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Abstract

Five new rheophilic haplochromine cichlid species are described from the Upper Congo drainage of Zambia and the Dem-
ocratic Republic of the Congo: Orthochromis mporokoso sp. nov. and O. katumbii sp. nov. from the Bangwelu-Mweru
ecoregion, O. kimpala sp. nov. and O. gecki sp. nov. from the Upper Lualaba ecoregion, and O. indermauri sp. nov. from
the Lufubu River of the Lake Tanganyika ecoregion. Orthochromis kimpala sp. nov, O. gecki sp. nov., and O. indermauri
sp. nov. are distinguished from all currently valid species of the genus Orthochromis Greenwood 1954, except for O. for-
renticola (Thys van den Audenaerde 1963), by the presence of eggspots or eggspot-like maculae on the anal fin (vs. no
eggspots). The three species can be easily distinguished from O. forrenticola by having three anal spines (vs. four anal
spines). Moreover, all five new species can be individually distinguished from all currently known rheophilic taxa placed
in the genera Orthochromis, Schwetzochromis Poll 1948 and the rheophilic species of the genus Haplochromis Hilgendorf
1888 (e.g. H. bakongo Thys van den Audenaerde 1964, H. snoeksi Wamuini Lunkayilako & Vreven 2010, H. vanheusdeni
Schedel et al. 2014) either based on meristic values, morphometric distances and colouration patterns, or on a combination
of them.
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Introduction

While literally hundreds of endemic species are described from each Lake Tanganyika, Lake Malawi and Lake
Victoria, strikingly few haplochromine taxa are known to inhabit exclusively rivers (Greenwood 1979) and the
number of species considered to be rheophilic is even less with currently 19 valid species. Ecomorphologically,
bentho-rheophilic cichlids are vaguely characterized by morphological adaptations such as reduced squamation on
head, nape, and chest, rounded pelvic fins, and a comparatively slender body presumably facilitating a bottom-
oriented life in the strong, current (Roberts & Stewart 1976). Taxonomically, rheophilic haplochromine taxa are
currently classified in different genera, i.e. Orthochromis Greenwood 1954 and the single member of the genus
Schwetzochromis Poll 1948, S. neodon Poll 1948. In addition, several rheophilic taxa are placed in the catch-all
genus Haplochromis Hilgendorf 1888, but a consensus about a phylogenetically consistent classification has not
yet been reached (Schedel ef al. 2014). Currently eight species endemic to the Malagarasi and Luiche drainages are
classified as Orthochromis (“Malagarasi-Orthochromis™ sensu Weiss et al. 2015) including the type species of the
genus, O. malagaraziensis (David 1937), originally described as Haplochromis malagaraziensis. These
Malagarasi-Orthochromis appear to form a monophyletic group (Koblmiiller ez al. 2008, Schwarzer et al. 2012,
Dunz & Schliewen 2013, Weiss et al. 2015, Matschiner ef al. 2016). An additional five Orthochromis have been
described from the Luapula-Mweru system, i.e. O. kalungwishiensis (Greenwood & Kullander 1994), O.
luongoensis (Greenwood & Kullander 1994), O. polyacanthus (Boulenger 1899), and O. torrenticola (Thys van
den Audenaerde 1963) from the Lufira River and O. stormsi (Boulenger 1902) from the Congo-Lualaba
mainstream including Lake Mweru (Greenwood & Kullander 1994). Finally, Orthochromis machadoi (Poll 1967)
is known only from the Cunene River in Namibia and Angola. These latter six Orthochromis species from outside
of the Malagarasi and Luiche drainage systems are not closely related to the Malagarasi-Orthochromis based on
molecular phylogenetic results (Salzburger et al. 2002, Koblmiiller et al. 2008, Schwarzer et al. 2012, Dunz &
Schliewen 2013, Weiss et al. 2015, Matschiner et al. 2016). This is equally true for the few rheophilic
haplochromines currently classified in Haplochromis, i.e. H. bakongo Thys van den Audenaerde 1964, H. snoeksi
Wamuini Lunkayilakio & Vreven 2010 from the Lower Congo basin, and H. vanheusdeni Schedel, Friel &
Schliewen 2014 from the Great Ruaha River drainage in Tanzania, which represent different lineages of their own
(Schwarzer et al. 2012, unpublished data). The greater Congo drainage, i.e., including Lake Tanganyika and its
affluents, is home to almost all of these taxa except for H. vanheusdeni and O. machadoi (Poll 1967).

Recently, three apparently undescribed rheophilic haplochromine cichlids have been collected in Upper Congo
affluents of Zambia including the Lufubu River, a southern aftfluent of Lake Tanganyika (Schedel er al. 2014,
Indermaur 2014), and two additional ones, from the Lubudi River and from Kalule North River in the Upper
Lualaba (Congo) basin respectively (Fig. 1). Further, preliminary observations revealed that the new species differ
in several diagnostic characters from Orthochromis or Schwetzochromis sensu De Vos & Seegers (1998). For
instance, the two new species from southeastern DRC (rivers Lubudi and Kalule Nord; Upper Lualaba ecoregion)
as well as the new species from the Lufubu River have eggspots or eggspot-like maculae on the anal fin, a situation
that contrasts with that found in Orthochromis, which either have no eggspots, or, in the case of O. rorrenticola,
only eggspot-like maculae on the anterior lower margin of the anal fin (De Vos & Seegers 1998). The two species
from the Luapula affluents fit with most diagnostic characteristics for the genus Orthochromis, but they both
exhibit a well-developed cheek squamation vs. absence or extensive reduction in cheek squamation according to
De Vos & Seegers (1998). Finally, genomic data suggest that all new species are not closely related to the
Malagarasi-Orthochromis (Schedel et al., unpublished). In addition, all five new species possess a lachrymal stripe
which is lacking in Schwetzochromis. As a generic revision of haplochromine genera is still pending, all new
species are described in the phenotypically overall similar genus Orthochromis until a phylogenetic sound generic
revision of haplochromine cichlids becomes available. This approach has become common practice for
haplochromine cichlids (e.g. Wamuini Lunkayilakio & Vreven 2010, De Zeeuw et al. 2013, Schedel et al. 2014)
following the logic of Van Oijen et al. (1991) and Van Oijen (1996), with the difference, however, that the new
rheophilic taxa are placed in the current catch-all genus for rheophilic haplochromine cichlids Orthochromis and
not in Haplochromis. This because the genus Haplochromis should be rather restricted to taxa closely related to the
type species of Haplochromis from the Lake Victoria Region superflock, i.e. Haplochromis obliquidens
Hilgendorf, 1888.
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FIGURE 1. Map of south-eastern DRC and Northern Zambia, with indications of the type localities of the known
Orthochromis species of the Upper Congo drainage system and new Orthochromis species. Star = type locality, circle = either
paratype locality or sample locality of comparative specimens. Species indicated by colour: O. mporokoso sp. nov. (light blue);
O. katumbii sp. nov. (purple); O. kimpala sp. nov. (orange); O. gecki sp. nov. (deep orange); O. indermauri sp. nov. (deep
blue); O. kalungwishiensis (dark red); O. luongoensis (green). O polyacanthus (brown) and O. torrenticola (yellow). Major
citys are depicted in black. Map is based on shapefiles obtained from DIVA-GIS (http://www.diva-gis.org/Data).

Materials and methods

A total of 344 specimens of rheophilic haplochromine cichlids were examined for morphological comparison (see
Appendix). These are deposited in CUMV (Cornell University Museum of Vertebrates, Ithaca); NHM (Natural
History Museum London); MRAC (Royal Museum for Central Africa, Tervuren); Tanganjikasee-Buntbarsch-
Sammlung (collection of the University of Basel); ZSM (Bavarian State Collection of Zoology, Munich); and at the
personal collection of O. Seehausen (EAWAG - Swiss Federal Institute of Aquatic Sciences and Technology,
Diibendorf). All five new species described herein share morphological characters typical of rheophilic
haplochromines. Therefore, the new putative species were compared with all haplochromine cichlid species
currently placed in the rheophilic genera Orthochromis and Schwetzochromis as recognized in the revision of De
Vos & Seegers (1998), and, in addition, with all rheophilic representatives of the genus Haplochromis Hilgendorf
1888 sharing Orthochromis-like body shape, i.e. rounded pelvic fins and a slender body. Furthermore, one yet
undescribed Orthochromis species from the Malagarasi drainage was included in the comparisons as well.

Overall, 28 meristic characters were recorded for almost all examined specimens of the five new species,
which were either based on stereomicroscope observations (18 characters) or on digital x-rays (10 characters using
a Faxitron UltraFocus LLC x-ray unit) following previous publications (Barel ef al. 1977, Dunz & Schliewen 2010,
Schedel et al. 2014, Schedel & Schliewen 2017). In addition, four morphological character states as defined in
Schedel & Schliewen 2017 were examined: (1) position of the pterygiophore supporting the last dorsal-fin spine
[used for Principal Components Analyses (PCA)]; (2) position of the pterygiophore supporting the last anal-fin
spine (used for PCA); (3) state of hypurals 1 and 2; and (4) state of hypurals 2 and 3. Live colour notes were based
on photographs of fresh wild caught specimens (adults) as well as on live specimens kept in aquaria (if available).
In addition, we took colour notes of preserved specimens with a focus on head stripes and bars (commonly referred
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as “head mask™) that appear to be of diagnostic value for the different species of Orthochromis (De Vos & Seegers
1998). For the PCA, a subsample of 20 meristic characters (eight squamation characters and twelve skeletal
characters) of most examined specimens (N=327) was used. Twenty-nine morphometric distance measurements
were used for species descriptions, i.e. they were only measured in the types and additional specimens of the new
species, but not in the specimens for the comparison study except for a number of selected species in which there
was overlap in meristic counts with the new species, e.g. O. machadoi, O. luongoensis, and H. vanheusdeni. All
measurements were recorded as defined in Schedel & Schliewen (2017), a compilation of distance measurement
definitions largely but not completely based on previous cichlid studies (Barel et al. 1977, Dunz & Schliewen
2010, Schedel et al. 2014). Measurements were taken point-to-point on the left side of specimens using digital
callipers (accuracy of the calliper 0.1 mm). Head measurements are given as percentage of the head length (HL), all
remaining measurements as percentage of the standard length (SL). Measurements of the lower pharyngeal jaw
were taken from digital microscope images of dissected lower pharyngeal jaws and are given in percentage of the
head length (HL).

To test for morphological discreteness of putative new species and to identify diagnostic character states or
combinations, a first PCA using a correlation matrix was performed for 20 meristic characters (see above) of the
total data set. The monophyletic Malagarasi-Orthochromis were grouped together in our analysis due to their
phenotypic similarity and to simplify subsequent interpretation. After identifying clearly separate clusters in the
total dataset, five subsequent species-specific PCAs with reduced taxon sets were performed, each composed of
one of the five new species and those described species with overlapping PC values in bivariate plots of PC I vs.
PC II of the total dataset. For three of these species-specific PCAs nonvariant meristic counts were excluded. For
example, in the species-specific PCA targeting the diagnostic differentiation of O. kimpala sp. nov. counts for
scales between the upper lateral line and last dorsal-fin spine were nonvariant for the used data subsets while for
the two species-specific PCAs targeting the diagnostic differentiation of O. gecki sp. nov. and O. indermauri sp.
nov. counts for the anal-fin spines were excluded due to nonvariance. This exercise was done to reduce the total
variance in each dataset to test for increased separation of each of the new species with the morphologically closest
taxa. The software PAST 3.07 (Hammer er al. 2001) was used to calculate PCs. Scores of most informative
principal components (PC I, PC Il and in some cases for PC III) were visualized using bivariate plots, and variables
contributing most to PC variation were identified using their loadings as tabulated. The PCA focused on meristic
characters only because these characters appear to be unambiguous and are available for all included species and
specimens.

Results

In the first PCA on the meristic values (all specimens included, N = 327, Fig. 2, Table 1), PC I explained 32.18 %,
PC 11 12.81 %, and PC III 10.16% of the total variance. Differences in the total number of vertebrae, scales in a
horizontal line, and the number of scales in the upper lateral line contributed most to the factor loadings of PC I; PC
I is mainly influenced by different counts for scales on the cheek and in the lower lateral line, and by the number
of upper procurrent caudal-fin rays. The PC I and PC Il scores of Orthochromis mporokoso sp. nov. overlap with
O. machadoi, Haplochromis snoeksi, O. katumbii sp. nov., O. kimpala sp. nov., O. gecki sp. nov., and
Schwetzochromis neodon. Orthochromis katumbii sp. nov. is grouped with O. mporokoso sp. nov., O. gecki sp.
nov., O. kimpala sp. nov., O. luongoensis, O. torrenticola, S. neodon, and with the Malagarasi-Orthochromis based
on the PC scores | and II. Scores of PC I and PC 11 of Orthochromis kimpala sp. nov. overlap with those of H.
bakongo, H. snoeksi, H. vanheusdeni, O. machadoi, O. stormsi, O. katumbii sp. nov., O. mporokoso sp. nov., and
O. gecki sp. nov. while the PC I and PC Il scores of O. gecki sp. nov. overlap with those of O. mporokoso sp. nov.,
O. kimpala sp. nov., O. katumbii sp. nov., O. indermauri sp. nov., O. polyacanthus, S. neodon, and Malagarasi-
Orthochromis. Finally, the PC 1 and PC 11 scores of O. indermauri sp. nov. overlap with those of O. stormsi, H.
vanheusdeni, O. gecki sp. nov. and with the Malagarasi-Orthochromis.

The first species-specific PCA with a reduced taxon set (106 specimens included, Table 1; Appendix: Fig. S1)
targets the diagnostic differentiation of O. mporokoso sp. nov. from the six species which overlap with their PC |
and PC II scores of the total dataset (see above). In this PCA PC I explains 27.87 %, PC 11 15.43 %, and PC 111
10.77 % of the total variance. PC I mainly integrates the variance of the total number of vertebrae, caudal-fin rays,
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and of scales in the upper lateral line, and PC II mainly the variance of the number of dorsal-fin spines, dorsal-fin
rays, and position of the pterygiophore supporting the last dorsal-fin spine. PC III mainly integrates the variance of
the number of caudal and abdominal vertebrae and the position of the pterygiophore supporting the last anal-fin
spine. The PCA plots separate O. mporokoso sp. nov. from H. snoeksi based on low PC II scores and from S.
neodon based on high PC I scores, while a combination of low PC II scores and low PC III further separates it from
O. gecki sp. nov.

® H. bakongo O. torrenticola

& H. moruensis <& 0. mporokoso sp. nov.
21 X H. snoeksi O O. katumbii sp. nov.

H. vanheusdeni O. kimpala sp. nov.

2.44 = O. kalungwishiensis [ O. gecki sp. nov.

I O. luongoensis ® O. indermauri sp. nov.
1.6 O. machadoi Malagarasi-Orthochromis

V O. polyacanthus S. neodon
0.8 A O. stormsi

0.0+

Meristics PC Il

-0.8+

2.4

-3.24

-4.0

48 B2 16 00 16 32 48 6.4 80
Meristics PC |

FIGURE 2. PCA scatter plots based on 20 meristic values; species score limits visualized as convex hulls. PC I vs PC II for all
examined specimens (N = 327). PC I explain 32.18 % of the variance and PC II explains 12.81 %.

The second species-specific PCA (225 specimens included, Table 1; Appendix: Fig. S2) targets the diagnostic
differentiation of O. katumbii sp. nov. from the six species and the Malagarasi-Orthochromis which overlap with
their PC I and PC II scores of the total dataset (see above). In this PCA PC I explains 30.76 %, PC 11 14.68 %, and
PC 111 9.89 % of the total variance. PC I mainly integrates the variance of the total number of vertebrae, scales in a
horizontal line, and of the position of the pterygiophore supporting the last dorsal-fin spine, and PC Il mainly the
variance of the number of scales on cheek and in the lower lateral line, and number of anal-fin rays. The species-
specific PCA separates O. katumbii sp. nov. from O. kimpala sp. nov. mainly based on low PC I scores. Values of
PC 1l and PC 111 for O. katumbii sp. nov. overlapped with all remaining species.

The third species-specific PCA (143 specimens included, Table 1, Appendix: Fig. S3) targets the diagnostic
differentiation of O. kimpala sp. nov. from the eight species overlapping with their PCI and PCII scores in the total
dataset (see above). PC I explains 23.09 %, PC 11 14.63 % and PC 111 12.34 % of the total variance. The variance of
the number of scales along the horizontal line, total number of vertebrae, and caudal vertebrae contributed most to
PC I whereas the variance of the number of upper and lower procurrent caudal-fin rays and total number of caudal-
fin rays contributed most to PC II. PC III is mainly composed of the variance of the number of abdominal
vertebrae, the number of dorsal-fin spines, and the position of the pterygiophore supporting the last dorsal-fin
spine. The species-specific PCA separates O. kimpala sp. nov. from H. snoeksi based on low PC III scores.

The fourth species-specific PCA (196 specimens included, Table 1, Appendix: Fig. S4) targets the diagnostic
differentiation of O. gecki sp. nov. from the six species and the Malagarasi-Orthochromis which overlap with their
PCI and PCII scores of the total dataset (see above). PC I explains 33.42 %, PC 11 14.91 % and PC III 11.95 % of
the total variance. Differences in the number of scales along the horizontal line, total number of vertebrae, and
dorsal-fin spines contribute most to PC I whereas differences in the number of scales on the cheek, number of
upper procurrent caudal-fin rays, and total number of caudal-fin rays mainly contribute to PC II. PC III mainly
integrates variance of the number of circumpeduncular scales and in the number of dorsal- and anal-fin rays. The
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species-specific PCA separates O. gecki sp. nov. from O. indermauri sp. nov. based on low PC Il scores and from
H. snoeksi based on high PC 1l scores and from O. polyacanthus by high PC 111 scores.

Finally, the fifth species-specific PCA (171 specimens included, Table 1, Appendix: Fig. S5) targets the
diagnostic differentiation of O. indermauri sp. nov. from the three species and the Malagarasi-Orthochromis which
overlap with their PCI and PCII scores of the total dataset (see above). PC I explains 36.45 %, PC 11 13.84 % and
10.65 % of the total variance. Differences in the number of scales along the horizontal line, total number of
vertebrae, and the position of the pterygiophore supporting the last dorsal-fin spine contribute most to PC I while
differences in the number of scales between the upper lateral line and dorsal-fin origin, number of upper procurrent
caudal-fin rays, and total number of caudal-fin rays mainly contribute to PC II. The species-specific PCA separates
O. indermauri sp. nov. from O. gecki sp. nov. based on high PC II scores. Values of PC 11l for O. indermauri sp.
nov. overlap for all remaining species.

In summary, meristic values alone allow to diagnostically separate each of the new species from almost all
analysed rheophilic haplochromine species with the exception of a few taxa; these are, however, well diagnosable
using morphometric measurements and colour patterns. Differential diagnoses for the new species were therefore
based on a combination of meristic characters, which are supplemented by additional characters.

Orthochromis mporokoso sp. nov.
Orthochromis sp. “Kasinsha”—Schedel et al. 2014

Holotype. ZSM 46840 (59.04 mm SL, ex ZSM 41443), Zambia, Kasinsha stream north of Luwinga affluent to
Lake Mweru (-9.4894/30.5769).

Paratypes. ZSM 41429 (9, 34.0-74.48 mm SL), Zambia, Mutoloshi stream above Kapuma Falls at
Mporokoso on road Mukunsa-Luwinga (-9.3889/30.0956).—ZSM 41443 (4, 40.9-63.2 mm SL), collected with
holotype.—MRAC 2018-006-P-0009-0011 (3, 48.7-51.9 mm SL) Zambia, Mutoloshi stream above Kapuma Falls
at Mporokoso on road Mukunsa-Luwinga (-9.3889/30.0956).

Additional material. ZSM 46841 (1, ex 41429, 54.28 mm SL; specimen with deformed jaws), Zambia,
Mutoloshi stream above Kapuma Falls at Mporokoso on road Mukunsa-Luwinga (-9.3889/30.0956).

Differential diagnosis. Orthochromis mporokoso can be readily distinguished from all species currently
placed in Orthochromis species of the genus Orthochromis and O. sp. “Igamba” from the Malagarasi drainage
system by having more scale rows on cheek (2—4 vs. 0—1). Furthermore, O. mporokoso can be distinguished from
O. kasuluensis, O. mosoensis, and O. rugufensis by having more scales on operculum (3—4 vs. 0-2); from O.
kasuluensis by having fewer total vertebrae (30 vs. 31-32); from O. rugufuensis by fewer dorsal-fin spines (16—17
vs. 19); from O. mazimeroensis by more horizontal line scales (29-30 vs. 26-28), more abdominal vertebrae (14
vs. 12—13) and more total vertebrae (30 vs. 28-29); from O. rubrolabialis and O. uvinzae by fewer dorsal-fin spines
(16—17 vs. 18-20); it has more total gill rakers than O. rubrolabialis (10—12 vs. 8-9) and differs in position of
pterygiophore supporting last dorsal-fin spine (vertebral count: 16 vs. 17-18). It differs from O. wvinzae
additionally by having fewer scales between upper lateral line and dorsal-fin origin (4-5 vs. 6-8), fewer abdominal
vertebrae (14 vs. 15-16), fewer total vertebrae (30 vs. 31-33), position of pterygiophore supporting last dorsal-fin
spine (vertebral count: 16 vs. 18—19), position of pterygiophore supporting last anal-fin spine (vertebral count: 14-
15 vs. 16—17); from O. luongoensis and O. torrenticola by having fewer caudal vertebrae (16 vs. 17—-18) and total
vertebrae (30 vs. 31-33); from O. kalungwishiensis by having fewer total vertebrae (30 vs. 31-33) and fewer
horizontal line scales (29-30 vs. 31-32); from O. forrenticola additionally by having fewer anal-fin spines (3 vs. 4)
and position of pterygiophore supporting last anal-fin spine (vertebral count: 14-15 vs. 16—-17). It can be
distinguished from O. stormsi and O. polyacanthus by having fewer scales between upper lateral line and dorsal-fin
origin (4-5 vs. 6-9). In addition, it is distinguished from O. stormsi by having more horizontal line scales (29-30
vs. 26-28), more total vertebrae (30 vs. 28-29) and fewer total gill rakers (10—12 vs. 13—15); from O. polyacanthus
by having more series of scales on cheek (2—4 vs. 0), fewer dorsal-fin spines (16—17 vs. 18-20) and in position of
pterygiophore supporting last dorsal-fin spine (vertebral count: 16 vs. 17-18) as in position of pterygiophore
supporting last anal-fin spine (vertebral count: 14—15 vs. 16—17). Meristic values of O. mporokoso overlap with
those of O. machadoi, but it can be readily distinguished by having more vertical bars on flanks (13—15 vs. 9-10),
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which moreover extend mainly ventrally; those of O. machadoi extend mainly dorsally. In addition, it is
distinguished in head mask pattern, i.e. F-shape nostril stripe in O. mporokoso vs. straight nostril stripe in O.
machadoi; cheek stripe present vs. absent in O. machadoi. 1t difters from Schwetzochromis neodon by having more
circumpeduncular scales (16 vs. 12), fewer inner series of teeth (1-3 vs. 4-6) and fewer dorsal-fin rays (9—10 vs.
11-12). It differs from H. bakongo and H. moeruensis by having more horizontal line scales (29-30 vs. 26-28),
more caudal vertebrae (16 vs. 12—15) and more total vertebrae (30 vs. 26-29). Additionally, it is distinguished from
H. moeruensis by having more upper lateral line scales (21-23 vs. 19-20); from H. bakongo by having more
dorsal-fin spines (16—17 vs. 14-15) and in position of pterygiophore supporting last dorsal-fin spine (vertebral
count: 16 vs. 13—14); and from H. snoeksi it is distinguished by having more abdominal vertebrae (14 vs. 13),
fewer caudal vertebrae (16 vs. 17), more anal-fin rays (7-9 vs. 5-6), more total gill rakers (10-12 vs. 9), and in
position of pterygiophore supporting last dorsal-fin spine (vertebral count: 16 vs. 15) and position pterygiophore
supporting last anal-fin spine (vertebral count: 14—15 vs. 13). Meristic values of O. mporokoso overlap with those
of H. vanheusdeni, but it lacks eggspots, has a nostril stripe (vs. absent in H. vanheusdeni), exhibits a cheek stripe
(vs. absent in H. vanheusdeni), and has higher number of vertical bars on flank (13—15 vs. 6-7). It differs from
herein newly described species O. kimpala by having fewer scales between upper lateral line and dorsal-fin origin
(45 vs. 6-7); from O. indermauri by having more series of scales on the cheek (2—4 vs. 0—1), more caudal
vertebrae (16 vs. 14—15), and more total vertebrae (30 vs. 28-29). Meristic values of O. mporokoso overlap with
those of O. katumbii but former differs by having more vertical bars on flank (13—15 vs. 7-9) and by head mask
pattern (i.e.: cheek stripe present vs. absent in O. katumbii). Meristic values of O. mporokoso overlap with those of
O. gecki but former is distinguished by having much wider interorbital (15.3—19.5 vs. 9.6-12.9 % HL) and by
lacking eggspots on anal fin vs. present in O. gecki.

Description. Morphometric measurements and meristic characters are based on 17 type specimens and one
additional deformed specimen. Values and their ranges are presented in Table 2. For general appearance see figure
3. Maximum length of wild caught specimens 74.5 mm SL. Moderately slender species with maximum body depth
(24.7-29.3 % SL) at level of dorsal-fin origin, slowly decreasing towards caudal peduncle. Caudal peduncle rather
elongated and moderately deep (ratio of caudal-peduncle length to depth: 1.5-2.3). Head length almost one third of
standard length. Dorsal head profile slightly curved without prominent nuchal gibbosity. Eye diameter larger than
interorbital width. Jaws isognathous or slightly retrognathous. Posterior tip of maxilla not reaching anterior margin
of orbit but ending slightly before. Lips not noticeably enlarged or thickened. Two separate lateral lines.

Squamation. Flank above and below lateral lines covered with comparatively large ctenoid to cycloid scales,
especially in large specimens only few scales of ctenoid appearance. Anterior dorsal and ventral flank area covered
by cycloid scales. Belly with comparatively small cycloid scales. Chest covered with even smaller cycloid scales
compared to belly squamation; chest to flank transition with larger cycloid scales. Snout scaleless up to anterior
margin of orbit. Interorbital, nape, and occipital region with medium sized cycloid scales. Cheeks covered by small
cycloid scales; 2—4 scale rows on cheek. Cycloid scales on operculum of variable size (small to medium sized) and
shape (ovoid to circular); opercular blotch partially covered by medium sized scales, but posterior margin scaleless.
3—4 scales on horizontal line starting from edge of postero-dorsal angle of operculum to anterior edge of
operculum.

Upper lateral line scales 21-23 and lower lateral line 9—11. Horizontal line scales 29-30. Caudal fin with 0-2
pored scales. Upper and lower lateral lines separated by two scales. 3—5 scales between upper lateral line and
dorsal-fin origin. Anterior part of caudal fin covered with 45 vertical columns of small cycloid scales with median
scales slightly larger; scaled area of caudal fin extended posteriorly especially at upper and lower area with minute,
interradial scales (approximately up to one third of caudal fin). Sixteen scales around caudal peduncle.

Jaws and dentition. Anterior bicuspid teeth of outer row in both upper and lower jaw large and closely set;
posterior teeth becoming almost subequally bicuspid; towards corner of mouth teeth smaller and less closely set,
may become unicuspid or weakly bicuspid especially in upper jaw. Individual bicuspid teeth with minimally
expanded brownish crown, cusps (major cusp with almost horizontal edge) uncompressed and moderately widely
set, and neck moderately slender to stout. Outer row upper jaw with 31—44 teeth and outer row lower jaw with 23—
33 teeth (specimens: 34.0-59.0 mm SL). Larger specimens generally with more teeth. Two to three (rarely one)
inner upper and lower jaw tooth rows with small tricuspid teeth. Lower pharyngeal bone (Fig. 3) of single dissected
paratype (ZSM 41429, 59.8 mm SL) about 1.3 times wider than long with short anterior keel about 0.4 times length
dentigerous area. Dentigerous area of lower pharyngeal bone about 1.5 times wider than long, with 10+10 teeth
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along posterior margin and 7-8 teeth along midline. Anterior pharyngeal teeth (towards keel) bevelled and slender;
those of posterior row larger than anterior ones, bevelled (bicuspid; well-developed major and minor cusp). Largest
teeth medially situated in posterior row. Teeth along midline slightly larger than more lateral ones.

Gill rakers. Total gill raker count 10—12, with two epibranchial, one angle, and 7-9 ceratobranchial gill rakers.
Most anterior ceratobranchial gill rakers very small, increasing in size towards cartilaginous plug (angle). Gill
raker in angle slightly shorter than longest ceratobranchial raker and epibranchial gill rakers further decreasing in
size.

Fins. Dorsal fin with 16—17 spines and with 9—10 rays. First dorsal-fin spine always shortest. Dorsal-fin base
length between 50.2-55.6 % SL. Posterior end of dorsal-fin rays ending slightly before or at caudal fin base;
posterior tip of anal fin ending slightly before caudal-fin base. Caudal-fin outline subtruncate and fin composed of
26-29 rays (16 principal caudal-fin rays and 10-13 procurrent caudal-fin rays). Anal fin with three spines (third
spine longest) and 7-9 rays. Anal-fin base length between 15.2-20.1 % SL. Pectoral fin with 15-16 rays. Pectoral-
fin length between 21.6-25.7 % SL, longest pectoral ray not reaching level of anus. First upper and lower pectoral-
fin rays very short to short. Pelvic fin with first spine thickly covered with skin and five rays. Pelvic-fin base
slightly posterior of pectoral-fin base. Pelvic fin slightly longer than pectoral fin; longest pelvic-fin ray almost
reaching anus (ending approximately 0.5-2 flank scale widths before).

TABLE 2. Measurements and counts of the holotype, paratypes and one additional specimen (no proportions given due
to deformed jaws) of Orthochromis mporokoso sp. nov.

Measurements holotype holotype + paratypes ZSM 46841
min Max SD n

Total length (mm) 72.7 42.0 90.0 17 62.2

Standard length SL (mm) 59.0 34.0 74.5 17 54.3

Head length HL (mm) 17.5 11.3 23.0 17 17.2

% HL
Interorbital width 18.4 29.6 34.0 1.5 17 -
Preorbital width 314 245 32.0 24 17 -
Horizontal eye length 23.2 213 28.2 1.7 17 -
Snout length 36.2 26.9 38.1 2.8 17 -
Internostril distance 15.8 13.5 18.8 15 17 -
Cheek depth 23.9 19.6 255 1.7 17 -
Upper lip length 30.6 25.4 32.1 2.1 17 -
Lower lip length 26.1 19.2 30.0 2.9 17 -
Lower lip width 29.1 19.6 349 3.9 17 -
Lower jaw length 29.7 22.0 34.1 3.6 17 -
Lower pharyngeal jaw length - 28.0 - 1 -
Lower pharyngeal jaw width - 36.2 - 1 -
Width of dentigerous area of lower pharyngeal jaw - 259 - 1 -

% SL
Predorsal distance 32.8 32.1 37.9 1.6 17 -
Dorsal-fin base length 55.5 50.2 55.6 1.5 17 -
Last dorsal-fin spine length 11.1 10.7 13.9 09 17 -
Anal fin-base length 16.3 15.2 20.1 1.3 17 -
Third anal-fin spine length 15.1 114 16.4 1.3 17 -
Pelvic fin length 229 22.1 27.3 1.5 17 -
Pectoral fin length 23.2 21.6 25.7 1.2 17 -
Caudal peduncle depth 10.8 7.9 11.7 1.0 17 -

...... continued on the next page
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TABLE 2. (Continued)

Measurements holotype holotype + paratypes ZSM 46841
min Max SD n

Caudal peduncle length 20.7 16.5 20.7 12 17 -

Body depth (pelvic fin base) 15.2 24.7 29.3 1.2 17 -

Preanal length 59.7 46.1 64.5 4.1 17 -

Anus-anal fin base distance 3.8 2.0 3.8 05 17 -

Interpectoral width 15.1 9.0 15.8 1.6 17 -

Counts

Dorsal-fin spines 17 16 (2); 17 (15) 17 17

Dorsal-fin rays 10 9(4); 10 (13) 17 10

Anal-fin spines 3 3(17) 17 3

Anal-fin rays 8 7(4); 8(12);9 (1) 17 8

Pelvic-fin spines 1 1(17) 17 1

Pelvic-fin rays 5 5(17) 17 5

Pectoral-fin rays 16 15 (8); 16 (9) 17 16

Upper procurrent caudal-fin rays 6 5(1);6(14); 7 (2) 17

Lower procurrent caudal-fin rays 6 5(3); 6 (14) 17 6

Caudal-fin rays 28 26 (1);27(2); 28 (12);29(2) 17 29

Scales (horizontal line) 30 29 (9); 30 (8) 17 29

Upper lateral line 21 21(8);22(8); 23 (1) 17 22

Lower lateral line 11 9(8); 10 (2); 11 (7) 17 11

Circumpeducular 16 16 (17) 17 16

Series of scales on cheek 3 2(3):3(09);4(5 17 3

Scales (horizontal line) on operculum 4 3(13);4 (4) 17 3

Scalesbetweenlateral lineand dorsalfinorigin 3 3 (1); 4 (15); 5(1) 17 5

Scales between upper lateral line and last dorsal fin 2 2(17) 17 2

spine

Abdominal vertebrae 14 14 (17) 17 14

Caudal vertebrae 16 16 (17) 17 16

Total number of vertebrae 30 30 (17) 17 30

Teeth in upper outer row 44 31(1);33(1);35(2);39(1); 17 -
40 (3); 41 (1); 42 (2); 43 (3);

44 (2)

Teeth in lower outer row 29 23 (1);24(1); 25 (1); 26 (2); 17 -
27(2); 28(2); 29 (2); 30 (2);
31(1);32(2);33(1)

Gill rakers (ceratobranchial) 9 73);8(11);9(2) 17 8

Gill rakers (angle + epibranchial) 3 3(17) 17 3

Vertebrae and caudal fin skeleton. (Fig. 3). A total of 30 vertebrae (excluding urostyle element), with 14
abdominal and 16 caudal vertebrae. The pterygiophore supporting last dorsal-fin spine is inserted between neural
spines of 16™ and 17" vertebra (counted from anterior to posterior). Pterygiophore supporting last anal-fin spine is
inserted between haemal spines of 15" and 16™ vertebra, rarely between ribs of 14" and haemal spine of 15"
vertebra (N=2). Single predorsal bone (=supraneural bone) present. Hypurals 1 and 2 as well as hypurals 3 and 4
always fused into single seamless units.

Colouration in life (based on field photographs of adult specimens). (Fig. 3) Body ground colouration pale
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brown to light grey; anterior flank with yellow to golden reticulated pattern which becomes less prominent at level
of anus and stops at level of caudal peduncle. Dark grey to brownish, interrupted midlateral band from operculum
to just posterior caudal fin base, ending in mostly visible blotch; intensity midlateral band varies depending on
mood often hardly visible. Midlateral band crossed by 13—15 vertical bars, which extend mainly ventrally, hardly
recognizable except for more distinct first 4—5 anterior bars. In some specimens dorsum with irregular dark brown
areas, which sometimes connect with midlateral band. Scales on, above and below midlateral band until level of
anus with blackish-blue to greyish-blue centres. Dorsum and caudal peduncle pale brown to light grey; chest and
belly light beige. Dorsal head surface pale brown to light grey; snout and cheek beige, ventrally brighter.
Branchiostegal membrane light beige. Operculum beige to yellowish, sometimes with metallic turquoise speckles,
a black opercular spot connecting with anterior extension of midlateral band (interrupted at level of preoperculum)
ending in well-pigmented blotch slightly anterior of eye. Another dark grey to brownish element of variable form
on ventral corner of operculum. Cheek with small, dark grey to brownish vertical stripe of variable shape and
intensity, extending to slightly below eye (not reaching eye). Dark grey to brownish lachrymal stripe ending at
posterior end upper lip. Very thin, dark grey to brownish nostril stripe (sometimes interrupted) V-shaped, extending
between nostrils. Thin, dark grey to brownish interorbital stripe present; no distinct supraorbital stripe, but area just
above eye somewhat darker than remaining dorsal head region. Upper and lower lip beige to pale brown, lower
margin of upper lip greyish (darker coloured), lower lip lighter than upper. Dorsal-fin membrane transparent with
orange maculae, sometimes arranged in inclined rows; maculae bordered with orange and outlined with black,
especially in spinous part of fin. Anal fin transparent to yellow, towards margin becoming more intensively
coloured, no maculae or eggspots present. Caudal fin yellowish to greyish with two or three rows of small yellow-
orange maculae near fin base. Outer caudal-fin rays with black margin. Pectoral and pelvic fins transparent but rays
yellowish to greyish.

10 mm

FIGURE 3. Orthochromis mporokoso sp. nov. A. probably the holotype, alive. Dorsal, anal and caudal fin background
coloration is uniform semitransparent and might be lightly yellowish to greyish, i.e. not as in picture (human fingers holding the
specimen in photo tank gave artificial beige color to semitransparent fins). B. Holotype (ZSM 46840), 59.0 mm SL; Zambia,
Kasinsha stream C. radiograph of holotype D. lower pharyngeal bone (specimen with 59.8 mm SL; ZSM 41429) E. Overview
of arrangement and morphology of oral jaw teeth (specimen with 74.5 mm SL; ZSM 41429).
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Juvenile colouration in life. No information about juvenile colouration available.

Colouration in alcohol. Colouration and melanin patterns similar to live specimens, but due the preservation
procedure of specimens, i.e., first formalin fixation, transfer to 75 % EtOH etc., specimens tend to lose original
colouration (especially melanin patterns more intense than in live specimens). Overall body ground colouration
light brownish; dorsum darker than flank below midlateral band. Chest and belly beige to yellowish-beige.
Branchiostegal membrane beige, along operculum and ventrally becoming reddish brown. Dorsal head surface and
dorsum brownish, ethmoidal region greyish-brown. Upper lip beige to light greyish anteriorly, lower lip beige.
Cheek beige to pale brownish; vertical stripe on cheek faint. Operculum beige to pale brown greyish and with
opercular spot as described above (brownish element on operculum less clearly defined than in live specimens and
covering almost entire operculum). Head mask brownish. Midlateral band and vertical bars brownish and more
intense (especially posterior bars). Dorsal fin whitish to light greyish and margins outlined in black; maculae
visible but less intense and greyish. Anal fin whitish to beige; margins blackish outlined. Caudal fin light whitish to
beige; margins blackish outlined, small greyish speckles visible on membrane. Pectoral fin and pelvic fin whitish to
light grey.

Distribution and biology. Orthochromis mporokoso is known from two clear water streams in the vicinity of
Mporokoso town. Kasinsha stream (holotype locality, Fig. 1) is about five meters wide with a rocky bottom and on
average 50-100 cm deep (Fig. 8).

The water temperature at the type locality was 19.5 °C (15.07.2011, late afternoon) and had a pH of 6.7; at the
second sampling locality (Mutoloshi River at Kapuma Falls) a temperature of 19.3 °C (15.07.2011) and a pH of 7.3
was recorded (pers. comm. H. van Heusden 2017). Orthochromis mporokoso is a benthic-rheophilic species.

Etymology. The species name mporokoso is derived from Mporokoso, a town in the Northern Province
(Zambia) near the type locality of the species. A noun in apposition.

Orthochromis katumbii sp. nov.
Orthochromis sp. “Mambilima“—Schedel et al. 2014

Holotype. MRAC 2015-009-P-0006 (1, 85.9 mm SL), Democratic Republic of the Congo, Kiswishi River, near
confluence with Matete stream, Luapula basin (-11.486528/ 27.650306)

Paratypes. MRAC 2015-009-P-0001 (1, 53.2 mm SL), Democratic Republic of the Congo, Kiswishi River,
Futuka farm, Luapula basin (-11.488028/27.645833).—ZSM 46844 (1, ex MRAC 2015-009-P-0002, 81.8 mm SL),
Democratic Republic of the Congo, Kiswishi River, Futuka farm, Luapula basin (-11.488028/ 27.645833).—
MRAC 2015-009-P-0003 (1, 56.6 mm SL), Democratic Republic of the Congo, Kiswishi River, Futuka farm,
Luapula basin (-11.488028/27.645833).—MRAC 2015-009-P-0007-0009 (3, 58.7-85.2 mm SL), collected with
holotype.—ZSM 41450 (6, 27.2-57.4 mm SL), Zambia, Luapula River below Mambilima Falls (-10.5689/
28.6783).

Additional material. ZSM 42322 (2, 71.3-88.9 mm SL), Zambia, Luapula River below Mambilima Falls;
kept in aquarium (-10.5689/28.6783).

Differential diagnosis. Orthochromis katumbii is distinguished from all Malagarasi-Orthochromis species
including O. sp. “Igamba” except O. mazimeroensis and O. rubrolabialis by having more scale rows on cheek (1-4
vs. 0). Further it is distinguished from O. kasuluensis, O. mosoensis, and O. rugufuensis by having more scales in
lower lateral line (10—13 vs. 7-9) and furthermore from O. kasuluensis by having fewer dorsal-fin rays (7-9 vs.
10); from O. mosoensis by having more scales on operculum (2-3 vs. 0—1); from O. uvinzae by having fewer scales
between upper lateral line and dorsal-fin origin (4—5 vs. 6-8), by having fewer dorsal-fin spines (16—18 vs. 19-20)
and it is distinguished in position of pterygiophore supporting last dorsal-fin spine (vertebral count: 15—17 vs. 18-
19). From O. mazimeroensis it is distinguished by having more horizontal line scales (30-31 vs. 26-28), more
abdominal vertebrae (14—15 vs. 12—13) and more total vertebrae (30-31 vs. 26-28). It is distinguished from O.
rubrolabialis by having more ceratobranchial gill rakers (7-9 vs. 5-6) and total gill raker (10—13 vs. 8-9); from O.
stormsi by having more caudal vertebrae (16—17 vs. 14—15), more total vertebrae (30-31 vs. 28-29), more
horizontal line scales (30-31 vs. 26-28) and fewer scales between upper lateral line and dorsal-fin origin (4-5 vs.
6-9); from O. polyacanthus by having more series of scales on cheek (1-4 vs. 0); from O. forrenticola by having
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fewer anal-fin spines (3 vs. 4). Meristic values of O. katumbii overlap with those of O. kalungwishiensis but is
distinguished by differences in colour and melanin patterns (e.g. nostril stripe in O. katumbii not extending to
interorbital stripe vs. extending in O. kalungwishiensis; operculum yellowish-grey in O. katumbii vs. reddish-
brownish in O. kalungwishiensis; vertical bars crossing midlateral band more pronounced in O. kalungwishiensis).
Meristic values of O. katumbii overlap with those of O. luongoensis but is distinguished by ratio length/depth of
caudal peduncle (1.6-1.9 vs. 2.0-2.4); in addition O. katumbii tends to have fewer vertical bars on flank (7-9 vs. 9—
12). Meristic values of O. katumbii overlap with those of O. machadoi but is distinguished by smaller body depth
(22.4-27.7 vs. 30.0-32.2 % SL). It is distinguished from S. neodon by having more circumpeduncular scales (16
vs. 12), and fewer dorsal-fin rays (9—10 vs. 11-12). It differs from H. snoeksi by having more scales on lower
lateral line (10—13 vs. 9), more abdominal vertebrae (14—15 vs. 13), fewer caudal vertebrae (16 vs. 17), more anal-
fin rays (7-9 vs. 5-6) and more total gill rakers (10—13 vs. 9), in position pterygiophore supporting last anal-fin
spine (vertebral count: 15-16 vs. 13) and by having hypurals 3 and 4 fused (vs. clearly separated or fused with
distinctly visible seam); differs from H. bakongo and H. moeruensis by having more horizontal line scales (30-31
vs. 26-28), more caudal vertebrae (16—17 vs. 12—15) and more total vertebrae (3031 vs. 26-29). Additionally, O.
katumbii differs from H. bakongo by having more dorsal fin spines (16—18 vs. 14-15), by having hypurals 1 and 2
and hypurals 3 and 4 fused (vs. clearly separated or fused with distinctly visible seam) and by position of
pterygiophore supporting last dorsal-fin spine (vertebral count: 15—17 vs. 13—14) and from H. moeruensis by
having more scales on upper lateral line (21-24 vs. 19-20). It differs from H. vanheusdeni by having more
horizontal line scales (30-31 vs. 26-29). It is distinguished from herein newly described species O. kimpala by
having more horizontal line scales (3031 vs. 27-29), fewer scales between upper lateral line and dorsal-fin origin
(4-5 vs. 6-7); from O. indermauri by having more horizontal line scales (30-31 vs. 25-29), caudal vertebrae (16—
17 vs. 14-15), total vertebrae (3031 vs. 28-29) and by having hypurals 1 and 2 fused vs. clearly separated or fused
with distinctly visible seam). Meristic values of O. katumbii overlap with those of O. mporokoso but is
distinguished by having fewer vertical bars on flank (7-9 vs. 13—15) and in head mask pattern (i.e.: no cheek stripe
present vs. present in O. mporokoso). Meristic values of O. katumbii overlap with those of O. gecki but is
distinguished by having a wider interorbital (15.5-21.7 vs. 9.6—12.9 % HL), moreover O. katumbii lacks eggspots
on anal fin (vs. present in O. gecki).

Description. Morphometric measurements and meristic characters are based on 13 type specimens. Values and
their ranges are presented in Table 3. For general appearance see figure 4. Maximum length of wild caught
specimens 85.9 mm SL. Moderately slender species with maximum body depth (28.1 % SL) at level of first dorsal-
fin spine (smaller specimens) or slightly behind dorsal-fin origin (larger specimens), decreasing towards caudal
peduncle. Caudal peduncle rather elongated and moderately deep (ratio of caudal peduncle length to depth: 1.6—
1.9). Head length about one third of standard length. In adult specimens dorsal head profile gently curved and
without prominent nuchal gibbosity. Dorsal head profile of subadult specimens more distinctly curved (Fig. 9). Eye
diameter larger than interorbital width. Jaws isognathous or slightly retrognathous. Posterior tip of maxilla
reaching vertical between nostril and anterior margin orbit. Lips not noticeably enlarged or thickened. Two separate
lateral lines.

Squamation. Flank above and below lateral lines covered with comparatively large ctenoid scales. Anterior
dorsal and ventral flank covered by cycloid scales. Belly with comparatively small cycloid scales. Chest covered
with minute, deeply embedded cycloid scales; chest to flank transition with slightly larger cycloid scales. Snout
scaleless. Interorbital scales cycloid and deeply embedded. Nape and occipital region with medium sized cycloid
scales. Cheeks covered by small, partly embedded cycloid scales; 2—4 scale rows on cheek. Cycloid scales on
operculum of variable size (small to medium) and shape (ovoid to circular); opercular blotch only partially covered
by medium sized scales, but posterior margin always scaleless. Two to three scales on horizontal line starting from
edge of postero-dorsal angle of operculum to anterior edge of operculum.

Upper lateral line scales 21-24, lower lateral line 10—13. Horizontal line scales 30-31. Caudal fin with 0-2
pored scales. Upper and lower lateral lines separated by two scales; 4-5 scales between upper lateral line and
dorsal-fin origin. At level of last dorsal-fin spine one dorso-ventrally compressed cycloid scale and one normal
sized ctenoid scale between origin of last dorsal-fin spine and upper lateral line. Anterior part of caudal fin covered
with 3—4 vertical columns of small cycloid scales; with median scales being slightly larger; scaled area of caudal
fin extended posteriorly, especially at upper and lower area, with minute, interradial scales (approximately up to
two fifths of caudal fin). Sixteen scales around caudal peduncle.
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TABLE 3. Measurements and counts of holotype and paratypes and of additional specimens of Orthochromis katumbii

Sp. nov.
Measurements holotype  holotype + paratypes ZSM 42322
min Max SD n Ind. 1 Ind. 2

Total length (mm) 103.6 33.3 103.6 13 84.8 106.5

Standard length SL (mm) 85.9 27.2 85.9 13 71.3 88.9

Head length HL (mm) 25.7 8.9 25.7 13 222 26.6

% HL
Interorbital width 20.6 14.5 21.7 2.1 13 17.4 19.4
Preorbital width 35.1 26.2 35.1 2.7 13 32.6 36.0
Horizontal eye length 23.7 22.5 28.9 1.6 13 23.9 21.0
Snout length 40.7 28.5 40.7 3.5 13 374 39.0
Internostril distance 18.6 16.4 21.7 1.4 13 19.9 21.4
Cheek depth 25.1 18.5 28.4 2.7 13 32.8 26.0
Upper lip length 31.5 24.6 34.6 2.7 13 29.6 37.6
Lower lip length 30.2 18.9 31.2 3.9 13 28.4 33.1
Lower lip width 354 24.6 38.3 3.3 13 34.2 41.4
Lower jaw length 333 26.1 36.8 2.8 13 35.1 33.7
Lower pharyngeal jaw length - 25.7 - 1
Lower pharyngeal jaw width - 30.1 - 1
Width of dentigerous area of lower - 21.9 - 1

pharyngeal jaw

% SL
Predorsal distance 32.0 31.6 36.1 1.4 13 32.6 31.8
Dorsal-fin base length 55.1 54.1 58.1 1.2 13 55.9 57.0
Last dorsal-fin spine length 9.5 9.5 13.8 1.2 13 12.3 11.8
Anal-fin base length 18.9 14.7 20.2 1.5 13 15.5 17.8
Third anal-fin spine length 10.5 10.5 20.2 2.5 13 11.1 12.1
Pelvic fin length 21.0 19.6 25.7 1.8 13 18.1 18.1
Pectoral fin length 221 19.5 23.8 1.1 13 20.1 19.4
Caudal peduncle depth 11.0 10.3 12.2 0.6 13 11.0 11.0
Caudal peduncle length 19.1 17.9 20.9 0.7 13 18.6 16.9
Body depth (pelvic fin base) 27.6 22.4 27.7 1.9 13 27.5 28.5
Preanal length 58.5 54.9 62.1 1.6 13 63.2 62.2
Anus-anal fin base distance 3.8 1.4 4.0 0.9 13 3.1 34
Interpectoral width 15.5 10.6 15.5 1.4 13 16.0 15.4

Counts
Dorsal-fin spines 17 16 (2); 17 (6); 18 (4) 12 18 17
Dorsal-fin rays 9 9 (7); 10 (5) 12 9 10
Anal-fin spines 3 3(12) 12 3 3
Anal-fin rays 7 7(6);8(5);9(1) 12 7 8
Pelvic-fin spines 1 1(12) 12 1 1
Pelvic-fin rays 5 5(12) 12 5 5
Pectoral-fin rays 15 15 (10); 16 (2) 12 15 15
Upper procurrent caudal-fin rays 7 6(6);7(6) 12 7 7

...... continued on the next page
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TABLE 3. (Continued)

Measurements holotype  holotype + paratypes ZSM 42322
min Max SD n Ind. 1 Ind. 2

Lower procurrent caudal-fin rays 6 5(1);6(11) 12 7 7
Caudal-fin rays 29 27 (1); 28 (5); 29 (6) 12 29 29
Scales (horizontal line) 30 30 (9); 31 (3) 12 30 30
Upper lateral line 21 21(5);22(4);23(2);24(1) 12 24 22
Lower lateral line 13 10 (1); 11 (3); 12(6); 13 (2) 12 11 11
Circumpeducular 16 16 (2) 12 16 16
Series of scales on cheek 2 1(3);2(5):;3@3)4(1) 12 3 3
Scales (horizontal line) on operculum 3 2(6); 3 (6) 12 3 3
Scales between lateral line and dorsal fin 5 4(2);5(10) 12 5 5
origin
Scales between upper lateral line and last 2 2(12) 12 2 2
dorsal fin spine
Abdominal vertebrae 14 14 (10); 15 (2) 12 14 14
Caudal vertebrae 17 16 (6); 17 (6) 12 17 17
Total number of vertebrae 31 30 (4); 31 (8) 12 31 31
Teeth in upper outer row 52 29 (1);30(1);32(1); 36 (2); 12 46 54

38 (1); 39 (1); 41 (1); 45 (1);
48 (1); 49 (1); 52 (1)

Teeth in lower outer row 35 24 (1); 25 (1); 26 (2); 27 (1); 12 28 37
31(1);32(1); 33 (2); 35 (1);
37 (1); 39 (1)

Gill rakers (ceratobranchial) 7 7(8);8(2);9(2) 12

Gill rakers (angle + epibranchial) 3 3(8);4(3);5(2) 12 4

Jaws and dentition. Anterior teeth of outer row of upper and lower jaw bicuspid to subequally bicuspid, large
and closely set; more posterior teeth becoming subequally bicuspid, towards corner of mouth teeth smaller and less
closely set and unicuspid. Individual bicuspid teeth with minimally expanded brownish crown, cusps slightly
compressed and moderately widely set, neck moderately slender. Outer row of upper jaw with 29-52 teeth and
outer row of lower jaw with 24-39 teeth (specimens: 37.2-85.6 mm SL). Larger specimens generally with more
teeth. Two to three (rarely one or four) inner upper and lower jaw tooth rows with small tricuspid teeth. Generally
larger individuals with more inner tooth rows. Lower pharyngeal bone (Fig. 4) of single dissected paratype (MRAC
2015-009-P-0007-0009, 77.2 mm SL) about 1.2 times wider than long with short anterior keel about 0.4 times
length of dentigerous area. Dentigerous area of lower pharyngeal bone about 1.4 times wider than long, with 12+12
(empty tooth-sockets included) teeth along posterior margin and 6-8 (empty tooth-sockets included) teeth along
midline. Anterior pharyngeal teeth (towards keel) bevelled and slender; those of posterior row larger than anterior
ones, bevelled (bicuspid; well-developed major and minor cusp). Largest teeth medially situated in posterior row.
Teeth along midline slightly larger than more lateral ones.

Gill rakers. Total gill raker count 10—13 with 2—4 epibranchial, one angle, and 7-9 ceratobranchial gill rakers.
Most anterior ceratobranchial gill rakers smallest, increasing in size towards cartilaginous plug (angle). Anterior
gill rakers on ceratobranchial unifid, towards cartilaginous plug sometimes bifid. Gill raker on cartilaginous plug
shorter than longest ceratobranchial gill raker and epibranchial gill rakers further decreasing in size.

Fins. Dorsal fin with 16—18 spines and with 9—10 rays. First dorsal-fin spine always shortest. Dorsal-fin base
length between 54.0-58.1 % SL. Posterior end of dorsal-fin rays almost reaching caudal-fin base; posterior tip of
anal fin ending before caudal fin base. Caudal fin outline subtruncate and composed of 27-29 rays (16 principal
caudal-fin rays and 11-13 procurrent caudal-fin rays). Anal fin with 3 spines (3" spine longest) and 7-9 rays. Anal-
fin base length between 14.8-20.2 % SL. Pectoral fin with 15 or 16 rays. Pectoral-fin length between 19.5-23.8 %
SL; longest pectoral ray not reaching level of anus. First upper and lower pectoral-fin rays very short to short.
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Pelvic fin with 1* spine thickly covered with skin, and 5 rays. Pelvic fin base slightly further posterior pectoral fin
base. Longest pelvic-fin ray almost reaching (especially in smaller specimens) or ending well before anus (ending
approximately 2 flank scales width before).

FIGURE 4. Orthochromis katumbii sp. nov. A. holotype, alive B. holotype (MRAC 2015-009-P-0006), 85.9 mm SL;
Democratic Republic of the Congo, Kiswishi River C. radiograph of holotype D. lower pharyngeal bone (specimen: MRAC
2015-009-P-0007-0009, 77.2 mm SL) E. Overview of arrangement and morphology of oral jaw teeth (specimen: MRAC 2015-
009-P-0007-0009, 77.2 mm SL).

Vertebrae and caudal fin skeleton. 30-31 total vertebrae (excluding urostyle element), with 14-15
abdominal and 1617 caudal vertebrae. Pterygiophore supporting last dorsal-fin spine is inserted between neural
spines of 15" and 16", 16™ and 17", or 17™ and 18" vertebra (counted from anterior to posterior). Pterygiophore
supporting last anal-fin spine is inserted between haemal spines of 15™ and 16" vertebra or 16" and 17" vertebra.
Single predorsal bone (=supraneural) present. Hypurals 1 and 2 as well as hypurals 3 and 4 always fused.

Colouration in life (based on field photographs of adult specimens). (Fig. 4) Body ground colouration pale
brown to yellowish. Dark grey to brownish, interrupted midlateral band extending from operculum to just behind
caudal fin base ending as a blotch (less distinct than in O. luongoensis and sometimes hardly visible at all);
midlateral band intensity varies depending on mood, sometimes fainting to greyish band. Midlateral band crossed
by 7—10 light brown to sooty black vertical bars; these bars are short (extending shortly above and below midlateral
band) and rather faint in colouration and not always recognizable. However, it should be mentioned that intensity
of body markings is strongly dependent on motivational state. Chest light beige with some reddish sparkles
(especially in bigger specimens). Belly light beige. Dorsal head surface and snout pale brown to greyish; cheek
beige to yellow-greyish. Iris reddish at level of interorbital stripe/anterior extension of midlateral band (red more
prominent in bigger specimens). Lower jaw and mental area pale beige to reddish. Throat and branchiostegal
membrane reddish (ventral side of branchiostegal membrane in O. [uongoensis blackish). Operculum beige to
yellow-greyish with a dark grey to blackish opercular spot connecting anterior extension of midlateral band that
ends almost at posterior edge of eye. Another light brownish element of variable form and intensity on ventral
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corner of operculum; such element also present in O. luongoensis but less intense in H. katumbii. Dark grey to
brownish lachrymal stripe ending at posterior end of upper lip. Thin, dark grey to brownish nostril stripe
(sometimes interrupted) in form of flattened U extending between nostrils. Dark grey to brownish interorbital stripe
more intense than nostril stripe. No supraorbital stripe present. Upper and lower lip beige to pale brown, lower
margin of upper lip greyish, lower lip lighter then upper lip. Dorsal fin membrane light orange to pale brown with
columns of light reddish-orange to brownish maculae between branched rays and to some degree between last
dorsal-fin spine (membrane between maculae brighter, almost hyaline); spinous dorsal fin with black marginal
band and reddish-orange lappets; marginal band extending to some degree onto rayed part of dorsal fin. Anal fin
light orange to pale brown, more intensively coloured towards distal margin. Spinous anal fin with faint reddish-
orange margin. No maculae or eggspots present. Caudal fin light orange to pale brown becoming more intensively
coloured near margin; membrane between rays with three vertical columns of small greyish maculae (membrane
between maculae brighter, almost hyaline, especially in central part of caudal fin). Outer caudal-fin rays with dark
orange to blackish margin. Pectoral fin light orange, especially rays of this colour. Pelvic fin compared to pectoral
fin less coloured, appearing almost transparent, membrane of pelvic fin spine greyish.

Juvenile colouration in life. (based on photos of tank-raised juveniles approximately 25 mm SL; Fig. 9)
Ground colouration greyish, belly beige. Patterns and stripes of head as described for adults. Greyish vertical bars
on flanks more prominent than in adults. Iris greyish. Dorsal fin hyaline with some blackish spots on membrane; all
other fins hyaline.

Colouration in alcohol. Colouration and melanin patterns similar to live specimens, but due the preservation
procedure of specimens, i.e., first formalin fixation, transfer to 75 % EtOH etc., specimens tend to lose original
colouration (especially melanin patterns more intense than in live specimens). Overall body ground colouration
brownish; dorsum, flank and caudal peduncle brownish becoming beige at ventral side (band of one to two scales
ventrally of flanks and caudal peduncle). Chest beige to light brownish and belly beige. Branchiostegal membrane
light greyish, ventral side of branchiostegal membrane dark brown, towards anterior tip becoming brighter. Dorsal
head surface brownish as dorsum, ethmoidal area becoming greyish-brown. Upper lip light greyish to beige; lower
margin of upper lip greyish; lower lip beige. Cheek beige to brownish; centrally below eye a brownish blotch of
variable intensity visible (as in O. luongoensis, which is not the case in living specimens). Operculum brown to
dark brownish with opercular spot as described above; light brownish element of living specimens hardly visible or
indistinguishable from operculum ground colouration in conserved specimens. Markings of head mask dark
brownish to dark grey. Midlateral band dark brownish and vertical bars light brownish (less distinct than midlateral
band). Dorsal fin greyish with black margin, subsequently followed by beige lappets; greyish maculae mainly on
rayed part still visible but less intense. Anal fin whitish to beige. Pectoral fin beige. Pelvic fin beige; membrane of
spine light greyish. Caudal fin light, at base pale brownish, caudally becoming beige; greyish maculae still present
but less intense; margins blackish.

Distribution and biology. Orthochromis katumbii is known from Kiswishi River, a western tributary of the
Luapula and from the Mambilima Falls on the Luapula (Fig. 1). At the type, locality the Kiswishi River is about ten
meters wide and on average about one meter deep and the bottom substrate consists of gravel and smaller rocks
(Fig. 8). Water temperature varied between 19.3 and 23.8 °C (measured in August and September), pH between
7.73-7.95, electrical conductivity 377.7 and 380.1puS. O. katumbii is a benthic-rheophilic maternal mouthbrooder
with clutch sizes, in captivity, of between 25 and 30 eggs (pers. comm. J. Geck). Recently a monogenean gill
parasite Cichlidogyrus consobrini Jorissen, Pariselle and Vanhove 2017 was described from specimens obtained
from O. katumbii and Sargochromis mellandi (Boulenger 1905).

Etymology. The species is named after Mr. Moise Katumbi who supported part of the 2015 ichthyological
research field expedition of the Mbisa Congo project in Katanga province of the DRC, who himself is a great fish
enthusiast. Some specimens of the new species were collected on his farm “Ferme de Futuka”.

Orthochromis kimpala sp. nov.

Holotype. MRAC 2012-031-P-2096 (84.58 mm SL), Democratic Republic of the Congo, Kalule Nord River, right
tributary of Lualaba River, near to the bridge on road Makulakulu-Lubudi (-9.6935/25.8479).
Paratypes. ZSM 46849 (2, ex MRAC uncat., 62.7-78.8 mm SL), collected with holotype.—ZSM 46850 (1, ex
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MRAC uncat., 44.0 mm SL), collected with holotype.—MRAC 2015-005-P-0032-0033 (2, 56.9—62.6 mm SL),
Democratic Republic of the Congo, Kalule Nord River, bridge Lubudi-Luena (-9.693472/25.847833).—MRAC
2015-005-P-0034-0035 (2, 56.3-60.5 mm SL), Democratic Republic of Congo, Kalule Nord River, Kyabule
village, bridge Mukulakulu-Kolwezi (-9.66725/25.740056).—MRAC 2015-005-P-0036-0037 (2, 57.7-61.3 mm
SL), Democratic Republic of the Congo, Kalule Nord River, Kyabule village, bridge Mukulakulu-Kolwezi (-
9.66725/25.740056).

Differential diagnosis. Orthochromis kimpala can be readily distinguished from all species currently placed
in Orthochromis (sensu de Vos & Seegers, 1998) except O. torrenticola, by presence of eggspot-like maculae on
anal fin. Further, it is distinguished from Malagarasi-Orthochromis species, including O. sp. “Igamba”, by having
more scale rows on cheek (3—4 vs. 0 or 01 in case of O. mazimeroensis and O. rubrolabialis). Furthermore, O.
kimpala difters from O. luichensis, O. malagaraziensis, O. mazimeroensis, O. mosoensis, and O. rubrolabialis by
having more scales between upper lateral line and dorsal-fin origin (6—7 vs. 4-5). Additionally, it has fewer dorsal-
fin spines than O. luichensis, O. malagaraziensis, and O. rubrolabialis (15—16 vs. 17—19). Moreover, it differs from
O. rubrolabialis by having more total gill rakers (11-12 vs. 8-9) and by position of pterygiophore supporting last
dorsal-fin spine (vertebral count: 14-16 vs. 17-19); from O. mazimeroensis by having more abdominal vertebrae
(14-15 vs. 12—-13); from O. mosoensis by having more scales (horizontal line) on operculum (3 vs. 0-1). O.
kimpala is distinguished from O. kasuluensis, O. rugufuensis and O. uvinzae by having fewer dorsal-fin spines
(1516 vs. 17-20); from O. kasuluensis and O. rugufuensis by having more scales (horizontal line) on operculum (3
vs. 1-2); from O. kasuluensis and O. uvinzae by having fewer scales in upper lateral line (2022 vs. 23-25) and
fewer total vertebrae (28-30 vs. 31-33). Moreover,it differs from O. uvinzae by having fewer horizontal line scales
(27-29 vs. 30-32) and by position of pterygiophore supporting last dorsal-fin spine (vertebral count: 14—16 vs. 18—
19). It can be distinguished from O. kalungwishiensis, O. luongoensis, O. polyacanthus, and O. torrenticola by
having fewer dorsal-fin spines (15-16 vs. 17-20); further from O. kalungwishiensis, O. luongoensis, and O.
torrenticola by fewer horizontal line scales (27-29 vs. 30-32) and fewer total vertebrae (28-30 vs. 31-33); from O.
luongoensis and O. torrenticola by fewer caudal vertebrae (13—16 vs. 17-18); from O. torrenticola by having fewer
anal-fin spines (3 vs. 4). Moreover, it is distinguished from O. torrenticola and O. polyacanthus by position of
pterygiophore supporting last anal-fin spine (vertebral count: 14—15 vs. 16—17). It is distinguished from O. stormsi
by having fewer total gill rakers (11-12 vs. 13—15). It differs from S. neodon by having more scale rows on cheek
(3—4 vs. 1-2), fewer horizontal line scales (27-29 vs. 30-31), more circumpeduncular scales (16 vs. 12), fewer
inner series of teeth (23 vs. 4-6). It differs from H. snoeksi by having fewer horizontal line scales (27-29 vs. 30—
31), fewer scales on upper lateral line (2022 vs. 23), more abdominal vertebrae (14—15 vs. 13) and fewer caudal
vertebrae (13—16 vs. 17), more anal-fin rays (8—10 vs. 5-6) and more total gill rakers (11-12 vs. 9); from H.
bakongo by having more scales between upper lateral line and dorsal-fin origin (6—7 vs. 3-5); from H. moeruensis
by having more upper procurrent caudal-fin rays (6—7 vs. 5) and more total caudal-fin rays (2627 vs. 28-29); from
H. vanheusdeni by having more scale rows on cheek (3—4 vs. 0-2). It is distinguished from herein newly described
species O. mporokoso by more scales between upper lateral line and dorsal-fin origin (67 vs. 4-5); from O.
katumbii by having fewer horizontal line scales (27-29 vs. 30-31), and by more scales between upper lateral line
and dorsal-fin origin (67 vs. 4-5); from O. gecki by having more series of scales on cheek (3—4 vs. 0-2); from O.
indermauri by having more series of scales on cheek (3—4 vs. 1-2) and by fewer dorsal-fin spines (15-16 vs. 17—
18).

Description. Morphometric measurements and meristic characters are based on 10 type specimens. Values and
their ranges are presented in Table 4. For general appearance see figure 5. Maximum length of wild caught
specimens 84.6 mm SL. Moderately slender species with maximum body depth (24.8-30.5 % SL) at level of first
dorsal-fin spine, decreasing rather quickly towards caudal peduncle. Caudal peduncle rather short and deep (ratio
of caudal peduncle length to depth: 1.2—1.4). Head length almost one third of standard length. Dorsal-head profile
rather strongly curved and without a prominent nuchal gibbosity. Eye diameter larger than interorbital width. Jaws
isognathous. Posterior tip of maxilla reaching or almost reaching to anterior margin of orbit. Lips not noticeably
enlarged or thickened, but upper lip becoming thicker posteriorly. Two separate lateral lines.

Squamation. Flank above and below lateral lines covered with comparatively large, well developed ctenoid
scales. Anterior dorsal and ventral flank covered by cycloid scales. Margin of belly with deeply embedded medium
sized scales; central belly region scaleless. Chest covered with minute, deeply embedded cycloid scales, giving
impression of a scaleless chest; chest to flank transition with larger cycloid scales, however, still deeply embedded.
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Snout scaleless. Interorbital scales minute to small, cycloid and deeply embedded. Nape region covered with small,
deeply embedded cycloid scales becoming slightly larger towards occipital region. Occipital region with small to
medium sized cycloid scales. Cheek covered by medium sized cycloid scales; 3—4 scale rows on cheek. Cycloid
scales on operculum of medium size and variable shape (ovoid to circular); opercular blotch only on anterior
margins covered by medium sized scales, main area of opercular blotch scaleless. Three scales on a horizontal line
starting from edge of postero-dorsal angle of operculum to anterior edge of operculum.

TABLE 4. Measurements and counts of holotype and paratypes of Orthochromis kimpala sp. nov.

Measurements holotype holotype + paratypes
min Max SD n
Total length (mm) 101.7 54.4 101.7 10
Standard length SL (mm) 84.6 44.0 84.6 10
Head length HL (mm) 26.7 14.2 26.7 10
% HL
Interorbital width 18.1 13.0 18.1 1.7 10
Preorbital width 36.1 28.2 36.1 2.8 10
Horizontal eye length 23.4 20.6 28.4 23 10
Snout length 38.1 29.8 40.3 3.7 10
Internostril distance 227 17.2 227 1.6 10
Cheek depth 29.9 253 31.8 1.9 10
Upper lip length 36.9 29.0 36.9 2.9 10
Lower lip length 35.8 26.1 35.8 3.9 10
Lower lip width 44.6 27.1 44.6 4.7 10
Lower jaw length 37.8 33.4 40.4 2.3 10
Lower pharyngeal jaw length - 29.3 - 1
Lower pharyngeal jaw width - 34.0 - 1
Width of dentigerous area of lower pharyngeal jaw - 25.8 - 1
% SL
Predorsal distance 34.9 329 38.1 1.6 10
Dorsal-fin base length 56.7 514 56.9 1.9 10
Last dorsal-fin spine length 12.9 10.4 14.0 1.2 10
Anal-fin base length 20.0 17.4 20.6 1.1 10
Third anal-fin spine length 9.9 9.7 12.7 1.0 10
Pelvic fin length 20.8 20.6 25.2 1.4 10
Pectoral fin length 20.6 20.6 24.8 1.4 10
Caudal peduncle depth 11.9 10.5 11.9 0.5 10
Caudal peduncle length 15.5 12.7 16.1 1.0 10
Body depth (pelvic fin base) 29.7 24.8 30.5 2.0 10
Preanal length 67.8 60.3 67.8 2.3 10
Anus-anal fin base distance 3.1 2.0 4.7 0.8 10
Interpectoral width 16.4 12.9 16.9 1.2 10
Counts
Dorsal-fin spines 16 15 (4); 16 (6) 10
Dorsal-fin rays 11 10 (4); 11 (6) 10
Anal-fin spines 3 3 (10) 10

44444 continued on the next page
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TABLE 4. (Continued)

Measurements holotype holotype + paratypes

min Max SD n
Anal-fin rays 9 8(6);9(3); 10 (1) 10
Pelvic-fin spines 1 1(10) 10
Pelvic-fin rays 5 5(10) 10
Pectoral-fin rays 15 14 (1); 15 (6); 16 (3) 10
Upper procurrent caudal-fin rays 6 6(5);7(5) 10
Lower procurrent caudal-fin rays 6 6 (10) 10
Caudal-fin rays 28 28 (5); 29 (5) 10
Scales (horizontal line) 29 27 (4); 28 (2); 29 (4) 10
Upper lateral line 22 20 (3); 21 (4); 22 (3) 10
Lower lateral line 11 8(2);9(3); 10 (4); 11 (1) 10
Circumpeducular 16 16 (10) 10
Series of scales on cheek 4 333):4(7) 10
Scales (horizontal line) on operculum 3 3(10) 10
Scales between lateral line and dorsal fin origin 6 6(7);7(3) 10
Scales between upper lateral line and last dorsal fin spine 2 2 (10) 10
Abdominal vertebrae 14 14 (9); 15 (1) 10
Caudal vertebrae 16 13(1); 14 (1); 15(7); 16 (1) 10
Total number of vertebrae 30 28 (2);29 (7); 30 (1) 10
Teeth in upper outer row 30(1);33(1);37(1);38(1);43(2);44(3); 10

47 (1)
Teeth in lower outer row 28(1);29(2);32(1); 33 (2); 35(1); 36 (1); 10

38 (2)
Gill rakers (ceratobranchial) 7(1);8(8);9(1) 10
Gill rakers (angle + epibranchial) 39);4(1) 10

Upper lateral line scales 2022 and lower lateral line 8—11. Horizontal line scales 27-29. Caudal fin with 0-2
pored scales. Upper and lower lateral lines separated by two scales; 67 scales between upper lateral line and
dorsal-fin origin. Anterior part of caudal fin covered with 2-3 vertical rows of small cycloid scales; with median
scales slightly larger; scaled area of caudal fin extended posteriorly especially at upper and lower area with minute,
interradial scales (approximately up to one half of caudal fin). Sixteen scales around caudal peduncle.

Jaws and dentition. Anterior teeth of outer row of upper and lower jaw bicuspid to subequal bicuspid, large
and moderately closely set; towards corner of mouth, teeth smaller and more widely set and unicuspid. Individual
bicuspid teeth with minimally expanded brownish crown, cusps uncompressed and moderately narrowly set, neck
moderately stout. Outer row of upper jaw with 30-47 teeth and outer row of lower jaw with 28-38 teeth
(specimens: 44.4-84.6 mm SL); larger specimens generally with more teeth. Two to three inner upper and lower
jaw tooth rows with small tricuspid teeth (rarely bicuspid).

Lower pharyngeal bone (Fig. 5) of single dissected paratype (ZSM 46849, 62.7 mm SL) about 1.2 times wider
than long with anterior keel about 0.5 times of length of dentigerous area. Dentigerous area of lower pharyngeal
bone about 1.6 times wider than long, with 11+11 (empty tooth-sockets included) teeth along posterior margin and
eight teeth along midline. Anterior pharyngeal teeth (towards keel) bevelled to pronounced and slender; those of
posterior row larger than anterior ones, bevelled (minor cusp not well developed). Largest teeth medially situated in
posterior tooth row. Teeth along midline slightly larger than more lateral ones.

Gill rakers. Total gill raker count 11, with 2-3 epibranchial, one in angle, and 7—8 ceratobranchial gill rakers.
Most anterior ceratobranchial gill rakers smallest increasing quickly in size towards cartilaginous plug (angle). Gill
raker in angle slightly shorter than longest ceratobranchial gill raker and epibranchial gill rakers further decreasing
in size.
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Fins. Dorsal fin with 15-16 spines and with 10—11 rays. First dorsal-fin spine always shortest. Dorsal-fin base
length between 51.4-56.9 % SL. Posterior end of dorsal-fin rays reaching or slightly extending beyond caudal fin
base; posterior tip of anal fin ending slightly before caudal fin base. Caudal fin outline subtruncate and fin
composed of 28-29 rays (16 principal caudal-fin rays and 12—13 procurrent caudal-fin rays). Anal fin with 3 spines
(3" spine longest) and 8-10 rays. Anal-fin base length between 17.4-20.6 % SL. Pectoral fin with 1416 rays.
Pectoral-fin length between 20.6-24.8 % SL; longest pectoral ray not reaching level of anus. First upper and lower
pectoral-fin rays very short to short. Pelvic fin with 1* spine thickly covered with skin and five rays. Pelvic-fin base
slightly more posterior than pectoral fin base. Longest pelvic-fin ray not reaching anus (ending approximately 3
flank scale widths before).

FIGURE 5. Orthochromis kimpala sp. nov. A. probably the holotype, alive B. Holotype, (MRAC 2012-031-P-2096), 84.6 mm
SL; Democratic Republic of the Congo, Kalule Nord River stream C. radiograph of holotype D. lower pharyngeal bone
(specimen: ZSM 46849, 62.7 mm SL) E. Overview of arrangement and morphology of oral jaw teeth (specimen: MRAC 2015-
005-P-0036-0037, 61.3 mm SL).

Vertebrae and caudal fin skeleton. 28-30 total vertebrae (excluding urostyle element), with 14—15
abdominal and 13-16 caudal vertebrae. Pterygiophore supporting last dorsal-fin spine inserted between neural
spines of 14™ and 15", 15" and 16™or 17" and 18" vertebra (counted from anterior to posterior). Pterygiophore
supporting last anal-fin spine is inserted between rips of 14" (or 15") and haemal spine of 15" (or 16™) vertebra or
between haemal spine of 15" and 16" vertebra. Single predorsal bone (=supraneural bone) present. Hypurals 1 and
2 as well as hypurals 3 and 4 clearly separated (most common state) or fused while any other combination is
possible (e.g. hypurals 1 and 2 fused and hypurals 3 and 4 separated or vice versa).

Colouration in life (based on field photographs of adult specimens). Body ground colouration pale brown
to beige; dorsum, flank and caudal peduncle light brown; belly whitish; chest whitish to yellow. Dark grey to
blackish, interrupted midlateral band from operculum to just behind caudal fin base, ending in dark blotch;
midlateral band crossed by 7-9 light grey vertical bars (sometimes hardly visible) extending mainly dorsally; at
level of upper lateral line most bars fuse forming dorso-lateral band which extends to posterior origin dorsal fin.
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Scales on flank and dorsum with orange blotch on anterior surface and greenish metallic highlights, especially
scales on or row above or below lower lateral line. Dorsal head surface brownish; anterior snout brownish,
preorbital area and cheek yellowish to brownish; mental area and ventral parts of preoperculum and cheek light
bluish. Operculum yellowish with brownish sprinkles; black opercular spot present. Greyish vertical preopercular
stripe of variable intensity is always present, at least in the form of a faint blackish blotch at mid orbit level. Dark
grey to brownish lachrymal stripe between orbit and posterior end upper lip. Greyish to brownish nostril stripe (less
intense than lachrymal stripe) fused posteriorly with lachrymal stripe. Faint greyish interorbital stripe. Upper lip
brownish to olive, beige to light bluish posteriorly and lower lip beige to light bluish. Dorsal fin membrane greyish
with orange margins; soft rayed part of dorsal fin with orange maculae arranged in 2—3 rows. Anal-fin membrane
greyish, margin of spinous part dark grey; 2—3 orange maculae on soft rayed part anal fin. First macula situated just
posterior last anal-fin spine at outer margin of anal fin. Second macula almost in centre of rayed part anal fin. When
present, third macula less prominent (smaller and less colourful). Maculae resembling eggspots but without white
concentric ring. Caudal fin yellowish with grey margin and four columns of small orange maculae. Pectoral fin
yellowish. Pelvic fin yellowish; skin around pelvic fin spine and adjacent membrane of first two rays blackish.

Juvenile colouration in live. No information about juvenile colouration available.

Colouration in alcohol. Colouration and melanin patterns similar to live specimens, but due the preservation
procedure of specimens, i.e., first formalin fixation, transfer to 75 % EtOH etc., specimens tend to lose original
colouration (especially melanin patterns more intense than in live specimens). Overall body ground colouration
brownish; dorsum and flank brownish. Orange blotches on flank scales no longer visible. Chest and belly beige to
light brown. Branchiostegal membrane greyish brown. Dorsal head surface brownish, ethmoidal region greyish
brown. Upper lip greyish; lower lip greyish anteriorly becoming beige. Cheek light brown to brownish.
Preoperculum greyish. Operculum dark brown to greyish with opercular spot as described above. Head mask dark
brownish to grey. Midlateral band, vertical bars and dorso-lateral band brownish. Dorsal fin greyish, lappets with
very fine black seam; maculae on soft-rayed part beige. Anal fin greyish; margin dark grey to black, eggspot-like
maculae whitish. Caudal fin greyish with dark greyish margin; maculae dark grey. Pectoral fin light grey. Pelvic fin
light grey, skin around pelvic fin spine and adjacent membrane of first two rays dark grey.

Distribution and biology. Orthochromis kimpala is known from the Kalule Nord River (Fig. 1), a right
tributary of the Lualaba River in the Democratic Republic of the Congo. At the type locality the Kalule Nord River
has a rocky bottom with some patches of sand and gravel, and is about 5—8 meters wide and on average about 50
cm deep (Fig. 8). Water temperature varied between 21.1 and 26.8 °C (measured over several years in August and
September), pH between 7.95-8.71, electrical conductivity 333.5-359 uS. The species appears to be benthic-
rheophilic.

Etymology. The species name kimpala refers to the local name for this species: “Kimpala” in the Sanga
language. A noun in apposition.

Orthochromis gecki sp. nov.

Orthochromis sp. “Lubudi”

Holotype. MRAC 2012-031-P-2097 (73.8 mm SL), Democratic Republic of Congo, Lubudi River downstream of
Kendo Rapids, near Tshifuntshi Village (-10.5635/24.6354).

Paratype. MRAC 2012-031-P-2098-2116 (19, 52.1-77.7 mm SL), collected with holotype.—ZSM 46851 (5,
ex MRAC uncat., 46.3-62.9 mm SL), Democratic Republic of Congo, Lubudi River at Kendo Rapids, near
Tshifuntshi Village (-10.5668/24.6373).—MRAC 2012-031-P-2117-2126 (10, 45.9—69.8 mm SL), Democratic
Republic of Congo, Lubudi River at Kendo Rapids, near Tshifuntshi Village (-10.5670/24.6374). — ZSM 46852 (1,
ex MRAC uncat., 67.1 mm SL), collected with holotype.

Differential diagnosis. Orthochromis gecki can be readily distinguished from all all species currently placed
in Orthochromis (sensu de Vos & Seegers 1998) except O. torrenticola (which has eggspot-like maculae) by
presence of eggspots on anal fin. It is further distinguished from O. kasuluensis by having fewer anal-fin rays (8-9
vs. 10); from O. malagaraziensis by having more scales between upper lateral line and dorsal-fin origin (5-8 vs. 3—
4); from O. mazimeroensis by having more horizontal line scales (29-31 vs. 26-28); from O. rubrolabialis, O.

NEW RHEOPHILIC CICHLID SPECIES Zootaxa 4461 (3) © 2018 Magnolia Press - 323



rugufuensis and O. uvinzae by having fewer anal-fin spines (16—17 vs. 18-20) and in position of pterygiophore
supporting last dorsal-fin spine (vertebral count: 15-16 vs. 17-19). It is furthermore distinguished from O. uvinzae
by having fewer abdominal vertebrae (13—14 vs. 15—16) and by position of pterygiophore supporting last anal-fin
spine (vertebral count: 14—15 vs. 16—17). O. gecki is distinguished from O. stormsi by having more horizontal line
scales (29-31 vs. 26-28) and fewer total gill rakers (9—12 vs. 13—15); from O. polyacanthus by having fewer
dorsal-fin spines (16—17 vs. 18-20), more dorsal-fin rays (10-12 vs. 8-9) and it is distinguished by position of
pterygiophore supporting last dorsal-fin spine (vertebral count: 15-16 vs. 17-18); from O. forrenticola by having
fewer anal-fin spines (3 vs. 4). Meristic values of O. gecki overlap with those of O. [uongoensis, O.
kalungwishiensis, and O. machadoi but is distinguished by narrower interorbital width (9.62—12.86 vs. 13.18-21.27
% HL). It is distinguished from S. neodon by having more circumpeduncular scales (16 vs. 12); from H. snoeksi by
having more anal-fin rays (8-9 vs. 5-6); from H. bakongo by more horizontal line scales (29-31 vs. 26-28), more
dorsal-fin spines (16—17 vs. 15-15) and by position of pterygiophore supporting last dorsal-fin spine (vertebral
count: 15-16 vs. 13—14); from H. moeruensis by having more horizontal line scales (29-31 vs. 27-28) and more
scales in upper lateral line (21-25 vs. 19-20). Meristic values of O. gecki overlap with those of H. vanheusdeni but
is distinguished by having a smaller interorbital width (9.62—12.86 vs. 14.20-20.30 % HL). It is distinguished from
herein newly described species O. kimpala by having fewer series of scales on cheek (0-2 vs. 3—4). Meristic values
of O. gecki overlap with those of O. mporokoso, O. katumbii, and O. indermauri but is distinguished by having
smaller interorbital width (9.6-12.9 vs. 13.0-21.7 % HL).

Description. Morphometric measurements and meristic characters are based on 36 type specimens. Values and
their ranges are presented in Table 5. For general appearance see figure 6. Maximum length of wild caught
specimens 77.7 mm SL. Rather slender and elongated species with maximum body depth (20.2-27.4 % SL)
slightly before or at level of first dorsal-fin spine, decreasing rather gradually towards caudal peduncle. Caudal
peduncle moderately elongated and deep (ratio of caudal peduncle length to depth: 1.5-2.0). Head length about one
third of standard length. Dorsal-head profile moderately curved, from anterior eye region to dorsal-fin origin only
slightly curved. No prominent nuchal gibbosity present. Eye diameter larger than interorbital width. Jaws
isognathous. Posterior tip of maxilla almost reaching to slightly beyond anterior orbit margin. Lips well developed.
Two separate lateral lines.

Squamation. Flank above and below lateral lines covered with comparatively large ctenoid scales. Anterior
dorsal and ventral flank covered by cycloid scales. Margin of belly with deeply embedded minute to small sized
scales; central belly region scaleless. Chest completely scaleless, except for deeply embedded cycloid scales
ventro-anteriorly of pectoral fin. Chest to flank transition relatively abrupt with small, embedded cycloid scales.
Snout scaleless. Interorbital region scaleless or with minute, deeply embedded cycloid scales. Nape region covered
with minute to small, embedded cycloid scales becoming slightly larger towards occipital region. Occipital region
with small to medium sized cycloid scales. Cheek covered with small, partly deeply embedded cycloid scales
sometimes almost appearing scaleless; 0-2 scale rows on cheek. Cycloid scales on operculum of variable size
(small to medium) and variable shape (ovoid to circular); opercular blotch only on anterior margin covered with
medium sized scales, main area of opercular blotch scaleless. 1-3 scales in column from edge of postero-dorsal
angle of operculum to anterior edge of operculum.

Upper lateral line scales 21-25 and lower lateral line 8—12. Horizontal line scales 29-31. Caudal fin with 0—1
pored scale. Upper and lower lateral lines separated by two scales. 5—8 scales between upper lateral line and dorsal-
fin origin. Anterior part of caudal fin covered with 2—3 columns of small cycloid scales; with median scales being
slightly larger; scaled area of caudal fin extended posteriorly, especially at upper and lower end, with minute,
interradial scales (approximately up to one half of caudal fin). Sixteen scales around caudal peduncle.

Jaws and dentition. Anterior teeth of outer row of upper and lower jaw bicuspid to subequally bicuspid, large
and closely set; towards corner of mouth, teeth smaller and more widely set and becoming unicuspid (rarely
tricuspid or subequally bicuspid teeth present in posterior upper jaw). Individual bicuspid teeth without or
minimally expanded brownish crown, cusps (tips roundish) uncompressed and moderately narrowly set, neck
moderately stout. Outer row of upper jaw with 33-49 teeth and outer row of lower jaw with 26—42 teeth
(specimens: 46.3—77.7 mm SL); larger specimens generally with more teeth. Upper and lower jaw with 2—4 inner
tooth rows with small tricuspid teeth (rarely 5 rows in upper jaw and 1 or 5 in lower jaw); larger specimens
generally with more inner tooth rows. Lower pharyngeal bone (Fig. 6) of single dissected paratype (MRAC 2012-
031-P-2098-2116, 69.1 mm SL) about 1.1 times wider than long with anterior keel about 0.6 times length of
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dentigerous area. Dentigerous area of lower pharyngeal bone about 1.4 times wider than long, with 10+9 teeth
along posterior margin and 6 teeth along midline. Anterior pharyngeal teeth (towards keel) bevelled to pronounced
and slender; those of posterior row larger than anterior ones, bevelled (minor cusp not well developed). Largest
teeth medially in posterior tooth row. Teeth along midline slightly larger than more lateral ones.

Gill rakers. Total gill raker count 9—12, with 1-2 epibranchial, one angle, and 7-9 ceratobranchial gill rakers.
Anteriormost ceratobranchial gill rakers smallest, increasing in size towards cartilaginous plug (angle). Anterior
gill rakers on ceratobranchial unifid, towards cartilaginous plug sometimes bifid or trifid. Raker on cartilaginous
plug largest in size and in most cases trifid, sometimes bifid. Epibranchial gill rakers then decreasing in size.

s

FIGURE 6. Orthochromis gecki sp. nov. A. probably the holotype, alive B. Holotype (MRAC 2012-031-P-2097), 73.8 mm
SL; Democratic Republic of the Congo, Lubudi River C. radiograph of holotype D. lower pharyngeal bone (specimen with 69.1
mm SL; MRAC 2012-031-P-2098-2116) E. Overview of arrangement and morphology of oral jaw teeth (specimen with 75.0
mm SL; MRAC 2012-031-P-2098-2116).

Fins. Dorsal fin with 16—17 spines and with 10—12 rays. First dorsal-fin spine always shortest. Dorsal-fin base
length between 52.1-61.0 % SL. Posterior tip of dorsal-fin rays reaching slightly beyond caudal fin base; posterior
tip of anal fin reaching slightly before or at caudal-fin base. Caudal fin outline subtruncate and composed of 27-29
rays (16 principal caudal-fin rays and 1113 procurrent caudal-fin rays). Anal fin with 3 spines (3" spine longest)
and 8-9 rays. Anal-fin base length between 15.6-20.7 % SL. Pectoral fin with 15-16 rays. Pectoral-fin length
between 19.6-25.0 % SL; longest pectoral ray not reaching level of anus; first upper and lower pectoral-fin rays
very short to short. Pelvic fin with 1* spine thickly covered with skin and 5 rays. Pelvic-fin base at level or slightly
anterior of pectoral-fin base. Pelvic fin ending at same level as pectoral fin; longest pelvic-fin ray not reaching anus
(ending approximately 2-3 flank scale widths before).

Vertebrae and caudal fin skeleton. 29-31 total vertebrae (excluding urostyle element), with 13-14
abdominal and 16-18 caudal vertebrae. Pterygiophore supporting last dorsal-fin spine inserted between neural
spines of 15™and 16™ or 16™and 17" vertebra (counted from anterior to posterior). Pterygiophore supporting last
anal-fin spine is inserted between haemal spines of 15" and 16™ vertebra or between rips of 14™ and haemal spine of
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15" vertebra. Single predorsal bone (=supraneural) present. Hypurals 1 and 2 in most types fused into either single,
seamless unit or separated by clearly distinct seam. Hypurals 3 and 4 always fused into single seamless unit, except
for one paratype which has clearly separated hypurals.

TABLE 5. Measurements and counts of holotype and paratypes of Orthochromis gecki sp. nov.

Measurements holotype holotype + paratypes
min Max SD n
Total length (mm) 89.1 55.4 94.4 36
Standard length SL (mm) 73.8 46.3 77.7 36
Head length HL. (mm) 22.5 14.1 25.2 36
% HL
Interorbital width 12.9 9.6 12.9 0.7 36
Preorbital width 29.1 25.2 343 1.6 36
Horizontal eye length 21.2 18.1 26.8 3.0 36
Snout length 36.0 30.3 44.4 33 36
Internostril distance 17.9 12.7 20.2 1.6 36
Cheek depth 27.6 222 30.9 2.1 36
Upper lip length 343 27.9 36.9 2.7 36
Lower lip length 31.8 20.1 35.1 3.7 36
Lower lip width 32.6 25.0 37.0 34 36
Lower jaw length 32.0 28.6 384 2.5 36
Lower pharyngeal jaw length - 28.1 - 1
Lower pharyngeal jaw width - 323 - 1
Width of dentigerous area of lower pharyngeal jaw - 21.8 - 1
% SL
Predorsal distance 322 30.1 36.0 1.5 36
Dorsal-fin base length 57.1 52.1 61.0 2.2 36
Last dorsal-fin spine length 12.5 8.9 19.2 1.9 36
Anal-fin base length 19.2 15.6 21.7 1.4 36
Third anal-fin spine length 13.2 10.1 14.6 1.1 36
Pelvic fin length 214 20.4 24.7 1.1 36
Pectoral fin length 22.8 19.5 24.9 1.4 36
Caudal peduncle depth 10.3 9.3 11.5 0.6 36
Caudal peduncle length 17.4 15.9 19.8 0.9 36
Body depth (pelvic fin base) 253 20.2 27.4 1.6 36
Preanal length 60.3 56.8 63.8 1.5 36
Anus-anal fin base distance 32 2.2 54 0.7 36
Interpectoral width 13.6 9.0 16.0 14 36
Counts
Dorsal-fin spines 16 16 (16); 17 (20) 36
Dorsal-fin rays 11 10 (17); 11 (18); 12 (1) 36
Anal-fin spines 3 3 (36) 36
Anal-fin rays 8 8 (11); 9 (25) 36
Pelvic-fin spines 1 1(36) 36

...... continued on the next page
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TABLE 5. (Continued)

Measurements holotype holotype + paratypes
min Max SD n
Pelvic-fin rays 5 5(36) 36
Pectoral-fin rays 16 15 (8); 16 (28) 36
Lower procurrent caudal-fin rays 7 6 (6); 7(24) 36
Lpper procurrent caudal-fin rays 6 5(7); 6 (29) 36
Caudal-fin rays 29 27 (2); 28 (15); 29 (19) 36
Scales (horizontal line) 30 29 (9); 30 (26); 31 (1) 36
Upper lateral line 22 21 (3); 22 (13); 23 (15); 24 (4);25(1) 36
Lower lateral line 12 8(2); 9 (13); 10 (15); 11 (5); 12 (1) 36
Circumpeducular 16 16 (36) 36
Series of scales on cheek 1 0(10); 1 (15);2(11) 36
Scales (horizontal line) on operculum 2 1(3);2(16);3(17) 36
Scales between lateral line and dorsal fin origin 6 5(9); 6 (15); 7 (6); 8 (2) 32
Scales between upper lateral line and last dorsal fin spine 2 2 (36) 36
Abdominal vertebrae 14 13 (8); 14 (28) 36
Caudal vertebrae 16 15 (1); 16 (13); 17 (19); 18 (3) 36
Total number of vertebrae 30 29 (2); 30 (16); 31 (18) 36
Teeth in upper outer row 44 33(1);34(2); 36 (2); 37 (4); 38 (1); 39 36

(6);40 (1); 41 (2); 42 (3); 44 (2); 45 (3);
46 (1); 47 (1); 48 (2); 49 (1)
Teeth in lower outer row 42 25(1);26 (1); 27 (3); 28 (5); 29 (1); 30 36
(2);31(6);32(1);33(2); 34 (3); 35 (1);
36 (2); 37 (1); 38 (3); 39 (2); 40 (1); 42

()]
Gill rakers (ceratobranchial) 7 7 (17); 8 (16); 9 (3) 36
Gill rakers (angle + epibranchial ) 2 2(7);3(29) 36

Colouration in life (based on field photographs of adult specimens). Body ground colouration brownish to
greyish; dorsum, flanks and caudal peduncle greyish, beneath lower lateral line becoming yellowish; belly yellow;
chest anteriorly whitish and remaining area yellow. Dark grey interrupted midlateral band from eye (anteriorly
extended midlateral band) to just behind caudal-fin base ending in well pigmented vertically elongated blotch.
Midlateral band crossed by 7-9 greyish vertical bars; at level of upper lateral line they sometimes fuse with each
other forming dorso-lateral band sometimes interrupted and ending at posterior end of dorsal fin. On ventral flank
at level of pectoral fin vertical bars sometimes fuse to ventro-lateral band (less intensive then previous mentioned
ones) that ends well before level of anus. Iris dorsally yellow remaining greyish. Dorsal head surface, ethmoidal
area, preorbital area greyish; cheek greyish near eyes, yellowish below and with vertical stripe-like pattern
centrally (less distinct than other stripes of face mask). Preoperculum light greyish-yellow; operculum greyish,
black opercular spot outlined with yellow. Branchiostegal membrane brownish to orange. Dark grey lachrymal
stripe ending slightly anterior of caudal end upper lip. Greyish nostril stripe caudally fused with lachrymal stripe
(beneath eye); interorbital stripe greyish. No clearly defined supraorbital stripe or nape band but recognizable to
some extent by darker (grey) colouration than remaining dorsal head surface. Upper lip and lower lip yellow-
orange; upper and lower margin of upper lip greyish. Dorsal-fin membrane brownish (especially spinous part) to
yellowish (soft rayed part); margin orange; brownish to dark greyish maculae from about posterior half of spiny
part to end soft-rayed part arranged in several almost vertical columns. Anal-fin membrane transparent proximally
becoming yellowish distally (soft rayed part), margin of spiny and soft-rayed part black becoming yellow to
brownish towards posterior tip; 3—6 orange eggspots (large orange centre surrounded by yellow concentring ring
and outlined by more or less ill-defined transparent margin) on anal fin in both sexes. Eggspots arranged into 1-2
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rows, first eggspot located centrally on fin just behind last anal spine. Caudal fin yellowish, orangey distally,
margin outlined in grey-black; caudal with brownish maculae arranged into 3—4 vertical columns. Pectoral fin
transparent, rays greyish. Pelvic fin deep black (especially skin around spine) except for small yellow central
portion of rayed area.

Juvenile colouration in live. (based on wild caught juveniles of approximately 25 mm SL; Fig. 9). Ground
colouration beige, belly whitish. Patterns and head mask as described for adults but less prominent. Brown to
greyish vertical bars on flank appear wider than in adults, dorso-lateral band and ventro-lateral band not visible.
Last vertical bar on caudal fin base roundish blotch extending onto caudal fin (not a vertical bar as in adults).
Dorsal fin brownish with several hyaline patches, margin not orange. Anal fin light brownish-orange; no eggspots
on anal fin present. Caudal fin brownish-orange, no maculae present. Pectoral fin hyaline. Pelvic fin white to
yellowish.

Colouration in alcohol. Colouration and melanin patterns similar to live specimens, due the preservation
procedure of specimens, i.e., first formalin fixation, transfer to 75 % EtOH etc., specimens tend to lose original
colouration (especially melanin patterns more intense than in live specimens). Overall body ground colouration
brownish; dorsum and flank brownish becoming brighter ventrally. Chest and belly light brown to beige.
Branchiostegal membrane dark greyish. Dorsal head surface brownish; ethmoidal area greyish brown. Upper and
lower lip beige; upper and lower margin of upper lip greyish brown. Cheek light brown to brownish; cheek stripe
dark brown. Operculum dark brown becoming somewhat darker ventrally; with opercular spot as described above.
Head mask dark grey. Midlateral band, vertical bars, dorso-lateral band and ventro-lateral band dark brown. Dorsal
fin greyish brown becoming greyish beige caudally, margin blackish with very fine black seam; maculae on spiny
and soft-rayed part dark grey. Anal fin beige with blackish distal margin and dark grey at posterior margin;
eggspots on anal fin faded and not visible in preserved specimens. Caudal fin beige to light greyish with dark
greyish margin; maculae dark grey. Pectoral fin beige to light grey. Pelvic fin deep black except small central
portion of rayed part greyish.

Distribution and biology. Orthochromis gecki is known from the Lubudi River a left-hand tributary of the
Lualaba River in the Katanga region, Democratic Republic of the Congo (Fig. 1). It was also found to be present in
the Mukuleshi River. At the type locality the Lubudi River has a rocky bottom with patches of gravel and sand, and
is about 15 meters wide and about 50 cm deep; upstream the river is much deeper with 3 meters or more (Fig. 9).
O. gecki seems to be a maternal mouthbrooder. One of the female paratypes (MRAC 2012-031-P-2117-2126; 57.0
mm SL), was found mouthbrooding when preserved and carried around 12 comparatively large eggs. Fixed eggs
are brownish and oval and ca. 3.8 mm long and 2.5 mm wide.

Etymology. The species is named in honour of Mr. Jakob Geck who is a passionate, German fish naturalist,
thanking him for his dedicated volunteer work and untiring support for the ichthyology section of the ZSM. His
great experience in keeping rheophilic cichlids contributed to the knowledge of behaviour and ecology of many
cichlid taxa, including O. katumbii and O. indermauri.

Orthochromis indermauri sp. nov.

Orthochromis sp. “Chomba” Indermaur 2014

Holotype. ZSM 46853 (1, ex ZSM 43080, 54.0 mm SL), Zambia, Lufubu River, below last series of rapids near
Chomba village, ~ 25.5 km (air distance) from confluence with Lake Tanganyika and 20 km (air distance) south of
Sumbu (-8.687010/30.556273)

Paratypes. ZSM 46855 (13, 35.8-68.9 mm SL), Zambia, Lufubu River, Lower Lufubu at Chomba Village,
~30 km from confluence with Lake Tanganyika, Northern Province (-8.686376/30.563983).—ZSM 46854 (1, 61.2
mm SL), Zambia, Lufubu River, Lower Lufubu at Chomba Village, ~30 km from confluence with Lake
Tanganyika, Northern Province (-8.686376/30.563983).—ZSM 43083 (4, 45.6-59.4 mm SL), collected with
holotype.—ZSM 43080 (2, 42.0-43.1 mm SL), collected with holotype.—ZSM 44283 (3, 50.8-63.5 mm SL),
Zambia, Lufubu River, Lower Lufubu at Chomba Village, ~30 km from confluence with Lake Tanganyika,
Northern Province (-8.686376/30.563983).—MRAC 2018-006-P-0001-0002 (2, ex ZSM 44283, 56.8-51.9 mm
SL) Zambia, Lufubu River, Lower Lufubu at Chomba village, ~30 km from confluence with Lake Tanganyika,
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Northern Province (-8.686376/30.563983).—MRAC 2018-006-P-0003-0008 (6, 43.3—64.1 mm SL), Zambia,
Lufubu River, Lower Lufubu at Chomba village, ~30 km from confluence with Lake Tanganyika, Northern
Province (-8.686376/30.563983).

Diagnosis. Orthochromis indermauri is distinguished from all all species currently placed in Orthochromis
(sensu de Vos & Seegers, 1998) except O. torrenticola, by having hypurals 1 and 2 clearly separated or separated
by distinct seam (vs. always fused). It is further distinguished from Malagarasi-Orthochromis species, except O.
mazimeroensis, O. malagaraziensis, and O. rubrolabialis, by having fewer caudal vertebrae (14—15 vs. 16—18) and
total vertebrae (28-29 vs. 30-32). It is also distinguished from O. luichensis, O. malagaraziensis, O.
mazimeroensis, O. mosoensis by having more inner series of teeth in upper jaw (3-5 vs. 1-2). Moreover, it differs
from O. kasuluensis by having fewer anal-fin rays (7-9 vs. 10); from O. malagarazienisis by having more scales
between upper lateral line and dorsal-fin origin (5-7 vs. 3—4) and by having more ceratobranchial gill rakers (8—11
vs. 6-7); from O. mazimeroensis by having more abdominal vertebrae (14—15 vs. 12—13); from O. mosoensis and
O. rubrolabialis by having more ceratobranchial gill rakers (8—11 vs. 5-7) and total gill rakers (11-15 vs. 8-10);
from O. uvinzae by having fewer horizontal line scales (25-29 vs. 30-32), fewer dorsal-fin spines (17—18 vs. 19—
20) and by position of pterygiophore supporting last dorsal-fin spine (vertebral count: 16—17 vs. 18-19). It is
distinguished from O. kalungwishiensis, O. luongoensis, and O. torrenticola by having fewer horizontal line scales
(28-29 vs. 30-32) and by having fewer caudal vertebrae (14—15 vs. 17-18). Further, it differs from O. luongoensis
and O. machadoi by having fewer series of scales on cheek (0—1 vs. 2-5); from O. kalungwishiensis by having
fewer total vertebrae (28-29 vs. 31-33). It is distinguished from S. neodon by having fewer horizontal line scales
(28-29 vs. 30-31), more circumpeduncular scales (16 vs. 12), fewer caudal vertebrae (14—15 vs. 16—17), fewer
total vertebrae (28-29 vs. 30-32), fewer dorsal-fin rays (8—10 vs. 11-12) and by having hypurals 1 and 2 clearly
separated or separated by distinct seam (vs. fused). It differs from H. snoeksi by having fewer scales on cheek (01
vs. 2-3), fewer horizontal line scales (25-29 vs. 30-31), more abdominal vertebrae (14—15 vs. 13), fewer caudal
vertebrae (14—15 vs. 17), fewer total vertebrae (28-29 vs. 30), more anal-fin rays (7-9 vs. 5-6), more dorsal-fin
spines (17-18 vs. 16), more ceratobranchial gill rakers (811 vs. 6) and total gill rakers (11-15 vs. 9); from H.
bakongo by having more inner series of teeth (3—5 vs. 1-2), more dorsal-fin spines (17-18 vs. 14-15) and in
position of pterygiophore supporting last dorsal-fin spine (vertebral count: 16—18 vs. 13—14); from H. moeruensis
by having hypurals 1 and 2 clearly separated or separated by distinct seam (vs. always fused). Meristic values of O.
indermauri overlap with those of H. vanheusdeni but is distinguished by differences in head mask (e.g. nostril
stripe present vs. absent; caudal corner of cheek with blackish element vs. no such element present) and by size and
colouration of eggspot-like maculae on anal fin (e.g. deep red centre vs. orange centre in H. vanheusdeni). It is
distinguished from O. mporokoso and O. katumbii by having fewer caudal vertebrae (14—15 vs. 16—17), fewer total
vertebrae (28-29 vs. 30-31) and by having hypurals 1 and 2 and hypurals 3 and 4 clearly separated or separated by
distinct seam (vs. always fused). Further from O. mporokoso by having fewer series of scales on cheek (01 vs. 2—
4); from O. katumbii by having fewer horizontal line scales (25-29 vs. 30-31). It is distinguished from O. kimpala
by having fewer series of scales on cheek (0—1 vs. 3—4) and by having more dorsal-fin spines (17—18 vs. 15-16).
Meristic values of O. indermauri overlap with those of O. gecki but is distinguished by having a wider interorbital
width (13.5-18.2 vs. 9.6-12.9 %HL).

Description. Morphometric measurements and meristic characters are based on 21 out 32 type specimens.
Values and their ranges are presented in Table 6. For general appearance see figure 7. Maximum length of wild
caught specimens 68.9 mm SL. Moderately slender species with maximum body depth (24.5-29.9 % SL) slightly
posterior or at level of first dorsal-fin spine, decreasing rather gradually towards caudal peduncle (but decreasing
relatively quick just before caudal peduncle). Caudal peduncle rather short and deep (ratio of caudal peduncle
length to depth: 1.2—1.4). Head length almost one third of standard length. Dorsal-head profile moderately curved
without prominent nuchal gibbosity. Eye diameter always larger than interorbital width. Jaws slightly
retrognathouswith lower jaw shorter than upper jaw. Posterior tip of maxilla not reaching anterior margin of orbit
but slightly before. Lips not noticeably enlarged or thickened. Two separate lateral lines.

Squamation. Flank above and below lateral lines covered with cycloid scales, even in smaller specimens.
Belly and chest covered by deeply embedded minute scales giving appearance of being scaleless. Ventro-anterior
area of pectoral fin with small, deeply embedded cycloid scales. Chest to flank transition with small, embedded
cycloid scales.

Snout scaleless. Interorbital region with minute, deeply embedded cycloid scales. Nape and occipital region
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covered with minute to small, embedded cycloid scales becoming slightly larger towards occipital region. Cheek
appears scaleless, but rarely small deeply embedded cycloid scales present just below eye; 0—1 scale rows on
cheek. Cycloid scales on operculum of variable size (small to medium) and mainly of circular shape; opercular
blotch only on anterior margin covered by medium sized scales, main area of opercular blotch scaleless. 5-7 scales
on horizontal line from edge of postero-dorsal angle of operculum to anterior edge of operculum.

Upper lateral line scales 2023 and lower lateral line 7—11. Horizontal line scales 27-29. Caudal fin with 0-2
pored scales. Upper and lower lateral lines separated by two scales. 3-5 scales between upper lateral line and
dorsal-fin origin. Anterior part of caudal fin covered with 23 vertical rows of small cycloid scales with median
scales being slightly larger; scaled area of caudal fin extended posteriorly with interradial scales (approximately up
to two thirds of caudal fin). Sixteen scales around caudal peduncle.

Jaws and dentition. Anterior teeth of outer row of upper and lower jaw bicuspid to subequally bicuspid, large
and very densely set; teeth smaller towards corner of mouth, more widely set and becoming unicuspid (rarely
tricuspid or subequally bicuspid teeth present on upper jaw near corner mouth). Individual bicuspid teeth with not
expanded brownish crown, cusps (tips pointed) slightly compressed and narrowly set, and neck slender. Outer row
of upper jaw with 42—59 teeth and outer row of lower jaw with 2645 teeth (specimens: 35.8-68.9 mm SL); larger
specimens generally with more teeth. Inner upper jaw with 3—5 tooth rows and 3—4 rows (rarely 2) in lower jaw, all
with small tricuspid teeth.

Lower pharyngeal bone (Fig. 7) of single dissected paratype (ZSM 46854, 61.2 mm SL) about as wide as long
with anterior keel about 0.6 times length of dentigerous area. Dentigerous area of lower pharyngeal bone about 1.5
times wider than long, with 11+11 teeth (empty tooth-sockets included) along posterior margin and eight teeth
along midline. Anterior pharyngeal teeth (towards keel) bevelled and slender; teeth posterior row larger than
anterior ones, bevelled (bicuspid; well-developed major and minor cusp). Largest teeth medially in posterior row.
Teeth along midline slightly larger than more lateral ones.

FIGURE 7. Orthochromis indermauri sp. nov. A. paratype (ZSM 44283), 63.5 mm SL, alive B. Holotype (ZSM 46853, 54.0
mm SL), 54.0 mm SL; Zambia, Lufubu River C. radiograph of holotype D. lower pharyngeal bone (ZSM 46854, 61.2 mm SL)
E. Overview of arrangement and morphology of oral jaw teeth (specimen: ZSM 43083, 59.4 mm SL).
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TABLE 6. Measurements and counts of holotype and paratypes of Orthochromis indermauri sp. nov.

Measurements holotype holotype + paratypes
min Max SD n
Total length (mm) 66.2 44.6 86.0 32
Standard length SL (mm) 54.0 35.8 68.9 32
Head length HL. (mm) 18.0 11.7 21.4 32
% HL
Interorbital width 15.1 13.5 18.2 14 21
Preorbital width 32.8 30.2 39.7 2.3 21
Horizontal eye length 21.4 20.1 25.0 1.4 21
Snout length 37.9 36.3 433 2.1 21
Internostril distance 17.5 15.7 32.8 3.6 21
Cheek depth 28.9 242 34.1 2.7 21
Upper lip length 30.4 23.8 325 2.5 21
Lower lip length 26.2 20.0 29.2 2.5 21
Lower lip width 35.0 26.2 433 3.7 21
Lower jaw length 23.4 23.4 37.5 3.6 21
Lower pharyngeal jaw length - 31.9 - 1
Lower pharyngeal jaw width - 33.2 - 1
Width of dentigerous area of lower pharyngeal jaw - 24.5 - 1
% SL
Predorsal distance 31.9 314 359 1.0 21
Dorsal-fin base length 60.3 56.9 65.4 2.6 21
Last dorsal-fin spine length 13.5 12.5 16.0 0.9 21
Anal-fin base length 17.4 16.7 21.9 1.3 21
Third anal-fin spine length 133 11.0 15.5 1.1 21
Pelvic fin length 22.1 20.5 26.04 1.5 21
Pectoral fin length 22.7 19.7 25.6 1.3 21
Caudal peduncle depth 12.9 11.8 14.22 0.6 21
Caudal peduncle length 17.5 14.7 18.5 1.0 21
Body depth (pelvic fin base) 28.1 24.45 30.54 1.7 21
Preanal length 61.4 54.9 63.6 23 21
Anus-anal fin base distance 22 2.1 4.9 0.8 21
Interpectoral width 14.9 12.2 16.9 1.1 21
Counts
Dorsal-fin spines 18 17 (7); 18 (14) 21
Dorsal-fin rays 9 8(3); 9 (15); 10 (3) 21
Anal-fin spines 3 3(21) 21
Anal-fin rays 8 7(1); 8(18); 9 (2) 21
Pelvic-fin spines 1 1(21) 21
Pelvic-fin rays 5 521 21
Pectoral-fin rays 15 14 (5); 15 (16) 21
Upper procurrent caudal-fin rays 7 6(5); 7(16) 21
Lower procurrent caudal-fin rays 6 5(1); 6 (20) 21

..... continued on the next page

NEW RHEOPHILIC CICHLID SPECIES Zootaxa 4461 (3) © 2018 Magnolia Press - 331



TABLE 6. (Continued)

Measurements holotype holotype + paratypes
min Max SD n
Caudal-fin rays 29 27 (1); 28 (4); 29 (16) 21
Scales (horizontal line) 28 27 (6); 28 (14); 29 (1) 21
Upper lateral line 21 20 (2); 21 (8); 22 (10); 23 (1) 21
Lower lateral line 10 7 (2); 8(3); 9 (10); 10 (5); 11 (1) 21
Circumpeducular 16 16 (21) 21
Series of scales on cheek 0 0(16); 1 (5) 21
Scales (horizontal line) on operculum 2 2 (10); 3 (11) 21
Scales between lateral line and dorsal fin origin 6 5(2);6(9); 7 (10) 21
Scales between upper lateral line and last dorsal fin spine 1 1(12);2(9) 21
Abdominal vertebrae 14 14 (19); 15 (2) 21
Caudal vertebrae 15 14 (7); 15 (14) 21
Total number of vertebrae 29 28 (5); 29 (16) 21
Teeth in upper outer row 54 42 (1);45(2);47(2);48(2);49(1); 50 21

(3); 51(1); 53 (2); 54 (1); 56 (1); 57
(1); 58 (2); 59 (1); 66 (1)

Teeth in lower outer row 41 26 (1);30(2); 31 (1);32(2); 31(1);35 21
(3); 36 (1); 37 (2); 38 (3); 39 (1); 40
(1); 41 (2); 45 (1)

Gill rakers (ceratobranchial) 9 8(6);9(13); 10 (2) 21
Gill rakers (angle + epibranchial ) 5 3(2);4(11);5(8) 21

Gill rakers. Total gill raker count 11-15, with 2—4 epibranchial, one angle, and 8—10 ceratobranchial gill
rakers. Anteriormost ceratobranchial gill rakers smallest increasing in size towards cartilaginous plug (angle).
Anterior gill rakers on ceratobranchial generally unifid, sometimes bifid towards cartilaginous plug. Gill raker on
cartilaginous plug shorter than longest ceratobranchial gill raker and epibranchial gill rakers further decreasing in
size.

Fins. Dorsal fin with 17-18 spines and with 8—10 rays. First dorsal-fin spine always shortest. Dorsal-fin base
length between 56.9-65.4 % SL. Posterior end of dorsal-fin rays extending slightly beyond caudal fin base;
posterior tip of anal fin reaching slightly before or at caudal fin base. Caudal fin outline subtruncate and composed
of 27-29 rays (16 principal caudal-fin rays and 11-13 procurrent caudal-fin rays). Anal fin with 3 spines (3" spine
longest) and 7-9 rays. Anal-fin base length between 16.7-21.9 % SL. Pectoral fin with 14 to 15 rays and length
between 19.7-25.6 % SL; longest pectoral ray not reaching or in rare cases almost reaching level of anus (ending
approximately 1-2 flank scale widths in front of it). First upper and lower pectoral-fin rays very short to short.
Pelvic fin with 1% spine thickly covered with skin and 5 rays. Pelvic fin base at same level pectoral fin base.
Longest pelvic-fin ray not reaching or in rare cases almost reaching anus (ending approximately 1-2 flank scale
widths in front of it).

Vertebrae and caudal fin skeleton. 28-29 total vertebrae (excluding urostyle element), with 14-15
abdominal and 14-15 caudal vertebrae. Pterygiophore supporting last dorsal-fin spine inserted between neural
spines of 16™ and 17" or 17" and 18" vertebra (counted from anterior to posterior). Pterygiophore supporting last
anal-fin spine inserted between haemal spines of 15" and 16" or 16™ and 17" vertebra, rarely between rips of 14"
and haemal spine of 15" vertebra (N=1). Single predorsal bone (=Supraneural bone) present. Hypurals 1 and 2
either clearly separated or separated by distinct seam but never fused into single seamless unit. Hypurals 3 and 4
either fused into single seamless unit or separated by distinct seam.

Colouration in life (based on field photographs of adult specimens). Body ground colouration brownish
yellow, towards belly more yellowish; dorsum brownish yellow to pale brown; chest below pectoral fins yellow
becoming reddish ventrally; belly yellow. Dorsal head surface pale brown dorsally with reddish speckles;
ethmoidal area pale brown and densely speckled with reddish spots, especially in dominant males (Indermaur
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2014). Iris reddish posteriorly, yellow dorsally, remaining greyish. Upper lip dark grey anteriorly sometimes with
reddish speckles; lower lip light greyish, yellowish posteriorly. Cheek pale brown becoming yellowish towards
corner mouth and mental area; blackish pear-shaped blotch at caudal-ventral corner, expanding to anterior
extension of midlateral band. Branchiostegal membrane along operculum yellow becoming whitish to pale pinkish
ventrally. Operculum yellow with black opercular spot, which is fused with anterior extension of midlateral band
which is ending just anterior of the eye. Broad blackish lachrymal stripe between orbit and caudal corner of upper
lip. A relatively faint greyish nostril stripe, sometimes covered by many reddish speckles. Relatively wide blackish
interorbital stripe. Blackish supraorbital stripe connected with nape band. Nape band ending slightly anterior of
dorsal-fin origin and fused with dorso-lateral band. Dorso-lateral band slightly below dorsal fin base and visible up
to third or fourth anterior vertical bar. Relatively thin midlateral band ending with dark blotch just posterior base
caudal fin. 7-9 blackish vertical bars crossing midlateral band and extending onto dorsal fin almost to fin margin;
anterior-most vertical bar (just behind operculum) less intensive than remaining bars. Vertical bars wider than
space between them. Dorsal-fin membrane yellow without maculae, skin/membrane of first three dorsal-fin spines
black creating the appearance of a broad black oblique band between 1st and 4th spine. Margin of spiny part dorsal
fin with fine black outline and red (distally) and transparent submarginal band; rayed part of dorsal fin lacks
transparent submarginal band. Anal fin yellow; margin greyish outlined. Posterior half of anal fin with deep-red
maculae on membrane (between last four anal-fin rays); maculae elongated proximally becoming more rounded
distally (maculae not to fin margin but ending slightly before). In general, these maculae resemble egg-spots: large
deep red centre surrounded by faint greyish ring then by ill-defined transparent ring. Caudal fin yellow with deep
red maculae as described for anal fin but only with roundish maculae. Caudal fin with reddish marginal band with
narrower bluish submarginal band; another submarginal band of red maculae (intensity varies). Outer caudal-fin
rays outlined in black. Pectoral fin yellow to orange. Pelvic fin yellowish with dark greyish anterior margin
spanning spine and first two rays.

Juvenile colouration in life. (based on tank-raised juveniles of approximately 20 to 30 mm SL; Fig. 9).
Ground colouration greyish to beige. Patterns and head mask as described for adults. No reddish speckles present.
Dorsal and midlateral band, greyish vertical bars on flank as described for adults. Dorsal fin hyaline to beige with
vertical flank bars extending onto fin. Anal, caudal, pectoral and pelvic fin hyaline.

Colouration in alcohol. Colouration and melanin patterns similar to live specimens, but due the preservation
procedure of specimens, i.e., first formalin fixation, transfer to 75 % EtOH etc., specimens tend to lose original
colouration (especially melanin patterns more intense than in live specimens). Overall body ground colouration
pale brownish to pale yellowish; chest and belly beige to yellowish. Branchiostegal membrane greyish-beige to
greyish-brown. Dorsal head surface pale brownish; ethmoidal region greyish-brown. Upper lip brownish and lower
lip beige. Cheeks beige to brownish; pear-shaped blotch on lower caudal corner of cheek greyish-brownish and less
prominent than in living specimens. Operculum greyish and with opercular spot as described above. Head mask
and mid- and dorso-lateral band and vertical bars brownish to greyish. Dorsal fin light greyish except dark grey
skin/membrane of first three anterior spines, remaining fin with black margin; extensions of vertical bars on dorsal
fin dark grey. Anal fin light greyish; margin outlined in dark grey; no maculae visible. Caudal fin light greyish and
margins outlined in black; some thin blackish streaks on membrane between rays may be present. Pectoral fin light
grey. Pelvic fin light grey, skin/membrane of pectoral spine and first two rays greyish.

Distribution and biology. Orthochromis indermauri is only known from the lower reaches of the Lufubu
River (Zambia), the third largest tributary of Lake Tanganyika (Fig. 1). Several cascades and waterfalls seem to
represent insurmountable barriers to the upstream movement of the lake ichthyofauna hence the fish communities
of the upper and lower reaches are clearly distinct. The Upper Lufubu has faunistic similarities to the Congo and
Zambezi systems while the Lower Lufubu shows faunistic influences of Lake Tanganyika (Koblmiiller et al. 2012).
At the type locality the Lufubu River is rocky with some patches of sand and gravel, about 20 meters wide and on
average 50 cm deep (Fig. 8). The water temperature varies throughout the year, 23 °C was measured in July and
28.1 °C in November, the pH ranged between 8.0—-8.55, and electrical conductivity around 29 uS (Indermaur 2014,
pers. com. Bernd Egger). O. indermauri is benthic-rheophilic and prefers stretches of fast flowing water where it is
found between and among large rocks or patches of gravel. No stomach contents were examined, however,
underwater observations indicate it scrapes aufwuchs from the substrate and forages between rocks and patches of
sand and gravel (Indermaur 2014, pers. obs. ES). Orthochromis indermauri is a maternal mouthbrooder. Females in
captivity have comparatively small clutches of between 17 and 21 fry (two spawns, pers. com. Adrian Indermaur).
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FIGURE 8. Type localities of the five newly described species A. Type locality of Orthochromis mporokoso, Kasinsha stream
(July 2011, Hans van Heusden) B. Type locality of Orthochromis katumbii, Kiswishi River (2015, VLIR expedition) C. Type
locality of Orthochromis gecki, Lubudi River (July 2017, Katanga 2016 Expedition) D. Type locality of Orthochromis kimpala,
Kalule North River near bridge on the road Makulakulu-Lubudi (2012, PRODEPAAK expedition) E. Type locality of
Orthochromis indermauri, Lufubu River at Chomba village (August 2015, photo F. Schedel).
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FIGURE 9. Live Pictures of juveniles. A. captive raised F1 juvenile of Orthochromis katumbii about 25 mm SL (Photo J.
Geck). B. wild caught juvenile of Orthochromis gecki C. captive raised F1 juvenile of Orthochromis indermauri.
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Etymology. The species name indermauri honours the Swiss ichthyologist Dr. Adrian Indermaur, who was the
first to document this new species with underwater photographs, videos, and with aquarium observations, thereby
contributing to a large extent to our knowledge of behavior and ecology of this species.

Discussion

Generic placement and affinities. Overall, the five new species superficially resemble species of Orthochromis,
but their characters are only partially compatible with the morphological diagnosis of that genus as of the latest
generic diagnosis of Orthochromis by De Vos & Seegers (1998), and they differ in most diagnostic characteristics
from Schwetzochromis sensu De Vos & Seegers (see Tables 7 and 8). Nevertheless, we chose to place them in the
genus Orthochromis instead of placing them in the catch-all genus Haplochromis Hilgendorf 1888, as had been
done for Haplochromis vanheusdeni, another rheophilic species which shares superficial similarities with
Orthochromis (Schedel et al. 2014). The reasons for this overall placement are as follows: (1) phylogenetic
reconstructions based on nuclear and mitochondrial DNA sequence data strongly indicate that rheophilic
haplochromines superficially similar to Orthochromis as currently defined are polyphyletic (e.g. Salzburger et al.
2002, Koblmiiller et al. 2008, Schwarzer ef al. 2012, Dunz & Schliewen 2013, Weiss et al. 2015, Matschiner et al.
2016). Therefore, placement of the new species within the anyway polyphyletic genus Orthochromis does not
compromise current taxonomic (in)stability; (2) although all new species described herein appear distinct from all
Orthochromis s.s., the latter are equally rheophilic haplochromine-like cichlids of the Malagarasi and Luiche
drainages, an haplochromine subgroup which appears to be comparatively uniform with regard to meristic values,
other morphological and colouration characters, and which has been inferred to be monophyletic by molecular
analyses with an almost complete taxon sampling of that group (Matschiner et al. 2016), and that, most
importantly, hosts O. malagaraziensis, the type species of the genus Orthochromis. All five new species described
herein are overall phenotypically similar to Orthochromis s.s. as they exhibit several morphological similarities; (3)
haplochromine cichlid phylogenetic intra-relationships have not been investigated with a fully comprehensive
taxon sampling, neither on the morphological nor on the molecular level; nevertheless, all results of partial
analyses suggest strongly that many haplochromine genera are paraphyletic, and that rheophilic haplochromine
taxa are widely dispersed in available haplochromine phylogenetic hypotheses (e.g., Schwarzer et al. 2012, Weiss
et al. 2015). Until a fully representative phylogenetic evaluation of haplochromine cichlids incorporating
morphological and genetic data will be available, a stable taxonomic appraisal of the generic placement of the new
species most likely remains drastically fragmentary. Therefore, placing the new species in Orthochromis will be a
temporal solution but creating at least a temporal nomenclatural stability highlighting phenotypic dissimilarity with
members of the other haplochromine catch-all genus Haplochromis.

Furthermore, apart from the new species described herein, at least two new species of the Malagarasi-
Orthochromis lineage (Orthochromis sp. “Igamba” and Orthochromis sp. “red”; only the first species was available
for this study) await formal description; and, moreover, preliminary data suggest that O. cf. torrenticola specimens
collected from the Lufira River below Kiubo Falls represent an as yet undescribed species which is the sister taxon
to O. torrenticola, which was described from specimens collected above the falls. These species will be described
in forthcoming papers once more data become available.

The five new species described herein appear to belong to at least three different evolutionary lineages based
on published and not yet published preliminary molecular phylogenetic analyses, a result which is partially
reflected by distinctive morphological and colouration characters, as well as patterns of geographic distribution: the
four species O. luongoensis, O. kalungwishiensis, O. katumbii and O. mporokoso are distributed in the Luapula-
Lake Mweru drainage, and, according to preliminary molecular phylogenetic data they form a monophyletic group
(Schedel et al. unpublished), and, to some extent, show meristic similarities (see Fig. 2). However, inter- and
intrarelationships of this clade need further examination as O. kalungwishiensis was shown to be either related to
Pseudocrenilabrus-like cichlids (mtDNA-data) or to O. stormsi and O. polyacanthus (nuclear DNA data)
(Schwarzer et al. 2012, Weiss et al. 2015). The two new species O. gecki and O. kimpala both feature eggspots or
eggspot-like maculae on their anal fin, and their pelvic fin shows a characteristic colouration with the spines and
adjacent membranes being blackish, suggesting a closer relationship of these two species. In addition, unpublished
molecular data suggest that they potentially represent a distinct haplochromine lineage. Based on preliminary
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molecular analyses of mitochondrial data O. indermauri appears to represent a lineage of its own, too (Schedel et
al. submitted). It is worth mentioning that the overall appearance of O. indermauri reminds of Eretmodini (e.g.
Eretmodus), which are endemic to Lake Tanganyika and its outlet Lukuga (Kullander & Roberts 2011), because as
in Eretmodus, O. indermauri has a comparatively short, laterally compressed body, superolaterally positioned eyes
and broad vertical bars on flanks. On the other hand, O. indermauri differs in several morphological characters
from Eretmodini species as its dorsal fin is composed of 17 or 18 spines whereas Eretmodini species have
comparatively high dorsal-fin spine counts of between 21 and 25, which are among the highest among cichlids
(Poll 1986). Although each of the three Eretmodini genera is characterized by a distinctive oral tooth shape (e.g.
spatulate, cylindrical or conical) all have in common unicuspid oral teeth (Huysseune et al. 1999, Vandervennet et
al. 2006); this contrasts with the bicuspid to subequally bicuspid teeth in the outer row of upper and lower jaw of O.
indermauri. Further, O. indermauri exhibits maculae which are vaguely similar to egg-spots, which contrasts with
the lack of egg-spots or eggspot-like maculae on the anal fin of Eretomodini. Several molecular phylogenetic
studies established alternative hypotheses for the placement of Eretmodini when comparing nuclear and
mitochondrial phylogenies (e.g. Clabaut et al. 2005, Meyer et al. 2015, Weiss et al. 2015), and Weiss ef al. (2015)
found support for a mosaic genomic composition of Eretmodini with phylogenetic signal of both Lamprologini and
Malagarasi-Orthochromis and/or Haplochromini. Orthochromis indermauri might represent an additional lineage
with a mosaic genomic composition but so far no nuclear data for this taxon are available.

Conservation. The five new species appear to be endemics of the Katanga-Chambeshi region (sensu Cotterill
2005), a landscape mosaic of savannah grasslands and wetlands, centred within the Zambezian phytochorion
(sensu White 1983). The Katanga-Chambeshi region is characterised by high physiographic diversity
encompassing several high plateaux (e.g. Bia, Kibara, and Kundelungu plateaux), deep ravines and wide
depressions providing a wide variety of habitats which is also reflected by the diversity of vegetation types in this
area (Broadley & Cotterill 2004). The Katanga-Chambeshi region is only loosely defined but includes parts of
three freshwater ecoregions sensu Thieme et al. (2005): Bangwelu-Mweru (O. mporokoso, O. katumbii), Upper
Lualaba (O. kimpala, O. gecki) and Lake Tanganyika (O. indermauri). These ecoregions have been reported to
harbour a rich aquatic fauna with a high degree of endemism, e.g., one third of the Bangwelu-Mweru ecoregion
fish species appear to be endemic to it (Balon & Stewart 1983, Thieme er al. 2005). A very rich aquatic
herpetofauna is documented from the Upper Lualaba ecoregion but the ichthyological fauna appears to be only
incompletely known even though many endemic fish species are reported from this ecoregion (Poll 1976, Thieme
et al. 2005).

The different drainage systems of the Katanga-Chambeshi region are prone to different environmental threats.
Major threats for aquatic fauna of the poorly studied Upper Lualaba ecoregion are the extensive mining activities
due to the rich mineral deposits such as copper, zinc, and cobalt, and this especially along the Copperbelt with the
associated negative impacts on the environment such as erosion, contaminations, and pollution of the soil and
waterbodies (Thieme et al. 2005, Katemo Manda et al. 2010). Generally, the five new species described herein
might be threatened by the common hazards for aquatic wildlife in the region (e.g. unsustainable fishing methods,
deforestation, damming, pollution, and mining), which might be aggravated by the fact that most of their known
distribution ranges are located outside of protected areas. Moreover, it appears that the ichthyological fauna of the
Bangwelu-Mweru ecoregion and Upper Lualaba ecoregion is understudied as several species caught along with the
new species still were new and await formal description. Future conservation plans and prioritisations should
therefore consider that the number of endemic taxa in these regions might not only be higher than previously
assumed but potentially also locally restricted to individual river drainages or stretches due to biogeographical
barriers such as waterfalls (e.g. Lufubu River). An updated assessment of the ichthyodiversity of National Parks
(e.g. Parc National de Kundelungu and Parc National de Upemba) in DRC is in preparation (Mbisa Congo Project),
but areas outside these parks still need more attention.
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Appendix. Comparative material examined

Haplochromis bakongo Thys van den Audenaerde 1964: MRAC 142002, 1, holotype, 74.7 mm SL; Democratic Republic of
Congo, Ngombe River at Banza Mfinda, Lower Congo (-5.38/15).—MRAC 142003-009, 7, paratypes, 63.5-87.8 mm SL;
Ngombe River at Banza Mfinda, Lower Congo, (-5.38/15).—MRAC 142010-011, 2, paratypes, 75.3—87.8 mm SL; Moerbeke,
Lower Congo, (-5.5/14.7).—ZSM 37741, 2, 41.9-46.1 mm SL; Democratic Republic of Congo, drainage Kwilu, small stream,
north of Yabi station on Jules van Lancker farm (-5.5901/14.7514).

Haplochromis moeruensis (Boulenger 1899): MRAC 216-222, 4, syntypes, 49.4-75.7 mm SL; Democratic Republic of
Congo, Pweto, Lake Mweru (-8.46/28.7).

‘Haplochromis’ snoeksi Wamuini Lunkayilakio & Vreven 2010: MRAC A7-009-P-0001, 1, holotype, 82.5 mm SL;
Democratic Republic of the Congo, River Ngeba/Ngufu, village Ngeba, affluent of River Inkisi, Lower Congo (-5.1838/
15.2064).—MRAC A7-009-P-0004, 1, paratype, 93.8 mm SL; Democratic Republic of the Congo, River Ngeba/Ngufu, village
Ngeba, affluent of River Inkisi, Lower Congo (-5.1838/15.2064).—MRAC A9-014-P-0001, 1, paratype, 81.2 mm SL;
Democratic Republic of the Congo, River Ngeba, village Ngeba, affluent of River Inkisi, at Kimasi Bridge, Lower Congo (-
5.1838/15.2064).

Haplochromis vanheusdeni Schedel, Friel & Schliewen 2014: CUMV 97639, 1, Holotype, 70.7 mm SL, Tanzania, Morogoro
State, drainage Rufiji, Sonjo River at bridge in Man’gula on road from Mikumi to Ifakara, altitude 302 m (-7.808231/
36.896561).—CUMYV 93835, (1)13, paratypes 31.5-78.7 mm SL, Tanzania, Morogoro state, drainage Rufiji, Sonjo River at
bridge in Man’gula on road from Mikumi to Ifakara, altitude 302 m (-7.808231/36.896561).—ZSM 40703, 2, paratypes 50.3—
58.7 mm SL), Tanzania, Morogoro state, drainage Rufiji, Sonjo River at bridge in Man’gula on road from Mikumi to Ifakara,
altitude 302 m (-7.808231/36.896561).—MRAC 34-09-P-001-003, 3, paratypes, 54.0-58.3 mm SL, Tanzania, Morogoro state,
drainage Rufiji, Sonjo stream at bridge on road Ifakara- Kidodi (-7.808339/36.896189).—ZSM 41440, 3, paratypes, 56.2—63.6
mm SL, Tanzania, Morogoro state, drainage Rufiji, Sonjo stream at bridge on road Ifakara-Kidodi (-7.808339/36.896189.—
ZSM 41559, 7, paratypes, 47.2—67.8 mm SL, Tanzania, Morogoro state, drainage Rufiji, Sonjo stream at bridge on road
Ifakara- Kidodi (-7.808339/36.896189).—ZSM 42308, 1, paratype, 83.9 mm SL Tanzania, Morogoro state, drainage Rufiji,
Sonjo River at bridge in Man’gula on road from Mikumi to Ifakara, altitude 302 m (-7.808231/36.896561).—CUMYV 93833,
2(3), 31.5-60.4 mm SL; drainage Rufiji, Great Ruaha River at bridge in Kidatu on road from Mikumi to Ifakara (-7.66174/
36.9773)—CUMYV 93834, 2, 36.6-56.2 mm SL; drainage Rufiji, Idete River at bridge in Idete on road from Ifakara to Taveta
(-8.10391/36.4881).

Orthochromis kalungwishiensis (Greenwood & Kullander 1994): MRAC 99-035-P-0031-0032, 2, 69.3-78.3 mm SL; Keso
village, Pambashe River, local name Luena River, (possibly:-9.6000/29.4833).—MRAC 99-035-P-0033-0035, (2)3, 66.4—69.2
mm SL, Luena River (=Pambashe River), tributary of Kalungwishi River (possibly: -9.6000/29.4833).—ZSM 41427, 1, 79.2
mm SL; Zambia, Kalungwishi stream above Lumanmgwe Falls on road Mukunsa-Kawambwa (-9.5431/29.3878).—ZSM
41431, 6, 44.4-75.8 mm SL; Zambia, Kalungwishi stream above Lumanmgwe Falls on road Mukunsa-Kawambwa (-9.5431/
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29.3878).—ZSM 44369, (8)13, 48.5-70.7 mm SL; Zambia, Kalungwishi River, above Kundabwika and below Kabwelume
Falls, near to road Mporokoso—Mununga (-9.217887/ 29.304202)

Orthochromis kasuluensis De Vos & Seegers 1998: MRAC 93-152-P-0725-0740, 4(15), paratypes, 63.5-68.4 mm SL;
Mgandazi River, Ruchugi drainage, Malagarasi basin, around 80 km north of Kigoma on road to Kasulu, few km before Kasulu
(-4,56/30.1).—ZSM 41455, 5, 48.2—67.0 mm SL; Tanzania, Ruchugi River east of Kasulu on road to Kasulu-Kibondo (-
4.5347/30.1483).

Orthochromis luichensis De Vos & Seegers 1998: MRAC 93-152-P-0122-0135, 7(13), paratypes, Mkuti River, affluent
Luiche, about 40 km on the road Kigoma-Kasulu (-4.86/29.86).—ZSM 41445, 7, 38.0-72.7 mm SL; Tanzania, Mkuti River,
road bridge east of Kandihwa village (-4.8867/29.8703).

Orthochromis luongoensis (Greenwood & Kullander 1994): CU 91747, 1, 69.9 mm SL; Zambia, Lufubu River Falls below
bridge at Chipili on Mansa-Munuga road, (-10.7286/29.0936).—ZSM 41437, (5)6, 46.3—68.4 mm SL; Zambia, Luongo stream
at bridge on road Mwenga-Kashiba, affluent to Lake Mweru / Upper Congo basin (-10.4708/29.0261).—ZSM 44345, 6, 61.5—
106.9 mm SL; Zambia, Kalungwishi River, immediately above Kabwelume Falls (below Lumangwe Falls), ~ 20 km
downstream bridge on road Mporokoso-Kawambwa, Northern Province, (-9.527083/29.353102).—ZSM 44432, 7, 53.8-98.0
mm SL; Zambia, Luongo River, at bridge on road Kawambwa-Mansa about 40 km (driving distance) S of Kawambwa (-
10.144359/29.167193).—ZSM 44467, (5)7, 42.6-59.0 mm SL; Zambia, Luongo River, below Mumbuluma Falls, ~ 40 km (air
distance) NW of Luwingu Luapula Province (-10.106146/ 29.571487)—ZSM 44569, 1, 69.9 mm SL; Zambia, Kalungwishi
River, above Kundabwika and below Kabwelume Falls, near to road Mporokoso—Mununga (-9.217887/ 29.304202).

Orthochromis machadoi (Poll 1967): BMNH 1984.2.6.104-108, 5, 42.31-52.1 mm SL; Angola, Cunene River (-17.267/
14.50).—BMNH 1984.2.6.109, 1, 44.7 mm SL; Angola, Cunene River (-17.05/13.5)—BMNH 1984.2.6.113, 1, 52.2 mm SL;
Angola, Cunene River (-17/13.25).—BMNH 1984.2.6.116-131, (1) 22, 50.5-60.1 mm SL; Angola, Cunene River (-16.983333/
13.366667)—BMNH 1984.2.6.132-141, 3, 43.4-55.4 mm SL, Angola, Cunene River (-14.383333/15.300000).—BMNH
1984.2.6.142-145, 4, 50.3-65.7 mm SL; Angola, Cunene River (-14.916667/15.100000).

Orthochromis malagaraziensis David 1937: MRAC 47077-47079, 3, 74.5-83.3 mm SL; paralectotypes, Malagarasi River and
its affluents, near Bururi (-4.43/29.76).—ZSM 41469, 2, 66.5-68.8 mm SL; Tanzania, Malagarasi River close to Uvinza (-
5.1183/30.3825).

Orthochromis mazimeroensis De Vos & Seegers 1998: MRAC 91-062-P-1620-1651, (4)31, paratypes, 44.3-55.8 mm SL;
Kabingo, Mazimero River, road Rutana-Kinyinya, Malagarasi basin (-3.9/30.21).—MRAC 93-150-P-0432-0476, (4)44, 52.1-
58.3 mm SL; paratypes, Mazimero River, affluent Malagarasi, on the Road Prov. 85 after ”Faille des Allemands® direction
Giharo (-3.9/30.21).—University Basel Uncat, 1, 45.5 mm SL; Burundi, Mazimero River, affluent of Upper Malagarasi River,
upstream of bridge (-3.884722/ 30.197750).—University Basel KDD3, 1, 39.9 mm SL; Burundi, Mazimero River, affluent of
Upper Malagarasi River, upstream of bridge (-3.884722/ 30.197750).—University Basel KDD4, 1, 44.2 mm SL; Burundi,
Mazimero River, affluent of Upper Malagarasi River, upstream of bridge (-3.884722/ 30.197750).—University Basel KDD®6, 1,
40.4 mm SL; Burundi, Mazimero River, affluent of Upper Malagarasi River, upstream of bridge (-3.884722/ 30.197750).—
University Basel KDC8, 1, 59.7 mm SL; Burundi, Mazimero River, affluent of Upper Malagarasi River, upstream of bridge (-
3.884722/ 30.197750).—University Basel KDC9, 1, 43.0 mm SL; Burundi, Mazimero River, affluent of Upper Malagarasi
River, upstream of bridge (-3.884722/ 30.197750).

Orthochromis mosoensis De Vos & Seegers 1998: MRAC 93-150-P0478-0481, 4, 47.1-60.3 mm SL; River Rurur, 9 km from
Muyaga near Cenda Juru, Malagarasi basin (-3.3/30.55).

Orthochromis polyacanthus (Boulenger 1899): Personal collection of O. Seehausen (Field number MKBI18), 5, 60.1-66.4 mm
SL; drainage Lake Mweru, no further information available—MKL 11, 2, 51.1-65.1 mm SL; no further information
available.—Personal collection of O. Seehausen (Field number MKL 12), 1, 63.5 mm SL; no further information available.

Orthochromis rubrolabialis De Vos & Seegers 1998: MRAC 96-022-P-0002-004, 3, paratypes, 43.4-48.7 mm SL; Majamazi
River, Malagarasi drainage, Ugalla subdrainage, 58 km north of Mpanda on road to Uvinza; (-5.93/30.95).—ZSM 41463, (7)8,
44.5-86.7 mm SL; Tanzania, Malagarasi River close to Uvinza (-5.1183/30.38)

Orthochromis rugufuensis De Vos & Seegers 1998: MRAC 96-022-P-0006, 1, paratype, 47.1 mm SL; Tanzania, Upper
Rugufu River: on road from Uvinza to Mpanda, about 83 km south of Uvinza (-5.7000/ 30.6666.

Orthochromis stormsi (Boulenger 1902): MRAC 96-031-P-1303-1307, (3)5, 38.5-64.5 mm SL; Democratic Republic of the
Congo, Lualaba River chutes 47 km on road of Kisangani-Lubutu near of the Concasserie, no GPS data available.—ZSM
32393, (5)6, 40.0-65.6 mm SL; Republic of Congo, Congo main channel near Djoue River confluence at “Les Rapides” (-
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4.31306/15.2289).—ZSM 37603, 1, 44.8 mm SL; Democratic Republic of the Congo, Lubuya stream below bridge on Lubutu
road, close to Wanie Rukula (0.1928/25.5319).—ZSM 37541, 3, 63.5-80.3 mm SL; Democratic Republic of the Congo,
Kisangani market, bought from woman who sells fishes from Wagenia rapids or fishes bought directly at Wagenia village
(0.4939/25.2072).—ZSM 38129, 3, 52.5- 88.0 mm SL; Democratic Republic of the Congo, Congo River, obtained from local
fishermen at Kinsuka rapids, exact collecting location unclear (-4.3278/15.2306).—ZSM 38337, 1, 52.8 mm SL; Democratic
Republic of the Congo, Congo River “Chutes Kipokosso” at Wanie Rukula, (0.1856/25.5218).—ZSM 38382, 1, 69.1 mm SL;
Democratic Republic of the Congo, Congo River obtained from local fishermen at Kinsuka rapids, exact collecting location
unclear (-4.3278/15.2306).

Orthochromis torrenticola (Thys van den Audenaerde 1963): MRAC 140100, 1, holotype, 67.3 mm SL; Democratic Republic
of the Congo, Lufira River rapids, just above the main falls at Kiubo, Congo, no GPS data available—MRAC 140101, 1,
paratype, 67.3 mm SL; Democratic Republic of the Congo, Lufira River rapids, just above the main falls at Kiubo, Congo, no
GPS data available.—MRAC 182787-182804, (4)17, 66.0-85.5 mm SL; Lufira River, between Koni and Mwashia (-10.71/
27.35)—ZSM 38201, (4)5, 37.2-52.3 mm SL; Democratic Republic of the Congo, drainage Congo, Lufira River near Mwashia
village near small rapids (-10.7008/27.3403).

Orthochromis uvinzae De Vos & Seegers 1998: ZSM 41430, (6)7, 57.2-80.8 mm SL; Tanzania, Malagarasi River close to
Uvinza (-5.1183/30.38).—ZSM 41562, (4)5, 63.7- 83.9 mm SL; Tanzania, Malagarasi River, riffles/rapids upstream of Uvinza
(-5.1889/30.0517).—ZSM 41564, 5, 56.6-73.3 mm SL; Tanzania, Malagarasi River, riffles/ rapids upstream of Uvinza (-
5.1889/30.0517).

Orthochromis sp. “Igamba”: ZSM 41561, 5, 49.9-73.1 mm SL; Tanzania, Malagarasi River, Igamba cataracts approximately
56 km downriver of Uvinza (-5.1803/30.0531).—ZSM 41563, 3, 57.0-79.3 mm SL; Tanzania, Malagarasi River, Igamba
cataracts approximately 56 km downriver of Uvinza (-5.1803/30.0531).

Schwetzochromis neodon Poll 1948: MRAC 79591-79644, (14)53, 69.5-92.2 mm SL; Democratic Republic of the Congo,
River Fwa, no GPS data available.

Appendix.

Individual species-specific principal component analyses (with a reduced taxon sets). Pictures of different species and
specimens depicted in the plots were obtained on different field trips and form private photo collections: O. katumbii sp.
nov. (holotype), O. kimpala sp. nov. (probably the holotype), O. mporokoso sp. nov. (probably the holotype), O. gecki sp.
nov. (photo: probably the holotype and a second specimen from the Katanga 2016 Expedition), O. indermauri sp. nov.
(paratype), H. bakongo (preserved specimen: MRAC 142003-142009; paratype), H. snoeksi (preserved specimen;
holotpye), H. vanheusdeni (photo: H. van Heusden), S. neodon (preserved specimen, MRAC 79591-79644), O.
kalungwishiensis (Zambia 2015 Expedition), O. luongoensis (photo: Zambia 2015 Expedition), O. uvinzae (representing
the Malagarasi-Orthochromis; photo: J. Geck), O. machadoi (photo: E. Schraml), O. c¢f" polyacanthus (Aquarium
specimen, F. Schedel), O. stormsi (Aquarium specimen, photo: J. Geck), O. forrenticola (Katanga 2016 Expedition).
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FIGURE S1:Species-specific PCA scatter plots focusing on O. mporokoso sp. nov. based on 20 meristics; species score limits
visualized as convex hulls. PC I vs PC II (A)and PC vs PC III (B) for a 106 examined specimens. PC I explain 27.87 %, PC 11
explains 15.43 % and PC I1I explains 10.77 % of the variance. Species depicted from top to bottom: O. mporokoso sp. nov. , O.
katumbii sp. nov., O. kimpala sp. nov., O. gecki sp. nov., H. snoeksi, O. machadoi, S. neodon.
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FIGURE S2: Species-specific PCA scatter plots focusing on O. katumbii sp. nov. based on 20 meristics; species score limits
visualized as convex hulls. PC I vs PC II (A) and PC vs PC III (B) for a 225 examined specimens. PC I explain 30.76 %, PC Il
explains 14.68 % and PC III explains 9.89 % of the variance. Species depicted from top to bottom: O. katumbii sp. nov., O.
kimpala sp. nov., O. mporokoso sp. nov., O. gecki sp. nov., O. uvinzae, S. neodon, O. kalungwishiensis, O. luongoensis, O.
torrenticola.
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FIGURE S3: Species-specific PCA scatter plots focusing on O. kimpala sp. nov. based on 19 meristics; species score limits
visualized as convex hulls. PC I vs PC 11 (A) and PC vs PC III (B) for a 143 examined specimens. PC I explain 23.09 %, PC 11
explains 14.63 % and PC III explains 12.34 % of the variance. Species depicted from top to bottom: O. kimpala sp. nov., O.
mporokoso sp. nov., O. katumbii sp. nov., O. gecki sp. nov., H. bakongo, H. snoeksi, H. vanheusdeni, O. stormsi, O. machadoi.
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FIGURE S4: Species-specific PCA scatter plots focusing on O. gecki sp. nov. based on 19 meristics; species score limits
visualized as convex hulls. PC I vs PC II (A) and PC vs PC III (B) for a 196 examined specimens. PC I explain 33.42 %, PC Il
explains 14.91 % and PC III explains 11.95 % of the variance. Species depicted from top to bottom: O. gecki sp. nov., O.

indermauri sp. nov., O. katumbii sp. nov., O. kimpala sp. nov., O. mporokoso sp. nov.. O. uvinzae, O. cf. polyacanthus, S.
neodon.
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FIGURE S5: Species-specific PCA scatter plots focusing on O. indermauri sp. nov. based on 19 meristics; species score limits
visualized as convex hulls. PC I vs PC II (A) and PC vs PC III (B) for a 171 examined specimens. PC I explain 36.45 %, PC Il
explains 13.84 % and PC III explains 10.65 % of the variance. Species depicted from top to bottom: O. gecki sp. nov. H.
vanheusdeni, O. uvinzae, O. stormsi.
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