-coasts. It usuaxly prov1des a,muddyﬂahVLronment with the mangrove

CHAPTER 4

~

DISCUSSION

1. EBEnvironmental conditions

The mangrove forest is a chanacteristic feature of tropical

vegetation growing Well g séawater of the inundated muddy 5011. Han-

* 4

grove plants support thehsélﬁééﬂabﬁve the mud by means of either prop

¥

rcots (e.g. in Rhizophora épp.)uarfpneumatmphores (e.g. in Avicennia spp.).

These root systems would ebsftudf‘tiﬁal water movement and entrap the

flne sediment of silt-cley. 'Ehe»éaégr0ve canopy serves as a sun shade

prov1d1ng undelneath cool; humzﬁ‘env1rcnmaﬂt for those tree fauna and

mud dwellers. The treeﬁ runké"and~pr09 roots provide secure substrates

for barnacles, oysters and many other mollusc fauna; whereas the soft
mud substrate provides a habitat suitable for both surface and burrowing
fauna. The problems of water loss, wave action and ;xtremc high uempera--

ture, which are generally characteristic of sandy and rocky shores

(Eltingham, 1971; Brasfield, 1978) are reduced in the mangrove biotape.

The mangrove stations of the present study were covered by
a variable number of tides in a year. MNost of the mangrove areas were w
wetted by more than 40% of the tides. pidal inundation, or irn the other

hand exposure to the air, would partly 1im;t’%hefdistributiqn and abundance
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of mangrove animals; since many mangrove fauna are tide dependent, especi-

ally in relation to the modes of feeding..

Soil factors, including the partiéle size, crganic and moisture
content and the éonsolidation,;éiffered significantly from station to
station (Table 2). These factors also played an important role in
regulating the pattern of animal distribution and abundance. In the
landward innermost station of the mangrove forest, the subsirate was
comparatively covarse, and it became finer towards the sea and the mud
£lat. High organic content was found in the mangrove forest. Probably
it might be due to a great amgunt of depcsited organic detritus, result-
ing from the breakdown of méngrove plant meterial. Soil water pH tendéd
tc be more acidic in the mang 9§e forest and alkaline in the mud flat.
The activities of sulfur reducing bacteria might cause the acidityﬁof
mangrove soil by production ‘of hydxogen sulfide (Eart, 1859, cited from
Sasekumar, 1274), but in itself rapid hactérial deccmposition of organic
matter will increase the concentration of carbon dioxide, resulting in
slightly acidic scils. The mud flat soil showed slightly alkaline
condition (see Table 2, compared to Station 1 where the organic content
was almost the same. It might be due to photosynthesis by soil micro-
algae which in the brightly illuﬁinated mud flat can raise the oxygen
content. At the same time withdrawal of carbon dioxide during photo-

-

synthesis raises pH of the pore water.
2. Species compesition and density

The result has shown that the mangrove macrofauna at KXo Maphrao
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is dominated by polycﬁaetes, crustoceans and molluscs. \Species compo-
sition within these groups is more or less similar to ﬁhe composition
studied by Berry (1963) and Chuang (1961) in Singepors; Berry (1972)

and Sasekumar (1974) in West Malaysia; Weng at al. (1980) in Bast Malaysia:
Frith et al. (1976) and Nateewathana and Tantichodok (1280) in Southern
Thailand; Iéa:ankuxa {19762, 1976b) in thec upper Gulf of Thailand. 'The
predcminance of crustaceans and molluscs is also a common feature of
mangrove macrcfauna found in the otheér mangrove foresis elsewhere

(Macnae and Kalk, 1958 in Mozambicue; Hutchings and Recher, 1874, in

Australia) .

Many polychaete species were found in the ¥o Maphrao mangrove
forest. 'The result supports thevview of Frith et al,  (1976) and:Sasekuma;
(1974) that very few polychaete species have been found in the Indo-Vest
éacific region and other regicns, éxcept in localities of Southeast Asia.
Morover, more new speciés‘have been found from the mangrove forests in
Southern Thailand and they have never been recorded, perhaps never been
described (Hylleberg and Mateewathana, vers. comm.). The reason why
polychaetes‘have not been commonly recorded outside Southeast Asia is not
fully understood. However, Sasekumar (1974) suggested that the abundance
of polychactes might be due to the less acidic soil condition and more

constantly moisture.

Little is known about the biclogy, especially the feeding types,
of mangrove dwelling polychaetes. Table 9 summarizes the expected feed~
ing modes of mangréve polychaetes in families, hased on the information

from Day (1967); Fauchald and Jumars (1972). Most of the polychzetes
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e G Family - Type of fééder_l e  §;”
& SR Orbiniidae Detritus feeder s

Capitellidae -~ o petritus Feeder
e & Maldnidae tQi{j S etritus feeder SR

TN Ophelidae //}\T ‘ifj:aetrxtus b ' ”Ei\ij‘

«DetrltuS'feeder\and-carnivore

'

Déihitus feeder an@,carpivoﬁe

Polycdontidae ScE&enger and omnivore

Nereidae anivqré and detritus feeder

Goniadidae

- S !,, v
e i Onuphidae -
Eunicidae (Marphysa sp.) .Detritus‘feeder'and‘herbivore'

; \
Lumbrinereidae

- Detritus feeder and carnivore
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in the mangrove forest are believed tc be detritus feeders. All g :
polychaetes studied so far are capabie of azbsorbing dissolved organic :
matter (amino acids) from seawater (Southward and Scuthward, 1972;

Hylleberg, pers. comm.). S e 3

The crustaccans were reprasented predominantly by two families
of decapodid Crustacea, Ocypodidne and Grapsidae. The crustacean fauna
is avery diverse group and a major component. ¢f macrofauna in the mangroyé; 
forest. It.was numerically abundant, gnd it contributed with a high o ,>E;s

biomass as well. The crustaceans make burrows which protect them from

temperature and salinity stress, predetors, and aggression from othex ;

crabs (Macintosh, 1977). The crabs also pessess special biological adapt— "

ations which appear to suit the l1life in the mangrove forest (Berry, 1972; e

Malley, 1977). The crabs have to withstand considerable periods of time

3

cut of the water (being exposed‘to‘air) duiing_low tides; therefore they
manage to breathe in air by 'specializéd mechanisms described by Macnaev
(1968) and Newell (1970). At low tides, they were seenbscraping mu& on
the surface scil. The gajority of crustaceans in the mangroves are

detritus feeders. Ronhave and Tantichodok (pers. cks.), in a study on

seven species of mangrove crabs at Ac Yon, Phuket, found that the stomach
of three grapsid species and the fiddler crabs, Uca lactea and U. vocans, - -

contained a lot of sediment grains, pieces of vascular plants and diatoms.

Only a hermit crab Diogenes avarus contained some blue green algae
indicating herbivory, while small crustacean appendages were'dcminating
in Thalamita crenata indicating carnivory. Malley (1978) found that

the stomach content of Chiromanthes onychophorum (Grapsidac) cansisted




almost entirely of mangrove leaf material, suggesting that the crabs

play a role in mangrove litter decomposition.

Piddlexr crabs, Uca sSpp., éonstitute one of the most abundant
and characteristic groups of crabs. Their ecology and population
structure have been éxtensively investigated in Southeast Asian region
(Frith and Brunemmeister, 1980; Frith and Frith, 1977; Macintosh, 1977,

1978). Macintosh (1977, 1980) considered Uca spp. as one group of the

crabs which play andimportant role in the margrove fcod chain. Other
crabs which also play a significant role are Metaplax, Macrophthalmus,
Ilyoplax, and Sesarma. However, the ecology and population studies of many
dominant groups are still lacking; for example, Upogebia sp., Tylodiplax
tetratylophora (cammon in Ko/Maphrao mangrove forest) Ilyoplax spp. and

man yansid species. Thev should wmerit further investigation of their
- ¥

ecological importance.

Of all the molluscs collected, gaskxropods were the most nUACICus
(27 species), followad by pelecypods (16 species). The pelecypods, cften
refarred to as bivalves, were found in very few’numbers, except the small
mussel Musculista senhousia in the mud £lat. The molluscs in the mangrove
biotope were dominated by gestropod fauna, whereas in the mud flat they
were dominated by pelecypods. Molluscs can be divided into four main
feeding categories; filter feeders, deposit feeders, grazers and carnivores.

The bivalves, such as cementing oysters, byssus attached nussels nd most

-
W

burrowing clams, are filter feeders. These gpecies of relecypods were
found more common in the seaward station, the rud £lat station and the

channel mud banks, where there wou d be richer supplies of planktonic diet



. many tree dwelling gastropods fesd cn the picroflora on the tree trunks,

‘ parnivores ware represented by gastropods, which feed on microalgae,

oo 2 e
: : ” § i ;
[ & : ia-
2 6 6 ; ok
brought in by the tides. Tellina capsoides and T. cpalina represent i

deposit feeding bivalves;found in the stuly area. The grazéfs and céinivdr¢§,5
: 1%
detritus and detritus-associated micrcorgenisms. In addition, the &
gastropod species, Naguetia (= iurex) capucina, ghd Polinicas_flemingiana
ard carnivorous. Wielsen {(1376) reported Nu,bapucina feediny on
Saccostrea cucullata throuéh small holes bored in oysters, and also, = i

fa

on barnacies, Balanus amphitrite. '/ -~ . - ; “ s i

The gastropods thatfli%g.in maﬁgrpvés alsc experience long Qériodsv’Q
out of water. They arevatiuctﬁrél%y.adapted;t5 breathe ;n air {iacnae,
1968; Berzy, 1972} by meanskof,m§ptlé cavity modified into an air-
breathing lung. Houlihan (&979) showed yhat three species of mangxova
snails, Nerita articulata, Ceiitpidaéﬂpbtusa and Cassidula aurisfelis: -
are essentially air brqathihg fauna. Many species, e.g. ;ittorina

scabra, always crawl high up the trunk during high tides in order to

avoid being sulmerged {Hielsen, 1276). According to Macnae and Kalk (1958),\

leaves and branches. o

Some phyla have only few representatives found in ;he study area,
but the species present can be abundant. A sipuhdulan Phascoloéoma
arcuatum was tine most abundant in the mangrQVebbiotopé and was not found ;::
elsewhere. They were very common even in an anoxic scil. ILittle is Known y
about the biploéy of this sipunculan species. It is believed to feed on

detrutus and alsc play a role in bioturbation of the sediment.
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¥ The common fishes at the o Laphrbo mangrove forebt vers s
; ;

Periophthalmus vulgaris, 201 ophthalmus boddaerti, Scartelaos viridis,‘
and Ctenogobius vexillifer, the former three species being the mud-
skippers in Periohthalmiéaé, the latter representing the farily Gobiidae.'
According to literature, P. vulgaris ig carnivorous; while the other two
species are deposit feeders, ingestiny diatoms, blue-jreen algas and
sediments containing meiofauna (7 noo, 19665 iz, i967; both cited ffom.L/r
R3 Macintosh, 1978)1 Macintosh (lu78) al g0 found that #. vulgaris is one
of the major predators of~sﬁa;;,f£ﬁglérfcrabs; The other gcbiid i"'islfxe;;s.f'j

are little known regarding theffeeﬁing habit, but they serve as a food

item feor the higher trophic/level (Sasekumar and Thonj, 1980).

3

3. Biomass and productivity of mangrove macrofauna
b2 & 2

The macrofauna bicmass ITable =

Y ot

hGWo that the highest valus

of 11.51 g dry weight m'-ag was obtained in the middle mangrove forest
(station 2) and the lowest value of 4.62 g dry weight m-z in the seaward
mangrove forest (Station 3). The mud flat also provided a high biomass

value of 11.17 g dry weight m 2.

in comparison with other mangrove forests, Mateewathana and
Tantichodok (19&0) cbtained bicmass values ranging from 3.06-10.23 ¢
¥ dry weight m 2\1n Ko Yao Yai mangrove forest and .84 g dry weignt m °

from the mud flat. The bicmass values from both mangrove forests are

; in the same order of magnitude. A further comparison can be made between

A
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the Xo Maphrao mangrove forest and the Southern Pusrto Rican mangrove
forest. Golley et al. (1962) gave the biuness estimate of 6.4 g dry weight

m  which was within the range of the present study.

The dry weight values were converted to calorific values by
using a conversion factor of 4.23 kcal per g dry weight (Cummins and

Wuycheck, 1971). Since no direct messuremente of macrofauna production
were made, in attempt te sstimate the animal production from the mangrove
forest, the P/B (productivity/bicnass) ratio from the literature was used
to convert the biomass into production.  The mean P/B ratio of 1.76 was
obtained from Moore {1972), in his'studv of macrofauna c¢f a muldy sand
enviromnent in Florida., This ratio was also employed by Hughes and Gambie
{1977) in a study of macrcfauna of intertidal soft substratum in Aldabra

. o5 o g Sy e 20
Atoll, Indian Ocean. The highest-animal productivity of 85.7 kcal m yr
was calculated for the middie mangrove station (Station 2) and the lowest
T ; , -2 -1 - Lo y :
in Station 3 of 34.6 kcalm.  yr {(see Table 10). The mud flat provided

; ) -2 -1 ; o :
an annual production of 83.2 kcal m "yr ~. The figures are high when
; : £ HEE- I P :

compared to the value of ‘about 15 kecal m "yr calculated for subtidal
benthic production of Phuket area (Petersen and Curtis, 1980). This
production of tropical mangrove animals is low coumpared to the production
in the temperate zone, and it presents a puzzle since the turnover rates
of animal production might be expected to be faster in the tropics.

However, studies on direct measurements of animal producticn are needed

to elueigate this problem.

On the average 20% of food intake would be utilized for secondary



1

Eetimates of total biomass, total ,prodﬂctivit&, V‘f;gz«mducti*\mity
: » 5 i 3 : g i - ¢ Y 3 .L ,H ,.-".,.
of detritus feeders and energy intake of racrofauna.

i : gea. ) e - Productivity
. productivity letritus feeders

y
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production in the detrital food chain, according to Tait, 1972  iie ealls
this a Gross Conversion Efficiency {(G.C.FE.) of 0.2, where

G.C.E i Calorific value of new tissue formed
o e ale ) e . s e S W2 POSHERSa—

e,

Calorific value of ingested fcod

Assuming 90% of total production of animals feeding on detritus and

associated microorganisms, the productivity estimates of detritvns feeders

from the mangrove arca were estimated (see Teble 10). These estimates i
were then divided by G.C.Z. of 0.2 to get the energy intakes to produce i |

eeders snnually. The result (Table 10) 1

i}

the new tissue of the detritus
shows that the energy intakes of animals in the mangrove forest rarge
e ; Y S 3% o g o ‘
from 155 ~ 385 kcal m yr7 witfh ‘asmean value of 259 kcal m yr and .of
the fauna on the mud flat is 374 kcal m yr .
The total primary production ¢f mengrove in Phuket was estimated

E
: < £t SO . : e
to be 2700 g dry weight w zyr : (réughly equivalent to 11,000 kcal m "vr

)
by Christensen (1978), and leaf production is about 25% of totel prodqct—
ion (see Discussion : Se¢tion-4, Compartment 2). Odum et al. (1972)
considered that the major euport of mangrove producticn was leaf litters
and half of the annual leaf producticon in a Florida mangrove swanp was
exported into coaSt ‘ water. With these figures, the mangrove primary
production of 9600 kcal mnzyr"l would bz in tne mangrove forest for
utilization. This amount of energy is 37 times cf the mean energy intake |
estimate of mangrove macrofauna (259 kcal n yr'l). This indicates that
the energy intake estimate is obviously ocut of proportion, compared to
the energy produced by the mangroves. It might be explained by three
reasons : firstly, the P/B ratio used is too low ; secondly, a certain

amount of energy produced by mangroves is used up by bacteria and fungi,
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which are in turn fed on by meiofauna and macrofauna; anl thirdly, 'the
production of mangrove macrofauna is regulated by some marine predators <o
A
which come into the mangrove by tides (see more details in Discussion : ;|
9

Section 4j.

4 Considerations tewards a conceptual model o¢f a mangrove food web,

with emphasis on the £fcod scurces,.

A conceptual model of a mangrove food web is proposed in Fig. 6.
The purpose of this construeted model is to describe briefly the signi-
ficance of various food sources involving in energy transfer to higher
trophic ;evels in the mangrove ecosystem, and also to speculate the role

of the mangrove ecosystem in contribution (export) cf organic enrichuent

to the nearby marine environment.

oy

Sources of primary-production

The input of primary production to the mangrove ecosystem is
from six basic sources : 1. allcchtonous particulate matter, 2. mangrove,
3. phytoplankton, 4. epiphytic microflora, 5. benthic microalgae, and

6. ‘macroalgae.

Allochtonous particulate matter (Compartment I)

It originates mostly from terrestrial plants, and includes

Ry S

organic matter in sadiments carried by rivers into the mangrove forest. 4,s
Some terrestrial leaves, e.d. coconut leaves, palm leaves etc., were

seen floating in the water channels during high tides. These leaves

were found to be chewel up by a polychaete Marphysa sp. (Hylleberg, ; o
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pers. comm.). The energy transfer from Compartment I enters the

i o

A~ heterctronhic macrofauna compartment via Route no. i.

Mangrove (Compartment II)

I+ is believed that mangrove prcduction is the most important
N
source of energy, even though we do not know the exact proportion of

mangrove production to the total production within the mangrove biotope.

The role of mangroves as a detritus source to the adjacent coastal water

“4 has been well documented by Odum (1969), Heald and Odum (1970), Heald
{1971), Heald et al. {1974) and, Odum and Heald (1975). Mangrove

nroduction contributes principally in the form of leaf material, which

is decumposed more rapidly than the wood and roots. A certain awount

of the dead leaves falling from mangrove trees are carried away by
tides, but scme leaves accumunlate on the forest flocr where they are
decomposed. Some freshly fallen leaves are ingested by a crab |

Chiromanthes sp. {(Malley, 1978} and a poOlychaete Marphysa sp. (Hylleberg,

.

pers. comm.). The mangrove plantation unit in Trang Province reported .;

the seedlings damaged by grapsid crabs. Mecnae (1966) also found

Sesarma sp. gnawing seedlings in Australian manjroves. The fallen
mangrove stumps are ingested by termites, isopods, a boring bivalve, ]
Teredoc Sp.. -
Mangrove leaf production and total net mangrove production oif
t Y : =20 =] ; : : : b
670 and 2,700 g dry wight M yr respectively in Phuket mangrove were
estimated by Christensen (1978). The total net production has excluded
underground production, bkecause of difficulty of estimation. The under-

ground production should not be neglected. Goliey et al. (1962) found




subterranean roots to be 44% of the total bicmasg, indicating that the

underground production makes a significant contribution to the production.

Paytoplankton (Cbmpartmént Ii1)

In the mangrove forest, there are a nurber of small and large
channels wihich are the habitat for fishes and prawns. Phytoplankton in
these waterways and adjacent water alsc contribute the production to the
mangrove ecosystem. Wium-Andersen (L979) measu;ed vhytoplankton product-
ivity in a bay adjacent tc maqgfove_aréésfin Phuket and he obtained a

-

high estimate of 468 g C mizyrf*p equivalent to about 930 g Jdry organic 2
matter muzyr_l. Zooplankton productivity in the wmangrove might be expected
to be high. Some filter feddérs, e.4. barnaéles, oysters and cother bivalves,

derive their nourishment frum phytoplankton (via Route no. 3). Meiofauna,

such as copepods, are also believed to feed on phytocplankton (Route no.4).
Epiphytic microfiora (Compartment IV)-

Epiphytic microflora encompasses diatoms and blue green algae,
which attach tc the surface of mangrove trees, inclﬁding prop roots and
pneumatophores. Some snails (for example : Littorina Spp.) graze on the
microflora on leaf surface (via Route no. 5). Hematodes and othér melo-

fauna are belieﬁed to feed on epiphytic microalgae (Route no. 6).
Benthic microalgae (Compartment V)

Benthic diatoms, flagellates and blue gfeen algae are important
benthic microalgae associated with sediments. The stomach contents of

many macrofauna (e.g. crabs) contain benthic diatoms, blue green algae
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(Route no. 7). Nematodes ingest significantly the benthic diatoms 7|

- {(Route no. 8). A
%

4

Macroalgae (Compartment VI)

Macroalgae include many species of red algae, green algae and
brown algae (Lewmanomont, 1976) in the sutdy of alyae in mangroves.

She recongnized two major groups : those attached to tree trunks Or roots

and those that grew on the mud flat. Macroalgae are diets for both

* macrofauna and meiofauna (Route nos. 9 and 10).

All the autotrophic coripartments mentioned above would be
canalized in two directions,/ ile. export from the mangrove ecosystem Or

remain in the mangrove forest in other forms of organic matter.

The export to the cutside mangrove areas is always facilitated
by tidal actions. Dead leaf material, particulate’ organic matter of
tissues are transported during high tides, . There is alsc an import e |
from the sea, but it seems small compared to the export. Heald (1971) 3
showed that the net export of fine particulate organic matter was, about

Loy

50% of the total annual production of particulate organic matter. Leaf
export estimate from the studied mangrove is not available at present,
but it should be expected to be a high magnitude. The export also
includes dissolved organic matter resulting from degradation of dead plants
v and animal tissues and photosynthesis process. Soluble organic compounds
(simple sugars, starchs, organic acids) are liberated into the water; sowe
\
components are utilized by the animals (through active uptake mechanism)

and heterotrophic diatoms (Hellebust and iewin, 1977; Poovachiranon and

Chansang, 1980j.
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Another export pathway is the loss of organic matter to the

sediments. Zobeil (1946) believed that 99% of organic matter is
minieralized in the ocean and the rest 1% is lost to the bottom sadiments.
This may be applicaile to mangroves also. 'The organic matter is lost' to
the sediaents in the form of humic acids which are not potentially a food
source for the orxganisms. The humic gcids have a turnover time as long
as 3,400 years (Williams et al., 1969, cited from Hyllebexrg and Riis-Vester-
gaard, in press) The fate and function of humic fractions are unknown

(Hylleberg and Riis~-Vestergaard, in press).

- . § . 3
All the production Of autotrophic compartments undergo the

process of decomposition, if not transported out at once. Mangrove plants
do not appeal much to the macrofauna as food sources, since they contain

a lot of resistant compcnents dominated by cellulose and lignin in the
tissues. Morebver, tannins which ares toxic compounds are alsc present

in mangrove tissues. TFew potential herbivores are able to feed on mangrove

plants directly.

Plant litters will pass through several steps during the decom-
position process. First, the dissoclved organic matter is give off from
the litters, and then the microbial colonization would inifiate. Bacteria
and fungi will ke important microorganisms colonizing the particulate
matter. At the same time the Jdisintegration or reduction in size of
particulate material occurs'by weans of mechanical fragmentation and
chewing by scme animals. bacteria and fungi are capable of utilizing
the resistant plant compounds and the biomass of these microorganisg

will increase the total protein level on the detritus particles. The




78
detritus is ingested by detritus feeders which are the majority of

mangrove macrofauna. These animals ingest organic detritus in one form

of another, from mangrove leaves to fine particulate materials, decomposed

animal detritus, excretion products and microorganisms associated with
detritus. This indicates the significance of the detrital food chain in

the mangrove ecosystem (sec Fig. 6, the thick line indicating the main

patinway of detritus formation).

Principally the nourishment the fauna gets from the detritus
may be bacteria and fungi which are casily digestikble. 1No studies
provide information on the availability_and the actual nutritive value of
detritus to macrofauna in the mangrove ecosystem. The detritus may be
ingested so many tiimes by macrofauna that new surface of the détritus
particle is exposed for new microbial attacks. Faeces which is another
form excreted from animals is then invaded by bacteria and fungi, recycling

=

back again in the food chain, when faeces is ingested by detritus feeders.

The detritus feeders are in-turn fed on by the predatory

macrofauna (K2 & K3). The macrofauna are then preyed on by the marine

fishes that come intc the mangrove furbst at high tides (Sasekumar and

Thong, 1980), This is another way of export of organic matter from the

mangrove ecosystem.

The macrofauna is alsoc preyed on by birds and mammals, either
residing or visiting mangrove forests., Some fishes are diets of certain
mangrove bird species, while sipunculans and crabs are eaten by macague

rmonkeys. This pathway is also considered as an export ; cathway .




proposed model, the production of dlfFarent compar tments should ba

- )

- quantified. The contrlbutlons of wmany autotrophs are by and large unknOWn¢

Therefore it'is not possible to.quantify the pathways shown, even thoughw5

some 1ﬂformatlon has been ”Omplled. However, one 1nterest1ng aspecﬁ

awaltlng further studies weuld be to estlmate the proportlonal magnltuda
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