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Abstract This study evaluates the possible compe-
tition for food between Lamprichthys tanganicanus,
recently introduced in Lake Kivu, and Limnothrissa
miodon, which has been the basis of the pelagic
fishery in this lake for several decades. Since 2006,
L. tanganicanus has expanded in the lake and its
numbers have increased in the captures, raising
concern for the sardine fishery. We carried out a
2-year monthly survey, based on experimental cap-
tures in littoral and pelagic stations, which demon-
strated the invasive dispersal of L. tanganicanus in
littoral and pelagic waters. The diet of both species
was determined on the basis of gut content analyses,
taking into account the influence of site and season,
and a diet overlap index was calculated. In the
pelagic zone, where almost all size classes of both
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species were present and essentially fed upon meso-
zooplankton, the diet overlap was high. This situation
stems from the fact that L. tanganicanus has
colonized the pelagic zone in Lake Kivu, likely in
search for more abundant mesozooplankton. Inshore,
the diet overlap between the two species was lower,
as L. tanganicanus consumed a broad range of food,
whereas L. miodon strongly selected insects and,
chiefly for the largest specimens, fishes. These results
suggest a likelihood of interspecific competition,
particularly offshore, where mesozooplankton is
the main available food type, and call for further
monitoring of the sardine fishery, to assess a possible
impact of the invader.

Keywords Exotic species - Resource competition -
Large African lake - Fisheries

Introduction

Accidental and/or deliberate introduction of exoge-
nous species into ecosystems has been a frequent
phenomenon (Lodge et al., 1998). In the aquatic
ecosystems, direct competition between exotic and
native fish species (Lévéque, 1997; Ogutu-Ohwayo
et al., 1997; Pardo et al., 2009) may eventually lead to
modified fisheries activities (Lévéque, 1997; Ogutu-
Ohwayo et al., 1997; Preikshot et al., 1998). More-
over, Gozlan (2008) notes that these introductions
will have inevitable implications in the future on the

@ Springer



76

Hydrobiologia (2011) 675:75-86

distribution of native freshwater fish species; so the
need to rely on non-native fish may become a
growing reality.

Lake Kivu has a very poor fish fauna compared to
other large lakes of East-African rift valley (Beadle,
1981). Only 29 species have been described, among
which four species were accidentally or voluntarily
introduced (Snoeks et al., 1997): 3 cichlids (Ore-
ochromis macrochir (Boulenger, 1912); Oreochromis
leucostictus (Trewavas, 1933) and Tilapia rendalli
(Boulenger, 1896)) and 1 clupeid (Limnothrissa
miodon Boulenger, 1906). Among those introduced
species, the most famous is the “Tanganyika
sardine”, L. miodon which was voluntarily intro-
duced in 1959 (Collart, 1960) into Lake Kivu, where
no planktivorous fish existed in the pelagic waters.
Though this introduction maybe seen as a major
disturbance of the pelagic ecosystem (Dumont, 1986;
Isumbisho et al., 2006a), it permitted the develop-
ment of an important fishery with an exploitable
stock evaluated at about 6,000 tons (Lamboeuf,
1989, 1991). Despite pessimistic predictions of the
future harvestable stock based on observed changes
in the mesozooplankton composition and biomass
(Dumont, 1986), the stock of L. miodon seems to
have maintained itself over the years (Guillard,
2009).

In 2006, Lamprichthys tanganicanus (Boulenger,
1898), an omnivorous Poeciliidae, also endemic to
Lake Tanganyika (Coulter, 1991), began to appear in
the commercial catches of fishermen from several
sites of Lake Kivu (Muderhwa & Matabaro, 2010).
Few data exist on the biology and ecology of
L. tanganicanus in its natural ecosystem. The species
lives mainly among rocks along the littoral zone and
rarely offshore (Coulter, 1991). It feeds upon small
zooplankton and insects (adults and larvae). Some-
times fishes’ scales were also found in gut contents
(Lushombo & Nshombo, 2008). Nothing is known
about the biology and the ecology of this fish in Lake
Kivu. However, some characteristics of Lake Kivu
raise the concern that food competition may develop
between L. tanganicanus and L. miodon. Lake Kivu
has an extremely reduced littoral zone—the pelagic
zone extends up to >90% of the surface area of the
lake (Beadle, 1981)—consisting of submerged rocks
covered with calcareous precipitates and dense mats
of the filamentous green alga Cladophora (Verbeke,
1957). In addition, in Lake Kivu, L. miodon is
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essentially zooplanktivorous in its early life but
becomes omnivorous at the adult stage, feeding on
diverse preys: zooplankton, insect larvae and adults,
other small fishes and their own young stages (de
Iongh et al., 1983; Isumbisho et al., 2004; Masilya
et al., 2005). So, at first sight, the diet of the two
species is rather similar, and their coexistence in a
lake where resources are scarce may lead to severe
interspecific competition.

This article presents a study of the diet of
L. tanganicanus and L. miodon in the pelagic and
in the littoral zone of Lake Kivu, based on stomach
content analyses. We attempted to evaluate a possible
niche overlap between the two species, which would
point to potential competition for resources. In
addition, we analyzed the ability of invasive dispersal
of L. tanganicanus through experimental catches.

Materials and methods
Study area

Lake Kivu is a large (surface area 2,370 kmz), deep
(max. depth 489 m), oligotrophic lake with a reduced
littoral zone (<10% of the lake surface area; Beadle,
1981). The lake is meromictic, with oxygenated
waters limited to the upper 60 m and permanently
separated from the deep waters by several steep
salinity gradients (Degens et al., 1973). The study site
is located in the southern (Ishungu) basin (Fig. 1).
Two stations were sampled, one located in the pelagic
area (02.3394°S, 28.9765°E), where the lake is ~ 120
m deep, and one located in the littoral zone along the
shoreline (02.1969°S, 28.5794°E). The littoral station
was ~ 10 m deep and the substrate mainly constituted
of submerged rocks, macrophytes, and sand. Most
native fish species in Lake Kivu are confined to the
littoral zone (Snoeks et al., 1997) where zooplankton
density is 15-50 times lower than in the pelagic zone
(Isumbisho et al., 2004, 2006a).

Fish sampling

Diurnal fishing was carried out monthly at both
stations from September 2007 to September 2009. At
each station, fishes were passively captured using a
10-mm mesh—size fish net (length: 200 m; height:
9 m), left floating vertically from the water surface
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Fig. 1 Lake Kivu
geographic situation and
sampling sites location
(black dots)
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for 1 h around noon. In addition, larvae and juveniles
of L. tanganicanus and L. miodon were actively
captured in the littoral station using a small seine net
(3.5 m x 1.3 m; 300-pm mesh size).

In the field, fishes were sorted by species, counted,
and measured (nearest 1-mm length, total length, TL)
using a graduated board. Fishes were dissected and
their sex was noted after observation of their gonads.
Their digestive tracts were extracted and preserved in
5% buffered formalin.

Fish diet analysis (gut contents)

In the laboratory, the content of digestive tracts was
removed, weighed (nearest 0.01 mg), and examined
under a dissecting microscope. For L. miodon, only the
stomach content was examined, while for L. tangan-
icanus, which does not have a true pylorus between
stomach and intestine (personal observation), the
contents of stomach and anterior intestine were
examined. For the young stages of L. tanganicanus
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and L. miodon which did not have a developed
stomach, all the digestive tract (from esophagus to
lower intestine) was examined. All items present in the
digestive tracts were counted and identified to the
lowest possible taxonomic level, using Tachet et al.
(1980) for macroinvertebrates, Sarmento et al. (2007)
for phytoplankton, and Isumbisho et al. (2006b) for
mesozooplankton.

The fishes’ diet was described using three common
dietary indices (Hyslop, 1980): the occurrence (%FO),
the abundance (%N), and the volume (% V) of each prey
category. For volume, as L. miodon and L. tanganicanus
have a small stomach and their preys are small, we
employed the point method as recommended by Hyslop
(1980): each food category is awarded points propor-
tional to its estimated contribution to stomach volume.
The points allocated to a food category were summed
up and expressed as a percentage of the total points
awarded. Empty guts were not taken into account in
abundance and volume calculations.

In order to characterize and compare diets, the
contribution of each food category (i) to the diet was
estimated using the percentage of Lauzanne’s index
(%IA;) (Lauzanne, 1976):

IA;

m * 100

where IA; (Lauzanne’s index) = (%FO; * %V,)/100,
and n is the number of the different food categories.
Compared to other compound indices used in the study
of fish feeding (Rosecchi & Nouazé, 1987), Lau-
zanne’s index allows considering countable and
uncountable food type, which is a real advantage when
the diets of omnivorous or opportunistic fishes must be
compared.

%IA; =

Diet overlap

Similarity between diets and dietary overlap between
two species indicates their potential for trophic
interactions (Qin et al., 2007; Banaru & Harmelin-
Vivien, 2009). In the present study, we calculated the
Pianka’s index (O) (Pianka, 1974):

> %Via%Vis

NONAZONAT

where %V, is the percentage by volume of food
category i in the diet of the species A, and %V is the
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percentage by volume of the same food category in
the diet of the species B. Only the food categories
that were identified were considered in this calcula-
tion, using the lowest possible taxonomic level:
fragments of zooplankters, insects, and fishes were
not considered.

Pianka’s index varies from O (no overlap) to 1
(complete overlap); an overlap was considered sig-
nificant in several studies (Dolbeth et al., 2008;
Corréa et al., 2009) when values exceeded 0.6.

Data analyses

Effects of species, station, and season (the dry season
from June to August and the rainy season from
September to May) on captures were evaluated using
generalized linear models with a quasi-Poisson error
distribution (log-linear models). Models were com-
pared using F test and the most parsimonious model
was retained. All statistical tests were carried out in
the R environment (R Development Core Team,
2005).

Results

In total, from September 2007 to September 2009, 542
L. tanganicanus and 208 L. miodon adults were caught
in our experimental catches. L. tanganicanus repre-
sented 52% of the catch in the pelagic station and 81%
in the littoral station while L. miodon represented 48
and 17% of the catch respectively in the pelagic and
the littoral stations. Some Haplochromis spp. were
also caught with L. miodon and L. tanganicanus but
only in the littoral station where they represented 2%
of the total catch. For the littoral station, the mean
monthly catch was 3.8 (range 0-25) for L. miodon and
16.3 (0-60) for L. tanganicanus, while the mean
monthly catch was 4.2 (0-23) for L. miodon and 4.6
(0-35) for L. tanganicanus, in the pelagic station. The
simplest generalized linear model of captures is
presented in Table 1. It was not significantly different
from the full model (Fg697 = 0.126, P = 0.723).
There was no effect of season on captures, but there
were significant main and interactive effects of species
and stations on captures. In other words, L. tanganic-
anus dominated in all captures, especially in the
littoral zone.
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Table 1 Results of the

most simplified but Effects 58 ar F P&h

significant generalized Species 154.10 1 10.903 0.001

linear model of captures .

with a quasi—POisson error Station 116.75 1 8.260 0.005

distribution Season 19.70 1 1.394 0.241
Species * station 62.80 1 4.444 0.038
Species * season 10.64 1 0.753 0.388

Significant effects at 0.05 Station * season 0.19 1 0.013 0.909

level are highlighted (bold Residuals 1370.95 97

values in the table)

Food composition in the gut contents

Six main food categories were identified in the gut
contents of both species: terrestrial plant remains,
benthic algae (Cladophora sp.), phytoplankton, zoo-
plankton, insects, and fishes (Table 2). Fishes were
more frequently observed in L. miodon stomachs than
in L. tanganicanus.

Numerically, zooplankton (mainly Thermocyclops
consimilis Kiefer, 1934; Diaphanosoma excisum
Sars, 1885; and Bdelloids) was the most abundant
food type in the diet of both species. By volume,
insects (mainly Formicidae and Culicidae) were
the dominant food type in L. miodon adults while
zooplankton and insects (mainly Formicidae) con-
tributed volumetrically in similar proportions (46.8%
vs. 39.3%) to the diet of L. tanganicanus adults.
The diet of young stages of L. tanganicanus and
L. miodon was, in terms of occurrence and volume,
dominated by zooplankton (Table 2).

Variability in fish diet

The importance of the different food items in the diet
of both species varied depending on size and habitat
(littoral vs. pelagic) (Figs. 2 and 3). Insects were the
dominant food type for L. miodon adults caught in the
littoral zone but in the biggest L. miodon, fishes were
most frequently observed (Fig. 2). In the pelagic area,
some differences were observed in function of size:
fish smaller than 110 mm fed preferentially upon
zooplankton, while larger fish fed mainly upon
insects (especially ants and mosquito larvae) and
fishes (Fig. 2). In comparison, L. tanganicanus from
the pelagic area fed mainly upon zooplankton,
whatever the size (Fig. 3). In contrast, in the littoral
area, L. tanganicanus shifted their diet to insects
(mainly ants) as their size increased (Fig. 3). There

was no clear seasonal variation in the diet of
both species. Young stages of both L. miodon
and L. tanganicanus were mainly zooplanktivorous
(Fig. 4).

Diet overlap

Diet overlap estimated by the Pianka’s index varied
according to habitat and season. It was relatively high
(>0.6) between both fish species at the pelagic station
but was lower in the littoral zone (<0.6). Diet overlap
varied between seasons: the index reached 0.73
offshore and 0.54 inshore during the dry season,
whereas, in the rainy season, it tended to decrease in
both sites (0.68 offshore and 0.37 inshore). Concern-
ing the larvae, their diet overlap was extremely high
whatever the season. Their diet overlap index was
equal to 0.99 and 0.98 in rainy and dry season
respectively.

Discussion

The present study investigated the invasive dispersal
and the feeding ecology of L. tanganicanus, an
endemic species of Lake Tanganyika recently intro-
duced in Lake Kivu.

The first scientific observation of L. tanganicanus
presence in Lake Kivu was made in December 2006
(Muderhwa & Matabaro, 2010). The time of its
arrival into Lake Kivu is not well established but
some evidence points to a recent, likely accidental,
introduction, contrary to the opinion that this species
was accidentally introduced with L. miodon in 1959
(Muderhwa & Matabaro, 2010). Indeed, if the new
species had been introduced at the end of the 1950s, it
would have been noticed by the fishermen before,
since this species is easily distinguished from
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Table 2 Importance of food types (%FO, occurrence in %; %N, abundance in %; %V, volume in %) in gut contents of Limnothrissa miodon and Lamprichthys tanganicanus

from Lake Kivu

Lamprichthys tanganicanus

Limnothrissa miodon

Young Adult Young Adult
Size range (TL, mm): 9-36 72-129 11-42 85-164
Food types/indices %FO %N 9V %FO 90N 9oV %FO 9N 9%V %FO 9N 9%V
Plant remnants 8.3 - 0.7 36.6 - 2.8 1.0 - 0.7 21.1 - 2.4
Cladophora sp. - - - 2.7 - 0.1 - - - - - -
Phytoplankton 75.8 29.1 4.9 44.4 4.8 3.1 0.1 0.1 <0.1 4.7 <0.1 0.5
Cyanobacteria (Microcystis sp.) - - - 41.3 - 2.5 0.1 0.1 <0.1 4.7 - 0.5
Diatom (Nitzschia sp.) - - - 7.6 4.8 0.6 0.1 0.1 <0.1 0.6 <0.1 <0.1
Zooplankton 99.2 70.9 89.9 68.4 92.0 46.8 92.8 99.0 91.0 345 94.8 23.2
Copepods 98.0 67.2 85.3 533 42.7 6.9 86.9 89.0 82.8 28.1 154 29
Mesocyclops aequatorialis - - - 6.9 0.3 0.2 - - - 2.3 0.1 0.1
Thermocyclops consimilis - - - 52.8 42.3 6.7 - - - 28.1 15.3 2.9
Tropocyclops confinis - - - 0.2 0.1 <0.1 - - - - - -
Nauplii larvae - - - - - - - - - 0.6 <0.1 <0.1
Cladoceran 51.2 0.8 2.1 432 36.8 6.6 10.4 9.9 6.9 17.5 15.9 23
Alona rectangula - - - 6.9 0.1 0.1 - - - 53 0.1 <0.1
Ceriodaphnia cornuta - - - 4.4 0.1 0.1 - - - 0.6 <0.1 <0.1
Diaphanosoma excisum - - - 39.8 355 6.1 - - - 14.6 15.7 23
Moina micrura - - - 6.5 1.1 0.4 - - - 0.6 <0.1 <0.1
Rotifera 84.9 2.9 2.6 44.4 12.6 1.5 - - - 304 63.5 24
Unidentified Bdelloids - - - 43.6 12.5 1.5 - - - 30.4 63.5 24
Brachionus calyciflorus - - - 0.2 <0.1 <0.1 - - - - - -
Lecane sp. - - - 1.5 <0.1 <0.1 - - - - - -
Zooplankton fragment - - - 66.9 - 31.8 2.1 - 1.3 34.5 - 15.5
Insects 6.7 - 0.9 67.6 32 39.3 1.1 0.5 0.5 65.5 4.9 53.4
Imago - - - 26.3 0.8 15.2 - - - 31.6 2.0 18.7
Apidae - - - 1.1 <0.1 0.1 - - - 0.6 <0.1 <0.1
Coccinellidae - - - 0.8 <0.1 <0.1 - - - 1.8 0.1 0.3
Corixidae - - - - - - - - - 1.2 <0.1 0.4
Formicidae - - - 22.7 0.6 13.5 - - - 29.2 1.5 16.6
Muscidae - - - - - - - - - 1.8 <0.1 <0.1

08
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Table 2 continued

Lamprichthys tanganicanus

Limnothrissa miodon

Young Adult Young Adult
Size range (TL, mm): 9-36 72-129 11-42 85-164
Food types/indices %FO %N 9V %FO 90N 9%V %FO 9N 9V %FO 9N 9%V
Termitidae - - - 3.8 0.2 1.5 - - - 3.5 0.4 1.3
Larvae - - - 0.4 1.6 <0.1 1.1 0.5 0.5 28.7 2.3 14.1
Chironomidae - - - 0.2 1.6 <0.1 1.1 0.5 0.5 0.6 <0.1 <0.1
Culicidae - - - 0.2 <0.1 <0.1 - - - 26.9 2.0 12.7
Leuctridae - - - - - - - - - 7.6 0.3 14
Nymph - - - 12.6 0.8 0.6 - - - 8.8 0.6 0.8
Insects fragment 6.7 - 0.9 52.8 - 235 - - - 374 - 19.9
Fish - - - 0.6 <0.1 0.1 - - - 13.5 0.3 10.8
Limnothrissa miodon - - - - - - - - - 8.2 0.3 5.9
Larvae - - - - - - - - - 5.8 0.3 4.1
Juvenile - - - - - - - - - 2.3 <0.1 1.8
Lamprichtys tanganicanus - - - 0.2 <0.1 0.1 - - - - - -
Juvenile - - - 0.2 <0.1 0.1 - - - - - -
Haplochromis spp. - - - - - - - - - 1.8 <0.1 1.3
Juvenile - - - - - - - - - 1.8 <0.1 1.3
Fish fragments - - - 0.6 - <0.1 - - - 8.2 - 3.6
Unidentified prey 51.6 3.5 39.8 <0.1 7.7 9.3 0.5 7.8 222 <0.1 9.6
Number of non empty stomach analyzed 252 475 962 171
Number of stomach analyzed 252 542 962 208

98-62:6L9 (1107) BIS0[0IqOIPAYH
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Fig. 2 Percentage of Lauzanne’s index of broad taxonomic groups for different length classes of adults Limnothrissa miodon from
the littoral (left panels) and pelagic (right panels) stations of Lake Kivu during rainy (upper panels) and dry season (lower panels)

L. miodon. Moreover, several scientific studies on
L. miodon were conducted in the past decades (e.g.,
Lamboeuf, 1989, 1991; Kaningini, 1995) and none
ever mentioned the presence of L. tanganicanus.
Presently, as shown by our experimental captures, the
species, which retains its original preference for the
littoral areas, has invaded the pelagic zone of Lake
Kivu.

The occupation of pelagic waters by L. tanganic-
anus in Lake Kivu is a behavior not observed in Lake
Tanganyika, where the species is mainly present in
the rocky shore but rarely in the pelagic area
(Coulter, 1991). The occupation of the pelagic niche
in Lake Tanganyika is probably prevented by biotic
interactions, i.e., competition and/or predation, with
native species. The recent Lake Kivu dates from Late
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Pleistocene (25,000-20,000 years BP according to
Beadle, 1981; 14,000-11,000 years BP according to
Pouclet, 1978) while Lake Tanganyika communities
have evolved for at least 9—-12 million years (Cohen
et al., 1993). In Lake Tanganyika, pelagic piscivorous
fishes (e.g., Lates stappersii (Boulenger, 1914); Lates
microlepis Boulenger, 1898) are present and feed
upon L. miodon and Stolothrissa tanganicae Regan,
1917 shoals (Coulter, 1991). The absence of large
predators in Lake Kivu most probably allowed
L. tanganicanus to successfully colonize new habi-
tats, including the pelagic area where it found fewer
competitors (most of native fish in Lake Kivu are
confined to the littoral zone; Snoeks et al., 1997) and
more abundant mesozooplankton (Isumbisho et al.,
2004; Isumbisho et al., 2006a).
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tanganicanus from the littoral (left panels) and pelagic (right

Our results show that L. miodon, despite being
primarily a zooplanktivore, feeds on diverse prey in
Lake Kivu, including phytoplankton, insects, and
fishes, as previously reported by other authors (de
Iongh et al., 1983; Isumbisho et al., 2004; Masilya
et al., 2005). This ability to feed on various resources
was already mentioned by those who studied L. miodon
in the other lakes where the species was also intro-
duced, i.e., lakes Kariba and Cahora Bassa (Mandima,
1999, 2000). The diet of L. miodon varies with habitat
and size (de Iongh et al., 1983; Mandima, 2000): small
fish essentially present in pelagic waters ingest mainly
zooplankton, while larger fish tend to move inshore,
where the contribution of floating insects increases in
their diet. By contrast, most size classes of L. tangan-
icanus consumed mesozooplankton, even though for

Length classes (mm)

panels) stations of Lake Kivu during rainy (upper panels) and
dry season (lower panels)

littoral specimens the share of mesozooplankton in the
guts decreased with size and was replaced by insects.
The presence of copepods in the gut contents of
L. tanganicanus from Lake Kivu were reported also by
Lushombo & Nshombo (2008). Its important to note
that food types as terrestrial plant remnants and benthic
algae seemed to have been incidentally ingested.

The analysis of gut contents from both species
suggests their opportunistic feeding in Lake Kivu.
This behavior may be related to the scarce resources
in the lake (Isumbisho et al., 2006a; Sarmento et al.,
2009). Evidence of opportunistic feeding in both
species is provided by the high contribution of
insects, when they are present, in the diet of the
largest specimen along the littoral zone (see Figs. 2
and 3) as well as by the high diet overlap index in dry
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Fig. 4 Percentage of Lauzanne’s index of broad taxonomic
groups for larvae of Limnothrissa miodon and Lamprichthys
tanganicanus of Lake Kivu

season when bigger zooplankton are abundant and
zooplankton biomass high than in rainy season
(Isumbisho et al., 2006a). Opportunistic feeding on
large prey is a common behavior in freshwater fishes
(Lazzaro, 1987) and is explained by the optimal
foraging theory (Persson, 1985; Lazzaro et al., 2009).

The high diet overlap observed at all times in the
pelagic zone suggests a significant niche overlap
between L. miodon and L. tanganicanus. Several
authors used Pianka’s index or other indexes for
estimating diet overlap between fish species (Qin
et al., 2007; Corréa et al., 2009), with contrasting
conclusions in terms of interspecific competition. In
theory, we may expect low or absence of food
competition, whatever the degree of diet overlap
observed, between species which have coexisted in
the same environment for a long time (Sale, 1974;
Genner et al., 1999) or which live in productive
systems where resources are abundant (Dolbeth et al.,
2008; Macneale et al., 2010). Pianka as well as Sale
discussed this point, insisting that high diet overlap
between two species may indicate competition only
where and when available food resources are limited
(Pianka, 1974; Sale, 1974). Accordingly, Sampson
et al. (2009) and Museth et al. (2010) concluded from
their studies of interactions between introduced fish
species in various systems that high diet overlap did
not necessarily point to effective competition. More-
over, resource use and habitat occupation by an
introduced species may change with time (e.g.,
Museth et al., 2010), depending on the interactions
with the species already present in the system. The

@ Springer

same situation can also be observed with a native
species after an introduction of an exotic species (Qin
et al., 2007).

Lake Kivu is a low-productivity lake, as a result of
low nutrient concentration, limiting primary produc-
tion (Sarmento et al., 2009). Moreover, a large
fraction of the phytoplankton biomass is lost by
sedimentation to the anoxic deep waters (Pasche,
2009). Another significant fraction is composed of
picoplankton (Sarmento et al., 2008), on which
mesozooplankton cannot feed directly (Hansen
et al., 1994). The mesozooplankton diversity is low,
with four main crustacean species which present large
variations over an annual cycle, and an efficient
grazer is missing (Isumbisho et al., 2006a). Actually,
the pelagic zone of Lake Kivu harbors a low
zooplankton biomass most of the time, except for
the relatively short-lived increase of primary produc-
tion of the dry season (June—August), on which
mesozooplankton and fish production heavily depend
(Isumbisho et al., 2006a). In this context, it is very
likely that competition for food resources between
L. tanganicanus and L. miodon is strong in the
pelagic zone of Lake Kivu, where both species
consume essentially mesozooplankton. This likely
food competition for resources must still be higher in
the littoral zone between the young stages of these
species, exclusively zooplanktivorous, as in this zone
of lake, zooplankton is less abundant than in pelagic
zone (Isumbisho et al., 2004, 2006a). If so, we
assume that this could have a negative effect on the
survival rates of the young stages of these species and
consequently on the future of their populations.

The outcome of interspecific competition is theo-
retically competitive exclusion of the less efficient
species (e.g., Qin et al., 2007), but prediction at this
stage remains risky. However, a likely outcome in the
years to come is that the pelagic fishery yield, which
is relatively low in Lake Kivu (Roest, 1999), is going
to be negatively affected by the introduction and the
consecutive expansion of L. tanganicanus. Therefore,
continued monitoring of the stock of the two species
is needed, as well as the study of their interactions.
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