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A B ST R ACT  
Lake Maï-Ndombe is a large natural shallow lake of the Congo River basin. We investigated the composition and abundance of plankton and 
the  diet  of  Nannothrissa stewarti that is at the basis of an important fishery. The lake is not stratified, phytoplankton being w ell developed 
during low water (LW) conditions with higher biomass (average value ∼ 2.5 ± 1.1 μg chlorophyll a L−1) than in high water (HW) conditions 
(0.14 ± 0.1 μg chlorophyll a L−1). It is oligotrophic but with an autochthonous algal primary production, in contrast to earlier reports. The 
metazooplankton comprises 15 species (excluding bdelloid rotifers), among which the dipteran Chaoborus sp. Its biomass is low (∼0.20 ± 0.1 g 
C m−2 in LW vs 0.130 ± 0.02 g C m−2 in HW). Based on gut contents analysis, Nannothrissa is a highly selective feeder in Lake Maï-Ndombe, 
feeding mostly on Cladocera despite their relatively low abundance. This suggests that only part of the metazooplankton production is being 
exploited by the sprat. However, stable carbon and nitrogen isotope data are inconsistent with the dominance of zooplankton in stomach contents, 
and further work should elucidate which 13C-depleted sources further support the diet of this key consumer in Lake Maï-Ndombe. 

K E Y W O R D S:  Congo River basin; trophic transfer efficiency; prey selectivity 

INTRODUCTION 
Throughout the world, the importance of shallow lakes is well 
established, as they play important socio-economic roles and 
are vital for the prote ction or conservation of biodiversity (e.g.
Golterman and De Groot, 1994; Hillbricht-Ilkowska, 1999; 
Kanangire et al., 1999; Chillasse et al., 2001; Coops and Hosper, 
2002; Bocaniov et al., 2019). 

Central African shallow lakes, in particularly those from the 
Congo Basin, have attracted little scientific interest in compar-
ison to those from the Amazon Basin (e.g. Arcifa et al ., 1992; 
Cardoso and Marques, 2004; Sendacz et al ., 2006). Although 
they support subsistence fisheries important for the local 
human populations, the lack of data on their biodiversity and 

productivity hampers the protection of these water bodies, and 
the sustainable exploitation of their resources is compromised 
by various anthropogenic impacts.

Lake Maï-Ndombe, literally meaning “black waters” in local 
language, is located in the “Cuvette Centrale” of the Democratic 
Republic of the Congo. With a surface area of 2300 km2,  it  is  
the largest natural shallow lake of the Congo Basin. Its waters 
have a very low miner al content (specific conductivity is typi-
cally  less than 50 μS  c  m−1)  and  are  acidic  (pH ∼ 4) and dark 
brown colored (Burgis and Symoens, 1987)  due  to  a  high  dis-
solved organic matter concentration, which originates from the 
drainage of flooded forest ar eas (Borges et al ., 2022). The lake 
level (mean depth ∼5 m), and thus the surface area, undergo
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large seasonal variations (Bongeba and Micha, 2013; Luhusu and 
Micha, 2013), related to rainfall pattern, inputs from tributaries 
and runoff from the flooded forest. 

Apart from the description of some fish species (e. g. Stewart 
and Robert, 1984; Schliewen and Stiassny, 2006; Hardman and 
Stiassny 2008; Delling et al., 2024), little has been published on 
the lake’s aquatic biodiversity (Micha et al., 2018). Seventy-nine 
fish species have been reported from the lake and its affluents 
(unpublished data, FishBase team of the Royal Museum of Cen-
tral Africa, Belgium), among which eight endemics, including 
the Maï-Ndombe dwarf sprat, Nannothrissa stewarti. The fishery 
of Lake Maï-Ndombe is practiced by at least 65 000 fishermen
(Luhusu and Micha, 2013) and seems to be flourishing, repre-
senting an important resource for local populations, which face 
serious problems of poverty and demographic growth. At the end 
of the 1970s, the potential yield of the fi shery, mainly based on N. 
stewarti (Micha et al., 2018), was evaluated at about 10 000 tons 
(Compère and Symoens, 1987). 

The food web supporting this important fish production has 
not been investigated so fa r. Compère and Symoens (1987) 
mentioned that nothing is known on Lake Maï-Ndombe 
phytoplankton, except that its concentration and production 
was very low, assuming that exogenous inputs from the rainforest  
should be much more important than endogenous inputs from 
phytoplankton. Recent data (2015) based on two samples 
(Willén, pers. comm.) indicate a low phytoplankton biomass 
(0.3–0.4 mg/L) and a composition dominated by chrysophytes, 
diatoms and green algae. This indicates that fish production may 
partially or even mainly be sustained by terrestrial organic matter, 
fueling a heterotrophic microbial production, which in turn 
supports metazooplankton production. The metazooplankton 
of Lake Maï-Ndombe h as not yet been thoroughly studied but it 
appears to be poorly diversified according to a preliminary survey 
reported in Micha et a l. (2018).  So  far,  data  on  zooplankton  
abundance and biomass are poorly documented: only the 
dominance of calanoid copepods, which represented ∼ 81% of 
the crustacean numbers, was mentioned by Micha et al. (2018). 
The  small-species  fishery,  based  on  the  Maï-Ndombe  dwarf  
sprat, seems, unfortunately, already su ffering of overexploitation 
(Micha et al., 2018). This is a persisting problem also elsewhere 
in  the  Democratic  Republic  of  the  Congo (Mbadu et a l., 2010; 
Bongeba and Micha, 2013; Luhusu and Micha, 2013; Van der 
Knaap et al. , 2014; Mushagalusa et a l., 2015; Micha, 2019), 
notably because of the use of inappropriate fishing techniques, 
such as the use of mosquito nets with too fine mesh sizes, 
which leads to the elimination of larvae and juveniles. However, 
throughout the African continent, small-species fisheries are of 
vital importance, pr oviding proteins and micronutrients that 
support the health of local populations (Kolding et a l., 2019). 
The small fish species exploited in subsistence fisheries have 
conventionally been regarded by fisheries managers as resources 
with “low economic value” and have been assigned low priority 
with respect to research and monitoring (Kolding et a l., 2019). 
The biology and ecology of many of these small fishes are often 
poorly known. They have a high biological turnover, ar e mostly 
planktivoro us (Turner, 1982; van Zwieten et al., 1996; Bos et al., 
2006; Welcomme, 1972; Villanueva et al., 2008) and make up an  
important biomass at intermediate levels of the food web (Cury 

et a l., 2000; Palomera et a l., 2007). Connecting the lower and 
higher trophic levels (Cury et a l., 2000), their populations can 
exert a substantial pressure on zooplankton, inducing changes in 
community size distribution, and, at the same time, they are the 
main prey for predator species (e.g. Costalago et al., 2012). 

In the context of Lake Maï-Ndombe, where limnological stud-
ies have been very limited so far, data acquisition on plankton 
composition and abundance, as well as on the feeding biology of 
the sprat, appears essential from the perspective of the manage-
ment of the lake’s fishery. It is expected that N. stewarti, similarly 
to other small clupeid species, feeds essentially on metazoo-
plankton ( e.g. Cochrane, 1984; Phiri, 1991; Mandima, 1999; 
Isumbisho et al., 2004; Zanga et al., 2022). 

Here, we report recent data on limnology, physical and chemi-
cal characteristics of the lake water, phytoplankton biomass, with  
a focus on zooplankton composition and abundance, and on 
the diet of the main species supporting the fishery of Lake Maï-
Ndombe, N. stewarti. We used different approaches (plankton 
composition analysis, plankton biomass assessment, fish stom-
ach content and stable C and N isotopes analyses), with the aim 
of assessing planktonic resources availability and their exploita-
tion by the Maï-Ndombe dwarf sprat. Our expectation was that, 
given the zooplankton composition reported in previous studies, 
Nannothrissa would feed equally on the most a bundant crus-
tacean groups in Lake Maï-Ndombe, i.e. copepods and cladocer-
ans.

METHODS 
Study area 

The lake catchment area characteristics  
Situated in the “Cuvette Centrale Congolaise” (an enormous 
depression of flooded wet tropical forest whose catchment area 
covers about 800 000 km2)  between 1◦30′S  and  2◦45′S  and  
18◦00′ E  and  18◦40′E  (Fig. 1) at about 300 m asl, Lake Maï-
Ndombe is the largest shallow lake of the Congo River basin 
forest floodplain. Compère and Symoens (1987) reported its 
characteristics as follows: a surface area of about 2300 km2 (total 
length ∼140 km, mean width ∼14 km), varying significantly 
with season, a total water volume varying seasonally from 
4.109 m3 to 10.109 m3, a mean depth of about 5 m (maximum 
∼ 10 m) and a catchment area of about 67 680 km2. The age of  
Lake Maï-Ndombe is unknown but the beds of the eastern and 
the southwestern parts of the lake are of Pleistocene, or even of 
Pliocene age, dating f rom the time when the entire depression 
was flooded. In the northwestern part, however, the lake beds a re
very recent (Hughes and Hughes, 1992). 

The  lake  is  supplied  by  many  tributaries,  the  most  important  
being: the Lobeke, Lokoro, Mbalenzala, Mpata-mbalu, Bolon-
goonsongo, Bolongoolule, Bolongomboo, B owola, Botswana, 
Podote, Monopoli, Nkolé and the Nzalenkanda (Bongeba and 
Micha, 2013). Lake Maï-Ndombe drains to the Congo River via 
the Fimi, a tributary of the Kasaï river . 

Climatic conditions at the sampling sites 
To characterize the climate at the sampling site, we collected 
data from the National Aeronautics and S pace Administration 
websit e (https://power.larc.nasa.gov: the data correspond to the
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Fig. 1. Geographical location of Lake Maï-Ndombe (Star = sampling 
station) . 

Fig. 2. Umbrothermal diagram of Lake Maï-Ndombe region 
(1981-2022): precipitations of more than 100 mm are presented in a 
darker colour and different letters on bar charts indicate significant 
difference in monthly rainfall ( p<0.05). 

point situated at 1 ◦93 ′ S  and  18◦29′ E) for 42 years (1981– 
2022). Their analysis indicates that the climate of this part of the 
Lake Maï-Ndombe is of the equatorial type with high precipi-
tation (monthly average of 150.2 ± 50.3 mm) and temperature 
(monthly average of 26.1 ± 0.4◦C). As expected, the umbrother-
mal diagram (Fig. 2) from the four last decades does not show a 
marked dry season, indicating a typical equatorial climate charac-
terized by abundant precipitation and high humidity throughout 
the yea r (Mpounza and Samba-Kimbata, 1990). 

However, there is a significant difference between monthly 
precipitations (P < 0.05, Mann–Whitney test): the heaviest 
rainfall occurs in October–November and the lowest in June– 
July. In terms of rainfall abundance, four periods are clearly 
observed: (i) June–July when precipitation is lower than 
100 mm; (ii) January, February and August with rainfall values 
between 100 mm and 150 mm (150 mm = the periodic annual 
average); (iii) March, April, May, September and December with 
rainfall values between 150 mm and 200 mm, and (iv) Octo-
ber–N ovember when precipitation is the most intense (over 
200 mm). This rainfall distribution over the year determines the 
lake water level. According to Compère and Symoens (1987), 

the water level passes by a minimum in August–September with 
high waters occurring from January to April. Thus, in the present 
publication, we adopted the denomination of low water (LW) 
and high water (HW) instead of d ry and wet seasons. 

Sampling program and fieldwork 
For logistical reasons, fish samples were collected only at Inongo 
in the central basin of the Lak e (Fig. 1), on 29 August 2018 
during LW and on 24 February 2019 during HW, at day time 
(10–13 hours local time). They were collected by fishermen who 
used  a  beach  seine  that  inte  grates  a  mosquito  net  in  th  e pocket
(see Micha et a l., 2018). The fishing activity took place for 2– 
3 hours. The technique was carried out by four fishermen and 
consisted in deploying the net in the pelagic zone in a circular 
way. Larvae, juvenile and adult specimens of Nannothrissa were 
collect ed from the catches and preserved in a formalin solution
(4%).

Other environmental parameters were measured at the fish 
sampling site. Physical and chemical parameters (Dissolved oxy-
gen, temperature, conductivity at in situ temperature and pH) 
were measured at different depths from surface to bottom, using a 
Hydrolab DS4a multiprobe (Loveland, USA) that also measured 
the depth of the water column, while water transparency was 
measured using a Secchi disk. Vertical profiles of temperature 
and dissolved oxygen were measured at different times of the day 
(at 18:00 on 23 February 2019 and at 00:00, 06:00 a nd 12:00 on 
24 February 2019). Zooplankton were collected using a 20 cm 
diameter, 60-μm mesh open plankton net for vertical net hauls 
in the water column, from bottom to surface. Five vertical net 
hauls were carried out to obtain sufficient zooplankton material. 
The five subsamples were mixed to obtain a unique sample that 
was preserved in 4% formalin, according to the method of Haney 
and Hall (1973). For the phytoplankton study, one-liter samples 
were collected at 1 m depth intervals at four pelagic sites (two 
in the northern part, two in the central part of the lake), from 
surface to bottom, using a 5 L Van Dorn vertical water sampler. 
Water samples from each depth were filt ered on Macherey– 
Nägel (Düren, Germany) 47 mm GF5 filters (nominal pore size
0.7 μm) that were kept in the dark and frozen for further analysis 
in the laboratory. Eight water samples were also collected in 
the littoral zone during fish sampling to measure chlorophyll a 
concentration, after mixi ng subsamples from different depths. 

Two additional plankton sampling series were conducted in 
February 2020 and August 2021 to document further abun-
dance and composition of phytoplankton and zooplankton, and 
their seasonal variation. During these two campaigns, samples 
were collected in the three main parts of the lake (Fig. 1): at 
the Northern Station (01◦72.10′S, 18◦28.43′E), at the Central 
Station (01◦95.67′S, 18◦17.31′E) and at the Southern Station 
(02◦32.88′S,18◦18.40′E). For phytoplankton, however, samples 
were also collected at the Extreme Southern Station (near the 
outlet) (02◦72.96′S,18◦12.86′E); it was impossible to collect 
zooplankton samples at this last station. Water samples for the 
analyses of stable C and N ratios of suspended matter were taken 
∼0.5  m  below  the  surface,  and  a  known  volume  was  filtered  o  n  
precombusted (450◦C, 5 hours) 25 mm GFF filters ( nominal
pore size 0.7 μm). These filters were air-dried in the field and 
kept in the dark until their analysis in the laboratory.
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Laboratory analyses 
Phytoplankton pigment extraction was performed in 90% 
HPLC-grade acetone, using two 15 min sonication steps in 
melting ice, separated by an overnight at 4◦C in the da rk, as
in Sarmento et al. (2006). Extracts were kept in portable freezers  
until further analysis. Phytoplankton biomass and composition 
were assessed throughout the study  by  the  determination  of  
chlorophyll a (Chla) and marker pigments by high performance 
liquid chromatography (HPLC) coupled with the processing 
of the pi gment concentrations using the CHEMTAX softwa re,
as in Deirmendjian et a l. (2021). Chlorophyll degradation 
products (chlorophyllide a, phaeophorbide a and phaeophytin 
a and b) were also quantified. When samples from different 
depths were available for a site, pigment concentrations were 
averaged, considering that the water column was fully mixed. 
Samples for microscopic examination were collected (250 mL) 
at the four main parts of the lake in the LW period and fixed in 
formalin; they were concen trated by settling up to 25 mL. The 
identification of the dominant taxa was carried out using the 
relevant phycological literature, as in Descy et al. (2017). 

The contribution of phytoplankton classes to Chla was 
calculated using CHEMTA X (Mackey et al . 1996), with input 
ratio matrices including phytoplankton groups identified by 
microscopic examination, which allowed to verify the pres-
ence of diatoms, green algae, cyanobacteria, cryptophytes, 
chrysophytes, dinoflagellates and raphidophytes. The p resence 
of raphidophytes, typical of humic lakes and peatbogs (Ott 
et a l., 2015) was assumed from the phytoplankton composition 
reported by Willén (in Micha et al., 2018). 

The main markers used for assessing the biomass of the phy-
toplankton classes were peridinin (dinoflagellates), fucoxanthin 
(diatoms and chrysophytes), lutein and chlorophyll b (green 
algae), alloxanthin (cryptophytes) and zeaxanthin (cyanobac-
teria and green algae). Secondary marker pigments were also 
used, including violaxanthin (green algae and chrysophytes), 
diadinoxanthin and diatoxanthin (diatoms, dinoflagellates and 
raphidophyt es), and chlorophyll c1–c2 (diatoms, dinoflagellates, 
cryptophytes and raphidophytes) .

Zooplankton samples were concentrated by settling for 
48 hours in the laboratory and the final volume was standardized 
to 50 mL. From each sample, three subsamples of 2 mL were 
taken after homogenization and completely examined under an 
inverted microscope. Each zooplankton individual was counted 
and identified to the lowest possi ble taxonomic level (genus 
or species) using relevant literature resources (Dussart, 1967a, 
1967b, 1982; Harding and Smith, 1974; Pontin, 1978; Dumont, 
1981; Amoros, 1984; Dussart et a l., 1984; Kořínek, 1999). We 
estimated zooplankton biomass from dry weight obtained using 
length-weight relations from studies undertaken in subtropical 
waterbodies for the same taxon and the same development 
stages ( e.g. Dumont et a l., 1975; Downing and Rigler, 1984; 
Culver et al., 1985; Irvine and Waya, 1999; Sendacz et al., 2006; 
Castilho-Noll and Arcifa, 2007; González et al., 2008) for cope-
pods and cladocerans. The body length of at least 50 individuals 
was measured for each taxon using a graduated eyepiece under an 
inverted microscope. For rotifers and Chaoborus larvae, we used 
mean dry weight from the references listed abo ve. 

Fig. 3. Young life stages of Lake Maï-Ndombe Nannothrissa stewarti: 
larva with its straight gut (a) and juvenile with well-developed 
stomach (b ). 

Fish samples were sorted and measured (total length TL, 
mm) in the laboratory. After measurements, specimens were 
dissected in a Petri dish and their digestive tracts isolated and 
opened under a dissecting microscope (magnification 40 X). 
Given that the ontogenetic development of the digestive tract 
of Nannothrissa relatively to its body size was not known, we 
started by examining the digestive tract content of the smallest 
specimens available in preserved samples (12 mm). We observed 
that the stomach bulb appears gen erally in specimens of 14 mm 
of total length (TL) while sexual differentiation of the gonads 
appear  s in fish of a TL of 20 mm.

Since it is well known that at the time when a fully or almost 
fully developed stomach bulb appears, fish develop new digestive 
enzymes and might change their feeding habits (e.g. Dabrowski, 
1981, 1984; Stroband and Dabrowski, 1981; Mähr et a l., 1983; 
Lauff and Hofer, 1984), we considered N. stewarti with a straight 
gut as larvae, those with a well-developed stomach bulb but with-
out any sign of sexual maturity, as juveniles (Fig. 3), and those 
with a well-developed stomach bulb and sexually differentiated 
gonads,  as  adults.  Thus,  for  the  present  study,  we  considered  as  
larvae fishes smaller than 15 mm TL, juveniles those wit h a TL 
between 15 mm and 20 mm, and adults those with a TL greater 
th an 20 mm.

A total of 935 digestive tract contents of N. stewarti were exam-
ined under the dissecting microscope, followed by observation at 
high magnification under inverted microscope: 243 larvae (146 
from the LW and 97 from the HW), 314 juveniles (137 from the 
LW and 177 from the HW) and 378 adults of which 155 males 
(90 from the LW and 65 from the HW) and 223 females (87 from 
the LW and 136 from the HW). Prey items were sorted, identi-
fied to the lowest possible taxonomic level according to different 
identification keys (see zooplankton identification), and counted 
whenever possible. Given the size of the smallest digestive tract 
co ntent, the volume of each prey item was determined b y the
points method (Hynes, 1950). 

For carbon and nitrogen stable isotope ratios, faunal samples 
(fish and zooplankton collected at the same time), were sorted 
from previous samples, preserved in formalin, and later oven
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dried (50◦C) and homogenized with a mortar and pestle. 
Subsamples were weighed in Ag cups, acidified with dilute 
HCl to remove possible carbonates, and analyzed by elemental 
analyzer-isotope ratio mass spectrometry (Thermo EA1110 and 
Delta V Advantage IRMS). Data were calibrated using certified 
and in-house standards (IAEA-600, leucine, and tuna muscle 
tissue); reproducibility was typically better than 0.15� for 
both δ13C  and  δ15N values. GFF filters for δ13C  and  δ15N 
analyses were acidified in HCl fumes to remove potential 
carbonates, dried overnight at 50◦C  and  then  packed  in  Ag  
cups. They were analyzed as described above for faunal samples. 
Given that preservation of faunal samples on formalin can 
lead to a shift i n stable isotope data, zooplankton δ13C  and  
δ15N values were corrected by −0.2 and +0.25�, respectively 
(based on Rennie et a l., 2012), and fish δ13C  and  δ15N  values  
were corrected b y −0.94 and +0.33�, respectively (based on 
González-Bergonzoni et al., 2015). 

Dietary data analysis 
For each prey item, the frequency of occurrence (Oi), percentage 
by number (Ni), and percentage by volume (Vi ) (Hyslop, 1980) 
were determined. Using these percentages, three indices were 
calculated :

(1): Lauzanne’s Alimentary Index (IAi)  (Lauzanne, 1976), 
which combines total volume (%) and frequency of occurrence 
(%) of each item (Kawakami and Vazzoler, 1980) as:  

IAi = (Oi x Vi) / 100 

where IAi is the alimentary index, Oi is the percentage frequency  
of occurrence, i.e. the percentage of non-empty gut in which a 
certain prey item occurred and Vi the percentage by volume, i.e. 
the percentage contribution to the volume of all dietary it ems 
present in each non-empty gu  t (Hyslop, 1980). This index corre-
sponds to the index of preponderance (Natarajan and Jhingran, 
1961) and allows a ranking of prey items according to their 
importance. IAi was standardized to 100% by calculating the 
percentage of the total IAi contributed by each prey type (% IAi) 
as: 

%IAi = 
IAi∑n 

i=0 IA i 
x 100 

with n the number of different prey categories (i); 
(2): Ivlev diet selectivity index (Krebs, 1989)  was  calculated  

as: 

Ei = 
ri − pi 
ri + p i 

where ri is the proportion of prey item i in the diet and pi is the 
proportion of prey it em i available in the lake. This i ndex can
range between −1 and +1, with negative values indicating avoid-
ance or inaccessibility of the prey item, zero indicating random 
selection from the environment, and positive values indicating 
active sele ction;

(3): Pianka’s niche overlap index was calculated to evaluate 
the niche overlap between different development stages. This 
index is based on the classical Pianka index (Pianka, 1974), 
derived from the composition of the diet (percentages) of the 

different development stages and calculated as: 

Ojk =
∑n 

i pijpik√∑n 
i p2 

ij 
∑n 

i p 2 
ik 

where Ojk is the Pianka index of niche overlap between stages j 
and k; pij, the proportion of the i resource in the diet of the stage 
j; pik, the proportion of the i resource in the diet of the stage k; 
and n, the total number of items. The index values range from 1  
(complete overlap) to 0 (no overlap), and di et overlap is usually 
considered significant when Ojk exceeds 0. 6 (Wallace, 1981). 

Statistical analyses 
Differences in monthly rainfall as well as in physical and chemical 
parameters within water level phases were tested by one-way 
ANOVA test followed by the non-parametric Mann–Whitney U 
pairwise multiple test. Analyses were performed with the P AST 
software (v.3.25: Hammer et al., 2001) and statistical significance 
was set at the P < 0.05 leve l .

RESULTS 
Environmental variables in the water column at the 

sampling statio n 
The average values of physical and chemical parameters mea-
sured in the water column at different depths during the sa m-
pling period are presented in Table I. The mean temperature 
in the water column was high, 28.5 ± 0.5◦C  during  HW,  and  
29.0 ± 0.5◦C during LW. Dissolved oxygen concentration was 
below saturation at all times, (70.7 ± 3.8%; 5.0 ± 0.5 mg/L at 
HW vs 60.7 ± 2.8%; 6.3 ± 0.3 mg/L a t LW) while water con-
ductivity at in situ temperature was low (43.4 ± 0.9 μS/Cm 
during HW vs 43.4 ± 0.6 μS/Cm  at  LW)  as  well  as  the  pH  
(3.8 ± 0.1 during HW and 4.2 ± 0.2 during LW). The Secchi 
disk depth was also low (63.0 cm during HW and 73.0 cm at 
LW) and the water depth varied greatly with water phase (6.1 m 
at HW and 3.5 m at LW). Statistically, there was a significant 
difference (F = 5 787; P < 0.05) between the HW and LW phys-
ical  and  chemical  conditions.  This  difference  is  well  marked  
for the temperature (Z = 2.78; P < 0.05), dissolved oxygen con-
centration (Z = 1.93; P < 0.05) and pH (Z = 3.08; P < 0.05). 
However, there was no significant difference between the two 
periods for water conductivity (Z = 0.35; P = 0.72) and dissolved 
oxygen water saturation (Z = 0.45; P = 0.64) The vertical profiles 
of temperature and dissolved oxygen concentrati on presented
in Fig. 4 indicate that the lake waters were fully mixed a t all 
time s.

Phytoplankton biomass and composition 
The HW data collected in 2019, i.e. when the fishes were col-
lected, show an average Chl-a concentration of 1.77 ± 1.55 μg 
Chla L−1 for the pelagic sites (n = 4), with a large coefficient 
of variation (87%), close t o the value in the littor al sites
(1.41 μg ± 1.13 Chla L−1,  n = 8).  A  single  value  of  1.7  Chla
L−1 is available for the LW conditions in 2018, thus not allowing 
a comparison between periods. The contrast between HW and 
LW conditions is more evident in the data from 2020 and 2021.
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Table I: Mean with standard deviation and minimum-maximum (in brackets) of principal physical and chemical parameters at the Central Station 
water column during LWs and HWs in lake Maï-Ndombe; different letters on the mean value for a variable indicate significant difference at P< 0.05  

HW LW 

Temperature (◦C) Mean ± SD 28.5a ± 0.5 29.0b ± 0.4 
(min–max) (28.3–30.0) (28.4–29.3) 

Dissolved oxygen (%) Mean ± SD 70.7a ± 3.8 60.7a ± 2.8 
(min–max) (65.6–79.5) (57.6–64.6) 

Dissolved oxygen (mg L−1) Mean ± SD 5.0 a ± 0.2 6.3 b ± 0.3 
(min–max) (4.6–5.2) (6.0–6.7) 

Conductivity (μS/cm) Mean ± SD 43.4a ± 0.9 43.4a ± 0.6 
(min–max) (42.7–46.2) (42.7–46.2) 

pH Mean ± SD 3.8a ± 0.1 4.2b ± 0.2 
(min–max) (3.7–4.1) (3.9–4.3) 

Secchi depth (cm) – 62.0 68.0 
Depth (m) – 6.1 3.5 

Fig. 4. Vertical profiles of temperature and dissolved oxygen in the 
water column at the Central Station of Lake Maï-Ndombe, at 
different times of the day (23-24 Februar y 2019). 

Fig. 5. Average biomass, expressed as chlorophyll a concentration, of 
the phytoplankton classes in the pelagic zone of Lake Maï-Ndombe, 
in high water conditions (HW: February 2020) and low water 
conditions (LW: Aug ust 2021). 

In all four regions of the lake, Chla concentration in the pelagic 
zone was larger in the L W phase (average 2.4 7 ± 1.06 μg  Chla  
L−1)  than  in  the  HW  conditions  (0.14 ± 0.07 μg  Ch  la  L−1) 
(Fig. 5). 

Remarkably, the degree of Chla degradation was greater 
in HW than in LW, as shown by the average proportion of 

phaeophytin a (the major degradation product of Chla in the 
lake) to total Chla: 70.4% in HW vs 30.3% in LW. A similar 
difference between periods was observed for phaeophytin b, the 
major degradation product of chlorophyll b. Marker pigment 
data show a dominance of the phytoplankton assemblage 
by green algae and diatoms, with a low contribution of the 
other phytoplankton groups. Diatom diversity was low, with a 
dominance of Aulacoseira herzogii (Lemmermann) Simonsen; 
Stenopter obia sp. (cf. Stenopterobia pseudodelicatissima Siver and 
Hamilton) was also abundant, and several species of Eunotia 
were p resent in much lower numbers.

Zooplankton composition and abundance 
A total of 16 metazooplankton taxa (15 identified up to species or 
genus level and one group of unidentified Bdelloid rotifers) were 
observed in samples collected at the three sampling stations: 
six rotifer taxa, five cladocer ans, four copepods and one i nsect
(Table II). Larvae of the dipteran Chaoborus sp. were observed 
only in samples collected during the HW period in the central 
basin, the rotifer Brachionus quadridentatus only in the south-
ern basin, while the copepods Mesocyclops sp. and the rotifer 
Hexarthra sp. were absent from the northern basin of the lake. 
Copepods clearly dominated zooplankton numbers in the three 
basins (75.4%, 65.3% and 50.0%, respectively in the south, the 
center and the north of the lake, during HW period, and 80.0%, 
60.6% and 91.1%, respectively at LW). They also domina ted
the total biomass (Fig. 6a) with at least 50%, except in February  
2020 (HW) in the central basin where the Chaoborus sp. larvae 
(Diptera) clearly dominated (66.1%) despite its lower relative 
abundanc e (2.8%).

Figure 7 presents the total metazooplankton biomass in the 
three sampling stations during the two contrasted waters levels. 
The mean total biomass was 2.7 times higher in the LW period
(61.7 mg C.m−3 ± 24.7 = 187.3 mg C .m−2 ± 106.6) than in 
HW (22.6 mg C .m−3 ± 3.1 = 131.7 mg C .m−2 ± 24.6) with a 
more important contrast in the southern basin 
(25.3 mg C.m−3 = 154.6 mg C .m−2 during HW vs 88.5 mg 
C. m−3 = 309.8 mg C.m−2 during LW).
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Table II: Faunistic list of metazooplankton of Lake Maï-Ndombe during HWs and LWs 

Southern Basin Central Basin Northern Basin 

HW 
2020 

LW 
2021 

LW 
2018 

HW 
2019 

LW 
2019 

HW 
2020 

LW 
2021 

HW 
2020 

LW 
2021 

Rotifera 
Keratella sp X X X X X X X X X 
Lecane sp X X X X X X 
Polyarthra vulgaris CARLIN 1943 X X X X X X 
Hexarthra sp X X X 
Brachionus quadridentatus HERMANN 1783 X X 
Bdelloids X X X X X X X X X 
Cladocera 
Diaphanosoma brachyurum LIEVIN 1848 X X X X X X X X X 
Moina micrura KURZ 1874 X X X X X 
Alona rustica SCOTT 1895 X X X 
Bosmina longirostris MUELLER 1776 X X X X X X X X X 
Bosminopsis deitersi RICHARD 1895 X X X X X X X X X 
Copepoda 
Tropodiaptomus spp X X X X X X X X X 
Mesocyclops spp X X X X X 
Thermocyclops spp X X X X X X X X 
Tropocyclops spp X X X X X X X X X 
Insects 
Chaoborus sp X 

Fig. 6. Contribution of the main metazooplankton groups to the total biomass in the pelagic zone of three regions of Lake Maï-Ndombe in high 
water conditions (HW: February 2020) and low water conditions (LW: August 2021). 

Feeding habits of the sprat 
Diet composition and prey preference 

The average body length (TL) of the larvae, juveniles, males 
and females of N. stewarti collected and analyzed was respec-
tively 13.3 ± 0.7 mm, 16.9 ± 1.6 mm, 38.8 ± 7.3 mm and 
39.8 ± 9.8 mm. In the diet of Nannothrissa, zooplankton was 
the dominant/preferential food item (% IA > 50) for both 
young and adult individuals during both LW and HW periods
(Table III). Some differences appear only when supplementary 
preys are considered: detritus for larvae during the two sampling 

periods; insect fragments and detritus during the two periods 
and sand in HW for juvenile individuals. For adult males, algae, 
small unidentified eggs, insect fragments and detritus were 
recorded during LW and insect fragments in HW while for adult 
females insect fragments, small unidentified eggs and algae were 
present during both HW and LW periods. Among zooplankton, 
cladocerans constituted the dominant p rey of Nannothrissa 
regardless of age class or water leve ls.

At the lowest taxonomic level, the Index of Relative Impor-
tance indicates the prey preference of Nannothrissa at its different
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Table III: Lauzanne’s Alimentary Index evaluating the importance of prey items in the Maï-Ndombe sprat diet (LW = Low Waters; HW = High 
Waters )  
Food Items Lauzanne index (% IA) 

Larvae Juveniles Males Females 

LW HW LW HW LW HW LW HW 

Zooplankton 98.51 96.29 99.52 95.01 98.15 99.93 77.58 99.60 
Copepods 24.04 4.35 48.65 40.33 4.85 11.52 26.46 7.14 

Tropodiaptomus sp 12.31 1.41 42.03 6.44 5.24 11.90 26.72 7.50 
Nauplii 13.49 1.54 5.40 30.44 0.03 0.00 0.00 0.00 

Cladocerans 75.69 95.65 51.35 59.66 91.50 86.24 50.70 79.54 
Bosmina longirostris 21.25 34.13 21.36 36.60 22.78 10.47 20.57 1.51 
Bosminopsis deitersi 25.51 16.06 17.81 1.70 45.19 66.02 18.89 75.75 
Diaphanosoma brachyurum 0.78 0.00 0.00 0.00 0.57 0.00 0.22 0.00 

Rotifera 0.59 0.00 0.003 0.00 1.26 0.00 1.57 0.00 
Keratella cochlearis 0.59 0.00 0.003 0.00 1.26 0.00 1.57 0.00 

Zooplankton fragments 0.00 0.00 0.00 0.00 3.21 2.30 21.77 13.98 
Algae 0.00 0.00 0.00 0.00 0.78 0.00 0.39 0.10 
Insect fragments 0.00 0.00 0.37 0.72 0.33 0.07 21.24 0.10 
Small eggs 0.00 0.00 0.00 0.00 0.69 0.00 0.79 0.10 
Detritus 1.49 3.71 0.11 4.14 0.05 0.00 0.00 0.00 
Sand 0.00 0.00 0.00 0.12 0.00 0.00 0.00 0.00 

Fig. 7. Average zooplankton biomass in the pelagic zone of three 
regions of Lake Maï-Ndombe (NS=Northern Station; CS=Central 
Station; SS= Southern Station) in high water conditions (HW) and 
low water conditions (L W). 

development stages. Larvae consumed primarily the cladoceran 
Bosminopsis deitersi (% IA =25.5), Bosmina longirostris being a 
non-negligible prey (% IA =25.5) during the LW period while 
during HW, they preferred B. longirostris. Juveniles consumed 
primarily the copepod Tropodiaptomus sp. during LW while in 
HW, they primarily fed on nauplii larvae and B. longirostris during 
HW. Adult females fed primarily on Tropodiaptomus sp. dur-
ing LW, B. deitersi bein g their dominant prey (% IA =75.8) in 
HW while for males B. deitersi was their dominant prey in LW
and HW.

Prey selection and niche overlap between the different 
development stage s 

According to Ivlev’s diet index (Table IV), B. longirostris was 
actively selected by Nannothrissa at all its developmental 
stages during the two water level periods. Bosminopsis deitersi 

underwent the same selective pressure by adults while larvae 
selected it only during LW period; juveniles showed no interest 
in this cladoceran prey. Nannothrissa seems to have avoided 
Diaphanosoma brachyurum except during the LW period when it 
was selected by larvae and adults. On the other hand, the calanoid  
Tropodiaptomus sp. was moderately selected only by juveniles at 
LW, whil  e the rotifer Keratella as well as copepod larvae (nauplii) 
were almost completely avoided by the spra t.

Pianka’s index revealed a significant diet overlap between each 
development stage (Olj > 0.94); during the LW period. How-
ever, during the HW period, niche overlap was only observed 
between larvae and juveniles (Olj = 0.89) a nd between females 
and males (O lj = 0.97).

Stable isotope data 
The suspended particulate of organic matter (SPOM) pool 
showed δ13C  values  betwe  en −31.8 a nd −30.0�,  and  δ15N 
values between 2.6 and 5.7�, with no differences between 
LW and HW (δ13C  value  s of −30.8 ± 0.5 a nd −31.5 ± 0.4�
during HW and LW, respectively; δ15N values of 4.3 ± 1.3 and 
4.5 ± 0.3� during HW and LW, respectively; data are p ooled 
in Fig. 8). Combined with C/N ratios (mass basis) of 11.7 ± 1.0 
and the low Chla concentrations relative to POC concentrations 
(1.55 ± 0.67 mg PO C L−1), this points towards predominantly 
C3-derived terrestrial contributions to the POC pool . 

Data on zooplankton are available for co pepods (δ13 C
−31.6�, δ15N: 6.1�), Bosmina (δ 13C −31.9�, δ15N: 
6.5�), and nauplii ( δ13C −30.5�, δ15N: 8.0�; Fig. 8). For 
Nannothrissa, δ13C values show a relatively wi de variation 
(−35.0 t o −31.4�), and values are consistently lower than 
those observed in SPOM and zooplankton (Fig. 8). δ15N values  
for Nannothrissa ranged between 8.0 and 10.5�,  substantially  
higher than observed in SPOM or zooplankt on (Fig. 8). No 
clear seasonal differences were observed in Nannothrissa stable
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Table IV: Ivlev index evaluating prey selectivity by Nannothrissa in Lake Maï-Ndombe (LW = Low Waters; HW = High Waters) 

Food Items Ivlev diet selectivity index 

Larvae Juveniles Males Females 

LW HW LW HW LW HW LW HW 

Copepods 
Tropodiaptomus sp. 0.3 −0.2 0.6 0.0 0.1 0.1 0.2 0.1 

Nauplii −0.5 −0.3 −0.4 0.0 −1 −1 −1 −1 
Cladocerans 

Bosmina longirostris 0.9 0.9 0.8 0.7 0.9 0.9 0.9 0.8 
Bosminopsis deitersi 0.7 0.5 0.3 0.2 0.8 0.9 0.6 0.9 
Diaphanosoma brachyurum 0.9 −1 −1 −1 0.7 −1 0.8 −1 

Rotifera 
Keratella cochlearis −0.7 −1 −1 −1 −0.3 −1 −0.2 −1 

Fig. 8. δ13C and δ15N for suspended particulate organic matter 
(SPOM) from Lake Maï-Ndombe and rivers, zooplankton (nauplii, 
the cladoceran Bosmina, and copepods) and larvae, juveniles and 
adult Na nnothrissa. 

isotope data (δ13C  val  ues  o  f −32.7 ± 1.4 a nd − 33.7 ± 1.2�
during HW and LW, respectively; δ15N values of 9.7 ± 0.5 and 
9.5 ± 0.9� during HW and LW, respectively), and there was 
partial overlap between δ13C  and  δ15N  values  be  tween  the  
different age classes (Fig. 8). In particular, data on juveniles and 
adults both showed a similar relationship between δ13C  and  
δ15N values, yet larvae stand out with somewhat higher δ15 N
values (Fig. 8). 

DISCUSSION 
Values of physical and chemical parameters in the water column 
of Lake Maï-Ndombe are similar to those reported b y Compère 
and Symoens (1987) nearly half a century ago, as well as 
those from more recent studies, including Micha (2019) and 
Borges et a l. (2022). The water column is probably entirely 
oxygenated constantly as is typical for shallow lakes (e. g.
Reynolds et al., 2002; Padisák and Reynolds, 2003; Viviane et al., 
2012). The water conductivity in Lake Maï-Ndombe is very 
low (41.1−45.5 μS  c  m−1) in relation to low concentrations 
of dissolved salts (Compère and Symoens, 1987; Micha et a l., 
2018), with low pH values (3.7−4.3) due to a high concentration  

in humic acids from the flooded forest in the lake’s watershed that 
turn waters black and reduce water transparency (Secchi dept h: 
62.0−68.0 cm). 

Chla concentrations, used as a proxy of phytoplankton 
biomass, were low on average (1.8 μg  L−1 based on LW 
values), even though they were slightly higher during the more 
productive LW period in 2020. This indicates the oligotrophic 
character of the lake. With a mean depth of ∼ 5  m,  one  can  
estimate an areal Chla content of ∼ 9 mg m−2, which is much 
lower than that of other African large lakes (see e.g. Descy et al., 
2012 Table 5.2). A rough estimate of phytoplankton biomass 
in terms of carbon would give ∼ 0.45 g C m−2,  based  on  the  
mean Chla value, and on a putative C:Chla ratio of 50. Our 
data indicate that light availability can be a major limiting 
factor for primary production, alon g with low nutrient supply 
typical of blackwater ecosystems (e.g. Edwards and Meyer, 1987; 
Lewis, 1988). Nevertheless, there is clear evidence of significant 
phytoplankton production in the lake in LW conditions, contrary 
to earlier assumptions based on observations b y Compère 
and Symoens (1987). Based on the mean Secchi depth (SD) 
values, the euphotic zone depth (m) can be estimated by SD 
x  2  .7 (Koenings & Edmunsen, 1991). Then the average total 
depth: euphotic depth ratio would be ∼ 3.6 at HW and ∼1.8 at 
LW,  meaning  that,  assuming  full  mixing  of  the  water  column,  
net photosynthetic production could take place in the water 
column only at LW whereas it was likely light-limited a t HW. 
The phytoplankton assemblage appears well developed in LW 
conditions, with Chla reaching 3 μg L−1 and more, with a high 
relative abundance of green algae and diatoms. The diatom 
assemblage was clearly dominated by acidophilic taxa, such 
as the meroplanktonic Aulacoseira spp. and several benthic 
species belonging to the genera Eunotia and Stenopterobia.  This  
suggests that the phytoplankton community may in fact be 
composed of an assemblage of meroplanktonic and benthic 
taxa, resuspended into the water column by frequent mixing 
in the shallow lake, where stratification is virtually absent. 
However, a more comprehensive sampling effort and detailed 
study of the algal assemblage, coupled with measurements of 
key variables such as nutrient concentrations, are necessary 
to further investigate the phytoplankton ecology of Lake
Maï-Ndombe.
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It is clear that, compared to many subtropical shallow lakes 
throughout the world ( e.g. Eskinazi-Sant’Anna, 2000; Cardoso 
and Marques, 2004; Claps et a l., 2004; Sendacz et a l., 2006; 
Xin-Li et a l., 2011; de Paggi et a l., 2012), Lake Maï-Ndombe’s 
metazooplankton is poorly diversified. Only two copepod and 
three cladoceran species have bee n reported from this lake
(Micha et a l., 2018).  In  the  present  study  we  report  15  species  
(excluding Bdelloidea) including the dipteran Chaoborus sp. 
Extreme conditions of low pH and conductivity may favor a 
few adapted species and thus reduce taxonomic diversity. The 
low diversity of metazooplankton in Lake Maï-Ndombe appears 
c omparable only to that observed in certain subtropical, saline, 
shallow lakes (e.g. D’Ambrosio et a l., 2016)  and  large  deep  
lakes of central eastern Africa (e.g . Isumbisho et a l., 2006). This 
suggests that, with a surface area of about 2300 km2,  Lake  Maï-
Ndombe’s pelagic zone has a low habitat diversity. This contrasts 
with the theory of island biogeography (MacArthur and Wilson, 
1967), which posits that larger lake and catchment areas should 
support greater ecosystem richness. The presence of Chaoborus 
larvae in the metazooplankton community of Lake Maï-Ndombe 
is not unexpected, as these dipterans are commonly found in the 
zooplankton communities of ma ny subtropical shallow l akes
(Arcifa et al., 1992), as well as in some large and deep lakes (e.g. 
Lake Malawi , Irvine, 1997). 

The mean biomass of metazooplankton in the lake was low, 
with higher values recorded during LW conditions (0.20 ± 0.1 g 
C  m−2) than during HW conditions (0.13 ± 0.02 g C m−2), 
and remained lower than values reported from other subtropical 
shallow lakes in the region [(e.g. Lake George (0.49 g C
m−2: Burgis et a l., 1973; Burgis, 1978), Lake Awasa (0.45 g
C m−2: Mengestou and Fernando, 1991)]. In addition, the 
periodical variation in metazooplankton biomass in Lake Maï-
Ndombe is pronounced, aligning with the typical seasonal 
zooplankton dynamics observed in shallow tropical lakes, such 
as lakes Awasa (Mengestou and Fernando, 1991)  and  Kari  ba  
(Masundire, 1992, 1994, 1997). More important, however, is the 
fact that average metazooplankton biomass in Lake Maï Ndombe 
(∼ 0.2 g C m−2) cannot be derived only from grazing of the 
very low phytoplankton biomass (∼ 0.5 g C m−2). Based 
on a 10% trophic transfer efficiency (e. g. Lindeman, 1942; 
Pauly and Christensen, 1995, Schulz et a l., 2004; Fetahi et al ., 
2011; Lischke et a l., 2017), phytoplankton would account 
for roughly only a quarter of the zooplankton biomass. This 
supports the conclusion that metazooplankton production in the 
lake is largely sustained by allochthonous carbon and nutrient 
inputs from the surrounding flooded forest, as indicated by 
the carbon and nitrogen isotope data. Indeed, it is likely that 
these allochthonous inputs also support heterotrophic microbial 
production, providing an additional trophic resource for the
metazooplankton.

Nannothrissa stewarti is, accordin g t o Micha et a l. (2018),  a  
major contributor to the Lake Maï-Ndombe fishery. In this study, 
we investigated its feeding habits at different ontogenetic stages, 
as a first attempt to understand how this primarily planktivorous 
fish copes with the reduced food resources in this natural ecosys-
tem. The focus on young stages is important since their survival is 
the key of the recruitment success (Copp et al., 2005; Lomartire 

et al., 2021) and because they are especially sensitive to changes 
in environment (Govoni, 2005; Costalago et al., 2011). 

In Lake Maï-Ndombe, the stomach bulb appears well-
developed in the digestive tract when the sprat rea ches ∼14 mm 
TL, (Whitehead, 1985). Recently , Zanga et a l. (2022) reported 
the composition of the Nannothrissa’s diet in Lake Maï-Ndombe, 
unfortunately with errors in identifying zooplankton prey and 
therefore their relative abundance. For example, these authors 
consider that Daphnia (which does not exist in LMN) is not 
a cladoceran. Similar errors are found in the identification of 
the phytoplankton. Thus, the conclusions of this work should 
be considered w ith caution with regard to the diet of the sprat. 
Our results confirm that, simila r to other small clupeids (e.g.
Gliwicz, 1986, 1994; Isumbisho et a l., 2004), N. stewarti is a 
zooplanktivorous  species  that  prefers  and  actively  selects  clado-
cerans, despite their lower abundance relative to copepods. This 
raises questions related to optimal foraging theory, which has 
been proposed to explain prey selection in fishes, emphasizing 
the impo rtance of prey abundance and size as key determinants 
(Stephens et a l., 2007). For example, copepods, that are the 
dominant group of zooplankton in Lake Kiv u (Isumbisho et a l., 
2006; Darchambeau et al., 2012), constitute the basis of the diet 
of the introduced sardine, Limnothrissa miodon, even though this 
fish also feeds on cladocerans when they become s ufficiently 
abundant (Isumbisho et a l., 2004). By contrast, Nannothrissa 
in Lake Maï-Ndombe exhibits limited plasticity in its feeding 
behavior, consistently preferring cladocerans over the more 
a bundant copepods across all seasons. 

We observed that Bosmina longirostris, which was preferred 
and highly selected by both young and adult sprats during both 
HW and LW periods, was the least abundant among cladoceran 
species. This suggests that prey abundance is not the primary 
factor influencing prey selectivity by Nannothrissa in Lake Maï-
Ndombe, contra ry to expectations based on conventional forag-
ing theory (e .g. Schoener, 1970, 1971, 1986; Werner and Hall, 
1974; Svanbäck and Bolnick, 2005). For instance, D. brachyurum, 
which was much more abundant than Bosmina, was completely 
avoided  by  juvenile  sprats  and  was  selected  only  during  the  LW  
period by larvae and adults. The differences in prey preference 
and selectivity exhibited by Nannothrissa may refle  ct a strategy to  
optimize food resource exploitation while minimizing intraspe-
c ific competition.

Prey size, which generally plays an important role in fish 
predator–prey relationships (e. g. Scharf et a l., 2000; Gliwicz 
et a l., 2004; Cachera et a l., 2017), does not seem to affect 
the sprat’s feeding habits, since B. longirostris is smaller than 
the dominant copepod Tropodiaptomus sp. One plausible 
explanation is the influence of reduced water transparency on 
prey visibility, which is particularly relevant for this visually 
oriented predator. Indeed, when light and water transparency 
are reduced, small preys become less obvio us to visual predators, 
thereby alleviating predation pressure (e.g. Gliwicz, 1986). 
According t o Zaret and Kerfoot (1975),  the  pigmentation  in  B. 
longirostris that is concentrated in the large, black, compound eye 
of these transparent animals, is the key factor of their selection 
by planktivorous fish, their body size being of secondary
importance.
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Furthermore, our observations reveal a significant diet overlap 
among development stages during the LW period. However, 
when the water level was high, the diet overlap was significant 
only between the young stages (larvae vs juveniles), and also 
between adult fe males vs males. As observed in Lake Kivu for L. 
miodon (Isumbisho et al., 2004), this may be a strategy for habitat 
structuration and utilization of feeding resources. Based on the 
above observations, we suggest that during HW conditions, adult 
and juvenile Nannothrissa tend to feed on different prey items 
whenever possible ( e.g. Isumbisho et a l., 2004; Costalago et a l., 
2012), likely as a strategy to reduce intraspecific competition. 

The stable isotope data collected here on SPOM, selected 
zooplankton and three age classes of Nannothrissa paint a highly 
complementary picture of the food web in Lake Maï-Ndombe. 
Despite the numerical and volumetric dominance of zooplank-
ton to the diet of Nannothrissa based on the gut content a nal-
yses (Table III),  the  stable  isotope  data  are  inconsistent  with  
a dominant reliance on zooplankton or general SPOM, given 
that Nannothrissa δ13C values are consistently lower by up to
4� (Fig. 8), while a small enrichment in 13C  is  ex  pected  (e.  g.
Caut et a l., 2009). Thus, the isotope data indicate that our sam-
pling did not capture all relevant possible food sources, and 
that a 13C-depleted food source is missing, which provides an 
important C input to the diet of Nannothrissa.  Several  hypothe-
ses can be proposed to explain this inconsistency. First, only a 
limited number of zooplankton samples were analyzed for sta-
ble isotopes, and we may not have captured the full temporal 
and taxonomic variability in their stable isotope ratios, given 
their shorter turnover time than that of Nannothrissa,  we  may  
have missed 13C-depleted zooplankton. Zooplankton with lower 
δ13C values can be expected in case they feed selectively on either 
phytoplankton (expected to show low δ13C values due to the 
13C-depletion in the inor ganic C pool), or on methanotrophic 
bacteria.  Indeed,  some  streams  in  the  central  Congo  Basin  have  
been shown to have very lo w δ13C-POC values indicative of
a strong methanotroph community (Borges et a l., 2019), and 
zooplankton with δ13C values as lo  w as −43.3� have been mea-
sured in some of these streams (P. Isumbisho, unpublished data).  
Secondly, direct selective feeding on either of these two potential 
13C-depleted C sources (phytoplankton, methanotrophic bacte-
ria) by Nannothrissa, would also be consistent with the isotope 
data recorded in the latter; whereby it is plausible that these 
would not be clearly distinguishable in the gut contents. The 
diet overlap between different age classes of Nannothrissa dis-
cussed above is consistent with the overlap in stable isotope data 
from the three age classe  s (Fig. 8). Nannothrissa larvae presented 
somewhat higher δ15N values than juveniles or adults within the 
same δ13C rang  e (Fig. 8); this difference is not readily explained 
by patterns in the stomach content analyses (Table III, IV)  and  
more data would be needed to evaluate whether this isotopic 
separation is robust and what the underly ing mechanism may be. 

In aquatic ecosystems, small fish play an important role by 
connecting the lower and the upper trophic levels and hence 
are crucial for a flourishing fishery. Their abundant populations 
exert a great predat ion on zooplankton while being the main food 
for larger predators (Cury et a l., 2000). In Lake Maï-Ndombe, 
Nannothrissa is primarily zooplanktivorous and a highly selective 
feeder. It feeds on the least abundant zooplankton group, which 

suggests a low efficiency of the trophic transfer with only a small 
portion of the metazooplankton production being exploited by 
the sprat. Furthermore, our study indicates a low phytoplankton  
biomass that cannot support the observed zooplanktonic sec-
ondary biomass, which depends more on allochthonous inputs 
coupled to a possibly important internal microbial production. 
Therefore, the role of the microbial loop in the lake’s food web 
needs to be investigated. In additio  n, the fishery yield of the lake,  
which has been evaluated at about 10 000 t ons at the end of
1970th (Compère and Symoens, 1987), should be re-assessed. 
More in-depth studies of the biogeochemistry and ecology of 
Lake Maï-Ndombe ecology are still needed to understand its 
food web function, likely depending on the inputs from the 
flooded forest and on the variation of the water level (and related 
variables) inducing la rge differences in autochthonous produc-
tion between wate r phases.

CONCLUSION 
We investigated plankton (composition and abundance) and the 
diet of N. stewarti, aiming to provide basic information related to 
the understanding of ecological functioning of the shallow black 
water Lake Maï-Ndombe. Our results highlight that the lake is 
never stratified, with significant autochthonous primary produc-
tion occurring during LW periods, allowing the development of 
a phytoplankton biomass that remains characteristic of an olig-
otrophic lake. The metazooplankton community of Lake Maï-
Ndombe is poorly diversified and characterized by low biomass. 
Notably, it includes a Chaoborus species (diptera), which makes 
a significant contr ibution to the total metazooplankton biomass 
during HW periods .

Gut content analysis indicates that Nannothrissa is a highly 
selective feeder in Lake Maï-Ndombe, primarily consuming 
cladocera despite their low relative abundance and small size 
compared to the larger and more abundant copepods. However, 
carbon and nitrogen stable isotope data suggest that this 
small fish exploits additional food sources that warrant further 
inve stigation.
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