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Abstract—The composition, abundance and distribution of brachyuran larvae were analysed
from plankton hauls collected in four stations at Mida creek, Kenya, from May 1996 to April
1997. Simultaneously, hydrological parameters such as temperature and salinity were measured.
Maximum surface-water temperature and salinity were 31 °C and 37 ppt respectively, recorded
in March, during the dry season. In May, during the rainy season, temperature and salinity were
24.6°C and 32 ppt respectively. Maximum abundance of brachyuran larvae occurred in February
during the dry season. Nine major families of larvae were identified, with the most abundant
being the Ocypodidae, Grapsidae and Xanthidae. Abundance of brachyuran larvae was significantly
positively correlated with total zooplankton abundance (1= 0.8) and salinity (r2= 0.71).

INTRODUCTION

Decapod crustaceans are the among the most
conspicuous fauna associated with mangrove
ecosystems, in which they play a major role (Jones,
1984; Lee, 1998; Smith, 1991). The life cycle of
these animals is complex, and includes a planktonic
larval period with two phases: an initial dispersive
and a critical return migration phase (Paula et al.,
2001).The dynamic processes of dispersal and
recruitment of the larval stages of macrobenthic
species influence the distribution and abundance
of adult populations (Roughgarden et al., 1988).

Recently, a number of references described key
dynamic processes of brachyuran larvae in
mangroves of the eastern African region, such as
the relation of larval fluxes to cycles of tidal
amplitude, tidal and diel phases (Paula et al., in
press), the long-term migration by megalopae
(Paula et al., 2001) or stratified settlement within
the mangroves (Paula et al., 2003a).

Larval development in brachyuran crabs in the
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eastern African region remains poorly understood
(Paula, 1998), but recently a number of descriptive
accounts have been published (Clark & Paula,
2003; Dornelas et al., 2003; Flores et al., 2003).
Taxonomic and ecological data on brachyuran
larvae from the Kenyan coast are particularly rare,
and consist mainly of general zooplankton studies,
lacking in detailed descriptions and with
identifications limited to higher taxonomic levels.
These studies include Wickstead (1961, 1962),
Reay & Kimaro (1984), Kimaro (1986), Okemwa
& Revis (1986), Revis (1988), Kimaro & Jaccarini
(1989), Okemwa (1989), Okemwa (1990), Osore
(1992, 1994, 1997), Mwaluma et al. (1993, 1997)
and Kasyi (1994).

The study reported here describes the
composition, abundance and distribution of
brachyuran larvae from Mida creek, during one
annual cycle and along a spatial gradient. This
study forms part of a wider multidisciplinary effort
to assess the biodiversity of the creek for
management purposes.
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MATERIALS AND METHODS
Study site

Mida Creek (Fig. 1) is located in the north coast of
Kenya, at 03°22’ S and 39 °58’ E. The total area of
the creek, including that covered by mangroves, is
32 km?. There is no river drainage into the creek,
but ground water enters it thorough seepage along
the shores and within the channel bed (Kitheka et
al., 1999). In addition to ground water, there is also
surface runoff during the rainy season. The
dominant water circulation is the astronomical
semi-diurnal tide with a tidal average range of 3.2
m at the entrance and 2.0 m in the middle sections
of the creek (Kitheka et al., 1999). The dominant
climatic seasons are the Southeast (April-October)
and the Northeast monsoon (November—March).
Annual rainfall is 600-1000 mm (G.O0.K, 1989),
with the highest monthly rainfall normally
recorded in May. Air temperature ranges between
24°C in July and 32 °C in February and evaporation
rate is 200 mm per year, with a monthly range of
160-210 mm. The dominant mangrove species
include Rhizophora mucronata, Ceriops tagal,
Avicennia marina, Sonneratia alba and Bruguiera
gymnorrhiza (Kairo et al., 1998). Mida creek is
part of the Watamu Marine National Park and
Reserve, an important nature conservation site
managed by Kenya Wildlife Service.

Sampling site

The main channel of Mida creek is 11-km long.
Four stations were established approximately 2 km
apart, from the mouth of the creek to the
backwaters (Fig. 1). Station 1 was in the oceanic
zone located at the creek mouth, with an average
depth of 5.5 m. Station 2 was located 2 km from
Station 1 inside the channel, with depths ranging
from 5-11 m. The bottom substratum was covered
with the seagrass Thalassodendron ciliatum (Uku
et al., 1998). Station 3 was in the central part of
the channel and was surrounded by dense cover of
mangrove R. mucronata and the seagrass Halodule
uninervis, and had a mean depth of 7 m. Station 4
was located at the northern end of the channel in
the wide basin, and was mainly shallow (4 m) with
a muddy bottom substratum.
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Fig. 1. Mida creek, Kenya, with plankton sampling
Stations 1-4 marked

Field sampling

Plankton samples were collected monthly from
May 1996 to April 1997 during both spring and
neap tides. Towing for zooplankton was done at
0.5 m/s during high tide, using a 1.5-m-long Bongo
net with a mouth radius of 45 cm and 332 |lm mesh
size. The volume of water flowing through the net
was measured using a digital Hydrobios flowmeter,
tied across the mouth of the net. At each station,
salinity was measured using an Artago hand
refractometer and temperature was measured on a
mercury thermometer. Samples were preserved in
buffered 5% formalin pending analysis.

Laboratory procedures

In the laboratory, brachyuran larvae were separated
from the plankton samples and identified to the
lowest taxonomic level possible, using the keys of
Newell (1956) and Wickstead (1965, 1976),
descriptions by Clark & Paula (2003, Xanthoidea),
Dornelas et al. (2003, Hymenosomatidae) and
Flores et al. (2003, Grapsoidea), and our
unpublished accounts (especially for families
Ocypodidae and Majidae). After subsampling,
identification and counting were done using a
stereomicroscope. Following data normalization
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Pearson product correlations were performed to
compare abundance of brachyuran larvae with
abiotic (temperature and salinity) and biotic (total
zooplankton) parameters. Cluster analysis of the
samples was also performed.

RESULTS
Hydrographic parameters

The highest mean surface-water temperature
recorded was 31.0 £ 0.5 °C in March 1997, during
the dry Northeast monsoon season. July 1996,
during the cool inter-monsoon period, was the
coldest month (24.6 = 0.1 °C). Salinity was highest
during the dry spell in February, with a mean of
37.3 £ 0.0 ppt, and lowest in May during the rainy
season, with a mean of 32.0 & 3.2 ppt (Fig. 2a).
During this season, salinity in the inner creek at
Stations 3 and 4 ranged between 27.8 and 31.4
ppt, which was lower than the 34.5 ppt recorded
in the outer Stations 1 and 2. The temperature and
salinity conditions along Mida creek are, however,
usually relatively homogeneous.

Brachyuran larvae

Figure 2b shows the mean variation of total
brachyuran larvae in Mida creek from May 1996
to April 1997. Monthly average abundance of
larvae varied considerably, with peak abundance
occurring from February to April 1997. The highest
abundance was 508 £ 122/m?, recorded in February
1997. In March and April 1997 average abundance
was 300 £ 237/m? and 360 + 190/m? respectively
(Fig. 2b). The lowest abundance was 2.0 £0.8/m3,
recorded in June, during the cooler inter-monsoon
period. Abundance was significantly (p < 0.05)
positively correlated to total zooplankton
abundance (r*= 0.8) and salinity (r*= 0.71). The
correlation between brachyuran larvae with
temperature was positive (1> = 0.5), but non-
significant at p > 0.05.

Table 1 shows the seasonal occurrence of all
brachyuran larvae collected during the study.
Species from nine families, namely Ocypodidae,
Portunidae, Grapsidae, Xanthidae, Pinnotheridae,
Majidae, Callapidae, Leucosiidae and
Hymenosomatidae, were identified. The most
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Fig. 2. Mean monthly variation in water temperature and salinity (a) and abundance of brachyuran larvae (b) in

Mida creek from May 1996-April 1997
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Table 1. Seasonal occurrence of brachyuran larvae in Mida creek from May 1996 to April 1997

Family May Jun Jul Aug  Sept

Oct Nov Dec Jan Feb Mar April

Ocipodidae
Uca vocans ok - - -
Uca annipules

Uca spp.

Dotilla fenestrata
Macrophthalmus spp.

* ¥ ¥ 1

Grapsidae
Grapsinae - - - - -
Grapsus spp. Rl

Metapograpsus spp.
Sesarma guttatum - - - - -
Sesarma spp.

t
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Portunidae - - - - -

Xanthidae
Xanthinae * - - - -
Xanthid spp. * - - - -

Pinnitheridae
Pinnixa spp.
Pinnotherid spp. - - - * -
Majidae

Inachinae - - - - -
Majid spp. - - - - -

Callapidae - - - - -

Leucosiidae

Phylira spp. - - - * -
Leucosid spp. 1 - - - * -
Leucosid spp. 2 - - - - -

Hymnosomatidae

Trygonoplax spp.
Hymnosomatid spp. - - - - -
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* rare; **, common; ***  abundant; **** most abundant

abundant family was the Ocypodidae, which
formed 83% of total collected larvae. The dominant
taxa of brachyuran larvae identified were Dotilla
Sfenestrata, Uca spp. and Macrophthalmus spp.
(Table 1).

The spatial distribution of brachyuran larvace
in Mida creek was patchy, showing a mosaic of
different larval patches (Fig. 3). During the peak
period of abundance Station 3 showed consistently
higher densities, but Stations 1 and 2 at the lower
creek also presented high density peaks. Station 4 in
the inner creek had the lowest average density,
although it had the highest values during August 1996.
The highest density for total crab larvae was >1000
larvae/m? , recorded at Station 3 in March 1997.

The quantitative spatial distribution of the most
abundant species is presented in Fig. 4, for the
peak period of February to April 1997. Dotilla
fenestrata was the most abundant species, and
occurred at maximum density in Station 3, in
March and April. Macrophthalmus spp., Grapsinae
n.d. and Uca vocans were abundant in Stations 1
and 2 in February, whereas Xanthinae n.d. were
abundant in Station 1 during the same month.
Portunidae n.d. and Phylira spp. presented highest
densities in March and April, in Stations 2 and 3.

Analysis of the dendrogram of correlation
between taxa (Fig. 5), showed complexity, which
reflects seasonal and spatial affinities of different
larval patches. Species were associated



BRACHYURAN LARVAE IN MIDA CREEK, KENYA 147

considering their similar specific larval periods in
the plankton and coincidence of maximum
abundances. The taxa Uca spp. and Leucosiidae 1
separated strongly from all other taxa, followed by
Grapsus spp. The remaining taxa divided into 2
main groups, the first one composed of Dotilla
Sfenestrata, Phylira spp. and Portunidae as most
abundant taxa, plus 4 others, and second composed
of the abundant taxa Uca vocans, Xanthinae n.d.,
Macrophthalmus spp., Grapsinae, plus 9 others.

DISCUSSION

The abundance of brachyuran larvae in Mida creek
showed a distinct seasonal pattern similar to that
observed in other creeks around the coastal waters
of Mombasa. Kimaro (1986), who studied the
composition, distribution and abundance in near-
surface zooplankton in Tudor creek, reported peak
abundance of brachyuran larvae in December and
March, while Okemwa (1990), studying in the same
creek, observed peak abundance in December,
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Fig. 5 Correlation dendrogram for brachyuran larvae in Mida creek

January and April. Osore (1994), who studied
community structure and seasonal variation of
zooplankton from Gazi bay, observed peak
abundance in March and April. The densities of
larvae in Mida creek were higher than in Tudor
creek and Gazi bay, also located along the Kenya
coast. During the peak season, densities of larvae
in Mida could reach up to 1000/m3, as compared
to 885 /m? in Tudor (Okemwa, 1990) and 90 /m’
in Gazi bay (Osore, 1994). However, the different
methodological approaches used in the different
studies, and especially the temporal and spatial
design of the different sampling schemes preclude
detailed comparisons. In fact, brachyuran larvae
are known to exhibit patterns of occurrence in
relation to short-term phenomena, such as tidal,
diel and semi-lunar cycles (Paula et al., in press),
and intertidal and mangrove crabs in East Africa
also have patterns of hatching rhythmicity (e.g.
Gove & Paula, 2000; Gove & Mambonhe, 2000).
Nevertheless, the results from this study compare
favourably with those carried out by the above-
mentioned workers in the same geographical area.
Peak period of abundance of brachyuran larvae
were noted to occur during the warm (28 °C), dry

NE monsoon from November to March, as
compared to the cooler (24.6°C) SE monsoon from
April to October (Fig. 2b). Larvae distribute
according to their origin and dispersal, but also
maximise their confinement to water masses that
are most favourable to their survival. Each species
has its particular optimal conditions, which may be
more or less narrow. For instance, Paula et al.
(2003b) noted that the growth and survival of the
mangrove crab Parasesarma catenata in controlled
conditions was optimal at around 27 °C and normal
seawater salinity of about 35 ppt.

Brachyuran larval abundance in Mida creek was
closely correlated (r* = 0.8) to total zooplankton
abundance (Mwaluma et al., 2003). During the
study period, two peaks in phytoplankton
abundance occurred in Mida creek—in January and
May (Wawiye, 1998)—while zooplankton
abundance peaked in February and April. Salinity
was more positively correlated (12 = 0.71) to
brachyuran larvae abundance, than was temperature
(r*=0.5).

The majority of the larval brachyuran taxa
encountered in Mida creek thrived in Station 3,
possibly as a result of the dense mangrove and
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seagrass cover adjacent to the Station, which
provided food and shelter to the larvae, but more
likely because these areas are the origin of most
larvae. Osore (1994) observed a similar trend in
Gazi bay, where high numbers of brachyuran larvae
were found in Stations close and adjacent to the
mangroves.

CONCLUSIONS

Brachyuran larvae of Mida creek are abundant and
seasonal. This seasonality was found to be closely
associated with both biotic and abiotic factors, most
significantly salinity and zooplankton abundance.
Peak abundance occurred from February—April,
concomitant with peak phyto- and zooplankton
abundance during the NE monsoon season. The
dominant group of brachyuran larvae in Mida was
the family Ocypodidae, which contributed up to
83% of total brachyuran larvae fauna. Dotilla
fenestrata, Grapsinae n.d. and Macrophthalmus
spp. were the most dominant species.

It is believed that the luxuriant mangrove forest at
Mida creek, which provides a nursery ground and
habitat for birds, fish, and crabs, is partly sustained
by ground water, which supplies nutrients and fresh
water (Kitheka et al., 1999). The contribution of
ground water outflow during the dry season was
crucial to preventing hypersalinity. Moragwa et al.
(1998) showed that a number of migrant birds use
Mida creek as a stopover point during their
breeding season, as a feeding and roosting ground.
Of the food types found in the guts of the birds,
crabs were the most abundant. Therefore, the
survival of brachyuran larvae in Mida, and their
subsequent recruitment into the adult population,
is critical in ensuring the availability of food to
the higher trophic levels, including birds and
humans.
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