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Abstract: Understanding the trophic ecology of fish species is essential for
developing effective management and conservation strategies. This study examined
the role of diet in the assemblage structure of non-annual nothobranchiid fish
species inhabiting permanent rainforest streams in southern Cameroon. In total, 1010
nothobranchiid individuals, assigned to 12 species belonging to two subgenera
(mainly Aphyosemion), were harvested. The non-empty guts of 488 individuals were
analysed, both qualitatively and quantitatively. All species examined were generalists.
Their diet primarily consisted of terrestrial insects falling from the tree canopy,
representing the bulk of their foraged food (%N = 76.8%), with an index of relative
importance (IRl) of 94.3%. Hymenopterans were predominant in the environment
(62%) and constituted the preferred prey type (IRl = 96.7%); the other items were
accidental. Aquatic dipterans (Chironomidae) and Ephemeroptera followed. The diet
of these fish species did not vary with parameters like site altitude, season,
sex/ontogenetic groups, or fish size. They all fed on the same prey categories in
equal proportions. The dietary overlap between the nothobranchiid fish species at
sympatric occurrence sites was generally high, with a high reduction in their prey
type uptake compared to a greater variety of prey intake in allopatric situations.
Results suggest that there is low competition for food resources among these
phylogenetically related species; they coexist by making immediate adjustments. In
Cameroon rainforest streams, diet is not a factor structuring Nothobranchiid fish
assemblages, providing valuable information for the ecological preservation of their
biotope characteristics, which they rely on the most for survival.

Introduction

Central African rainforests, the second-largest block of
humid dense forests following Amazonia, represent
exceptional carbon and biodiversity reservoirs for
countries concerned and the planet (1). They are crossed
by several low-order streams and backwaters that are
discrete ecosystems with restricted environmental factors
such as site size, depth, and population density, thus
constituting good models for ecological research on
species’community organization and adaptation of aquatic
vertebrates in such systems. Under their heavy canopy
closure, they shelter fish organisms such as the
Cyprinodontiformes that require very specific ecological
conditions unique to stable and relatively non-disrupted
large forests (2). They can demonstrate interesting
biological features and significant evolution within a

manageable time frame in a context where ecological
consequences can be measured, therefore justifying the
choice of this group in understanding forest ecosystems
(3). West African nothobranchiid fish species of the genera
Aphyosemion Myers, 1924, and Epiplatys Gill, 1862, are
well-known among aquarists and often studied by
ethologists for agonistic behavior (4, 5) or their potential
use as biological controls of larval mosquito populations
in nature (6, 7). They are non-annual organisms whose
assemblages and distribution are highly structured by the
forest ecosystem, especially the site elevation in
correlation with water temperature and specific local
habitat characteristics (8-12). They are ecologically isolated
from other groups of fish specific to forest backwaters,
both at the trophic, temporal, and spatial levels, and are
the only fish that catch prey on the surface in the very
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shallow areas they inhabit, where they are present in large
numbers, all species combined, in backwaters that could
be no more than 2-3 cm deep. Above 25 cm, only lentic
water species, such as species of Epiplatys, are likely to be
found, which themselves seem to disappear beyond 50 cm
(8). Despite these preliminary results, we are still far from
understanding how they coexist in high numbers in the
same space, given that they have similar ecological needs,
to approach a precise vision or model that accounts for
the functioning of their communities.

Identifying the elements that influence the
coexistence of diverse species and communities in an
ecosystem is necessary for understanding biodiversity (13,
14). Phylogenetically related organisms often co-occur in
sympatry, raising the concern about the mechanisms
ruling their coexistence (15, 16), given that they are more
likely to satisfy their needs similarly due to their systematic
relatedness (17). Resource partitioning, typically resulting
from past or ongoing interspecific competition for limited
resources in multiple dimensions, such as space, time, or
food (18-20), is one of the mechanisms that help
understand how species assemblages are organised in
their habitats (21). Classical theses may have given
competition, the driving force of niche distribution, an
excessively exclusive role in structuring populations (22),
based on the assumption that different species in an
assemblage must display different use for the limited
resources for a certain equilibrium and coexistence to be
achieved among several specialized species; otherwise,
long-term interactions may result in some species being
excluded or extinct, according to the Competitive
Exclusion Principle (23), thereby predicting species
assemblage organization as a function of resource use.
Other theories, on the other hand, assume there are no
interspecific relationships as far as resource use and
associated habitat variables in species assemblages are
concerned, arguing that species’ responses to ecological
constraints are equivalent (24), thereby not predicting
species coexistence as a result of niche differentiation, but
rather associated with stochastic forces (25). It is therefore
delicate to extrapolate habitat-wide for community
organization since the deterministic processes structuring
communities affect taxa differently (26).

Studies of species coexistence have largely focused on
annual taxa in ephemeral pools, where seasonal
disturbance, habitat drying, and rapid population turnover
promote coexistence through mechanisms such as the
storage effect and dispersal dynamics (27). In contrast,
non-annual species in permanent streams experience
prolonged interactions under relatively stable conditions,
where coexistence may depend more strongly on
behavioral responses and fine-scale habitat use.
Investigating these systems is therefore crucial for testing
the generality of coexistence theory beyond disturbance-
driven environments and for understanding biodiversity
maintenance in freshwater ecosystems (27, 28). Various
combinations of the highly phylogenetically related
nothobranchiid species with minimal evolutionary
constraints often occur in syntopy in the rainforest streams
of Cameroon. These species generally do not display any
noticeable habitat niche separation when in sympatry (8,
29), and, unlike stated by Brosset (8) in the Ivindo basin,
biotic factors like parasitism seemed not to regulate their
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communities in the wild, the prevalence of infections by
parasite taxa being low, and life in community for these
fish species being likely to represent a strategy of
spreading of risks (30). Compared to their representatives
in other parts of the world, only a few studies on food and
feeding interactions playing a part in fish assemblage
organization are undertaken in Africa, especially for non-
annual nothobranchiids in the wild, probably due to their
small size, catching difficulty, and non-eating value that
deters research interest. Meanwhile, the role of diet in
structuring fish communities in nature is of considerable
interest, as diet influences an organism's biology along
with several other ecological features, including the
community structure (31-38).

The present study, a part of a larger research project,
therefore aimed to investigate the impact of diet on the
functioning  of  non-annual  nothobranchiid fish
assemblages in their natural habitat, the southern
Cameroon rainforest streams. It specifically focused on
examining their diet patterns through gut content analysis,
assessing both the qualitative and quantitative aspects of
their food intake using ecological indices as well as their
trophic relationships, and investigating the influence of
site location (elevation), seasons, sex/ontogenetic
variations, and fish size on their diet, to determine whether
these closely species related with morphological
similarities coexist through food niche partitioning or
simple interactive segregation when in sympatry.

Methodology

Study Area

The study took place in deep rainforest first-order and
exceptionally second-order forest springs, brooklets, and
streams of the south-central plateau and the northern and
southern parts of the coastal plain of Cameroon,
tributaries of the Nyong and Sanaga Rivers of the Atlantic
basin. With an elevation of less than 300 metres and
generally much lower, the coastal plain stretches 150
kilometres deep inland and presents favourable conditions
for the growth of a lush shade forest. It borders the Gulf of
Guinea. The Southern Cameroon plateau rises above the
low plains in its western region through steep
escarpments. The climate in this region is moderate and
characterised by four seasons: two rainy and two dry. The
natural vegetation in the area is mixed, comprising the
mesophilic forest and the evergreen forest (the Congolese
forest) (39). The Sanaga River (920 km in length; 140, 000
km? of watershed) descends from the Adamaoua region,
while the Nyong River (750 km in length; 30, 000 km? of
watershed) comes from the southern Cameroonian
plateau (40). The study covered the sectors of Edea (in the
coastal plain), Eseka, Ngoumou, Kribi, and Sangmelima (in
the centre-south plateau), where a varying number of
fishing stations were randomly surveyed (Figure 1 and
Table 1). The mean elevations of the varying study sectors
were as follows: Kribi (62.80 + 18.86 m), Edea (79.09 +
18.76 m), Eseka (316.82 + 188.68 m), Ngoumou (709.38 +
1147 m), and Sangmelima (690 + 26.1 m).
Nothobranchiids occurred in waters that were poorly
mineralized (conductivity = 24.79 + 9.31 uS cm "), acidic
(pH = 5.8 £ 1.37), highly oxygenated (dissolved O , =
17.68 + 15.73 mg | "), and with an average temperature of
23.61 = 3.64°C. The marginal vegetation was frequently
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Figure 1. Map of the sampling sites (number) of the nothobranchiids in the various sectors. [At lower elevations: sector 1
(Kribi), sector 2 (Edea), and sector 3 (Eseka); at higher elevations: sector 4 (Ngoumou) and sector 5 (Sangmelima)].

Table 1. Nothobranchiid collection sector and station locations.

Sectors Localities Streams N E Altitude (m)
Bikondo Namassambi 02°58090' 009°57129' 46
Pama Pama 03°17193' 010°04764' 48
Bissiang Bognoungou 02°59196' 009°59747' 55

1. Kribi Bonguen Ndoung lo'o 03°29821' 010°06669' 66
Mbongo'o Man ndon 03°24859' 010°08849' 89
Ebondé Mboke 03°27443' 010°09475' 104
Bivouba Ndong medzip 03°232669' 10°064424" 45
Pouma Lép S6 03°512050' 10°322349’ 198
Koukoue Ndong sone 03°42021' 010°06314' 54
Malimba I Hiléba Si Makai 03°51845' 010°06384' 64
Malimba I Hiléba Malimba 03°51845' 010°06384' 64
Malimba I Titimba Malimba 03°51993' 010°08556' 73

2. Edéa Besombe Lép si Yap 04°00711" 010°05324' 76
Log Badjeck Awomakolo 03°58407' 01°05176' 82
Somakek Nkom 03°58004' 010°09056' 85
Teleép bana Man ngombe 02°52244' 010°08849' 99
Seppe Si hikoa 03°47662' 010°15477' 107
Ngwei | Hiléléba ko'o 03°50493' 010°27138' 117
Makak Hiléléba Yébél 03°320043' 010°575996' 618
Makak Makoubé 03°310566' 011°023979' 621
llanga llanga 03°440055' 010°485995 227
Song Mandeng Hiléléba njek 03°42912' 010°45468' 185
Manguengues Dileleba diba 03°32757' 010°42823' 207
Manguengues Madjandjan 03°32773' 010°42823' 210
Song Mandeng Dileleba diaa 03°42912' 010°45468' 230
Ndoupe Hileleba pem 03°52493' 010°40448' 210
Boga Saanda 03°53482' 010°46876' 215
Bilagal Il Lép Ndjab 03°41014' 010°43184' 219
Sombo Séa 03°52207' 010°41548' 222

3. Eséka So mapan Lép So mapan 03°47251" 010°48992' 232
Mom Dibang Tibda 03°56158' 010°42091' 334
Matol Il Jolibam 04°01331" 010°47551" 373
Matdl | Bobog 04°02275' 010°47069' 384
Meloh-Maloume Bikout 03°34361" 010°53962' 501
Mandoumba Lép Ndombol 03°45913' 011°057007 623
Mandoumba Man mpan 03°45913' 011°05707' 623
Kombing Hiléba Kombéng 03°44132' 011°04611" 637
Mom Il Ligen li sogdl 03°38471' 011°12850° 703
Mawel Lép Ngo Bikun 1 03°43350' 011°12330 728
Mawel Lép Ngo Bikun 2 03°43350' 011°12330' 729
Libel lingoi Lép manguene 03°54476' 010°55123' 390
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Table 1. Continued.

Sectors Localities Streams
Ambatou Bikok
Mbalelon Ebem Ngama

4. Ngoumou Nkong Ndikoa
Angon I Bikomna
Koulboa Osoe Nyada
Mvoutessi Il Bives

. Mvoutessi Il Ototong

5. Sangmelima
Nkol ngbwa Man otong
Avebe Esse Avo'o

dense, with a high canopy closure above the watercourse.
Stream bottoms were composed of litter, sand, mud, and
pebbles. These streams had an average course width of
just over a metre, an average depth of about 14 cm, and a
low water flow rate (0.11 m s -'). Species spatial
distribution across the entire study area is primarily
dependent on the station’s elevation, water temperature,
and certain local habitat physicochemical characteristics
(12). No species-specific habitat use was observed among
these fish when they occurred in sympatry.

Fish Sampling

Nothobranchiids were sampled in their natural habitat in
forest streams during daylight. They were successfully
harvested in 50 stations along an altitudinal gradient, with
low and high elevations separated at 350 m. The
samplings were conducted bimonthly from January 2012
to February 2014 during 11 sampling campaigns of three
to six days each. At each sampling station, the water
depth, current velocity, temperature, pH, conductivity, and
dissolved oxygen were measured in situ using portable
multimeters. A GPS unit permitted the recording of the
coordinates of the sampling stations. A 90 cm by 60 cm
hand dip-net of 3 mm mesh size attached to a rigid
rectangular iron frame helped to catch fish; they were
immediately euthanized with an overdose of clove oil and
fixed in 10% formalin for the taxonomic and quantitative
determination of gut content. Fish species were identified
using appropriate keys (3, 41-44).

By the time of fish collection, representatives of
environmental prey types available were also sampled at
each site using the same device and fixed in 10% formalin.
Once in the laboratory, invertebrates were removed from
debris and substratum, sorted into taxonomic categories,
counted, and their relative environmental proportion
determined for prey selectivity analyses.

Gut Content Examination

In the laboratory, each preserved fish specimen was gently
mopped with tissue paper, weighed (total mass in grams),
and measured (standard length in mm). Individuals were
sexed based on visible sexual features (coloration) and
grouped into demographic categories as males (brightly
coloured), females (pale), and immatures (small individuals
with unclear features preventing sex determination). Fish
dissection was performed under a dissecting
stereomicroscope  using  fine  scissors.  Because
Cyprinodontiformes lack a distinct stomach (45), the
digestive tract was sectioned at the anterior and posterior

N E Altitude (m)
03°351385' 11°290975' 708
03°33907' 011°22120' 695
03°32966' 011°24995' 700
03°32966' 011°24995' 700
03°37749' 011°27670' 720
03°15358' 011°47492' 658
03°15358' 011°47492' 658
02°56876' 011°50118’ 693
02°58403' 011°43828' 719

ends and then opened longitudinally with two entomology
needles on mandrels with caution. Dietary analysis was
limited to species represented by at least three individuals
with full guts; empty and highly digested guts were
excluded from the analyses (46, 47). The prey items were
identified to the lowest taxonomic level possible using
different keys (48, 49) and grouped based on their
taxonomic category (order or family level). Individuals of
every prey type were numbered and recorded.
Unidentifiable materials were termed as such and removed
from the analyses.

Food Analyses

Both qualitative and quantitative descriptions of the prey
items helped characterise the diet of the nothobranchiid
fish species. Dietary analyses focused on the overall diet
composition of the fish species caught throughout the
study area. These included interspecific comparisons of
nothobranchiid species found at both low and high
elevations, comparisons between subgeneric species, and
an examination of dietary overlap between sympatric
species in contrast to their allopatric occurrences. The
relative importance of each prey category was assessed,
and probable effects of factors such as season, fish size,
and sex/ontogenetic variations on diet were also
examined. The mean values of the various scores in diet
composition were tested for any statistical significance
using the non-parametric Kruskal-Wallis test at a 95%
confidence limit.

The mean percentage of all prey categories was
calculated for every fish species. The quantitative dietary
measures used to assess the feeding of these fish species
assemblages were the most commonly used ones (50): the
frequency of occurrence (%0) (the ratio between the
number of digestive tracts containing a prey type and the
total number of "not empty" tracts examined) and the per
cent abundance (%N) (the ratio between the number of
each prey type encountered and the total number of prey
pooled in for all tracts). The contribution percentage (%V)
of all prey categories found in the gut to the total gut
content was visually estimated to improve numerical
methods and assess the relative importance of each food
item (51, 52). Although this method of analysis is
subjective, its defects were minimised to a great extent by
a large sample examined over two years. The index of
relative importance (IRIl) of each prey type was calculated
following Pinkas et al. (53) as seen in Equation 1, where
%N = numerical percentage, %V = volumetric percentage,
and %0 = frequency of occurrence percentage). Following
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Table 2. Nothobranchiid species, related taxonomic affiliation, and altitude range in the entire study area in the centre-
south plateau and the coastal plain of Cameroon.

Genus Sub-genus Species Altitude range (m)
Aphyosemion Myers, 1924 Aphyosemion sp. > 650
A. (Chrom.) loennbergii (Boulenger, 1903) 0-300
Chromaphyosemion Radda, 1971 A. (Chrom.) omega (Sonnenberg, 2007) < 100
A. (Chrom.) riggenbachi (Ahl, 1924) < 100
Kathetys Huber, 1977 A. (Kath.) exiguum (Boulenger, 1911) > 650
Aphyosemion A. (Mes.) amoenum Radda et Piirzl, 1976 100 — 300
. A. (Mes.) obscurum (Ahl, 1924) > 650
e e Ielp Ry, UL A. (Mes.) cameronense (Boulenger, 1903) > 650
A. (Mes.) raddai Scheel, 1975 300 - 650
Raddaella Huber, 1978 A. (Rad.) batesii (Boulenger, 1911) > 650
Scheelsemion Huber, 2013 A. (Sch.) ahli Myers, 1933 <100
Epiplatys E. infrafasciatus 0-300
Table 3. Summary of the nothobranchiid samples considered for diet analysis.
Species n LS (mm) MT (g)
Aphyosemion ahli 40 246 +5.2 03+02
Aphyosemion loennbergii 145 25+43 03 +0.1
Epiplatys infrafasciatus 36 36.7 + 104 09+08
Aphyosemion amoenum 53 2724 £ 5.5 03+02
Aphyosemion omega 31 223 +29 0.2 £ 0.1
Aphyosemion riggenbachi 3 307 £ 1.5 04 £ 0.1
Aphyosemion raddai 34 254 + 4.8 0.3 £0.1
Aphyosemion exiguum 33 212 + 3.6 0.2 £ 0.1
Aphyosemion cameronense 52 283 +5.9 03+02
Aphyosemion obscurum 14 304 + 10.7 03+02
Aphyosemion sp. 7 256+ 59 0.2 +0.1
Aphyosemion batesii 40 38.8 + 8.8 07+04

Description: LS: standard length; MT: total mass; n: number of fish analysed.

the IRl value, the prey type was classified as preferred (IRl
> 50%), secondary (10% < IRl < 50%), complementary (1%
< IRl < 10%), or accidental (IRl < 1%).

Prey selectivity (proportion of a prey type in the fish
diet compared to its proportion in the environment) was
evaluated for all nothobranchiid species together and
using the relativized index E* (54) following the Equation
2, where n = number of prey types and W; calculated
using Equation 3. ri and pi = respective percentages of
prey item { in the fish diet and in the environment.
Environmental prey item abundance was taken as the
composition of all sampling sites. £* ranges between -1
(prey avoidance) and +1 (prey selection), with 0 expressing
no selection.

The determination of the Schoener similarity index (C)
(55) helped assess the overlapping spectra of use of the
same type of food resource by two or more

%IRI = %0 x (%N + %V)

Ef = (Wl _ n*l)(m + nfl)fl

- (2) (2 (2))

Cir=1-0.5 (Z |pij — pzk|)

nothobranchiid species as seen in Equation 4. pij and pik
= relative abundances of the category i resource used by
nothobranchiid species j and k, respectively. Cy varies
from 0 (when the species present do not consume the
same prey, i. e., no overlap) to 1 (when all categories of
prey are present in equal proportions in the diet of the
different species, i. e. , complete overlap). This index is
ecologically significant when greater than 0.6 or less than
0.4 (56-58).

Species of the subgenera Scheelsemion and
Chromaphyosemion usually occurred in syntopy, while
those of the subgenera Chromaphyosemion and

Mesoaphyosemion scarcely occurred together. To assess
whether food usage accounted for these species' tolerance
or exclusion, a comparison of their diets in both allopatric
and sympatric occurrences was conducted.

Non-metric multidimensional scaling (nMDS) of a

(Eq. 1)

(Eq. 2)

(Eq. 3)

(Eq. 4)
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Table 4. Relative percentages of environmental prey categories (p;) and food items found as gut contents of 12
nothobranchiid fish species sampled over the study area.

Food it Pi  Fish species Total
ood rtems (%) Aahl Epip Aloe Aome Arig Aamo Arad Aexi Asp Abat Aobs Acam (%)
Terrestrial insects 76.8
Hymenoptera- 62 545 82 605 256 100 746 767 625 818 899 100 867 725
Formicidae
Hymenoptera- } ) ) ) ) ) ) . ) ) )
Avidac 2 1 0.1
Arachnida 4 341 3 - - - 34 - 25 - - - 1.2 29
Coleoptera 1 - - 1.0 - - - - - - - - - 0.3
Diptera-Muscidae 3 - 7 05 - - - - - - - - - 1.0
Aquatic insects 14.4
Diptera- 2 - 1 176 154 - 51 116 300 - 55 - 12 91
Chironomidae
Ephemeroptera 3 9.1 2 102 - - 5.1 2.3 50 182 09 - 6.0 53
Crustaceans 6.4
Branchiopoda- 43 - 3 - 538 - 85 - - - - . 38
Cladocera
Decapoda 2 2.3 1 1.0 - - 1.7 - - - - - 1.2 0.8
Copepoda 25 - - 24 - - 1.7 9.3 - - 18 - 1.2 1.7
Ostracoda 0.1 - - 05 - - - - - - - - - 0.1
Others 2.5
Mollusca- 2 - - 10 - - - - - 09 - 24 06
Gasteropoda
Protozoa 0.1 - - - - - - - - - 0.9 - - 0.1
Annelida-
Oligochaeta 2 - - 54 5.1 - - - - - - - - 1.7

Description: A. ahli (Aahl), A. omega (Aome), A. riggenbachi (Arig), A. raddai (Arad), A. exiguum (Aexi), A. obscurum
(Aobs), A. cameronense (Acam), A. amoenum (Aamo), A. loennbergii (Aloe), A. batesii (Abat), Aphyosemion sp. (Asp),
Epiplatys infrafasciatus (Epip).

100% . .
= 55 9 . . .
22 % i ey AR % Annelida-Oligochaeta
o s ,
= =B A s S/
90% = 28 2 S
e = ‘\-5 e % -5;\ = B Protozoa
e 8% 5% 88 5
0, o / -\‘5 1 -\5 5;" $\'
80% | % /4 4 % ¥4 & ¥ #Mollusca-Gasteropoda
R A R R A
25 27 2 W S 2
R A R R A
2 27 2 2 W 5 2
2 2 2 2 2 R Il Ostracoda
70% | o o = B BN
2 2 2 2 W S 2
£ 24 £ o Y 2% VY # Copepoda
o L 25 24 2 i 2 W S 2
— 60% 5 (3 22 24 A 2% KR R 8%
x 284 oy &4 S8 24 % A Sy AT
S M = % & & ¥ % & @ =Decapoda
Hos0% R M 8 % S 8N Y 89 .
Q 2% S8 88 A4 sS4 4 % 48 SN # Branchiopoda-Cladocera
Z B o 3 N B N
Soao% o o . B EEE B -
o ° i v Fr P vy S Y] Y Sl R “ Ephemeroptera
e i £ A ey 2 S A S e
] v o Fr P vy S Y] Y A R o . .
T 30% | W an i 45 A B W W ®Y @ = Diptera-Chironomidae
: 8= EEEEE RS .
o 0 20 Y 25 2% o o gy S0 R oy = Diptera-Muscidae
20% o i W ¥ 5 i A 5 5 E
v s R o s viss e vt v i v
e s e T s v e ] v v g ~ Loleoptera
2 s v 4 A ey 2 S A S e
10% F% RN =W ¥ B ~ S B A )
N g8 g e A oW oas :+ Arachnida
NN B W & mmm .
0% i LA Y SR St s 23] Bt A AE bt

B Hymenoptera-Apidae
Aahl Epip Aloe Aome Arig Aamo Arad Aexi Asp Abat Aobs Acam & Hymenoptera-Formicidae

FISH SPECIES

Figure 2. Occurrence (%) of prey items in the guts of 12 nothobranchiid fish species. Note: A. ahli (Aahl), A. omega
(Aome), A. riggenbachi (Arig), A. raddai (Arad), A. exiguum (Aexi), A. obscurum (Aobs), A. cameronense (Acam), A.
amoenum (Aamo), A. loennbergii (Aloe), A. batesii (Abat), Aphyosemion sp. (Asp), E. infrafasciatus (Epip).

Bray-Curtis dissimilarity matrix, created from the faunal Results

diet composition of each species, was used to visualise  Species Richness

interspecific differences in diet composition and overlap  In total, 1010 specimens, representing 12 nothobranchiid

among fish species and plotted in two dimensions using  fishspecies from two genera and six subgenera, were

the Paleontological Statistics software PAST 3.16. harvested in variable proportions in the study area (Table
2). Species occurring at lower elevations (< 350 m)
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Figure 3. Diet similarity (occurrence data) among the 12 nothobranchiid species individuals from a nMDS ordination
based on Bray-Curtis index, with groups of terrestrial insects (o), aquatic insects (e), crustaceans (A), and others (*). The
stress value is indicated below.
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Figure 4. Prey selectivity values for 14 food item categories recorded for all the 12 nothobranchiid fish species in the
centre-south plateau and the coastal plain of Cameroon. Note: Hymenoptera-Formicidae (for); Hymenoptera-Apidae
(api); Arachnida (ara); Coleoptera (col); Diptera-Muscidae (mus); Diptera-Chironomidae (chi); Ephemeroptera (eph);
Branchiopoda- Cladocera (cla); Decapoda (dec); Copepoda (cop); Ostracoda (ost); Mollusca-Gasteropoda (gas); Protozoa
(pro); Annelida-Oligochaeta (oli).

comprised A. loennbergii, A. omega, A. riggenbachi, A. ahli,
A. amoenum, and Epiplatys infrafasciatus, and those in
higher altitudes (> 350 m) included A. exiguum, A.
obscurum, A. cameronense, A. batesii, A. raddai, and
Aphyosemion sp.

A few stations at low elevations had co-occurrence
(syntopy) cases of A. ahli-E. infrafasciatus-A. loennbergii, A.
omega-A. riggenbachi-E. infrafasciatus, A. ahli-A. omega,
and A. amoenum-A. loennbergii. Syntopic cases that
occurred at higher altitudeswere A. cameronense-A.
exiguum-A. batesii, A. cameronense-A. batesii, A. exiguum-
A. batesii, A. cameronense-A. exiguum, A. exiguum-
Aphyosemion sp. , and A. exiguum-A. obscurum. However,
some species occurred as single populations at some
other stations. Aphyosemion raddai did not co-occur with
any of its congeneric species within its distribution range, i.
e. 300 to 650 m elevation). Aphyosemion batesii had the
largest body overall, followed by E. infrafasciatus, A.
riggenbachi, and A. obscurum (Table 3).

Gut Content Analysis

Overall, 488 guts from all species contained food (vacuity
rate = 51.7%); empty guts were not part of the gut content
analyses. In total, 14 prey categories were identified from
the environment and recovered in fish guts (Table 4); they
were grouped into taxonomic categories according to
their ecological similarity. These categories were terrestrial
insects (including Hymenoptera-Formicidae,
Hymenoptera-Apidae, Arachnida, Coleoptera, and Diptera-
Muscidae), aquatic insects (Diptera-Chironomidae and
Ephemeroptera), crustaceans (Branchiopoda-Cladocera,
Decapoda, Copepoda, and Ostracoda), and others
(Mollusca-Gasteropoda,  Protozoa, and  Annelida-
Oligochaeta). The environmental proportion of the
Hymenoptera (Formicidae) was the highest (62%),
followed by the Chironomidae (12%) and Cladocera (4.3%).
In the fish guts, Formicidae represented the most preyed
item (72.5%) by all species of this fish family, followed by
aquatic dipterans (Chironomidae) (9.1%) and
Ephemeroptera (5.3%). The 14 prey categories occurred in
varying proportions in the guts of the various
nothobranchiid predators (Figure 2).
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Table 5. Dietary overlap (Schoener’s C index) between nothobranchiid species in sympatric occurrence situations.

Species Epip Aloe Aome Arig
Aahl 0.61 0.26 0.26 -
Epip - 0.66 0.3 0.82
Aloe - - - -
Aome = = = 0.26
Aexi - - - -

Acam - - - -

Aamo Aobs Acam Asp Abat
0.85 - - - -
0.78 - - - -

- 0.63 0.79 0.68 0.69
- - - - 0.9

Description: A. ahli (Aahl), A. omega (Aome), A. riggenbachi (Arig), A. exiguum (Aexi), A. obscurum (Aobs), A.
cameronense (Acam), A. amoenum (Aamo), A. loennbergii (Aloe), A. batesii (Abat), Aphyosemion sp. (Asp), E. infrafasciatus

(Epip).

Table 6. Diet composition of A. amoenum and A. loennbergii according to their spatial distribution.

Allopatry
A. loennbergii
Hymenoptera-Formicidae + +
Hymenoptera-Apidae - -
Arachnida - +
Coleoptera
Diptera-Muscidae
Diptera-Chironomidae +
Ephemeroptera +
Branchiopoda-Cladocera = +
¥
+

Food items

+ |+ |+ |+
1

Decapoda

Copepoda

Ostracoda
Mollusca-Gasteropoda
Protozoa
Annelida-Oligochaeta

+ |+ |+ |+

+ =

A. amoenum

Sympatry

A. loennbergii (n = 54) A. amoenum (n = 19)

Description: (+) = presence; (-) = absence; n = number of individuals. (Broken lines separate ecologically different food

category).

In general, various food combinations occurred in the
different fish species. They foraged between one item
(case of A. obscurum and A. riggenbachi) and ten items
(case of A. loennbergii). However, there was no difference
in the prey item intake between the various fish species
caught (H = 13.38; p = 0.07). The diet composition was
similar among species at low (H = 5.75; p = 0.13) and high
(H = 391, p = 0.29) elevations, on the one hand, and
between species at low elevations compared to those at
high elevations, on the other hand (H = 2.74; p = 0.095).
Diet composition between species of the same subgenus
did not differ: Chromaphyosemion spp. (H = 3.92; p =
0.054) and Mesoaphyosemion spp. (H = 4.05; p = 0.13).
Diet differences between the various nothobranchiid
species were not obvious, as shown by the
multidimensional scaling (Figure 3). For this reason, the
prey selectivity index determination considered all the
nothobranchiid species combined. The result showed that,
in general, positively selected prey items by these fish
species were pronounced for the Ephemeroptera,
Formicidae, Ostracoda, and Protozoa categories; the
Apidae, Coleoptera, Muscidae, Decapoda, and
Gasteropoda were generally avoided (Figure 4).

Globally, food niche overlap between the
nothobranchiid species at sympatric occurrence sites was
high, as shown by Schoener C values that were generally
above 0.6, except between A. omega and the species A.
ahli, E. infrafasciatus, and A. riggenbachi, and between A.

ahli and A. loennbergii (Table 5). The sole case of syntopy
of species belonging to the same subgenus was that of A.
omega and A. riggenbachi at a single site, with a C value of
0.2. Syntopic species at higher elevations showed
moderate to high overlapping trophic interactions (C
values between 0.6 and 0.9). Food usage of species of the
subgenera Scheelsemion and Chromaphyosemion, often
encountered together, as is the case for A. ahli with the
species A. loennbergii or A. omega, were compared and
showed that in allopatric situations, A. loennbergii can take
up to 10 items against only four for A. ahli while in
sympatry, these two species shared only the Hymenoptera
(the most common food of all the nothobranchiids
examined) and segregated their diet in that they
abandoned the decapods. Moreover, the C index between
A. ahli in sympatry with each of the Chromaphyosemion
species indicated low overlap.

During the samplings, A. loennbergii and A. amoenum
of the same subgenus together occurred at two sites. Their
diet composition did not differ (H = 0.008; p = 0.92) and
largely overlapped (C = 0.78), indicating that these species
were generalists, feeding on the same items in similar
proportions. Qualitative comparison of their gut contents
in allopatric and sympatric situations showed that in
allopatry, they preyed on a large variety of food items;
however, in sympatry, there was a high reduction in their
prey type uptake, though the number of individuals of
both species in this case was unequally distributed (Table
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Table 7. Relative abundance of prey types as gut contents of 12 nothobranchiid fish species over the study area
according to seasons.

Prey type LDS (n = 120) SRS (n = 72) SDS (n = 88) LRS (n = 208)
Hymenoptera-Formicidae 56.5 69.1 84.7 76.4
Hymenoptera-Apidae 0.5 = = =
Arachnida 1.0 - 10.9 14
Coleoptera 0.5 1.5 - 0.6
Diptera-Muscidae 4.1 - - -
Diptera-Chironomidae 15.0 11.8 3.6 8.3
Ephemeroptera 6.7 11.8 - 5.3
Branchiopoda- Cladocera 1.6 - 0.7 5.8
Decapoda 2.6 - - 03
Copepoda 4.1 2.9 - 1.1
Ostracoda 0.5 - - -
Mollusca-Gasteropoda - 2.9 - 0.8
Protozoa 0.5 - - -
Annelida-Oligochaeta 6.2 - - -

Description: LDS = long dry season; SRS = short rainy season; SDS = short dry season; LRS = long rainy season; n =
number of fish individuals.

Table 8. Mean global diet composition and relative importance of prey items in the gut of 12 nothobranchiid fish species
sampled over the study area.

Food item %0 %N %V IRI (%) Prey importance Rank
Terrestrial insects 639 768 726 943 preferred 1
Hymenoptera-Formicidae 609 725  69.1 96.7 preferred 1
Hymenoptera-Apidae 0.2 0.1 0.2 0.0 accidental 3
Arachnida 1.8 2.9 2.1 0.1 accidental 3
Coleoptera 04 0.3 0.5 0.0 accidental 3
Diptera-Muscidae 0.6 1.0 0.7 0.0 accidental 3
Aquatic insects 14.5 14.4 16.5 45 complementary 2
Diptera-Chironomidae 8.2 9.1 9.3 1.7 complementary 2
Ephemeroptera 6.4 5.3 7.2 0.9 accidental 3
Crustaceans 7.8 6.4 8.8 1.2 complementary 2
Branchiopoda- Cladocera 39 3.8 44 0.4 accidental 3
Decapoda 1.2 0.8 14 0.0 accidental 3
Copepoda 2.5 1.7 2.8 0.1 accidental 3
Ostracoda 0.2 0.1 0.2 0.0 accidental 3
Others 1.8 2.5 2.1 0.1 accidental 3
Mollusca-Gasteropoda 1.0 0.6 1.2 0.0 accidental 3
Protozoa 0.2 0.1 0.2 0.0 accidental 3
Annelida-Oligochaeta 0.6 1.7 0.7 0.0 accidental 3

Description: Percent occurrence (%0); percent in number (%N); percent volume (%V); index of relative importance (%IRI).

Table 9. Relative abundance (%N) of food items in the diet of male, female, and immature individuals of 12
nothobranchiid fish species sampled over the study area.

Food item Immatures (n = 40) Males (n = 270) Females (n = 178)
Hymenoptera-Formicidae 63.9 71.6 75.0
Hymenoptera-Apidae - 0.2 -
Arachnida - 1.2 5.9
Coleoptera - 0.2 0.3
Diptera-Muscidae - 1.9 -
Diptera-Chironomidae 6.6 9.2 10.1
Ephemeroptera 3.3 6.9 3.8
Branchiopoda- Cladocera 19.7 2.4 2.1
Decapoda 33 0.7 03
Copepoda 1.6 1.9 1.7
Ostracoda - 0.2 -
Mollusca-Gasteropoda - 0.5 0.7
Protozoa - 0.2 -
Annelida-Oligochaeta 1.6 2.8 -
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Figure 5. Prey taxa occurrence (%) in the diet of 12 nothobranchiid fish species by sex groups.

Table 10. Relative abundance (%N) of the diet composition according to fish size of 12 nothobranchiid fish species
sampled over the study area.

Size class (mm LS)
[26.0-

Food item [15.0-[203- 5,4 D15
20.4] 25.9] T = 36.9]
(n =82) (n=56) 135) (n = 62)

Hymenoptera- 560 654 759 736

Formicidae

Hymenoptera- B

ARG 0.5 0.9

Arachnida - 71 0.5 2.7

Coleoptera 1.0 - - -

Diptera-Muscidae - 0.5 - 5.5

Diptera-

Chironomidae 13.0 114 9.7 8.2

Ephemeroptera 3.0 43 10.6 2.7

Branchiopoda- 130 47 14 0.9

Cladocera

Decapoda 2.0 0.5 0.5 1.8

Copepoda 1.0 3.8 - 1.8

Ostracoda - - - 0.9

Mollusca- 10 05 05 0.9

Gasteropoda

Protozoa - - 0.5 -

Annelida-

fasehesi 10.0 14 0.5 -

Description: n = number of individuals; LS = standard length.

6).

The gut content of each species collected in the
various seasons was similar. As previous findings suggest
that the species studied appear to prey on the same
objects equally, they were all pooled to assess if they
could be considered a cohesive whole, following the
suggestion of Brosset (8). In this regard, to evaluate the
influence of seasons (two dry and two rainy seasons, each
with a short and a long season) on prey intake and to
determine the index of relative importance of each prey
item, the food item categories of all fish species were
pooled together. Results showed no seasonal variation in
prey item intake (H = 6.31; p = 0.08) (Table 7). Among the
trophic spectrum of these fish species, terrestrial insects

[37.0- [42.5- [48.0- [53.5- [59.0- [64.5-
424] 479] 534] 589] 644] 69.9]
(n=29) (n=9) (n=11) (n=2) (n=1) (n=1)
862 846 923 1000 1000  100.0
17 38 - - - -

- 38 - - - -

34 - 3.8 - - -

5.2 - 3.8 - - -

17 - - - - -

- 7.7 - - - -

17 - - - - -

represented the primary food category (% N = 76.8%) and
were the almost exclusive food they foraged on (IRl =
94.3%). In this category, hymenopterans were the
dominant group and constituted the preferred prey type
(IRl = 96.7%); the other prey items were accidental.
Aquatic insects and crustaceans constituted
complementary food categories for the nothobranchiids,
with respective IRl values of 4.5% and 1.2%. Molluscs,
protozoans, and annelids were less frequent and
constituted accidental prey (Table 8). The combination of
all fish species together and their distribution into the
various demographic groups helped check the effect of
fish sex/ontogenetic groups (Table 9 and Figure 5) and
fish size (Table 10) on prey consumption. Results showed
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that the diet did not vary either with sex (H = 1.52; p =
0.46), ontogenetic groups (p = 1), or fish size (H = 1.22; p
=0.27).

Discussion

The gut content analysis of 12 non-annual nothobranchiid
species investigated revealed that they were all generalists,
feeding various prey items, mostly terrestrial arthropods.
Previous studies, such as (15) in southeastern Uruguay,
(59) in Mozambique, and (60) in southern Brazil, also
reported a generalist feeding strategy for annual
cyprinodontiform fishes living in ephemeral habitats, but
whose diet was instead largely based on aquatic
invertebrates. In fact, closely related species living in
comparable settings are likely to have similar diet patterns,
whether they are annual or not (60). The habitat
characteristics of these fish species, which may face some
degree of spatial and temporal variability in prey
availability, likely account for their choice of the generalist
feeding strategy to avoid the costs associated with dietary
specialization (15, 59).

The hymenopterans were the most consumed prey
item by all the nothobranchiid species, followed by aquatic
dipterans (Chironomidae) and Ephemeroptera. These
results corroborate those of (61) in Amazonian forest
streams and (8) in the Ivindo Basin (Gabon). Results from
(62) for Aphyosemion gardneri in Nigeria and most of the
fish species in Amazonian waters (63) also showed that
terrestrial insects accounted for 76.8% of the total prey
consumed. Moreover, results from our ecological
investigation are congruent with those of (64), who
reported on the diet of Epiplatys infrafasciatus based on a
more sophisticated method, the genetic metabarcoding
datasets, to estimate biodiversity. By using haplotypic
diversity information for finer analyses of prey—predator
interactions, the latter authors demonstrated that 60% of
the prey items ingested by this species were of terrestrial
origin, primarily of the Formicidae, with aquatic organisms
just representing 15%. The prominent lower jaw and
upward mouth opening are the features allowing these
organisms to capture prey at the water surface, especially
allochthonous ones, an organism'’s trophic ecology being
largely determined by the morphology of its feeding
structures (65). Our finding, therefore, supports reports
stating that permanent rainforest stream fish species
depend on allochthonous materials such as terrestrial
insects. Indeed, the tropical forest canopy is home to many
animals; the diversified and plentiful space and food
resources at this level attract and best suit smaller animals,
especially arthropods and insects (66). They constitute one
of the abundant food resources for small fish inhabiting
forest water bodies (67). The food chain in the headwater
basin primarily relies on allochthonous resources, as the
riparian vegetation inhibits primary production, suggesting
that invertivorous fish species dominate upstream (68).
According to McKey (69), Hymenoptera (along with the
Homoptera with which they are associated) form the
dominant animal group in the canopy and account for
most of the biomass in tropical rainforests. Their presence
in the diet of A. gardneri was observed throughout the
year by (62). Together with their almost constant presence
and effects on other species, they provide information on
the considerable importance of tree ants (70).
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Hymenoptera and Arachnida constituted the staple food
of the genera Aphyosemion and Epiplatys of the Ivindo
basin, with hymenopterans coming first with 49 different
species belonging mainly to arboreal species of the genera
Pheidole, Atopogyrus, and Macromischoides, living on the
vegetation itself, and, in a small proportion, the species of
the genus Anomma, which are rather terricolous (8).

According to optimal foraging theory (71), prey
selectivity depends in part on food resources’ abundance.
Formicidae represented the most abundant prey in the
environment and formed the primary component of the
fish diet. Among aquatic invertebrates, the avoidance of
coleopterans and the positive selection of Ephemeroptera
insects, Cladocera, and Ostracoda crustaceans are
consistent with the findings of (59) for the annual
nothobranchiid species N. furzeri and N. rachovii in
temporary pools in Mozambique. These small prey types
are abundant in African streams, as reported by (72), and
their consumption likely reduces foraging expenses. This
pattern demonstrates once again ecological consistency
among closely related species.

Prey item intake did not differ between the various
fish species, neither between species within and between
the different elevations, nor from the same subgenus. In
addition, food intake did not vary between seasons,
sex/ontogenetic groups, or fish size. These results align
with (8), suggesting that these taxa have similar diets and
would be of the same trophic level, exploiting the same
food resources equally. The cyprinodontiformes
assemblages and distribution appeared to be highly
dependent on environmental gradients, mainly stream
altitude (and therefore intra-habitat thermal regimes) (11)
and habitat physicochemical characteristics (12, 73-75).
Furthermore, even a slight temperature change can highly
impact the distribution of Aphyosemion spp. and their
freshwater habitats, creating significant barriers to their
dispersal (76). The diet of the non-annual fish species was
also noticed to be remarkably spatially and temporally
stable, even in the long dry season when insect fauna was
supposed to have decreased, but with no reduction of
prey for cyprinodontiformes (8).

Dietary overlap analyses between sympatric
nothobranchiid species showed that resource partitioning
among them is not conspicuous. Their food niches
generally overlapped. The moderate-to-high food niche
overlap between sympatric species suggests that they are
ecologically similar organisms with equal responses to
environmental demands and no interspecific competition
for resource exploitation. According to the neutral theory
of Connell's Intermediate Disturbance Hypothesis (24),
their assemblages are maintained at intermediate levels of
disturbance, thereby preventing species with high
competitive  abilities from dominating. The non-
pronounced niche differentiation in these circumstances is
more likely to predict species coexistence (25).
Austrolebias minuano and Cynopoecilus fulgens, two
sympatric annual fishes in the temporary pools in Brazil,
were found to coexist due to regional-specific
characteristics or hazardous events rather than food
partitioning, and their high diet overlap was somewhat
due to high overall food availability in the area of study
and population regulation factors (77). Their findings
contradict previous studies on resource partitioning in
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annual fish communities, which detected dietary
diversification driven by ecological and evolutionary
constraints (15, 78).

Studies reported that stream fish communities in the
tropics experienced very little niche discrimination (61, 63,
79). Aphyosemion amoenum and A. loennbergii are similar
in size, morphology, and diet. In syntopy, A. loennbergii
was always more abundant; therefore, in a situation of
high population density of A. amoenum, there could be a
negative interaction between them if food resources
decreased. As a group of species that use the same kinds
of resources locally, a guild organization largely depends
on interspecific competition for these resources (22).
However, to coexist in the same milieu, these species must
achieve a fine sharing of similar resources that could be
direct (when the partial or total ecological segregation of
species is the consequence of specific food choices) or
indirect (when it results from a spatial or temporal
separation), according to two mechanisms attributable to
past or present interspecific competition. While the
mechanism of immediate adjustments, imposed by the
current competition, consists of a reduction in the
spectrum of resources usable by the species and is likely
to disappear as soon as the pressure of competition
ceases, the mechanism of definitive adaptations appears
to be imposed by a long co-evolution of competing
species (22). In this study, the coexistence of A. amoenum
and A. loennbergii can be explained by immediate
adjustments, as, despite a few differences observed in their
gut contents in both allopatric and sympatric situations,
their diets are similar. Moreover, non-annual
nothobranchiid fish species tend generally not to have
affinities with one another (12). Among the immediate
adjustment mechanisms that could be evoked, temporal
shifting of their activity period (e. g. from diurnal to
nocturnal activity) or movement adjustments can be
implemented by the species to avoid physical interactions
and reduce overlap while moving through the shared
space, a process that could be tied to either individual or
species-specific responses to environmental changes (80).

The species of the subgenera Chromaphyosemion and
Scheelsemion found in sympatry exhibited a decreased
prey type uptake with low overlap. This outcome could
suggest probable segregation in food choices to allow
coexistence, indicating potential competition between the
two species. In this case, such a competition would be
more evident in a situation of high population density and
limited resources. However, here, the reduced food item
categories they preyed upon in sympatry were
independent on their abundances, humid tropical forests
sheltering the highest levels of biodiversity (81). The
competitive exclusion principle (17) would predict a niche
separation between sympatric species of Aphyosemion. It
appears that this is not the case. According to Brosset (8),
the coexistence of multiple nothobranchiid species could
not be attributed to different use of food resources, as
these fish have nearly identical diets. For this author, the
trophic niche of nothobranchiids is realized and
understood at the global community level, rather than at
the level of individual species, which are ecologically
interchangeable. While food competition is the driving
force behind exclusion in some tropical stream fish and
some South American annual killifish species (15, 56, 78), it
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seems not to play a role for African rainforest
nothobranchiids, probably due to the food supplies
remaining more or less stable whatever the season, as
reported in the Ivindo basin (8) that extends far beyond
the south Cameroonian plateau into Gabon (82) and some
Amazonian streams (61, 77). Therefore, in the small
streams of the rainforest region of Cameroon, competition
for food resources is not likely to be a factor structuring
the assemblages and distribution of the non-annual
nothobranchiid fish species.

Conclusion

The  trophic  interactions  between  non-annual
nothobranchiid fish species that coexist in southern
Cameroon's forest streams were analysed based on gut
content analyses and using ecological indices to
determine the role of diet on the structure and
organisation of this fish community. The results indicate
that their trophic niches in the study area overlap
significantly, which at first glance suggests the existence of
interspecific competition for food resources, particularly in
syntopic situations. However, the low stocking densities of
these fish and the abundance of food in their biotope
suggest that diet is not a main structuring factor of the
spatial distribution of these teleosts. Nothobranchiid
species coexist in these circumstances by making
immediate adaptations; their social structure is therefore
driven by stochastic events and local environmental
conditions rather than by any natural particular
mechanisms. Nevertheless, using gut content alone to
address food resource use is insufficient, and to complete
this study, it would be necessary to determine these
teleosts’ actual niche in the trophic networks of their
biotopes through stable isotope analysis. This study
highlights the importance of considering species’
resources and habitats in the face of rapid degradation of
particular ecosystems in response to global changes.
Therefore, since the Nothobranchiids' assemblages rely so
heavily on allochthonous canopy insects for survival,
protecting the terrestrial tree canopy and riparian
vegetation is vital for their ecological preservation.
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