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Abstract

The present study investigates the growth patterns, sex ratios and fecundity estimates in Blue crab, Callinectes
amnicola from Yewa River, Southwest Nigeria, between June 2011 and May 2012. Specimens were collected
from Yewa River with basket traps (with non returned valve), gill and cast nets at depths between 1 and 15
metres. Morphometric data, body weight measurement, sex and number of ripe eggs (fecundity) were estimated
from the crabs following standard methods. A total of 250 individuals measuring between 5.2 and 14.8
(10.75%1.98) cm long and weighing 8.2-165 (74.16+33.5) g in body weight were caught from Yewa River. The
length-weight relationships were LogW=Log-0.96+2.72LogL (r=0.95) for males and
LogW=Log-0.48+2.27LogL (r=0.95) for females. Growth was a negative allometry in C. amnicola with males
exhibiting a better growth pattern. Condition factor variations were 2.14-9.48 (5.92+1.03) in males and 2.99-8.51
(5.49+£0.95) in females. A total of 102 males and 148 females were encountered, given a sex ratio of
Imale:1.45females. The sex ratio was significantly different (chal —8.46> thab (df=1,4=0.05) =3.86) from the expected
and theoretical 1male:1 female ratio. Fecundity estimates ranged from 260,000 to 2,150,692
(1,269,345.25+592.39) eggs for mature females. The linear relationships between fecundity/carapace length; and
fecundity/body weight were LogF=Lo0g0.383+3.21LogL (r=0.463) and LogF=Lo0g0.333+1.38LogW (r=0.461)
respectively. Conclusively, blue crab (C. amnicola) in Yewa River exhibited variations in their growth patterns,
sex ratios and fecundity estimates when compared with the counterpact reports from the neighbouring water
bodies.
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1. Introduction

Callinectes amnicola is a famous blue crab of the family Portunidae. It is one of the most economically
important swimming crabs inhabiting coastal waters of the tropical, subtropical and temperate regions, where it
is a key resource in local fisheries. Blue crab, Callinectes amnicola is an inshore and demersal estuarine crab
species. It occupies a variety of aquatic habitats from the lower reaches of freshwater rivers, estuaries to coastal
marine waters and are highly mobile, making it feasible for them to move between areas and to select habitats
(Micheli & Peterson, 1999; Ryer, et al., 1997). It inhabits muddy bottoms in mangrove areas and River mouths
(Defelice, et al., 2001). It is one of the most abundant estuarine macro invertebrates that support valuable
commercial and recreational fisheries along the Atlantic and Gulf coasts (Guillory & Perret, 1998). Many
physiologists have also used the blue crab as an experimental animal because of its ready availability, economic
value, hardiness and complex life cycle (Miller & Houde, 1999; Smallegange & Van Der Meer, 2003). Its
morphology, abundance and size distribution form the basis for fish stock assessment. Blue crab forms one of the
most important sea food organisms and readily available in large quantity in West African markets. The
distribution of the population is greately influenced by the salinity of the environment and climatic conditions.
Reviews on C. amnicola include Powell (1983), Jonathan & Powell (1989) on its taxonomy and distribution;
Idoniboye-Obu & Ayinla (1991), Alfred-Ockiya (2000) and Oduro, et al. (2001) provided information on its
nutritional composition. However, several reports on its ecology (Okafor, 1988; Arimoro & Idoro, 2007),
morphometrics (Akin-Oriola, et al., 2005, Lawal-Are, 2009) and food and feeding (Chindah, et al., 2000;
Lawal-Are & Kusemiju, 2000; Arimoro & Idoro, 2007) were also documented. Blue crab provides an important
potential link, transferring energy between benthic and pelagic food chains within the estuarine system
(Longhurst, 1958; Scott, 1966; Pillay, 1967; Vankul, et al., 1972; Warner, 1977; Baird & Ulaanowicz, 1993).
Size composition, growth patterns and maturity of a related species, Callinectes latimanus was documented by
Kwei (1978) in two Ghanaian lagoons. Chindah, et al. (2000) gave accounts of the food habits of C. amnicola
from the New Calabar River, Lawal-Are & Kusemiju (2000) reported its size composition, growth pattern and
feeding habits in Badagry Lagoon, Nigeria.
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Yewa River in the Southwest Nigeria provides means of livelihood to the artisanal fishermen. Documented
reports on fishes and fisheries of this important river are lacking, the present study therefore provides first
documented reports on the growth patterns, sex ratios and fecundity estimates in Blue crab (Callinectes
amnicola), one of the shell fishes that are found readily available in this water body. Baseline data from the study
will provide useful source of information in fisheries biology and management; and other components of fish
population dynamics and fish stock assessment.

2.  Materials and Methods

2.1 Discription of Yewa River

Yewa River is a trans-boundary river between Republic of Benin and Nigeria. It lies approximately within
latitudes N6°22" and 6°36' and longitudes E2° 50" and 2° 54’ of the Greenwich Meridian. The basin has a total
catchment area of approximately 5000 km® and is located within the West African tropical climate, which is
under the influence of the tropical continental air mass and the tropical maritime air mass. Located around Yewa
River are several fishing villages such as Atan, Ilaro, Ado-Odo, Apamu, Igunnu Akabo and Badagry town,
whose inhabitants are mostly artisanal fisher folks from Awori, Egun, Ijaw, and Ilaje tribes. The river is known
for logging and sand mining activities, these coupled with fishing make Yewa River a great economic interest to
its inhabitants.

Yewa River is inhabited by several plants. Its major biotopes include the sedges (Cyperus articulatus, C. papyrus,
and Paspalum vaginatum); the ferns (Achrosticum sp, Marsilea sp, Cyclosorus sp, and Ceratopleris sp) and the
palms (Pandanus candelabrum, Raphia hookeri, and Phoenix reclinata). Atan and Ilaro streams in the north are
the major sources of water to Yewa River, while it is drained by Badagry Creek (Nigeria) or Port Novo Creek
(Benin Republic) in the south which empties into Atlantic Ocean via Lagos harbour. Despite an increased fishing
activity on this water body, there was no documented report especially on its fishes and fisheries.

2.2 Collection of specimens

The nocturnal and diurnal collections of crab specimens were conducted on Yewa River between June, 2011 and
May, 2012. Fishing gears such as non-return valve traps, gill and cast nets were implored in their collections,
fishermen operating along the river were employed for the setting of gears and crabs collections. The specimens
were preserved in 10 % formaldehyde in the field prior to their identifications.

2.3 Laboratory procedures

The specimens were identified and sexes sorted following Kwei (1978) and FAO (1990), the free encyclopedia
(Wikipedia, 2011) was implored as a guide for further taxonomic identifications and descriptions of the species.
The fishing gears were identified with reference to Catalogue of Small Scale Fishing Gears in Nigeria by FAO
(1994). The morphometric measurements of the crabs such as lengths of the carapace, dactylus and palm;
distance of the orbit; frontal, postero- and antero-lateral margins followed FAO (1990). The measurements of
individuals were recorded to the nearest 1 cm. Body weight (BW) measurement was obtained from a Sartorious
balance (Model: 1106) and recorded to the nearest 0.01 g.

2.4 Statistical analyses

The Statistical Package for Social Science (SPSS version 17) and Microsoft Office Excel software (Window 7)
were applied in length frequency histograms, length-weight relationships (LWRs), sex ratios, and fecundity
estimates of C. amnicola. All the statistical analyses were considered at significant level of 5% (P<0.05).

2.4.1Carapace length frequency distribution

Length frequency distribution patterns of Carapace of C aminicola were determined from the carapace length
measurements. The length frequency histograms were plotted from the class groups or cohorts of 0.0-4.9, 5.0-5.9,
6.0-6.9,7.0-7.9, 8-8.9,.............. ,and 14-14.9 cm.

2.4.2 Carapace length- Body weight relationship
Growth coefficient or parameters of the length-weight relationship (LWR) was estimated from the regression
equation:

W =aL’ (Ricker, 1973) ....coooeeeeeeei . )
The values ‘a’ and ‘b’ were estimated from logarithmic transformation of equation (1) using the Least Square
Linear regression equation (Zar, 1996):
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LogW = Loga + bLogL (r,n) ............... 2)
Where, W = crab body weight (in grams), L = carapace length (in centimetres), a (intercept) and b (slope) are
growth coefficients; r=correlation coefficient, n=sample size.
The values of b determined growth allometry (b<3 or b>3) or isometry (b=3) of crabs in this study.

2.4.3 Condition factor (K)
The Condition factor (K) of the crabs was determined from the relationship between carapace length and body
weight measurements using the equation:
K= 100.W. L™ (Pauly, 1993)
Where, W = crab body weight (in grams), L = carapace length (in centimetres).

2.4.4Sex ratio

The sexes were distinguished by making use of the species conspicious external morphological features, male by
a T-shaped abdomen and females with their triangular or rounded aprons (Kwei, 1978, FAO, 1990). The sex ratio
was expressed in term of the total numbers of males to females. The Chi-square (y°) test of fitness was applied to
determine a departure from the expected or theoretical 1male:1female ratio. x> was expressed as:

¥ = YAO0-E)/(E)

Where, Y =Summation, O, =Observed ratio, E=Expected ratio. The calculated and tabulated x2 values were
compared at 0=0.05 to determine level of significance.

2.4.5Fecundity estimates

Fecundity of the total number of ripe eggs prior to spawning was estimated following Bagenal (1978).

Relationships between fecundity and carapace length, and body weight measurements were expressed as:
LogF=LogatLogl...........cccoviiiiiiiiinn @)
LogF=Loga+LogW..........ccovviiiiiiiinninnnn (i1)

Where, F=fecundity estimates (eggs), L=carapace length (in centimetres), W=body weight (in grammes), ‘a’ and

‘b’ are derived from intercept and slope respectively.

3. Results

3.1 Morphometric measurements in C. amnicola

Table 1 presents summary of morphometric measurements of C. amnicola from Yewa River. The crab dactylus
varied between 0.5 and 4.2 (2.40+0.51) cm, while palm, 0.2-4.0 (2.44+0.54) cm long. Distance of the orbit
ranged from 1.3 to 2.3 (1.73£0.20) cm. Other measurements included: 1.2-4.8 (2.19+0.59) cm for frontal, 1.2-4.8
(2.7240.83) cm for postero-lateral and 2.2-9.0 (4.53+1.15) cm for antero-lateral margins.

3.2 Carapace Length frequency distribution

The histograms of carapace length frequency distribution of C. amnicola in Yewa River are presented in Figure 1.
The size of the crabs varied between 5.2 and 14.8 cm long, the mean value was 10.75+1.98 cm. Carapace length
measurements ranged from 5.2-13.8 (9.07£1.84) cm in males and 8.3-14.8 (11.86+1.11) cm long in females. The
figure presents histograms showing a unimodal size group.

33 Carapace length- Body weight relationship
In the present study the carapace measured between 5.2 and 13.8 (9.07£1.84) cm long, and 8.2-165 (48.10+£28.64)
g body weight for males, and 8.3 to 14.8 (11.86%1.11) cm long and weighed between 30.7 and 144.3
(92.12428.28) g in females. A logarithm transfornations indicated a linear relationship between crab carapace
length and body weight measurements. The relationships are expressed as:
LogW=Lo0g-0.96+2.72LogL (r’=0.95, n=102) for males........... (Figure 2) and
LogW=Log-0.48+2.27LogL (1*=0.79, n=148) for females ......... (Figure 3).
Growth coefficient (b) in C. amnicola showed negative allometry values (i.e. b=2.72 for males and b=2.27 for
females). The regression equations revealed high correlation coefficient (1>0.70) values (i.e. r=0.95 for males
and r=0.79 for females).

34 Condition factor (K)

Summary of the Condition factor in C.amnicola from Yewa River is presented in Table 2. Better values of K
were exhibited by the female crabs, values between 2.14 and 9.49 (5.92+1.03) gem ~ were recorded for males
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and 2.99- 8.51(5.49+0.95) gem ~ for female crabs.

3.5 Sex ratios

A total of 102 male and 148 female individuals were encountered giving a sex ratio of Imale:1.45females.
Female crab was the dominant sex; however, the sex ratio was significantly different (chal —8.46> thab (df= 1,a=0.05)
_3.36) from the expected and theoretical ratio of 1male:1female.

3.6 Fecundity estimates

A total of 122 female individuals with ripe eggs were encountered in the present study. These individuals
represent 82.43 % of the total (148) female crabs encountered. Fecundity estimates varied between 260,000 and
2,150,692 (1,269,345.25+592.39) eggs for individuals measuring 8.2-14.8 cm long and 65-122 g body weight
respectively.

The fecundity-carapace length relationship is presented as:

LogF=Lo0g0.383+3.21LogL (r=0.463, n=122)................... Figure 4.
The fecundity-body weight relationship is given as:
LogF=Lo0g0.333+1.38LogW (r=0.461, n=122)................... Figure 5.

Where, F=fecundity (in eggs), L=carapace length (in centimetres), W=body weight (in grammes).

4. Discussion

The morphometric profile of the Callinectes amnicola such as lengths of dactylus (0.5 and 4.2, 2.40+£0.51 cm)
and palm (0.2-4.0, 2.44+0.54 cm); and distance of the orbit (1.3-2.3, 1.73+0.20 cm). 1.2-4.8 (2.1940.59) cm for
frontal, 1.2-4.8 (2.72+0.83) cm for postero-lateral, and 2.2-9.0 (4.53%1.15) cm for antero-lateral margins
obtained from this study (Table 1) may provide one of the useful tools when one considers taxonomy and racial
study of crabs. Apart from Akin-Oriola, et al. (2005) on morphometric and meristic studies of two crabs,
Cardiosoma armatum and Callinectes pallidus in adjacent Badagry Creek, the present study provides additional
an report on morphometry of Callinectes amnicola from Yewa River. Morphometric measurements and meristic
counts are some of the useful tools applicable in carrying out taxonomy and systematic study of fish (Lawson,
1998; Lawson, 2010; Lawson, et al., 2011).

The size of the crab, 5.2-14.8 (10.75+1.98) cm long and 8.2-165 (74.16+33.5) g body weight reported in the
present study compare favourably with other previous studies (Abowei & George, 2009). Size variations
observed in Yewa River as supported by Tagatz (1968) and Murphy & Kruse (1995) may be indicative of high
fishing mortality. Direct fishing mortalities from illegal harvest of blue crabs and indirect fishing mortality have
important management implications because many juveniles approaching matured sizes are impacted and
probably results in reduced catch of larger size crabs. Temperature, molting frequency, food availability
nutritional quality and life stage of the individual may affect growth in crabs. Growth primarily occurs during
molting, although small weight increases occur through relative changes in tissue content during the intermolt
period (relative increases of whole body protein compared with moisture).

The length frequency distribution showed a unimodal size distribution and majority of the crabs were in the
medium size group (Figure 1). Similar observation was reported by Lawal-Are & Kusemiju (2000) in Badagry
Lagoon. However, Kwei (1978) reported only one predominant generation of crab sampled in Mukwe and
Sakumo lagoons in Ghana. Linear relationship observed in the present study indicates corresponding increases in
carapace length and body weight measurements.

The growth patterns of C. amnicola indicate negative allomery in males (b=2.72) (Figure 2) and females (b=
2.27) (Figure 3). This is supported by Arimoro & Idoro (2007) who reported a negative allometric growth in C.
amnicola from Warri River and Lawal-Are & Kusemiju (2000) reports on Badagry Lagoon, Nigeria. However,
the present study contradicts Akin-Oriola, et al. (2005) on Ojo Creek who reported positive allometric growth
(b>3) in their study. The growth coefficient (b) values have some implications and significant impacts on the
well being of fishes (including shell fish) and fishery. The negative allometric allometry (b<3) means the crabs
were lighter than their body weights. Fish with high b (b>3) values are heavy for their lengths, while those with
low b are lighter (Wootton, 1998). Positive allometry is an indication of crab’s heaviness and by implication the
crabs are heavier than their lengths. The change of b values depends primarily on the shape and fatness of the
species, seasons or time of the years, temperature, salinity, food (quantity, quality and size), sex and stage of
maturity (Sparre, 1992). The parameter b, unlike the parameter a, may vary seasonally, and even daily, and
between habitats. Thus, the length-weight relationship is affected by a number of factors including gonad
maturity, sex, diet, stomach fullness, health, and preservation techniques as well as season and habitat (Bagenal
& Tesch, 1978; Gongalves, et. al., 1997; Taskavak & Bilecenoglu, 2001; and Ozaydin & Taskavak, 2007). Others
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include seasonal variability of the environment and food availability (Mommsen, 1998; Henderson, 2005), sample
size and the length interval within different areas (Morey, ef al., 2003) or habitat suitability (Nieto-Navarro et. al.,
2010). The LWR parameters may also vary within the same species due to feeding, reproduction and fishing
activities (Bayhan, et al., 2008), environmental changes, individual metabolism, sexual maturity and age
(Franco-Lopez, et al., 2010).

The mean condition factor (K), 5.92+1.03 for males and 5.49+0.95 gem  for females (Table 2) showed that
male crabs exhibited a better well being than the females in Yewa River. This is in agreement with reports of
Lawal-Are & Kusemiju (2000). In fact, Warner (1977) reported that in true crabs, the males showed higher
condition factor than the females. In contrast, Arimoro & Idoro (2007) reported higher K values in female crabs
although their values in relation to sex did not show any significant difference. Like growth coefficients, K has
impacts on the well being of some aquatic organisms. It varies from species to species, and changes according
to morphology, sex, age, reproductive state associated with gonadic maturity stages variations (Frederick &
Thomas, 1987; Wootton, 1999). Variations in K may also be indicative of food abundance, adaptation to
environment and gonadal development of fish (King, 1995). Low K means the fish are light for their lengths, and
indication of low feeding intensity and spawning activity. 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
(Braga and Gennari-Filho, 1990).

Sex ratio in the present study showed females as a dominant sex, this could be attributed to the vast movement of
the females into their nests to spawn while the male exhibited territorial behavior (Kwei, 1978). Higher number
of females may be due to their movement in search of food to replenish weight lost in gonadal development and
spawning. Wet season may prompt females searching for male partners for purpose of reproduction, for this
reason more female crabs could be caught. This is in agreement with Knuckey (1996). Sex and size distribution
provide information on productivity, longevity, period of maturity, recruitment of various classes and
determination of potential yield.

The present study indicates that C. amnicola was a low fecund crab, although 82.43 % of the females were riped
with eggs. The fecundity estimates were 260,000-2,150,692 (1,269,345.25+£592.39) eggs; these findings can be
relatively compared with reviews of others. Truitt (1939) reported that egg production during a single
spawning ranged from 723,500 to 2,173,300, but total number of females examined and possible reasons for
fecundity variation were not discussed. 1.75 x 10° and 2x 10° eggs per spawning were reported by Churchill
(1921), Pyle & Cronin (1950) and Van Engel (1958). Kwei (1978) reported a total of 1.9-2.82 million eggs in
Callinectes latimanus from two Ghanaian Lagoons. Fecundity between 1.75-2.0 million eggs was reported from
western Atlantic estuaries (VanMonfrans, et al., 1995). A mean fecundity of 3.2 million eggs was documented by
Guillory, et al. (1996) for another related species, C. sapidus. These variations in fecundity among the
brachyuran crabs may be caused by factors such as climatic regimes, habitat and biological constraints (Shields,
et al., 1990). There were significant relationships between body weight and fecundity and carapace length
(Figure 4) and body weight (Figure 5). This was in addition to the findings of Arimoro & Idoro (2007) who also
reported significant correlation between fecundity and length, and body weight.

Conclusively, our findings showed that crab, C. amnicola in Yewa River showed variations in their growth
patterns, sex ratios and fecundity when compare with studies from other water bodies. Therefore, the present
study has provided first documented information on aspects of the biology of Blue crab, C. amnicola. Baseline
data from the study will provide useful source of information in fisheries biology and management; and fish
population dynamics and stock assessment. In furtherance to this study, we have embarked on a research
programme at molecular level of analysis (e.g. Randomly Amplified Polymorphic DNA (RAPD) primers, RAPD
markers) to provide better or more precise results on genetic and morphological diversities among the
populations of different crabs in Yewa River, Southwest Nigeria.
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Table 1. Summary of morphometric measurements in Callinectes amnicola from Yewa River, Southwest Nigeria.

Range (cm)
Morphomteric measurements minimum maximum Mean+SD
Length of the Dactylus 0.5 4.2 2.4040.51
Length of the Palm 0.2 4.0 2.444+0.54
Distance of the Orbit 1.3 23 1.73£0.20
Frontal margin 1.2 4.8 2.19+0.59
Postero-lateral margin 1.2 4.8 2.72+0.83
Antero-lateral margin 2.2 9.0 4.53+1.15

cm= centimetres, +SD =plus/minus standard deviation

Table 2. Summary of the Condition factor (K) in C. amnicola from Yewa River, Southwest Nigeria.

Range (gcm 2)
Sex . ] Mean+SD
minimum maximum
Males 2.14 9.49 5.92+1.03
Females 2.99 8.51 5.49+0.95

g=grams, cm=centimeters, =SD=plus/minus standard deviation
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Figure 1. Histograms of the Percentage frequency distribution of carapace length in
Callinectes amnicola from Yewa River, Southwest Nigeria.
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Figure 2. Log Carapace length-Log Body weight in males Callinectes cmmicola
from Yewa River. Southwest Nigeria.
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Figure 3. Log Carapace length-Log Body weight in females
Callinectes amnicola from Yewa River, Southwest Nigeria
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amuicola from Yew River, Southwest Nigeria.
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