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A bstract: The species of the monophyletic genus Chromaphyosemion Radda. 197 1 live
in small streams and rivulets (‘ marigots') in the coastal plains from Togo to Gabon. In their
distribution area. some glacial forest refuges are postulated, mainly in Cameroon. Equatorial
Guinea and Gabon. It is assumed that evolution and biogeography of this genus is connected
bith the evolution of the Central African rainforest during the Quaternary. In this paper
Chromaphyosemion is grouped into 16 forms, defined by their colour patterns. The
distribution data show that the maximum diversity of this genusis found in the proposed
glacia rainforest refuges of Cameroon, suggesting a structurally complex history of these old
rainforest blocks.
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I ntroduction
Responsible for the biodiversity of African tropical ecosystems, according to some authors, is
the influence of climatic changes during the Quaternary and the resulting fragmentation of
rainforest (Maley 199 1. Mayr & O'Hara 1986). This probably induced major extinctions and,
as an effect of the fragmentation, an isolation of populations, genetic bottlenecks and later a
recolonization, which affected rainforest-bound species especially (Huber 1998b). Of special
interest are position and number of rainforest refuges. Some authors provide a map of various
currently assumed refuges in Western and Central Africa (Hamilton & Taylor 199 1, Leveque
1997, Maey 199 1, Sayer et al, 1992). In this paper | want to test if the distribution of a
mainly rainforest-bound group of small aplocheilid fish with limited dispersal abilities
correlates to these assumed refuges in their distribution area.
The recent distribution and evolution of aplocheilid species and species groups seems to be
closely connected with the historical changes of rainforest distribution and climates through
the Quaternary (Huber 1998b). This means that a detailed study of the phylobiogeography of
these fish should give further insight into the history of the tropical rainforest in coastal
lowlands. Especialy the different forms of Chromaphyosemion, with their relatively small
ranges, could contribute additional data to the studies of historical rainforest fragmentation.
The aplocheilid genus Aphyosemion Myers, 1924 is subdivided into several subgenera
(Myers 1924, Huber 1977, Huber & Seegers 1977, Kottelat 1976, Radda 1971 b, 1977). One
of them, Chromaphyosemion, is clearly monophyletic (Amiet 1987, 199 1, Seegers 198 1) and
here considered as a genus. Chromaphyosemion are small fish which reach about 5-7 cm total
length and live in small rivers and streams in the coastal |lowlands from Togo to northern
Gabon (Eberl 1996, Radda 1971a.b, 1975, Radda & Huber 1976, Radda & Ptuzl 1977, 1987).
They are isomorphic with marked sexua dimorphism. The different forms are commonly
distinguished by male coloration and sometimes by female colour pattern as well. Scheel
(1966, 1968, 1974, 1990) did much comprehensive work on this group, based on
crossbreeding experiments and karyotyping of different populations. His results reveal ahigh



degree of reproductive isolation and variable chromosome numbers between populations. At
the beginning of his studies he synonymized all described species with Aphyosemion
bivittntum (L 6nnberg, 1895) which then was considered as a ‘ morphospecies because no
morphological character could be found to distinguish subunits, and colour patterns are not
visible in preserved material (Scheel 1966, 1968: 166 ff.). Scheel himself was aware of the
fact, that the BIV-group - as he named them after A. bivittntum — consists of different ‘bio-
species’ (sensu Mayr). In 1974 and 1990 Scheel revalidated some of the ‘species’, which in
his opinion aso consist of groups of different ‘bio-species. Amiet (1987), Daget et al. (1986).
Scheel (1968, 1990) and Seegers (1986) tried to clarify the taxonomic confusion in this group.
Fish hobbyists as well tried to redefine the known species by their coloration (see Eberl 1996
for a comprehensive review, e.g. of Poliak and Legros).
According the actual state of knowledge it is most practicable to treat the forms which can be
separated by their colour pattern as species; this does not anticipate any other decision in the
future. The aim of this study isareview of the distribution data of the different
Chromaphyosemion species and the comparison of the results with the data on rainforest
refugesin that area.
Results

Genus Chromuphyosemion
Chromaphyosemion Radda, 1971: 118 (type species. Fundulopanchax multicolor Meinken,
1930 by origina designation). This name is considered to be a synonym of
Chromaphyosemion bitaeniatum (Ahl, 1924) (see Seegers 1986). Chromaphyosemion was
described by Radda (1971 b) as a subgenus of Aphyosemion.
Diagnosis: Chromaphyosemion is distinct from all other Aphyosemion s.1. by two dark
lateral bands in both sexes (vs. one or none). The male coloration can change very fast,
depending on mood and hierarchical status of specimens (vs. less conspicuous changesin
Aphyosemion). No blue or green metallic base colours on the sides of the body (vs. present in
most other Aphyosemion). In males, two or three dorsolateral rows of scales with ametallic
sheen (C. riggenbachi with none to two rows) (vs. no metallic sheen on these scales or a
metallic sheen on the whole body). The form of unpaired fins in Chromaphyosemion is
unique and differs from all species of Aphyosemion (Amiet 1987, Radda 197 Ib). Caudal fin
rounded with pronounced dorsal and ventral streamers in males, sometimes trilobated in large
specimens. Dorsal fin large and triangular. Ana fin trapezoid. In males, white, yellow or
orange streamers are developed at unpaired fins, mostly with a different hue to that of the fins.
Amiet (1987), Huber (1996) and Scheel (1974) give the following additional combination of
characters to define Chromaphyosemion: dorsal fin inserts above or dlightly behind anal fin
origin. Number of dorsal rays 9- 14, number of anal rays|l-16, D/A- position |/l -4 fin rays
(vs. ahigher number of anal and dorsal rays if the D/A-position is in the same range).
Amiet (1987), Murphy & Collier (1999) and Seegers (1981) showed that Chromaphyosemion
is amonophyletic group with no apparent intermediate forms to Aphyosemion or related
genera and therefore it is considered as a genus. The relationship to other species-groups
remains unclear. A recent study on molecular systematics of Aphyosemion and
Fundulopanchax fails to provide awell supported hypothesis - except the monophyly of most
of the studied species groups (Murphy & Collier 1999).
Distribution: Chromaphyosemion species live in the coastal plains from Togo to
northern Gabon. In the following species accounts the approximate distribution from West
Africato Central Africais provided.

The species of Chromaphyosemion

Chromaphyosemion bitaeniatum (Ahl, 1924)
Terratypica: Niger, Nigeria



Distribution: Thisspeciesisfound inthe coastal plainsfrom Togo to the Niger delta
in Nigeria, which is about half of the distribution area of the genus. Along the Niger this
species occurs further inland. From the eastern border of the distribution area one population
is known from Umudike, which is between the river systems of the Niger and the Cross.
Remar k s: Unpaired fins mainly orange with a blue or blue-green groundcolour. The
amount of blue-green and orange in the anal fin can vary between and within different
populations. A very conspicuous dark wound-like marking behind the operculum (Scheel
1974). Scheel (1974) and Schroder (1967) showed that between different populations various
degrees of reproductive isolation are found. Despite these findings there are only relatively
small variations between the coloration of different populations.

Chromaphyosemion bivittatum (Lonnberg, 1895)

Terratypica: rivulet..., near the waterfall of river N’dian [Cameroon]

Distribution: Thisspeciesisknown from the area between the Cross River (Nigeria)
and Funge (Cameroon).

Remar k s: Chromaphyosemion bivittatum is characterized by one, seldom two, dark spots
on the base of the caudal’fin in males (vs. absent in the closely related species C. lugens and
C. sp. 06 (Amiet 1987, 199 1, Eberl 1996)).

Chromaphyosemion cf. splendopleur e (Bruning, 1929)

Distribution: These populations are found in the lower Crossin Nigeria (Radda 1975).
and south of Funge to the Mungo River (Cameroon). Strains are known from Oron, Ekondo
Titi, Mbonge, Lykoko, Owe and Muyuka.

Remar k s: The colour of the unpaired finsis blue-green with yellow, the metallic sheenin
the dorsal scalesis yellow to gold and body colour can range from blue to pink. the throat
and part of the belly are yellow. This separates C. cf. splendopleure from the nominate C.
splendopleure. Eberl (1996) listed both forms under his ‘Meme -phenotype. It is not known
if the populations of the Cross River area are in connection with those of the Meme area or if
they are divided by the distribution area of C. bivittatum. C. cf. splendopleureis closely
related to C. splendopleure. It is possible that a cline between both species may be found in
the area around Kumba, but the area around Muyuka and Tiko they are easy to distinguish.
Chromaphyosemion splendopleur e (Briining, 1929)

and C. volcanum (Radda Wildekamp, 1977)

T erratypica Tiko in Kamerun [Tiko in Cameroon] (C. splendopleure “.. einem kleinen
Béachlein, welches durch den stidwestlichen Stadtteil Kumbas flief3t” [small rivulet, which
flows through the southwestern part of Kumba = Kake River] (C. volcanum )
Distribution: These speciesare known from Moliwe, Bamukong. Tiko, Y oke, Bombe
and Kumba, which is an area from the foothills of Mount Cameroon to the region south of
Lake Barombi Mbo. Most of the rivulets, in which thisformis found, are tributaries of the
River Mungo.

Remar k s: These species have in general ared to orange body colour with a copper-red to
reddish metallic sheen in the dorsal scales. Mainly orange-coloured unpaired fins with yellow
to orange streamers. The throat is orange. This group comprises two described species which
are phenetically closer to each ther than to the populations of C. cf. splendopleure. These
species seem to be closely related compared with the following species, which are also
included in C. splendopleure by various authors. C. splendopleure and C. volcanum are here
grouped together due to their apparent similarity and are treated as one group of closely
related populations. There is an ongoing discussion in the aquaristic literature about the
validity of the taxon C. volcanum (e.g., Eberl 1996, Radda 1997) but neither reproductive
isolation nor its reverse has been so far tested; herein both taxa are considered as valid until
further data are provided.

Chromaphyosemion sp. aff. splendopleur e (Brining, 1929), ‘ Dizangue’



Distribution: Thisspeciesisfound along the coast between Douaa and Kribi. The
western limit is the Atlantic Ocean and in the east it reaches the distribution areas of the
species living further inland, C. riggenbachi and C. loennbergii.

Remarks: C. sp. aff. splendopleure (‘ Dizangue’) differs from the nominate C.
splendopleure in body coloration and fin colour pattern. The lower lateral band is
characteristically very conspicuous. The dorsal part of the body is brown, below beige to
green-yellow. The caudal fin has a mainly flame pattern but not’ on a blue groundcolour (like
C. loennbergii). Together with the following species these fish show a marginal blue to blue-
green band in the ana fin (vs. absence in the other two forms which were formerly included
in C. splendopleure). The anal fin isin most popul ations trang ucent yellow-green (Amiet
1987) (vs. orange, orange-red or yellow in al other populations previoudly included in C.
splendopleure). A wound-like marking asin C. bitaeniatum is present (vs. absence in the
previous forms).

Chromaphyosemion sp. aff. splendopleur e (Brining, 1929), ‘Kopongo’
Distribution: Thisspeciesisonly known from a small number of localities around
Kopongo (Amiet 1987, Eberl 1996). This areais possibly enclosed by the distribution of the
‘Dizangue’ species, but they are not in sympatry, or at the border of the C. riggenbachi area.
Remarks: C. sp. aff. splendopleure (Kopongo) differs from the previous species
especialy by fin coloration, and is possibly closer related to C. loennbergii. Only some red
dotsin the orange-coloured ana fin (vs. many in C. loennbergii). Ana fin with a submarginal
red and a marginal blue band (vs. absence of the blue band in C. splendopleure and C. cf.
splendopleure).

Chromaphyaosemion poliaki (Amiet, 1991)

T erratypica Cameroun: Province du Sud-Ouest: Tamben, [Cameroon: South west
province: Tamben]

Distribution: Only known from the southern and south eastern slopes of Mount
Cameroon. In the coastal lowlandsiit is replaced by C. splendopleure and C. cf. splendopleure.
R emark s: Easy to distinguish from the surrounding popul ations of other species. Very dark
fish with a brown body colour and very dark blue or violet to blackish unpaired fins.
Sometimes up to four rows of metallic shining scales on the dorsal part of the sides.
Chromaphyosemion riggenbachi (Ahl, 1924)

Terraty pi ca: Quellebei Jahass (Kamerun), [spring near Y abassi, Cameroon|
Distribution: Thisspecieshasone of the largest ranges. In the north it is limited by the
foothills of the Bamileke Plateau. In the west it borders the area of the coastal forms between
the Mungo and the Wouri. In the east the river Ouem and in the south the Sanaga are the
assumed borders (Amiet 1987).

Remar k s: Body coloration pale blue to blue-green, unpaired fins blue-grey to blue-
yellow, streamers in most cases white or pale blue, in some populations yellow. The typical
two lateral black bands are in most cases not seen in this species. It is the biggest speciesin
this genus and can reach about 70 mm total length.

Chromaphyosemion loennber gii (Boulenger, 1903)

T erratypica Kribi River [now Kienke River, Cameroon|

Distribution: Thisspeciesisfound south of the Sanagain the coastal plains. Its
western limit seems to follow approximately the road from Edea to Kribi. The Kienke River
system seems to be the southern limit.

Remarks: C. loennbergii was collected syntopic with C. sp. 06 on the road from Akom |1
to Bipindi. The caudal fin shows red flames on a blue groundcolour. The metallic sheen on
the dorsolateral part of the body is golden to copper, throat can be blue or orange.

Amiet (1987) giveslocality data of C. loennbergii north of the area of C. riggenbachi. Fish
from one population Chutes d’ Ekom, see question mark on fig. 1) were introduced to Europe




in spring 1999. An Fl pair was examined in August. They differ from al known C.

loennbergii populations, but further investigations are required.

Chromaphyosemion sp. 06

Distribution:Thisfishwas caught in 1997 by Vlaaming and 1998 by Eberl, Kampf and
Kliesch by the road between Akok and Akom and further north to Bipindi, where this species
is syntopic with C. loennbergii.

R emar k s: Together with C. lugens and C. bivittatum it forms a group of species with a
very digunct distribution. These three species are very similar in many unique aspects of
coloration. C. sp. 06 can be distinguished from C. lugens by the orange throat and the orange
dorsal finin both sexes (vs. absence in C. lugens). From C. bivittatum it can be distinguished
by more regular lateral markings and the absence of the characteristic red dot at the base of
the caudal fin.

Chromaphyosemion sp. 07

Distribution: Livespecimenswere caught in January 1998 by the road from Kribi to
Ebolowa not far from Kribi. Pictures in Scheel (1990) show similar fish from the Kribi area.
Further north it isreplaced by C. sp. aff. splendopleure * Dizangue” and in the south along the
road to Campo by C. sp. ‘Likado’. Further to the east only C. loennbergii and C. sp. 06 are
known.

Remarks: C. sp. 07 differsfrom all other speciesin many coloration characteristics which
are unique in their combination within Chromaphyosemion, possibly with the exception of C.
sp. 04. The caudal fin shows red spots on a dark groundcolour (vs. flamesin C. loennbergii
(with blue groundcolour) and C. sp. aff. splendopleure ‘ Dizangue’). Adult specimens
sometimes show a dark green coloration on the body (vs. light brown (beige) in C. sp. aff.
splendopleure * Dizangue’ and orange to golden in C. loennbergii). The lower lateral black
band can be very conspicuous while the upper band disappears (vs. both present or absent in
all other species),

Chromaphyosemion lugens (Amiet, 199 1)

T erratypica Cameroun: Province du Littoral: Afan Essokik, [Afan Essokie, Cameroon]
Distribution: Thisspeciesisonly known from the Campo National Park around Afan
Essokie (Terratypica) and the Massif des Mamelles, about 20 km to the north of there.
Remarks: C. lugens can be distinguished from its closest relatives C. bivittatum and C.
sp. 06 by the absence of orange colours on fins and body and the absence of the red dot at the
base of the caudal fin which is characteristic of C. bivittatum.

Chromaphyosemion sp. 04

Distribution: Thisspecieswas caught near the village of Nazareth on the Bibabivotou
river.

Remar k s: In some characters C. sp. 04 resembles C. sp. 07 but before inclusion in this
species further collections between the known localities are needed. This population does not
show the dark green body colour. The dark lower lateral band is only seldom shown in
dominant fish, as described for C. sp. 07. All unpaired fins are identically coloured, except for
asubmargina red and amarginal blue band in the cauda and anal fin. They show many red
dots on a green-blue ground colour (vs. different colour patterns between unpaired fins.
flames or the absence of dots (mostly on the anal fin) in other species).

Chromaphyosemion sp. ‘Likado’

Distribution: Thesefish were caught on the Likado River, along the road from Kribi to
Campo. A similar population is known from Campo (Eberl 1996, Langton 1996).
Remarks: C. sp. ‘Likado’ shows a blue (Likado population) to green-blue (Campo
population) colour on the dorsolateral part of the body which can change to brown in old
individuals. Ventrally, the body is yellow to beige (vs. yellow only in the anterior part, or not
yellow). The fins are yellow-green (Likado population) to green-blue (Campo popul ation)
with red dots.




Chromaphyosemion alpha (Huber, 1998)
T erratypica PK 17,1 an der Stral3e vom Flugplatz Libreville (Hotel Gamba) zum Cap
Esterias,....., nordwestliches Gabun [PK 17.1 by the road from the airport Libreville (Hotel
Gamba) to Cap Esterias, northwestern Gabon|
Distribution: Thisspeciesisonly known from Cap Esterias, Gabon.
Remar ks: C. dphahas avery unique coloration and at present no similar phenotype is
known.
Chromaphyosemion kouamense (Legros, 1999)
T erratypica 2,5 km nérth of Nzog Bizeng (0°25'N, 10°04'E)
Distribution: Thisspeciesisknown only from localities on the road approximately
between Mbel Alen and Mveng Ayong at the foot of the Monts de Cristal.
Rema r k s: The specimens from the locality PEG 94/48 (near Mveng Ayong) differ in
many aspects from the population of the type locality. Here we preliminarily follow the
description and include them in this species. For a detailed description see Legros (1999), but
note the remarks of Eigelshofen & Sonnenberg (1999).

Discussion
In this paper 16 forms are considered, many of them agree with already named taxa. C.
splendopleure and C. volcanum are preliminarily treated as one species (but see under species
accounts). The differences between them are considered to be an indication of alimited gene
flow between these groups of populations, caused either by geographical or biological factors.
A number of undescribed populations in Cameroon need further investigation before
taxonomic conclusions can be drawn. The taxon Chromaphyosemion splendopleureis
possibly a‘wastebin’ of four species. The species C. pappenheimi (Ahl, 1924) and C.
unistrigatum (Ahl, 1935) are regarded as synonyms of C. Zoennbergii (Boulenger, 1903) (see
Seegers 1986); however Scheel ( 1990) revalidated C. pappenheimi. It differsin coloration
from C. Zoennbergii (Legros, pers. comm.; Scheel 1974), but there is no picture available for
this population. Schedl’s preserved material is deposited in Tervuren but could not be studied.
Therefore in this paper C. pappenheimi is regard as a synonym of C. loennbergii. This
decision is supported by the fact that C. pappenheimi and C. unistrigatum are said to come
from Bipindi (Ah1 1924, 1935), where today only C. Zoennbergii is found, whereas Scheel’s
population stems from alocation east of Bipindi (Schedl 1974, 1990), so it is doubtful if this
population represents one of the described species. The populations of Equatorial Guinea and
Isla de Bioco are not included in this study because the only available data are given by
Roman (197 1), Scheel (1972, 1974) and Thys van den Audenaerde (1967, 1968) but none of
them published a picture of live specimens.
About half of the range of the genus Chromaphyosemion (Togo to Niger delta) is inhabited by
only one species, C. bitaeniatum whereas the highest diversity is found in the relatively small
area of the coastal plains of Cameroon. In Gabon only two species are found. The diversity
reaches its maximum between the River Cross (Nigeria/ Cameroon) and the River Ntem
(Cameroon / Equatorial Guinea) with 13 species. Especially north of the Sanaga and south of
the Kienke the diversity of speciesis very high, which correlates with the assumed forest
refuges in the northern and southern part of Cameroon (Hamilton & Taylor 199 1, Maley
1991). The postulated correlation between the assumed rainforest refuges in that area
(Leveque 1997, Maley 1991) and diversity of species can be confirmed. The diversity north of
the Sanaga to the Cross’ (7 species) can be explained by the rainforest refuge which is
postulated by Maley (199 1). It was possibly subdivided at the western slopes of the
Cameroon backbone and at Mount Cameroon into small rainforest pockets. South of the
Kienke six species are found. Maley (199 1, fig.6) and Hamilton & Taylor (199 1, fig.4)
indicate arefuge south of the Sanaga reaching the border of Equatorial Guinea. This areais
geographically more structured than the part between the Sanaga and the Kienke, which could
contribute to isolated pockets of rainforest where the species were separated (Amiet 1987,




plates 1 and 2). The species expanding in the area between the Sanaga and the Kienke are C.
sp. aff. splendopleure ‘ Dizangue', which is at present only known from around Doualato the
north of the Kienke, and C. loennbergii, which reaches the Sanaga as the northern border of
its range. Both populations from the north of the C. riggenbachi area (Amiet 1987) need to be
studied to verify their inclusion in C. loennbergii.

Hamilton & Taylor (1991) postulate aforest refuge in the Niger delta, in which C.
bitaeniatum could have survived during glacial times and later expanded to the west. The
small variation throughout this huge distribution area may indicate a very recent

recol onization.

In Gabon, the species might have survived in forest refuges on the slopes of the Monts de
Cristal (Hamilton & Taylor 1991, Maley 1991). If we assume that C. bivittatum, C. sp. 06 and
C. lugens are closely related species than we can observe two different patterns of isolation /
speciation. C. lugens and C. sp. 06 are found in the area of one assumed rainforest refuge
which. at least for these species, seems to be subdivided, thus allowing the separation into
different species. On the other hand C. bivittatum has also split, but in a different refuge. This
implies an ancient distribution area between both forest refuges in the north and in the south,
which in glacia limes was interrupted and afterwards only partly recolonized. It will be of
interest to know if species pairs are more common between or within rainforest refuges. The
distribution data show a considerable correlation between areas of species diversity and
assumed rainforest refuges, at least in the area of Cameroon. An ongoing study of the
phylogeny and biogeography of this genus should give further insight into the structure of the
refuges and their influence on speciation.



