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ABSTRACT

Freshwater crabs are a cheap and important source of animal protein for human
beings. They also serve as bio-indicators of ecosystem disruption and also conservation
icons. Despite their importance, there are still some unresolved issues in their
phylogenies. This study aimed to examine the morphological variations in freshwater
crab, S. africanus from three different water bodies in South-west, Nigeria. Thirty
samples were collected from each of the study locations morphological study using
morphometrics and meristics characters. Morphometrics characters did not show
variations in species of crabs, unlike meristic that showed variations in the episternum
and abdominal segments of S. africanus. The study also revealed that the crabs exhibit
a negative allometric growth (b<3). The condition factor revealed that the crabs are
healthy (K>1). Cluster diagram of the Canonical Variate analyses of the morphological
parameters showed that there are no variations in the morphological characteristics

of S. africanus. Cluster diagram of the meristic characters shows that there are little
variations in the meristic characters of S. africanus in the three study locations.

INTRODUCTION

Crabs are decapod crustaceans with stout and strong legs with which they move around for food and
escape from predator. Their body is generally covered with a thick exoskeleton composed primarily
of chitin and calcium carbonate. They are of different sizes and show sexual dimorphism on their
external morphology. Their general body is divided to head, thorax and pleon with the head and
thorax (cephalothorax) covered by a broad carapace. Freshwater crabs are found in large number in
nearly all the available freshwater bodies in Nigeria, but they are underutilized except for local
consumption (Sodamola et al., 2010). However, Sudanonautes africanus is restricted to the more
humid areas of the coastal rainforest belt from south-east Nigeria. They are found in a range of
permanent aquatic habitats from large rivers and small streams (with both fast and slow flowing
water) to ponds. The species of crabs is capable of breathing air and is often found on land at night.
This crab also occurs in temporary water sources such as drainage culverts and ditches (Cumberlidge
et al., 2009). Adult males and females of S. africanus do not co-habit in a single hole. The burrows
dug by adult males are usually further away from the water than those of adult females and sub-adults
of both sexes (Mvogo-Ndongo et al., 2017).
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A lot of interests have been developed in the study of decapods because of their morphological
diversities and economic importance. Since the development of this keen interest in the study of
decapods, there have not been clear classifications of members of the phylum because of their
morphological diversity (Chu et al., 2002). This has hindered their phylogenetic study. According to
Chu et al. (2002), morphological cladistics analysis has provided some insights to the phylogeny of
crustaceans but many key issues have been left unsettled, especially their relationships.

The morphology of decapod crustaceans shows a large diversity concerning the overall body shape
and structure of the appendages. Morphological characters such as morphometrics and meristic have
been widely used to identify fish population (Turan, 2004; Turan et al., 2004). Morphometric
studies of crabs have been widely accepted in population biology studies — used to trace the historical
development (ontogeny), describe the growth patterns and measure the sequence of changes that
occur during the evolution of fresh water crabs while modifying the description of old characters
(Elewa and Ashraf, 2004). It is also being used as an important index in molecular studies as well as
in population ecology. Information on the morphometric analyses can be a necessary tool for the
assessment of the fishery of fresh water crabs. This is to ensure the sustainability and also form the
basis for their molecular and biochemical studies. Such knowledge can be useful for further studies
on the life history, taxonomy of the species and in the development of its fishery resource
management and culture.

This study is devoted to observe the morphological variations in S. africanus in three freshwater
bodies in Ondo state of Nigeria. In order to achieve this the proxy of morphometric and meristic
characters were used to measure the genetic variation of S. africanus in the three populations.

2. MATERIALS AND METHODS

2.1 The study area

This study was carried out in three rivers (Ala, Ogbese and Owena rivers respectively) in Ondo state,
South-west, Nigeria. Sample collections were carried out on each of the study locations (Figure 1).
River Ala (7° 263 N, 5° 205 E) is located in Akure, the capital of Ondo state of Nigeria. River
Ogbese (7° 261 N, 5° 378 E) is located at Ogbese village (near Akure) South western Nigeria. It has it
source from Aaye-Ekiti in Ekiti state and flows through Ogbese town in Akure North local
government (Oyewole et al., 2013). River Owena (7° 399 N, 5° 896 E) is located along the Akure-
Ilesha road.

2.2. Sample collection

Thirty (30) samples of freshwater crabs were collected from each of the study locations (Ala, Ogbese
and Owena Rivers respectively) between July and October 2016. The live specimens were either
hand- picked, collected from baited traps, pulled out of their holes, or collected from farmers who
caught them on their farmlands. The collected samples were placed in an ice chest before they were
transported to the Fisheries and Aquaculture Technology laboratory, Department of Fisheries and
Aquaculture Technology, Federal University of Technology, Akure (FUTA) for preservation and
further analysis.
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Figure 1: A map of the study locations

2.3 Morphometric Studies of S. africanus

The collected specimens were sexed based on the method described by Bello-olusoji et al. (2009).
The total body weight of the crab was measured using a sensitive scale (OPTIMA OPD-E). A pair of
dividers was used to carry out the morphometric measurements (to the nearest millimeter) of the
samples by placing it at the ends of the parameters to be measured. The parameters that were
considered are the Body weight (BW) Carapace width (CW), Carapace length (CL), Length of left
chelae (LLC), Length of right chelae (LRC), Width of left chelae (WLC), Width of right chelae
(WRC), Mandibular palp, Front width (FW), Abdominal Length (AL), Length of dactyl (LD), Length
of palm (LP), and Width of Palm (WP).

2.4 Meristic studies of S. africanus

The meristic characters such as the abdominal segment (this was done by turning the ventral part of
the cephalothorax (i.e the thoracic sternum), a magnifying lens (hand lens) was used to count the
number of teeth on each of the chela of the crab. The meristic characters considered were recorded
and these include sternum (ST), number of Episternite (EST), Abdominal segment (AS), Thoracic
sternite (TS) (was counted by opening the abdomen of the crab), Number of teeth on left chelae
(NTL), and Number of teeth on right chelae (NTR).
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2.5 Data analysis on Morphometric studies of S. africanus

Data on the morphometric and meristic characters were recorded and subjected to analysis using the
PAST 3.0 software. The dimensionality of the data was reduced by using Principal component
Analysis (PCA). The mean and standard deviations of the freshwater crab population was determined
using Microsoft Office Excel in PC window (2007).

The Length-weight relationship was estimated using the equation W=aL" (Bagenal and Tesch, 1978)
Where W is the weight of the crab, a is the intercept, L is the carapace length and b is the slope or
known as growth constant. The values of a and b was computed from the log transformed values of
the length and weight, i.e.

LogW =Loga+bLogCL

Where W = weight (g) of the crabs, CL= horizontal carapace length (using the linear regression
routine of Microsoft Office Excel in PC windows (2007). The parameters a (intercept) and b (slope)
was estimated by linear regression based on logarithms; log (W) = log (a) + b log (L). An equation
expressing the carapace width/length-weight relationship of S. africanus was calculated in relation to
the study location.

The condition factor, K was also calculated to determine the state of well-being of the crabs in the
three study locations. The formula for the condition factor is expressed thus:

K =100 W
L’ (Gayanilo and Pauly, 1997)
Where K= Co

ndition factor, W= Weight of crab, L= Horizontal carapace length of crab. The bias due to size and
age on the morphometric and meristic data set was reduced using method desribed by Elliott et al.
(1995) with little modification.

RESULTS

3.1 Morphometric parameters of male Sudanonautes africanus

Table 1 shows the mean and standard deviations of the morphometric characters of male S. africanus
from the three locations (Ala, Ogbese and Owena Rivers). The body weights (BW) of the studied
species of crab were 67.07+26.92g, 69.07+25.57g and 68.33+£27.59¢g and the carapace lengths (CL)
were 5.88+1.36cm, 5.50+1.24cm, and 5.80+1.10cm for Ala, Ogbese and Owena Rivers respectively.
The mean of the carapace width of the male S. africanus shows 5.95+1.33cm, 5.84+0.87cm,
6.03+1.26cm for the three study locations. The morphometric characters of the male S. africanus
showed no significant differences (P > 0.05) among the three study locations.

3.2 Morphological parameters of female Sudanonautes africanus

mean and standard deviations among the three locations (Ala, Ogbese and Owena Rivers). The body
weights (BW) of the studied species of crab were 59.05+20.95¢g, 55.00+15.45g and 60.27+20.31g for
Ala, Ogbese and Owena Rivers respectively. The total carapace lengths (CL) were 5.62+1.39cm,
55.07£0.91cm, and 5.45+1.33cm for Ala, Ogbese and Owena Rivers respectively. The mean of the
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carapace width of the male S. africanus shows 6.16+£0.75cm, 5.78+1.08cm, 5.66+0.84cm for the three
study locations. The morphological characters of S. africanus showed that there is no significant
difference (P > 0.05) among the three study locations considering the male animals. However, there
were significant differences (P <0.05) between the Mandibular palp (MP) of female S. africanus
collected from Ala and Ogbese Rivers. The results of the other parameters are presented in Table 1.

From the results, female S. africanus do not vary from each other in the three study locations

Table 1: Morphometric parameters of Male S. africanus obtained from the three study locations (n=90).

ALA RIVER OGBESE RIVER OWENA RIVER

parameter  Male MeansSD Female Male Female Male Female

Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
BW 67.07+£26.92° 59.05+20.95°  69.07+25.57%  55.00+15.45°  68.33+27.59°  60.27+20.31°
CL 5.88+1.36° 5.62+1.39° 5.50+1.24° 5.07+£0.91° 5.80+1.10° 5.45+1.33°
CW 5.95+1.33° 6.16+0.75° 5.84+0.87° 5.78+1.08° 6.03+1.26° 5.66+0.84°
LLC 7.09+1.54¢° 7.26+£0.96° 7.68+1.82° 6.47+1.04° 7.89+2.03° 6.77+1.50°
LRC 7.82+1.66° 7.67+£1.16° 7.87+1.46° 7.05+0.85° 8.35+2.32° 7.67+1.49°
WLC 1.43+0.44° 1.43+0.37° 2.05+1.43° 1.50+0.70° 1.57+0.39° 1.58+0.39°
WRC 1.90+0.46° 1.75+0.41° 2.52+1.44° 1.90+1.02° 2.02+0.48° 1.83+0.30°
MP 1.51+0.29° 1.65+0.26" 1.56+0.39* 1.45+0.25° 1.57+0.32° 1.51+0.21%
FW 1.47+0.26° 1.57+0.31° 1.53+0.28° 1.55+0.29° 1.62+0.24° 1.43+0.19°
AL 4.23+0.96° 4.11+0.86° 3.89+0.55° 3.95+0.47° 4.27+0.71° 4.01+0.87°
AW 3.77+0.50° 4.00+0.42° 3.86+0.43° 3.93+0.73° 3.97+0.44° 3.78+0.48°
LD 2.71+1.04° 2.37+0.48° 3.34+1.31° 2.30+0.80° 2.56+0.70° 2.66+1.09°
LP 2.39+0.86° 2.23+0.93° 2.16+0.62° 2.05+1.01° 2.01+0.62° 2.01+0.49°
WP 2.11+0.77° 1.83+0.44° 1.93+0.37°¢ 1.57+0.42° 1.97+0.52° 1.71+0.37°

BW = Body weight, CW= Carapace width, CL= Carapace length, LLC=Length of Left chela, LRC= Length of right
chela, WLC= Width of left chela, WRC= Width of right chela, MP= Length of Mandibular palp, FW= Frontal width,
AL= Abdominal length, AW= Abdominal width, LD= Length of dactyl, LP= Length of palm, WP= Width of palm.
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Table 2: Meristic parameters of male S. africanus obtained from the three study locations (h= 90)

ALA RIVER OGBESE RIVER OWENA RIVER
Parameter Male Female Male Female Male Female
MeanzSD Mean+SD Mean+SD Mean=SD Mean+SD Mean+SD

ST 6.13+0.52° 5.67+0.62° 6.13+0.64° 6.20+0.68* 6.00+0.53 % 5.27+2.22°%
EST 3.13+0.52° 3.60+0.83% 4.87+1.88" 4.20+1.78° 3.53+1.13° 3.33+1.54°
TS 6.27+0.59° 6.00+0.53° 6.33+1.18° 6.20+0.56° 6.27+0.46° 6.00+0.00°
AS 6.47+0.64"  6.20£0.68° 6.73+0.46" 6.33+0.62° 6.27+0.46" 6.00+0.00°
NTL 15.07+7.21°  11.1345.05° 10.47+4.53° 8.07+2.49° 12.40+8.53° 10.33+6.54°
NTR 14.20+7.66%  13.40+5.90° 12.53+4.42° 11.87+3.04° 14.93+8.68° 12.07+8.81°

ST= Number of sternum, EST= Number of Episternite, TS= Number of Thoracic segment, AS= Number

of abdominal segment, NTL= Number of teeth on the left chela, NTR= Number of teeth on the right chela.

3.3 Meristic parameter of male S. africanus

The mean and standard deviations of the meristic characters of S. africanus in the three study
locations are presented in Table 2. From the result it was observed that significant differences (P
> 0.05) exist in some of the meristic characters of S. africanus. The Episternite (EST) of the crab
from Ogbese River was significantly different (P < 0.05) from the other two locations. Also, there
were significant differences (P < 0.05) between the Abdominal Segment (AS) of male S.
africanus collected from Ogbese and Owena River. There was no significant difference (P > 0.05)
between the abdominal segment of male S. africanus collected from Ala River and the other two
study locations.

Table 2: Meristic parameters of male S. africanus obtained from the three study locations (n= 90)
ST= Number of sternum, EST= Number of Episternite, TS= Number of Thoracic segment, AS=
Number of abdominal segment, NTL= Number of teeth on the left chela, NTR= Number of teeth
on the right chela.

3.4 Length-weight relationship of S. africanus

The relationship between the Carapace length (CL) and Body weight (BW) of each of S.
africanus in the three study locations are presented in table 3. The result of the condition factor of
S. africanus in the three study locations show that the crabs are healthy and they all have a
negative allometric growth (b < 3). From the Table, the S. africanus in Ogbese River is healthier
(K = 41.99) than the crabs in the other two study locations. The strength of the relationship
between the carapace length and body weight of S. africanus is determined by the correlation
coefficient. From the study, the S. africanus in the Owena exhibit strongest relationship (0.55) in
between the Carapace length and Body weights.

Table 3: Relationship between Body weights (WT), Carapace Length (CL) and condition factor
of S. africanus in the study locations
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Growth parameters

RIVER n a b n a b K R Growth Pattern
ALA 15 0.11 0.62 30 2.18 11 33.17 041 Allometric
OGBESE 15 0.2 04 30 2.72 0.83 41.99 0.31 Allometric
OWENA 15 4.12 0.05 30 1.83 1.33 36.1 0.55 Allometric

Where a = Intercept, b = Growth pattern, R = Correlation coefficient, and K= Condition factor

5 Principal component loading analysis of the Morphological parameters of S. africanus

To know the characters that contribute to the variation observed in S. africanus the loading plots
was done on the Principal component 1 (PC 1). From the loadings in Figure 3, Length of Right
Chelae (LRC), the Length of left chelae (LLC), Carapace Length (CL), Carapace width (CW)
and the Abdominal Length (AL) have Eigen values above 0.25. Also, Number of teeth on the left
chela (NTL) and Number of teeth on the right chela (NTR) (figure 4) are meristic characters that
contributed to the variation observed in S. africanus. These characters have contributed more to
the morphological variations of S. africanus in the study locations.
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Figure 3: Loadings of the morphological characters of S. africanus from the three study locations on

PC 1 of the principal component analysis

CW= Carapace width, CL= Carapace length, LLC=Length of Left chela, LRC= Length of right chela,
WLC= Width of left chela, WRC= Width of right chela, MP= Length of Mandibular palp, FW=
Frontal width, AL= Abdominal length, AW= Abdominal width, LD= Length of dactyl, LP= Length
of palm, WP= Width of palm.
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Figure 4: Variations of the meristic characters of S. africanus from the three study locations and their
loadings on PC 1 of the principal component analysis

ST= Number of sternum, EST= Number of Episternite, TS= Number of Thoracic segment, AS=
Number of abdominal segment, NTL= Number of teeth on the left chela, NTR= Number of teeth on
the right chela.

3.6 Canonical Variate analysis of S. africanus in the three study locations

The Canonical Variate Analysis (CVA) of the morphological characters of S. africanus from the
three study locations is shown in Figure 5. Overlapping of the clusters was observed from the three
study locations. The overlapping clusters might have implied that the samples are from the same
ancestral population origin.

90 120 150 180

Component 1

Figure 5: Canonical Variate Analysis of morphological characteristics of S. africanus in the
three study locations on PC. @Ala River O Ogbese River () Owena River
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DISCUSSION

4.1 Morphological variations in S. africanus

The present study reveals the growth pattern of S. africanus in three different populations in
South-west, Nigeria. The relationship between the carapace length and weight of crabs are often
used to calculate standing stock biomass, condition indices, analysis of ontogenic changes and
many other aspects of crustacean population dynamics (Atar and Secer, 2003; Bello-Olusoji et
al., 2009). They can also be used for management of crab population and also to estimate the
recovery of edible meat from crabs of various sizes (Khan and Mustaqueem, 2013).

Studies of relative growth in crustaceans allow to define the type of allometry in the growth of
different body parts, such as chelae, locomotor appendages, abdomen and pleopods, and to
relate them to their specific functions (Ribeiro et al., 2013). The allometric relationships are
powerful tools used by taxonomists and ecologists in the analysis of intraspecific and
interspecific variation among different populations and to estimate the average size at sexual
maturity, also related to environmental conditions (Costa & Soares-Gomes, 2008). The growth
pattern in morphometric studies is represented by the growth co-efficient (b) value. The ‘b’
values have significant impact on the well-being of fishes (including shell fish) and fishery
(Lawson and Oloko, 2013).

The mean weights of the crabs recorded in this study for the three locations is similar to the
work of Aderinola et. al., (2013) on C. pallidus. However, Bello-Olusoji et al.,(2009) reported
a slight difference in the weight of S. africanus in South-west Nigeria. The difference in the
results could be due to the season of collection of the sample. Result of the carapace length in
the three locations is similar to result obtained by Bello-Olusoji et al., (2009) and Aderinola et
al., (2013). The growth patterns of S. africanus in the study locations exhibit a negative
allometry (b<3) when comparing the study locations. This result is supported by the findings of
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Lawal-Are and Kusemiju, (2000) on Callinectes amnicola on the Badagry lagoon. The result
of the study is also similar to the works of Olugbenga and Oloko (2013) from Yewa River,
South-west, Nigeria. The b value reported by Okon and Sikoki, (2014) on the African fiddler
crab (Uca tangeri) also supports the result for the b value recorded in this present study.
Similar results were recorded by Thirunavukkarasu and Shanmugam (2011), on the mud
crab Scylla tranquebarica. The b value of the female crabs in Ogbese River is similar to the
works of Cumberlidge, (1991) on S. kagaroensis. The growth pattern observed in S. africanus
in this study is similar to the result recorded by Ribeiro et al., (2013) on Sesarma rectum.
However, the result of the b value reported in this study is in contrast with the findings of Bello-
Olusoji et al., (2009) who reported an isometric growth (b=3) on S. africanus in South-west
Nigeria. The difference might be as a result of different collection points and time of collection.
Also, Sparreand Venema (1992) link this variation to environmental variables like
temperature, salinity, food (quantity and quality), sex and maturity stage
From this study, the Length-weight relationship showed variations in the morphological
parameters of S. africanus in the three populations. This was confirmed by the loading plots
from the Principal Component (PC). The results show that, Length of left chelae (LLC) and the
Length of right chelae (LRC) contributed to the variations in the morphological parameters of
S. africanus. The continuous use of the chelae for defense, predation and feeding might be the
reason for the morphological variations of S. africanus in the studied populations. Habitat
destruction as a result of human activities might have exposed this animal to predation, and to
their prey, hence the difference in Length of left chelae (LLC) and the Length of right chelae
(LRC)

4.2 Condition factor of S. africanus

The general condition of a fish gives an indication of the well-being of the fish. Such
conditions help in classifying a fish stock or population as either poor, good or excellent.
Condition factor is a helpful measurement tool to assess variations between fish population in
comparison to weight and length (Luckhoff, 2005). It varies from species to species (Lawson
and Oloko, 2013).

The condition factor (K) of a fish population may be influenced by various factors such as
availability of food (quality and quantity), seasonal variations, sex and stage of maturity of the
fish, adaptation to environment, gonadal conditions/development of the fish (King, 1995),
temperature, and salinity.

According to Moradinasab et al., (2012), high condition factor values indicate favourable
environmental conditions such as habitat and availability of food. This fact is relevant to this
work since the condition factor ranged from 32.99 to 41.52 for male crabs, 33.27 to 42.12 for
female crabs in the study locations, and 33.17 to 41.99 for the populations of each of the study
locations. The result of the condition factor obtained from Ala River is similar to the findings
of Bello-olusoji et al., (2009) on the same species of crab. In relation to the sexes, the female
crabs in Ogbese River have the best condition in terms of their well-being. The reason for the
female being the healthier is due to their gonadal maturity stages and/or some of the female
may be gravied. In terms of the study locations, S. africanus collected from Ogbese River are
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the healthiest. This result is supported by the works of Olalekan and Lawal-are (2013) on the
condition factor of Cardiosoma guanhumi and Cardiosoma armatum from a mangrove swamp
ecosystem in Lagos, Nigeria. High K value is an assumption of high feeding intensity and
gradual increase in accumulated fat that also suggests preparation for a new reproductive
period (Okon and Sikoki, 2014).

The crabs in Ogbese River seem to be healthier than the other two populations. The reason for
this is due to the farming activities carried out in the environment. These activities have made
the environment rich, hence, the abundance of food substances.

The regression coefficient showed that there is a strong correlation (relationship) between the
carapace length and weight of the female S. africanus (51% and 71% for Ala and Owena
River). The values of the correlation factor for the male S. africanus in the three study locations
are weak (36%, 16% and 0%) for Ala, Ogbese and Owena Rivers respectively. For the
combined sexes, the strongest correlation co-efficient was seen in Owena River.

The arrangement of the clusters and the characters outside the clusters revealed that the crabs
belong to the same ancestral origin, but some changes have taken place in them to aid their
survival and to be more adaptability, given room for genetic variability. (Austin 2000) reported
that genetic variability can be affected by climate change, natural disasters and diseases.
Genetic diversity has been reported to have a correlation with the potential for adaptation to
changing environmental conditions (Lynch, 1985). This variation noticed might be a mean of
adaptation of crab in the face of several factors reported by Austin, (2000).

In characterization of crab S. africanus, this study revealed that Length of Right Chelae (LRC),
the Length of left chelae (LLC), Carapace Length (CL), Carapace width (CW) and the
Abdominal Length (AL) are morphometrics characters that could be adopted for
characterization of fresh water crab, while Number of teeth on the left chela (NTL) and
Number of teeth on the right chela (NTR) for meristic characters.
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