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Relationships between morphometric characteristics of
brackishwater prawn, Macrobrachium macrobrachion
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Abstract

The present study describes the length-weight relationship (LWR), length-length
relationship (LLR) and condition factor of the wild population of the shrimp
Macrobrachium macrobrachion from the rivers of Cote d’Ivoire (West Africa).
Samples were randomly collected from small-scale shrimp fisheries using bamboo
traps. Of the thirteen analyzed morphometrics characters, only the second pleura width
significantly varies between males (13.11 mm) and females (14.78 mm). All
relationships between the considered variables were significantly linear, r? ranging from
0.66 to 0.97. For length-length relationships, the allometry coefficient varied depending
on groups, environments and characters, and ranged between 0.64 and 1.26. The three
allometry types (negative allometry, isometry and positive allometry) were observed in
this relation. In length-weight relationship, the coefficient ranged from 2.02 to 2.78,
indicating a negative allometry. The condition factor values showed that females
(0.70+0.06) were in better condition than males (0.657+0.07). Overall, the condition
factor followed an east-west gradient, decreasing from eastern (0.70) to western (0.63)
regions. These results constituted an important biological database on M.
macrobrachion from the rivers of Cote d’Ivoire for further studies as ecology,
reproductive biology, and aquaculture potentialities of this species.
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Introduction

Macrobrachium macrobrachion
(Herklots, 1851) is a brackish river
prawn found commonly in freshwater
areas including ponds, lakes, rivers and
even in irrigation ditches as well as in
estuaries (Opeh and Udoh, 2014).
According to the same authors, M.
macrobrachion belongs to the few
indigenous Macrobrachium species that
have potential for aquaculture in West
Africa. In Coéte d’Ivoire Rivers, this
species is one of the most abundant
Macrobrachium species and occurs in
all important rivers (Konan et al.,
2008). Previous information on ecology
and biology of M. macrobrachion
concerned its reproductive strategy and
daily diet in the Bia River (Gooré Bi et
al., 2001, 2004), and its morphometric
variation in comparison to the congener
Macrobrachium vollenhovenii (Konan
et al., 2008). No allometric growth and
condition factor studies have been
carried out on M. macrobrachion from
Cote d’Ivoire. However, allometric and
condition factor are important for
biological, physiological and ecological
processes, and fisheries assessments
(Santos et al., 2002; Rahman et al.,
2004). They allow for seasonal
variations in growth (Rickter et al.,
2000), estimations of weight from
length (Beyer, 1991), and conversion of
growth-in-length equations to growth-
in-weight (Pauly, 1993). Moreover,
they are fundamental for calculating the
production and biomass of a population
(Anderson and Gutreuter, 1983), and
morphological comparisons among

different species or between
populations from different habitats
and/or regions (Goncalves et al., 1997).

In other West African countries such
as Bénin and Nigeria where studies on
allometry growth of M. macrobrachion
were conducted, authors used total
length as the reference dimension
(Lawal-Are and Owolabi, 2012; Adite
et al., 2013, Andem et al., 2013). But,
according to Grandjean et al. (1997)
and Diaz et al. (2001), the carapace
length (CL) was used as the reference
dimension for developing allometric
relationships in crustaceans because it
was the easiest, fastest and the most
reliable length measurement to obtain.
In the present investigation, allometric
growth and condition factor of M.
macrobrachion were evaluated using
the carapace length as reference
measurement. This study is the first on
the weight-length and length—length
relationships and condition factor for
this species from the rivers of Cote
d’Ivoire.

Material and methods

Sampling and measurements
Morphometric  measurements  were
taken from 183 specimens of M.
macrobrachion, randomly collected
from small-scale prawn fisheries using
bamboo traps in five rivers (Fig. 1) in
Cote d’Ivoire. These rivers are the Bia
in the eastern region, Comoé in the
central-eastern region, Bandama in the
central region and Sassandra in the
central-western region. Table 1 presents
the location coordinates and sample size
at each site.



Iranian Journal of Fisheries Sciences 16(1) 2017

277

/
7 o éiaka
,kmu

“ Atlantic Ocean

0 100

200 km

Figure 1: Map showing the location of study sites (Konan et al., 2010, modified).

e: sampling sites.

Table 1: Location coordinates of sampling sites and samples size of different populations of
Macrobrachium macrobrachion collected.

Rivers Locality Latitude, Longitude Sample size
Bia Biaka 05°50'N, 03°19'W 27
Comoé Bettié 06°11'N, 03°43'W 25
N'denou 06°20'N, 05°04'W 25
Bandama .
Tiassalé 05°52°N, 04°49°W 33
Sassandra Buyo 06°28'N, 06°99'W 73

All prawns were collected in the middle
course of the rivers during the rainy
season in 2007 and were transported on
ice to the laboratory for measurements,
including weight within 24 hours. Sex
was determined by the presence or
absence of a masculine appendix on the
endopod of the second pair of the
pleopod or a protuberance at the centre

of the ventral side of the first abdominal
somite (Rao and Tripathi, 1993).
Individuals with missing or
regenerating limbs or a damaged
rostrum  were  excluded. Only
populations with specimen number>10
were used in our assessment, as
implemented by Laléyé (2006) and
Konan et al. (2007).
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All prawns were collected in the
middle course of the rivers during the
rainy season in 2007 and were
transported on ice to the laboratory for
measurements, including weight within
24 hours. Sex was determined by the
presence or absence of a masculine
appendix on the endopod of the second
pair of the pleopod or a protuberance at
the centre of the ventral side of the first
abdominal somite (Rao and Tripathi,
1993). Individuals with missing or
regenerating limbs or a damaged
rostrum  were  excluded.  Only
populations with specimen number>10
were used in our assessment, as
implemented by Laléyé (2006) and
Konan et al. (2007).

All dimensions were measured to the
nearest 0.05 mm with a Vernier
calliper. Measurements were selected
according to the criterion followed by
Konan et al. (2008). The length of the
second pereiopod, measured along the
external lateral line, was taken from the
major leg of prawns, for which the
chelipeds differ in size. Where
pereiopods were of equal size,
measurements were taken of the right
leg. The dimensions used were as
follows: total length (TL), carapace
length (CL), rostrum length (RL) and
second pereiopod length (L2), ischium
length (IL), merus length (ML), carpus
length (CaL), palm length (PL),
dactylus length (DL), tail length (TaL),
abdominal length (AbL), telson length
(TeL) and second pleura width (SPW).
The CL was used as a reference
dimension for developing allometric

relationships because it was the easiest,
fastest and the most reliable length
measurement to obtain (Grandjean et
al., 1997; Diaz et al., 2001). Wet
weight (W) of the total body was
determined using a digital balance (£
0.01g).

Data analysis
For each character, differences of mean
values between both sexes were
evaluated by Student’s t-test. Before
performing the t-test, all morphometric
characters were standardized according
to the equation Ms = Mg (Ls/Lo)"
(Thorpe, 1976; lhssen et al., 1981,
Hurlbut and Clay, 1998) in order to
remove the effect of size. Mg is the
standardized measurements, Mg is the
length of measured character, Ls is the
arithmetic mean of the standard length
(carapace length) for all shrimp
specimens from all samples in each
analysis and L, is the standard length of
each specimen. The value of the
parameter b was estimated for each
character from the observed data by
allometric growth equation described
by the non-linear power function M =
aL® (Ricker, 1973). The parameters a
and b were estimated by least-squares
regression based on the predictive or
Type | linear regression model (Sokal
and Rohlf, 1995); the coefficient of
determination  (Zar, 1999) was
calculated using the natural-logarithm
transformation (InM=Ina+b InL).

For length-length and weight-length
relationships, M is the dependent
variable, representing the measurements
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of the body parts or the total body
weight; L is the independent variable
(CL). The coefficient of determination
(r?) was used as the index of strength of
the linear association. Student’s t-test
was applied to verify whether the
declivities of regression (constant b)
presented a significant difference of 3
or 1 for the length—weight and length—
length relationships, respectively. With
regard to the b value, the following
three types of growth were indicated:
(1) when b = 3 or 1, the type of growth
is described as isometric; (2) when b >
3 or 1, the growth type is positively
allometric; and (3) when b<3 or 1, the
growth type is negatively allometric
(Huxley, 1932; Spiegel, 1991).

The condition factor (K) was
calculated in accordance with Hile
(1936) by using the mean values of CL
and W, using the following formula: K
= (Wx10%/CL® (Pauly, 1984; Wootton,
1992). Differences in the condition
factor were examined between males
and females, and among different
populations with a one-way ANOVA.
When only two categories were
compared, the Student’s t-test for
independent samples by group was
used. A statistical significance of 95%
was chosen. All statistical procedures
were performed using STATISTICA
software version 7.1 (StatSoft, 2006).

Results

Morphometry

Morphometric characteristics of both
sexes are presented in Table 2. A total
male sample of 161 individuals with

total length ranging from 90.09 to
120.46 mm, carapace length ranging
from 21.42 to 47.45 mm and weight
ranging from 7.70 to 60.85 g were
analysed. For females (22 individuals),
TL varied from 107.83 to 111.59 mm,
CL from 19.94 to 42.00 mm and weight
from 10.35 to 55.58 g. With the
exception of SWP, all considered
characters vary slightly (Student t test,
p>0.05) between males and females.
The mean value of the second pleura
width is 14.78 for females and 13.11 for
males. The Student t test presented a
significant variation of this character
between the both sexes (p<0.001).

Allometric growth
The parameters of allometric growth in
males, females and combined sexes
from all populations are presented in
Table 3. In the three groups, all
relationships between the considered
variables were significantly linear, r
ranging from 0.76 to 0.96, 0.73 to 0.95
and from 0.66 to 0.97 for combined
sexes, males and females, respectively.
In combined sexes and males, each
analysed parameter displayed the same
allometric types. For the growth in
relation to carapace length, an isometric
growth was observed for L2 and the
SPW, while a negative allometry was
obtained for the others characters.
Considering the growth in relation to
the second pereiopod length, three
growth types were noted. An isometric
growth was observed for ML and CaL.
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Table 2: Mean values of morphometric characters and weight of both sexes, males and females of
Macrobrachium macrobrachion from the rivers of Cote d’Ivoire.

Both sexes Male Female
Characters
N Min Max Mean SD. N Min Max Mean S.D. N Min Max Mean  S.D.
Total length 183 8132 12046  107.99 440 161 1045 12046 109.29 839 22 8132 11159  107.83  3.38
Carapace length 183 2142  47.45 316 522 161 2142 4745 31.66 530 22 2898 4200 31.16 4.66
Rostrum length 183 20.02  28.16 26.59 152 161 2177 3175 26.71 139 22 2002 2816 25.74 2.09

Second pereiopod length 183 5350  118.65 78.11 6.66 161 57.04 118.65 78.02 6.17 22 5350 88.25 78.78 9.41

Head length 183 892 14.90 12.69 092 161 9.99 14.90 12.66 084 22 892 14.50 12.91 131
Telson length 183 1053 17.65 15.01 116 161 1144 17.65 15.00 105 22 1053 17.22 15.09 1.72
Tail length 183 9.25 17.38 14.19 138 161 10.14 17.38 14.16 129 22 925 16.97 14.35 1.89
Second pleura width 183 12,95 25.36 19.54 199 161 13.20 25.36 19.50 183 22 1295 23.07 19.83 2.90
Abdomen length 183 12.02 21.12 17.51 154 161 12.05 2112 17.48 141 22 1202 19.84 17.79 2.32
Rostrum length 183 4531 67.05 58.64 250 161 49.30 67.05 58.55 205 22 4531 61.98 59.36 4.55

Second pereiopod length 183 3556  54.83 48.93 214 161 40.90 54.83 48.96 159 22 3556 51.05 48.77 4.05

Head length 183  9.24 18.80 13.67 079 161 10.39 18.80 13.70 065 22 924 14.23 13.48 131
Telson length 183  9.05 17.83 1331 114 161 1113 17.83 1311 092 22 9.05 16.30 14.78 2.00
Tail length 183 3429 58.60 45.04 256 161 37.38 58.60 44,92 236 22 3429 48.22 44.59 3.77
Body weigth 183 7.7 60.85 22.42 10.75 161 7.7 60.85 22.20 1061 22 10.35 55.58 24.02 11.85

N: number of specimens, Min: minimum, Max: maximum, S.D.: standard deviation.

Table 3: Allometric relationships length-length and length- weigth in combined populations of
both sexes, males and females of Macrobrachium macrobrachion from the rivers of Cote d’Ivoire.
A: Allometry, r?: Coefficient of determination.

Both sexes Male

Parameters Regression ) T-test Regression ) T-test

. r absolute A - r absolute A

equation equation
value value
Growth in relation to
carapace length
Body weigth BW=-587+257CL  0.90 6.63 - BW=-581+255CL  0.90 6.53 -
Total length TL =174+ 0.85CL 0.91 7.38 - TL=185+082CL 085 6.72 -
Rostrum length RL=045+082CL  0.84 6.77 - RL=059+078CL  0.78 6.75 -
Second pereiopod L2=0.78 + 1.04CL 0.78 0.92 0 L2=090+100CL 073 0.01 0
length
Head length HL =0.76 + 0.91CL 0.90 4.27 - HL=0.90+0.87CL 085 4.56 -
Telson length TeL=-0.10+079CL  0.85 8.96 - TeL=-0.01+076CL  0.80 8.09 -
Tail length TaL=1.21+0.83CL  0.90 8.27 - TaL=132+080CL 084 7.39 -
Second pleura width ~ sPW=-0.76 +0.97CL  0.76 0.74 0 SPW=-061+092CL 0.75 1.89 0
Abdomen length AbL=095+0.83CL  0.84 5.61 - AbL=1.08+0.79CL  0.79 6.63 -
Growth in relation to
second pereiopod
length

Ischium length IL=-1.24+0.87 L2 0.91 6.75 - IL=-122+086L2 091 6.47 -
Merus length ML=-154+098L2  0.96 1.60 0 ML=-151+097L2  0.95 1.90 0
Carpus length CaL=-1.85+1.03L2  0.94 172 0 CalL=-1.85+1.03L2 094 1.63 0
Palm length PL=-1.71+ 1.08L2 0.93 3.52 +  PL=-173+108L2 093 3.47 +
Dactylus length DL=-171+1.05L2  0.94 2.59 + DL=-171+105L2 094 2.36 +
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Table 3 continued:

Female

Parameters . . 2 T-test absolute

Regression equation r A

value

Growth in relation to
carapace length
Body weigth BW =-6.47 + 2.78CL 0.92 1.29 0
Total length TL =1.70 + 0.87CL 0.92 2.36 -
Rostrum length RL =0.08 +0.93CL 0.87 0.97 0
Second pereiopod length L2=0.90 + 1.01CL 0.77 0.05 0
Head length HL = 0.49 + 0.98CL 0.92 0.25 0
Telson length TeL =-0.48 + 0.89CL 0.66 0.78 0
Tail length TaL =1.04 +0.88CL 0.91 1.96 -
Second pleura width SPW =-0.97 + 1.06CL 0.91 0.61 0
Abdomen length AbL =0.70 + 0.91CL 0.90 1.44 0
Growth in relation to
second pereiopod length
Ischium length IL=-1.33+0.89L2 0.93 2.16 -
Merus length ML =-1.86 + 1.05L2 0.97 1.28 0
Carpus length CaL =-1.91 +1.05L2 0.95 0.91 0
Palm length PL=-1.45+1.02L2 0.94 0.30 0
Dactylus length DL =-1.66 + 1.04L2 0.95 0.78 0

A regressive allometry was observed
for IL (b = 0.87 and 0.86 for combined
sexes and males, respectively) while a
positive allometry was obtained for PL
and DL. In females, two growth types
(isometry and negative allometry) were
observed. All morphometric traits
presented an isometric growth except
for TL (b = 0.87), TaL (b = 0.88) and
IL (b=0.89) that displayed a negative
allometry.

A comparative analysis of length-
length and weight-length relationships
in the sampled sites is presented in
Table 4, and Fig. 2 and Fig. 3,
respectively. Females were not analysed
separately because the female sample
size in each sampling site did not reach
ten individuals. In Bia River, for the
growth in relation to carapace length,
all shrimp specimens (combined sexes
and males) displayed the growth types

as all shrimps from all populations
(Table 4); an isometric growth for L2
and SPW, and a negative allometry for
the other characters. For the growth in
relation to the second pereiopod length,
all characters exhibited an isometric
growth with the exception of IL in
combined sexes that exhibited a
negative allometry.

In Comoé River, concerning length-
length relationships, all characters
except for L2 displayed the same
growth type; isometric for SPW and
DL, and regressive allometry for others.
L2 exhibited an isometric growth
(b=1.15) in combined sexes and
progressive  allometry in males
(b=2.26).
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Table 4 : Allometric relationships length-length and length-weigth in each population of both sexes
and males of Macrobrachium macrobrachion from the rivers of Cote d’Ivoire. A:
allometry, r?: Coefficient of determination.

Both sexes Male

Parameters . . ) T-test Regression ) T-test

Regression equation r absolute A - r absolute A

equation
value value
Bia
Growth in relation to carapace
length
Total length TL =2.26 + 0.69CL 0.80 4.42 - TL=237+065CL 0.76 3.80 -
Rostrum length RL =0.93 + 0.66CL 0.63 3.30 - RL=115+059CL 0.64 3.76 -
Second pereiopod length L2 =0.64 + 1.07CL 0.72 0.54 0 L2=091+099CL 0.67 0.07 0
Head length HL = 1.08 + 0.80CL 0.82 2.62 - HL=122+076CL 0.78 2.30 -
Telson length TeL =-0.11+0.78CL 0.84 3.12 - TeL=006+0.73CL  0.84 335 -
Tail length Tal = 1.70 + 0.68CL 0.74 391 - TaL=181+064CL  0.70 3.46 -
Second pleura length PL =-0.43 + 0.88CL 0.51 0.67 0 PL=-024+081CL  0.56 1.04 0
Abdomen length AbL = 1.47 + 0.67CL 0.44 2.17 - AbL=148+066CL  0.59 2.50
Growth in relation to second
pereiopod length
Ischium length 1=-1.01+0.80 L2 0.76 2.13 - 1=-091+0.78L2 0.69 1.68 0
Merus length M =-1.62 +0.99L2 0.98 0.43 0 M=-157+097L2 0.97 0.59 0
Carpus length C=-2.01+1.07L2 0.96 1.45 0 C=-193+1.05L2 0.96 0.80 0
Palm length P =-1.68 + 1.08L2 0.91 1.14 0 P=-171+1.09L2 0.88 0.86 0
Dactylus length D =-1.56 + 1.02L.2 0.94 0.40 0 D=-160+103L2 0.94 0.45 0
Comoé
Growth in relation to carapace
length
Total length TL =1.95 + 0.80CL 0.90 3.49 - TL=1.90+081CL 0.90 3.43 -
Rostrum length RL =0.86 +0.71CL 0.82 3.98 - RL=088+071CL 0.78 3.90 -
Second pereiopod length L2=0.41+1.15CL 0.72 0.95 0 L2=004+126CL 081 213 +
Head length HL=1.14+0.81CL 0.83 2.45 - HL=113+081CL 0.90 241 -
Telson length Te =0.08 +0.74CL 0.89 4.69 - TeL=001+076CL  0.90 4.43 -
Tail length TaL = 1.53 + 0.75CL 0.93 5.37 - TaL=146+077CL  0.95 6.34
Second pleura length PL=-1.22+1.12CL 0.83 1.05 0 PL=-111+108CL 091 1.20 0
Abdomen length Ab=1.23 +0.76CL 0.91 4.43 - AbL=116+078CL  0.93 5.07
Growth in relation to second
pereiopod length
Ischium length 1 =-0.88+0.80L2 0.97 6.42 - 1=-094+081L2 0.98 6.50 -
Merus length M =-1.40 + 0.95L.2 0.99 2.36 - M=-143+096L2 099 2.07 -
Carpus length C=-2.06 +1.09L2 0.97 3.39 + C=-211+110L2 0.99 352 +
Palm length P=-216+1.17L2 0.97 4.07 + P=-213+116L2 0.97 352 +
Dactylus length D =-170 + 1.04L2 0.96 0.91 0 D=-163+1.02L2 097 0.53 0
Bandamal

Growth in relation to
carapace length
Total length TL =1.88 +0.81CL 0.98 7.41 - TL=1.86+0.81CL 0.98 6.80 -
Rostrum length RL =1.00 + 0.65CL 0.82 5.03 - RL =0.98 +0.66CL  0.82 5.15 -
Second pereiopod length L2=0.77 + 1.04CL 0.93 0.57 0 L2=0.71+1.05CL 0.92 0.72 0
Head length HL = 0.85 + 0.88CL 0.98 4.02 - HL =0.86 +0.87CL  0.92 2.33
Telson length Te =0.09 +0.78CL 0.93 451 - TeL=-0.12+0.79CL  0.92 4.34 -
Tail length Tal = 1.50 + 0.74CL 0.89 4.62 - TaL=155+0.72CL  0.68 291 -
Second pleura length PL =-0.17 +0.78CL 0.69 1.98 - PL=-0.14+0.77CL  0.69 2.07 -
Abdomen length Ab=1.23+0.72CL 0.89 4.87 - AbL =1.24+0.73CL  0.89 479 -
Growth in relation to second
pereiopod length
Ischium length 1=-0.88 +0.80L2 0.97 3.70 - 1=-071+073L2 0.86 4.46 -
Merus length M =-1.40 + 0.98L2 0.99 0.67 0 M=-1.38+0093L2 0.94 1.50 0
Carpus length C=-138+0091L2 0.97 1.48 0 C=-111+085L2 0.85 213 -
Palm length P =-2.02 +1.15L.2 0.95 2.49 + P=-178+1.10L2  0.90 2.37 +
Dactylus length D=-2.27 +1.19L2 0.98 5.51 + D=-204+1142 0.95 2.72 +
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Table 4 continued:
Both sexes Male
. T-test - T-test
Parameters Reg ression r2 absolute A Regres_swn r2 absolute A
equation equation
value value
Bandama 2
Growth in relation to carapace
length
Total length TL =1.97 +0.78CL 0.82 3.29 - TL=200+0.77CL 0.84 3.60 -
Rostrum length RL =0.54 + 0.80CL 0.82 2.97 - RL=051+081CL 0.83 2.81 -
Second pereiopod length L2=0.40 + 1.16CL 0.91 2.56 + L2=037+117CL 0.92 2.69 +
Head length HL = 0.69 + 0.93CL 0.91 1.36 0 HL=065+094CL 0.96 1.52 0
Telson length Te=-0.12+0.79CL 0.95 5.10 - TeL=-012+079CL 0.95 5.75 -
Tail length TaL =1.29 + 0.81CL 0.89 3.78 - TaL=128+08I1CL 0.89 353 -
Second pleura length PL =-0.59 +0.92CL 0.85 1.16 0 PL=-056+0.91CL 0.85 1.23 0
Abdomen length Ab =150 +0.66CL 0.54 3.07 - AbL=141+069CL 0.62 2.99 -
Growth in relation to second
pereiopod length
Ischium length 1=-0.91 +0.79L.2 0.92 5.13 - 1=-092+079L2  0.92 4.85 -
Merus length M =-1.41+0.94L2 0.95 1.36 0 M=-141+0.94L2 095 1.31 0
Carpus length C=-1.71+1.01L2 0.96 0.22 0 C=-170+1.00L2 0.98 0.12 0
Palm length P=-211+117L2 0.88 2.16 +  P=-210+117L2 088 2.01 +
Dactylus length D =-1.89 + 1.09L2 0.96 2.25 + D=-189+109L2 097 2.34 +
Sassandra
Growth in relation to carapace
length
Total length TL =1.89 +0.81CL 0.90 5.95 - TL=189+081CL 0.90 5.94 -
Rostrum length RL =0.78 + 0.73CL 0.83 6.82 - RL=0.79+0.73CL 0.83 6.91 -
Second pereiopod length L2=0.72 + 1.05CL 0.77 0.67 0 L2=072+1.04CL 0.78 0.64 0
Head length HL =0.97 + 0.85CL 0.90 4.45 - HL=097+0.85CL 0.90 451 -
Telson length Te=0.25+0.70CL 0.73 6.90 - TeL=025+069CL 0.73 6.23 -
Tail length TalL =1.31 +0.80CL 0.89 5.92 - TaL=132+080CL 0.89 5.91 -
Second pleura length PL =-0.80 + 0.97CL 0.76 0,44 0 PL=-079+097CL  0.76 0.48 0
Abdomen length Ab =106 +0.79CL 0.88 5.82 - AbL=1.06+079CL 0.88 5.84 -
Growth in relation to second
pereiopod length
Ischium length 1=-0.96 +0.81L2 0.96 9.30 - 1=-097+0.81L2 0.96 9.19 -
Merus length M =-1.25+0.91L.2 0.98 6.64 - M=-125+091L2 0.98 6.54 -
Carpus length C=-151+0.96L2 0.95 1.72 0 C=-151+096L2 0.95 1.68 0
Palm length P=-216+117L2 0.98 7.97 +  P=-216+117L2 0.98 7.97 +
Dactylus length D =-2.30 + 1.19L.2 0.98 8.47 + D=-229+118L2 098 8.47 +

In Bandama 1, with the exception of
CaL, all morphometric traits presented
the same growth type for both the
groups. An isometric growth (b = 0.91)
was observed in combined sexes and a
negative allometric growth (b = 0.85)
was observed in males. In Bandama 2,
each character exhibited the same
growth type for combined sexes and
male; positive allometry for three
characters, negative allometry for six
characters and isometry for four
characters. As in Bandama 2, the
shrimp specimens from Sassandra River

exhibited the same growth type for each
character in the two groups.

Regardless of the sampling site, the
increase in weight of the shrimps
occurred at a slower rate than did the
increase in CL for combined sexes and
males, b ranging from 2.02 (males from
Bia) to 2.67 (males from Comogé).
Condition factor
The condition factor calculated for all
samples of M.  macrobrachion
considered in the present investigation
ranged from 0.35 to 0.89 with a mean
value of 0.661+0.07 (Fig. 4).
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Figure 2: Scatter diagram showing length-weight relationships in combined populations of
Macrobrachium macrobrachion from rivers of Cote d’Ivoire.

Minimum and maximum values for
male and female populations were
computed as 0.35-0.89 and 0.60 — 0.78,
respectively. The mean value was
0.657+0.07 for males and 0.70£0.06 for
females, suggesting that females were

in better condition than males (Tukey’s

HSD test, p=0.031).

A significant

difference in condition factor was also

observed  between  females
combined sexes (p=0.049).

and
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Figure 3: Scatter diagram showing length-weight relationships in male populations of
Macrobrachium macrobrachion from rivers of Cote d’Ivoire.

Considering  different  populations,
condition factor ranged between 0.63
(Sassandra) to 0.7 (Bia) and decreased
from the eastern (Bia) to the western
(Sassandra) zone. The  one-way
ANOVA showed that condition factor

significantly varied among populations
(F (4, 167)=6.62; p=0.00006)). The
Tukey’s honestly significant difference
(HSD) test showed that condition factor
was higher in Bia River (Eastern) than
Sassandra River (Western) specimens.
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Figure 4: Diagram showing variation of condition factor between sampling sites and sexes of
Macrobrachium macrobrachion from rivers of Céte d’Ivoire.

In males, even this trend of gradual
decrease of the coefficient of condition
is not observed along a geographical
gradient east-west, the minimum
(0.62+0.07) and maximum (0.69+0.08)
mean values are recorded at the east
(Bia) and the west (Sassandra) rivers,
respectively (Fig. 4). The one-way
ANOVA showed a significant
difference in condition factor among
Sassandra site, and Bia and the 2 sites
of Bandama.

Discussion

Overall, the number of males is
considerably higher than the number of
females; 153 males against 22 females.
This could be explained by the
sampling period and areas. Indeed, the
shrimp were sampled in the middle
course of rivers and in the rainy season.
During this period, the female M.
macrobrachion are migrating to the
river mouths to release larvae that need
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brackish water for their development
(Udo, 2015).

Morphometric analysis and relative
growth studies are widely used in
decapods crustaceans (Hartnoll, 1978,
1982; Lovett and Felder, 1989) because
of the possibility of changes related to
sex, environmental conditions, food
consumption, reproduction and
genetics. Especially, in shrimps or
prawns, several researches deal with
morphometric analysis and allometric
growth (e.g. Ragonese et al., 1997;
Mossolin and Bueno, 2003; Mariappan
and Balasundaram, 2004; Deniz (Bo6k)
et al., 2010, 2013; Konan et al., 2010).
In the present study, descriptive statistic
values of characters for males and
females of M. macrobrachion are
presented  separately.  With  the
exception of the second pleura width
(SWP), all morphometric traits showed
no significant variation between sexes.
These results indicated a great
morphometric similarity between males
and females of M. macrobrachion.
Sexual dimorphism in this species is
less obvious for most of the analyzed
characters. Similar results have been
observed in M. macrobrachion from the
lower Taylor Creek (Niger Delta,
Nigeria) by Kingdom et al. (2014).
Therefore, M. macrobrachium belongs
to Macrobrachium spp. in which sexual
dimorphism is not pronounced in
morphometrics, especially for the
second pereiopod. In some species of
this genus, e.g. in Macrobrachium
brasiliense (Mantelatto and Barbosa,
2005),  Macrobrachium  felicinum

(Kingdom et al., 2014),
Macrobrachium lar (Sethi et al., 2013),
M. vollenovenii (Konan et al., 2008;
Kingdom et al., 2014), mean size of
parameters show higher values in males
compared to females. In contrast, in
some congeners as M. amazonicum
(Hyad and Anger, 2013) males appear
to have a more slender body shape than
females, reaching thus lower weights at
equal total length. SPW, the only
analyzed character that significantly
varied between sexes, was wider in
females compared to males. In general,
in decapods, the width of the second
pleura included in abdomen length of
the females is associated with
reproductive features. Female
crustaceans  frequently exhibit an
increase in abdomen width, thus
providing a chamber where the egg
mass attaches to the pleopods and is
protected during incubation (Oh and
Hartnoll, 1999; Kotb and Hartnoll,
2002). This result was consistent with
the findings of other research carried
out for some other decapods species,
such as M. vollenhovenii (Konan et al.,
2014), Uca rapax (Castiglioni and
Negreiros-Fransozo, 2004), Uca thayeri
(Aradjo et al., 2012a) and Callinectes
danae (Aradjo et al., 2012b).
Morphometric relationship study is a
useful index to measure the variation in
the growth of individual prawn or group
of prawns (Jayachandran and Joseph,
1988). The high values of coefficient of
determination (0.66 to 0.97) in all
length-length and weight-length
relationship explained the best predictor
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of body length and weight by reference
measures used (carapace length and
second pereiopod length). In the same
species, Jimoh et al. (2012) reported r
values ranged between 0.55 and 0.88.
Similar observations were made in
other Macrobrachium species by other
authors (Gabche and Hockey, 1995;
Mariappan and Balasundaram, 2004;
Moraes-Riodades and Valenti, 2004;
Jimoh et al., 2012; Lalrinsanga et al.,
2012; Hyad and Anger, 2013).
Aregressive growth was observed
for males (b=2.55) and isometric
growth for females (b=2.78) in length-
weight relationship. This result showed
a pattern of allometric growth
differential between sexes for M.
macrobrachion as implemented by
Hartnoll (1982) for crustaceans in
general. In the present study, all
individuals being mature, the puberty
molts in females could explain the
difference in pattern growth. According
to Hartnoll (1982, 1985), the puberty
molts involve a change in the level of
allometry, an interval during which this
phenomenon can take place and a
mature morphology associated with
reproduction. The same pattern growth
was reported by Kingdom et al. (2014)
in this species from lower Taylor Creek.
Moreover, Adite et al. (2013) studying
M. macrobrachion from Mono River
(Benin) found similar values of b
ranging from 2.71 to 2.80. In other
Macrobrachium species (M.
amazonicum, M. nobilii, M. lar and M.
vollenhovenii), b values ranging
between 2.51 and 2.92 were obtained

(Mariappan and Balasundaram, 2004;
Sethi et al., 2013; Hyad and Anger,
2013; Konan et al., 2014). On the other
hand, a progressive allometry (b=3.10
to 3.50) was registered for some species
such as Macrobrachium acanthurus
(Albertoni et al., 2002), M. brasiliense
(Mantelatto and Barbosa, 2005) and
Macrobrachium rosenbergii
(Lalrinsanga et al., 2012).

In length-length relationship, for
growth in relation to carapace length,
two types of allometry (negative and
isometry) were observed for combined
sexes, males and females. In addition,
the three allometry types were obtained
for growth in relation to the second
pereiopod length. This variation of the
growth between sexes and between
different characters was explained by
morphotypic variation (Cohen et al.,
1981; Kuris et al., 1987; Moraes-
Riodades and Valenti, 2004) and
heterogeneous individual growth of the
morphotypes in Macrobrachium
(Ranjeet and Kurup, 2002). Moreover,
Mantelatto and Barbosa (2005) showed
that  species of  the genus
Macrobrachium do not follow a typical
growth pattern. Similar observations
were reported by Mariappan and
Balasundaram (2004) in M. nobilii, and
Konan et al. (2014) in M. vollenhovenii.

It was observed in the present study
that condition factor values were higher
in females, suggesting that females
were in better condition than males.
These results are favourably
comparable with condition factors of
different  Macrobrachium  species
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investigated and reported by Albertoni
et al. (2002), Deekae and Abowei
(2010), Lalrinsanga et al. (2012), Olele
et al. (2012), Soomro et al. (2012) and
Konan et al. (2014). Conversely,
Macrobrachium dux males generally
appeared to have a higher mean
condition factor than females (Arimoro
and Meye, 2007). Considering sampling
sites, condition factor decreased from
the eastern (Bia) to the western
(Sassandra) zones of Cote d’Ivoire.
This observation was made by Konan et
al. (2014) for M. vollenhovenii from the
same sites. In addition, Konan et al.
(2010), studying the morphometry of
different male populations of M.
vollenhovenii from the rivers of Cote
d’Ivoire, reported this pattern of
variation. A study, in  which
concurrently environmental parameters
are measured and shrimp are collected,
is necessary to further explain the
causes for the observed variation. The
results of this study do not allow for a
direct comparison with other findings
on M. macrobrachion because, in prior
researches (Abohweyere and Williams,
2008; Lawal-Are and Owolabi, 2012;
Adite et al., 2013), total length was
used as the reference dimension
contrarily to carapace length in the
present investigation. In fact, according
to Grandjean et al. (1997) and Diaz et
al. (2001), carapace length was used as
a reference dimension for developing
allometric relationships in shrimps
because it was the easiest, fastest and
the most reliable length measurement to
obtain.

In conclusion, the results showed a
high  similarity in  morphometry
between males and females of M.
macrobrachion.  The  relationships
between the considered variables were
significantly linear, r* ranging from
0.66 to 0.97. Overall, females of M.
macrobrachion were in better condition
than males. The three allometry types
were obtained for growth in relation to
the second pereiopod length. These
results constituted a biological database
on M. macrobrachion from the rivers of
Cote d’Ivoire for further studies
(ecology, reproductive biology, and
aquaculture potentialities) and for
fishery managers.

Acknowledgements

The authors would like to express their
gratitude to the staff of the Laboratoire
d’Environnement et de Biologie
Aquatique, Nangui Abrogoua
University  (Cote  d’Ivoire). We
sincerely thank Dr. Da Costa Kouassi
Sebastino (CNRA, Cote d’Ivoire) for
the samples provided.

References

Abohweyere, P.O. and Williams,
AB., 2008. Length-weight
relationship and condition factor of
Macrobrachium macrobrachion in
the Lagos-Lekki Lagoon system,
Nigeria. Research  Journal of
Biological Sciences, 3(11), 1333-
1336. doi: rjbsci.2008.1333.1336.

Adite, A., Abou, Y., Sossoukpe, E.,
Gbaguidi, M.H.A.G. and Fiogbé,
E.D, 2013. Meristic and


http://medwelljournals.com/abstract/?doi=rjbsci.2008.1333.1336

290 Konan et al., Relationships between Morphometric Characteristics of Brackish River prawn, ...

morphological characterization of
the freshwater prawn,
Macrobrachium macrobrachion
(Herklots, 1851) from the Mono
River-Coastal  Lagoon  system,
Southern Benin (West Africa):
Implications for species
conservation. International Journal
of Biodiversity and Conservation,
5(11), 704-714. doi:
10.5897/1JBC2013.0622.

Albertoni, E.F., Palma-Silva, C. and

Esteves, F.A., 2002. Distribution
and growth in adults of
Macrobrachium acanthurus
Wiegmann (Decapoda,
Palaemonidae) in a tropical coastal
lagoon, Brazil. Revista Brasileira de
Zoologia, 19(supl. 2), 61-70. doi:
0.1590/S0101-81752002000600006.

Andem, A.B., Idung, J.U, Eni, G.E.

and Ubong, G.U., 2013. Length-
weight relationship and Fulton’s
condition factor of brackish river
prawn (Macrobrachium
macrobrachion, Herklots, 1851)
from Great Kwa River, Obufa Esuk
beach, Cross river state, Nigeria.
European Journal of Experimental
Biology, 3(3), 722-730.

Anderson, R.O. and Gutreuter, S.J.,

1983. Length, weight, and associated
structural indices. In: Nielsen L.A.
and Johnson D.L. eds. Fisheries
Techniques Society. The American
Fisheries Society, Bethesda, pp. 283-
300.

Araujo, M.S.L.C., Negromonte, A.O.,

Barreto, A.V. and Castiglioni,
D.S., 2012a. Sexual maturity of the

swimming crab Callinectes danae
(Crustacea: Portunidae) at the Santa
Cruz Channel, a tropical coastal
environment. Journal of the Marine
Biological Association of the United
Kingdom, 92(2), 287-293. doi:
10.1017/S0025315411001135.

Araujo, M.S.L.C., Coelho, P.A. and

Castiglioni, D.S., 2012b. Relative
growth and  determination  of
morphological sexual maturity of the
fiddler crab Uca thayeri Rathbun
(Crustacea, Ocypodidae) in two
mangrove areas from Brazilian
tropical coast. Pan-American
Journal of Aquatic Sciences, 7(3),
156-170.

Arimoro, F.O. and Meye, J.A., 2007.

Some aspects of the biology of
Macrobrachium dux (Lenz, 1910)
(Crustacea: Decapoda: Natantia) in
river Orogodo, Niger Delta, Nigeria.
Acta Biologica Colombiana, 12(1),
111-122.

Beyer, J.E., 1991. On length-weight

relationships. Part Il: Computing
mean weights from length statistics.
Fishbyte, 9, 50-54.

Castiglioni, D.S. and Negreiros-

Fransozo, M.L., 2004. Comparative
analysis of the relative growth of
Uca rapax (Smith) (Crustacea,
Ocypodidae) from two mangroves in
Sé&o Paulo, Brazil. Revista Brasileira
de Zoologia, 21, 137-144. doi:
10.1590/S010181752004000100023.

Cohen, D., Ra’anan. Z. and Brody,

T., 1981. Population profile
development and  morphotypic
differentiation in the giant freshwater



Iranian Journal of Fisheries Sciences 16(1) 2017 291

prawn Macrobrachium rosenbergii
(de Man). Journal of the World
Mariculture Society, 12, 231-243.
doi: 10.1111/j. 1749-
7345.1981.th00298.x.

Deekae, S.N. and Abowei, J.F.N.,

2010. Macrobrachium
macrobrachion  (Herklots, 1851)
Length-weight  relationship  and
Fulton’s condition factor in Luubara
creek, Ogoni Land, Niger Delta,
Nigeria. International Journal of
Animal and Veterinary Advances,
2(4), 155-162.

Deniz (Bok), T. Harhoglu, M.M. and

Deval, M.C., 2010, A study on the
morphometric  characteristics  of
Astacus leptodactylus inhabiting the
Thrace region of Turkey. Knowledge
and Management of Aquatic
Ecosystems, 397, 1-13.

Deniz (Bok), T., Aydin, H. and Ates,

C., 2013. A study on some
morphological characteristics  of
Astacus leptodactylus (Eschscholtz
1823) in seven different inland
waters in Turkey. Journal of the
Black Sea /  Mediterranean
Environment, 19(2), 190-205. doi:
10.1051/kmae/2010021.

Diaz, G.A. Smith, S.G. Serafy, J.E.

and Ault, J.S., 2001. Allometry of
the growth of pink shrimp
Farfantepenaeus duorarum in a
subtropical bay. Transactions of the
American Fisheries Society, 130,
328-335. doi: 10.1577/1548-

8659(2001)130<0328:A0TGOP>2.0
.CO;2.

Gabche, C.E. and Hockey, H-U.P.,

1995. Growth and mortality of the
giant  African river prawn
Macrobrachium vollenhovenii
(Herklots: Crustacea, Palaemonidae)
in the Lobé river, Cameroon: A
preliminary evaluation. Journal of
Shellfish Research, 14(1), 185-190.

Goncalves, J.M.S., Bentes, L., Lino,

P.G., Ribeiro, J., Canario, A.V.M.
and Erzini, K., 1997. Weight-length
relationships for selected fish species
of the small-scale demersal fisheries
of the south and south-west coast of
Portugal. Fisheries Research, 30,
253-256. doi:
10.1016/S01657836(96)00569-3.

Gooré Bi, G., Gourene, G., N°’douba,

V. and Kouassi, N.J., 2001. Rythme
d’activité et rythme alimentaire de
deux especes de crevettes d’eau
douce ouest africain : cas de la
riviére Bia (Cote d’Ivoire). Sciences
et Technique /Sciences Naturelles et
Agronomie, 25(2), 17-24.

Goor¢ Bi, G., Gouréne, G., N’douba,

V. and Kouassi, N.J.,, 2004.
Stratégie de reproduction de deux
especes de crevette d’eau douce
Macrobrachium vollenhovenii
(Herklots, 1857) et Macrobrachium
macrobrachion (Herklots, 1851) de
la riviere Bia. Revue
Internationale/Science de la Vie et
de la Terre, 4, 116-127.

Grandjean, F.A., Romain, D., Avila-

Zarza, C., Bramard, M., Stout-
Grosset, C. and Mocquard, J. P.,


http://dx.doi.org/10.1051/kmae/2010021

292 Konan et al., Relationships between Morphometric Characteristics of Brackish River prawn, ...

1997. Morphometry, sexual
dimorphism and size at first maturity
of  white clawed crayfish,
Austropotambius pallipes pallipes
(Lerebouullet) from a wild French
population at Deux-Sevres
(Decapoda, Astacidae).
Crustaceana, 70, 31-44.
doi: 10.1163/156854097x00320.

Hartnoll, R.G., 1978. The
determination of relative growth in
Crustacea. Crustaceana, 34(3), 281-
293. doi:
10.1163/156854078x00844.

Hartnoll, R.G., 1982. Growth. In:
Bliss, D. E. ed. The biology of
Crustacea: embryology, morphology
and genetics. Academic Press, New
York, USA, pp. 111-196.

Hartnoll, R.G., 1985. Growth, sexual
maturity and reproductive output. In:
Wenner A.M. ed. Factors in adult
growth. Crustacean Issues. 3, A.A.
Balkema, Rotterdam, pp. 101-128.

Hayd, L. and Anger, K. 2013.
Reproductive and  morphometric
traits of Macrobrachium
amazonicum (Decapoda:
Palaemonidae) from the Pantanal,
brazil, suggests initial speciation.
Revista de Biologia Tropical, 61(1),
39-57.

Hile, R., 1936. Age and growth of the
cisco, Leucichthys artedi (Le Sueur),
in the lakes of the northeastern
highlands, Wisconsin. Bulletin of the
United States Bureau of Fisheries,
48 (19), 211-317.

Hurlbut, T. and Clay, D., 1998.
Morphometric and meristic

differences between shallow and
deep-water populations of white
hake (Urophycis tenuis) in the
southern Gulf of St Lawrence.
Canadian Journal of Fisheries and
Aquatic Sciences, 55, 2274-2282.
doi: 10.1139/cjfas-55-10-2274.

Huxley, J.S., 1932. Problem of relative
growth. New York, L. MacVeagh,
The Dial Press, 308P.

Ihssen, P.E., Booke, H.E., Casselman,
J.M., McGlade, J.M., Payne, N.R.
and Utter, F.M., 1981. Stock
identification: materials and
methods. Canadian Journal of
Fisheries and Aquatic Sciences, 38,
1838-1855. doi: 10.1139/f81-230.

Jayachandran, K.V. and Joseph, N.I.,
1988. Length-weight relationship of
two Palaemonid prawns
Macrobrachium idella and M.
scabriculm. A comparative study.
Fishery Technology, 25, 189-195.

Jimoh, A.A., Clarke, E.O., Whenu,
0.0., Anetekhai, M.A. and
Ndimele, P.E., 2012. Morphological
characterization of populations of
Macrobrachium vollenhovenii and
Macrobrachium macrobrachion
from Badagry, South west Nigeria.
Asian Journal of Biological Sciences
5(3), 126-137.
doi:10.3923/AJBS.2012.126.137.

Kingdom, T., Hart, A.l., Erondu, E.S.
and Kwen, K., 2014. Morphology
and condition indices of
Macrobrachium species in the in the
lower Taylor Creek, Niger Delta,
Nigeria. International Journal of


http://dx.doi.org/10.1163%2f156854078X00844
http://dx.doi.org/10.1139%2fcjfas-55-10-2274
https://archive.org/search.php?query=publisher%3A%22New+York%2C+L.+MacVeagh%2C+The+Dial+Press%22
https://archive.org/search.php?query=publisher%3A%22New+York%2C+L.+MacVeagh%2C+The+Dial+Press%22

Iranian Journal of Fisheries Sciences 16(1) 2017 293

Fisheries and Aquatic Studies, 1(6),
95-103.

Kotb M.M.A. and Hartnoll R.G,,

2002. Aspects of the Growth and
Reproduction of the Coral Gall Crab
Hapalocarcinus marsupialis.
Journal of Crustacean Biology. 22
(3), 558-566.

Konan, K.F., Ouattara, A., Ouattara,
M. and Gourene, G., 2007. Weight-
length relationship of 57 fish species
of the coastal rivers in south-eastern
of lvory Coast. Ribarstvo, 65, 49-60.

Konan, K.M., Ouattara, A., Adépo-

Gouréne, A.B. and Gouréne, G.,
2008. Morphometric differentiation
between two sympatric
Macrobrachium Bates 1868 shrimps
(Crustacea Decapoda Palaemonidae)
in West African rivers. Journal of
Natural History, 42, 2095-2115.
d0i:10.1080/00222930802254730.

Konan, K.M., Adépo-Gourene, A.B.,

Ouattara, A. Nyingy, W.D. and
Gourene, G., 2010. Morphometric
variation among male populations of
freshwater shrimp Macrobrachium
vollenhovenii Herklots, 1851 from
Cote d’Ivoire Rivers. Fisheries
Research, 103, 1-8.
doi:10.1016/J.FISHRES.2010.01.00
5.

Konan, K.M., Ouattara, A., Da

Costa, K.S., Adepo-Gourene, A.B.
and Gourene, G., 2014. Allometric
growth and condition factor of West
African  shrimp  Macrobrachium
vollenhovenii (Herklots, 1857) in the
rivers of Cote d’Ivoire. Marine and
Freshwater Research, 65(10), 849-
846. doi: 10.1071/MF13147.

Kuris, A.M., Ra’anan, Z., Sagi, A.

and Cohen, D. 1987. Morphotypic
differentiation of male Malaysian
giant  prawns,  Macrobrachium
rosenbergii. Journal of Crustacean
Biology, 7, 219-237.

Laléeye, P.A., 2006. Length-weight and

length-length relationships of fishes
from the Ouémé River in Benin
(West Africa). Journal of Applied
Ichthyology, 22, 330-333. doi:
10.1111/J.1439-0426. 006.00752.X.

Lalrinsanga, P.L., Pillai, B.R., Patra,

G., Mohanty, S., Naik, N.K. and
Sahu, S., 2012. Length-weight
relationship and condition factor of
giant freshwater prawn
Macrobrachium rosenbergii  (De
Man, 1879) based on developmental
stages, culture stages and sex.
Turkish Journal of Fisheries and
Aquatic Sciences, 12, 917-924. doi:
10.4194/1303-2712-v12_4 19.

Lawal-Are, A.O. and Owolabi, A.T.,

2012. Comparative biology of the
prawns Macrobrachium
macrobrachion  (Herklots)  and
Macrobrachium vollenhovenii
(Herklots) from two interconnecting
fresh/brackish  water lagoons in
south-west  Nigeria. Journal of
Marine Science: Research and
Development, 2, 108. doi:
10.4172/2155-9910.1000108.

Lovett, D.L and Felder, D.L. 1989.

Application of regression techniques
to studies of relative growth in
crustaceans. Journal of Crustacean
Biology, 9, 529-539.
doi:10.2307/1548585.



294 Konan et al., Relationships between Morphometric Characteristics of Brackish River prawn, ...

Mantelatto, F.L.M. and Barbosa,

L.R., 2005. Population structure and
relative growth of freshwater prawn
Macrobrachium brasiliense
(Decapoda, Palaemonidae) from Sao
Paulo State, Brazil. Acta
Limnologica Brasiliensia 17(3), 245-
255.

Mariappan, P. and Balasundaram,

C., 2004. Studies on the
morphometry of Macrobrachium
nobilii (Decapoda, Palaemonidae).
Brazilian Archives of Biology and
Technology, 47, 441-449. doi:
10.1590/S1516-9132004000300015.

Moraes-Riodades, P.M.C. and

Valenti, W.C., 2004. Morphotypes
in male Amazon River prawns,
Macrobrachium amazonicum.
Aguaculture, 236, 297-307.
doi:10.1016/j.aquaculture.2004.02.0

(Herklot, 1857) caught in Warri
River. Archiva Zootechnica, 15(4),
41-57. doi: 10.7904/2068-4738—
111(6)-86.

Opeh, P.B. and Udoh, P.J., 2014. The

culture potential of the brackish river
prawn Macrobrachium
macrobrachion  (Herklots, 1851)
reared under three management
strategies. International Journal of
Fisheries and Aquatic Studies, 1(3),
178-182.

Pauly, D., 1984. Fish population

dynamics in tropical waters: a
manual for use with programmable
calculators. Manila, Philippines:
ICLARM Studies and Reviews 8,
325P.

Pauly, D., 1993. Fishbyte section

editotial. Naga: ICLARM Quart, 16,
26-27.

15. Ragonese, S., Bertolino, F. and
Mossolin, E.C. and Bueno, S.L.S,, Bianchini, M.L., 1997. Biometric
2003. Relative growth of the second relationships of the red shrimp,
pereiopod in Macrobrachium olfersi Aristaeomorpha  foliacea  Risso,

(Weigmann,  1836)  (Decapoda, 1827, in the Strait of Sicily
Palaemonidae). Crustaceana, 16(3), (Mediterranean Sea). Scienta
363-376. doi: Marina, 61(3), 367-377.

10.1163/156854003765911748. Rahman, M.S., Rahman, M.A,

Oh, C.W. and Hartnoll, R.G., 1999. Rahman, M.R., and Kamal, D.,

Size at sexual maturity, reproductive
output, and seasonal reproduction of
Philocheras trispinosus (Decapoda)
in Port Erin Bay, Isle of Man.
Journal of Crustacean Biology, 19,
252-259. doi: 10.2307/1549231.

Olele, N.F., Tawari-Fufeyin, P. and

Okonkwo, J.C., 2012. Reproductive
biology of freshwater prawn
Macrobrachium vollenhovenii

2004. Length-weight relationship,
condition factor and harvesting
records of silver pomfret (Pampus
argenteus) in the south western
region of Bangladesh. Pakistan
Journal of Biological Sciences, 7(4),
452-456. doi:
10.3923/pjbs.2004.452.456.

Ranjeet, K. and Kurup, B.M., 2002.

Heterogeneous individual growth of


http://www.scielo.br/scielo.php?script=sci_serial&pid=1516-8913&lng=en&nrm=iso
http://www.scielo.br/scielo.php?script=sci_serial&pid=1516-8913&lng=en&nrm=iso
http://dx.doi.org/10.3923/pjbs.2004.452.456

Iranian Journal of Fisheries Sciences 16(1) 2017 295

Macrobrachium rosenbergii male
morphotypes. NAGA - The ICLARM
Quarterly, 25, 13-18.

Rao, K.J. and Tripathi, S.D., 1993. A
manual on giant freshwater prawn
hatchery.  Central Institute  of
Freshwater ~ Aquaculture,  Idian
Council of Agricultural Research,
Kausalyaganga, Bhubaneswar,
751002, ser. 2, 50P.

Ricker, W.E., 1973. Linear regression
in fishery research. Journal of the
Fisheries Research Board of
Canada, 30, 409-434. doi:
10.1139/f73-072.

Rickter, H., Luckstadt, C., Focken,
U.L. and Becker, K., 2000. An
improved procedure to assess fish
condition on the basis of length-
weight relationships. Archive of
Fishery and Marine Research, 48,
255-264.

Santos, M.N., Gaspar, M.B,
Vasconcelos, P. and Monteiro,
C.C, 2002. Weight-length
relationships for 50 select fish
species of the Algarve coast

(southern  Portugal). Fisheries
Research, 59, 289-295.
Sethi, S.N., Nagesh, R. and

Venkatesan, V., 2013.
Morphometric relationships of the
monkey river prawn Macrobrachium
lar (Fabricius, 1798) (Decapoda,
Palaemonidae) from the Andaman
islands. Indian Journal of Fisheries,
60(2), 157-161.

Sokal, R.R. and Rohlf, F.J., 1995.
Biometry. The principles and
practice of statistics in biological

research. New York: W.H. Freeman
and Company, 887P.

Soomro, A.N.,, Baloch, W.A,
Chandio, T.J., Achakzai, W.M.
and Saddozai, S., 2012. Condition
factor and length-weight relationship
of monsoon river prawn
Macrobrachium malcolmsonii
malcolmsonii  (H. Milne-Edwards,
1844) (Palaemonidae) in lower Indus
river. Pakistan Journal of Zoology,
44(5), 1279-1283.

Spiegel, M.R., 1991. Théorie et
applications de la statistique. Paris:
McGraw-Hill, 358P.

StatSoft, 2006. STATISTICA (Data
Analysis Software System), Version
7.1. Available at www.statsoft.com.

Thorpe, R.S., 1976. Biometric analysis
of geographic variation and racial
affinities. Biological Review, 51,
407-452. doi: 10.1111/j.1469-
185X.1976.tb01063.x.

Udo P.J., 2015. The cultivability of two

commercially important  west
African freshwater prawns,
Macrobrachium macrobrachion
(Herklot’s 1851) and
Macrobrachium vollenhovenii
(Herklot’s, 1857) (Decapoda;

Palaemonidae) in fish  culture
enclosures. American Journal of
Agricultural Science, 2(4), 176-182.

Wootton, R.J., 1992. Fish ecology,
tertiary level biology. London:
Springer. 212p.

Zar, J.H., 1999. Biostatistical analysis.
4th Edition. New Jersey: Prentice-
Hall, Englewood Cliffs. 662P.


http://www.statsoft.com/

