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Summary

Mangroves are claimed to be important for fish production; the ecological background of these relationships
is well documented, but to date, two basic questions regarding mangroves and the coastal fish resource
remain unanswered:
- Are the ecological roles of mangroves similar in clear reef environments and turbid estuarine zones?
- Can coastal fish production be linked with the specificities of the estuarine and coastal environment?
This paper reviews the available information on this topic. A particular emphasis is put on fish and Southeast
Asia, and the scope is broadened by supplementary studies from Africa and South America. This
comparative approach shows that the relationship between mangroves and coastal production is not
constant, but strongly modulated by coastal morphology and energy. This has implications in economic
valuation of mangroves.
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INTRODUCTION

The concept of detrital food chains (Odum, 1980) has often been used to explain the coupling between plant
detritus, bacterial or meiofaunal communities, and fish production. This supposed efficient cycling of
nutrients was used to explain the high coastal production along mangrove zones.
However, when this notion is matched with the different types of mangrove gemorphologic settings (Thom
1982), it is clear that the export of organic carbon from mangrove systems is also governed by the
geophysical and hydrological local characteristics of the system.
Twilley (1995) has conceptualised the factors forcing the mangrove ecosystem, and listed sun, wind, rain,
river (with turbidity, organic matter and larvae), tide (with salinity, organic matter, larvae and nutrients), land
formation and humans. As these factors vary among sites, mangroves should not be considered as a single
ecosystem, but characterised by these parameters prior to any comparison or generalisation. In this
perspective, all mangroves are not equivalent. Their role in the coastal production and thus their economical
value will vary from place to place.
In this article the existing information on the exportation of mangrove material and on the diversity of
geomorphologic settings of mangroves is reviewed. The importance of environmental and climatic factors, as
well at their undervaluation, will be emphasised. I shall not detail here the macrobiotic processes in the
mangrove productivity, although the role of crabs is important in several places (review in Twilley et al. 1996;
Wolff et al. 2000).The various roles of mangroves in fish ecology will be briefly recapitulated, and the
diversity of interactions between fish and the different types of mangrove environments will be detailed. This
will lead to a synthetic conceptual model, as a set of hypotheses to be tested in future research works.

1) MANGROVE COASTS ARE DIVERSE

Although mangroves are most commonly referred to as a single ecosystem (like "forests", "tundra" or "coral
reefs"), the diversity of their shapes and geomorphic settings has been described for long. The literature
dealing with their distribution, zonation and morphology is abundant but very few studies deal with the
diversity of their interactions with adjacent systems.

The combined works of Thom (1982) and Galloway (1982) lead to the definition of six broad classes of
mangrove settings: large deltaic systems (low tidal ranges, very fine allochtonous sediments), tidal plains
(where alluvial sediments are reworked by tides; presence of large mudflats), composite plains under both
tidal and alluvial influence (including lagoons behind wave-built barriers), fringing barriers and lagoons (high
wave energy, autochtonous sediment of fine sand and mud), drowned bedrock valleys, and coral coasts
(bottom of coral sand or platform reefs). This broad classification can of course be further detailed to produce
additional or intermediate categories. These macrotopographic features superimpose with microtopographic
types as defined by Lugo and Snedaker (1974): fringe forest, riverine forest, forest, dwarf mangrove, etc.

Southeast Asia provides good examples of these different kinds of mangroves, with deltaic mangroves of
Borneo (Cragg 1983, Dutrieux 1991), drained bedrock coast mangroves of Northern Vietnam or Eastern
Malaysia (Hong Phan Nguyen & Hoang Thi San 1993, Gong et al. 1984), mangroves of fringing barriers in
the Philippines (Pinto 1988), sheltered coastal mangroves of West Malaysia (Ong & Gong 1990), coral reef-
associated mangroves of Indonesia or Singapore (Tomascik et al. 1997, Low & Chou 1999)

In addition to the environmental settings listed here, the proximity to anthropogenic influences and local
geology will influence the chemistry of mangrove waters and sediments. The diversity of definitions of
mangroves, particularly when the human environmental impact is included, has been pointed out by
Cormier-Salem (1999).

At the local level, the issue of diversity of mangroves is not of direct relevance: local management deals with
local mangroves, and with their specificities. However when addressing regional issues such as biodiversity
or valuation, the diversity of mangroves and of their functioning should be taken into account (Twilley 1997,
Ewel et al. 1998).
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2) MANGROVES EXPORT NUTRIENTS TO THE COASTAL ZONE

Mangroves export nutrients to the coastal zone…but not always

The pioneering work of Odum & Heald (1975) promoted the idea that particulate detritus exported from
mangrove forests provided significant nutrient input to coastal waters.
The high organic mater production of the mangrove are a nutrient source for adjacent waters, provided that
exportation occurs (Mann 1982).
Several studies have confirmed the high export rate of total organic carbon from mangrove zones (average
210 gC.m-2.year-1, after Twilley 1998), but with a high variability ranging between 1.86 gC.m-2.year-1 in Hong
Kong (Lee 1989) and 420 gC.m-2.year-1 in Australia (Boto & Bunt 1981). Nitrogen flux studies show an
equally high variability.
Regarding mangroves, Boto & Bunt (1981) supplemented by Robertson (1986), showed that in a tidally
dominated mangrove zone (with almost no terrestrial runoff or freshwater input), 35% of the net primary
production was exported to nearby coastal waters (almost entirely in the form of particulate matter). In
Malaysia, Ong (1997) and Simpson et al. (1999) have outlined the difficulty inherent in measuring of fluxes in
tidally dominated estuaries with distributed river inputs.
In another review of mangrove outwelling, Lee (1995) noted that the export of matter, although globally
important, can vary a lot depending on the chemical element considered. He pointed out the importance of
groundwater flow and of dissolved matter, generally overlooked. Last, the conclusions were that the role of
export on offshore secondary production was not that clear and probably not as important as initially
expected. Furthermore the consumption of mangrove leaf litter by dense crab communities, particularly in
high energy coastal environments, can strongly influence exportation budgets. Crabs can consume between
30 and 79% of the annual leaf fall (Robertson 1986, Robertson and Daniel 1989), making a strictly
geophysical model incomplete (Twilley 1998, Knoppers et al. 1999).

Quantities of mangrove material are not the only issue

Parameters other than export rates are to be considered when dealing with nutritive material available along
the coastal zone. The quality of nutrients and the density of bacteria are among these additional parameters
whose role seem to be important.
Daniel and Robertson (1990) stated that variations in the quantity of exported mangrove detritus explained a
significant proportion of the variance in total epibenthic standing stocks in mangrove and embayment
habitats. According to Robertson et al. (1988), exported material may support only a fraction of benthic
bacterial productivity in shelf habitats, and in some cases the poor quality of the exported litter might control
the bacterial development in certain areas (Alongi 1990). Gearing et al. (1984) pointed out indeed that "the
refractory nature of the exported material might limit its value to coastal food chains and nutrient cycles". It
must be noted however that the subsurface burial and degradation might support a highly abundant and
productive bacterial biomass (Alongi et al.  1989, Alongi 1990). Last, the role of bacteria as mineralisers of
organic detritus and recyclers of essential nutrients could be more important than their trophic function
(Alongi 1994).
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3) MANGROVES AND THEIR EXPORTS INFLUENCE THE FISH ECOLOGY AND PRODUCTION

The role of mangroves in sustaining the coastal fish and shrimp production has been extensively reviewed
(Robertson and Blaber 1992, Singh et al. 1994, Baran & Hambrey 1998, Rönnbäck 1999). A brief summary
is given here, before arguments are developed for an hypothesis on the variability of the mangrove-fish
production relationship.

Fish ecology

Multiple studies show that mangroves act as a nursery for numerous species of fish (and shrimps) harvested
along coastal zones. Being most commonly located in estuarine zones, mangroves can be considered as a
particular case of estuarine environment (Baran & Hambrey 1998); then they play the same nursery role as
estuaries (Day et al. 1989). However they exhibit particular features detailed below.
Estuaries are very productive zones because they concentrate nutrients from rivers, and have a nutrient trap
effect due to mixing with sea water (flocculation) and local retention due to tidal alternance (Knox 1986);
these features also characterise mangroves, and the productivity is in average higher than in estuaries
because of the very high primary productivity of the mangal itself (leaf litter), supplemented by that of
cyanobacteria, diatoms and microalgae (Alongi 1988, 1989) and that of algae fixed on mangrove prop roots
(Rodriguez & Stoner 1990). This primary productivity is at the base of a food web including zooplankton,
mysids and shrimps. The high abundance and diversity of sizes of this resource provides a whole range of
food items for fish post-larvae and juveniles.
The survival of juvenile fishes is enhanced in a mangrove environment, thanks to two parameters: turbidity
and shelter. Turbidity is common in all estuarine zones, but can be particularly high in deltaic mangroves, the
fine sediments being retained among the pneumatophores but kept in suspension by the tidal alternance.
This turbidity favours juveniles which better escape visual predators (Kneib 1987, Hecht & van der Lingen
1992, Gregory & Levings 1998). Mangal pneumatophores also constitute for juvenile fish a shelter
inaccessible to adult predators (Thayer et al. 1987) and in more open waters the shadow of the canopy also
reduces contrasts and thus the hunting efficiency of predators (Helfman 1981). As an overall result, the
abundance of juveniles found in mangroves (nursery role) could result from a much higher survival rate of
eggs and larvae in this environment.
One should note that the abundance of shrimps has also been correlated to the most diverse and complex
mangal structure (Rönnbäck et al. 1999, Jayasundera et al. 1999), and to tree density (Ashton et al. 1999).
Despite these clear facts, the dependence of fish on mangroves has been controversial. After their
exhaustive overview of the issue, Robertson and Blaber (1992) noted that there was no clear conclusion
about the relative importance of these areas to fishes.

Fish production

Although mangroves have regularly been claimed as important to sustain fish production, studies having
quantified the relationship between coastal fish production and surface of mangroves, reviewed in Baran
(1999) are very few in the international literature. Most relationships deal with shrimp production (e.g.
Sasekumar & Chong 1987, Singh et al. 1994, Chong & Sasekumar 1994, Marshall 1994). Whether they deal
with fish or with shrimps, all these relationships are significantly positive.
Regarding finfish resources, Sasekumar et al. (1994) have shown that catches of "mangrove-related fishes"
reach one million tons a year in the ASEAN (Table 1). Along the west coast of Malaysia, these catches of
mangrove-related species represent in average 26% of the total yield, and 50% when trash fish are
excluded. In Malaysia only, the mangrove-dependant fishery was valued at US$ 300 millions annually in
1994 (Singh et al. 1994)

Table I: Landing stocks of mangrove dependant economically important
finfishes for the ASEAN countries (average 1988-1991) from FAO
statistics
Country Tons
Philippines 200000
Singapore 3000
Thailand 195000
Indonesia 495000
Malaysia 194000
Grand total 1087000
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Stable isotopes techniques have significantly contributed to following the fate of mangrove detritus in coastal
estuarine ecosystems. However most studies have focussed on shrimps. In Florida, Fleming et al. (1990)
have concluded that mangroves contributed only to a localised and low proportion of carbon found in the
animal community of an adjacent seagrass bed. Newell et al. (1995) have shown that in Peninsular
Malaysia, detritus of mangrove origin contributed to the nutrition of juveniles inside the mangroves (together
with benthic macroalgae), but not to offshore prawns which mainly feed on phytoplankton. This trend is
consistent with the results of Rodelli et al. (1984) and Chong et al. (2001). Studies in the Bay of Bengal
(Dehairs et al. 2000) also showed that mangrove carbon was assimilated by zooplankton and macrofauna in
mudflats and channel, but not very far in the bay.

When they exist in the vicinity of mangroves, seagrass beds seem to be as preferred feeding grounds for
fish, as noted along Kenyan coasts by Marguillier et al. (1997). In Florida it seems that the contribution of
mangroves to shrimps diet depends on the relative productivity of mangroves, when compared to seagrass
and phytoplankton (Zieman in Twilley 1995). In Australia Loneragan et al. (1997) have shown that the role of
mangroves on prawns nutrition was very localised, and that nearby seagrass beds would provide a dominant
alternative wherever available.

4) GEOMORPHOLOGY AND CLIMATE INFLUENCE NUTRIENTS EXPORT RATES

In 1974, Lugo & Snedaker have pointed out the likely role of geomorphologic setting in the export rate of
mangrove litter and carbon. Valiela et al.  (1978) have also outlined the importance of terrestrial runoff and
groundwater in the exportation of dissolved matter in marshes.
During twenty years, many studies have focussed on mangrove production on site, particularly in the
intertidal zone, but the fate of this production along coasts has been much less studied. Studies on
mangrove material export tend to draw general conclusions from their study site, but give limited indications
on local geomorphology, current patterns and climatic variability in their site, thus restricting comparative
approaches.
Geomorphology and hydrology govern the development of mangroves, but they also control export rates of
organic carbon. Examples showing this role are multiple. For instance in Klong Ngao (Gulf of Thailand), in
the rainy season the outflow is trapped in a coastal boundary layer of a near-river plume, whereas in the dry
season nutrients are trapped in the mangrove system because of sedimentation (Wattayakorn et al. 1990).
In Tanzania, the existence of coastal currents and prevailing winds lead to the trapping of mangrove
production along the proximate coast, without offshore exportation (Francis 1992). In systems with little or no
freshwater input, tidal activity seems to dominate for the most part (e.g. in Japan, Mazda et al. 1990).
In Mexico, Day et al. (1987) compared a riverine and a fringing mangrove site receiving about the same
average annual precipitation but differing in salinity range and thus in hydrology. They found that the riverine
site under river influence was more than 50% more productive than the tidally driven fringe site. In West
Peninsular Malaysia, Tanaka and Choo (1999) showed that nutrient concentration in two estuaries were
related to the surface inundated during spring tide. The north-east coast of Brazil provides a good example
of the diversity of combinations of different climates and tidal regimes over more than 7000 km of mangrove
coast (Ekau & Knoppers 1999).

One extreme of the range consists of mangroves of estuarine and deltaic zones, the other extreme being
mangroves of coral islands or arid environments with very limited export to the coast.
In estuarine and deltaic zones, the seasonal pulse of the riverine system, supplemented by heavy rainfalls
and runoff along coasts, results in a high flush of nutrients out of mangrove areas. This can be amplified by a
high tidal range due to large continental shelves and shallowness. In such cases the coastal zone is
brackish, turbid, and an export of nutrients can be expected. This results in a certain similarity between its
water and water in the mangrove zone (homogenisation process on high energy coasts). Mangroves of the
Mekong delta, of the Amazon and of Guinean coasts in Africa correspond to this type.
In coral islands or arid environments, the mangrove is undeveloped, nutrient import from land is very limited,
and export of carbon to the coastal zone is also limited. Salinity can increase landward due to evaporation in
mangrove streams, and the water can be quite clear. Mangroves in the Solomon Islands, in South
Madagascar, in Senegal or in Mauritania correspond to this type.
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5) THE RELATIONSHIP BETWEEN MANGROVES AND COASTAL FISH PRODUCTION IS VARIABLE

The above sections leads to the conclusions that i) mangroves can exert a positive role on the coastal fish
production via their exports to the coastal zone and ii) the export rate is variable, depending among other
factors on the environmental setting of the mangrove zone. I shall examine here the likely consequence of
these premises, i.e. the variability of the relationship between mangroves and fish production.
To my knowledge, only three studies have quantitatively addressed the spatial or temporal variability of the
relationship between mangroves zones and coastal production.
Yañez-Arancibia et al. (1985) have shown in Mexico that it varied according to annual riverine outflows. This
conclusion is in agreement with all other studies having linked coastal harvests and fluvial discharges in
temperate or tropical areas (Knox 1986, or more recently Loneragan & Bunn 1999 for shrimps).
Pauly & Ingles (1986) have shown that the relationship between mangrove surface and sustainable yield of
penaeidsdepended on latitude, with higher linkage in lower latitudes.
Last, de Graaf & Xuan (1998), working in Vietnam, have introduced a disputable "social incentives for
fishing" factor in the equation. This factor points out the importance of taking the fishing effort into
consideration prior to calculating production-surface relationships when production figures are actually catch
statistics (Loneragan in press).

The limited number of quantified relationships between fish catches and mangrove surface leads to also
integrate ecological arguments.
Biological studies comparing mangrove and coastal and mangrove environments are few, and result in
different conclusions. In Australia, Blaber et al. (1985) and Robertson and Duke (1987) concluded that
mangroves did not play a significant nursery role for species of high commercial value; however studies
undertaken in other sites lead to different conclusions (Blaber et al. 1989, Robertson and Duke 1990).
Littoral surf zones and creeks have been considered as an habitat suitable for juvenile fishes (Beckley 1985;
Ross et al. 1987; Bennett 1989 ; Whitfield 1989, Blaber & Milton 1990). This would explain that in certain
cases the mangrove system does not play a specific nursery role (with a concentration of juveniles), as this
role is also played by coastal surf zones.
In mangrove/coral reef complexes, Blaber and Milton (1990) and Thollot (1992) concluded that the
relationships between mangroves and reef ichthyofaunas were limited, while in the case studied by Lal et al.
(1984) there seemed to be a stronger relationship. Nagelkerken et al. (2000) suggested that mangroves,
seagrass beds and shallow areas played the same nursery role for reef fish, but with marked preferences
depending on species.
Actually, in several cases the role of mangroves to juvenile fish cannot be summarised in a manichean way
(nursery role/no nursery role). The role depends on species considered, different species using the
mangrove/estuarine zone at different periods of their life and for different purposes. In Guinea for instance,
Baran (1995) has shown that seven strategies could be identified in the mangrove/estuarine/coastal fish
community, depending on the ecophases considered and of their origin (marine/estuarine/freshwater).

The differences between these various studies could be partly accounted for by differences in river regimes
(retention or export of nutrients from the mangrove zone), turbidity levels (whose protective role is or is not
limited to the mangrove zone) and the possible presence of alternative habitats for juveniles in the coastal
zone. Interactions between these three factors determine a large range of possible mangrove-ichthyofauna
relationships. West Africa provides a clear example of the variability of these interactions, with a strong
environmental gradient along a short distance of about 800 km and a diversity of mangrove settings from
hypersaline estuaries in arid Senegal to deep hypertidal rias of Guinea-Bissau and to a large brackish
coastal zone in humid Guinea (Bertrand 1999, Baran et al. 1999). This results in very different functioning of
estuarine/mangrove zones, with either a seasonal alternance of freshwater-estuarine-marine fish species, or
an incursion and development of typically marine species within the mangrove (Baran 2000). In both cases
the species richness is high, but due to very different species and strategies. Fish production figures vary
depending on the zone considered: the coasts of Guinea and Guinea-Bissau are considered as the most
productive fishing ground in the region, whereas within estuaries they provide the lowest catches due to the
dominance of juveniles in brackish and turbid waters.
These indications on the influence of the hydrology and sedimentology on fish production are supplemented
by ecological observations on invertebrates (taking part to the food web, and therefore linked to fish). In
West Thailand "species diversity and number of individuals in each zone of the mangrove biotope are more
or less correlated with organic content and percentage silt-clay" (Nateewathana & Tantichodok 1984). Daniel
and Robertson (1990) have shown that epibenthos was significantly more exported out of mangroves
(together with detritus) during higher tide periods, jointly with reduced salinity which incitated epibenthic taxa
to leave the estuary. Last, Chong et al. (1996) have emphasised the role of lateral trapping and retention of
shrimp larvae in mangrove channels by tidal current.
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6) A SIMPLE MODEL OF MANGROVE-FISH INTERACTIONS TO BE TESTED

Geomorphology and climate affect salinity and turbidity of coastal waters. Therefore they influence the
distribution of species and ecophases, as well as their abundance (Blaber 1997). The reason for the
abundance of fish or shrimps along mangrove coasts is the abundance and diversity of nutriments. However
the release of nutrients is not always widespread along the coastal zone, depending on local
geomorphologic and hydrologic patterns. For juvenile fish, mangroves provide shelter and turbidity reduces
predation rates, however alternatives can exist along coastal zones.

In high variability estuaries and deltaic systems, the freshwater pulse brings mineral particles (i.e. turbidity)
and nutrients from the whole river basin. Both will be released along coasts, resulting in a certain
homogeneity of waters within the mangrove zone and along the shelf. Along such coasts, adult fish can find
abundant and diversified food resources without having to go into the mangrove, and surf zones and creeks
can provide suitable habitats to juveniles. In these environments no particular concentration of juveniles and
adults is to be expected in mangroves. Thus the role -and value- of these mangroves is then to be expressed
in terms of contribution to the primary productivity in the coastal zone, not in terms of nurseries.

In low variability/energy coastal systems, the freshwater pulse will be limited to the nearshore and inside the
mangrove zone. The turbidity along the coastal zone will depend on the nature of the substrate: fine or
coarse sediments, or hard substrate.
If the substrate is made of fine sediments, the tidal action might result in a turbidity in the mangrove, but not
along the coast. In this case, there will be concentration of juveniles in the mangrove zone (nursery role due
to food supply and reduction of the predation rate), as well as of adults (because of abundance of
nutriments)
If the substrate is made of coarse sediments (sand, gravel) or of hard substrate (calcareous platters in coral
islands), then the turbidity will be reduced and the protection role of the mangrove will be reduced. One can
expect no concentration of juveniles in the mangrove (reduced nursery role) because of the predation of
adults. Adults on the contrary will have reasons to concentrate in the mangrove, because of higher nutrients
availability.

To summarise, mangroves consist of a complex and dense trophic network with abundant food and
diversified niches, thus it is attractive to both adult and juvenile fishes; turbidity decreases the predation rate
by ichthyophages and is attractive for juveniles; high tidal range or high outflows result in an export of the
trophic resource (and/or turbidity) to the coastal zone, i.e. cause homogenisation between the mangrove and
the coastal zones.
Figure 1 summarises these likely combinations and their impact on the fish resource, in the mangrove and
along the littoral.

Figure 1: Hypotheses on the distribution of adults and juveniles in mangrove
zones according to important environmental parameters.
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Testing these hypotheses requires a comparative spatial approach, and therefore the coordination of several
data sets. Analysing the "concentration" of adults/juveniles and the "difference" between the mangrove and
the coastal zones implies that we have to compare in quantitative terms the patterns of the assemblages in
different places, i.e. the structure of these assemblages (abundance and distribution of the different species
and ecophases in space and time). Analysing the relationships between these multispecific structures and
the environmental variables mentioned above also requires a statistical approach, to test whether these
relationships are significant.

CONCLUSIONS

Although the diversity of mangrove forests has been identified for long at a local scale (a few kilometres), the
diversity of physiographic patterns and hydrophysical settings has only beens pointed out. This diversity of
mangrove coasts has a corollary, that of their ecological functioning and role. Is mangrove really an
ecosystem per se, as often stated, or should not we consider that the mangal is a part of different coastal
system?
When focussing on fish and coastal resources, it seems that the different roles played by mangroves,
according to various studies, could be partly accounted for:
- by differences in river and tidal regimes (retention in or export of nutrients out of the mangrove zone),
- by various turbidity levels (whose protective role for juveniles against predation is limited or not to the
mangrove zone)
- and by the possible presence of alternative habitats for juveniles in the coastal zone.

Therefore the relationship between mangroves and coastal production is not constant, but strongly
modulated by coastal morphology and energy. There is evidence for instance that the nursery function of
mangroves can be highly variable, dependant upon coastal currents, local hydrograph, physicochemical
conditions and species considered.
When addressing management and valuation, general approaches and methods should be avoided, and the
local peculiarities are to be taken into account. Robertson (1999) notes that four areas remain to be explored
by research: the habitat value of different mangrove and estuarine regions; the comparisons between
denuded and pristine mangrove regions; the connections between mangrove, seagrass and other nearshore
habitats; and the habitat choice by juvenile prawns.
Given the diversity of mangrove-coastal production relationships, estimates of the value of mangroves based
on estimates of the total value of the offshore national fishery divided by the area of national mangrove coast
can be misleading (Hambrey 1997), and a relevant scale to address this issue should be better defined.
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