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Abstract—Production, habitat preference and distribution of the blue swimmingRwaiinus
pelagicusand the diversity of portunid crabs were studied along the Dar es Salaam coastline,
Tanzania. Samples were obtained from beach seine nettings and basket traps. The samples
from basket traps were used in habitat preference studies only. The produddortusius
pelagicuswas assessed in terms of catch rate and biomass, and the biomass and contribution of
recruits to the stock estimated using the Leslie method. Seasonal variations in catch rate were
found, with peaks between December and May. The highest catch rate was recorded at Msasani
Bay (2.24 kg/haul/100-m net), and the lowest at Mzinga Creek (1.08 kg/haul/100-m net). The
harvestable biomass for Dar es Salaam coast on average was 34.5 tonnes/year, while the
contribution of recruitment to the biomass was about 20.2 tonned?ggumus pelagicuwas

the most abundant portunid in all the sites, comprising between 39.1 and 81.5% of the catches
at Mzinga Creek and Kunduchi respectivéfarybdis anisodon, Scylla serraaadPortunus
sanguinolentusvere also found in various proportions at the sites. Generally there was a
significant difference in species diversity between sites, Rithelagicusshowing a high
preference for the sub-littoral shallow waters. For rational exploitation of this crab, management
measures based on the estimated harvestable biomass and the size at first maturity are
recommended.

INTRODUCTION sharknets, beach seine nets, cast nets, basket traps
and hook and line (Mgaya et al., 1999). The catch
The blue swimming cralBortunus pelagicuf..) from various types of gear is composed of both
represents a valuable component of small-scalefinfish and crustaceans.
coastal fisheries in many countries in the tropics ~ Assessment of stock is important for the
(Batoy et al., 1980; Joel & Raj, 1987, Kyomo, management of any fishery. Different models are
1999; Mgaya et al., 1999). Its distribution extends used to assess the stock, but the surplus production
from the southern Mediterranean Sea, the east coashodel, which uses catch per unit of effort, is the
of Africa and across the Indian Ocean to Japan andnost commonly used tool for generating
the western Pacific Ocean (Smith, 1982; Potter etimmediate data for an exploitation and
al., 1983). The crabs are harvested using trapsdevelopment strategy (Ricker, 1975; Sparre &
beach seine nets and bottom-set gillnets (Heathyenema, 1992).
1973; Bwathondi & Mwaya, 1985; Haefner, 1985). Portunus pelagicudives in association with
The dominant fishery along the coastal waters other portunid crabs whose contribution to the total
of Tanzania is artisanal in nature, operating gillnets,crab catches is important both economically and
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ecologically. In Tanzania only two species of crab 4-m depth, and below and sub-littoral deep waters
are largeenough to have fishery potential; these are ranging between 4 and 10 m in depth.
P. pelagicusand Scylla serrata(Heath, 1973; Samples from the deep waters where beach
Bashemererwa, 1981; Mwaiseje, 1982; Siegel, 1986)seine nets could not operate were obtained by using
Despite the high fishery potential@fpelagicus  basket traps. The traps measured 69 cm in length,
in Tanzania, there is no up to date information on61 cm in width and 17 cm in height with a mesh
its fishery status, and available data are questionablesize of 2.5 cm. The traps were set in areas
For example, the monthly harvestable crab biomasssurrounding Mbudya and Pangavini islands (Fig.
in the Rufiji area was estimated at 20.64 tonnesl). Traps were also set in shallow waters off the
(Alverson & Patterson, 1974), which is a gross old Africana Hotel where disturbance from beach
underestimation (Richmond et al., 2002). No seine net operations was minimal. This aimed at
previous studies have been conducted in sufficienteliminating the factor of gear selectivity. Ten traps
detail to provide reliable estimates of the available were used; five were set in the deeper waters while
stock and its rate of exploitation. the other five were set in shallow waters. The traps
The objectives of the study reported here werewere baited with fish offal and were left overnight
to assess production, determine habitat preferencand hauled the following morning. Fishing was
and size distribution d®. pelagicusand establish conducted for three days per month. The
the diversity of portunid crabs along the Dar es production was assessed from the catch rates and

Salaam coast. biomass estimates. The seine nets lengths were
standardised to 100 m to give catch rates in kg/

MATERIALS AND METHODS haul/100-m net.

Sample and data collection Biomass estimation

Samples for the study were obtained from beachBiomass was estimated using the Leslie method
seine nets operated by fishermen from Mzinga(Bailey & Elner, 1988), since other models
Creek, Msasani bay and Kunduchi sub-littoral open developed for the estimation of finfish stocks from
shallow waters (Fig. 1). The sizes of beach seineage, mortality and growth parameters are
nets ranged between 30 and 100 m in length andnappropriate when applied to crustaceans (Otto,
19 mm stretched mesh size in the cod end. Thel986; Edwards, 1988). The Leslie technique relies
frequency of sampling was five days per site peron a declining trend in catch per unit effort over
month for a period of two years, 1995 and 1996. the fishing season. Since the habitats For
The specimens were collected from hauls madepelagicuswere under high exploitation by beach
by different fishing units. The sample size per haul seine net operations, the drop in catch per unit
depended on the size of the catch; if small, all effort over a season was significant.
individual crabs were collected and if large, the The monthly mean values of catch per unit of
crabs were first separated from fish and a sub-effort were plotted against the cumulative catch
sample of crabs was then taken by dividing thefor all beach seine nets fishing in the sites. A period
unsorted heap into equal proportions. The sampleof one year was taken as the fishing season. Total
was sorted into different species which were thencatch was estimated from the total number of boats
counted and weighed. The carapace widthr.of fishing with beach seine nets in the three sites. The
pelagicuswas measured (to the nearest 0.1 mm)number of nets was multiplied by the average daily
to obtain the size frequency distribution for number of hauls (i.e. 3) each unit operated. The
recruitment pattern estimates. The total catdh of product was multiplied by 25 days, which was the
pelagicuswas also recorded. average number of fishing days per month. Then
Studies on habitat preference and sizethe product was multiplied by the sample catch
distribution ofP. pelagicusvere carried outin three  per unit of effort.
habitats at Kunduchi during 1995, namely the  The catch per unit of effort and the cumulative
creek, sub-littoral open shallow waters of about catch were fitted to a regression line using the
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Fig. 1. Map of Dar es Salaam coastal area showing sampling sites. Inset: Dar es Salaam coastline
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equation (King, 1995): rates in each site. The assumptions underlying
ANOVA include homoscedasticity of variances and
CPUE =gB,-q2c, normally distributed residual variation (Zar, 1999).

Data were first tested for homoscedasticity before
whereCPUE = the mean catch rate over the fishing employing ANOVA and where variances were not
season (time period t}c, = the cumulative catch  normal and homogeneous, arcsine transformation
up to the middle of the same time period t, g = was performed and homoscedasticity was
catchability, the fraction of the exploitable biomass reassessed. This procedure ensured that the
captured by a single net haul, estimated by the slop@ssumptions of analysis of variance were not
of the regression line, and gBthe interceptony  violated. Analysis of variance was also carried out
axis. to detect any variations in catch rates among sites.

The total exploitable biomasgBvas estimated ~ Shannon-Weaver diversity indexes for different
by dividing gB, by q. Bcorresponds to the sites during the two years of study were compared
intercept of the regression line on the x-axis. Theusing a t-test (Magurran, 1983). The distribution of
biomass present at any given period) (®as portunid crabs in different habitats were compared
estimated using the following equation (King, using Cochran’s Q test (Cochran, 1950; Zar, 1999).
1995): Differences at P < 0.05 were considered significant.

CPUE RESULTS
q

t

Production of Portunus pelagicus

This is the estimated initial biomass during the Catch rates

fishing season. The increase of biomass fromy,qnihiy catch rates of. pelagicususing beach
growth and recruitment during the fishing season ggine nets from different sites during the two years

was calculated from the total harvestable biomassof study are presented in Fig. 2. Since the beach
(B,) minus the initial biomass (B

seine nets were of different sizes, the catch rates

were calculated at a standardised 100 m net size.

As the catch rates for males and females were not

Single factor analysis of variance was used to test5|gn|f|cantly different (i 5= 0.002, P =0.932),
the data for the two sexes were pooled.

whether there were seasonal variations in catch . )
During 1995, the catch rates were high between

Data analysis

—e— Mzinga
6 --& - Msasani

— & Kunduchi

Catch rate (kg/haul/100-m net)

Fig. 2. Monthly catch rates ofPortunus pelagicusrom different sites during 1995 and 1996
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January and July, except at Mzinga creek whereusing the regression lines presented in Figs 3a and
high catch rates were recorded between Januarnp respectively.

and May. During 1996 high values were recorded

between January and May but at Msasanithey were For 1995 the regression equation was
recorded up to July. Both years had high catch ratesalculated from the basic equatioBPUE = qB,

in December. The variations in catch rates were— g=Ct ,asCPUE= 3.5 — (1.0 x 10) 5C.

seasonal, as seen in Fig. 2. From the datayC = 18,042 kg, thus
There were also variations in catch rates amongCPUE= 1.70 kg/haul/ 100-m net.
sites during 1995 (I, 237y= 7.473, P = 0.001). The harvestable biomad3, = q B,/q = 3.50/

Mzinga creek recorded the lowest (1.08 kg/haul/ 1.0 x 10* = 35,000 kg, corresponding to the
100-m net) and Msasani the highest (2.11 kg/haul/intercept of the regression line on the x axis (Fig.
100-m net). During 1996 there were no variations 3a).

among sites (R, 15 = 2.321, P = 0.101). The The estimated initial biomass GPUE/q =
highest mean catch was recorded at Msasani (2.24.70/1.0 x 16 = 17,000 kg.

kg/haul/100-m net) and the lowest at Mzinga creek ~ The increase of biomass from growth and
(1.41 kg/haul/100m-net). Catch data from recruitment during the fishing period was:
Kunduchi creek and those from traps were small B, = harvestable biomass (B initial biomass
with the mean value for the catch rate from =35,000 kg — 17,000 kg = 18,000 kg.

Kunduchi creek being 0.53 kg/haul/100-m net. The

catch rates from traps were 0.07 kg/trap for the  For 1996 the regression equation was:
sub-littoral shallow waters and 0.02 kg/trap for the CPUE= 4.4 — (1.3 x 18) 2C.

deep waters. From the datazC = 21,984 kg, thus
CPUE = 1.50 kg/haul/100m-net.
Biomass estimation The harvestable biomasB_} = qB,/q = 4.4/

1.3 x 10* = 33,846 kg, corresponding to the

The biomass d?. pelagicusalong the coast of Dar  intercept of the regression line on the x axis (Fig.
es Salaam during 1995 and 1996 was estimatedsp).
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Fig. 3. Estimation of harvestable biomass d?ortunus pelagicusn Dar es Salaam coastal waters during 1995 (a) and
1996 (b) by Leslie method using catch per unit of effofCPUE) and cumulative catch
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The estimated initial biomass GPUE/q = anisodonfollowed by Scylla serrata. Portunus
1.50/1.3 x 16¢¢ = 11,538 kg. sanguinolentusvas the second in abundance both
The increase of biomass from growth and at Msasani and Kunduchi.
recruitment during the fishing period, B The general distribution of the species among
harvestable biomass (B— initial biomass = the sites during 1995 and 1996 showed no
33,846 — 11,538 = 22,308 kg. significant difference as indicated by Cochran’s

The results during the two years show that the Q test, (Q = 2.333,df =2, P >0.05 and Q = 0.286,
harvestable or commercial biomass decreaseddf=2, P >0.05 respectively). However, the species
from 1995 to 1996 by 3.3%, and the initial biomass diversity as indicated by the Shannon-Weaver
at any particular time during the fishing season index and tested by Student’s t-test had significant
decreased by 32.1%. The increase of biomass fromdifferences between years except at Mzinga creek
recruitment and growth was higher during 1996 (Table 2). There were also significant differences

than in 1995 by 23.9%. between sites (P < 0.001).
Portunid crab species composition, Habitat preference and size
diversity and distribution distribution of Portunus pelagicus

Table 1 shows the portunid crab species The habitat preferee ofP. pelagicusvas analysed
composition in beach seine catches from the threeusing 1995 data fra Kunduchi sites, namely the
study sites during 1995 and 1996. There were 11creek, sub-littoral shallow waters and sub-littoral
species in all sites at Mzinga creek, three speciesdeep waters. These sites were selected because they
—Portunus pubescens, P. orbitospinasd are in close proximity, so that any differences could
Charybdis natator were uncommarilhe latter be attributed to factors other than distance apart.
specieswas also uncommon at Msasani. The mean catch rates from beach seine nets for
Charybdis anisodon, T. crenatndC. helleri Kunduchi sub-littoral shallow waters was higher
were absent at Kunduchi. (1.45 kg/haul/100-m net) than that of Kunduchi

Portunus pelagicusvas the most abundantin creek (0.53 kg/haul/100-m net). The mean catch
all sites during the entire study period. The highest rates from traps for sub-littoral shallow waters was
value was recorded at Kunduchi (81.5%) during also higher (0.07 kg/trap) than that of deep waters
1996, while the lowest was recorded at Mzinga (0.02 kg/trap). These results suggest that sub-
creek (39.1%) during 1995. The second most littoral shallow water is the most preferred habitat
abundant species at Mzinga creek Waarybdis for P. pelagicus

Table 1. Portunid crab species composition caught by beach seine nets from different sites along the
Dar es Salaam coastline in 1995 and 1996

Percent composition

Mzinga Msasani Kunduchi
Species 1995 1996 1995 1996 1995 1996
Portunus pelagicus 39.1 41.8 71.9 63.0 73.0 81.5
P. sanguinolentus 25 0.5 26.2 35.4 18.1 17.2
P. pubescens - - 0.2 0.5 8.5 0.9
P. orbitospinus - - - 0.1 0.2 0.1
Thalamita crenata 8.7 11.8 0.1 0.4 - -
Charybdis anisodon 315 22.5 1.0 0.3 - -
C. cruciata 0.1 0.1 0.1 0.3 0.1 0.1
C. helleri 0.3 0.7 0.1 0.1 - -
C. natator - - - - - 0.1
Scylla serrata 17.9 22.5 0.4 - 0.1 0.1
Podophthalmus vigil - 0.1 0.1 0.1 - 0.1

—, not found.
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Tabtle i Shsnnon_-Weaverhdit\)/erbsity ihnde_x}ﬂ') of  May and August to November. Mgaya et al. (1999)
g;;frelig:]t Sci';is jﬂﬁﬁ'gesi ggg‘%nt ; i’g 92ac seine nets in reported high crab catches between January and
May in Bagamoyo coastal waters, pointing to a
Site Year H' df t P rainy-season peak.
In the present study peak crab catches occurred
Mzinga 1995 1.364 8000 0.50 >0.50ns petween December and May, coinciding with the
1996 1.357 peak period for recruitment. Much of this period
Msasani 1995 0.690 6667 3.10 <0.002* experiences the Northeast monsoon and is
1996  0.752 characterised by high abundance of phytoplankton
Kunduchi 1995 0.774 2500 8.25 <0.001* and zooplankton (Bryceson, 1982) which might

1996  0.543 support the early planktonic forms (zoeae) of the
ns, not significant at P > 0.05; *, significant difference at crab. The high abundance of phytoplankton and
P < 0.05. zooplankton during this period is attributable to

the stable thermocline, a result of calm conditions

The size distribution OP p(_alfagicuss.ugge_sts which prevail during the period (Newell, 1957;
that both small and large individuals inhabit the 1959)

sub-littoral shallow waters. The data for the creek Studies on seasonal catches of finfish in

and dee% Wf'ters werehfew herr]lce _the)r/] are noktTanzania have shown that the catch is low during
presented. However, the catches in the creeky, . g4, theast monsoon and high during the

.ran.g.ed from small- (115 cm) to large-sized Northeast monsoon with a peak in March at the
individuals (11.5 cm) while those from the deep end of the NE monsoon (Newell, 1957: 1959;

waters included only large individuals. The length Morgans, 1962; McClanahan, 1988). The
of males was 10.5-12.5 cm and that of females

seasonality was attributed to fish migrations and
9.4-12.7 cm.

decreased density and activity due to a deeper
thermocline and cooler waters in the Southeast
monsoon (Newell, 1957; McClanahan, 1988). The
seasonality in the catchesRfpelagicusould be
attributed to similar factors. It is likely that adult
crabs could have migrated to deeper waters. This

Recruitment pattern of Portunus
pelagicus

The annual recruitment pattern was similar at all
three sites, consequently, data for all sites were’ i
pooled. Since maturity stages analysis showed thatS supported by catghes from trgps set in deep
crabs of 5.5 cm or below were immature, they were waters at Kun.duchl, recorded in August and
thus considered as new recruits in this study. September during Squtheast moqsoon. N
Generally young crabs were recruited throughout Seasonal fluctuations pglag|9usjen3|t|es

the year with distinct peak periods. There were influenced by an offshore .m|grat|0n were al§0
two peaks during both 1995 and 1996. The first reported by Edga_r (19_90) in Western Australlg.
peak was between January and June while theAnother factor which might have played a role in

second one was in December 1995 and betweerjfhe decrease of catches during the Southeast
November and December in 1996 monsoon could be growth overfishing, resulting

from the capture of juvenile crabs which are usually

DISCUSSION discarded.
The low catches recorded at both Mzinga and
Production of Portunus pelagicus Kunduchi creeks could be attributed to a number
of factors. In the case of Mzinga creek the reason
Catch rates could be the variations in salinity resulting from

The present study has revealed seasonality in theseveral rivers flowing into the creek (see Fig. 1).
catch rates oP. pelagicus,similar to trends  Other parameters such as oxygen and temperature
reported elsewhere. For example, Devi (1985) were almost similar in all sites. For example, the
found that crab fishery in Kakinada region, India mean values of dissolved oxygen ranged between
was year round with peak periods from April to 3.72 and 4.53 mg/l and were not significantly
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different 2= 0.114, df=3, P = 0.990). The low crab along the coast of Dar es Salaam and was
catches recorded at Kunduchi creek could beabundant in all habitats. This could be attributed
influenced by the nature of the habitat. During the to its ability to tolerate a wide range of salinity,
low tide, much of the water goes back to the seafrom 9.0 to 39 %. and the abundance of its common
leaving only scattered pools, which could harbour food item, the bivalvércuatula arcuatulajn all
the crabs. Since the water becomes very shallowhabitats (Chande, 1999). Although the distribution
during low tide, surface water temperatures wereof species between the three habitats was not
very high (measured up to 33 in January 1995), significantly different, some species showed clear
which could be unfavourable for the crabs. As apreferences for some habitats. For example,
result crab species were abundant at the mouth o€harybdis anisodomandThalamita crenatavere
the creek, where conditions were more favourable.more common in estuarine conditions, suggesting
a preference for low salinitiRortunus pubescens
Biomass estimation andP. orbitospinusvere uncommon in the estuary,
and instead were abundant at Kunduchi and
Generally, the available harvestable biomass wasysasani where conditions were more oceanic.
small and the catches were dominated by small-previous studies (e.g. Heath, 1973) on portunid
sized individuals, and it may therefore be craps at Kunduchi reported two species, namely
concluded that growth overfishing had set in in p_gladiatorandP. argentatusiot recorded in the
the study area. Recruitment overfishing was notpresent study. Likewise, two species recorded in
evident, presumably because spawners are knowige present studf. pubescerandP. orbitospinus
to migrate to less disturbed, deeper waters (King,were not reported by Heath (1973). The differences
1995) where beach seine nets are not operatethn the species composition between the two studies

Consequently, the deeper waters may act as gould be attributed to differences in gears used and
reservoir for spawners, and contribute many temporal variations.

recruits to the population.
The increase in the contribution from growth Habitat preference and size
and recruitment between the two years of studydistribution of Portunus pelagicus
implies that the fishery is capable of recovering
from the effects of overfishing. Furthermore, the The abundance oP. pelagicuswas compared
proportion of individuals that were added to the among the three sites at Kunduchi. The sub-littoral
population was higher than the decrease inshallow water of 0.5-4 m depth was the most
harvestable biomass in subsequent yearspreferred site, as indicated by the high catch rates
signifying that the fishery would take long to of different-sized crabs (3.5 to 13.5 cm for males
collapse if maintained at present levels. and 2.5 to 12.5 cm for females). The deep waters
Nhwani et al. (1993) reported on the off the creek recorded poor catches which
destruction caused by the activity of beach seinerscomprised mainly of large individuals. The creek
They found that beach seine nets caught juvenilehad different-sized crabs, but the catches were low.
prawns at Mzinga creek, and recommended the use Small P. pelagicusare reported to prefer
of gill nets of 63.0 mm stretched mesh. The presentshallow waters while big ones migrate to deep
study adopted the mesh size recommendation bywvaters (Joel & Raj, 1987). The Dar es Salaam
Nhwani et al. ¢p. cit) to safeguard the fishery of coastal habitat was found to be suitable for all sizes.
this crab. This will ensure that only reproductively The creek is tidal and during low tide much of the
mature crabs are harvested. water goes back to the sea, making the substratum
unsuitable for burrowing, as substrate surface
Portunid crab species composition,  temperatures can be quite high (e.g.°83in
diversity and distribution January 1995). The differences in the distribution
of P. pelagicusn different habitats according to
Our percentage species composition data showsjze could be related to their swimming ability, as
thatP. pelagicusvas the most important portunid |arge individuals can tolerate strong waves in
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deeper waters. Another possible explanation couldanonymous reviewer and Dr Gamba Nkwengulila
be related to breeding migration, whereby are thanked for their comments.

ovigerous females migrate to a more oceanic

environment in the deep water (Batoy et al., 1980). REFERENCES
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