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Abstract: This study aimed to investigate the natural feeding behavior of Nile tilapia in Lake Langeno,
Ethiopia, with emphasis on potential spatial, size and seasonal effects on ingested food items. This
study of the food and feeding biology of O. niloticus in Lake Langeno, Ethiopia, was conducted
from March 2016to February 2017. Fish samples were collected monthly from six different sampling
sites using different mesh sizes of gillnets. A total of 610 fish specimens with full stomachs were
considered for the assessment of feeding biology. In total, seven food items, namely phytoplankton,
zooplankton, insects, detritus, macrophytes, fish parts and nematodes, were identified from the fish
stomach contents. Phytoplankton was the most commonly consumed food prey, followed by detritus,
zooplankton and macrophytes. The other food items were occasionally and randomly consumed.
Phytoplankton and detritus were the dominant food prey in the dry season, with zooplankton and
macrophytes the main prey during the wet months. The contribution of phytoplankton, zooplankton
and insects were slightly highest in small-sized groups (<10 cm), whereas detritus, macrophytes
and fish parts were highest in larger-size groups (>20 cm) (p < 0.05). The present results point to
a concurrence of the relative importance of dietary items at the individual level, species level and
among the study sites. Phytoplankton was the primary consumed food item, which indicates the
specialist feeding strategy of Nile tilapia in the lake. Generally, food items of plant origin, typically
associated with less protein content than animal origin food items, dominated the stomach contents
of Nile tilapia. The dietary pattern of Nile tilapia in Lake Langeno shifts with size and season, aspects
that might warrant further study in view of aquaculture applications as well as climate change.
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1. Introduction

Fish require nutrients for growth, reproduction and other normal physiological func-
tions. In a natural aquatic environment, phytoplankton, zooplankton, plant materials,
insects, insects” larvae, worms and smaller fish are the major food types of fish [1]. Fish
tend to show a preference for particular food items within their environment. The avail-
ability of food in any aquatic environment determines the well-being and reproductive
potential of fish [2]. The weight and size of fish are a reflection of food availability in
the aquatic ecosystem [3]. Many environmental factors, such as water temperature, food
availability, stocking density and environmental conditions, influence the food selection
behavior of fish [4]. The size of food itemsand the size and age of fish can also determine
their food selection behavior [5]. Mainly, fish feed on items that can fit into their mouth
and what their stomach can digest. As fish grow, the stomach becomes longer and their
digestive system becomes more developed [1,5]. However, the feeding rate relative to body
weight decreases, whereas the absolute rate of food consumed increases [1].
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The study of food and feeding habits of freshwater fish species is a subject of con-
tinuous research. This is because it makes up a basis for the development of a successful
management program on fish capture and culture [6]. Moreover, studies on the natural
feeding of fish enable us to identify the trophic relationships present in aquatic ecosystems,
identifying feeding composition, structure and stability of food webs [5].

Nile tilapia (Oreochromis niloticus) is the most important fish species in tropical and
subtropical freshwater [7]. It is of great importance, often forming the basis of commercial
fisheries in many African countries [8]. High tolerance to environmental conditions and
its ability to accept formulated and natural feeds make it economically viable [9]. It
has a versatile feeding behavior and is characterized by a generalist and opportunistic
omnivorous feeding behavior [10]. Its diet composition may vary within a wide range of
temporal and spatial conditions of the environment [4]. Therefore, understanding its food
and feeding behavior is a key factor to its successful culture in a controlled environment [6].

In Ethiopia, Nile tilapia is one of the most commercially important fish species [11]
(Mitike, 2014). It is contributing to, on average, more than 50% of the annual total catch.
Commercial fishing is totally dependent on wild catch [11,12]. Some researchers have studied
the food and feeding habits of this fish species in a few water bodies of Ethiopia [13-15]. In Lake
Langeno, one of Ethiopia’s highly alkaline lakes, O. niloticus is the dominant commercially
important fish species, contributing about 72.2% of the total catches [16]. Recent studies
have, however, indicated that the maximum size of O. niloticus being caught from the lake
was showing a decreasing trend, from 35 cm TL [13] to 30.5 cm TL [17]. The maximum
size was also distinctly lower than the maximum size of the same species in Lake Zeway
(34 cm) [18] and Lake Koka (35.2 cm) [14]. Body condition of the fish (1.77) [17] was also
lower than the report made 10 years earlier [19] (1.84) in the same study lake and other rift
valley lakes including Lake Zeway (1.82) [18] and Lake Babogaya (2.13) [20]. Fecundity of
the fish in the lake (464 + 114 eggs fish™!) from research by Temesgen [17] also showed
a lower potential compared to the same fish species in similar Ethiopian rift valley lakes,
for example, in Lake Chamo (1047 to 4590 eggs fish 1) [21]. These reports depict the lower
availability or poor quality of food for the fish in the lake, which necessitates conducting
a well-organized and updated study in the study area. In other ways, there is a scientific
gap on the spatial variation and temporal variation of food composition and ontogenetic
dietary shift of O. niloticus. The present study therefore aimed to document the natural
feeding behavior of Nile tilapia in Lake Langeno, Ethiopia, with an emphasis on potential
spatial, size and seasonal effects of ingested food items.

2. Materials and Methods
2.1. Description of the Study Area

Lake Langeno is one of the Ethiopian rift valley lakes located in Oromia National
Regional State, between Western Arsi and East Shoa zonal administration 200 km from
the capital city Addis Ababa toward the south. It is enclosed by Arsi Negelle District from
the south, west and east, and by Adami Tullu Giddo Kombolcha from the north, between
7°36' N and 38°43' E at an altitude of 1585 m above sea level. It covers about 240 km?
of land. The lake is very deep, with a maximum depth of about 48 m and an average
depth of 17 m. The eastern part of the lake is surrounded by the Eastern Langeno nature
reserve. It is mainly fed by runoff and hot spring waters. Inlet Rivers from the highlands
of Arsi Mountains, such as Lepis, Gedemso, Garabula, Metti, Tufa and Sedesedi Rivers,
feed the lake, but it is only drained by the Horakelo River to join Lake Abijata [22]. The
water chemistry of the lake is similar to the other Ethiopian rift valley lakes where Na* and
CO;2~ are the dominant cation and anion, respectively. The lake serves as a home to diverse
animals and plants. Dense phytoplankton blooms, mainly cyanophytes, characterize the
lake [23], whereas Cladocera and copepods dominate the zooplankton assemblage in the
lake [24].
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2.2. Study Design, Sample Site Selection and Fish Sampling Method

The study was conducted from March 2016 through February 2017. Based on the
distance from the shore area, depth of the lake and human activity in the catchment area,
six representative sampling sites were selected (one from the middle and five from the
shore areas) for the collection of primary data. From the six selected sites, fish samples were
collected for two years. Because of the gear-specific selectivity associated with fish size,
varied mesh sizes of gillnets (6 cm, 8 cm, 10 cm and 12 cm) with 25 m panel length and 1.5 m
depth were used to capture representative fish samples. Nets were set at approximately
two hours before sunsetand left to sample overnight, with catches collected the following
morning two hours after sunrise [25]. The numbers of fish caught were recorded for each
sampling occasion. Total length (mm) and total weight (g) of fish were measured using a
measuring board to the nearest 0.1 cm and an OKI sensitive balance with a sensitivity of
0.1 g, respectively.

2.3. Fish Stomach Collection Method

The stomachs of live O. niloticus specimens were removed and classified as distended,
full, 3/4 full, 1/2 full or 1/4 full by visual observation. The stomachs extracted from the
live fish were preserved immediately in 5% formaldehyde solution for later analysis. All
samples were transported to Ghent University in Belgium for further analysis.

2.4. Stomach Content Analysis

In the laboratory, the stomach contents were kept for five minutes to remove excess
formalin. The stomachs were dissected and the contents were taken and added to the
graduated test tube filled with distilled water. After vigorous shaking, the volumes of
the content were computed and the samples were transferred to an agar plate. The larger
food items were identified visually, whereas the small-sized food items were identified
to the lowest possible taxonomic level using dissecting (LEICA MS5, magnification 40x)
and compound microscope (LEICA DME, magnification 400 x) following the description,
illustrations and keys in the literature [26-30]. Fish diet composition was computed using
several simple relative measures of prey quantity (RMPQ) because the use of single indices
alone is constrained by the inherent limitations of emphasizing different aspects of fish
diet [31]. Due to its greater suitability for diet quantification, especially for herbivorous
fishes, volumetric analysis with direct displacement was used to quantify dietary items in
the fish’s stomach [32]. The volume (mL) and frequency of occurrences were generated as
Relative Measure of Prey Quantity (RMPQ), which was used to compute the Geometric
Index of Importance (Gll;) for each consumer fish species. GII; was used to evaluate the
relative importance of food items and species-level dietary variations [33].

The frequency of occurrence was computed as: %0O; = % x 100, where J;, is the number
of fish containing food items and p is the number of fish with food in their stomach.

Volumetric method (%V;) was also computed as:

Number of points allocated to component i

%Vi =
' Total points allocated to subsample

x 100

where %V is the percentage volume of the prey component i.
An index of preponderance (IP) was also used to evaluate the relative abundance of
different organisms in the fish diet based on Natarajan and Jhingran [34] as:

IP; = (%Vj) (%05)

where %V; = percentage volume of a particular diet in the total volume of food items and
%Q; = percentage observation of a particular food item in the total number of stomachs
examined.

GlII; for a particular prey category ‘i’ was computed as GII; = (YRMPQ;)/(y/n), where
RMPQ; = percentage of volume and frequency of occurrence (as a percentage of total
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occurrences), and n = total number of RMPQ. The standardized index of GII ranges from
0-1 (1-100%), with values close to 0 indicating feeding specialization and values close to
1.0 representing generalization [35].

2.5. Statistical Analysis

Cumulative prey curves were generated to determine if sufficient stomach samples
were collected for proper diet description [36]. The curves represented a cumulative number
of unique prey categories plotted against the cumulative number of fish stomachs examined.
Data was randomized for the sequence in which the stomach samples were considered to
create cumulative prey curves. The log-ratio principal component analysis (%PCA) was
used to test the diet composition variation of the prey’s composition [37]. For prey volumes
equal to zero, very small numbers (0.00001) were entered before analysis [38].

A multivariate analysis (MANOVA) test was performed to assess the ontogenetic
and seasonal variation of prey items in the food composition with randomization of prey
volumes [35]. Randomization was required to counterbalance the non-normal distributional
nature of the food composition data. A Wilk’s lambda (A) test was considered for the
randomization procedure. When the MANOVA test was significant at 0.05 CL, the Mann—
Whitney U test was performed to identify specific prey categories that caused seasonal
variation in food composition. For size-based food analysis, fish were categorized into
five size classes based on the frequency distribution of total length (TL) of specimens.
Regression analysis was used to determine the coefficient of determination (r?) to check
whether the model fitted the data. Linear correlation analysis (r) was performed to test the
relationship between prey composition and total length of fish and/or seasonal variation.
In addition, a permutation test was performed to see the statistical significance of the
seasonal and length-based variation of prey items. A Bonferroni correction was made to
adjust the p-value for the multiple-comparison test of several dependent or independent
statistical tests performed simultaneously. The statistical analyses were carried out using
CANOCO software version 4.5 (Microcomputer Power, Ithaca, NY 14850, USA) and PAST
software version 4.08 (Natural History Museum, University of Oslo, Norway).

3. Results
3.1. The Status of Collected Stomach Samples

A total of 1658 O. niloticus fish (46.9% (n = 778) males and 53.1% (n = 880) females)
were collected. The number and relative stomach volume of O. niloticus are indicated in
Table 1.

Table 1. Proportion of stomach contents of O. niloticus (%) in Lake Langeno, Ethiopia.

Stomach Volume No. of Fish Percent (%)
Distended 149 9.0

Full 363 219
3/4 full 345 20.8
1/2 full 247 14.9
1/4 full 298 18.0
Empty 256 154

Total 1658 100

The cumulative prey curves generated for fish species at each site based on the major
categories of dietary items are shown in Figure 1. The curves approaching asymptote
indicate the collection of sufficient gut samples for all study sites.
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Figure 1. Cumulative prey curves for O. niloticus collected from different sites of Lake Langeno, Ethiopia.

3.2. Diet Composition

A total of 512 (30.9%) fish (only fish with distended and full stomachs) were examined
for their stomach contents. The size of fish sampled for their stomach content analysis
ranged between 9 cm and 30.5 cm TL. Phytoplankton, zooplankton, insects, detritus,
macrophytes, fish parts, ostracods and nematodes were the identified food items in the
stomachs of O. niloticus. Phytoplankton and detritus were the most dominant food items
identified, whereas zooplankton and macrophytes were the intermediately consumed
prey types. Fish parts, insects, ostracods and nematodes were the rarely consumed items
identified, being observed only in 15.9%, 8.6%, 10.1% and 7.8%, respectively, of the studied
stomachs (Table 2).

The log-ratio principal component analysis (%PCA) for the individual level dietary
variations is shown in Figure 2. Diets of individual fish varied largely on PC-1 with 58.69%
of variance and PC-2 with 19.88% of the variance, which together accounted for 78.57% of
the total variance.
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Table 2. Frequency of occurrence and volumetric contribution of different food prey (%) in the
stomachs of O. niloticus (n = 512) in Lake Langeno, Ethiopia.

Food Type %Oj %V IP %IP
Phytoplankton 100.0 64.3 6825.0 74.5
Detritus 99.5 14.6 1462.0 159
Zooplankton 87.1 12.8 576.7 6.3
Macrophytes 65.8 47 222.7 2.4
Insects 8.6 1.6 13.8 0.2
Fish parts 15.9 14 22.5 0.3
Nematodes 7.8 0.3 2.2 0.02
Ostracods 10.1 0.6 6.5 0.1
Unidentified 6.04 1.3 35.4 04

%0;: frequency of occurrence; %V;: percentage volume; IP: index of preponderance.

Insects

hcyophytes
\dentified o0 L4
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[ ]
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Component 1

Figure 2. The log-ratio principal component analysis (%PCA) of food composition for individual-level
dietary variations of O. niloticus in Lake Langeno, Ethiopia.

The different food items of phytoplankton, zooplankton and insect groups identified
in the diet of O. niloticus are presented in Table 3. In total, 43 different taxa of phytoplankton,
6 taxa of zooplankton and 10 insect types were identified in the stomachs of the studied fish.
Of the phytoplankton groups, Cyanophyta (blue-green algae, mainly Microcystis spp. and
Chroococcus spp.) were most abundant in the food composition of O. niloticus. Microcystis
spp. and Chroococcus spp. were observed in 100% and 92% of stomachs with a volumetric
contribution of 24.9% and 9.1%, respectively. From the Bacillariophyta (diatom) groups,
Cyclotella spp. were the most abundant followed by Surirella spp., Cymbella spp., Navicula
spp. and Pinnularia spp. (observed in 99.5%, 98.0%, 92.0%, 90.0% and 76.0% of the studied
stomachs, respectively), while Oocystis and Chlorella spp. were the dominant Chlorophyta
groups, both in the frequency of occurrence and volumetric contribution (observed in 78.0%
and 76.0% of the stomachs, respectively).

The food items of animal origin comprised zooplankton, insects, fish parts (eggs and
larvae), nematodes and ostracods. Rotifers were the dominant zooplankton group observed
in 76.9% of stomachs, followed by copepods and cladocerans (mainly Daphnia spp.) (ob-
served in 48.3 and 33.6% of stomachs, respectively). In terms of index of preponderance,
Microcystis spp. (24.9% IP), detritus (15.9% IP), Chroococcus spp. (9.1% IP), Rotifer spp.
(3.4% IP) and Cyclotella spp. (3.6% IP) were the most important food items identified.
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The percentage of geometric importance index value (%GII) showed that phytoplank-
ton was the primary consumed food item, whereas detritus, zooplankton and macrophytes
were the second most consumed food types by O. niloticus in this study area (Figure 3).

Table 3. Frequency of occurrence (%QO;), volumetric contribution (%V;) and index of the pre-
ponderance (IP) of different food items in the food composition of O. niloticus (n = 512) in Lake

Langeno, Ethiopia.
Food Type Specific Items %Oj %V IP %IP
Cyanophyta (Blue Green algae) 100.0 4.8 477.0 10.1
Bacillariophyta (Diatom) 99.5 16.9 1684.5 35.6
Chlorophyta (Green algae) 78.0 9.9 778.4 16.5
Chrysophyta 324 2.6 84.6 1.8
Phytoplankton  Cryptophyta 47.6 6.9 330.8 7.0
Dinophyta 72.6 6.1 440.7 9.3
Rhodophyta 16.8 3.0 51.1 1.1
Euglenophyta 74.8 11.3 843.7 17.9
Heterokontophyta 14.4 2.6 37.3 0.8
Anomopoda 6.0 0.4 2.6 0.5
Cladocera 33.6 3.7 123.5 21.4
Zooplankton Ctenopoda 12.3 1.0 12.5 22
Copepoda 48.3 3.8 183.1 31.8
Rotifera 76.9 3.2 2479 43.0
Ostracoda 10.1 0.6 6.5 1.1
Diptera 47 10.3 49.5 10.4
Plecoptera 42 12.7 52.9 11.1
Trichoptera 3.7 11.8 43.3 9.1
Chilopoda 48 14.5 70.1 14.7
Aquatic insects  Coleoptera 3.8 6.96 26.1 55
Odonata 84 13.7 1143 23.9
Hemiptera 5.0 8.2 41.0 8.6
Ephemeroptera 4.6 11.5 52.8 11.1
Hymenoptera 2.7 104 27.8 5.8
60
Primarily consumed
50
40 Secondarily consumed
S
— 30
L)
&) 20 Occasionally consumed
10 | Randomly consumed
— {> &
0 — —
> s N ) s s RS )
F &Y T S
D Qea P OQ %g\ N\ \:\‘b &‘b ~bé\
R o o L X 3
) 1S N
Fooditems

Figure 3. The percentage of geometric importance index value (% GII) of different food items in
the diet of O. niloticus in Lake Langeno, Ethiopia. Vertical lines separate the different degrees of
preference of the food items.
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3.3. Variation of Food Composition with the Study Sites

The log-ratio principal component analysis (PCA) for site-based food composition in
the diet of O. niloticus is indicated in Figure 4. Prey composition varied highly on Axis 1
and Axis 2, which together accounted for 96.47% of the total variance (Table 4).
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Component 2

20
1.6
*Protozoan 1.2 .Phytoplankton
0.8] | Middle
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| o
0.4 Dgtritus
Zooplankton
. ; . . . Tufa— ; :
-2.5 -2.0 -1.5 -1.0 -0.5 HVehisRebele 1.0 1.5
0.4
Magrophy
*Uoi s
-1.2
'Lglnsects
2.0
Component 1

Figure 4. The log-ratio principal component analysis (%PCA) of food composition for site-based
dietary variations of O. niloticus in Lake Langeno, Ethiopia.

Table 4. Summary of the percentage variance (%) and correlation matrices (r) accounted for by the first
two principal components (PCA) of fish food composition and study sitesin Lake Langeno, Ethiopia.

Canonical Coefficient

Correlation Coefficients

Axis 1 Axis 2
Eigenvalue 9.19 0.62
% of variance 90.37 6.10
Horakelo 0.3474 —0.0846
Hoitu 0.5645 —0.4115
Dole 0.2709 0.5482
Webishebele 0.5937 —0.04752
Middle 0.1505 0.7145
Tufa 0.3348 0.1011

All of the prey were positively correlated on the first axis and the correlation of prey
items with the study sites was weak (r < 0.50), except for Hoitu and Webishebele sites, and
statistically insignificant (permutation test, p = 0.074 at 0.01) (Table 4).

3.4. Seasonal Variation in the Food Composition of O. niloticus in Lake Langeno

The log-ratio principal component analysis (PCA) for the seasonal prey composition
in the food of O. niloticus is indicated in Figure 5. Prey composition varied largely on Axis 1
and Axis 2, which together accounted for 88.42% of the total variance (Table 5). Except for
phytoplankton, all of the prey items were positively correlated with the first axis, while
the correlations of zooplankton, detritus, aquatic insect larvae and macrophytes with the
months were very strong (r > 0.80) and statistically significant (permutation test, p = 0.021).
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Figure 5. Preys-months PCA biplot of stomach content analysis for O. niloticus collected from Lake

Langeno, Ethiopia.

August, June and July were the months highly associated with all prey items on this
axis, which contributed 80.45% of the total variance (Table 5). However, phytoplankton
was negatively correlated with Axis 1, which also showed a negative correlation with these
months (r = —0.90; permutation test, p = 0.001). Similarly, all of the prey items except
for fish parts were positively correlated with the second axis, which contributed 7.97% of
the total variance on the axis. Months such as February, March and January had a high
positive correlation with a heavy load on phytoplankton prey composition on this axis
(r = 0.79; permutation test, p = 0.0012). Generally, the log-ratio of PCA depicted high
seasonal variation of food composition as most of thefish tended to feed on the highly
abundant food items in the lake (permutation test, p = 0.002).

Table 5. Summary of the percentage variance (%) and correlation matrices (r) accounted for by
the first two principal components (PCA) of fish food composition and study months in Lake
Langeno, Ethiopia.

Canonical Coefficient

Correlation Coefficients

Axis 1 Axis 2
Eigenvalue 18.36 1.82
% of variance 80.45 7.97
Phytoplankton —0.90 0.79
Zooplankton 0.89 0.35
Detritus 0.95 0.30
Insects 0.87 0.21
Macrophytes 0.83 0.08

Fish parts 0.11 -0.37
Nematode 0.64 0.18
Unidentified 0.28 0.02

The abundance and volumetric contribution of phytoplankton were highest in the dry
season. Blue-green algae (Microcystis spp. and Chroococcus spp.) and diatoms (Bacillario-
phyta (Cyclotella spp.)) dominated the stomach content of fish in the dry season (November
to May), whereas Chlorophyta (green algae, mainly Oocystis spp.) and Euglenophyta
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(mainly Trachelomonas spp.) had taken the largest stomach volume in the wet season
(June to October) (Figure 6A,B). The results indicate a significant seasonal variation of
phytoplankton composition in fish stomachs (Wilk’s A = 0.4; F(g s512) = 14.86, p = 0.006).

A ——Cyanophyta -#Bacillariophyta Chlorophyta B —+—Euglenophyta  -#~Cryptophyta
70 1 — =d—Dinophyta = Chrysophyta
5 60 - ——v ?g —#~Rhodophyta —0—Heterokontophyta
2 50 - s 8
E 40 - E 7
s ]
z 30 - z s
&l o4
EZO 1 € 3
S 10 "F\._._.,_.l-—-?—'-—“‘"_"“' g2
= s 1
g O T T T T T T T T T T 1 L O 1

D A ST N - S ST - S WP LY

& F -l ol &

é\? Y‘Q & ) YS% @((,\ g ° 4@(’\\ ;, & g %QQ o éo‘} é{b
O R
Month Month

Figure 6. The monthly variation in the volumetric contribution of phytoplankton composition (%)
(A = Cyanophyta, Bacillariophyta and Chlorophyta, B = Euglenophyta, Dinophyta, Rhodophyta,
Cryptophyta, Chrysophyta and Heterokonotophyta) in the food composition of O. niloticus in Lake
Langeno, Ethiopia.

Similarly, the contribution of zooplankton in the food of O. niloticus was highest in the

wet season and lowest in the dry season, which also showed a significant seasonal variation
(p = 0.0041) (Figure 7).

Volumetric contribution (%)

O R N W b U1 OO N 0 O

Copepods M Cladocerans M Rotifers M Ostracods

Wilk‘s A=0.68
Flq. 5174.56
p=0.0041

Figure 7. The monthly variation in the volumetric contribution of zooplankton prey (%) in the food
composition of O. niloticus, in Lake Langeno, Ethiopia.

Though the contribution of detritus in the food of O. niloticus was year-round, rela-
tively, the highest contribution was observed in months with the highest rainfall (May to
July), which was statistically significant (Wilk’s A = 0.42; F(15, 512 =10.06, p = 0.013 at 0.01).
The composition of macrophytes in fish stomachs was also highest from July to September
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(Figure 8) and the composition showed a significant seasonal variation (Wilk’s A = 0.47;
F(lz, 512) = 1226, p< 0.0082 at 001)
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Figure 8. The monthly variation in the volumetric contribution of zooplankton prey (%) in the food
composition of O. niloticus, in Lake Langeno, Ethiopia, from March 2016 to February 2017.

Insects, nematodes and fish parts were observed only in a few stomachs and their
volumetric contribution was also very low. Relatively, their volumetric contribution in
the food composition was highest in the wet season (Figure 9). However, the result did
not show a significant seasonal variation (Wilk’s A = 0.997; F(q5 512) = 0.23, p = 0.028 for
insects’ prey; Wilk’s A = 0.80; F (12,512) = 2.373, p = 0.025 for nematodes and Wilk’s A = 0.81;
F (12,512) = 2.47, p = 0.021 for fish parts’ composition in the studied stomachs at 0.01).
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Figure 9. The monthly variation in the volumetric contribution of detritus, macrophytes, aquatic
insects, fish parts and nematode prey (%) in the food composition of O. niloticus in Lake Langeno,
Ethiopia, from March 2016 to February 2017.
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3.5. Variation of Food Composition with Fish Size

Of the 512 assessed fish, about 5.8% (n = 30) had <10 cm TL, 25.7% (n = 131) had
10-15 cm TL, 22.2% (n = 114) had 15-20 cm TL, 30.1% (1 = 154) had 20-25 cm TL and 16.1%
(n = 82) had >25 cm TL. For the length group < 10 cm, the contribution of phytoplankton
(32.1%), zooplankton (26.2%) and insects (14.3%) were highest. However, the contribu-
tion of these prey items decreased by 23%, 17% and 9.4% as the total length increased
to 30.5 cm. For the length group 20-25 cm TL and above, the composition of detritus
(31.1%), macrophytes (13.2%) and fish parts (3.4%) were very high in the studied stomachs
(Figure 10A,B).
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Figure 10. Volumetric contributions of different food items (%) (A = Phytoplankton, Zooplankton,
Detritus, Insects and Macrophytes, B = Fish parts, Nematodes and unidentified food items) in the
stomachs of different length groups of O. niloticus in Lake Langeno, Ethiopia.

The relationship between food composition and length variation of fish was linear and
the regression model was best fitted for phytoplankton (r> =0.94), zooplankton (r? = 0.76),
detritus (r? = 0.98), insect prey (r2 = 0.96) and macrophytes (r? = 0.86). The result showed a
significant correlation of phytoplankton (r = —0.97; t4 4y = —7.76; p = 0.006), zooplankton
(r = —0.87; t(5,512) = 3.02, p = 0.001), detritus (r = 0.99; t(5,512) = 12.86, p =0.002), aquatic
insect prey (r = —0.98; t(5,512) = —9.62, p = 0.009) and macrophytes (r = 0.92; t(5 512) = 4.34,
p = 0.004) composition with the different length groups, but the relationship was not signifi-
cant for fish parts (r = 0.51; t5 512) = 1.01, p = 0.046) and nematodes (r = 0.50; t(5 51) = —1.03,
p = 0.429) composition.

4. Discussion
4.1. Diet Composition

The number of stomach samples collected for this study was considered adequate
to warrant dietary analysis as the graphs approached an asymptote in cumulative prey
curves at all sites [34]. The stomach contents analysis indicated that O. niloticus is feeding
on a variety of food categories in Lake Langeno, including food from plant origins, such
as phytoplankton, macrophytes and detritus, as well as food from animal origin, such as
zooplankton, insects, nematodes, fish parts (eggs and larvae) and ostracods (Table 2). The
ingestion of insects, ostracods, nematodes, some fish parts and most genera of the algae
groups identified in the present study was not reported by Tadesse [13]. The variation
in diet composition is affected by many factors, such as season, spatial variation and
ontogenetic dietary shift of fish [39]. Availability, composition and abundance of the prey
items also determine the dietary composition of fish [40].

The high abundance of phytoplankton in this study (Tables 2 and 3) is in agreement
with that of Tadesse [13] from the same lake, while similar findings have been reported
in Gilgel Gibe I Reservoir [41], Koka Reservoir [14], Lake Hayq [15] and Omo-Turkana
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Basin [42]. A logical explanation for the high abundance in stomach contents of this fish
is the high availability of these food items in tropical lakes [43]. Similarly, several authors
have reported the high abundance of detritus in the diet of O. niloticus in different parts
of Ethiopia following phytoplankton [14,15]. The variation could, however, emphasize
the opportunistic feeding behavior of O. niloticus, which depends on the availability of
preyandseasonal and spatial differences of food distribution [10].

The high prevalence of Microcystis spp. in the diet of O. niloticus in our study agrees
with findings from Koka Reservoir [14] and Lake Hayq [15]. Yet, the dominance of Botryococ-
cus (green algae) and Oscillatoria (blue-green algae) were reported in the food composition
of the same fish in Lake Hawassa [44], Lyngbya (blue-green algae) in Lake Zeway [45] and
Melosira (diatoms) in Lake Chamo [46]. The dominance of one food item over the other
could be the result of the selective feeding behavior of fish to increase their nutritional
benefits [47]. It would also result from differences in the availability of foods between
lakes [14].

In addition, rotifers, cladocerans and copepods contributed an appreciable amount to
the food composition of O. niloticus in Lake Langeno (Table 3). Tadesse [13] also reported
the presence of rotifers and copepods in the food of O. niloticus in the same lake. However,
cladocerans were absent in their report. According to Battarbee [48], cladocerans are zoo-
planktons that show seasonal variation in aquatic environments. Therefore, the emergence
of cladocerans in this study could be attributed to the collection of samples in all seasons.
Similarly, the studies carried out in some rift valley lakes, such as Lake Chamo [21], Lake
Hawassa [44], Lake Zeway [45] and elsewhere [6], confirmed the high proportion of rotifers,
cladocerans and copepods in the food of O. niloticus.

Not all prey items are equally important in the diets of the fish both at individual
and species levels [42]. The relative importance of prey items at an individual level is
indicated by the relative sizes of the arrows in %PCA [37], whereas identification of prey
importance at specieslevel is based on discerning large discontinuities in the decreasing
sequence of points of GlI; in the graph [33]. The present results indicate that the relative
importance of dietary items was reasonably concurrent between the individual (Figure 2)
and species-level importance of prey items (Figure 3). Prey items that were of primary
importance at an individual-fish level were also of primary importance at a species level,
which is very similar to the report of Wakjira [42] from Lower Omo River and the Ethiopian
part of Lake Turkana. The %GII showed that phytoplankton is the primary consumed
food item (Figure 4) by O. niloticus (about 64.3% of the total volume), which indicates the
specialist feeding strategy, in agreement with Wakjira [42] and Engdawetal. [14].

The relative importance of prey items in different sites was also represented by the
relative sizes of the arrows in %PCA (Figure 5). The result depicts a concurrence on the
relative importance of all prey items at all of the study sites, where phytoplankton, detritus
and zooplankton were relatively highly important prey in the diet of O. niloticus at all sites.
This could be associated with the ecological homogeneity of the study sites in terms of food
availability and food quality [15].

4.2. Seasonal Variation in the Diet of O. niloticus in Lake Langeno

The results of the present study showed a substantial seasonal variation in the food
composition of O. niloticus (Table 4, Figure 2). For instance, the contribution of phyto-
plankton was highest in the stomachs of O. niloticus in the dry season (January to May)
(Figure 3). The proportion of phytoplankton in the water was relatively low in the wet
season due to high flooding from the catchment area, which can cause fluctuations in the
water level and increase turbidity [49]. Turbidity decreases the penetration of sunlight and
affects the growth and abundance of phytoplankton [50]. Some authors also confirmed
the seasonal variation of phytoplankton in the food composition of O. niloticus in some rift
valley lakes [14,20].

The proportion of zooplankton in the diet of O. niloticus was highest in the wet season
(June to July) (Figure 4), which might have been due to the low water temperature of
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the season. According to Mergeay et al. [51], low water temperature is a prerequisite
condition to the hatching of zooplankton. The seasonal flooding could also contribute
to the high abundance of the zooplankton population in the wet season. The influent
water is likely to bring in nutrients from the river and drain agricultural land and help
in the mixing of autochthonous nutrients among the different strata of the lake, which
triggers phytoplankton production and consequently zooplankton productivity [52]. This
corroborates with the reports from Lake Hayq [15] and Koka Reservoir [14].

The high dietary proportion of detritus in the wet season (April to July) might have
emerged from plant materials flooding during the rainy season [15]. The dominance of
detritus in the diet during the rainy season agrees with observations made in Lake Ze-
way [42]. Similarly, the increase of ingested macrophytes in the wet season (July to October)
could be explained by fish movements to shallow parts of the lake for reproduction. They
stay there for a long period and feed on macrophytes and vegetation in the wet season [46].
Spatial and seasonal changes in the lake induce variation in the food composition of
O. niloticus [53]. This seems logical, but it shows that Nile tilapia is capable of switching to
a food that is more abundant or diverse in its feeding habit and can utilize a wide spectrum
of food items in the environment [15].

4.3. Variation of Food Compositions with Fish Sizes

The proportions of phytoplankton, zooplankton and insect larvae were very high
in the stomach of fish with <10 cm sizes (Figure 7). The study indicates that juveniles of
O. niloticus are generally omnivorous but mainly feed on zooplankton and insect larvae and
phytoplankton, of which diatoms are the major food component [14,54]. This is because
juvenile fish need high protein intake to support a high growth rate and metabolism.
Additionally, the variation in habitat preference between different size groups of fish can
result in a difference in their food composition [54].

Larger fish (>15 cm) instead relied on food from plant origins, such as macrophytes
and detritus. Fish change their feeding behavior from primarily omnivorous to herbivorous
with the high-energy demands as they grow [14,15,54]. The growing energy demand of the
fish cannot be met by feeding only on zooplankton and benthic invertebrates. This enables
them to shift their feeding behavior from eating only zooplankton and benthic invertebrates
to generalist behavior. In addition, the bigger fish are more capable of digesting cell wall
material, and therefore can be less selective in their feeding pattern [55]. The shift in
feeding behavior shows a low degree of intraspecific competition for particular food among
different length groups [53]. Many investigators also reported similar feeding variations in
different size groups of O. niloticus in different water bodies [15,20,49]. By extension, older
fish show greater spatial distribution in less crowded schools in search of a wide diversity
of food types and composition. This also justifies the diversity of the foods recorded in the
guts of the larger fish which happened to lean towards macrophytes dominance [56].

5. Conclusions

The O. niloticus in Lake Langeno are characterized by omnivorous feeding habits that
showed a seasonal and length-based variation of food composition. The size-related shifts
in food item preferences of O. niloticus in the lake seem to depend upon physiological
requirements, whereas the seasonal changes in dietary pattern might instead reflect the
opportunistic feeding behavior of the species. The similarity in spatial-based food prefer-
ence also indicates the ecological homogeneity of the study sites. It is unclear at this stage
what these changes mean for the fish’s physiology, but they warrant further investigation
in view of their meaning for aquaculture applications, as well as for consequences of
climate change.
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