An exploratory study on grapsid crab zonation in Kenyan mangroves
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Abstract
Despite earlier efforts to understand the role played by grapsid crabs in mangroves, their importance in the structuring and functioning of such systems is fully appreciated, particularly with regard to small-scale studies. The
present study provides some new data on the interaction between mangroves and crabs, namely the link between
the distribution of particular mangrove tree species and the distribution of certain crab species at the assemblage
level. Floristic and faunistic relevés were made in Gazi Bay (2 sites) and Mida Creek (3 sites), 140 km apart on the
Kenyan coast, along five transects in a series of quadrats covering the width of the mangrove belts. Zonation of both
mangrove vegetation and brachyuran fauna was described and height above datum and distance to the mainland
(limit of non-flooded area) measured. The relationship between the presence and the absence of crabs and trees
was analysed using detrended correspondence analysis.
Summarized, the mangrove tree zonation pattern contains four assemblages with a particular dominant species:
first a landward Avicennia marina zone, followed by a mixed zone with Ceriops tagal, Rhizophora mucronata and
Bruguiera gymnorrhiza, and finally a R. mucronata zone and a Sonneratia alba zone, both of which can mix with
seaward A. marina. Ordination results show that the distribution of Neosarmatium meinerti and Sesarma ortmanni
is linked to the landward A. marina zone, that of Neosarmatium smithii, Sesarma guttatum and Sesarma leptosoma
corresponds to the R. mucronata zone and that of Metopograpsus thukuhar and Sesarma elongatum to the seaward
A. marina and S. alba zone. There appears to be one major underlying factor in the zonation of both crabs and
trees, with most likely a complex multiple causality. In certain cases the association between crabs and trees are
causal, whereas in other cases it can be the result of an independent restriction to the same zones by a common
cause.

Introduction
Descriptions of mangrove vegetation structure are
available for many regions worldwide. In East-Africa
Graham (1929), Walter and Steiner (1936), Kokwaro
(1985), Ruwa and Polk (1986), Gallin et al. (1989),
Ruwa (1990; 1993), Gang and Agatsiva (1992) and
Van Speybroeck (1992) have investigated the vegetation or zonation pattern in mangrove forests. Most of
these studies put a strong emphasis on the vegetation
or plant cover alone. The study of vegetation structure

or assemblages on the other hand, provides data that
are important in a broader ecological framework and
can also include for instance faunistic aspects.
A variety of mangrove fauna has been identified
as consumers of mangrove propagules, but decapods
have been reported world-wide to influence their recruitment to a large extent (Smith, 1987a, 1987b;
Smith et al., 1989; Osborne and Smith, 1990; Anon.,
1991; Weinstock, 1994; McKee, 1995; McGuinness,
1997; Dahdouh-Guebas, 2001). For Kenya in particular, Dahdouh-Guebas et al. (1997, 1998, 1999) have

shown that grapsid crabs feed on mangrove propagules
and can possibly be a threat to the early development
of mangrove seedlings.
In the present study the aims are to describe the
zonation of mangrove trees and grapsid crabs in two
Kenyan coastal creek systems about 140 km apart, to
emphasize the variability of mangrove tree zonation
patterns between sites and to investigate whether the
distribution of certain crab species is linked to the
distribution of particular mangrove tree species. The
term ‘zonation’ is defined here as banding of vegetation types with a certain, often monospecific, floristic
composition. Hypotheses on the correlation between
crabs and trees are discussed.

Materials and methods
Description of the sites studied
The study areas were located in Gazi Bay (4 ◦26’
S, 39◦30’ E) and Mida Creek (3◦20’ S, 40◦00’ E),
two well studied water bodies along the 570 km long
Kenyan coast (Figure 1). Gazi Bay is an open creek
located about 40 km South of Mombasa and fed by
two seasonal rivers. Mida Creek, a creek with a narrow
opening towards the ocean, is situated about 100 km
North of Mombasa. Unlike Gazi Bay, Mida Creek has
no overland freshwater input, but benefits from a high
groundwater outflow (Tack and Polk, 1999).
All nine East-African mangrove species sensu
Tomlinson (1986), as well as Xylocarpus molluccensis
(Lamk.) Roem., occur along the Kenyan coast. In Gazi
Bay two study sites were sampled, ‘Gazi Covered’
and ‘Gazi Cleared’, which correspond to two different
forest types. The ‘Covered’ type is a natural, relatively undisturbed forest, whereas the ‘Cleared’ type
is a forest with many marks of exploitation (Figure 1).
In Mida Creek, the specific sites ‘Mida’, ‘Sita’ and
‘Dabaso’ were investigated (Figure 1). All study sites
were chosen from aerial photographs in order to ascertain a fringing forest type (following Lugo and
Snedaker, 1974) and to be representative for the wider
area.
Methodology
All fieldwork was carried out between July and
September 1993. Line transects were drawn down the
slope covering the entire width of the mangrove belt
in order to investigate the zonation of the mangrove

Table 1. Scale used to estimate the abundance of crab species
based on both the frequency of individuals and burrows (see
Figure 2). The 6 combinations were found to be realistic in
the field.
Coefficient

individual frequency
(m−2)

burrow frequency
(m−2 )

0
1
2
3
4
5

none
1 individual
< 10 individuals
> 10 individuals
> 10 individuals
> 10 individuals

none
none
none
< 10 burrows
10–20 burrows
> 20 burrows

trees and crabs. The line transects consisted of a sequence of evenly spread, but non-connected quadrats
of 5 × 5 m with in-between spaces of 1 to 15 m depending on the length of the transect. The mangrove
vegetation in each quadrat was described by means of
the relevé method of Braun-Blanquet (Westhoff and
Van der Maarel, 1978; Van der Maarel, 1979), which
describes the vegetation according to number and/or
coverage degree of species for four different vegetation layers. In the same quadrat crabs were sampled
according to a similar method using the ordinal scale
from 0 to 5 (Table 1), which is known to generate reliable population estimates (Frith and Frith, 1977; Frith
and Brunenmeister, 1980; Macintosh, 1988; Bosire
et al., 1999). The crabs considered were predominantly herbivorous species only (Dahdouh-Guebas et
al., 1999), which are able to interfere with natural
regeneration of mangroves. However, Metopograpsus
oceanicus Jacquinot was omitted from the investigation because of its rarity in all sites and Cardisoma
carnifex (Herbst) was not investigated. Occasional
visual observations on the behaviour of the crabs were
recorded to help formulating hypotheses on the causalities of their distribution. The ‘phyto-’ and ‘zoosociological’ sampling was augmented with the distance
to the mainland (i.e. limit non-flooded area) and the
local topography. The latter was measured by means of
the line method of Dawes (1981), whereby the height
above datum of a given high tide was taken as a reference. These topographic measurements were made
on all sites within 24 hours. An observed tidal range
within Mida Creek of more than 2.5 m, as compared
to the reported 3.5 m outside the creek (Spalding et al.,
1997), indicates that height differences between actual
tidal amplitude and tide table predictions, known to

Figure 1. Map of the Kenyan coast showing details of the study areas Gazi Bay and Mida Creek (adapted from Dahdouh-Guebas et al., 2000),
and the location of the specific study sites (transects). On the Mida Creek map: Kir. = Kirepwe, Kis. = Kisiwani.

Table 2. Comparison of the adult vegetation type of different transects between quadrats with a similar height above datum.
‘Height above
datum’-range

Adult vegetation in
Gazi ‘Covered’

2.60 – 3.10 m

C. tag. + B. gym. +
X. gra. + A. mar
C. tag. + B. gym. +
R. muc. + A. mar
A. mar. + R. muc

2.10 – 2.60 m
1.50 – 2.00 m

Gazi ‘Cleared’

Mida

Dabaso

Sita

A. mar

A. mar.

A. mar

R. muc

A. mar

C. tag. + R. muc.

R. muc + C. tag

A. mar +R. muc

R. muc

C. tag + A. mar +
R. muc
no quadrat of
similar height
S. alb

A. mar = Avicennia marina, B. gym = Bruguiera gymnorrhiza, C. tag = Ceriops tagal, R. muc = Rhizophora mucronata, S.
alb = Sonneratia alba, X. gra = Xylocarpus granatum.

occur in some enclosed and shallow bay systems such
as this one, were minimal.
The floristic and faunistic relevés were graphically
fitted to the topographic measurements. The association between the presence or absence of each of
the mangrove crabs and tree species was investigated
using Detrended Correspondence Analysis (Hill and
Gauch, 1980) using PC ORD for Windows (McCune
and Mefford, 1997).

Results
The variability in mangrove zonation between the sites
can be observed (Figure 2). Height above datum does
not correspond with a certain mangrove assemblage
(e.g. cf. Rhizophora mucronata Lamk. between Gazi
‘Covered’ and Mida, and Avicennia marina (Forsk.)
Vierh. between all sites, Figure 2 and Table 2).
A synthesis of the zonation in our sites (Figure 2)
would comprise four zones, each having a dominant
species. The first and landward zone has Avicennia
marina as a dominant species, occasionally mixed
with Heritiera littoralis Dryand, Bruguiera gymnorrhiza (L.) Lamk. or Ceriops tagal (Perr.) C.B. Rob.
The second zone is a mixed zone in which Ceriops
tagal is always found to be present, but not necessarily
as the dominant species. It is often mixed with Rhizophora mucronata and Bruguiera gymnorrhiza, with an
occasional presence of Xylocarpus granatum König.
The third zone is a Rhizophora mucronata zone, which
is often monospecific, but which can be mixed with
Avicennia marina. Sometimes Ceriops tagal thrives
in the understorey of this zone (Figure 2d). The last
and most seaward zone has Sonneratia alba J. Smith
as the dominant species, but like the former zone, it
is found to mix with Avicennia marina, which occurs
in very different environments along the slope. As is

expected in the natural environment, the boundaries of
these zones are not distinct but gradual.
Neosarmatium meinerti De Man and Sesarma ortmanni Crosnier are always restricted to the landward
(Avicennia) zone and were observed in Mida, Gazi
‘Covered’ and Gazi ‘Cleared’ outside the range of the
transect as a resident of the herbaceous vegetation on
sandy substrate.
The ordination plot is shown in Figure 3 and the
eigenvalues are 0.855, 0.369 and 0.169 for the first,
second and third axis respectively. The variation explained by these first three axes are 55.0%, 8.9%
and 0.6% respectively. Although field data were introduced as independent data, the general zonation
pattern of mangrove trees and crabs can be clearly discerned as three clusters, typical for the lower-, midand upper-intertidal respectively.
As can be observed from the clusters within the ordination graph (Figure 3), the species scores (hereafter
‘SS’) of Sesarma ortmanni and Heritiera littoralis are
within the same range according to the first axis (779–
914), and the same is true for those of Neosarmatium
meinerti (SS = 682) and the landward Avicennia marina fringe (SS = 623). Bruguiera gymnorrhiza (SS =
534) and Ceriops tagal (SS = 526) were not associated to any particular crab species. Neosarmatium
smithii H. Milne-Edwards (SS = 327) was observed
near Rhizophora mucronata trees (SS = 362), either in
monospecific or mixed stands. Sesarma guttatum A.
Milne-Edwards (SS = 400) was present in all sites and
mostly over a wide range. However, like N. smithii,
it seems to be associated with the Rhizophora zone.
Sesarma leptosoma Hilgendorf (SS = 348) was found
less frequently and over a slightly smaller range than
S. guttatum, but nevertheless in the same forest zones.
Sesarma leptosoma was observed to climb the canopies of Rhizophora mucronata only. Also the crab

Figure 2. Topographic levels and schematic of the adult mangrove vegetation at the five study sites along the Kenyan coast. The distribution of
the crabs along the transects is represented by the boxes on the lines, and the abundance values, based on both the number of individuals and
the number of burrows (combinations as in table 1), are indicated within the boxes. M. thu = Metopograpsus thukuhar, N. mei = Neosarmatium
meinerti, N. smi = Neosarmatium smithii, S. gut = Sesarma guttatum, S. ort = Sesarma ortmanni, S. lep = Sesarma leptosoma and S. elo =
Sesarma elongatum.

Figure 3. Results from the indirect species ordination (DCA) of the
following presence/absence data in 43 sample points. The graph is
scaled proportionate to the longest axis (% of maximum). Polygons,
based on species scores (SS) with respect to the first axis, represent
various degrees of species associations based on species scores, and
were added to ease the visual interpretation (dashed lines represent
higher degrees of association than full lines; see text for SS-details).
Tree species (squares): A. mar = Avicennia marina (L = landward
zone; S = seaward zone), B. gym = Bruguiera gymnorrhiza, C.
tag = Ceriops tagal, H. lit = Heritiera littoralis, R. muc = Rhizophora mucronata, S. alb = Sonneratia alba; Crab species (circles):
abbreviations as in Figure 2.

Metopograpsus thukuhar (Owen) (SS = 190) was observed less frequently and Sesarma elongatum (SS =
69) was only observed in Sita, both of them near
creeklets. However, near Dabaso these species were
common in the Rhizophora zone fringing the creeks.
Avicennia marina is present again as a seaward zone
(SS = 214), which illustrates the disjunct zonation pattern of this species, together with other typical frontal
mangrove species such as Sonneratia alba (SS = 0).
Only the distribution of Neosarmatium meinerti correlated consistently with a restricted height above
datum range (approx. 3 m and above).

Discussion
The schematic site description and the vegetation data
(Figure 2) confirm the general zonation pattern of
mangroves that exists along the Kenyan coast (Walter
and Steiner, 1936; Gallin et al., 1989). However, a new
observation with respect to the species assemblages,
of less importance here but of major importance
in sustainable mangrove management and restoration
frameworks, is the presence of Ceriops tagal in the understorey of some Rhizophora mucronata dominated
vegetation patches (cf. Kairo 2001). The importance
lies in the fact that R. mucronata is a preferred species

for house construction in Kenya (Dahdouh-Guebas et
al., 2000), and that this exploited species is therefore
not necessarily the species that will regenerate.
Despite the common zonation, its variability can be
striking and earlier hypotheses that the height above
datum is the determining factor in mangrove zonation (Walter and Steiner, 1936; Clarke and Hannon,
1970) or that tree species position along such a topographic gradient is a useful predictive tool (Watson,
1928) must be limited to their indicative value. Different floristic compositions in quadrats with a similar
height above datum (Table 2), together with emersion curves for Kilindini (Mombasa) as published by
Brakel (1982), show that some mangrove species can
survive in areas with very different emersion times
(differences of 6 to 12 hours per tidal cycle within
A. marina, C. tagal and R. mucronata), and display
disjunct zonation patterns with striking morphometric differences (e.g. A. marina in Gazi ‘Covered’;
Dahdouh-Guebas et al., submitted).
Similarly, the zonation of herbivorous crabs does
not seem to be correlated with height above datum
either. This is particularly well illustrated by the distribution of Sesarma guttatum and Metopograpsus
thukuhar. The occurrence of the former varies from
the landward zone (Sita), over the middle zone (Gazi
‘Cleared’) to the more seaward zones (Gazi ‘Covered’
and Mida). In Gazi ‘Covered’, Sita and Dabaso, the
abundance of S. guttatum does not increase or decrease
gradually but instead jumps from many individuals
and many burrows (coefficient 5, Figure 2) to no individuals and no burrows (coefficient 0, Figure 2).
Sesarma leptosoma displays a true mangrove treedependence and has a typical vertical migrating behaviour – almost exclusively on Rhizophora mucronata –
allowing them to feed on fresh leaves and water (Vannini and Ruwa, 1994; Cannicci et al., 1996a, 1996b;
Vannini et al., 1997; personal observation). The presence of the same crab species in Ceriops tagal and
Rhizophora mucronata zones, as suggested in general for Kenyan mangroves by Ruwa (1997), must be
rejected based on the results of this study.
The results from the ordination (Figure 3) show
that there is one main first axis explaining 55% of the
variability, indicating that there is one main factor responsible or that a complex of factors exist for the observed distribution of tree and crab species. Mangrove
tree species zonation has been correlated with different
biotic and abiotic factors such as physiological adaptations to salinity and frequency of tidal inundation,
tidal flow and geomorphology, nutrient availability,

salinity of the soil (Naidoo, 1985), soil sulphide and
redox levels (Hart, 1959; McKee, 1993; Matthijs et al.,
1999), competition between species (Clarke and Myerscough, 1993), tidal sorting of propagules (Clarke,
1993; Clarke and Myerscough, 1993), light availability to seedlings, and predation of seedlings (DahdouhGuebas et al., 1998; Dahdouh-Guebas, 2001), many
of which are reviewed in more detail in Smith (1992).
Clearly none of these hypotheses can be expected to
adequately and solely account for the observed species
distribution and it is increasingly clear that mangrove
zonation is the result of a complex interaction between
different biotic and abiotic environmental factors.
A causal relationship could be as a source of food
for the crabs, whether direct or through mangroveconsuming intermediates, as a source of protection
among the mangrove root complex, as differentially
beneficial conditions created by the root complex,
such as oxygen conditions in the soil, soil compaction and consolidation, or, crabs and trees might
simply require similar environmental conditions, such
as physico-chemical, tidal or edaphic conditions, restricting them to the same zones independently by a
common cause. The results from the height above
datum of species and the ordination results from our
five sites (Figure 3) suggest that the distribution of
the crab species correlates better with the mangrove
tree species or assemblage present rather than with the
height above datum, unlike Icely and Jones (1978)
suggested for Uca species. However, on-going research by Ballerini et al. (2000) and Cannicci et al.
(2000) reports no differential distribution in relation
to mangrove tree species for sersarmid crabs within
Mida Creek and suggests multivariate analysis to untangle the environmental factors such as temperature,
salinity and soil granulometry that govern distribution
of mangrove crabs.
The present study raises the question whether crabs
influence the establishment of certain mangrove tree
species. A dominance-predation hypothesis was proposed by Smith (1987b), who found an inverse relationship between seed predation and the dominance of
a tree species in mangrove forest canopies. Although
the above model was not supported for mangroves
in Gazi Bay (Dahdouh-Guebas et al., 1997), crabs
and other propagule predators might still contribute
to the establishment of the vegetation structure, rather
than the zonation, of mangroves. Especially in mixed
zones, but sometimes even in zones where one species
is dominant, succession and future vegetation structure
depends on the abundance and diversity of species:

the species composition (and the dominance) in such a
zone before and after a disturbance is not necessarily
the same, but depends on the growing performance of
the individuals in the understorey and their competitive capacity (Dahdouh-Guebas, 2001; Kairo, 2001).
The investigation of a relationship between propagule
predators and trees in mangroves in our opinion therefore necessitates an emphasis on the mixed nature or
the assemblage where present, rather than the dominant species (cf. Walter and Steiner, 1936; Macnae,
1966).
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