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ABSTRACT: Coral reefs occur in a variety of situations in the Atlantic, Pacific and Indian Oceans, which
involve great differences in the degree of isolation from surrounding shallow-water environments, e.q.
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, demersal 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. It 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.
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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
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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~!, 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, [ 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 driit

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 (specitically Enewetak). 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
doneinothersituations. Itsimportance is beginning to be
recognized, however (e.g. Williams & Hatcher 1983).

Reef debris that is not captured by planktivores will
tend to settle and accumulate in shallow-water sur-
roundings 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, it 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 reeis 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, Lobel & Ogden 1981, Harmelin-Vivien 1983).

The flux of benthic invertebrates from surrounding
habitats to the reef is produced primarily by the
activities 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, Ogden & 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
fill 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 diel 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 % 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 reet 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 occur
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 prim-
ary level and at the level of benthic invertebrate forage
animals (e.g. Rodriguez 1959, O'Gower & Wacasey
1967, Rutzler 1969, Heald & Odum 1970, Austin &
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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-
tions, so the trophic efficiency is high. Even the import
of inorganic nutrients (e.g. as 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, Lobel &
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 an 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 arriving 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 Northwest-
ern Hawaiian Islands reefs. Most prey were juveniles.
There 1s 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 it 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 fish 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

Quinn & Kojis (1985) in Papua New Guinea made a
direct, qualitative comparison of the fish fauna in a
mangrove site 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 Lal 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 (1971) and Austin & Austin (1971) reported that
mangroves in western Puerto Rico 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

Harmelin-Vivien (1983) made extensive 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 residents 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 Rico, 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 vields 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 as 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 an
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 Hawalii, 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 1n 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 (Willlams 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 function 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 richness negatively
correlated with the distance from the Philippine Islands
(his assumed zoogeographical area of faunal 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 varability 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 Tablel). Some fishes (e.g. scarids) may in fact
acquire significant nutrition directly from the algal
symbionts in animal tissue. However, in