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Abstract.  Orapeid crabs can play a considerable role in the predation of mangrove
propagules and possibly are a threat to the regeneration of mangreves, whether natural or
artificial. Experiments consisting of artificial plantaticn of mangrovs juveniles were sst up in
Gazi Bay (Kenya). Grapeid crabs, partculardy Meosarmatium meinerti in the most landward
fringe and . smithii and Sesarma gutiatum in the middle fringe of the mangrove forest, wers
found to be 2 regensration-limiting factor. Almost 100% {(n = 40} of the landward plantations
were clearsd. There was a slight initial preference for Rhizaphora propagules lying
horizontally on the mangrove floor, which simulates the position of a stranding peopagule. In
Mida Creek (Kenya) the sneil Terebratin palustris was observed predating  mangrove
propagules. This study shows that crabs may affect the regeneration potential of mangroves,
and snails might also be a factor in predation. A need 10 actively search for ways to protect re-
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afforestation plots from predators of mangrove tree juveniles is NeCessary.

Extra keywords: mangrove, regeneration, predation, crabs, Terebralia palustris, Kenya

Introduction

Mangroves are a unique ecosystem with highly adaped
plant species (facultative halophytes) thriving in the
intsttidal zone. In Kenya, mangrove tree species form more
or less well defined zones {Walter and Steiner 1936; Macnae
1968, Chapman 1976, Ruwa and Polk 1986; Gallin er af.
1989, Gang and Agatsiva 1992; Ruwa 1990, 1993; Van
Spevbroeck 1992).

Several mangrove species have juveniles which further
develop after fertilization when still on the parent tree, a
phenomenon known as viviparity. When the propagule drops
from the parent iree ot low watet, it can plant itsslf into the
mud; this is termed the planting strategy (Van Speybroeck
1992). & second possibility is that the propagule fails in the
water at high tide and then fleats to another site where it
settles and develops; this is termed the stranding strategy
{¥an Speybroeck 1992). Repeneration and colonization of a
naked habicat is logically orly possible by means of the
stranding strategy. The planting strategy dominates in an
undisturbed mangrove forest in Gazi Bay (Kenya), whereas
the stranding sirategy is dominant in an expleited and oper:
forest (Van Speybreeck 1992},

Predation on mangrove juveniles can involve decapods
(Smith 19872, 1987b; Smith er 4i, 1989; Osborne and Smith
1980, Anon. 1991; McKee 1995; Dahdouh-Guebas et of,
1997; McQuinness 1997), snails (Smith er af. 1989: McKee

1995), insects (Robertson ef al. 1990; Anon. 1991: Ellison
and Barnsworth 1993), monkeys (Chan ef al. 1984) and fish
(Macnae 1969). Amongst these, pradation by crabs or snails
has been observed most frequently. This might be a threat,
particularly to artificial regeneration plots in some mangrove
areas, even though crabs are known to contrbute to the
dispetsal of juveniles elsewhere (Thornton 1996).

It is important that the mangrove forest be maintained and
that a sustainable management of this vegetation is pursued
if there is aneed for exploitation. The aim of this stody is to
assess crab pressure on mangrove propagule establishment
in the light of restoration and regeneration of mangal
ccosystems in Kenya, Preliminary data on gastropod -
pressure are also presented.

Materials and methods

Site description

The nscarch wae performed along the Kenyan coast in Gazi Hay
(04725"5,39°50'E), sbont 50 ki scoth of Mombaga, and Mids Creek
(03°20'5 AD00'E), nbout 100 kit nexth of Mombasa (Fig. L} Gari Bay 16
# wide, open creek fod by two seatongl fivers. In contrast, Mida Cresk has
& very small opening to the ocean and I8 not fed by any averland fresh
water. The ficld caperiments werc conducted Froen Ruly to September 1993,

Predatign by crabs

Toa tratsects were studied: one in an undistubed mangrove ares (250 m
length), and onc in & disturbed ama (100 m). The disturbed area showed
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cxlensive gaps in the mangrova forest due o logging of the weey, Along
cach transect, 15 evenly dispersed qoadrats of 5 x 5 m were uetlmed, the
vegoiation was described ming the Braoo-Blaguet relové mathod, and in
tach plot 40 tagged mangrove jmvemiles were haphazardly planted. The
propontion of the species reflected the actua] proportions in the forest xea
and invelved the species Avicewsia marina (Ponk.) Vieth., Braguies
grmnorchiza (L) Lam,, Ceriops tagai (Perr) C.B. Robingon, Rhizophora
mecrarada Lam , Sonreronia afba Sm. and Xyiocarpes grasarem Koen.;
nomenclature according i Tomlingon (1936), Alio, within ench cpecies
W¥E of the propagules plssied repeesenicd the plading strabegy {Vai
Speybroeck 19923, Le vedice! planting, apd 50% were laid on the forest
flaar and tied with 2 nylon wire te a sdok, simplibag the stranding sruzgy.

The plantations in the disterbed and undistucbed acen wer: regulary
checked Foc 48 and 47 days respeciively (usually at one-day intervals) and
the jovenides were classified ‘predated’ according to one of the thoes
possible waye proposed by $mith (1987a, 19375): (i) the epleotyl was
edten, (i) at least 50% of e hypocotyl was cul through, oc (i} the
propagule was pulled ing the burmow of 1 preddor. Monitoring also
invelved visual ohesrvations of the cvab Fauna aroond the plantations at Tow
tids,

Analyses of the data toak itbd acxmiit the differeat zones of vegetation
{oorder from landward to seawsrd side): for the pndisnobed foreat, Avicennia
ronc: {plots 1 and 2; ke = 2 plots), mived zone (plom 3 and 4; 1 = 2,
CeriapeRiizophera zone (plots 310 11; n = 7) and Avicennia/Rhizophors’
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Flg. 1. Kenyz coastline showing the mangrove areas (after Tack and
Polk 1998). Swdy sites indicaled in uppercase,
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Sonaeratia zone {ploty 12 10 15; r = 3); for (e disturbed Forest, Avicennia
zone (plots | to 3; o = 3}, Ceriopy/Rhizaphora zone {plois 4 to 9; n = 6),
Clear-cut Zone (plots L0 to 12, & = 3} and Avicenni/RiizophoraSonneralic
zone (plots 12 to 15; 1 = 3} Two-way analysis of varance (ANOVA
nobatanced design) was usad 1o compart propagule predation between the
distuthed med undistorbed forest. Stodent™s r-test wae wed bo compere
propagule loss by pecdation and by being washed away, propagule
predation for hacizontally and venically placed juveniles, and propagule
predation among species tn each of the zonos, Between-zone differences
wene investiguiad by ons-way ANDVA

The dominance—predation hypolhesis (Smith 1987, 1987k) wag wsted
for ench mangning species preseal in the ondisurbed manprove area; tis
hypothesiz statzs that poedstion of propagules of & certain species is higher
in areas where adult conspecifics 4 rare or abrent then in thoze where
adult conspecifics are domlnant To verify thic the poimt-biscerial cormelation
cotffivient r, test (Kent and Ccker 1902} was performed on the data
abtined afier 13, 32 and 47 days of mondtoring; thic test iy pacticulardy
appiirink in siivetions whers oae variable is 10 presencefabsence or
binary Form (here ‘demninance of adokt trees') while the other variabls is
continuwoun (her *predation intensin’),

Predaiion by pastepads

In Mida Creek the snail Terebralia pefesreie L. 46 present in large
numnbers and wap observed preying on mangrove propagules. Therefore, o
preliminery expedment was designed (o investipate the irmpact of this
gaetropod on the propagule-produsing mangrove specics  preient:
Bruguiere gymuorrhira, Ceviops sigal sud Rhizophors mucrmnanz, In total,
35 propagules {9, 12 and 12 respectively) were planked in a plod in the
mangrove forest and monitored for thres days. For the first 5 h, the
propagules were photographed &t L-h intervals. The experirosnt was
repeased with 33 pecled propagules.

Resulty
Predation by crabs

Both in the disturbed and the undisturbed ares, predation
and weshing away occurred (Fig. 2).

In the dismurbed area propagule loss was high in three
segments along the transect: propagules were washed away
in the seaward section and predated in the other two
segmenis {Fig. 2a). The same two predation segments could
be recognized in the undisturbed area (Fig. 28%; in one, the
crab Neosarmativen meinerti de Man was present and in the
cther the crabs Neosarmasivm smitkii H. Milne-Edwards
and Sesarma guttatum A, Milne-Edwards were present. In
the plots where predation was heavy {plots 1, 2 and & in Fig.
2a; plots 2, 3 and 7 in Fig, 2b), for both the disturbed and
undisturbed mangrove arca, the plaicau in the rate of
predation {Pig. 3a and Fig. 3b respectively) was reached
within 10 days after the propagules were planted. In one of
the plots in the distmbed aren, predation was already 30%
within 2 days {Fig. 3a&). The juvenile mangrove trees
gurvived if they reached 25 days after plantation, i.e. no
more juvenilss were predated. Rhizophora mucronaia was
the only species for which there existed a sipnificant
difference between horizontally and vertically placed
propagules aftar 14 days (r, = 0.42 ; r = 2,43 ; P < 0.05),
However, this was caly the case for the transect in the
undisturbed mangrove area, and after 23 days no significant
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differsnice was observed. Wisual observaticns have pointed
out that crabs may drag a horizontally placed propagule to
their burrows before =ating it, whereas predation on vertical
propagules often occurred on the surface where the
propagules were planted. However, when competition was
too high the crabs tried to lift the propagule out of the
subsiratum and drag it away.

In tests of the dominance—predation hypothesis, predation
of propagules of a particular mangrove spacies was not
correlated with the presence of an adult tree of the same
species in one plot. The only exception was predation on
Rhizophora mucronata. However, even for this species the
correlation was only significant for the observations after 32
days (rP =1.77; =227 ; F<(Q035),

The ANCGVA for the comparisan between propagule
predation in the disturbed and undisturbed forest showed
that there is no difference betwesn them (F = 0.11, 4.1. 1;
n.s.). Statistics for the comparison betwesn propagule loss
by predation and by being washed away and batwsen
propagule predation of horizontally and vertically placed
Juveniles have been summarized in Table 1. The significant
differences between predation and washing away in each of
the zones in the disturbed forest (Table 1a) indicate that it is
either washing away ot predation which is the main cause
for prapagule loss rather than a combination of the two. This
can also be observed from Fig. 2a. As could have been
expected already from Fig. 1b, the sbove-mentioned
difference is rot found in the undisturbed forest, but far the
most seaward zore (Teble la), and between-zone
differences are absent. The global propagule loss is thus due
to a synergism berwsen predation and washing away, which

P. Dahdouh-Guehas

16 similar throughout the differemt zones, with some
excaptions (Fig. 25), None of the tests comparing propagule
predation among species showed significant differences
within any of the zones (results not shawn).

Predation by pastropads

After 3 days, one B. gymnorriiza and four R, miucronai
propagules had been predated from the total of 33. The
predation préssure in Mida Creek was clearly lowar than that
af the crabs in Gazi Bay. When the experiment was repeated
with 33 peeled propagules, six propagules of each of the
three species were predated, this representing a total
predation of 54% (Table 2).

Discussion

In the disturbed mangrove aree in Gazi Bay, the high
disappearance rate of juveniles from the seaward section due
to washing away {Fig. 2a) was expected, since they were
exposed 10 wave action.

In plot number 1, which was in a landward zone
dominated by Meosarmatimm meinerti, the tapid predation
by this sesarmid ¢rab (Dahdouh-Guebas #f al 1997} is
confirmed. Dahdouh-Guebas & al {1997) cbserved a 50%
propagule clearance in less than 2 h and 85% after 24 h in
plots where almost full elimination of propagules occurred.
The initial significant difference in predation for horizontal
and vertical Rhizophora propagulss in the present study can
be explaited by the weight and size of the propagules which
make vertically planted omes difficult to handle for the crabs,
Once the horizontal lying propagules are cleared the crabs

Table 1. Differences fa) in prapagale boss for predution and for being weshed nway and (b} In propaguls prodation between horlzontal and verticat
placed Juveniles, after 32 a¢ 3 days of monitoring (Gazl Bay}
Refer to "Marerials and methods for the number of plots in each of the zones

Source of varlstion Undisturbed focest Digurbed forest

f 44 P t d.F, P
fa) predated v, washed away .
Avicenniz zong 1.043 Z nB. 4743 4 < 0.01
Mixed zone 1.624 2 ns. - - -
CeriopsRitzophora pone 0785 12 n.s. 1172 10 <0
Clearc zone - - - 54,036 4 <0.0L
AvicernigRbizophora/Sonaneratio 2ome 1334 [ <002 10.505 4 = 0.0
Preduton bétween zones F=269,41 3 n3. F =838 d.f 1, P <0005
Washiog away between zones F=281,4f 3 ng, F=354383,dF 3, P<0001
{b) horizontal v. vertical
Avicensia 2ona 0.447 2 ny. 0177 4 n.&.
Mixed zone 1.193 3 ns. - - -
Ceriepefthizophora 2one 0753 12 n.i. 061 10 ns.
Clearcul zome - - - D 4 n.s.
Avivennia/RALophoraSonneratia Tone 1 [ nj. 1 4 na.

Horizomal propagubes between zimes
Vertical propagules between zones

Fu5gl, df 3 P<00L
F=]13df 3 ns

F=576,d.F 3 P <00l
Fui$,df 3 P 0025
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Tuble 2.  Prelimioary oheervations of the cumulative number of propagules predsed by sually after 1, 2 and

3 duyz (Mida Cresk)
Species Unpeeled propagules {n = 31) Pecled propagules {4 = 33)
Dax 1 Day 2 Day 3 Day 1 Day 2 Dy 3
Rilraphora mucronaia 0 3 4 & & ]
Bruguiera gymmorrhin a 1 | k| L] G
Ceriops tzgal 0 ) 0 1 4 &

can switch to the vertical plantsd omes. Between-zons
differences are probably due to differences in predator
abundance in sach of the zones; in zones where propagule
predators are abundant, significant differences between the
predation of horizontal and vertical propagules would be
less likely since high competition results in a quick clearing
of the experimental plantation. This can also explain why in
the vndisturbed forest there iz a significant differance in
predation on horizontal propagules between the zonas, due
to different predator abundances, whereas there is none for
the vertical propagules {Table 15}, becanse predators are not
excessively abundant in the undisturbed forest o they have
more background input (non-experimental) from steanding
propagules. Although absence of specificity in fesding
behaviour was observed before (Dahdouh-Guebas ef al,
1997), the lack of significance for the differences on the
predation among species in the present study may be due o
the small sample sizes,

The deminance-predation hypothesis cannot  be
suppotted In the present study, since predation levels in
forest plots where certain adult mangrove tree spacies are
dominant are not significantly different from the predation
levels in forest plots where the trees do not oceur
McGuinness {1997) has come to similar conclusions when
investigating seed predation in a northern Australian
mangrove forest. Ome may assume that under natural
conditions a sufficient number of tree juveniles escapes
predation. However, in artificial regeneration plots predation
is a sertous threat. An alternative hypothesis to explain how
mangrove tress could overceme high predation rates follows
from a personal obsecvation on Cerdops tagal in Gazi Bay.
Observations of over 500 mature propagules par tree at one
timme suggest that in natural condittans this mangrove tree
might saturate the crabs by dropping a large number of
propagules in a ghort pariod. Hence, the saturation method is
a possible way to protect artificial regenecation plots. In
Sulawesi, although standard re-afferestation methods
require less dense plantation (3)-cm intervals) the people
prefer dense plantation (25-cm intervals) of Rhizophora
Mucronata In order to saturate predators (Weinstock 19943,
Knowledge about the zones in which predation is highest
{this study), particularly in a disturbed forest which Ray
need artificial regeneration, and about the abundances of

crabs in the different zones (the subject of Further studies)
will impeeve the choice of location for artificial plantations
and their survival,

In Mida Creek the difference between peeled and
unpeeled propagules in degree of predation by snails might
suggest a possible toxicity, unpalatability or presence of an
antinueritional factor in the peel. However, further rescarch
s required to investigate an actual preference as was
obsarved for crabs {Dahdouh-Ouebas et al. 1997). Although
this study is preliminary, it suggests that crabs may not be
the only invertebrates preying on mangrove propagules in
Kenya and affecting their survival,

The effect of predation on natural regeneration in Kenya
cannot yet be ascertained. Understanding the links berween
the zonation of hrachyuran predators and the zonation of the
mangrove tree species is a necessary step in endarstanding
their ecological interactions.,
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