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ABSTRACT. Coral reefs occur in a variety of situations in the Atlantic, Pacific and lndian Oceans, which 
involve great differences in the degree of isolation from surrounding shallow-water environments, e.g. 
seagrass beds, mangroves and unvegetated sediments. Mangroves and seagrass beds appear to offer 
attractive habitat for fishes - including species commonly found on reefs - especially for settling 
postlarvae and developing juveniles. These habitats probably intercept large numbers of recruits, and 
may offer some advantages over coral reefs for early survival of young juveniles. They may act as 
accumulators of excess recruits, which could tend to smooth out the temporal patchiness of recruits 
available to reefs directly from the plankton. However, there is no clear evidence that, in general, reefs 
situated favorably to the shallow-water, vegetated habitats experience enhancement of these early life 
stages, by comparison with more remote reefs There are a few demonstrated mechanisms for move- 
ment of plant and animal material (alive, dead or reprocessed) between these shallow-water habitats. 
including recycling of reef organic production through an adjacent habitat and back to the reef. The 
absolute values of such fluxes assimilated by (or returned to) the reef may be small, but the means by 
which the material is exchanged may be particularly suitable to enhance fish populations. Relative 
trophic patterns among the various shallow-water, demenal habitats and among the oceans of the world 
are not entirely clear. This is partly because quantitative fish community studies and trophic studies in 
seagrass and mangrove habitats are inadequate. Among fish, carnivores appear to dominate in all 
habitats in almost all situations; usually benthic invertebrates are the major prey group. In a few 
reported situations, primarily in the Pacific, planktivory appears to be the dominant feeding mode. 
Algivory is important in all situations, but almost never dominant, and its importance varies widely 
within (as well as between] oceans and types of situations. I t  may be most significant on the open coasts 
of some isolated islands and atolls. Seagrass is a minor direct food source in all oceans and is best 
documented in the Atlantic. If important linkages occur among the shallow-water, adjacent, tropical 
habitats, they most likely involve fish recruitment and/or trophic processes involving invertebrates. Both 
are little-known subjects in these environments, that will require additional, focused research to clarify 
the nature and magnitude of any interactions that influence marine resources. 

INTRODUCTION 

Coral reefs occur widely in the tropical Atlantic, 
Pacific and Indian oceans, in a wide variety of situa- 
tions. They are often adjacent to extensive seagrass 
beds and mangrove tracts that provide very different 
habitats for biota. Both these latter habitats have high 

This review originates from a UNESCO/COMAR workshop 
held in Fiji comparing Atlantic and Pacific tropical coastal 
ecosystems 

primary productivity, with much export as dissolved or 
detrital organic material (Odum et al. 1959, Bakus 
1969, Heald & Odum 1970, Odum & Heald 1972, 1975, 
Buesa 1974, McRoy & McMillan 1977, Ogden 1980, 
Cintron & Schaeffer-Novelli 1983, Rodelli et al. 1984, 
Robertson et al. in press). Both types of habitat provide 
suitable protective cover for many species of marine 
fish and invertebrates. It has long been suspected that 
there may be important ecological linkages between 
these diverse habitats in terms of flux of energy or 
materials, obligate use of a combination of the habitats 
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in the Life cycles of animals, or other interactions 
(Odum & Heald 1975, Ogden & Zieman 1977, Ogden & 
Gladfelter 1983, Birkeland 1985). It has been suggested 
that the functioning of such linkages largely explains 
the persistence of extraordinarily high densities of bio- 
mass concentrated on the limited bottom area of reefs 
(Bardach 1959, Starck & Davis 1966). 

Munro (1984) and ~Munro & Williams (1985) have 
recently suggested a theoretical potential world har- 
vest from all coral reefs of 9 million tons yr-l, much of 
which is fish. Thus, there are important economic as 
well as scientific motivations to determine how the 
various shallow-water tropical habitats are used by 
fishes, and how their ecological interactions affect pro- 
ductivity of 'reef' fish populations. There are undoub- 
tedly important physical interactions, chemical ex- 
changes, and Interactions between invertebrate ani- 
mals among the major shallow-water habitats (Ogden 
& Gladfelter 1983, Birkeland 1985). However, I will 
discuss only processes that involve fish production 
more or less directly, assessing the characteristics and 
extent of the processes in the various types of situations 
and oceanic regions where reefs occur. 

FLUX OF MATERIALS AND ENERGY 

Detrital drift 

Reefs produce large quantities of detrital material 
(Glynn 1973, Johannes & Gerber 1974, Gerber & Mar- 
shall 1974a, Hobson & Chess 1978, Hatcher 1982a). 
Shallow-water surroundings of almost any kind offer 
some opportunity for storage of such material leaving 
the reef. Some reef-associated fishes that forage in the 
water column feed heavily on it as it is washed from the 
reef, and thus return to the reef a portion of the poten- 
tial detrital loss (Johannes 1967, Gerber & Marshall 
1974a,b. Hobson & Chess 1978). Much of the detrital 
biomass appears to be benthic algae, which represents 
reef primary production. 

Such algal 'planktivory' has been best documented in 
Pacific oceanic atolls (specitlcally Enewetakj These 
atolls lie in oligotrophic waters (Sargent & Austin 1949, 
Odum & Odum 1955, Taniguchi 1972) without the bene- 
fit of shallow-water surroundings (other than their 
lagoons). It is widely believed that they are among the 
most 'closed' of marine ecosystems - i.e. they are organ- 
ized for maximum retention and recycling of resources. 
Thus, it seems adaptive that this form of recycling of reef 
algal primary production should be most highly 
developed in such situations. Appropriate studies to 
assess such algal 'planktivory' have apparently not been 
done in other situations. Its importance is beginning to be  
recogn~zed, however (e .g .  Williams P1 Hatcher 1983). 

Reef debris that is not captured by planktivores will 
tend to settle and accumulate in shallow-water sur- 
roundlngs such as seagrass beds and mangroves. 
Debris deposited in these habitats may return to the 
reef by several mechanisms. Foraging fish, commuting 
from the reef, may eat it directly, but diet studies of 
resident reef fishes do not suggest that this is a major 
mechanism (e.g.  Randall 1967). 

Reef detritus may (1) be consumed directly in these 
surrounding habitats by a variety of resident inverte- 
brates, or (2) it may sustain a microflora of detritivores 
which is consumed by these invertebrates, or (3) if 
reduced to basic nutrients, lt may support plant growth 
within the habitat. In habitats such as seagrass beds 
and mangroves, the food web within the habitat may 
produce an  abundant invertebrate fauna (O'Gower & 

Wacasey 1967, Heald & Odum 1970, Austin & Austin 
1971, Abele 1974, Thomassin 1974, Brook 1975 
Table 16, Heck 1977, Weinstein & Heck 1979, Wahbeh 
1982). 

Transport to reefs from surrounding shallows 

Fish are probably the main agent for returning to the 
reef this production derived from reef debris. Direct 
herbivory by fishes in surrounding areas is probably 
quantitatively important wherever reefs and vegetated 
habitats occur together. Seagrass and the algae within 
grass beds and mangrove habitats (particularly algae 
epiphytic on grass blades and submerged prop roots) 
provide important food sources for herbivores (Bakus 
1969, Rutzler 1969, Austin 1971, Earle 1972, Ogden 
1980, Lobe1 & Ogden 1981, Harmelin-Vivien 1983). 

The flux of benthic invertebrates from surrounding 
habitats to the reef is produced primarily by the 
activibes of a guild of daily commuters that shelter on 
or near the reef by day and forage the surrounding 
habitats by night. The abundant apogonids and 
holocentrids (especially the Holocentrinae) probably 
fill this role to some extent in all oceans (Randall 1963, 
1967, Starck & Davis 1966, Vivien & Peyrot-Clausade 
1974, Oyden & Zieman 1977, Weinstein & Heck 1979). 
Many snapper species are moderately abundant com- 
muting predators in all oceans (Hiatt & Strasburg 1960, 
Starck & Davis 1966, Randall 1967, Starck 1971, Ogden 
& Zieman 1977, Weinstein & Heck 1979). Mullids also 
flll  this role to some extent (Randall 1967, Hobson 1973, 
Jones & Chase 1975, Ogden & Zieman 1977, Weinstein 
& Heck 1979) Mullids are much more speciose and 
abundant in the Indo-Pacific. 

Other important reef fish families with species that 
commute to adjacent habitats to feed on invertebrates 
in some parts of the Atlantic include the Sciaenidae 
and Muraenidae (e.g.  Hobson 1975, Weinstein & Heck 
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1979), and especially the Haemulidae (Starck & Davis 
1966, Randall 1967, Starck 1971, Ogden & Zieman 
1977, McFarland 1979, Weinstein & Heck 1979). The 
size and conspicuous appearance and behavior of 
haemulids, by comparison with more cryptic species 
such as holocentrids, may lead to overestimation of 
their abundance and importance. However, in the 
western Atlantic, they are unquestionably very impor- 
tant as transport agents from the surroundings to the 
reef in terms of abundance, diet, great foraging range, 
and dependence on the reef surroundings for food. 

Throughout much of the Pacific and Indian oceans, 
which lack haemulid commuters, the Lethrinidae 
apparently fill a somewhat similar role (Hiatt & Stras- 
burg 1960, Talbot 1960, Jones & Chase 1975). They are 
nowhere as abundant as the largest concentrations of 
haemulids, and they do not occur on western Atlantic 
reefs. Many less abundant reef species also forage the 
invertebrate fauna of grass beds, e.g.  Serranidae (Ran- 
dall 1963, Harmelin-Vivien & Bouchon 1976), Scor- 
paenidae (Starck & Davis 1966, Harmelin-Vivien & 
Bouchon 1976), Fistulariidae (Weinstein & Heck 1979), 
and Aulostomidae (Weinstein & Heck 1979). Meyer et  
al. (1983) listed 15 families with species that 'feed away 
from and then rest in or over coral heads'. 

The die1 cycle of carnivorous feeding may vary con- 
siderably between regions. In the Caribbean, there are 
significant influxes to the grass beds of nocturnal 
predators on benthic invertebrates. At Tulear, Mada- 
gascar (Harmelin-Vivien 1983), the nocturnal predators 
on invertebrates are almost entirely planktivores, and 
most predators on benthic invertebrates are diurnally 
active (and probably more nearly resident). 

Disposition of imported material 

Material brought to the reef by commuting fish is 
incorporated into the rcef trophic system through a 
number of mechanisms. Since the commuters are reef 
residents, food input from the surroundings represents 
support of reef biomass. Commuting fish are also con- 
sumed by resident piscivores, e.g. serranids, lutjanids, 
muraenids and synodontids. In studies of community 
piscivory in the Northwestern Hawaiian Islands, 
Apogonidae comprised 15 % of all fish prey individu- 
als, Mullidae 9 %, and Holocentridae 4 % (Norris & 
Parrish in press). Similarly, Caribbean Haemulidae are 
major prey for resident snappers and other piscivores 
(Starck & Davis 1966, Randall 1967). In all areas 
studied, the wide ranging, demersal commuters appear 
to be  a major staple in the diets of resident piscivores 
(Hiatt & Strasburg 1960, Talbot 1960, Randall 1967). 

Of all food consumed by carnivorous commuter 
fishes, up to 20 O/O may be lost by defecation and excre- 

tion (Mann 1969). A good deal of unassimilated food is 
voided on the reef. Recycling can occur by direct cop- 
rophagy. Coprophagy by fish has frequently been 
casually observed and has recently been studied and 
quantified in some detail (Robertson 1982). There is 
every reason to believe that this practice is widespread 
and that it may recycle a significant fraction of the food 
imported but not directly assimilated. Although data 
are lacking, it seems likely that much of the feces 
voided by fish is eaten by reef invertebrates and thus 
recycled on the reef. All benthic community studies 
show large populations of invertebrates that seem 
likely scavengers of fish feces. Most of these 
detritivores can feed effectively in the interstices of the 
reef substrate where feces often settles. After some 
time on the reef surface, feces may become nutrition- 
ally enriched by accumulated microflora. 

The potentially important effects of imported fish 
excretory products on sessile reef invertebrates (par- 
ticularly corals) have recently been investigated 
(Meyer et  al. 1983, Nelson 1985). Measurements 
showed elevated levels of dissolved nutrients in the 
water column and increased sedimentary feces on the 
bottom in the vicinity of large schools of haemulid 
commuters loitering on the reef after a night's feeding. 
Comparison of growth measurements of adjacent cor- 
als against controls, and experimental removal of a fish 
school from a coral gave somewhat ambiguous results, 
but suggested that increased coral growth from this 
fertilization process may be measurable where commu- 
ters are concentrated. Whether measurable by present 
methods or not, the mechanism is entirely credible and 
probably operates widely on reefs. Such effects of fer- 
tilization on benthic algae would be expected to occ'ur 
widely also. 

Importance and geographic distribution of transport 
processes 

These relatively small components of the total flux 
between productive shallow-water habitats may be  
disproportionately important for several reasons. 
Oceanic inputs of energy to reefs are often very low. 
Thus, even small direct fluxes from surrounding 
habitats are possibly important. To a large extent, reefs 
appear to maintain their high biomass and rate of 
productivity by internal recycling. Thus, they are prob- 
ably well adapted to enhance their trophic budgets by 
recycling through these spatially and temporally short 
loops. The surrounding habitats in which some of these 
fluxes originate are highly productive, both at  the prirn- 
ary level and at the level of benthic invertebrate forage 
animals (e.g. Rodriguez 1959, O'Gower Pc Wacasey 
1967, Rutzler 1969, Heald & Odum 1970, Austln Pc 
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Austin 1971, Thomassin 1974, Brook 1975 Table 16, 
Heck 1977, Wahbeh 1982). For several of the mechan- 
isms described, import to the reef occurs at  trophic 
levels that are close to direct support of fish popula- 
t i o n ~ ,  so the trophic efficiency is high. Even the import 
of inorganic nutrients (e.g.  a s  completely reduced 
excreta) fertilizes benthic algae, much of which is con- 
sumed directly by fish on the reef. 

The types of trophic transfers described are limited 
almost entirely to situations in which reefs are adjacent 
to extensive shallows. For atolls and small, high islands 
surrounded by steep slopes, adjacent shallow-water 
habitats are limited. Much of the reef in the central 
Pacific occurs in such situations, with little or no sea- 
grass or mangrove present. Thus, the mechanisms for 
trophic exchange and reproductive interaction (discus- 
sed below) among shallow habitats are less important 
in these regions. In large portions of the western Atlan- 
tic, bathymetry and the occurrence of extensive veg- 
etated, shallow-water habitats favor such interactions. 
Important fish commuters occur in abundance, and 
focused research has produced direct evidence of 
trophic exchanges. In other oceanic regions where 
bathymetry and surrounding habitats are favorable, 
there appears to have been less focused study and little 
direct evidence. A major, diurnally conspicuous com- 
muter family (the Haemulidae) is missing, and the most 
abundant predators that are likely to fill the role have 
cryptic diurnal habits, and thus have been poorly asses- 
sed in all oceanic areas. It seems established that com- 
muter fish foraging in habitats surrounding reefs is an 
important trophic transfer mechanism in the Carib- 
bean. A basically similar mechanism exists in generally 
similar areas of the Pacific and Indian oceans; it is not 
clear whether it is as important quantitatively. 

MOVEMENT BETWEEN NURSERY AND ADULT 
HABITATS 

Function of surrounding areas as nurseries for reef 
fish 

The young of almost all reef species go through 
pelagic stages. It is not clear how effectively the post- 
larvae of any particular reef tract may be returned to it 
by ocean circulatory processes and behavioral adapta- 
tions (Johannes 1978, Munro & Williams 1985, Lobe1 & 
Robinson 1986). However, whatever the parental 
source of larvae, it is not evident that all reefs receive 
an abundant supply (Williams 1980, Leis 1982, Doherty 
1982, 1983, Victor 1983, Munro & Williams 1985, Sale 
1985, Walsh 1987). Many reefs are of very limited area 
and not favorably situated to receive abundant recruits. 
If reefs are prime habitat for many species (as seems to 

be the case), but a limited and difficult 'target' for 
planktonic larvae to hit, then a strategy of settling 
nearby in a suitable nursery habitat and migrating to 
the reef later as a nektonic adult or subadult would 
seem adaptive for the individual. Such a nursery or 
'waiting room' would insure a n  adequate supply of 
recruits for reef populations. Even in reef situations 
where pelagic recruits are normally superabundant. 
this 'waiting room' would serve as a buffer to maintain 
recruitment during occasional poor years. 

The shallow surroundings of reefs have the potential 
to serve the accumulator/buffer function. They are 
often extensive, typically much more so than the reef, 
and more or less continuous over a considerable linear 
extent. For example, mangroves may occupy many 
continuous miles. These areas are often at or near a 
shoreline, where aniving planktonic larvae are more 
likely to be retained. As a net result, such areas may 
effectively intercept and maintain planktonic young 
that miss the reef directly. Where sampling has been 
done for recruits in the general vicinity of reefs, they 
appear to be present and to recruit to any suitable 
substrate as well as to the reef (Russell et  al. 1977, 
Eckert 1985, Sale 1985, Schroeder 1985). Habitats such 
as grass beds and mangroves should attract and sustain 
settling recruits that they intercept. 

These nursery habitats may offer improved survival 
in contrast to settlement directly on the reef. On reefs, 
predation is believed to be particularly intense, espe- 
cially on very young fish (Johannes 1978, Doherty & 
Sale 1985, Norris 1985). Norris & Parrish (in press) 
found some fish parts in the gut contents of 52 fish 
species from a total of 126 examined from Northtvest- 
ern Hawaiian Islands reefs. Most prey were juveniles. 
There is generally a lower total density of adult fish in 
grass beds, mangroves, and other surrounding habitats 
(Ogden & Zieman 1977, Blaber 1980, 1986). Some 
active, abundant reef piscivores are absent or greatly 
reduced in numbers there. Large piscivorous predators 
forage in these habitats, but they may produce a net 
positive effect on survival of young recruits by control- 
ling the local abundance of moderate size piscivores 
(Ogden & Zieman 1977, Ogden 1980). Seagrass (even 
artificial grass) has been shown experimentally to pro- 
vide protective concealment for small and medium size 
macrocrustaceans (Main 1987), and ~t is apparently 
similarly effective for small fish (Winn & Bardach 1960, 
Randall 1965, Ogden & Zieman 1977, Ogden 1980). 

There is probably a range of sizes after first settle- 
ment during which surrounding habitats such as grass 
beds and mangroves provide attractive shelter with 
improved survival. As the fish grow, reefs apparently 
become more attractive for most species. The resulting 
community composition in the various habitats has 
been widely observed (Austin 1971, Brook 1975, 
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Weinstein & Heck 1979, Ogden 1980, Blaber 1980, 
1986, Martin & Cooper 1981). Since the material and 
energy for maintenance and growth from settlement 
size to the size at migration is supplied largely from the 
surrounding nursery habitats, the movement of a rela- 
tively small biomass of maturing f ~ s h  to the reef repre- 
sents a large subsidy. 

Observational evidence about nurseries for reef fishes 

A good number of young 'reef' fish are in fact found 
in these surrounding habitats. The data are difficult for 
several reasons. Relatively few quantitative assess- 
ments of whole fish communities seem to have been 
attempted in tropical seagrass beds and very few in 
mangroves. Logistical problems of sampling quantita- 
tively close among mangroves are severe, and studies 
in those habitats tend to be not well quantified. Assess- 
ments were not all made near coral reefs, and the 
proximity to reefs was not always reported. 

Mangroves 

Indo-Pacific 

Q u ~ n n  & Kojis (1985) in Papua New Guinea made a 
direct, qualitative comparison of the fish fauna in a 
mangrove s ~ t e  near coral reefs and in a site remote from 
reefs, and detected little difference. They reviewed the 
few and sketchy available reports from the Papua New 
Guinea area and the study by Blaber (1980) in north- 
eastern Australia. Based on these sources, they 
reported that the evidence did not suggest that the 
proximity of coral reefs significantly altered estuarine 
(mangrove) fish assemblages in the region, and that the 
mangrove areas studied served as nurseries for very 
few species of reef fish. However, Blaber (1980) col- 
lected a number of species that appear to be reef- 
related in the mangrove estuary at Cairns (several 
kilometers from reef tracts on the Great Barrier Reef). 
Their greater abundance in the mangrove estuary than 
in the open bay, together with the opposite trend in 
distribution of their adult predators, led Blaber to con- 
clude that the mangrove provided an  effective nursery. 
Collections by Blaber (1986) in mangroves of the Dam- 
pier region of northwest Australia also contained the 
young of a number of species that appear to be reef- 
related in some localities. The proximity to reefs in this 
study is not clear. 

Results of La1 et  al. (1984) in Fiji indicated a high 
incidence of reef-related species among the fishes in 
their mangrove collections. They concluded that the 
mangrove tract studied was important both as a 

nursery and feeding ground for a number of species 
from the nearby coastal reefs. Talbot (1960) reported 
that juveniles of several important species of lutjanids 
of the reefs off Tanzania, East Africa were abundant in 
mangroves of the area. 

Western Atlantic 

Austin (197 1) and Austin & Austin (197 l)  reported that 
mangroves in western Puerto %CO harbored the juveni- 
les of a number of fishes common to the nearby reefs. 
They believed that the mangroves provided an impor- 
tant nursery for reefs in the area. Odum & Heald (1972) 
extensively collected the fishes of estuarine mangroves 
in the North River, inland of Cape Sable in south Florida. 
The site is at some distance from extensive coral 
development, but several reef-associated species were 
collected (some commonly or abundantly). 

Seagrass beds 

Indo-Pacific 

Harmehn-V~v~en (1983) made extens~ve collections 
of the fish communities in various grass bed habitats at  
the great reef at Tulear, Madagascar. She reported an  
abundance of juvenile fishes of many common groups 
of reef res~dents and commented on the major nursery 
role provided by the grass beds. Based on extensive 
underwater visual census work in a variety of habitats 
in Cocos Lagoon, Guam, Jones & Chase (1975) 
recorded large numbers of juveniles of several impor- 
tant reef fishes in grass beds. They concluded that the 
lagoon was 'an invaluable nursery for many of the 
species', largely due to the 'natural cover available'. 

Western Atlantic 

Ogden & Zieman (1977) made estimates of the con- 
siderable density of juveniles of some of the species 
that inhabit seagrass beds at St Croix, US Virgin 
Islands and also occur (some prominently) in the adult 
fauna of neighboring reefs. At St Croix, McFarland 
(1979) and Brothers & McFarland (1981) specifically 
studied the settlement of postlarval haemulids to grass 
bed nurseries, followed by later recruitment of the 
matured juveniles to coral patch reefs. 

In Thalassia and Syringodium grass beds near man- 
grove shores in southwestern Puerto &CO, Cooper 
(1974) and Martin & Cooper (1981) consistently found 
many fish species common to the neighboring coral 
reefs. They also reported that the fish community com- 
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position was demonstrably different in pure stands of 
these 2 different seagrasses. Brook (1975, 1977) made 
collections of whole fish communities throughout the 
year in seagrass beds among the coral keys just off the 
southeast coast of Florida, His collections contained a 
high percentage of juvenile fishes, many of which were 
reef-associated species, and seasonal influxes of juve- 
niles were recorded. Weinstein & Heck (1979) attemp- 
ted to collect the entire fish communities in seagrass 
beds in Caribbean coastal waters of Panama. All sites 
were apparently in the general vicinity of coral reefs, 
and 2 sites were specifically selected for their proximity 
to mangroves and coral reefs respectively. The authors 
reported that the faunas of all 4 sites contained about the 
same species, and that all had much in common with 
reef faunas (much more so than did seagrass faunas 
sampled in the northern Gulf of Mexico, remote from 
reefs). They concluded that the Panama grass beds act 
as an important nursery for reef fish, and that many 
fishes treat reefs and grass beds as a single habitat, 

Global and regional interpretations 

There remains to be demonstrated quantitatively the 
extent to which fishery yields from reefs are a function 
of surrounding shallow-water nursery habitats. Some 
of the evidence cited above suggests such a relation- 
ship, and there are other supporting qualitative obser- 
vations. Ogden & Gladfelter (1983) pointed out that 
seagrass beds and mangrove regions are often excel- 
lent fishing grounds for larger (reef-related) predatory 
fishes. They concluded that the predators thrive on 
juvenile fish and invertebrates that have outgrown the 
protection of these habitats. In some cases (e.g.  Heald & 
Odum 1970, Rodelli et  al. 1984), some major trophic 
pathways have been identified, estimates of flux at 
some points in the web have been made, and the 
existence and value of an  apparently related fishery 
have been cited. However, problems remain in estab- 
lishing and quantifying the direct link with the fishery, 
particularly for reef fisheries. Based on an examination 
of fishery yields from various types of coral reef situa- 
tions and their shallow surroundings, Marshall (1985) 
stated that 'no suggestion can be offered as to the 
possible influence of mangroves', and that 'the inter- 
action of reef to adjacent shallows may not be as 
important a s  past interpretations have implied' Clearly 
there is a need for more focused comparative studies of 
the appropriate situations, and more direct, quantita- 
tive measurements of transfers between habitats in 
terms of specific high level trophic linkages, population 
size and life history parameters, and movements of 
fishes at the cohort or population level. 

In an  oceanic regional perspective, strong recruit- 

ment and nursery interactions among the various 
habitats would be  expected in some areas of the west- 
ern Atlantic with extensive adjacent shallow-water 
habitats, and there are reports to suggest that some 
occur. There is less information for other regions, but 
there is no reason to expect less interaction (particu- 
larly in the western Pacific and Indian oceans) wher- 
ever suitable physical conditions and habitats occur, 

Trophic or reproductive fluxes from surrounding 
shallows to reefs provide the reef ecosystem with some 
net gain in resources of materials and energy, as com- 
pared to an  isolated reef system. However, there is a n  
additional benefit from use of a resource in short supply 
on reefs - space. Reefs are typically crowded biotopes 
where competition for space can be intense. Regardless 
of the source of reproductive propagules or the food 
resource that young or adult fish consume, the fact that 
these activities of fish, that are currently or ultimately 
reef residents, can occur outside the reef, permits a 
higher standing crop of biomass and a more complex 
reef community with a higher level of total activity. 

COMMUNITY COMPOSITION AND 
TROPHIC RELATIONSHIPS 

Faunal structure of communities 

The richness of the fish fauna is very different in 
various oceanic regions where coral reefs occur, e.g.: 
about 520 species in the western Atlantic (Starck 1968, 
Goldman & Talbot 1976), at least 300 species in the 
eastern Pacific (Hobson 1968 based on Walker 1960), 
about 450 in Hawaii, 600 to 700 in the Marshall and 
Marianas Islands, at least 1500 to 2000 in areas of the 
Philippines, New Guinea and tropical Australia, and 
700 to 900 in islands of the Indian Ocean (Seychelles 
and Madagascar) (Goldman & Talbot 1976). A similar 
trend is seen when only those species that can clearly 
be called coral reef fishes of individual large reef tracts 
are compared: about 400 species in the Florida Keys, 
850 in the Capricorn group of the Great Barrier Reef, 
about 250 at Tutia reef off Tanzania (Starck 1968, 
Goldman & Talbot 1976). The effects of these large 
differences in species richness must be evident at some 
smaller scales as well. The great majority of families, 
but not species, are represented in all the major oceanic 
regions, and there are many cognate species pairs 
between the regions. 

The great variability in composition of fish assem- 
blages in different microhabitats of any reef makes it 
difficult to define or quantify the community for an  
entire reef tract (Williams 1982, Williams & Hatcher 
1983, Russ 1984a). Therefore, few rigorous quantitative 
comparisons have been attempted on large geographic 
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scales (e.g. oceanic regions), and the results are of little 
value for understanding the factors that control any 
differences among regions or major habitats. 

Bohnsack & Talbot (1980) found essentially the same 
total number of families and species attracted to similar 
artificial reefs in the Florida Keys and at One Tree 
Island, Great Barrier Reef. Comparing 20 chemically 
collected samples from natural reefs in the Bahamas 
with 20 similar samples from reefs in the Society 
Islands, Smith (1978) found no significant difference 
between the mean number of individuals in a commun- 
ity. The numbers of species, genera and families were 
significantly higher in the Bahamas. Sale (1980) 
examined the species richness (as a functlon of size of 
the collection) and found no significant differences 
between 20 patch reefs at  One Tree Island and patch 
reefs at  13 Caribbean sites. Talbot & Gilbert (1982) 
compared species richness and number of individuals 
and weight of the total community for 4 locations 
[Solomon Islands, Lizard Island (GBR), One Tree 
Island, and Lord Howe Island] widely separated in 
latitude, at about the same longitude in the western 
Pacific. Relatively few statistically significant differ- 
ences were found except for Lord Howe Island. Similar 
comparisons (except weight of individuals not tested) 
between Lizard Island and Tutia Reef, Tanzania 
showed no significant differences. Sale (1980) failed to 
find any significant latitudinal component of variability 
in species richness for several coral reef communities 
tested. However, he found species nchness negatively 
correlated with the distance from the Philippine Islands 
(his assumed zoogeographical area of fauna1 origin). 

These comparisons fail to evaluate 'between-habitat' 
diversity or overall diversity of reef tracts. In almost all 
cases, variability appears to be  high within the data 
from each locale. Sample sizes in most cases may be  too 
small to permit assessing the variability at a locale 
adequately. Based on many samples taken across the 
Great Barrier Reef, Williams & Hatcher (1983) warned 
that 'valid comparisons among widely separated re- 
gions can only be made after data is available on the 
range of variation within each region'. In light of these 
difficulties, conclusions regarding oceanic regional or 
habitat trends must be  viewed cautiously. 

Community trophic structure 

Trophic structure seems a useful characteristic for 
comparing fish communities of oceanic regions. Results 
were found from 12 studies of reefs in which the com- 
munity composition was well quantified and the 
trophic position of all components could be reasonably 
well assigned by the original investigator or the present 
author (Table 1).  

Herbivory 

Endosymbiotic algae, particularly the zooxanthellae 
of scleractinian corals, provide an algal food source 
inseparable from animal tissue. Some workers have 
approached this problem by lumping all herbivores 
and coral feeders together (Goldman & Talbot 1976; 
see Table l ) .  Some fishes (e.g. scarids) may in fact 
acquire significant nutrition directly from the algal 
symbionts in animal tissue. However, in the present 
discussion, trophic classification and interpretation are 
based on the host animal as prey. Some fishes also 
consume plants by gleaning drift algae (covered else- 
where in this discussion) and by feeding directly on 
seagrasses and attached benthic algae. 

Seagrass feeding 

Among the categories of Table 1,  seagrass feeders 
are perhaps most nearly 'large croppers' feeding exter- 
nal to the reef. Seagrass herbivory has seldom been 
considered as part of the trophic scheme in quantitative 
studies of reef fish communities. Available information 
is mostly scattered and anecdotal. In the two studies 
that considered seagrasses in a community trophic 
perspective (Table2), a rather small fraction of all 
species ate seagrass at  all, and very few species ate it 
regularly or as a large part of the diet. 

The frequent consumers that used the reef as a primary 
residence were apparently all scarids and acanthurids in 
both the West Indies and Madagascar. These species 
were among the diurnal (usually short-range) commu- 
ters from nocturnal reef refuges to algal or seagrass 
grazing grounds (Winn & Bardach 1960, Randall 1965, 
Earle 1972, Ogden 1976, Ogden & Zieman 1977, Wein- 
stein & Heck 1979, Alheit 1982). Some species of several 
other families ate more than trivial quantities of seagrass: 
Spandae,  Monacanthidae, Tetraodontidae, Ostraclldae, 
Balistidae, and Hemiramphidae. At least traces of sea- 
grass have been found in gut contents of some species of 
Gerreidae, Cynoglossidae, Polynemidae and Kypho- 
sidae (Randall 1965, 1967, Austin & Austin 1971, Carr & 
Adams 1973, Ogden 1980, Harmelin-Vivien 1983). 

Seagrass feeding has been most actively studied in 
the western Atlantic, where conspicuous 'halos' of 
heavily grazed seagrasses often surround reefs within 
grass beds in some localities (Randall 1963, 1965, 
Ogden e t  al. 1973, Ogden 1976, Ogden & Zieman 1977, 
Tribble 1981). The quantities of seagrass consumed by 
fishes in some western Atlantic locations are substan- 
tial (Ogden 1980, Tribble 1981, Hay e t  al. 1983). This 
activity results in a considerable effect on seagrass 
stands and a significant trophic transfer to reef habitats. 
Attempts to measure the linkage between the primary 
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production of seagrasses and the nutrition of reef fish 
have produced ambiguous results (Weinstein et al. 
1982), although the existence of a linkage is implied by 
the similarity of stable isotope ratios in fish and sea- 
grass tissues (Fry et  al. 1982). 

There has been little work on quantification of sea- 
grass grazing in other oceanic regions, and some 
ecologists have come to view seagrass feeding by 
fishes as a Caribbean phenomenon (Kikuchi & Peres 
1977, Ogden 1980). However, halos and high estimated 
rates of consumption have been observed at artificial 
reefs in a Guam grass bed (P. D. Gates pers. comm. 
1987). Also, the results of Harmelin-Vivien (1983) 

(Table 2) in Madagascar suggest that the general level 
of activity there may be of about the same order as 
indicated by diets of West Indian fishes. In general, it 
seems likely that seagrass feeding is somewhat more 
intense in the Caribbean than in other regions. How- 
ever, more results are needed in other regions from 
localities with abundant grass beds. 

Algal feeding 

Algivores represent an important trophic component 
of all reef fish communities and of most shallow sur- 
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Table 2.  Summary of dlrect herbivory by fishes on seagrasses in the Virgin Islands and Tulear, Madagascar (Modified from Tables 
V1 and V11 of Harmelin-Vivien 1983) 

Location 
U.S Virgin Tulear, Madagascarb 

Islandsa 

Number of species studied 212 142  

Number (and %) of species that contained seagrass in guts 32 14 
(15 %) (10 %) 

Number (and % )  of species that ate seagrasses regularly 4 2 
(1.9 O/o) (1.4 '10) 

O/O of diet composed of seagrass for regular seagrass eaters 45-88 % 54-78 '10 
by volume by weight 

O/O of diet composed of seagrass for all other seagrass eaters 0.1-17 '10 0.1-5.5 % 
by volume by welght 

Seagrass as % of total food consumed by the fish community 
Barner reef grass bedsc 1.9% 

by weight 
Neighboring littoral grass bedsc 2.4 '10 

by weight 

* From Randall (1967) 
From Harmelin-Vivien (1979) 
' Specimens for gut analysis were all collected from grass beds in 2 areas near the Great Reef at Tulear 

is more common and intensive in the Indo-Pacific than 
in the Caribbean (Bakus 1964, 1967, 1969, Randall 
1974, Goldman & Talbot 1976, Sammarco 1985). How- 
ever, the comparative data of Bouchon-Navaro & 

Harmelin-Vivien (1981) suggest that scarids constitute 
a higher percentage of herbivores on Atlantic island 
reefs, and  that acanthurids tend to be  dominant on 
Indo-Pacific islands. More recent data from Hawaii 
(Hayes et al. 1982), the Florida Keys (Bohnsack 1982), 
the Philippines (Russ 1984b), and the Australian Great 
Barrier Reef (Russ 1984a) show some indication of a 
similar trend. Bakus (1967, 1969) observed the preva- 
lence on tropical oceanic islands/atolls of the Indo- 
Pacific of mass movements of algal grazers on and off 
reef flats with the tide and believed that such feeding 
was less pronounced in the Caribbean. 

Significant algivory is also practiced by more sta- 
tionary (usually territorial) benthic fishes, especially 
Pomacentrids, in all oceanic regions. The diverse and 
speciose pomacentrids include herbivores, planktivores 
and omnivores (Hiatt & Strasburg 1960, Randall 1967, 
Hobson 1974, Gerber & Marshal1 1974a, Hobson & Chess 
197 8, Sano et  al. 1984). Diet data for many pomacentrids 
is scarce, and their full trophic role is often uncertain. 
Robertson et al. (1979) cited the results in support of the 
idea that algivorous pomacentrids in the Caribbean hold 
a relatively more important place in the total herbivorous 
activity than in at least some Indo-Pacific localities. The 
Blenniidae are perhaps the only other herbivorous family 
that individually makes a major quantitative contribu- 

tion to community herbivory everywhere, feeding 
primarily on short, filamentous algae. Their abundance 
(and herbivory) are poorly quantified in almost all 
localities, but it seems likely that they are of comparable 
importance on reefs in all oceanic regions and situations. 

Many other reef-related species practice herbivory. 
Of 212 West Indian species analyzed for diet (Randall 
1967), 59 species from 16 families contained some plant 
material (more than 125 species of algae and 4 kinds of 
marine vascular plants). The aggregate effect of the 
many lesser algal consumers is probably considerable 
in all fish communities. 

The algivores as a group have been estimated for a 
number of locations (Bouchon-Navaro & Harmelin- 
Vivien 1981; see Table 1).  Density values are extremely 
variable both within and between localities. A range 
from a t  least 7 % to nearly 40 O/O of the community by 
numbers is found, and a nearly equal range by weight. 
Some isolated oceanic islands of the Indo-Pacific show 
a very large herbivorous component (Odum & Odum 
1955, Hobson 1974, Jones & Chase 1975, Robertson et  
al. 1979, Hayes et al. 1982), but it is not clear whether 
there are any real overall differences between any of 
the major oceanic regions. 

Planktivory 

Pelagic planktivores. In all shallow tropical environ- 
ments, there are significant numbers of planktivorous 
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fish that are surface or midwater pelagics. They include 
species of the Clupeidae, Atherinidae, Engraulidae, 
Hemiramphidae, and small carangids (scads). These 
are all small-to-medium schooling species, which 
inhabit the water column and move rather indifferently 
over various benthic habitats. They are likely sup- 
ported primarily by pelagic productivity, and will not 
be considered further in the discussion of fish com- 
munities relative to benthic habitats. 

Types of resident planktivory. What is usually consi- 
dered as planktivory in tropical shallow-water systems 
involves at least 3 types of food resources. One form is 
detrital drift (discussed above), which originates at 
many trophic levels. It is probably best to consider fish 
that feed on this drift material as e.g. algivores (see 
above) or coral feeders, based on the composition and 
source of the detrital drift, regardless of where or in 
what condition the food material is collected. When all 
species that feed in the water column are- instead 
lumped trophically as 'planktivores', serious inaccu- 
racies in trophic interpretation can result. For example, 
of 16 zooplanktivores studied by Hobson & Chess 
(1978) at Enewetak, 6 species contained more than 
20 O/O drift algae (3 had more than 60 %). 

A second major type of plankton is pelagic holo- 
plankton, which has its oligin and habitat in the water 
column, and to a large extent represents an import to 
the shallow-water habitats from surrounding waters. 
This plankton usually contains many copepods and 
other groups of small, pelagic crustaceans, as well as 
edible gelatinous forms (Emery 1968, Tranter & George 
1972, Johannes & Gerber 1974, Hobson & Chess 1978, 
Williams & Hatcher 1983). For small, isolated, oceanic 
islands without surrounding shallows (e.g. atolls), this 
plankton must be the major external food resource 
available to reefs. 

The importance of 'resident' or 'demersal' mero- 
plankton is being increasingly recognized (Gilmartin 
1958, Emery 1968, Tranter & George 1972, Johannes & 

Gerber 1974, Sale et al. 1976, Alldredge & King 1977, 
Porter & Porter 1977, Hobson & Chess 1978, Walter et 
al. 1982, Ohlhorst 1982). This category includes not 
only pelagic juvenile forms, but all other planktonic 
animals that are either in the plankton only briefly or 
that have a benthic habit during part of the day. This 
meroplankton is more or less resident within the shal- 
lows and is retained and probably nourished by proces- 
ses different from those affecting the holoplankton 
(Sale et al. 1976). 

Observations of several investigators (Emery 1968, 
Alldredge & King 1977, Porter et  al. 1977, Hobson & 
Chess 1978) suggest that the high relief topography of 
the reef contributes to maintaining high populations of 
this resident plankton. It can also be fo.und in con- 
spicuous abundance and concentrations in seagrass 

beds (Emery 1968) and apparently in mangroves (Ste- 
ven 1961, Tundisi 1969, Blaber 1980) , where it is also 
eaten by fish. There appears to be  no information 
about flux of 'resident' plankton between shallow- 
water habitats. This plankton is dependent to a con- 
siderable degree on resources from the reef or sur- 
rounding shallows, e.g. space, source of propagules, 
and likely some level of primary productivity. Bottom- 
related groups such as  mysids, cumaceans, 
amphipods, polychaetes, and crustacean larvae are 
much more important than in the pelagic holoplankton 
(Emery 1968, Sale et  al. 1976, Alldredge & f i n g  1977, 
Hobson & Chess 1978). 

Some collections suggest that 'resident' plankton 
may be more diverse and abundant than pelagic holo- 
plankton at  and near reefs, even at  an  atoll and in other 
rather isolated reef situations (Gilmartin 1958, Bakus 
1964, Sale et  al. 1976, Alldredge & King 1977). The data 
are probably inadequate to permit generalization about 
the relative importance of these types of plankton. It 
would be of great interest to know whether 'resident' 
plankton are more important on reefs associated with 
continents, larger islands, and extensive shallows than 
in small, isolated, oceanic reefs (e .g .  atolls). Such a 
finding seems likely a priori. If it applies broadly, and if 
the resident plankton have short enough generation 
tlmes and fast enough growth, this plankton might 
provide an effective mechanism for prolonging the 
effects of irregular and infrequent nutrient pulses 
resulting from events such as  heavy storm run-off 
(Birkeland 1984, 1985). Such a mechanism could cap- 
ture some of the nutrients, convert them to a form 
usable by higher trophic levels, and maintain the pro- 
ductivity locally, avoiding the loss of all the nutrients by 
advection or diffusion. 

Regional interpretations. One major difference 
between Atlantic and Pacific reefs that may apply 
rather generally is the greater importance of zooplank- 
tivores on Pacific reefs (Table 1). There are consider- 
ably more planktivorous species in the Indo-Pacific, 
both within the families that are planktlvorous in the 
Atlantic and in other families (e.g. the Lutjanidae, Ser- 
ranidae and Caesionidae). Planktivores appear to be 
important in the Pacific around extended or densely 
aggregated reef groups with extensive shallows (e.g. 
Williams & Hatcher 1983, Russ 198413, 1985) a s  well as 
on some isolated, oceanic islands/atolls (e.g. Brock et  
al. 1979, Gladfelter e t  al. 1980). However, useful com- 
parative studies are few, and not all results fit this 
pattern (e.g. Hayes et  al. 1982, Parrish e t  al. 1985). The 
few Atlantic results include both island and continental 
habitats and show lower planktivore abundance. The 
pattern in the Indian Ocean is less clear, but planktiv- 
ory is probably less prominent than in most of the 
Pacific areas reported. 
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Omnivory 

A fair number of species in all habitats and regions 
eat  both plant and animal material in substantial 
amounts. Species of the Pomacentridae, Chaetodon- 
tidae, Balistidae, Monacanthidae, and Tetraodontidae 
can be  locally abundant, but omnivores do not com- 
monly occur in the extreme abundances seen for 
algivores and planktivores. In the studies reviewed, 1.5 
to over 40 O/O of predator individuals were classed as 
omnivores (Table 1). The omnivorous category is inhe- 
rently imprecise, and its use may obscure substantial 
portions of the total herbivory and carnivory occurring 
in a community. The abundance of omnivores does not 
appear to be helpful for comparing oceanic regions. 

In a number of reported studies, all carnivory is 
lumped, or only plankton is separated from other diet 
categories. Where separate carnivorous subcategories 
are reported, more meaningful interpretations can be 
made regarding their sources in shallow-water habitats. 

Piscivory 

Community studies in which piscivory could be iso- 
lated or estimated have been recently reviewed by 
Norris & Parrish (in press). The range of values for 
piscivores as a fraction of the community is consider- 
able: 1 to 8 %  by number and about 6 to 54 % by 
biomass (Table 1). Some of the highest and lowest (and 
some intermediate) values come from the Australian 
Great Barrier Reef. There are also some moderately 
high values from coastal areas near large land masses 
in the western Indian Ocean and from smaller, isolated, 
oceanic islands in the central Pacific. The 2 studies 
from the Atlantic both lack direct diet data. One is from 
a small, fairly isolated, oceanic island and the other 
from a continental area. Their results are mixed. 

The composition of piscivore taxa is strikingly differ- 
ent in some of the areas studied, without producing a 
discernible effect on the total piscivorous component. 
For example, groupers and snappers provide a major 
contribution to the piscivorous component in all 
oceans, except in the Hawaiian archipelago. However, 
values from 2 widely separated localities in Hawaii are 
not greatly different from the estimate for Enewetak, 
nor lower than results from other regions. 

Abundance of piscivorous fishes is particularly sub- 
ject to the influence of human exploitation, since pis- 
civores are often prized catches. Most of the studies 
considered here were conducted in localities exposed 
to relatively little fishing, and the level of fishi.ng does 
not appear to bear any consistent relationship to the 
abundance of piscivores. For example, the localities 
with the greatest and the smallest piscivorous biomass 
component were both nearly pristine. 

The results for piscivory suggest some tentative 
generalizations. Either there are grave problems with 
sampling by the various methods (a not unlikely possi- 
bility for this trophic group), or some communities have 
a drastically different trophic structure at the top levels. 
On the other hand, despite obvious sampling problems, 
some widely scattered and otherwise disparate habitats 
are not dramatically different at the piscivore level. 
Trends related to the habitat situation are not detectable 
(but not excluded). It seems likely that the piscivorous 
component is greater in the Indo-Pacific, but good, 
quantitative studies which include diet data and involve 
unexploited communities are lacking In the Atlantic. 

Feeding on benthic invertebrates 

Feeding upon corals makes use of a significant food 
resource occurring on the reef, and may be altogether 
less dependent on the surroundings than most other 
feeding modes. Where fewer external sources of food 
are available, reef fish would be expected to evolve 
toward increased coral feeding. The data available 
suggest that coral feeding is indeed relatively intense 
in isolated reef situations with high coral cover (Randall 
1974, Reese 1977). Higher coral consumption in the 
Indo-Pacific than in the Atlantic appears to be a com- 
mon observation (Hiatt & Strasburg 1960, Randall 1967, 
1974, Bakus 1969, Goldman & Talbot 1976, Neudecker 
1977). This difference is discernible even on opposite 
sides of the isthmus of Panama (Glynn et al. 1972, 
Bakus 1975), and despite the fact that the eastern 
Pacific coastal region has high nutrient inputs and a 
relatively low abundance of corals. Corallivory has not 
been well quantified in reports on trophics at  the com- 
munity level. It has occasionally been reported lumped 
with herbivory (e.g. Goldman & Talbot 1976) and is 
often lumped with feeding on other benthic prey by 
carnivores or omnivores. 

The most abundant coral feedlng fishes are certainly 
the Chaetodontidae, Pomacentridae, Labridae and 
Scandae (Randall 1974). The Chaetodontidae include 
nlany more species for which coral is a major food 
source, and they are abundant enough to represent a 
significant trophic component (Reese 1977, Harmelin- 
Vivien & Bouchon-Navaro 1982, 1983). Only a few 
pomacentrid and labnd species are involved, and the 
total trophic effect may be minor. A small fraction of all 
scarid species have been documented as eating live 
coral (Randall 1974). However, since scarids are abun- 
dant, active grazers on reefs, the effects could be 
trophically significant. Several plectognath fishes eat 
coral skeleton and soft tissue together, especially the 
Balistidae, Monacanthidae, Tetraodontidae (including 
Canthigasteridae) and Diodontidae (Randall 1974). 



Parrish: Fish communities of interacting tropical habitats 155 

Sessile invertebrates other than corals are especially 
abundant on reefs, but they are also common on man- 
grove prop roots, on patches of hard substrate or rub- 
ble, in seagrass beds, and even in open sand flats 
(Rodriguez 1959, Rutzler 1969, Parrish & Zimmerman 
1977, Vacelet & Vasseur 1977). Apparently a relatively 
small portion of the fish fauna anywhere has evolved 
effective specializations to thwart their structural, 
chemical and cryptic defenses and feed heavily on 
them (Randall 1967, Randall & Hartman 1968, Bakus 
1969, Goldman & Talbot 1976, Neudecker 1985). Bakus 
(1969) concluded that fish feeding on sessile benthos 
was probably less intensive in the Atlantic than in the 
Indo-Pacific, and that Atlantic species had evolved 
more structural and chemical defenses in response, in 
contrast to the use of cryptic habits in the Indo-Pacific. 
Vasseur (1977) recorded a similar predominance of 
cryptic forms among the sessile fauna in Madagascar 
(Indian Ocean), but he  believed that the effect of fish 
predation was not as evident there as in the Pacific 
(Vacelet & Vasseur 1977). The sparse observational 
data suggest that sessile invertebrate feeding is a more 
important trophic mode in isolated, oceanic reef areas 
and particularly in the Indo-Pacific. 

The extent of fish feeding on mobile invertebrates is 
highly variable among prey taxa. Echinoids are patch- 
ily distributed on an oceanic regional basis. They are 
eaten by a small portion of the fish fauna as a minor, 
but not insignificant prey. It seems probable that they 
are a larger portion of the diet in the Atlantic than in 
the Indo-Pacific because of their abundant occurrence 
in almost all localities and in a variety of habitats 
throughout the region. 

In almost all community trophic studies, the benthic 
invertebrates as a whole are the most important single 
trophic category (Table 1). The leading prey are usually 
from such groups as the crabs, shrimps, stomatopods, 
gastropods and polychaetes, which appear to be com- 
mon in all habitats worldwide. For whole fish corn- 
munities, there appear to be no data for making quan- 
titative trophic distinctions among regions or habitats 
for these individual groups. 

DIRECTIONS FOR RESEARCH 

The processes and mechanisms proposed here for 
interactions among shallow-water, tropical, marine 
habitats are all credible, and some have been con- 
firmed qualitatively. However, important quantitative 
ecological questions remain, e.g.: Where and under 
what circumstances does a particular interaction pro- 
duce significant, perceptible effects, and what are 
they? Are there measurably higher standing stocks of 
fish or higher rates of production by fish (1) in a situa- 

tion where the proximity of a mangrove tract results in 
a large net flux of detrital material to a reef? (2)  in a 
situation where reef resident fish commute to an adja- 
cent grass bed and consume large quantities of secon- 
dary and higher level production that is supported by 
the primary production of the grass bed? ( 3 )  In a situa- 
tion where many fish larvae settle in a nearby grass bed 
or mangrove, develop there, and subsequently migrate 
to the reef? If so, which groups have the life history and 
trophic characteristics that are favored by these neigh- 
boring resources so that their abundance or production 
in the reef fish community is more enhanced? Such 
questions as these require that research be  focused in 
new directions. 

The recent research on haemulids in the Caribbean 
(cited above) is perhaps the first focused effort to quan- 
tify input to the reef from surrounding habitats by 
foraging commuters. The results suggest that commu- 
ter feeding in that situation for that family produces 
measurable import to the reef. A necessary step now is 
to identify and assess all the quantitatively important 
conlmuters in several localities and situations, identify- 
ing their feeding grounds and die1 cycles and quantify- 
ing the sizes of commuting populations and their diets. 
Such a study would allow an estimate of transfer 
between the habitats. This assessment should include 
herbivores and the nocturnally active, diurnally cryptic 
(and usually abundant) species such as the Holocen- 
tridae and Apogonidae. In different regions and situa- 
tions, different commuters (and perhaps different prey) 
may be  important, and this may produce a detectable 
overall effect on the entire community. 

Feeding by fishes within grass beds in the tropical 
environs of reefs has been little studied. Most studies to 
date were either (1) from the subtropics, (2) from areas 
remote from reefs, or (3) where multiple habitats were 
available, feeding from the grass beds was not identifi- 
able or separable. It would be particularly useful to 
know specifically what flora and fauna from grass beds 
contribute to the support of reef based commuters and 
grass bed residents, particularly the temporary juvenile 
fish residents. 

Particular emphasis should be given to investigating 
situations outside the better-studied Caribbean. The 
results may indicate that qualitatively different things 
are happening in different regions. If so, a likely cause 
would be  a difference in the occurrence of the key 
fauna. If all the fauna1 components that appear to be  
appropriate were present but simply not performing 
the same functions, the result could lead to some 
further interesting ecological studies to determine why 
structurally similar but functionally different systems 
have evolved in the different regions. 

The evidence available to date for the proposed 
nursery function of surrounding habitats for juvenile 
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fish consists largely of the occurrence in the surround- 
ing habitats of juveniles of species that occur as adults 
on reefs. Establishing a direct relationship between 
juveniles in the nursery and adults in the final habitat 
will not be  easy. Possible approaches might include 
well-controlled, long-term body marking experiments 
(e.g.  using coded wire or miniature visual implant 
tags), use of radioactive tracers or stable isotope analy- 
sis where diets in the habitats appear significantly 
different, or examination of microstructure patterns 
deposited in hard parts (e.g.  otoliths), particularly in the 
earliest stages near settlement .It would clearly be 
valuable to demonstrate for even a small number of 
cases that this recruitment interaction mechanism does 
or does not function in a quantitatively significant way. 

It should also be fruitful to seek direct observatjonal 
evidence of the effects of proximity of different habitat 
types. Sites would be selected as similar as possible in 
all other respects, but differing in the types of habitats 
occurring together, e.g.: reefs with and without grass 
beds, mangroves, and any other available combina- 
tions of common, shallow-water habitats. Variables 
measured and compared between sites would be  the 
relative abundance of fish species, total population 
density of the fish community, quantitative species 
composition, stability of the abundance and community 
composition over a period of several years, trophic 
composition, and fish production. 

With well-chosen sites and adequate sample sizes, 
the results might strongly suggest that certain co- 
occurring habitats do or do not interact so as to affect 
fish populations in one or both habitat(s). That indica- 
tion alone would have major ecological and  resource 
habitat management implications. Furthermore, the 
nature of any differences would likely give clues as to 
the mechanisms responsible. For example, relative 
species abundances might be different for known com- 
muting foragers or for species known to use a sur- 
rounding habitat as juveniles. A difference in temporal 
stability observed over several years might well indi- 
cate the functioning of a surrounding habitat a s  an  
accumulator of recruits. 

Field experiments such as removals of commuters or 
juveniles, blocking of commuting or migration paths, or 
reduction of shelter or food resources offer prospects for 
focusing on the effective mechanisms. Any of these 
experiments could simply be applied to selected habitats 
initially. However, the experimental program would 
likely be  more efficient and better directed after the 
proposed initial paired comparisons of natural situations. 
When (and if) some particular mechanisms of interaction 
have been demonstrated and studied within an envlron- 
ment (e.g. a n  oceanic region), it should be profitable to 
look for these mechanisms in similar situations i.n other 
regions. If regional differences emerge, it should then be 

possible to identify them specifically at  the level of the 
mechanism and associate such differences with the 
effects at  the population and community levels. 

This full line of inquiry will certainly be long, difficult 
and complex. It deals with some basic questions in 
marine ecology, involving complex interactions of indi- 
vidually complex systems. For exactly these reasons it 
is also of great importance to theoretical and applied 
ecology, and its resolution will be  of great value to the 
management of habitats and living resources. Fortu- 
nately, the first important steps in this line of research 
involve modest cost, time and effort and can produce 
very useful results. 
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