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Background. Lake Tumba with a surface area of 830 km2 is very humic (pH = 3.6–4.6). The fishery is important 
for the riparian population but there are concerns about overfishing. The objective of this study was to assess 
changes in the fish species composition by comparing the presently reported survey (2005–2010) with earlier 
studies carried out in 1938–1939, 1955–1956, and 1959 Our hypothesis was that Lake Tumba had been overfished.
Materials and methods. Fishing was done in the pelagial with gillnet (25 and 30 mm) and line with hooks at 
three sites within 166 days in 2005–2006 and 2009–2010.
Results. A total of 40 species were identified. Five species were caught all years and at all sites, namely 
Chrysichthys cranchii (Leach, 1818), Chrysichthys ornatus Boulenger, 1902, Chrysichthys punctatus Boulenger, 
1899, Mormyrops anguilloides (Linnaeus, 1758), and Tylochromis lateralis (Boulenger, 1898). Twelve species 
were only caught once. Weight Per Unit Effort (WPUE) differed with site and season: ranging from 0 to 4200 g · 
day–1 and the Number of fish Per Unit Effort (NPUE) varied from 0 to 27 fishes · day–1.
Conclusions. Out of 49 pelagic species caught by Matthes in 1959, we considered five as diminished in numbers 
or even missing. This may be attributed to high fishing pressure. The protected site Mabali hosted the majority of 
previously reported species of which two were noted in Matthes’s list but not caught by him. Many parameters 
demonstrated a “positive” difference between Mabali (which is protected from fishing) and the other sites. 
This site should be a reference area for future monitoring if its status can be maintained. A trend in the fishery 
based on interviews with fishers indicated a change from larger species to smaller. This was deemed a result 
of fishing pressure and nine species were identified as diminishing. The presently reported survey introduced 
quantitative aspects while earlier studies were qualitative. This impairs the ability to draw strong conclusions 
about overfishing and other anthropogenic activities. The threat of overfishing calls for the need for consistent 
quantitative monitoring of the fish population, including monitoring of waters in the drainage area, to enable 
assessment of impact of anthropogenic pressure.
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INTRODUCTION 
Lake Tumba has a surface area of 830 km2 and is a part 

of the COMIFAC’s (Commission des Forêts d’Afrique 
Centrale) highest conservation priority landscapes and 
it is part of the official Lac Tele–Lac Tumba Landscape, 
where the primary conservation interest is the freshwater 
ecosystem (Anonymous 2019). There is a scientific station 
at Mabali within a forest reserve maintained to test the 
potential for the regeneration of logged forests.

The water of Lake Tumba is extremely acid, with humic 
acids colouring the water deep brown (median colour 
value of 130 Pt mg · L–1) and resulting in pH values below 
5. This results in a low Secchi depth (<1m), which severely 

limits phytoplankton production and, as a result, also fish 
productivity (Karlsson et al. 2009). Marlier (1958) found 
that both phyto and zooplankton were scarce in the lake and 
noted that the benthic fauna also was scarce. The bottom 
sediment was dominated by kaolin with little particulate 
organic matter. This indicated an oligotrophic status of the 
lake. He further noted that the littoral zone often contained 
limonite and in wind-sheltered parts could be swampy, 
favourable for littoral fauna, a source for allochthonous 
material that can serve as a direct or indirect food for the 
pelagic fishes. Most probably the lake is dominated by 
an allochthonous food chain based on a flooded drainage 
area rich in insects and plant litter (Batzer 1998) from 

mailto:anders.wilander@slu.se
mailto:zanganorbert@gmail.com
mailto:bila_inogwabini@biari.brown.edu
mailto:kevin.bishop@slu.se


Zanga et al.342

which humic substances leach supporting heterotrophic 
bacteria and few zooplankters (Marlier 1958). The water 
has a high concentration of dissolved organic carbon 
(DOC maximum 40 mg · L–1). According to Kalff (2002) 
“wet tropical lakes” have a median DOC concentration of 
6 mg · L–1, with a range of 2–30 mg · L–1, which makes Lake 
Tumba an outlier.

The open lake, together with the surrounding swamps 
and seasonally inundated forests, is an important fishery 
resource. Fish are vital both for the diet of the riparian 
people as well as for marketing. In the eastern part of the 
Lake Tumba–Lake Tele Landscape, 83% of all households 
(approximately 2 million people) were engaged in the 
fishery in 2005 (Anonymous 2006). An expanding 
population with an internal population growth of 3.8 
percentage points per year creates an increasing pressure 
on the fish resources. Trans-migrant fishers from locations 
outside of the Lake Tumba Landscape further add to this 
pressure. The land use around Lake Tumba was examined 
by Milton (2015) using Landsat imagery. She found that 
there was a mosaic of deforestation adjacent to communities 
around the lake.  The increase was 0.8 percentage points 
per decade in the area, mainly slash and burn, sometimes 
along the lakeshore. Seasonally inundated forests and 
swampy areas, however, do not seem to be affected, so 
this was not considered as a serious direct threat to the fish 
in Lake Tumba. In the future though, increased logging 
and agriculture can be anticipated to influence the lake 
more extensively.

The first detailed fish fauna of Lake Tumba was 
published by Poll (1942), covering 60 specimens 
collected within 1938–1939 and deposited at the Royal 
Museum for Central Africa (RMCA). In October 1955 and 
June 1956 Marlier (1958) fished near Mabali and listed 
33 species caught in the lake pelagial. Matthes (1964) 
performed an intensive study in August and September 
1959 and recorded a total of 119 species. Of these, 49 
were assumed to come from Lake Tumba pelagial while 
the rest from tributaries and swamp forests. Matthes’s 
(1964) work remains the prime reference for this 
region and moreover includes descriptions about food, 
reproduction and habitat (including seasonally inundated 
forests, tributaries and swamps). Among the works, we 
also considered in our paper, was an interview study 
with fishers regarding changes in fish species (Akwah 
and Yoko unpublished*).

Anonymous (2019) stated that there is a general lack 
of enforcement for fishery regulations and indicated the 
gravity of the situation: “current fish stock is inadequate 
for the area”. Degradation of aquatic biodiversity and 
productivity of the lake was assumed to have occurred 
based on an interview study with fishers (Akwah and 
Yoko unpublished). However, Béné et al. (2007) noted 
that “very little solid information existed about the status 
of Lake Ntomba’s [Tumba’s] resources that could be used 
as the basis for a management regime”, which underlined 
the importance of studying the Lake Tumba fish and 

fishery. Béné et al. (2007) also stated that if the resource 
had declined, it remains to demonstrate that this was due 
to overfishing and not caused by environmental changes. 

The present paper summarizes fish monitoring in Lake 
Tumba conducted during 2005–2006 and 2009–2010, 
focusing on the temporal variation in fish species catches 
at different locations during the study period. Comparisons 
were made with the situation in 1959 (Matthes 1964) and, 
in addition, with earlier studies by Poll (1942) and Marlier 
(1958).

MATERIALS AND METHODS
Study area. Lake Tumba is located in the province of 
Équateur and drains north to the Congo River (Fig. 1). It is 
a shallow lake, with a mean depth of 3 m and a maximum 
depth of 6 m (Matthes 1964). Hydro-meteorological data 
were obtained from the CREF (Centre de Recherche en 
Ecologie et de Foresterie) at Mabali, where the water level 
was recorded every 5 days. Physical and chemical data are 
presented in Table 1. All water chemistry samples were 
analysed by the accredited laboratory at the Department 
of Aquatic Sciences and Assessment, Swedish University 
of Agricultural Sciences (SLU). Only samples that were 
analysed within one month from sampling were used, and 
only parameters, which are known to be acceptably stable, 
are reported. Area determinations were based on satellite 
imagery (DEM).
Fishing methods and fish identification. Two gillnets, 
each 50-m long and 0.5-m high, with two mesh sizes 
(25 and 30 mm, knot to knot) and the smaller No. 12 
hooks were used (except at Mabali in 2005 when No.10 
hooks were used). The hooks (n = 100) were baited with 
earthworms and fixed on a 200 m line, with sinkers at each 
end. The fishing gears were harvested usually three times 
(1–5) during a period of 24 h.

In addition to FishBase (Froese and Pauly 2019) many 
documents were used to enable correct identification of 
species (Teugels 1986, Teugels et al. 1990, Tshibwabwa 
and Teugels 1995, Boden et al. 1997, Norris 2002, 
Geerinckx et al. 2004, Moelants et al. 2014). A visit 
to the RMCA, Tervuren, Belgium further supported 
identification with photos.

For each fishing gear, all specimens were identified, 
weighed (since Oct. 2005), and total length (TL) was 
measured. 
Fishing sites and dates. Three pelagic sites along the 
eastern shore were fished (Fig. 1). The distance from 
shore to nets varied between 0.17 and 5.6 km. Mabali 
is the site most inundated during high water level. Here 
the watershed was logged and later replanted. The town 
of Mabali has a population of about 1600 persons and 
is the headquarters for the surrounding scientific reserve 
(CREF). Thanks to this reserve, the waters of the Mabali 
site are protected from fishing. Near Ntondo lies Bikoro 
(Fig. 1) with a population of ca 13 000 inhabitants, a cattle 
farm, and a nearby tributary to the lake. Ikoko sampling 
site lies close to a large village by the same name. There, 

*  Akwah G., Yoko A. 2004. Gestion locale des ressources forestières et halieutiques autour du lac Ntomba. IRM (Innovative Resource Management), DRC.
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the littoral zone is shallow, with a permanent swamp. 
Nearby are two tributaries that support a large spawning 
site of Coptodon congica (see Inogwabini et al. 2009).

Sampling sites and the sampling year for Matthes 
(1964) and the presently reported study are presented in 
Table 2. Matthes used a large variety of fishing gear: a 
net (mesh 1.4–7.0 cm), dynamite, electrofishing device, 
and artisanal methods, both in the lake and tributaries. 
He also attempted the use seines but found them unusable 
due to submerged branches and stones. For the presently 
reported study, fishing was planned to coincide with the 
rainy and dry seasons, however for evaluation, it was 
tricky to separate these, therefore water level periods (Fig. 
2) were used instead to classify the results.
Data analysis. All scientific names for the three earlier 
publications were updated based on synonyms in FishBase 

(Froese and Pauly 2019). FishBase standard length 
(SL) values were multiplied by a factor to approximate the 
total length (TL) for comparison with presently reported 
values. The median value of 1.2 was used, which was 
based on 31 FishBase parameters for 21 of the species in 
Table 3. For Hydrocynus TL = 1.18 × FL was used based 
on two other Hydrocynus species from FishBase. 

As the fishing intensity differed, catches were 
“normalized” as WPUE (Weight Per Unit Effort: the sum 
of weight · day–1) and NPUE (Number of fish Per Unit 
Effort: the sum of fish · day–1) calculated for two 50 m net 
panels and 100 hooks for 24 h of fishing. At Mabali four 
panels were used, thus the effort was recalculated for two 
panels in correspondence with the other sites.

For statistical calculations, the JMP software*, version 
10.0, was used. 
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Fig. 1. Maps showing location of Lake Tumba in the Congo River drainage area (Democratic Republic of Congo) and fishing 
sites (red) superimposed on bathymetric map (Marlier 1958); the map of the drainage area was adapted from Wikipedia

Table 1
Physical and chemical characteristics of Lake Tumba, Democratic Republic of Congo

Marlier 1958 Dubois 1959 Presently reported study

Year studied 1955–1956 1955–1956 2005–2010 2009–2010

Min. Median Max
Lake area [km2] 765 ≈830
Lake + inundated area [km2] — ≈1600
Drainage area [km2] 7380 + 765 ≈8300
Elevation above sea level [m] 350 295
Secchi depth [m] 0.75–1.00 0.6 0.8 1.0
pH 4.5–4.9 3.6 4.3 4.6
Colour [Pt mg · L–1] — 90 130 370
TOC [mg · L–1] — 13 16 40

Colour values calculated from absorbance measurements at 420 nm; TOC = total organic carbon.

* https://www.jmp.com/en_gb/software.html.
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RESULTS
Water level in Lake Tumba. There was a seasonal, 
bimodal variation in water level with decreasing levels 
from January through March, followed by a minor increase 
in May and June. The water level was typically lowest in 
August, increasing to a maximum, usually in December. 
Normally the lake drains into the Congo River, but when 
the river is in flood, pH-circumneutral water flows into the 
northern part of the lake through the Irebu channel. Water 
levels during the project period, together with fishing days 
are shown in Fig. 2.
Fish species and catch. Fishing was done during 166 
days (Table 2), in this number 11 without a catch. In total, 
about 1100 fish specimens were caught. Forty species, 
representing 14 families, were identified (Table 3). For 
the five most common species WPUE and NPUE were 
calculated (Table 4). The most frequent was Chrysichthys 
cranchii*, which had by far the highest NPUE and 
WPUE values.
pH value. All 40 species were caught live in acid water 
with a pH lower than 4.6. Such low pH-vales are very rare 
in tropical lakes. In the Democratic Republic of Congo 
(DRC) only Lake Tumba and Mai Ndombe have such 
low pH levels. In FishBase (Froese and Pauly 2019) some 
species are noted for requiring higher pH values and for 
others values are missing. 
Length–weight constants from this study. For three 
species caught during this study, FishBase did not have 
length–weight relations. Results from calculations 
according to equation (1), and fulfilling the criteria listed 
by Froese et al. (2011) are presented in Table 5. 

  bW a L= ×

where W is the fish weight (g), L is the length (TL cm), a 
is the intercept, and b is the slope.
Community structure. Features of the fish population 
structure could be elucidated based on the numerous 
fishing times. The number of species caught varied 
between the sites, amounting to 22 species captured at 
Ikoko, 29 species at Mabali, and 14 species at Ntondo. The 
11 most common species were all caught at Mabali, while 
at Ntondo as many as six of these were absent. Twenty 
species were only caught at one site, while 5 at Ikoko, 
11 at Mabali, and 5 at Ntondo. A total of 13 species were 
only caught once, about equally distributed among the 
sites. The presence of some species, such as Mormyrops 
anguilloides, varied little between the sites, whereas 
other species such as Pterochromis congicus and Schilbe 
tumbanus were caught only at Mabali, which is protected 
from fishery, and in appreciable numbers.
Effect of water level and site. Comparisons were made 
for pairs of sites with the same water level period (Table 
6). At normal and high-water level Mabali had the highest 
number of species, NPUE and WPUE. Catches (NPUE and 
WPUE) were significantly higher at Mabali compared to 
Ntondo. The total species number was lowest (14) (out of 
which 11 were pelagic fishes) at high water level, reaching 
31 at normal-level waters, and 28 in low-water level. 
At Ntondo all six species caught during high water level 
were also caught during normal levels when an additional 
eight species were also caught. The migration of fish from 

* Full authority of each fish species is given in Table 3.

Table 2
Fishing sites and dates in Lake Tumba, Democratic Republic of Congo (1959–2010)

Year Fishing sites Months Fishing days Reference
1959 Bikoro, Mabali IRSAC Aug–Sept 24 Matthes 1964
2005 Mabali May–Aug and Oct–Dec 91 Presently reported study
2006 Ikoko Feb 13

2009–2010 Ntondo Jun–Jul and Dec–Jan 62

2005 2006 2007 2008 2009 2010
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Fig. 2. Water level in Lake Tumba, Democratic Republic of Congo, recorded at Mabali; three selected water level periods 
are indicated; high (≥2.85 m) in blue, normal (>1,3–<2.85 m) in black, and low (≤1.3 m) in red; the black line is a 
spline function based on water level values observed every 5 days; fishing days are marked
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the pelagial to inundated areas during periods of high-
water level was evident from the number of species caught 
at different water levels. 

Only the Mabali site was fished during all three water 
level periods, enabling effects across all water levels to be 
studied. NPUE was significantly higher (P < 0.001) higher 
during high water than the normal or low water level, while 
for WPUE there was no significant difference between 
high and normal water level. Among five common species 
two had a significantly larger TL at normal and one at low 
water level. During high water level, none of the five most 
common species had the largest TL and Pterochromis 
congicus was even absent, probably due to migration 
of mature fish to inundated areas. Maximum TL at the 
sites varied among species: Chrysichthys cranchii was 
significantly larger P < 0.0001 at Ntondo, but at Mabali 
C. ornatus was larger (not significantly) and C. punctatus 
significantly larger (P < 0.05).

DISCUSSION
While the earlier studies by Poll (1942), Marlier 

(1958), and Matthes (1964) were qualitative, only the 
presently reported study had a quantitative component. 
In the present paper, overfishing is defined as a qualitative 
change in species. Three indicators of possible overfishing 
or environmental influence were examined:
• Change in species composition compared to previous 

studies
• Reduced length for caught fish compared to FishBase
• Reduced weight–length values compared to FishBase 
Change in species composition. A change in species 
composition may be caused by overfishing but could 
also be an artefact due to the different fishing techniques 
discussed below. The conclusions drawn may be treated 
as hypotheses. The three available publications about fish 
species in Lake Tumba: Poll (1942), Marlier (1958), and 
the most extensive by Matthes (1964) were compared 
with species caught during this study. Poll (1942) 
reported 60 species from Lake Tumba found in museum 
material, collected in 1938 and 1939. Out of these, 55 
were confirmed to be present in the DRC by FishBase 
(Froese and Pauly 2019). According to Matthes’s (1964) 
evaluation, 36 of those noticed by Poll (1942) were 
deemed to be pelagic species. The others were considered 
to be caught in the littoral or inundated forest and thus 
not relevant for comparisons with the presently reported 
study, which focused on the pelagic zone.  The specimens 
were from two sites, namely one along the east shore 
(probably Bikoro) and the other one on the SW shore. 
Marlier (1958) fished with a gillnet in Lake Tumba from 
Mabali (IRSAC, Institute pour la Recherche Scientifique 
en Afrique Centrale). He found (as later also Matthes 
1964 did) the use of seines impossible due to rocks and 
branches in the nearshore water. He caught 28 species, and 
are also that were pelagic according to Matthes (1964). 
Matthes (1964) recorded 119 species as being caught in 
Lake Tumba including tributaries and flooded forests. 
However, he remarked that he never caught eight of these 
(with an asterisk in his “Liste des poissons...”). Based on 

http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?genid=10388
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=41952
http://en.wikipedia.org/wiki/George_Albert_Boulenger
http://researcharchive.calacademy.org/research/ichthyology/catalog/getref.asp?id=581
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?genid=10388
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=46610
http://en.wikipedia.org/wiki/George_Albert_Boulenger
http://researcharchive.calacademy.org/research/ichthyology/catalog/getref.asp?id=14472
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most likely due to its small size (TL). So was also the 
case for Clupeocharax schoutedeni (with a corrected 
TL value). Furthermore, a check of the Matthes (1964) 
“Habitat” paragraph indicated that some of these species 
were, in fact, littoral or mainly living in streams. That is 
the case for Chrysichthys uniformis, which was not caught 
by Marlier (1958) (Table 7). He probably only fished in 
the pelagial. Matthes (1964) caught Micralestes humilis 
using dynamite and electrofishing and he wrote that it 
lives in streams and the littoral zone. Even this species 
was not caught by Marlier (1958). Matthes (1964) used 
gillnets (smallest mesh 1.4 cm) to catch Odaxothrissa 
losera with a SL 9.0 to 9.4 cm. In “Habitat” he, apart from 
lakes, also mentioned rivers and streams. In our study, 
only 51 specimens representing three species with a TL ≤ 
9.0 cm were caught, mostly Chrysichthys cranchii and 
C. punctatus. These were caught with a hook. According 
to Matthes (1964), these two are carnivores. Odaxothrissa 
losera is considered “petit carnassier” and thus possibly 
attracted by the baited hook. However, all information 
suggests that this species is not pelagic and too small to 
be caught by net, but we still consider it as missing. The 
largest fish caught in the presently reported study was an 
84-cm specimen of Mormyrops anguilloides (FishBase 
max. TL 150 cm). Thus, all large species in Table 7 
should have been possible to catch 2005–2010. Among 
the “remaining” five species Matthes (1964) judged two 
as rare and the additional three as common/abundant. 
The difficulty to evaluate previous presence is supported 
by the fact that Matthes (1964) never caught Brycinus 
macrolepidotus, but since it was noted by both Poll (1942) 
and Marlier (1958) it is considered as missing from the 

information in his table column headed “Biotope” and in 
his text “Notes biologiques” about habitat, fishing sites, and 
methods, some 49 species were judged to have the pelagial 
as habitat. The remaining species were thus assumed to 
inhabit the littoral, tributaries, wetland and/or flooded 
forest which were waters not sampled during the presently 
reported study. Pollimyrus plagiostoma (Boulenger, 
1898) found by Matthes (1964) at the outlet (Irebu) was 
also excluded as this probably entered this part of the lake 
with neutral water from the Congo River, a phenomenon 
known to sporadically carry species from the Congo River 
to the northernmost part of Lake Tumba. Such species re-
migrate to the Congo River when the flow reverts. In 2005 
Inogwabini and Zanga (unpublished*) caught 30 species in 
Lake Tumba. Stiassny and Mamonekene (unpublished**) 
and stated that as many as 152 species have been found 
in the lake and its tributaries.  They based their table for 
Lake Tumba fishes on Brooks et al. (2011). However, that 
publication does not have a printed list of species.  Table 3 
only presents species from confirmed lake sites. 

During the pelagial fishing by the presently reported 
study in Lake Tumba, 40 species were found. This was 
nine species fewer than the number of species Matthes 
(1964) noted to be pelagic (L) (Table 7). Since the fishing 
gear used by Matthes (1964) and during the presently 
reported study differed, there is a reason to attempt an 
evaluation of differences in species caught. The fishing 
gears used in the presently reported study were more 
limited than those used by Matthes (1964), who used 
a wider range of mesh sizes. Thus, some of Matthes’s 
species were unlikely to have been caught this time even 
if they were present. Nannothrissa parva was not caught 

Table 4
Number of fish per unit effort (NPUE) and weight per unit effort (WPUE) (mean values) for the five most common 

fish species (N > 20) within a total of 166 fishing days in Lake Tumba, Democratic Republic of Congo 

Species n N NPUE 
[N· day–1]

WPUE 
[kg· day–1]

Chrysichthys cranchii 79 529 3.20 0.250
Chrysichthys ornatus 50 85 0.51 0.045
Chrysichthys punctatus 25 44 0.27 0.066
Pterochromis congicus 22 36 0.22 0.001
Tylochromis lateralis 40 242 1.40 0.063

N = number of fish caught, n = number of days the given fish was present in catches.

Table 5
Length–weight relations of three fish species from Lake Tumba (Democratic Republic of Congo), which fulfil the 

requirements given by Froese et al. (2011)

Species N TL (range)
[cm] a 95%CI a Log b 95%CI b r2

Chrysichthys cranchii 354 7.2–60.0 0.00988 0.00831–0.01169 3.008 2.946–3.070 0.962
Chrysichthys ornatus 51 9.9–28.0 0.00120 0.00316–0.01291 3.131 2.895–3.367 0.935
Chrysichthys punctatus 41 7.7–29.6 0.01770 0.01161–0.02697 2.289 2.609–2.968 0.962

N = number of fishes, a = intercept, 95%CI a = 95% confidence intervals of a, b = slope, 95%CI b = 95% confidence intervals of b; r2 = 
coefficient of determination.

*  See footnote on page 349.
** See footnote on page 349.
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a population level. They point out the challenges of 
finding a reference value. Here one possibility was to use 
FishBase TL values as a reference. Out of the 40 species 
caught in the presently reported study, 11 species had a 
measured quotient max TL/max FishBase TL > 1, thus, a 
larger TL than that found in FishBase. Of 11 species with 
≥ 9 fishes Alestes liebrechtsii, Petrocephalus sauvagii, and 
Schilbe tumbanus had a measured max TL/max FishBase 
TL between 0.49 and 0.65, thus shorter than “standard” 
according to Welcomme (1999). For three other species 
(Auchenoglanis occidentalis, Chrysichthys cranchii, and 
Mormyrops anguilloides) with a FishBase TL ≥ 60 cm a 
low quotient (0.4–0.56) might indicate overfishing, but the 
small net mesh used is more likely to be the cause. Among 
others, Kantoussan et al. (2009) considered the use of 
size-based spectra as a better tool for assessing possible 
effects of overfishing. Such a spectrum may be calculated 
for Lake Tumba from the presently reported data, but no 
reference spectra were found for such an evaluation.
Fish weight values. In FishBase (Froese and Pauly 2019) 
three species caught in this study have constants for 
length–weight relations according to Equation 1. Based 
on these constant values and measured fish length (TL) a 
fish weight was calculated and compared with measured 
weight. In total only 2 calculations were possible for 
Hydrocynus vittatus, 10 for Mormyrops anguilloides, 
and 12 for Parachanna obscura. A quotient < 1 indicates 
a leaner body than the reference value. Quotients for 
H. vittatus were one on each side of 1. With several 
alternative calculations, all values for M. anguilloides and 
P. obscura gave a lower weight than expected from these 
equations (max. quotients 0.58 and 0.93, respectively). 
This is likely due to poor nourishment, an effect of the low 
food availability in the humic lake (Karlsson et al. 2009).
Change in fish catches. An important contribution to the 
understanding of the fishery in Lake Tumba is the work 
by Akwah and Yoko (unpublished*), who interviewed 
fishers around the lake. They presented a table with the 
changes perceived for 38 fish species as identified by 

lake now. Summing up, in spite of the intensive fishing 
during this study, five species that could have been caught 
(based on size and pelagial habitat) were not caught and 
thus deemed as having been impacted by intensive fishing 
(Table 7). However, these five species are not considered 
as absent only rare (Kutshukina and Micha 2013). One 
of these missing species, however, Micralestes humilis 
was identified in the interview study by Akwah and Yoko 
(unpublished*) as increasing.
Maximum total length. Fish species, which were shorter 
than expected according to FishBase (Froese and Pauly 
2019) could indicate overfishing. A smaller size could, 
however, also be due to poor food availability (Karlsson 
et al. 2009) in the acidic and nutrient-poor (oligotrophic) 
pelagial. Rochet et al. (2003) considered mean length 
an operational indicator of the effects of fishing on 

* See footnote on page 342.

Table 6
Basic parameters related to fish catching at respective 

sampling sites in Lake Tumba, Democratic Republic of 
Congo

Parameter Water 
level

Site
P

Ikoko Mabali Ntondo
Fishing days H — 30 29

N — 41 33
L 13 20 —

Species H — 13 6
N — 23 14
L 22 16 —

NPUE H — 12 3 <0.001
N — 4 2 <0.01
L 7 6 —

WPUE H — 0.58 0.41 <0.01
N — 0.44 0.18 <0.001
L 0.35 (0.23) —

NPUE and WPUE values are median; H = high water level, N = 
normal water level, L = low water level; Wilcoxon significance. 
WPUE data for Mabali at low water level incomplete data 

Table 7
The nine pelagic (L) species caught by Matthes (1964) from Lake Tumba (Democratic Republic of Congo) but not 

during presently reported study

Species FishBase TL [cm] Matthes SL [cm] Matthes description
Brycinus macrolepidotus 53 NC Rare
Chrysichthys uniformis 33 32 Rather common
Clupeocharax schoutedeni 25M 3.0 Common, but sporadic
Marcusenius monteiri 45 29 Very common
Marcusenius stanleyanus 21 – Rare
Micralestes humilis 10.6 2.3–6.6 Abundant
Nannothrissa parva 4 2.0–4.2 Abundant
Odaxothrissa losera 13 9.0–9.4 Common
Xenocharax spilurus 26 6.0–26 Abundant

Species not caught, but potentially available for the gear used are marked in bold; NC = species noted but not caught by Matthes (1964), M 
= the FishBase value of 25 cm is most likely a mistake; Matthes (1964) provides SL of 3.0 cm and Marlier (1958) shows a drawing of the 
species with an estimated length of 2.5 cm.
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vernacular names. The scientific names were found for 
the majority of species based on Matthes’s (1964) list 
of vernacular and scientific names. However, in Akwah 
and Yoko (unpublished*) the tendency was ambiguous for 
some species leaving 25 on which to base an assessment 
of trends in catches (see Table 3). 

Nine species were noted by Akwah and Yoko 
(unpublished*) as decreasing. All of them were caught by 
Matthes (1964) and five of these were caught in this study 
(Table 8). These had a FishBase TL 19–75 cm (Froese and 
Pauly 2019). Out of the nine “decreasing species” (Akwah 
and Yoko unpublished*), six were considered pelagic 
and thus possible to have been caught in the 2005–2010 
survey. The presently reported study failed to catch four 
of these “decreasing species”, which were all specified 
by Matthes (1964) as common lake species. However, 
his “Habitat” sentences in the text state that C. gibbosus 
prefers vegetated shores and C. macrolepis prefers the 
littoral. Both of these Citharinus species and Xenocharax 
spilurus have a compressed shape, which makes them 
unlikely to be caught with the net meshes used. They are 
also pelophages/phytophages, so not attracted by baited 
hooks. In conclusion, the presently reported absence of 
these three species and the small number caught of an 
additional four species support the assumption of their 
decline (except for Clarias angolensis) as identified by 
the interviews, even if there are reasons why our pelagic 
fishing may have missed these even if they were present. 
Already Marlier (1958) noted that fishery of Citharinus 
was extremely productive but appeared to be in decline.

Fishers reported increasing catches of 16 identified 
species out of which 6 were not caught by us (Table 9). 
Protopterus dolloi was included in the report of Matthes 
(1964), but not caught by him. Two of these species are 
small (FishBase TL < 10 cm) and unlikely to be caught 
during the presently reported study due to the net mesh 
size. The other species were noted by Matthes (1964) 
in his “Habitat” descriptions as living in streams and/or 
swamps and thus not in the pelagial. Thus, the absence of 
all these species in this study is not inconsistent with the 
report of increasing catches.  Interesting is the reported 
increase of Heterotis niloticus. It was introduced to the 
aquaculture in 1950 in the Ubangi River, a right-bank 
tributary to the Congo River, close to the outlet of Lake 
Tumba (Moreau et al.1988). Welcomme (1988) stated 
that it escaped and was found in Lake Tumba in 1969 and 
thus was absent in earlier studies. During periods of high 
inflow from the Congo River to Lake Tumba, this species 
is known to occupy non-acid water near the lake outlet, 
outside of area for presently reported study.

A possible indication of fishing pressure can, 
however, be found in the difference between the FishBase 
TL (Froese and Pauly 2019) of species reported by 
fishers (Akwah and Yoko unpublished*) to be increasing/
decreasing. The group of eight decreasing species had a 
slightly longer FishBase TL (Wilcoxon P = 0.31). Such a 
symptom named fishing down (Pauly et al. 1998) would 
probably be consistent with a fishing pressure impacting 

larger species e.g., Distichodus antonii, and in parallel a 
change to increasing fishery of other species e.g., the small 
Nannothrissa parva. The increased fishery of small fish 
as N. parva and Micralestes humilis may be a result of 
the fishing with small-mesh mosquito net since the 1990s 
(Kutshukina and Micha 2013). Laë (1997) confirmed that 
fishers prefer to catch large species, generally predators, 
and when the abundance of these decrease, fishing 
activities will be diverted towards smaller sized fish, 
generally herbivores. Welcomme (1999) corroborated 
this assumption by saying “The main impact of both 
fishing and environmental degradation is the reduction 
of mean length of individuals”. Pauly et al. (1998) also 
showed a decline in mean trophic level for inland waters 
as a sign of unsustainable fishing. They also pointed out 
that a species would change food while growing (often 
as young from being herbivore to carnivore) and even 
then, there may be variation for species depending on 
available food. Similarly (Allan et al. 2005) stated that 
multispecies fishing can lead to “fishing down the food 

Table 8
Fish species stated by fishers to decrease, Lake Tumba, 

Democratic Republic of Congo (Akwah and Yoko 
unpublished*); All species were caught by Matthes 

(1964)

Species Poll 
(1942)

Marlier 
(1958) N CM

Clariallabes variabilis – – 0
Citharinus gibbosus + – 0
Citharinus macrolepis – – 0
Clarias angolensis1 + – 13 L
Distichodus antonii1 – – 1 L
Distichodus noboli1 – – 1 L
Distichodus sexfaciatus1 – – 1 L
Mastacembelus greshoffi1 – – 2 L
Xenocharax spilurus1 + + 0 L

N = Total number of fish caught during the presently reported 
study (2005–2010), CM = comments; L = pelagial: lake habitat 
(L) according to Matthes (1964).

Table 9
Fish species stated by fishers to increase, Lake Tumba 
(Democratic Republic of Congo)  (Akwah and Yoko 

unpublished*) 

Species TL [cm]
Channallabes apus 33.0
Heterotis niloticus 100.0
Micralestes humilis 10.0
Nannothrissa parva 4.2
Polypterus delhzi 44.0
Protopterus dolloi 130.0

The fish species listed above (except for Heterotis niloticus) were 
recorded by Matthes (1964) but not caught during the presently 
reported study (2005–2010); TL = total length according to FishBase 
(Froese and Pauly 2019), Habitat = data from the chapter “Expose 
systematique et notes biologiques” of Matthes (1964).

* See footnote on page 342.
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web” causing larger species to be replaced by smaller, 
planktivorous species with a higher productivity. Kolding 
and van Zwieten (2014) advocated that fishing-down 
might replace reduced predation with fishing. From a 
fishery point of view, this is advantageous, since primary 
consumers have a higher production while larger species 
are less productive top-predators. This may be happening 
in Lake Tumba but FishBase Trophic Level data (Froese 
and Pauly 2019) indicated no difference between 
decreasing and increasing species. In the neighbouring 
lake Mai-Ndombe, interviews with fishers by Kutshukina 
and Micha (2013) found that nine diminishing species 
had not actually disappeared, but were living in habitats 
more difficult to access. So even though intensive fishery 
may reduce the presence of species, fishing is not likely to 
eradicate fish species in Lake Tumba. Inogwabini (2014) 
found that the distance to a market was strongly associated 
with relative fish abundance. This is confirmed by the 
comparison between Ntondo and Mabali. The former lies 
close to Tumba’s largest market at Bikoro and had lower 
values for species number, NPUE, and WPUE than the 
more distant and protected Mabali.
Effects of season on catch. None of earlier published 
studies on fish in Lake Tumba presented data from 
different seasons. The presently reported seasonal data 
were compared with local knowledge about seasonal 
effects. Fishing at high water level generally yielded 
greater WPUE and NPUE than at low water level, which 
was not expected. Akwah and Yoko (unpublished*) wrote 
that the dry season is “La grande pêche” (big fishery), 
as fish are forced out of the previously flooded forests, 
into the lake, where they are easier to catch. “La petite 
pêche” (small fishery) occurs during the low water level 
months. The apparent contradiction with larger catches at 
high water levels was due to fishing the same sites in the 
lake during all seasons, whereas local fishers tend to fish 
in streams and inundated areas during the wet season. The 
large fluctuation in water level (median annual variation 
3.1 m) affected the depth for the fishing gear. When nets 
were set deep some of the largest yields were for species 
such as Chrysichthys cranchii and C. ornatus. This was 
also reflected in the distribution of WPUE and NPUE as a 
function of fishing depth (data not shown).
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