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In the present study we compared morphological characteristics of the endemic fish species Lam-
prichthys tanganicanus (Poeciliidae) from Lake Tanganyika to those of similar fish samples which have
appeared in Lake Kivu since 20006 to assess: (1) the taxonomic status of fish samples from Lake Kivu
fisheries; (2) the food habits and fecundity of this fish and (3) the way by which this fish may have been
introduced into this lake. Fish samples from Lake Kivu were collected in the bay of Bukavu and in Lake Tan-
ganyika at Uvira. Metrics and meristics of Lamprichthys tanganicanus samples collected from Tanganyika
were similar to those of fish collected in Lake Kivu indicating that recent fish samples caught together
with Limnothrissa miodon in this lake indeed belong to Lamprichthys tanganicanus, a non-cichlid fish well
known to be endemic to Lake Tanganyika. Genetic studies carried out on samples of this fish from both
lakes support those conclusions. Moreover, mixed schools of Lamprichthys tanganicanus and Limnothrissa
miodon fiy were collected in the littoral zone of Lake Tanganyika suggesting that fry of the former species
may have been accidentally introduced in Lake Kivu together with that of Limnothrissa miodon fifty years
ago. Late appearance of this Tanganyikan non-cichlid species thirty years after Limnothissa miodon is
discussed in relation to the biological characteristics of these two species.
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Introduction

The Great Lakes of Africa are inhabited by
many cichlid and non cichlid fish species; cich-
lid species especially are among the best exam-
ples of explosive speciation (Fryer and Iles, 1972).
Lake Tanganyika, the oldest lake in the African
rift valley, is well known for its exceptional di-
mensions, its great age and its incredible biolog-

ical diversity with a high percentage of endemic
fish genera or species. Endemic fish species make
up a high proportion of the fish fauna: 56% in the
non-cichlids and 98% in the cichlids occupying di-
verse habitats like muddy, sandy or rocky bottoms
in the littoral zone (Poll, 1953, 1956; Brichard,
1989; Coulter et al., 1991). The pelagic waters
of this lake are inhabited by two endemic species
of the clupeid family, Stolothrissa tanganicae and
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Limnothrissa miodon and their predators, Lates
mariae, L. angustifrons, L.microlepis and L. stap-
persii (Poll, 1953; Coulter et al., 1991; Patterson
and Makin, 1998).

Lake Kivu, situated 130 km north of Lake Tan-
ganyika, is one of the smaller lakes of the East
African lakes region and only 28 species are known
from this lake, of which 19 are cichlids (Snoeks
et al., 1997; De Vos et al., 2001; Worthington and
Lowe-McConnell, 1994; Verheyen at al., 2003). The
non-cichlids belong to four families: Clupeidae (one
introduced species), Cyprinidae (five species), Am-
philiidae (one species) and Clariidae (two species).
Among the cichlids found in this lake, apart from the
15 endemic haplochromine species, Oreochromis
macrochir, Tilapia rendalli and Oreochromis leu-
costicus, were introduced to this lake. The two for-
mer species, collected in 1979, probably escaped
from fish ponds around Lake Kivu and the third
species, which is also a result of an introduction
into the lake, was first noticed in 1986. Oreochromis
niloticus is the only autochthonous tilapia in this
lake (Snoeks et al., 1997).

There have been a great many introductions of
fishes to inland waters in Africa (Worthington and
Lowe-McConnell, 1994) and most of those intro-
ductions were made with the hope of improving the
fisheries, although this view still remains controver-
sial (De Vos et al., 2001; Snoeks et al., 1997). Lim-
nothrissa miodon (Clupeidae) was introduced from
Lake Tanganyika to Lake Kivu in 1959 because of
the absence of a zooplanktivorous fish in Lake Kivu
to fill the apparent vacant niche and create a pelagic
fishery similar to that of Lake Tanganyika (Capart,
1959; Collart, 1960; Hauser, 1996). The success
of this introduction could not be evaluated before
1976 when an investigative mission found that the
clupeid Limnothrissa miodon had colonized all wa-
ters of Lake Kivu, instead of the targeted clupeid
Stolothrissa tanganicae (Frank, 1989).

The presence of an alien fish species in a lake
is often noticed late, especially when it is not ap-
pearing in the catch. Although an intensive sam-
pling programme was carried out between 1979
and 1988, no other alien species had been found
in Lake Kivu (Snoeks at al., 1997). However, since
2006, an alien species was caught in commercial gill
nets together with the pelagic clupeid Limnothrissa
miodon around Lake Kivu. This fish is Lamprichthys
tanganicanus (Poeciliidae), well known as an en-
demic species from Lake Tanganyika (Poll, 1953).
Experimental fishing carried out between Decem-
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ber 2006 and February 2007 in the Bay of Bukavu,
at the southern end of Lake Kivu by the Lab-
oratory of Zoology of the Centre de Recherche
en Hydrobiologie/C.R.H.-Uvira and the Laboratory
of Hydrobiology of the Université Officielle de
Bukavu/UOB confirmed the presence of this fish
species as yet unknown to the lake’s ichthyofauna.

This study presents the results of metrics and
meristics of Lamprichthys tanganicanus collected
at Uvira in the littoral zone of Lake Tanganyika, and
those collected with gill nets in the Bay of Bukavu
in Lake Kivu. In order to identify the relationship
between these two populations, this comparison was
completed by a genetic analysis of fish samples from
both lakes. Finally, three hypotheses are discussed
to explain the presence and late appearance of this
Tanganican non-cichlid fish in Lake Kivu based on
the biological characteristics of Lamprichthys tan-
ganicanus and Limnothrissa miodon in their original
habitat in Lake Tanganyika.

Material and methods
Study sites

Lake Kivu was formed by volcanic eruptions in
the late Pleistocene about 25,000-20,000 BP ac-
cording to Beadle (1981), or 14,000—11,000 BP ac-
cording to Pouclet (1978), which cut off the north-
ward drainage in the Rift Valley (Hauser, 1996;
Snoeks et al., 1997). The lake has a stable stratifica-
tion and is permanently influenced by three factors:
the relatively constant surface temperature (23.1°C
to 24.5°C), the salinity (1.115 g1~") which increases
with depth and the conductivity (1240 xS cm™! at
20°C). The deep water is rich in potassium, methane
and phosphorus, probably due to an inflow of warm
saline water indicating some volcanic activity con-
tinuing to this day (Beadle, 1981; Hauser, 1996).
This lake is distinguished from other great lakes
of the East African Rift by the presence of great
quantities of dissolved gas in its deep water, par-
ticularly methane, of which this lake is the largest
natural reservoir on earth with an estimated volume
of 63 billion cubic meters (Kaningini et al., 1999).

Lake Tanganyika which is the second deepest
lake in the world (1470 m) has a surface tempera-
ture varying between 23.2°C and 27.3°C, a salinity
(0.53 g17!) and a conductivity (560610 xS cm™!
at 20°C) twice as low as that of Lake Kivu.

Fish sampling was carried out at Uvira at the
northern end of Lake Tanganyika and in the Bay
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of Bukavu, in the southern part of Lake Kivu.
Fifty specimens of Lamprichthys tanganicanus (30
males and 20 females) between 107, 8 mm and 54,
5 mm standard length (SL) were sampled in Lake
Kivu, Bay of Bukavu near the brewery between De-
cember 2006 and February 2007. This sampling
site is a coastal rocky habitat of 2 m depth. All
adult fish of Lamprichthys tanganicanus were col-
lected with a gill net (1 cm mesh, measured between
knots), while a hand net was used to collect juve-
niles and larvae which were hovering near the water
surface under a shaded metallic structure. This arti-
ficial structure is apparently a spawning site of this
species. A two hour observation with a diving mask
in December 2006 showed the presence not only
of different-sized Lamprichthys tanganicanus, but
also of various species of the haplochromine group
which were foraging near the rocky bottom. In Lake
Tanganyika, 48 specimens of this species (26 males
and 22 females) between 89.8 mm and 59.5 mm
in standard length (SL) were caught at Uvira in
the littoral zone at Action Kusaidia and Mulongwe.
These sandy/rocky sites are characterized by the
presence of Phragmites mauritianus reeds. A gill
net of 1 cm mesh was also used for collecting adult
fish and a special mosquito net for juveniles and
larvae.

Each specimen was photographed and its colors
were noted. All samples were preserved in 10% for-
malin and later transferred to 95.5% ethanol in the
Laboratory of Zoology in the Centre de Recherche
en Hydrobiologie (CRH-Uvira) and in the Univer-
site Officielle de Bukavu (UOB). For each fish, the
metric and meristic characteristics were noted and
a multivariate analysis (Principal Component Anal-
ysis) was done with the assistance of the Past pro-
gramme. In addition, 60 tissue samples from the
two lakes (12 males and 18 females for Lake Kivu
and 24 males and 6 females for Lake Tanganyika)
between 64.9-109.2 mm. standard length (SL) for
males and 64.3-94.3 mm SL for females were sent
to the molecular laboratory of the Department of
Vertebrates of the Institut Royal des Sciences Na-
turelles in Belgium to examine the Lamprichthys
tanganicanus samples from the two lakes geneti-
cally. Finally, to assess the moment of appearance
of this fish in the catch, a survey was carried out
between 2006 and 2007 among fishermen of Lake
Kivu in: Bukavu, Minova, Sake and Goma for the
Democratic Republic of Congo and Gisenyi, Kibuye
and Cyangugu for Rwanda (Figure 1).
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Results

Coloration of fish samples collected in
Lake Kivu

The coloration of male and female individuals of
Lamprichthys tanganicanus from Lake Kivu is sim-
ilar to those found in Lake Tanganyika (for detailed
description see Poll, 1953). Compared to males, fe-
males generally have a less conspicuous coloration
with few blue spots only limited to the dorsal fin and
with little yellow color on the fins (Figure 2).

Fish measurements in the two lakes

Forty eight samples of Lamprichthys tangani-
canus (26 males and 22 females) from Lake Tan-
ganyika and 50 from Lake Kivu were measured and
used in a principal component analysis for 18 bio-
metric characteristics (Tables 1A-D).

This analysis showed the existence of two main
groups, composed of males and females from both
lakes. Females sampled in Lake Kivu were in the
same group as L. tanganicanus females from Lake
Tanganyika. Similarly, males from Lake Kivu be-
long to the same group as the males from Lake Tan-
ganyika (Figure 3). These results indicate that sam-
ples collected in both lakes are of the same species,
which naturally only occurred in Lake Tanganyika.
The sexual dimorphism observed mainly concerns
the length of the anal fin base, which is greater in
males than in females (33.8-38.8% vs 25.5-29.9%
for Lake Tanganyika and 33.9-40.4% vs 25.7—
29.5% for Lake Kivu) as shown in Tables 1A-D).

In addition, genetical analysis showed that the
12 examined tissue samples (6 for each lake)
share the same sequence of the mitochondrial DNA
(mtDNA) for 16s of rARN (Verheyen, pers.comm.).
This indicates that the specimens from the two lakes
form a single species Lamprichthys tanganicanus
and confirms the conclusions from the analysis
of metric characteristics. Females are smaller than
males and their longer preanal distance is the only
distinguishing morphological character between the
sexes.

Fin ray and scale counts of Lamprichthys
tanganicanus from both lakes

Five characteristic counts were performed on
each individual: the numbers of dorsal, anal and
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Figure 1. Visited fishing sites (Bukavu, Sake, Nzulo and Goma for Dem. Rep. of Congo and Gisenyi, Kibuye and Cyangugu for

Rwanda) where Lamprichthys tanganicanus samples were found in Lake Kivu between 2006 and 2007.

Figure 2. Lamprichthys tanganicanus adult male(top) and female (bottom) from lakes Kivu (1) and Tanganyika (2).
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Table 1A. Measurements expressed as a percentage of Lamprichthys tanganicanus males from Lake Tanganyika
(SD = Standard Deviation; Min = Minimum; Max = Maximum; Mn. = Mean; N = Number of samples examined;

SL = Standard Length; TL = Total Length).

N Min Max Mn + SD

Standard Length (SL mm) 26 64.8 86.8 75.4+5.85
Body Depth (%SL) 26 21.5 249 23.3£0.80
Head Length (%SL) 26 19.0 22.5 21.8+0.87
Head Width (%HL) 26 47.4 55.2 51.8+2.21
Snout Length (%HL) 26 29.8 40.5 341+2.14
Cheek depth (%HL) 26 11.2 16.8 144+1.32
Eye Diameter (%HL) 26 32.5 44.8 39.8+£2.52
Interorbital Width (%HL) 26 37.6 50.0 453+£3.11
Dorsal Fin Base Length (%SL) 26 14.0 19.1 164+1.14
Anal Fin Base Length (%SL) 26 33.1 38.8 35.6+1.40
Preanal Distance (%SL) 26 40.8 45.9 43.1£1.21
Prepelvic Distance (%SL) 26 29.3 334 31.7+1.15
Pelvic Fin Length (%SL) 26 11.1 14.8 12.5+0.89
Caudal Peduncle Length (%SL) 26 17.7 24.1 20.6 £1.39
Caudal Peduncle Height (%CPL) 26 459 58.9 52.44+4.09
Caudal Peduncle Lobe Length (%SL) 26 20.7 25.2 22.8+1.20
Pectoral Fin Base Length (%SL) 26 6.1 8.6 7.3+£0.58
Prepectoral Distance (%SL) 26 20.9 24.2 22.8+0.86

Table 1B. Measurements expressed as a percentage of Lamprichthys tanganicanus females from Lake Tanganyika
(SD = Standard Deviation; Min = Minimum; Max. = Maximum; Mn. = Mean; N = Number of samples examined;

SL = Standard Length; TL = Total Length).

N Min Max Mn £ SD

Standard Length (SL mm) 22 59.5 79.5 72.3+4.44
Body Depth (%SL) 22 20.5 23.5 22.0£0.80
Head Length (%SL) 22 20.0 22.5 21.0+0.61
Head Width (%HL) 22 49.6 58.3 52.8+2.16
Snout Length (%HL) 22 30.8 36.6 33.2+1.68
Cheek depth (%HL) 22 10.5 18.8 15.4+2.00
Eye Diameter (%HL) 22 38.9 48.2 43.3+£2.28
Interorbital Width (%HL) 22 39.5 53.5 46.8 £3.93
Dorsal Fin Base Length (%SL) 22 11.7 15.4 13.6£1.02
Anal Fin Base Length (%SL) 22 25.5 29.9 28.7+1.13
Preanal Distance (%SL) 22 47.2 51.7 48.8+1.24
Prepelvic Distance (%SL) 22 334 36.6 353+0.89
Pelvic Fin Length (%SL) 22 10.3 12.1 11.2+0.52
Caudal Peduncle Length (%SL) 22 21.4 25.2 22.6+0091
Caudal Peduncle Height (%CPL) 22 41.0 52.7 48.2+£2.70
Caudal Peduncle Lobe Length (%SL) 22 18.7 24.8 21.5+1.61
Pectoral Fin Base Length(%SL) 22 5.8 7.8 6.7£0.51
Prepectoral Distance (%SL) 22 21.3 23.6 22.6 £0.67
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Table 1C. Measurements expressed as a percentage of Lamprichthys tanganicanus males from Lake Kivu (SD =
Standard Deviation; Min = Minimum; Max. = Maximum; Mn. = Mean; N = Number of samples examined; SL =

Standard Length; TL = Total Length).

N Min Max Mn =+ SD
Standard Length (SL mm) 30 63.1 107.8 82.0+12.36
Body Depth (%SL) 30 16.3 26.3 24.1+1.82
Head Length (%SL) 30 19.0 22.4 20.4+0.77
Head Width (%HL) 30 44.4 57.5 50.6 +2.53
Snout Length (%HL) 30 32.0 41.6 36.1+2.35
Cheek depth (%HL) 30 13.1 20.0 16.4+1.63
Eye Diameter (%HL) 30 314 454 39.4+3.25
Interorbital Width (%HL) 30 37.0 51.5 41.8+£2.75
Dorsal Fin Base Length (%SL) 30 14.2 18.9 16.2£1.25
Anal Fin Base Length (%SL) 30 33.9 40.4 36.0+1.34
Preanal Distance (%SL) 30 41.3 47.6 443 +1.52
Prepelvic Distance (%SL) 30 29.5 34.2 31.6+1.29
Pelvic Fin Length (%SL) 30 10.9 14.2 12.3+0.68
Caudal Peduncle Length (%SL) 30 13.4 22.8 20.4+£1.79
Caudal Peduncle Height (%CPL) 30 44.0 59.6 51.0+4.26
Caudal Peduncle Lobe Length (%SL) 30 18.8 24.5 22.1+1.39
Pectoral Fin Base Length (%SL) 30 6.4 8.6 7.34+0.61
Prepectoral Distance (%SL) 30 20.1 23.1 21.9+0.77

Table 1D. Measurements expressed as a percentage in Lamprichthys tanganicanus females from Lake Kivu (SD =
Standard Deviation; Min = Minimum; Max. = Maximum; Mn. = Mean; N = Number of samples examined;

SL = Standard Length; TL = Total Length).

N Min Max Mn £ SD

Standard Length (SL mm) 20 54.5 75.5 67.0+4.33
Body Depth (%SL) 20 21.4 23.9 22.8+£0.67
Head Length (%SL) 20 18.8 20.0 20.1£ 0.66
Head Width (%HL) 20 49.6 57.7 5424217
Snout Length (%HL) 20 28.6 37.0 33.1+1.71
Cheek depth (%HL) 20 13.4 20.4 16.9+1.84
Eye Diameter (%HL) 20 39.3 472 433+2.18
Interorbital Width (%HL) 20 37.8 53.5 46.3+3.54
Dorsal Fin Base Length (%SL) 20 12.1 17.7 13.5+0.84
Anal Fin Base Length (%SL) 20 25.7 29.5 27.4+£1.04
Preanal Distance (%SL) 20 48.8 53.1 503+£1.18
Prepelvic Distance (%SL) 20 33.7 36.9 353£0.97
Pelvic Fin Length (%SL) 20 10.7 14.1 12.0£0.95
Caudal Peduncle Length (%SL) 20 20.7 24.3 22.7+0.97
Caudal Peduncle Height (%CPL) 20 43.8 53.5 49.0£2.90
Caudal Peduncle Lobe Length (%SL) 20 17.6 23.6 20.8 +1.51
Pectoral Fin Base Length (%SL) 20 5.9 83 7.1+£0.68
Prepectoral Distance (%SL) 20 20.8 23.7 22.2+£0.75
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Figure 3. Individual scores on the Principal Component 1 and 2 (measurement in transformed logarithm of all examined samples) for
Lampricthys tanganicanus males (empty circles, Lake Kivu, n = 26; Cross, Lake Tanganyika, n = 30) and females (empty squares,

Lake Kivu, n = 22; full squares, Lake Tanganyika, n = 20).

pectoral fin rays and the numbers of scales along
the longitudinal line and around the caudal pedun-
cle. Male and female samples from Lake Kivu were
more consistent in their similarity than in Lake Tan-
ganyika (Tables 2A-D).

Appearance of Lamprichthys tanganicanus
in fishing villages near Lake Kivu

According to fishermen in 9 fishing villages
around Lake Kivu, Lamprichthys tanganicanus ap-
peared in the fisheries between March and Septem-
ber 2006, mainly 50-200 m from the coast (Table 3).
In the 4 Congolese fishing villages, this fish is called
“kagame” because fishermen think that the fish was
probably introduced in Rwanda. Similarly, fisher-
men from Rwanda (Gisenyi, Kibuye and Cyangugu)
thought that the fish was probably introduced by

the Rwandese Ministry of Agriculture (MINAGRI)
but here the fish is called “Rwanda rushya”, (new
Rwanda) and on the Congolese side of the lake,
they do not have any idea from where the intro-
duced fish samples could have come (Lushombo,
personal communication).

Discussion

The presence of this fish endemic to Lake Tan-
ganyika in Lake Kivu raises many questions. One
would be tempted to think that this species prob-
ably reached Lake Kivu through the Ruzizi river,
which connects the two lakes. The absence of this
fish in the important river tributaries of Lake Tan-
ganyika such as the Malagarasi (De Vos and Snoeks,
1994) and the Ruzizi (Marlier, 1953; Nshombo and
Kamalebo, personal communication) excludes the

Table 2A. Number and frequency of main meristic characters of Lamprichthys tanganicanus males from Lake Tanganyika.

N° Meristic characters

Number and frequency

12345 Dorsal fin formula Anal fin formula
Pectoral fin formula Longitudinal
line scales Scales around the

caudal peduncle

XIV(£9), XV(f 10), XVI(f 4), XVII(f 3) XXVII(f 2),

XXVIII(f 7), XXIX(f 11), XXX(f 4), XXXI(f 2)
13(f 1), 14(£ 2), 15(£22), 16(f 1) 39(f 1), 40(f 2),
41(F 11), 42(£9), 43(f 3) 10(£ 2), 12(f 24)
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Table 2B. Number and frequency of main meristic characters of Lamprichthys tanganicanus females from Lake Tanganyika.

N° Meristic characters

Number and frequency

12345 Dorsal fin formula Anal fin formula
Pectoral fin formula Longitudinal
line scales Scales around the

caudal peduncle

XIII(f 2), XIV(f 13), XV(f 7) XXV(f 1), XX VII(f 2),

XXVIII(f 8), XXIX( 9), XXX(f2) 14(f2),
15(£17), 16(f 3) 40(f 1), 41(f 13), 42(f 4), 43(f 4)
12(£22)

Table 2C. Number and frequency of main meristic characters of Lamprichthys tanganicanus males from Lake Kivu.

N° Meristic characters

N

umber and frequency

12345 Dorsal fin formula Anal fin formula
Pectoral fin formula Longitudinal
line scales Scales around the

caudal peduncle

XIII(f 7), XIV(f 17), XV(f 6) XXV(f 3), XXVI(f 3),

XXVII(f 2), XXVIII(f 17), XXIX(f 4), XXX(f 1)
13(f 1), 14(f 4), 15(£ 6), 16(f 18), 17(f 1) 40(f 4),
41(£ 10), 42(f 4), 43(f 11), 44(f 1) 10(f 10),

12(f 20)

Table 2D. Number and frequency of main meristic characters of Lamprichthys tanganicanus females from Lake Kivu.

Ne Meristic characters

Number and frequency

12345 Dorsal fin formula Anal fin formula
Pectoral fin formula Longitudinal
line scales around the caudal

peduncle

XIII(f 6), XIV(f 12), XV(f2) XXV(f 1), XXVI(f2),

XXVII(f 2), XXVII(f 14), XXIX(f 1) 13(f2),
14(£ 6), 15(f 12) 40(f 1), 41(f 11), 42(£ 6), 43(f 2)
12(f 20)

assumption of an upward migration from Lake Tan-
ganyika (773 m altitude) to Lake Kivu (1465 m
altitude) through the Ruzizi river. The presence of
several steep waterfalls in the Ruzizi river further
invalidates this assumption.

Like the three cichlid species, Oreochromis
macrochir, Tilapia rendalli and Oreochromis leu-
costicus of Lake Kivu which must have been intro-
duced either directly, or by escaping from fish cul-
ture ponds in the Lake Kivu basin in the Democratic

Republic of Congo or Rwanda (Snoeks et al., 1997),
Lamprichthys tanganicanus could have been intro-
duced inadvertently by an aquarist close to the banks
of this lake in either one of the bordering countries.
This possibility can be rejected, as a survey carried
out between January and July 2007 in three towns
in Rwanda and four in the Democratic Republic of
Congo (Figure 1) showed no past traces of an un-
specified aquarist close to the lake dealing in exotic
fish from Lake Tanganyika or from elsewhere. The

Table 3. First appearance of Lamprichthys tanganicanus in various fishing villages around Lake Kivu.

Month/Year Distance from
Site Town/Village of appearance the coastline
1-Bay of Kituku Goma (DRC) March/2006 50-100 m
2-Bay of Himbi Goma (DRC) April/2006 100200 m
4-Bay of Nzulo Sake (DRC) September/2006 More than 100 m
5-Bay of Kasunyu Minova (DRC) September/2006 200 m
6-Bay of Bukavu Bukavu (DRC) September/2006 1000 m
7-Bay of Gisenyi Gisenyi (RWANDA) February/2006 More than 200 m
8-Bay of Nyabidahe Kibuye (RWANDA) March/2006 Near the beach
9-Bay of Cyangugu Cyangugu (RWANDA) May/2006 200 m
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Table 4. Mixed broods of Limnothrissa miodon and Lampricthys tanganicanus at Uvira, Lake Tanganyika collected between February

and November 2007.

Limnothrissa miodon Number of fry
(min-max in total length in mm)

Dates

Lamprichthys tanganicanus Number of fry
(min-max in total length in mm)

16 février 2007 3.761 (19.1-32.4)

02 mars 2007 5.875 (17.3-17.9)
07 mars 2007 459 (16.4-20.2)
07 avril 2007 44 (20.9-21.3)
27 juin 2007 2.170 (16.9-35.8)
25 juillet 2007 4.834 (18.9-30.7)
08 novembre 2007 34 (23.2-33.0)
TOTAL (%) 17.177 (99.4%)

14 (18.6-26.2)
0 (0-0)
1(14.5-14.5)
3(14.2-26.1)
32 (12.1-22.6)
38 (10.2-30.9)
8 (25.5-29.3)
96 (0.6%)

scientists attempting to introduce Stolothrissa into
Lake Kivu in 1959 (Collart, 1960) reported failure
using adult individuals. As is widely known nowa-
days, they were unaware of the fact that they intro-
duced Limnothrissa miodon into Lake Kivu, as they
were unable to distinguish these species at the lar-
val stage (Collart, 1960, 1989, unpublished; Hauser,
1996). The techniques used at the time of introduc-
tion of L. miodon do not exclude a simultaneous
accidental introduction in 1959 of L. tanganicanus.
To test the likelihood of this, seven collecting trips
were organized in the littoral zone of Lake Tan-
ganyika at Uvira, using a special mosquito net. Fry
of L. miodon were found to be mixed with those
of L. tanganicanus although in unequal proportions
(respectively 99.4% and 0.6%, see Table 4). In to-
tal, 17,231 fry of Limnothrissa miodon and Lam-
prichthys tanganicanus were caught between Febru-
ary and July 2007 in inshore of Lake Tanganyika at
Uvira. This shows that fry of these two species occur
together inshore (at least 10.2-33.0 mm in length)
and may have been introduced together into Lake
Kivu in 1959.

In general, at the fry stage (no scales) and at more
or less equal size, it is difficult to distinguish these
two species. However, it is possible to distinguish
fry of the two species using a binocular microscope,
on the basis of their general body coloration and the
shape of the caudal fin (Figure 4).

Supposing that Lamprichthys was indeed in-
troduced accidentally in 1959, along with Lim-
nothrissa, its relatively late appearance in Lake
Kivu may be related to differences in the repro-
ductive biology of these two species. In Lake Tan-
ganyika, Limnothrissa miodon lays eggs close to the
coast at depths lower than 130 m (Matthes, 1965;
Hauser, 1996) where its fry are caught on sandy and

Figure 4. Fry of Lamprichthys tanganicanus (N°2 of 23,3 mm
in total length) and fry of Limnothrissa miodon (N°1 and N°3 of
20,9 mm and 22,2 mm in total length) found in mixed broods at
Uvira, Lake Tanganyika (27 June 2007).

rocky beaches (Kalala and Izumi, 1995). In Lake
Kivu, Limnothrissa miodon appears to spawn in the
pelagic zone (De long et al., 1983; Hauser, 1996)
which could have benefitted the survival of frag-
ile young fry in stable pelagic waters deprived of
predators (Marshall, 1987) except Limnothrissa it-
self, in contrast to the pelagic zone of Lake Tan-
ganyika where four predatory species of the fam-
ily of Latidae roam (Poll, 1953; Coulter, 1991;
Brichard, 1989). On the contrary, in Lake Kivu fry of
Lamprichthys tanganicanus must have faced strong
predation from Limnothrissa and from some na-
tive species, especially the bottom dwelling hap-
lochromines (Snoeks, 1994) near the littoral zone
and which cannot be indifferent to alien fry with-
out parental care. In addition, the fecundity of Lim-
nothrissa miodon is rather high in Lake Tanganyika
with approximately 55,000 eggs for a 140 mm
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individual (Matthes, 1965-1966) as well as in Lake
Kivu: 51,146 eggs for a female individual 121 mm
(Kaningini et al., 1999). On the other hand, only 252
eggs were counted as the highest number of eggs
present in an adult female (among eleven females)
of Lampricthys tanganicanus (83 mm SL). This fe-
cundity is by far lower than that of Limnothrissa
miodon which may indicate the last species had
likely more chance to survive in the habitat of Lake
Kivu than Lamprichthys tanganicanus. The gonads
of female Lamprichthys tanganicanus contain many
eggs at various stages of maturity indicating that
spawning is not restricted to a single period of the
year (Poll, 1953). This phenomenon was observed
in Limnothrissa miodon although spawning peaks
are observed in this species in Lake Tanganyika
(Matthes, 1965—-1966; Mulimbwa and Shirakihara,
1994) as well as in Lake Kivu (Mahy, 1981; De Iong
et al., 1983; Kaningini, 1995, 1999).

To evaluate the success of the introduction of the
ndakala (Limnothrissa miodon) to the Lake Kivu an
evaluation mission from the Ministry for the Agri-
culture of Rwanda (MINAGRI) was set up between
October and November 1976 in Kibuye, Cyangugu
and Gisenyi (Frank, 1989). Lamprichthys tangani-
canus was not seen in the lake during this evaluation
mission. In addition, despite an intensive sampling
programme from 1979 to 1988, no sample of this
fish was seen during the survey (Snoeks, 1994).

Conclusions

An analysis of the morphological characteristics
of Lamprichthys tanganicanus (Poeciliidae) from
Lake Tanganyika and those which appeared since
2006 in the fisheries in Lake Kivu shows that
those samples from both lakes are identical. Ge-
netic studies based on mitochondrial DNA analy-
sis support these conclusions obtained from mor-
phological comparisons. The presence of young fry
of Lamprichthys tanganicanus mixed with those of
Limnothrissa miodon (Clupeidae) in the littoral zone
of Lake Tanganyika suggests that the former species
may have been accidentally introduced in Lake Kivu
in 1959 together with the second one. The late ap-
pearance of this fish, thirty years after Limnothrissa
miodon, may somehow relate to the low fecundity
of the species. Important changes in the environ-
ment of Lake Kivu may also be another reason of
this late appearance of this fish in Lake Kivu al-
though further studies on interspecific relationships
between both species are still needed. The presence
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of this tanganyikan fish in this lake brings the num-
ber species actually known from Lake Kivu and its
affluents to 29.

A striking morphological change occurred in
Limnothrissa after its introduction into Lake Kivu in
1959. Roest (1999) had noticed the relatively larger
eyes of this species in its new environment and by
comparing the relationship eye diameter vs body
length, calculated that in Lake Kivu, the eye diam-
eter of Limnothrissa of 120-140 mm (fork length)
is 12—15% greater than in Tanganyika. Although no
reasons for this change are suggested in his paper,
this adaptation to the new environment evidently re-
flects differences in the ecological conditions and
particularly in the food web. We found no such
change in Lamprichthys in Lake Kivu. With no de-
tailed information being available on the feeding
habits of Lamprichthys, neither in its original habi-
tat in Tanganyika nor here in Lake Kivu, a compar-
ison between the two species would be premature.
It is therefore too early to tell whether the absence
of morphological change in Lamprichthys between
the two lakes would reflect its recent introduction
into Kivu. This challenge can only be answered by
further monitoring and research.
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