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Introduction:-

Virtually all the reports on the biology of the Bagrid catfish, Chrysichthys nigrodigitatus (Lacépede, 1803) in
Nigeria waters are mostly limited to the adult life stage: food and feeding ecology (George and Atakpa, 2015); diet
composition, feeding habits and condition factor (Uneke, 2014); condition factor and diet (Atobatele and Ugwumba,
2011); morphometry and diet (Lawal et al., 2010 ); food habits (Yem et al., 2009); food and feeding habits
(Kusemiju and Olaniyan (1989); comparative studies of catfish for breeding purposes (Ezenwa et al., 1986); age
and growth determination (Ezenwa and Kusemiju, 1981); taxonomic description (Reed et al., 1967). Consequently,
the biology and ecology of the juvenile in the wild have been greatly neglected. Although C. nigrodigitatus is a
commercial important fish that is widespread in Africa tropical waters (Boulenger, 1909-1915; Adite et al., 2006;
Adite et al, 2017) where they grow and spawn actively, and also constitute one of the dominant catches of capture
fishery by artisanal fishermen, it is quite difficult to reproduce C. nigrodigitatus in culture enclosures (Otémé, 1993)
in order to supply aquaculture center with fingerlings or seeds (Houehanou et al, 2017). The primary source of seeds
of this species for stocking culture enclosures still remains wild collection of juveniles from natural environment
especially during the adult breeding season (Laleye et al. 1995) which coincides with the rainy and flood period.
Poor advancement in propagation protocols for this species maybe due partly to inadequate biological information
on the juvenile stages that is often collected for grow-out in captive conditions.

Natural populations of Chrysichthys nigrodigitatus in Nigeria freshwater ecosystems are on decline possibly due to
the increasing demand for its high-protein-content hardy flesh. Clear evidence that the species is endangered in some
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part of Nigeria was portrayed by Ayotunde and Ada (2013) in Cross River, Cross River State. Chrysichthys
nigrodigitatus is one of the most threatened fish species with the highest rate of extinction (Araoye, 1999; Craig
2000). Some of the educed reasons for declining population of stocks of this species in the wild include increasing
higher demand, habitat loss and degradation, pollution (Ayotunde and Ada, 2013), environmental degradations,
overfishing (Asuquo et al., 2013). Adite et al. (2006) pointed out that the biology of C. nigrodigitatus has not been
extensively studied despite its acute decreasing population. There is an urgent need for conservation efforts on this
species to reverse the acute decreasing population of the species in Nigerian freshwater ecosystems. Deficiency of
the early life stages is one of the primary constraints for intensive production of this species (Ayotunde and Ada,
2013). There is limited scientific information on artificial reproduction, captive breeding and early life stages of
Chrysichthys nigrodigitatus in Nigeria. Biological information on early life stages of fish especially the juvenile is
essential for sustainable exploitation, conservation, rational fisheries management and provision of seeds for culture
centers (Adite el al., 2017).

The present study is aimed at enhancing the production of Chrysichthys nigrodigitatus through basic information on
neglected biology of its juvenile. Biological data is required for sustainable exploitation and appropriate utilization
of fish stock. Aspects of the biology of this stage covered include diet composition, feeding strategy, gut
morphology, length-weight relationship and form factor. For instance, in fish as in other animals, food supplies are
basic governing factors for growth rate, condition, abundance, movement and fertility. Adequate knowledge of
feeding habits of a fish species is essential for proffering solutions for evolving challenges to human exploitation of
fish resources.

Materials and methods:-

Study area

Epe Lagoon with a surface area of about 243 km? (FAO, 1969) and a maximum depth of about 6 m lies between
longitude N 06° 33.710” E 004° 03°.710” and latitudes N 06° 31.893” E 003° 31.912°. The lagoon is a freshwater
ecosystem sandwiched between two lagoons, Lekki lagoon (freshwater) in the east and Lagos lagoon (brackish) in
the south with the Osun River being the main river discharging into the lagoon. The climate is classified as tropical
with dry season occurring between December and April and the rainy season concentrated between May and
November. The rainy season is associated with the breeding period of several important commercial fish species
inhabiting the lagoon including Chrysichthys nigrodigitatus, when the lagoon serves as the nursery and feeding
ground for the pre-juvenile and juvenile stages of such species. The lagoon supports thriving commercial fisheries in
Lagos and Ogun States, Nigeria.

Collection of samples of Chrysichthys nigrodigitatus juveniles

Random samples of Chrysichthys nigrodigitatus juveniles (Figure 2) were procured from artisanal fishermen at
Chief landing site of fishermen from Epe Lagoon. The specimens were caught with Cast and Set nets. Samples were
collected monthly between June and November, 2017, chilled in ice-chest containing ice cubes and transported to
the laboratory where they were preserved by deep freezing (-4°C) prior to further examination.

Data collection
In the laboratory, preserved specimens were thawed and mopped dry using tissues paper. Fish samples were sorted
in order to remove juveniles of other species erroneously collected with the sample and identified according to
Olaosebikan and Raji (1988). Forked length (precision = 0.1 mm) and whole body wet weight (precision = 0.1 g.) of
individual specimen in the sample were measured. Stomach was removed after internal dissection of the body and
preserved in 5% neutralized formalin. Feeding intensity of Chrysichthys nigrodigitatus juvenile was assessed by
using Vacuity index (V1) after examination of stomach by visual inspection. Vacuity index (V1) expressed the
fraction of a fish population with food in their stomach, it was determined according to Euzen (1987) by:
VI=E; X100

Ts
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Figure 1: Epe Lagoon

Figure 2: Chrysichthys nigrodigitatus

where Es = number of empty stomach samples; T, = total number of stomach samples. Values of feeding intensity
based on VI are usually interpreted as follows: - edacious species 0 < VI < 20; relatively edacious species 20 < VI <
40; relatively abstemious 60 < VI < 80 and abstemious 80 < VI < 100.

Stomach contents of preserved stomachs were emptied into a Petri dishes, kept for 3 minutes to remove excess
formalin. Each of the food items was identified to the lowest possible taxonomic level. Quantitative analysis of
stomach consents was done by using numerical, frequency of occurrence and volumetric (water displacement)
methods (Hyslop, 1980). Index of Relative Importance (IRI), an integrated measurement of number, frequency of
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occurrence and volume, was used to present a less biased food items in the stomach. It was calculated by adding the
numerical and volumetric percentages values and multiplying with frequency of occurrence percentage value
(Pinkas et al., 1971). This was based on assertions that such a compound index (an index comprising any of the
traditional methods including numerical, frequency of occurrence and volumetric et cetera) eliminate biases inherent
in any of the aforementioned traditional methods (Chipps and Garvey, 2002). Further, it captures more information
than any of the basic index use in isolation.

Gut lengths of specimens were measured with a ruler (precision 0.1 mm) after internal dissection. The Relative Gut
Length (RGL) was expressed as the ratio of total length of gut to total body length (Biswas, 1993):
RGL = Total length of gut
Total length of fish
where fish can be classified as herbivorous (RLG>1), carnivorous (RLG<1) or omnivorous (RLG =, or>, or <1)
(Biswas, 1993).

Prior to determination of feeding strategy of the species, dietary items encountered in the stomach were expressed in
higher taxa grouping for ease of comparison (Bowen, 1984). The graphical method (Amundsen et al. 1996) was
used to determine the feeding strategy of the species. This was based on a two-dimensional depiction of plots of
Prey Specific Abundance, P; (Y-axis) against frequency of occurrence in fraction not percentages (X-axis). The prey
specific abundance is a measure of relative abundance of food items encountered in the stomach based on bulk
(volume); and it was calculated as:

Pi = 251 x 100

2S5t

where: P; = prey specific abundance, S; = volume of prey i in stomachs, and S; = total volume of stomach contents in
only those individuals with prey i in the stomachs. Interpretation of the diagram is based on distribution of points
along the diagonals and axes of the graph to indicate feeding strategy, prey importance and niche breadth of the
species (Amundsen et al. 1996).

The relationship between forked body length and total body wet weight was estimated from the equation:

W = aL” (Pauly 1984).

W = weight of fish in grams, L = fork length of fish in millimeters, “a” is proportionality constant and “b” is the
allometric coefficient both estimated by method of least squares (Lagler 1956) using logarithmically transformed
expression;

logW =loga+hblogL.

The form factor (as) for C. nigrodigitatus juvenile was calculated using the empirical equation given by Froese
(2006) as:
asg = 10 log a—s (b-3),

where a and b are regression parameters of length-weight relationship of the species and S is the regression slope of
log a vs. b. A mean slope S = -1.358 (Froese 2006) was used for estimating the form factor because of dearth of
information on C. nigrodigitatus juvenile for estimation of the regression (S) of Ina vs. b.

Statistical analysis

Statistical analyses were performed using Microsoft® Excel 2007 and GraphPad Prism 5 for Windows, GraphPad
Software, San Diego California USA, www.graphpad.com. All statistical analyses were considered significant at 5%
(p<0.05). Descriptive statistics (mean, standard deviation) was used to summarize body parameter of fish data using
Microsoft excel; and also for computation of proportion and percentages of dietary items. Correlation and linear
regression were performed using GraphPad Prism Version 5.00. Amundsen plots of feeding strategy was plotted
using Microsoft excel spreadsheet coded with Macro command 2007.

Results:-

Juvenile Chrysichthys nigrodigitatus

Overall 240 specimens of juvenile Chrysichthys nigrodigitatus were examined during the present study. Fork length
of C. nigrodigitatus juvenile collected from Epe Lagoon ranged from 3.9 — 101 mm (M = 12.52, SD = 6.46). Body
weight ranged 4.83 — 40.2 g (M 15.2, SD = 5.11).
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Diet composition

Vacuity index value of 16 % was revealed from analysis of stomach contents Chrysichthys nigrodigitatus juveniles
from Epe Lagoon. Twenty-seven food items were found in the stomach of C. nigrodigitatus juvenile, which are
categorized mainly as zooplankton, crustacean, decapoda, insect, osteichthyes, algae, and plant materials (Table 1).
Analysis of stomach contents based on primary indices (Table 1) revealed that micro-crustaceans namely Daphnia
sp. (8.09 %) and Copepoda (7.69 %) were the most important food items based on % numerical and frequency of
occurrence methods respectively. Chironomid larvae, an insect, were the most important food by % volumetric
method. Based on the relative importance index (Figure 3), the primary foods of C. nigrodigitatus juvenile were
algae (55.9), chironomid larvae (51.2), amphipods (40.2), rotifers (38.6), plant materials (37.9) and fish fry (34.5).
The most important food category in the diet also based on the relative important index (Figure 4) was insects
followed closely by micro-crustacean.

Relative gut length
The estimated relative gut length was 1.25.

Feeding strategy

The feeding strategy plot (Figure 5) revealed juvenile Chrysichthys nigrodigitatus from Epe Lagoon are generalist
with an inclination as specialist predominantly on insect. The plot also indicated that the most dominant foods for
this life stage of the species were insects while decapods crustaceans were the rarest. Plantyhelminths although
encounter in the stomach may not being a food item.

Table 1:- Summary of stomach contents of juvenile Chrysichthys nigrodigitatus from Epe Lagoon

Food items Number (N | Frequency Volumetric (V| Index of
%) Occurrence %) Relative
(FO %) Importance
(IR1)
Zooplankton
Rotifera 6.64 5.59 5.71 38.6
Protozoans 5.81 0.7 4.89 9.2
Arthropoda
Crustacean
Copepoda 7.47 7.69 2.45 26.3
Ostracoda 5.19 4.55 2.99 18.8
Daphnia sp. 8.09 35 1.9 14.7
Mysids 3.32 3.15 0.82 5.9
Amphipods 6.02 6.99 4.89 40.2
Decapoda
Crab part 2.07 3.15 3.126 12.3
Prawn part 1.24 1.05 1.63 3.0
Insecta
Insect parts 2.90 3.15 5.71 20.9
Chironomid 4.36 5.94 7.88 51.2
larvae
Insect nymphs 3.32 3.50 7.61 29.9
Notonecta sp. 1.04 1.05 1.09 2.2
Insect wings 2.28 3.85 0.54 4.4
Osteichthyes
Fish eggs 6.22 6.29 2.45 21.6
Fish fry 4.56 5.24 5.71 34.5
Mollusca
Gastropod shell 3.11 2.45 5.16 15.7
Unidentified 1.24 1.05 8.15 9.8
bivalve
Anadara sp. 0.83 1.40 2.45 4.3
Bivalve larve 2.28 3.15 4.89 17.1
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Algae
Navicula sp. 1.04 1.75 1.09 2.9
Synedra sp. 0.83 0.7 0.54 1.2
Spirogyra 3.32 3.15 0.82 5.9
Oscillatoria sp. 4.15 4.20 1.36 9.9
Spiriluna sp. 1.87 2.10 0.82 3.6
Unidentified 5.39 6.64 7.61 55.9
algae

Platyhelminths 1.66 1.75 2.17 5.5

Plant materials 3.73 6.29 5.43 37.9
60.00 1 Occastonaly consumed Secondary consumed Primary consumed
50.00
40.00 -

Relative Importance Index 30.00 -
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Figure 3: Diet preference of juvenile Chrysichthys nigrodigitatus from Epe Lagoon
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Length —weight relationship and form factor

Forked length and body weight of juvenile Chrysichthys nigrodigitatus from Epe Lagoon were extremely
significantly and positively correlated, r (240) = 0.91, p< 0.001). The results of simple linear regression (Figure 6)
indicated that weight could be predicted from length by the following formula: Y = 1.9568x + 0.0216, R? = 0.8351.
The regression growth coefficient b =2 shows negative allometric growth. The estimated form factor (as) was 0.039
for juvenile Chrysichthys nigrodigitatus in Epe Lagoon

2.9
Y= 19568x +0.0216

p = 0.0001
2.0+ r=0.91
n =240

Body weight (g)
"
|
&

e
th
1

D-D | ) | | |
0.0 0.5 1.0 1.5 2.0 2.5

Log Forked Length

Figure 6: Length-weight relation of juvenile Chrysichthys nigrodigitatus from Epe Lagoon

Discussion:-

Diet compositions of juvenile stages of Chrysichthys nigrodigitaus from Epe Lagoon through the present study
indicate that the species was an omnivorous; its diet comprised a wide spectrum of food items ranging from
planktons, invertebrates, algae, plant and animal materials. When animals eat both plants and animal, they are called
omnivores. These are often non-selective opportunistic feeders obtaining their food mostly by availability rather
than preference. This feeding plasticity or the ability to change between alternative food resources would confer a
great adaptation on omnivores such as juvenile C. nigrodigitaus to their local environment. Consequently, it may
account for high domination of this species in the commercial catch of artisanal fishermen in Nigeria waters.
Lévéque (1997) described omnivores as an important survival strategy over other fish species competing for a
specific food item.

The result on diet composition in this study is similar to Bob-Manuel and Upadhi (2017) who reported stomach
contents of juveniles of C. nigrodigitaus at Tombia Mangrove Swamp Creek, Rivers State, Nigeria. Based on both
percentages occurrence and number, the authors reported dietary constituents including filamentous green algae (96
%, 24.67%), detritus and sand particles (88%, 11.15 %); insect parts constituted (53%, 7.42%); mollusk (51.5%,
13.31 %), bivalves (49%, 10.17%); cladocerans (48.5%, 11.32%); megalope larvae of crabs (35%, 8.07%) for
juveniles of C. nigrodigitaus. Ugwumba (1998) described juvenile C. nigrodigitaus as zooplankton feeders (97.8 %,
83.97%) based on number and frequency of occurrence respectively. Other food items she reported in the stomachs
were insects (1.1, 17%), pisces (1.6, 4.2 %), arachnida (0.2, 4.2%), and plant material (0, 4.2%)

A clear morphological indicator of omnivorous feeding habits for Chrysichthys nigrodigitaus juvenile in Epe
Lagoon was evidence in the Relative Gut Length (RGL) value (>1), which also categorized this species as
omnivores. It is widely accepted consented that RGL < 1 indicates carnivorous diet, 1 < RGL < 3 indicates
omnivory, whereas values of RGL > 3 indicate diet based on plant material or detritus (Ward-Campbell et al. 2005).
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The relatively long intestine compares to body length in omnivores is an adaptation that provides a large surface
area for digestion of hard plant tissues which constitutes part of its diet (Laléye et al. 2006).

The feeding strategy plot without ambiguities designates that juvenile Chrysichthys nigrodigitaus was insectivorous
in Epe Lagoon. This was also corroborated by relative importance index of diet (Figure 4); insect being the most
important food category. This showed the species is omnivores with preference for animal materials. Baras and
Laleye (2003) opined that Chrysichthys spp, are benthic omnivores exhibiting a strong inclination to predation.
Within the component of insect category, chironomid larvae were the most important insect in the diet.
Developmental stages of insect may be the most desired diet for this stage of Chrysichthys nigrodigitaus. Zavala-
Camin (1996) reported that insects play a significant role in fish diets in lagoons and rivers because they are present
throughout the year. They are more available in the flood period which coincides with the breeding period of this
species in the rainy season. Furthermore, several fish species have flexible diet which is an adaptation for utilizing
available resources in the environment, only a few being strictly carnivorous or herbivorous (Lagler et al.(1977).
Recorded high correlation coefficient (r=0.91) indicate increase in length with weight. This agreed with other works
on fish species from different water bodies (Froese, 2006). Estimated regression coefficient b (=2) for juveniles of
Chrysichthys nigrodigitaus in Epe Lagoon was within the expected range (2-4) for fishes (Bagenal and Tesch 1978;
Froese, 2006). The value connotes that the juvenile stage C. nigrodigitaus commited more energy to growth in
length than weights. This is in agreement with observation of Safran (1992) that small fishes increase in length at
greater rate than they grow in other dimensions. When b = 3, the fish grows isometrically resulting in ideal shape of
fish. When it is less than 3.0, the fish experiences a negative allometric growth. The calculated form-factor was
0.0032 which ascribed a short and deep body forms for C. nigrodigitaus juvenile (Froese, 2006)

In conclusion, through the result of this study, juveniles Chrysichthys nigrodigitaus inhabiting Epe Lagoon are
edacious omnivores with strong inclination for insectivorous feeding. This suggested that farm-raised juvenile C.
nigrodigitaus will thrive on insect as protein source in their diet. Insect protein as feed meal or pellets may partly be
substituted for fishmeal for the species because insect has been reported as an excellent source of proteins for
several animal species. This study also validated the diet-intestine length relationship. Moreover, to my knowledge,
there is no record of form-factor for C. nigrodigitaus juvenile in Nigerian waters; this study has provided a baseline
data, therefore, bridging this gap in knowledge of this species.
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