dorsal fin or a dorsal fin with black
pigment. It is distinguished from P. williamsi by the absence of two horizontal lines of black dots on the flank.

Description. Principal morphometric ratios and meristics for holotype and population from Chitande Island in
Table 1. Medium-sized mbuna, ovoid body (mean BD 31.6% SL) with greatest depth at about 6—7th dorsal spine.
Dorsal body profile with gradual curve downward, more acute towards caudal peduncle; ventral body profile
slightly convex between pelvic fins and base of rays of anal fin with upward taper to caudal peduncle. Dorsal head
profile round, with continuous curve between interorbital and dorsal-fin origin; horizontal eye diameter (mean
36.7% HL) greater than preorbital depth (mean 16.3% HL); eye (along horizontal axis) in anterior half of head;
snout straight; jaws isognathus; tooth bands with 4 rows in upper jaw and 3—4 rows in lower; teeth in anterior outer
row bicuspid with posterior lateral teeth primarily unicuspid, and teeth in inner rows tricuspid

FIGURE 3. The holotype of Pseudotropheus elegans (BMNH1935.6.14.127).

Dorsal fin XVII-XIX (mode XVIII) and 8-9 (mode 9). Anal fin III and 89 (mode 8). First 4-5 dorsal-fin
spines gradually longer posteriorly with fourth spine about 1% times length of first; last 13 dorsal-fin spines
increasingly longer posteriorly with last spine longest, about 2 times length of first; soft dorsal fin with
subacuminate tip, third or fourth ray longest, to approximately % length of caudal fin. Anal-fin spines progressively
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longer posteriorly; 3" or 4" ray longest, to base of caudal fin in both sexes; 1-3 small yellow spots on posterior part
of anal fin. Caudal fin subtruncate to slightly emarginate. Length of pelvic fin to first spine of anal fin. Pectoral fin
short and paddle-shaped, length to vertical line through base of 10—11" dorsal-fin spine. Flank scales ctenoid with
abrupt transition to small scales on breast; 32-33 lateral-line scales; cheek with 3 rows of small scales; caudal fin
with tiny scales to % length; no scales on other fins. Gill rakers on first ceratobranchial 10—12 (mode 11).

Recently captured fish with gray head, white gular region, and black opercular spot. Laterally gray ground
coloration; scales with green outline; breast and belly gray. Dorsal fin pale yellow to hyaline. Caudal fin with two
ventral rays and membranes black; remainder clear with faint white spots. Anal fin black with white marginal band;
1-3 yellow ocelli in rayed portion. Pectoral-fin rays clear; pelvic-fin rays black anteriorly, remainder clear.
Coloration of female similar to male.

Remarks. The holotype of P. elegans and a population of this species collected from Chitande Island were
compared morphologically to the holotype of P. livingstonii and a population of P. livingstonii collected from Cape
Maclear. A plot of the sheared third principal components of the morphometric data against the first principal
components of the meristic data (Fig. 4) showed that the holotype of P. livingstonii grouped within the minimum
polygon clusters and the 95% confidence ellipses formed by the meristic and morphometric data from those
individuals collected at Cape Maclear. A plot of the sheared second principal components against the sheared third
principal components (Fig. 5) showed that the holotype of P. elegans grouped within the minimum polygon cluster
and the 95% confidence ellipses formed by the morphometric data from those individuals collected at Chitande
Island.

(Morphometric Data)
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PC1 (Meristic Data)

FIGURE 4. Sheared third principal components (morphometric data) plotted against the first principal components (meristic
data) of the holotype (x) and specimens of Pseudotropheus livingstonii from Cape Maclear (m) and the holotype (+) and
specimens of P. elegans from Chitande (0). The minimum polygon clusters are bounded by 95% confidence levels.
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FIGURE 5. Sheared second principal components (morphometric data) plotted against the sheared third principal components
(morphometric data) of the holotype (x) and specimens of Pseudotropheus livingstonii from Cape Maclear (m) and the holotype
(+) and specimens of P. elegans from Chitande (0). The minimum polygon clusters are bounded by 95% confidence levels.

The first principal component (size variable) of the morphometric data explained 96% of the observed
variance, the sheared second principal component explained 25% and the third sheared principal component
explained 15% of the remaining variance. Variables that had the highest loadings on the sheared second principal
components of the morphometric data were preorbital depth (-0.51), distance between the posterior insertion of the
anal fin and dorsal origin of the caudal fin (0.38), and the distance between the posterior insertion of the dorsal fin
and the ventral origin of the caudal fin (0.27). Variables that had the highest loadings on the sheared third principal
components of the morphometric data were snout length (-0.63), vertical eye diameter (0.43), and head depth
(0.31). The first principal component of the meristic data explained 39.8% of the variance. Variables with the
highest loadings on the first principal components of the meristic data were tooth rows on the upper jaw (0.40),
pored scales posterior to the lateral line (0.36), and anal-fin rays (0.38).

The HRCT scans permitted us to critically analyze the shape of the skull of the type specimens of P
livingstonii, P. elegans, and M. lanisticola, a sand-dwelling species of Metriaclima. We found that the angle that the
ethmo-vomerine bloc makes with the parasphenoid is much more acute in Pseudotropheus than in Metriaclima.
The angle in the holotype of P. livingstonii is 57°, and in that of P. elegans is 58°. The ethmo-vomerine bloc/
parasphenoid angle in the holotype of M. lanisticola is 48°.

Discussion

Pseudotropheus livingstonii and P. elegans belong to a small group of sand-dwelling mbuna, while almost all other
members of the mbuna are found in rocky habitats. One of the characteristics that sets these sand-dwelling mbuna
apart from almost all rock-dwellers is the fact that there is no, or very little, sexual dimorphism.

176 - Zootaxa 4154 (2) © 2016 Magnolia Press STAUFFER ET AL.



A third sand-dwelling mbuna, M. lanisticola, played a role in the taxonomic confusion as for a long time it was
thought to be a junior synonym of P. livingstonii (Ribbink et al. 1983). Both of these species exhibit a distinct
barring pattern, lacking in P. elegans, and are difficult to distinguish on the basis of external morphology.
Metriaclima lanisticola lives in empty shells of the snail Lanistes nyassanus and rarely attains a total length of
more than 6 cm while P. livingstonii can grow to a size of about 13 cm. All known populations of M. lanisticola are
characterized by a caudal fin that has a pattern consisting of irregular yellow and blue bands. The caudal fin of P,
livingstonii, however, is clear and usually has a white upper and lower edge. Other morphological differences
between P. livingstonii and M. lanisticola include: the latter rarely has more than four rows of teeth in the oral jaws
while P. livingstonii usually has five or six rows. The teeth of the inner rows in M. lanisticola are widely spaced
whereas they are close-packed in P. livingstonii. The holotype of P. livingstonii has six rows of closely packed
teeth.

In addition, M. lanisticola feeds on algae, which is raked from shells, shell fragments, or small pebbles lying
on the sand. Pseudotropheus livingstonii and P. elegans feed by picking or scooping algae from the sand or from
objects on the sand. Their feeding technique differs from the combing or raking technique displayed by M.
lanisticola (Konings 2007). Since the holotype of P. livingstonii is a relatively small specimen (55.7 mm SL) it
could be confused with a large specimen of M. lanisticola. Our HRCT scans, however, revealed that the vomer-
parasphenoid angle in the holotype of P. livingstoni is 57° and that of P. elegans is 58°, well outside the range found
in Metriaclima (35-50°) (Konings 2007, Konings & Stauffer 2006). The vomer-parasphenoid angle in the holotype
of M. lanisticola is 48.7°, which is within the range found in Metriaclima spp.

It should be noted that we realize that Pseudotropheus is polyphyletic, and that P. /ivingstonii and P. elegans do
not form a monophyletic group with P. williamsi, the type species of the genus. We are in effect using
Pseudotropheus as a holding place, similar to the way in which Greenwood (1979) used Cyrtocara for many Lake
Malawi species when he removed them from Haplochromis. We currently lack sufficient data to diagnose a new
genus to accommodate these two and undoubtedly many other species that are still assigned to Pseudotropheus.

Acknowledgements

The authors wish to thank the government of Malawi for providing the necessary permits to collect fishes. Funding
was provided by the NSF/NIH joint program in ecology of infectious diseases (DEB0224958).

Literature cited

Barlow, G.W. (2002) How behavioral studies contribute to the species problem: a piscine perspective. Fish and Fisheries, 3,
197-212.
http://dx.doi.org/10.1046/j.1467-2979.2002.00083.x

Boulenger, G.A. (1899) A revision of the African and Syrian fishes of the family Cichlidae, Part 11. Proceedings of the
Zoological Society of London, 1899, 98—143.

Bookstein, F., Chernoff, B., Elder, R., Humphries, J., Smith, G. & Strauss, R. (1985) Morphometrics in evolutionary biology.
Special Publication 15. The Academy of Natural Sciences of Philadelphia, Philadelphia, Pennsylvania, 277 pp.

Burgess, W.E. (1976) A new shell-dwelling cichlid from Lake Malawi and its inquiline catfish. Tropical Fish Hobyist, 25, 39—
49.

Condé, B. & Géry, J. (1999) Maylandia Meyer et Foerster, 1984, un nom générique disponible (Teleostei, Perciformes,
Cichlidae). Revue frangaise d'Aquariologie, 26, 21-22.

Fryer, G. (1959) The trophic interrelationships and ecology of some littoral communities of Lake Nyasa with especial reference
to the fishes, and a discussion of the evolution of a group of rock-frequenting Cichlidae. Proceedings of the Zoological
Society of London, 132, 153-281.
http://dx.doi.org/10.1111/j.1469-7998.1959.tb05521.x

Fryer, G. & lles, T.D. (1972) Cichlid fishes of the great lakes of Africa. Oliver & Boyd, Edinburgh & TFH Publication, Neptune
City, 641 pp.

Geerts, M. (2002) Stripes do not a zebra make Maylandia versus Metriaclima. Cichlid News 11, 21-26.

Greenwood, P.H. (1979) Towards a phyletic classification of the genus Haplochromis (Pices, Cichlidae) and related taxa, Part
1. Bulletin of the British Museum (Natural History) Zoology, 35, 265-322.
http://dx.doi.org/10.5962/bhl.part.20455

REDESCRIPTION OF PSEUDOTROPHEUS FROM LAKE MALAWI Zootaxa 4154 (2) © 2016 Magnolia Press - 177



Giinther, A. (1893) Second report on the reptiles, batrachians, and fishes transmitted to Mr. H.J.H. Johnston, C. B., from British
Central Africa. Proceedings of the Zoological Society, 1893, 616—628.

Humphries, J.M., Bookstein, F.L., Chernoff, B., Smith, GR., Elder, R.L. & Poss, S.G. (1981) Multivariate discrimination by
shape in relation to size. Systematic Zoology, 30, 291-308.
http://dx.doi.org/10.2307/2413251

Kocher, T.D., Conroy, J.A., McKaye, K.R. & Stauffer, J.R. Jr. (1993) Similar morphologies of cichlid fish in lakes Tanganyika
and Malawi are due to Convergence. Molecular Phylogenetics and Evolution, 2, 158—165.
http://dx.doi.org/10.1006/mpev.1993.1016

Konings, A.F. (2007) Malawi cichlids in their natural habitat. 4" Edition. Cichlid Press, El Paso, Texas, 424 pp.

Konings, A.F. & Geerts, M. (1999) Comments on the revision of Pseudotropheus zebra. Cichlid News, 8, 18-26.

Konings, A.F. & Stauffer, J.R. Jr. (2006) Revised diagnosis of Metriaclima (Teleostei: Cichlidae) with description of a new
species from Lake Malawi National Park, Africa. Ichthyological Exploration of Freshwaters, 17, 233-246.

Meyer, M.K. & Foerster, W. (1984) Un nouveau Pseudotropheus du lac alawi avec des remarques sur le complexe
Pseudotropheus-Melanochromis (Pisces, Perciformes, Cichlidae). Rev fir Aquariology, 10, 107—-112.

Oliver, M.K. (1984) Systematics of African cichlid fishes: determination of the most primitive taxon, and studies on the
haplochromines of Lake Malawi (Teleostei: Cichlidae). Unpubl. Ph.D dissertation, Yale University, New Haven, ix +326
pp.

Regan, C.T. (1922) The cichlid fishes of Lake Nyasa. Proceedings of the Zoological Society of London, 1921, 675-727.

Ribbink, A.J., Marsh, B.A., Marsh, A.C., Ribbink, A.C. & Sharp, B.J. (1983) A preliminary survey of the cichlid fishes of
rocky habitats in Lake Malawi. South African Journal of Zoology, 18, 149-309.
http://dx.doi.org/10.1080/02541858.1983.11447831

Stauffer, J.R. Jr. (1991) Description of a facultative cleanerfish (Teleostei: Cichlidae) from Lake Malawi, Africa. Copeia, 1991,
141-147.
http://dx.doi.org/10.2307/1446257

Stauffer, J.R. Jr. (1994) A new species of lodotropheus (Teleostei: Cichlidae) from Lake Malawi, Africa. Ichthylogical
Exploration of Freshwaters, 5, 331-344.

Stauffer, J.R. Jr., Bowers, N.J., Kellogg, K.A. & McKaye, K.R. (1997) A revision of the blue-black Pseudotropheus zebra
(Teleostei: Cichlidae) complex from Lake Malawi, Africa, with a description of a new genus and ten new species.
Proceedings of the Academy of Natural Sciences of Philadelphia, 148, 189-230.

Stauffer, J.R. Jr. & Gray, E.V.S. (2004) Phenotypic plasticity: its role in trophic radiation and explosive speciation in cichlids
(Teleostei: Cichlidae). Animal Biology, 54, 137—158.
http://dx.doi.org/10.1163/1570756041445191

Stauffer, J.R. Jr. & Hert, E. (1992) Pseudotropheus_callainos, a new species of mbuna (Cichlidae) with analyses associated with
two intratacustine transplantations in Lake Malawi, Africa. Ichthyological Exploration of Freshwaters, 3, 253-264.

Stauffer, J.R. Jr. & Kellogg, K.A. (2002) Description of a new species in the Pseudotropheus williamsi complex (Teleostei:
Cichlidae), from Lake Malawi, Africa. Copeia, 2002, 146—151.
http://dx.doi.org/10.1643/0045-8511(2002)002[0146:DOANSI|2.0.CO;2

Stauffe, J.R. Jr. & Konings, A.F. (2006) Review of Copadichromis (Telostei: Cichlidae) with the description of a new genus and
six new species. Ichthyological Exploration of Freshwaters, 17, 9-42.

Stauffer, J.R. Jr., McKaye, K.R. & Konings, A.F. (2002) Behaviour: an important diagnostic tool for Lake Malawi cichlids.
Fish and Fisheries, 2002, 213-224.
http://dx.doi.org/10.1046/j.1467-2979.2002.00088 .x

Trewavas, E. (1935) A synopsis of the cichlid fishes of Lake Nyasa. Annals and Magazine of Natural History, 10, 65—118.
http://dx.doi.org/10.1080/00222933508655026

178 - Zootaxa 4154 (2) © 2016 Magnolia Press STAUFFER ET AL.


http://dx.doi.org/10.1643/0045-8511(2002)002[0146:DOANSI]2.0.CO;2
http://dx.doi.org/10.1643/0045-8511(2002)002[0146:DOANSI]2.0.CO;2

	Abstract
	Introduction
	Methods and materials
	Results
	Pseudotropheus livingstonii (Boulenger 1899)
	Pseudotropheus elegans Trewavas 1935
	Discussion
	Acknowledgements
	Literature cited


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


