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Abstract

The morphometric characteristics and condition indices of Macrobrachium species in the Lower Taylor
Creek, Niger Delta, Nigeria were studied from June 2008 to May 2010.The largest specimens of
Macrobrachium species were found among the Macrobrachium vollenhovenii with a range of 2.00-13.00 cm
and a mean of 6.56+0.12 cm total length. Macrobrachium felicinum and Macrobrachium macrobrachion
had mean total lengths of 4.88+0.25 cm and 5.224+0.19 cm respectively. The relationships between total
length and carapace length (TL =a + bCL) of all the species are stated as follows: M. felicinum (TL = 1.51 +
2.87CL; r = 0.92, P<0.001), M. macrobrachion (TL = 0.67 + 3.98CL; r = 0.92, P<0.001) and M.
vollenhovenii (TL = 1.18 + 3.21CL; r = 0.98, P<0.001). The mean exponents of the length-weight
relationships of M. felicinum and M. vollenhovenii indicated positive allometric function, while M.
macrobrachion showed isometric growth. The mean condition factor of M. felicinum, M. macrobrachion
and M. vollenhovenii were 1.23+0.02, 1.26+0.01 and 1.06+0.06, respectively. Seasonally, condition factor
was significantly (P<0.001) different between dry and wet seasons in M. vollenhovenii.

Keywords: Crustaceans, prawns, morphology, growth, condition factor.

1. Introduction

Shrimps are valued food organisms that are heavily exploited. In West Africa, they are very
important export commodity 2. According to !, fisheries interest in shrimps in Nigeria has
been centred on the marine penaeid species harvested offshore by commercial trawlers while
extremely little is known of the local fresh and brackish water species, those supporting the
traditional artisanal fisheries and most likely to include suitable candidates for aquaculture.
Even the freshwater species that have been studied have mainly been carried out in a brackish
water environment: Lagos lagoon ; Cross River Estuary 56:7:8,9 10,11, 12

This study was therefore conducted to examine the relative growth of Macrobrachium species in
the Lower Taylor Creek, Niger Delta, Nigeria, with emphasis on morphometric relationships
and condition indices.

2. Materials and Methods

Samples of Macrobrachium species were collected biweekly from June 2008 to May 2010 from
the Lower Taylor creek (called Gbaraintoru by indigenes), Yenagoa Local Government Area of
Bayelsa State. The study area stretched from Koroama to Polaku along the Taylor Creek (a non—
tidal fresh water creek). The Lower Taylor creek is situated between 5° 01'N; 6°17! E and 5° 02!
N; 6° 18'E (Fig. 1). Samples of shrimps were removed between 0700 hrs and 0900 hrs from
basket traps (known locally as ‘Ingo’) after setting for twenty four hours. Numbers of shrimps
from/1biweekly samples of the traps were later pooled to form the monthly and seasonal
catches.

2.1 Morphometric measurements
Total length (TL), Carapace length (CL), Chela length (cL), Palm length (PL), Carpus length
(CLY) and Dactyl length (DL) were measured for each animal. Length measurements were made
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with a plastic ruler while weight of each shrimp was taken
in grams (g) using Ohaus Scout Pro balance model SPU
402. Regression analyses were used to determine the

relationships between total length and carapace length for
each species

Niger Delta

Fig 1: Map of Niger Delta Showing Bayelsa State and Taylor Creek the Study Area

2.2 Length-Weight Relationships

Length—weight relationship was calculated for each sex, for

the sexes combined and expressed by the equation:

W=aLb 13

Where: W= Weight (g); L= Total Length (mm); a= Intercept

b= Slope

The relationship was established by least square regression
of the logarithms transformed version of the equation as

follows:

Log 1o w=Log ipa+blogio L

If b was close to 3 in isometric growth (4], the fitted linear
regression analyses was tested for significance. The slope
(b) of the length-weight relationship was tested with t-test

for departure from isometry (i.e. b=3).

2.3 Condition Factor

Fulton’s condition factor (k) was calculated using the

formula given by % as:

100 =W
L2

K:

Where, K= Condition factor
W = Total Weight of Shrimp (g)
L= Total Length of Shrimp (cm)

The mean monthly means was used to determine if monthly,
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seasonal or yearly variations exist. Also, test (ANOVA) was
used to ascertain difference in size classes while t-test was
used to test for significant differences between male and
female.

3. Results

3.1 Morphometric and meristic characteristics

The morphometric and meristic characteristics of freshwater
shrimps in the Lower Taylor Creek are given in Tables 1 to
3. The results revealed that the largest specimens were found
among the M. vollenhovenii with a size range of 2.00-13.00
cm and meantS.E of 6.56+0.12 cm. There were significant
differences between males and females in the total length
and weights of M. felicinum, M. vollenhovenii and M.
macrobrachion. Male M. vollenhovenii had significantly
longer carapace (P<0.001) than the female, while it was the
other way round in M. macrobrachion. There was no
significant difference (P>0.05) between the male and female
in the carapace length of M. felicinum. Also, males had
significantly longer chelae of M. vollenhovenii (P<0.001)
and M. felicinum (P<0.001) than females while females had
longer chelae than males (P<0.05) in M. macrobrachion.

There was no difference (P>0.05) between the carpus length
of both sexes of M. vollenhovenii, while male M. felicinum
had longer carpus (P<0.001) than the female; but the reverse
was the case in M. macrobrachion with the female having a
longer carpus than the male (P<0.05). The males had longer
palm and dactyl lengths than the females both in M.
vollenhovenii and M. felicinum (P<0.001). However, the
females in M. macrobrachion had longer palm and dactyl
lengths than their male counterparts (P<0.05). M.
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vollenhovenii and M. felicinum had significant total dorsal
(P<0.05) and post orbital rostral spines (P<0.001) than M.
macrobrachion. However, there were no significant
differences (P>0.005) in both total dorsal and post orbital
rostral spines between sexes in all species.

The morphometric ratios of Macrobrachium species are
shown in Table 4. The total length was about four times the
carapace length in M. felicinum and M. vollenhovenii, while
it was four and half times longer than the carapace length in
M. macrobrachion. The carpus/palm length ratio reveals that
they were almost equal in male M. felicinum, while in
females, the carpus was about fifty percent longer than the
palm length. In M. macrobrachion, the carpus/palm length
ratio was almost 2:1, while the palm was longer than the
carpus in M. vollenhovenii.

The relationship between total length and carapace length
(TL = a + bCL) of M. felicinum was positively correlated
and very highly significant: TL = 1.51 + 2.87CL (n=861; r
= 0.92; 12 = 0.85; P<0.001). For M. macrobrachion, the
relationship was TL = 0.67 + 3.98CL (n =97; r =0.92; 12 =
0.85; P<0.001). Also, the relationship for M .vollenhovenii

was TL = 1.18 + 3.21CL (n = 341; r = 0.98; r2 = 0.96;
P<0.001).

3.2 Length — Weight relationships

The length-weight relationships and related statistics of
Macrobrachium species are shown in Table 5. The results
revealed that the slope values (b) for M. felicinum varied
from 2.12+0.05 to 3.23+0.09. Generally, M. felicinum had
positive allometric growth, since the slope value was
significantly (t = 86.77; P<0.001) different from *“3”.
However, the female exhibited negative allometry.
Generally, M. macrobrachion exhibited isometric growth,
since the slope was not significantly (P>0.05) different from
“3”. This growth pattern was also observed in the female M.
macrobrachion. However, the male exhibited negative
allometry. The “b” values of M. vollenhovenii were all
greater than “3”, indicating that both males and females of
this species exhibited positive allometric growth. Figs. 2 to 4
show the plots of the logarithmic transformation of the
length-weight relationships for these species.

Table 1: Morphometric and meristic characteristics of M. felicinum in the Lower Taylor Creek

Parameter Male Female Combined Sex
Min./1 | Max. | MeantS.E | Min. | Max | Mean+S.E N | Min./1 | Max./1 | Mean+£S.E
Total length (cm) 1.50 7.80 | 4.7840.12° | 1.50 | 6.70 | 4.91+0.02* | 861 1.50 7.80 4.88+0.25
Total weight (g) 0.09 9.93 1.78+0.16* | 0.04 | 14.40 | 1.51+0.03"> | 861 0.04 14.40 1.59+0.44
Carapace length (cm) 0.40 2.30 1.1840.04* | 0.30 | 1.70 1.1740.01* | 861 0.30 2.30 1.18+0.01
Chela length (cm) 0.70 4.00 1.7340.14> | 0.50 | 1.60 | 0.88+0.02* | 101 0.50 4.00 1.18+0.06
Carpus length (cm) 0.50 230 | 0.96+0.07° | 0.40 | 1.10 | 0.76+0.01* | 101 0.40 2.30 0.8340.03
Palm length (cm) 0.40 2.00 | 0.90+0.07* | 0.30 | 0.90 | 0.48+0.01° | 101 0.30 2.00 0.6340.03
Dactyl length (cm) 0.30 2.00 | 0.83+0.07* | 0.30 | 0.70 | 0.41+£0.01° | 101 0.30 2.00 0.56+0.04
TDR Number 12 15 13.55+0.412 14 15 14.67+0.21* | 18 12 15 13.94+0.30
POR Number 2 5 4.2040.332 5 5 5.00+0.002 17 2 5 4.50+0.22

TDR = Total dorsal rostrum; POR = Post orbital rostrum; Min. = Minimum; Max. = Maximum; N = Number; S.E = Standard error

Table 2: Morphometric and meristic characteristics of M. macrobrachion in the Lower Taylor Creek

Parameter Male Female Combined Sex
Min. | Max MeantS.E Min. Max. MeantS.E N Min. Max MeantS.E
Total length (cm) 2.00 7.70 4.3340.28b 2.40 10.00 5.74+0.232 97 | 2.00 10.00 5.22+0.19
Total weight (g) 0.03 3.89 1.0440.15Y 0.25 9.68 2.41+0.282 97 | 0.03 9.68 1.93+£0.20
Carapace length (cm) 0.40 1.50 0.9440.06° 0.50 2.20 1.26+0.06? 97 | 0.40 2.20 1.14£0.04
Chela length (cm) 0.50 1.20 0.8040.05° 0.40 1.70 1.04+0.06? 45 0.40 1.70 0.98+0.05
Carpus length (cm) 0.80 1.20 0.9240.04° 0.60 1.80 1.09+0.052 45 0.60 1.80 1.04+0.04
Palm length (cm) 0.30 0.70 0.4840.03Y 0.20 1.00 0.61+0.042 45 0.20 1.00 0.57+0.03
Dactyl length (cm) 0.20 0.50 0.3340.03% 0.20 0.80 0.43+0.032 45 0.20 0.80 0.40+0.02
TDR Number 10 10 10.00+0.00? 9 11 10.00£1.002 9 11 10.00+0.90
POR Number 2 2 2.0040.00? 2 2 2.00+0.002 2 2 2.00+0.26

TDR = Total dorsal rostrum; POR = Post orbital rostrum; Min. = Minimum; Max. = Maximum; N = Number; S.E = Standard error
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Table 3: Morphometric and meristic characteristics of M. vollenhovenii in the Lower Taylor Creek

Parameter Male Female Combined Sex

Min. | Max MeantS.E | Min. | Max. Mean+S.E N Min. | Max. | MeantS.E

Total length (cm) 2.00 | 13.00 | 6.84+0.13* | 2.10 | 11.50 | 5.82+0.22® | 341 | 2.00 | 13.00 | 6.56+0.12

Total weight (g) 0.06 | 36.49 | 5.61+0.38* | 0.10 | 19.77 | 3.52+0.48 | 341 | 0.06 | 36.49 | 5.03+0.31

Carapace length (cm) | 0.40 | 3.80 1.76+0.04* | 0.50 | 3.00 1.45+0.06> | 202 | 0.40 | 3.80 1.68+0.03

Chela length (cm) 0.70 | 6.80 2.494+0.08* | 0.60 | 4.60 1.88+0.18 | 202 | 0.60 | 6.80 2.36+0.08

Carpus length (cm) 0.40 | 2.30 1.01+0.03 | 0.50 | 1.80 0.98+0.05* | 202 | 0.40 | 2.30 1.01£0.02

Palm length (cm) 0.30 | 3.70 1.33+0.04* | 0.30 | 2.30 1.00+0.09° | 202 | 0.30 | 3.70 1.26+0.41

Dactyl length (cm) 0.30 | 3.10 1.18+0.04* | 0.30 | 2.30 0.88+0.09* | 202 | 0.30 | 3.10 1.11+0.03

TDR Number 13 15 12.88+0.232 12 14 13.33+£0.67* | 55 13 15 12.9+£0.27

POR Number 3 6 4.17+0.07* 4 5 4.67+0.332 55 3 6 4.20+0.05

TDR = Total dorsal rostrum; POR = Post orbital rostrum; Min. = Minimum; Max. = Maximum; N = Number; S.E = Standard error

Table 4: Morphometric ratios of Macrobrachium species in the Lower Taylor Creek

Ratio
CL: TL *PL: *cL *PL: *CL! *DL: *PL
M. felicinum M 1:4.01 1:1.92 1:1.07 1:1.08
F 1:4.20 1:1.83 1:1.58 1:1.17
M. macrobrachium M 1:4.61 1:1.67 1:1.92 1:1.45
F 1:4.56 1:1.70 1:1.79 1:1.42
M. vollenhovenii M 1:3.89 1:1.87 1:0.76 1:1.13
F 1:4.01 1:1.88 1:0.97 1:1.14

TL = Total length; CL = Carapace length; *cL = Chela length; *PL = Palm length; *CL! = Carpus length; *DL = Dactyl length;
*Second cheliped

Table 5: Total length—Weight relationships and related statistics of Macrobrachium species in the Lower Taylor Creek

Species Sex N a b+S.E r r Growth Pattern
M. felicinum M 132 0.009 3.23+0.09 0.96 0.92%** +
F 726 0.010 2.1240.05 0.86 0.75%** -
C 858 0.010 3.15+0.04 0.95 0.90%** +
M. macrobrachion M 36 0.014 2.71+0.20 0.92 0.847%** -
F 61 0.011 2.96+0.06 0.99 0.98*** I
C 97 0.012 2.90+0.09 0.96 0.92%** I
M. vollenhovenii M 246 0.007 3.29+0.03 0.99 0.98*** +
F 94 0.007 3.25+0.05 0.99 0.98*** +
C 340 0.007 3.30+0.03 0.99 0.98*** +

M: Male; F: Female; C: Combined sex; N: sample size; a: intercept; b: slope; r: Coefficient of correlation; r>: Coefficient of
determination; ***P <0.001; + Positive allometric; - Negative allometric growth; I Isometric growth
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Fig 2: Plot of Length—weight relationship of M. felicinum in the Lower Taylor Creek
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Fig 3: Plot of Length—weight relationship of M. macrobrachion in the Lower Taylor Creek
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Fig 4: Plot of Length—weight relationship of M. vollenhovenii in the Lower Taylor Creek
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3.3 Condition factor

Generally, the condition factor of M. felicinum ranged from
0.70-11.52, with a mean of 1.2340.02. The mean condition
factor for M. vollenhovenii was 1.2610.01, while it ranged
between 0.38 and 6.25 for M. macrobrachion, with a mean of
1.06+0.06. The mean monthly K values of Macrobrachium
species for the two years are shown in Fig. 5. The mean
monthly condition factor for M. felicinum varied significantly
(P<0.05) from 0.97+0.20 (June 2009) to 2.97+0.16 (July

2009), while that of M. vollenhovenii ranged from 1.05+0.04
(June 2008) to 1.55+0.08 (October 2009). Condition factor for
M. macrobrachion ranged from 0.83+0.13 in July 2009 to
2.12+0.10 in August 2008. Seasonally, condition factor was
significantly (P<0.001) different between dry and wet seasons
in M. vollenhovenii. However, there was no seasonal
difference (P>0.05) in both M. felicinum and M.
macrobrachion (Fig. 6).
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Fig 5: Condition factor of Macrobrachium species in the Lower Taylor Creek
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Fig 6: Seasonal Condition factor of Macrobrachium species in the Lower Taylor Creek

There were very high significant differences (P<0.001) in the
condition factor of the various sizes of the Macrobrachium
species in the Lower Taylor Creek (Table 6). The smallest size
class (1-2 cm) in M. felicinum and M. macrobrachion had the

100

best conditions while the largest size class (12-13 cm) had the
best condition in M. vollenhovenii. There was no correlation
(r=0.04; P>0.05) between condition factor and total length in
M. felicinum. However, there was positive correlation (r=0.51;
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P<0.001) and negative relationship (r=-0.21; P<0.05) between
condition factor and total length for M. vollenhovenii and M.
macrobrachion respectively.
Condition factor was very highly significantly (P<0.001)

different between male and female in M. vollenhovenii, but no
difference (P>0.05) was observed between the sexes in M.

felicinum and M. macrobrachion (Fig. 7).

Table 6: Mean Condition factor (£S.E) of various size classes of Macrobrachium species in the Lower Taylor Creek

Class size Species
(cm)
N M. felicinum N macrobrachion N vollenhovenii
1-2 2 474 £ 3.56% 6 3.13+0.13* - -
2-3 12 1.00 £0.12¢ 9 0.96 + 0.12° 5 1.01 £0.08¢
3-4 77 1.19 +£0.06° 20 0.93 + 0.08° 17 0.99 + 0.05¢
4-5 446 1.19 +0.05° 20 0.96 + 0.07° 75 1.12 +£0.03%
5-6 287 1.25 +£0.06° 2 0.96 + 0.07° 69 1.17 £ 0.03¢
6—17 27 1.31 +£0.09° 13 1.00 + 0.09° 51 1.30 + 0.03%
7-8 9 1.94 +0.15° 17 0.96 +0.10° 50 1.36 = 0.03%°
8-9 - - 5 1.05+0.13° 25 1.32 +0.04%°
9-10 - - 5 0.98 + 0.20° 27 1.40 + 0.04°
10-11 - - - - 9 1.37 £ 0.06°
11-12 - - - - 10 1.39 +0.06°
12-13 - - - - 3 1.75+0.112

Different letters in the same columns indicate significant differences at P < 0.05; N = Number of specimens used for analysis; S.E =
Standard error

4. Discussion

Mean Condition factor

1.25—

1.00—

0.75+

0.50+

0.25—

0.00—

M. felicinum

M. macrobrachion

Species

Sex

Cmale
PAFemale

M. vollenhovenii

Fig 7: Condition factor of Male and female Macrobrachium species in the Lower Taylor Creek

4.1 Morphometric and meristic characteristics
The largest specimen of M. felicinum seen was 7.80 cm. B! had
reported that it rarely exceeded 80 mm, although, "¢ had
reported a maximum size of 9.20 cm from Lagos and Ondo

101

States’ waters. However, the mean length and weight of M.

felicinum in this study is far lower than what ¢! reported.

There was sexual dimorphism in the weights, as the females
were significantly (P < 0.01) heavier than the males.
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There was sexual dimorphism in the sizes of both M.
vollenhovenii and M. macrobrachion. In M vollenhovenii,
males were longer while females were larger in M.
macrobrachion. According to ", M. vollenhovenii attains a
maximum total length of 182 mm. But in this study, the
maximum size observed was 13 cm in a male specimen. The

mean length was 6.56+0.12 cm; lower than those reported by
[16,17,19]

The sizes of M. macrobrachion observed in this study were
also lower than those reported by %! in Badagry Creek and '8!
in the Lagos Lagoon. *! had reported that M. macrobrachion
rarely exceed 120 mm, although a prawn of 138mm had been
caught in Lagos Lagoon.

The 12-15 dorsal rostral spines and 3—5 postorbital spines
counted for M. felicinum are close to the 14-17 and 3-5
respectively reported by P in the rostral formula for it. The
total number of dorsal spines (9-11) observed for M.
macrobrachion 1is similar to the 7-11 observed for the
morphotype II of M. macrobrachion in the Badagry Creek 21,
The two postorbital teeth observed also agree with the
diagnosis of the M. macrobrachion by P! in his monumental
compendium on shrimp of economic importance in the Niger
Delta. 2l had used the presence of dissimilar chelae in
separating sexes of M. felicinum. However, in this study, both
sexes were observed to exhibit dissimilar chelae in several
specimens, even in berried shrimps. The possibility of
sequential (or protandric) harmaphroditism may not be ruled
out in M. felicinum. Protandric hermaphroditism is
phenomenon found in the Pandalid shrimp; they reproduce
first as males and later change into females and spawn as such
for the rest of their lives 231,

The high and significant correlations between total length and
carapace length in all the species indicate that either of the
variables is suitable for establishing Length-Weight
relationships (LWR).

4.2 Length — Weight relationship

The positive allometric growth observed for M. felicinum here
is different from the isometric growth reported by 4 in the
Mu River, Makurdi and the negative allometric growth
observed by 15! in the Badagry Creek, Lagos. The implication
is that M. felicinum gets plumper as it grows larger 261, The
isometric growth observed in this study for M. macrobrachion
is contrary to the positive allometry reported by ! in the Cross
River estuary and *”! in Luubara Creek and the negative
allometric growth observed in the Badagry Creek, Lagos 2%
for the species. The results here therefore show that M.
macrobrachion does not change shape as it grows larger.

The “b” values observed for M. vollenhovenii in this study
were higher than that reported by 8! in the Lagos—Lekki
Lagoon system. Although, a negative allometric growth had
been reported for male M. vollenhovenii 18 and pooled
specimens of M. vollenhovenii ", a positive allometric
growth pattern was observed in this study, similar to the
growth reported for female M. vollenhovenii in Lagos—Lekki
system ! and the Badagry Creek ®! indicating that M.
vollenhovenii gets plumper as it grows larger.

102

4.3 Condition factor

The condition factor of M. felicinum in this study was lower
than 2.031 reported for the same species in Mu River, Makurdi
241 The condition factor of 1.06 for M. macrobrachion is close
to the 1.13 reported for it in the Cross River Estuary B!, but far
higher than those (<0.001) reported by ! in Luubara Creek in
Ogoni and the Badagry Creek in Lagos *5!. Among the three
species studied, M. macrobrachion had the least condition
factor, while M. vollenhovenii had the best condition
throughout the study period. The differences in condition
factors of the species may be attributed to the fact that M.

felicinum and M. vollenhovenii are more important in non—

tidal freshwater zones of white water than M. macrobrachion
and would thrive better than M. macrobrachion in this
environment. White water has described by ! as river waters
that have high conductivity values (above 40 micro Siemens
per centimeter). M. macrobrachion is found more in the
brackish water environment.

5. Conclusion

There was sexual dimorphism in the sizes of M. vollenhovenii
and M. macrobrachion in the Lower Taylor Creek. The
length—weight shows M. felicinum and M. vollenhovenii get
plumper as they grow longer while M. macrobrachion does
not change shape as it grows. M. vollenhovenii had the best
condition throughout the study period.

6. Refresnces

1. Enin UL The Macrobrachium fishery of the Cross River
estuary, Nigeria. Archive of Fishery and Marine Research
1998; 46(3):263-272.

2. Chemonics International  Incorporated.  Subsector
Assessment of the Nigerian Shrimp and Prawn Industry.
Prepared for the United States Agency for Internation
Development (USAID) Nigeria. 2002; RAISE: IQC,
Contr. No. PCE — 1 00 — 99 — 00003 — 00 Agile. Oev.
Asst. in Nig. T. O. 812.

3. Powell CB. Fresh and brackish water shrimps of
economic importance in the Niger Delta. In: 1983
Proceedings of the 2" Annual Conference of the fisheries
society of Nigeria (FISON), Calabar, 25-27 January,
1982, 254-285.

4. Marioghae IE. Notes on the biology and distribution of
Macrobrachium  vollenhovenii  and  Macrobrachium
macrobrachion in the Lagos Lagoon. Revue de Zoologie
Africaine 1982; 96(3):493-508.

5. Enin UL Length- weight parameters and condition factor
of two West African prawns. Rev Hydrobiol Trop 1994;
29(2):121-127.

6. Enin UL First estimates of growth, mortality and
recruitment parameters of Macrobrachium
macrobrachion Herklots, 1851 in the Cross River estuary,
Nigeria. Dana, 1995; 1(1):29-38.

7. Enin UL The Life History Cycle of the Brackish River
Prawn (Macrobranchium macrobrachion Herklots, 1851)
in the Cross Rivers Estuary, Nigeria. A paper presented at
the 7" Annual conference of Biological society of Nigeria
1998.

8. Enin Ul, Lowenberg U, Kunzel T. Population dynamics of
the estuarine prawn Nematopalaemon hastatus Aurivillius
1898) off the Southeast Coast of Nigeria. Fisheries
Research 1996; 26:17-35.



International Journal of Fisheries and Aquatic Studies

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Nwosu FM, Holzohner S. Lunar and Seasonal variations
in the catches of Macrobrachium Fisheries of the Cross
River Estuary, South East, Nigeria. In. Eyo AA and Ajao
EA, (Eds). 2003 Proceedings of the 16 Annual
Conference of the fisheries Society of Nigeria (FISON)
Maiduguri 9* November, 2001; 48-52.

Nwosu FN, Wolfi M. Population dynamics of the Giant
African River Prawn Macrobrachium vollenhovenii
Herklots 1857 (Crustacea, Palaemonidae) in the Cross
River Estuary, Nigeria. West African Journal of Applied
Ecology 2006; 9:78-92.

Nwosu FN, Holzlohner S, Enin UL The exploited
population of the brackish river prawn in the Cross River
Estuary, Nigeria. Scientia Marina 2007; 71(1):115.

Nwosu FM. Species Composition and  Gear
Characteristics of the Macrobrachium Fishery of the
Cross River Estuary, Nigeria. Journal of Ocean University
China (Oceanic and Coastal Sea Research) 2010; 9:71-75.
Sparre P, Venema SC. Introduction to Tropical fish stock
assessment, part I. Manual FAO Fisheries Technical paper
1992, NO. 306.1, Rev. 1. Rome 376.

King M. Fisheries Biology Assessment and Management.
Fishing News Books. Blackwell Science Ltd. London,
1995, 341.

Bagenal TB. Aspects of fish fecundity. In: S.D.
GERKING (ed) Ecology of freshwater fish Production.
Blackwell Scientific Publications. Oxford. 1978, 75-101.
Olawusi—Peters OO, Bello-Olusoji OA and Ajayi AA.
Morphometric and Meristic characteristics of some
shrimps species from Lagos and Ondo States Coastal
waters. In. Fagbenro OA, Bello-Olusoji OA, Adeparusi
EO, Adebanjo OT, Nwanna LC, Dada AA and Olufayo
MO (Eds). Proceedings of the 24 Annual Conference of
the fisheries Society of Nigeria (FISON) Akure. 2009,
48-52.

Holthuis LB. FAO Species Catalogue Vol. 1: Shrimp and
prawns of the World. An Annotated Catalogue of species
of interest to Fisheries. FAO Fisheries Synopsis. 1980,
1(125):261.

Emmanuel BE. First Observation on Shrimp Fishery
Using Brackish Water Fern, Acrostichum aureum Traps in
a Tropical Lagoon, South — Western Nigeria. Report and
Opinion 2010; 2(3):111-115.

Okogwu OI, Ajuogu JC, Nwani CD. Artisanal Fishery of
the Exploited Population of Macrobrachium vollenhovenii
Herklot 1857 (Crustacea; Palaemonidae) in the Asu River,
Southeast Nigeria. Acta Zoologica Lituanica 2010;
20(2):98-106.

Akintola SL, Kumolu-Johnson CA, Whenu OO,
Anetekhai MA, Ajibade MA. Three morphotypes of
Macrobrachium macrobrachion (Decapoda,
Palaemonidae): preliminary results of analysis of
morphological characters, with particular emphasis on the
spines of the rostrum. The Zoologist 2008; 6:45-54.
Marioghae IE. Studies on fishing methods, gear and
marketing of Macrobrachium in the Lagos area. NIOMR
Technical Paper 1990; 53:20.

Hart AL, Ansa EJ, Sekibo 1. Sex ratio, Sexual dimorphism
and fecundity in pond reared Niger River prawn,
Macrobrachium felicinum (Holthius 1949). The Zoologist
2003; 2(1):56-61.

Skuladotir U. Size at Sexual maturity of female Northern

103

24.

25.

26.

27.

28.

shrimp (Pandalus borealis Kroyer) in the Denmark Strait
1985 — 93 and a comparism with the nearest populations.
Journal of Northwest Atlantic Fishery Science, 1998;
24:27-37.

Okayi G, loryaa A. Length—Weight Relationship and
Condition of Freshwater Shrimps Afya gabonensis and
Macrobrachium felicinum from the Mu River, Makurdi,
Nigeria. Animal Research International 2004; 1(3):153—
154.

Akintola SL, Anetekhai MA, Fakoya KA, Adewolu MA.
Seasonal distribution and aspects of biology of Genus
Macrobrachium from Badagry Creek, Nigeria. Nigerian
Journal of Fisheries October 2010; 7(1 & 2):16-24.
Wooton RJ. Fish Ecology: Tertiary level biology. Blackie,
London, 1992, 212.

Deekae SN, Abowei JFN. The fecundity of
Macrobrachium macrobrachion (Herklots, 1851) from
Luubara Creek, Ogoni Land, Niger Delta, Nigeria.
International Journal of Animal and Veterinary Advances
2010; 2(4):148-154.

Abohweyere PO. Length—Weight Relationship and
Condition Factor of Macrobrachium vollenhovenii in the
Lagos—Lekki Lagoon System, Nigeria. Nigerian Journal
of Fisheries 2008; 5(2):98-106.



