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SUMMARY: The dynamics of the exploited population of Macrobrachium macrobrachion in the Cross River estuary,
Nigeria, were studied based on monthly length-frequency data collected from January 1997 to June 1998 (18 months), from
the landings of the artisanal Macrobrachium fishery. Sexual dimorphism was indicated in the growth and mortality param-
eters. For the males, the von Bertalanffy growth parameters were estimated as L, = 141.35 mm, K = 1.21 year!, C = 1.0 and
WP = 0.15. For the females, they were L, = 117.55 mm, K = 1.60 year!, C = 0.81 and WP = 0.51. The instantaneous rate
of total mortality (Z) was estimated as 9.53 year!' (males) and 9.14 year! (females). The instantaneous rate of natural mor-
tality (M) was estimated as 2.44 year' (males) and 3.09 year! (females), while the instantaneous rate of fishing mortality (F)
was estimated as 7.09 year! (males) and 6.05 year! (females). The exploitation rate (E) obtained was 0.74 for the males and
0.66 for the females, suggesting that the prawn population was over-fished for both sexes. It is necessary to analyse the catch
and effort data for the last 10 years and to apply other methods of stock assessment in order to estimate the long term trends
in the fishery.
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SUMMARY: DINAMICA DE LA POBLACION EXPLOTADA DE BRACKISH RIVER PRAWN (MACROBRANCHIUM MACROBRANCHIUM
HERKLOTS 1851) EN EL ESTUARIO DEL CROSS RIVER, NIGERIA. — Se estudi6 la dindmica de la poblacién explotada de
Macrobranchium macrobranchium en el estuario del Cross River en Nigeria en base a las frecuencias de tallas mensuales
desde enero de 1997 hasta junio de 1998 (18 meses), procedentes de los desembarcos de la pesqueria artesanal. El creci-
miento y la mortalidad fueron calculados separadamente por sexos. Para los machos, la ecuacion de von Bertalanffy estimé
una L de 141.35 mm de CL, una K de 1.21 y !, una C de 1.0 y un WP de 0.15; y para hembras la L, fue de 117.55 mm, la
Kde 1.60 y',la Cde 0.81 y WP de 0.51. Se estimé La tasa de mortalidad instantanea total (Z) en 9.53 y!' para los machos
y 9.14 y-! para las hembras. La tasa instantanea de mortalidad natural (M) para los machos se estim6 en 2.44 y'y en 3.09 y-!
para las hembras. La tasa instantdnea de mortalidad por pesca (F) se estimé en 7.09 y! para los machos y 6.05 y! para las
hembras. La tasa de explotacion se estim6 en 0.74 para los machos y 0.66 para las hembras, lo cual sugiere que dicha pobla-
cién presenta sobrexplotacion en ambos sexos. Se discute la necesidad de analizar las capturas y datos de esfuerzo de los 10
ultimos afios y aplicar otros métodos de evaluacion del estoc para estimar la tendencia a largo plazo de esta pesqueria.

Palabras clave: Macrobrachium macrobrachion, camarén, dinamica de poblaciones, Estuario del Cross River, Nigeria.

INTRODUCTION

The brackish river prawn, Macrobrachium mac-
robrachion, is an important component of the ecol-
ogy of rivers and estuaries along the west coast of
Africa, from Senegal (latitude 20°N) to Angola (lat-

itude 16°S) (Holthuis, 1980). Its distribution, biolo-
gy and artisanal fishery in the Lagos Lagoon were
studied by Marioghae (Marioghae, 1982; 1990). He
found that M. macrobrachion forms about 60% of
all prawn landings in the lagoon, and together with
Macrobrachium vollenhovenii, up to 83% of all
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Macrobrachium fishery catches during the rainy
season.

In the Niger Delta, Powell (1983) found that M.
macrobrachion is more important to the artisanal
catch in the tidal areas than M. vollenhovenii. In the
Cross River estuary, it constitutes 66% by weight
and 81% by number in the landings of the artisanal
Macrobrachium fishery (Enin, 1998), confirming its
dominant position as the main target species of the
fishery. The prawn is fished all the year round but
with peak catches during the rainy months from
May to October, which constitute the main fishing
season (Enin 2000). Spawning and recruitment of
the species also take place all year round but with
seasonal pulses. The major spawning peak occurs
between July and September, and a secondary peak
in January; while recruitment peaks occur in May
and December (Enin, 1997).

Comprehensive data on the demographic param-
eters are still lacking for many prawns that are key
target species to the artisanal fisheries in Nigeria.
This gap in information had been identified earlier
by Powell (1983), who also reported that informa-
tion on growth and mortality parameters of the
prawn populations is invaluable to the effective
management of the artisanal fisheries for which
these prawns form the resource bases. A preliminary
estimate of such population parameters for M. mac-
robrachion in the study area was attempted by Enin
(1995). However, he did not take into account the
possibility of sexual dimorphism in the population
parameters, and such differences may affect the
accuracy of the population parameter estimates that
are used in stock assessment. Here, we aim to pro-
vide more detailed estimates of population and fish-
ery parameters for both sexes, in order to determine
the status of the fishery and to establish levels of
exploitation that give sustainable yields. The
method adopted is length-frequency analysis, which
is suitable for invertebrate species whose individu-
als, unlike their vertebrate counterparts, cannot eas-
ily be aged and hence are not readily amenable to
age-based analysis (Pauly er al., 1984).

MATERIALS AND METHODS

The length-frequency data used in the study
were collected from the landings of the artisanal
Macrobrachium fishery of the Cross River estuary,
Nigeria, at Nsidung Beach, Calabar, which is a
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major prawn landing station on the left bank of the
Calabar River (4°58°N, 8°20°E). The prawn catch-
es were sampled weekly for 18 months (January
1997 to June 1998) but were later pooled into
monthly samples. During this period, a total of
15893 male specimens and 32475 female speci-
mens of M. macrobrachion were measured. Total
length (mm) of the prawns was measured from the
tip of the rostrum to the tip of the telson (FAO,
1981), to the nearest 0.5 mm. Further analyses were
conducted after all the data had been grouped into 5
mm class intervals. The prawns were caught using
the beach seine and a hand-pushed trap net, both
having 1 cm stretched mesh size throughout. The
two gears are noted for their similarities in method
of operation and catch composition. However, sam-
ples from the gears were weighted before being
pooled to account for dissimilarity in catch contri-
butions. During each sampling day at the beach,
random sub-samples of prawns were collected from
well-mixed catches of 2 canoes, and these added up
to 8 canoes in each month.

The FiSAT (FAO-ICLARM Stock Assessment
Tools) software was used to analyse the length-fre-
quency data and to determine the growth and mor-
tality parameters of the prawn. For growth analysis,
the model incorporated into FiSAT is the seasonally
oscillating version of the von Bertalanffy growth
function (VBGF), which recognises the oscillations
in growth rate due to fluctuations in environmental
temperature during the annual cycle (Pauly and
Gaschiitz, 1979; Somers, 1988).

Using the ELEFAN 1 procedure available in
FiSAT, the length-frequency data were first restruc-
tured by calculating a moving average over 5 length
classes, and peaks were identified as those parts that
are above the corresponding moving averages.
Using the automatic search routine, the program
then searches for the best combination of growth
parameters (L., K, C, WP) by plotting several
growth curves through the length-frequency sam-
ples sequentially arranged in time, using the seed
values as initial input data and applying variable
starting points. A goodness-of-fit index (R,) was
used to determine the quality of the growth curve;
the best growth curve has the highest R value
(Gayanilo and Pauly,1997).

Initial inputs of ‘seeded’ growth parameter val-
ues required by ELEFAN I for the L, value was
obtained from Taylor’s (1958) equation. For M.

macrobrachion males L, was 124.00 mm and L,
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was 130.53 mm, while for females L, _was 104.00  length-frequency data backward onto the time axis,
mm and L, was 109.50 mm. Asymptotic length and the data were fitted onto an arbitrary one-year
(L.) was also estimated using the Powell-Wetherall time scale. This annual recruitment pattern was then
method. However, this method does not incorporate fitted with Gaussian distributions using the maximum

seasonal oscillations. likelihood approach through the NORMSEP (normal
The instantaneous coefficient of total mortality separation) program incorporated into FiSAT.

(Z) was estimated using the seasonalised form of the The modified form of the Beverton and Holt

length-converted catch curve (Pauly, 1990). The (1964) relative yield-per-recruit (Y’/R) model, was

slope (b) of the curve with the sign changed pro- used to estimate relative yield-per-recruit and rela-

vides an estimate of Z. The instantaneous rate of nat- tive biomass-per-recruit (B’/R), assuming both the

ural mortality (M) was estimated using Pauly’s knife-edge selection pattern and a selection ogive
(1980) formula. The temperature used here was (Sparre and Venema, 1992; Gayanilo and Pauly,
26.7°C (Akpan and Offem, 1993). 1997), thus estimating the levels of exploitation that

The instantaneous rate of fishing mortality (F) would result in optimum prawn yields. The analyses
was computed from the difference of instantaneous provided estimates of E_,  (the exploitation rate at
rates of total mortality and natural mortality, while which maximum relative yield-per-recruit is

the exploitation rate (E) was the ratio of instanta- obtained), E,, (the exploitation rate at which the

neous rate of fishing mortality to instantaneous rate marginal increase in relative yield-per-recruit is

of total mortality. 10% of its value at E = 0, and E 5 (the exploitation
The probability of capture for a trawl-type selec- rate corresponding to 50% of the unexploited rela-

tion was estimated for different size classes from the tive biomass per recruit (B’/R).

ratio of the expected numbers to those that were actu- The potential life span (t ) of the prawns was

ally caught. By plotting these probabilities against the estimated from the formula (Pauly, 1980).
mid-length of the corresponding size classes, a result-
ant curve was obtained. From this curve, the length at
first capture (L ) was estimated as the length corre-  RESULTS
sponding to 50% probability of capture.

The seasonal recruitment pattern of M. macrobra- The monthly length-frequency data used to esti-
chion was reconstructed by projecting the entire mate growth and mortality parameters of M. macro-

TABLE 1. — Monthly length-frequency data (total length, mm) for Macrobrachium macrobrachion males of the Cross River estuary, Nigeria,
grouped in 5 mm class intervals (January 1997 to June 1998).

Mid-length J 97 F M A M J J A S O N D 198 F M A M J
(mm)

22.5 3 4 3 11

27.5 14 2 1 1 13 45 83 7 14 1

325 25 24 22 31 40 22 33 3 3 2 13 95 214 171 91 99 101 42
37.5 43 52 64 107 183 131 106 30 39 68 68 230 304 173 181 218 244 332
425 12 47 80 105 231 164 141 109 140 192 133 172 193 133 126 214 335 359
47.5 38 35 41 63 142 107 57 77 210 202 153 137 104 95 86 119 176 135
525 322 45 40 78 85 45 52 110 89 82 86 50 72 50 121 73 89
57.5 21 35 42 70 73 47 29 38 23 17 27 28 66 30 32 90 43
62.5 8 18 54 96 138 44 22 45 16 15 27 47 54 20 83 149 57
67.5 7 21 49 105 205 63 39 58 20 39 19 24 63 29 41 110 45
72.5 1 12 64 108 220 57 49 59 38 59 34 22 34 22 45 113 52
71.5 4 15 64 78 153 56 48 71 47 83 46 30 7 12 7 32 24
825 318 36 91 133 39 46 33 76 93 34 10 9 4 7 22 18
87.5 2 16 42 65 66 29 28 32 36 74 17 6 5 4 4 15 13
92.5 1 2 15 20 53 7 17 18 33 62 8 5 1 1 2
97.5 4 15 47 12 8 9 47 23 6 1 1

102.5 2 4 21 7 9 13 18 27 1

107.5 1 3 1 17 20

112.5 2 4 1 3 12 1

117.5 4 3

122.5 1

Sum 138 227 395 721 1327 1626 746 568 885 931 973 953 1085 977 664 1004 1462 1211
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TABLE 2. — Monthly length-frequency data (total length, mm) for Macrobrachium macrobrachion females of the Cross River estuary, Nigeria,
grouped in 5 mm class intervals (January 1997 to June 1998).

Mid-length J 97 F M A M J J A S (0] N D 7J98 F M A M J
(mm)
225 4 4 1 1 4
27.5 8 11 8 16 1 10 24 35 38 4 1 4
325 37 53 63 72 5 3 3 3 19 24 93 139 43 45 61 62 31
375 4 49 116 167 129 19 17 4 3 37 40 108 228 207 104 188 266 166
425 16 59 89 188 232 70 39 13 29 46 52 148 302 322 176 252 475 359
475 24 101 111 216 287 18 130 76 74 99 90 222 264 368 291 341 574 480
525 36 123 146 208 431 391 283 227 247 219 167 221 227 291 340 405 698 637
575 21 127 123 208 459 563 436 374 482 361 268 181 162 212 215 329 541 482
62.5 20 97 99 124 383 494 355 344 571 407 403 277 136 135 104 160 265 245
67.5 6 17 71 80 289 328 241 293 558 377 467 197 114 78 44 54 82 106
72.5 2 8 24 31 98 157 114 176 438 301 427 145 53 30 18 19 15 21
77.5 1 8 16 10 21 80 27 87 335 202 307 50 32 12 2 3 11 4
82.5 2 2 2 10 19 18 35 186 71 108 20 17 2 2 2
87.5 3 7 6 13 63 37 34 12 5
925 1 3 5 1 21 9 13 2
97.5 5 2 4 2
102.5 2
Sum 130 640 865 1306 2431 2321 1674 1646 3015 2189 2414 1706 1716 1736 1345 1815 2995 2531
TABLE 3. — Summary of the growth parameter estimates for
Macrobrachium macrobrachion males and females from the Cross 12 4
River estuary, Nigeria. L, = asymptotic length, L = maximum
length observed in samples, K = growth coefficient, C = amplitude B,
of seasonal growth oscillation, WP = winter point, R, = goodness- I:'l:ln
of-fit index. 9 - o
= ® Used
g o‘po.
L c WP R Z o o Not Used
(mm)  (mm) (year') £ 6 o Projected
1 ° — Lineal (Used)
males 14135 124 1.21 1.00 0.15 (Feb.) 0.205
females 117.55 104 1.60 081 051 July) 0377
o
3 4
brachion are provided in Tables 1 (males) and 2
(females). The estimated growth parameters for both 0
sexes are given in Table 3. For the males, the growth 0 05 1 15

parameters were: L = 141.35 mm, K = 1.21 year’!,

10 =
ooo
o0
8 = o
® Used
o Not Used
= 6 - ° o Projected
<
Z — Lineal (Used)
£ o
4 =
2
0
I I L] |
0 0,5 1 1,5 2

Relative Age (years - t,)
FIG. 1. — Length-converted catch curve of M. macrobrachion males

of the Cross River estuary, Nigeria, 1997 to 1998 (calculated Z =
9.53 year™).

SCI. MAR., 71(1), March 2007, 115-121. ISSN: 0214-8358

Relative Age (years - t,)

FiG. 2. — Length-converted catch curve of M. macrobrachion
females of the Cross River estuary, Nigeria, 1997 to 1998
(calculated Z = 9.14 year™).

C =1.0,and WP =0.15. For the females, they were:
L,=117.55 mm,K =1.60 year!, C =0.81, and WP
= 0.51. Estimates of L_ using the Powell-Wetherall
method were 130.42 mm for the males (r =-0.991),
and 107.31 mm for the females (r = - 0.991). The
approximate longevity (t ) of M. macrobrachion
of the Cross River estuary was estimated at 29.8
months or about 2.5 years for the males, and 22.5
months or about 2 years for the females, which rep-
resent the maximum life spans of the prawns in their
natural environment.

The instantaneous rate of total mortality (Z) as
estimated from the length-converted catch curve
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FiG. 3. — Relative yield-per-recruit (left) and relative biomass-per-recruit (right) for M. macrobrachion males of the Cross River estuary,

Nigeria, based on the selection ogive option (E

procedure, was 9.53 year! for the males (Fig. 1) and
9.14 year! for the females (Fig. 2). The instanta-
neous rate of natural mortality (M) as estimated
from Pauly’s (1980) empirical formula was 2.44
year! for the males and 3.09 year! for the females,
so the instantaneous rate of fishing mortality (F),
considering F =Z-M, is 7.09 year! for the males and
6.05 year! for the females. These resulted in the
exploitation rates (E = F/Z) of 0.74 for the males and
0.66 for the females.

The relative yield-per-recruit (Y’/R) analysis
based on the assumption of knife-edge selection
gave the following results: E = 0.59,E;, = 0.56,
and E = 0.32 for the males; and E_, =0.68,E,, =

max

0.62, E, 5 = 0.30 for the females. The Y’/R estimates

Relative yield/recruit (10°)

T
0 0,25 0,5 0,75 1

Exploitation rate

= 046, B, =042, E (,=0.28).

applying the selection ogive option gave the follow-
ing results: E, =046,E,, =042, and E,; = 0.28
for the males (Fig. 3); and E_,, = 0.53,E,, = 0.51,
and E = 0.31 for the females (Fig. 4).

DISCUSSION

The growth curve estimated in this study for M.
macrobrachion indicates a seasonal growth, and that
in a certain period of the year growth drastically
slows down as in the females (C = 0.81), or may
completely cease as in the males (C = 1.0). For the
males, the estimated winter point (WP) of 0.15
means that growth is poorest in February, while the

35
‘© 2,54
z
E 21
4
=
]
Q2 1,5q======= -
> :
2 :
® 1+ H
) 1
[-'5 1
]
0,5. !
1
|
H
0 ] 1
0 0,25 0,5 0,75 1

Exploitation rate

FI1G. 4. — Relative yield-per-recruit (left) and relative biomass-per-recruit (right) for M. macrobrachion females of the Cross River estuary,

Nigeria, based on the selection ogive option (E

=0.53,E,, =0.51,E,s = 031).

‘max
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WP of 0.51 for the females implies that the poorest
growth occurs in July. The poorest growth of the
males in February may be associated with the migra-
tion of the prawns out of the Cross River estuary
into the freshwater portions of the river during the
dry months of February and March, as the salinity in
the estuary increases beyond their range of tolerance
(Marioghae, 1982). A poor condition of aquatic
organisms is usually observed during the period of
migration, which may be reflected in a drastically
reduced growth rate.

Furthermore, the months of February and March
are about the warmest in the year, with surface water
temperatures generally above 30°C. Helffman et al.
(1997) note that in temperate waters feeding often
slows down or ceases in the summer, when temper-
atures reach 29°C or higher.

The poorest growth of the females in July may be
associated with their reproductive activities in the
period. M. macrobrachion in the estuary spawns all
the year round but this comes to a peak in July to
September (Enin, 1997). It is conceivable that dur-
ing the peak spawning period, much of the ingested
food materials may be sequestrated into the devel-
opment of the gonads, thus resulting in poor somat-
ic growth (Helffman et al., 1997). The poorest
growth of the prawns in this estuary in July had ear-
lier been noted by Enin (1995).

The estimated values of the growth coefficient
(K) of 1.21 year! for the males and 1.60 year! for
the females fall within the range of values (0.39
year! to 1.60 year') estimated for many penaeid
shrimp stocks by Pauly et al. (1984). The L., esti-
mates of 141.12 mm (males) and 117.55 mm
(females) compare with the maximum length of
130 mm observed for the species in the Lagos
Lagoon (Marioghae, 1982). The estimated values
of L, for M. macrobrachion males using Powell-
Wetherall, however, agrees with Marioghae’s
(1982) 130 mm for the species in Lagos Lagoon.
The Powell-Wetherall method was not used for
further calculations in this study because it does
not consider seasonal oscillation, which is preva-
lent in the tropics (Gayanilo and Pauly, 1997). The
growth of most fish species apparently conforms
to the von Bertalanffy growth model. For crus-
taceans, the individual growth does not conform to
this model, but to some stepwise curve, with each
step accounting for a moult (Sparre and Venema
1992). However, since members of a cohort of
crustaceans do not moult at the same time, the
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average growth curve of a cohort smoothens out,
approximating the von Bertalanffy growth func-
tion (Pauly et al., 1984). The sex-specific differ-
ences in size and growth of the prawns observed
here are common features for most fish and prawn
species (Pauly et al., 1984).

The presence of two recruitment peaks per year
found here for the populations of male and female
M. macrobrachion is in accordance with earlier
results on prawns in tropical regions (Pauly et al.,
1984), and confirms the assertions of Pauly (1982),
and Dwiponggo et al. (1986) that the two recruit-
ment pulses per year may be typical of tropical fish
and invertebrate stocks. As for most tropical fish-
eries, recruitment in this fishery is continuous,
though two peaks are identified over an arbitrary
year. The difference in peaks of recruitment between
males and females is traceable to sex-specific varia-
tions in growth rates, leading to different asymptot-
ic lengths. Using the length-frequency data, position
of recruitment peak may be inferred approximately
by examining the periods with high frequency of
young, small-sized prawns in the sample, observed
generally in May-June and December-January for
both the male and female, which is similar to results
obtained earlier by Enin (1995).

The instantaneous rate of total mortality (Z), esti-
mated here as 9.53 year! (males) and 9.14 year!
(females), is slightly lower than but comparable to
an earlier estimate (10.6 year!, Enin, 1995). The
higher natural mortality rate (M) for the female
prawns may indicate that a higher proportion of
female prawns die of natural causes than the males.
Ecological evidence for this is hard to find, but
given that the females attain a smaller maximum
size than the males, they may be exposed to a larger
suite of predators than the males, resulting in a high-
er M in the females. Furthermore, the fact that the
females carry eggs on their belly during the spawn-
ing process may make them less agile than the
males, resulting in easier capture by predators. It is
also noteworthy that the females have a lower
longevity (t,,, = 22.5 months) in the natural envi-
ronment than the males (t,,, = 29.8 months).

The exploitation rate (E = F/Z) is the fraction of
the total mortality of the prawns caused by the arti-
sanal fishery. The estimates of E of 0.74 for the
males and 0.66 for the females indicates that these
prawn populations were under excessive fishing
pressure. This is based on the assumption of Gulland
(1971) that in an optimally exploited stock the natu-
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ral and the fishing mortalities should be equal, i.e. E
=F/Z = 0.5. Comparing this result with the relative
yield-per-recruit analysis would seem to confirm
this assertion that the prawn populations are over-
fished. For the males, E_, (the exploitation rate that
would give maximum relative yield-per-recruit)
estimated as 0.46 is much lower than the actual
exploitation rate of 0.74. For the females, the esti-
mated actual exploitation rate of 0.66 was much
higher than E , = 0.53. Also, in both the males and
the females, the actual exploitation rate (E) esti-
mates were higher than E ; (the exploitation rate at
which the relative biomass per recruit (B’/R) of the
virgin stock is halved. All this indicates that the M.
macrobrachion population of the Cross River estu-
ary is largely over-fished, a conclusion earlier
reached by Enin (1995).

The results here suggest the need for urgent man-
agement measures to be instituted for this fishery in
order to prevent further deterioration in the stock sit-
uation of this prawn resource, and also the attendant
socioeconomic consequences to the immediate fish-
ing communities. Macrobrachium prawns live in
freshwaters but the larval stages require brackish
water conditions for survival and optimum develop-
ment (New and Singholka, 1985). Hence, the
spawning adults migrate to the estuaries, where they
may be exposed to much fishing pressure. In the
Cross River estuary, this exploitation of the spawn-
ing biomass has been considered non-conservative
to the stock and responsible for the deterioration of
the prawn population (Enin, 1997). There is a need
to analyse the catch and effort data at least for the
last 10 years and to apply other methods of stock
assessment in order to estimate the long term trends
in the fishery.
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