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Abstract Population size-structure is often ignored in assemblage-level studies of reef
fishes, which usually rely on static and dynamic patterns of relative total abundance to infer
what mechanisms organize those assemblages. However, body size has substantial effects
on processes that affect competitive relationships between species: (i) small, recently
recruited fish, which usually(?) suffer high mortality, can dominate total abundance and
strongly influence the dynamics of the relative total abundances of different species, while
having little effect on interspecific biomass relations; (ii) numeric abundance and biomass
of a species can vary independently, due to habitat variation in population size-structure
resulting from variation in mortality and growth, as well as habitat selection; and (iii) pop-
ulation size-structure affects the potential for and outcome of interspecific competition due
to (a) ontogenetic change in types of resources used, (b) levels of resource needs being
dependent on individual and species biomass rather than numbers, (c) advantages due to
large size in behavioural contests, (d) variation in population size-structure being linked to
habitat preference, which affects expression of competitive dominance, and (e) size depen-
dency in the development of interspecific resource-sharing relationships. Assemblage-level
analyses that ignore such size effects may fail to detect important effects of interspecific

interactions.
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INTRODUCTION

Studies of reef-fish population biology fall into two
groups with respect to how they examine local popu-
lations. Single-species studies recognize that detailed
examination of population structure is essential, and
consider how various factors that influence juvenile
growth and survival subsequently affect adult numbers
(see Jones 1991 for review). On the other hand, assem-
blage-level studies often simply ignore population
age/size structure and use total abundance as their unit
of comparison (e.g. Russ 1984; Findley & Findley
1985; Bouchon-Navaro 1986; Galzin 1987; Williams
1991; Roberts er al. 1992; Sale er al. 1994; Meekan et
al. 1995; Waltho & Kolasa 1996). Although invariably
nothing is said about why total abundance is used in
assemblage studies, there probably are two main
reasons. First, it is convenient. Visual censuses are the
easiest means of estimating abundance, and the per-
son assessing total abundance only needs to know how
to identify fishes accurately and make reliable counts.
Second, analyses using total abundance are relatively
simple. Species can be combined into broad trophic
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groups, and relations between their numeric abun-
dances can be inspected for evidence of associations
or interactions within and between such groups. Total
abundances also are used to examine relations between
abundances of fishes and resources, and allow the cal-
culation of species diversity indices that are used to
characterize assemblages. An assemblage-level analy-
sis that involved detailing the ecological significance of
population structure would be a more complicated
effort, to both collect and analyse the data.

The aim of this paper is to reinforce the recognition
by single-species studies of the importance of popula-
tion size-structure, by pointing out reasons why it needs
to be taken into account when assessing processes that
determine abundances and distributions of groups of
species, particularly when attempting to make infer-
ences about the effects of interactions among ecolog-
ically similar species, and effects of the distribution and
abundance of resources.

SIZE, MORTALITY RATES AND PATTERNS
OF CHANGE IN RELATIVE ABUNDANCE

Mortality rates of juvenile reef fishes may typically be
higher than those of conspecific adults (e.g. Eckert



1987; Warner & Hughes 1988; Hixon 1991; although
see Caley 1998). Hence, not only interspecific differ-
ences in mortality rates of two species but also the ini-
tial abundances of juveniles in their populations will
affect the pattern of subsequent change in their rela-
tive total abundances. Because recruits often arrive in
large numbers, young juveniles may numerically dom-
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Fig. 1. Intermensual fluctuations in the relative abundances
of two Caribbean gobies in San Blas, Panama. Relative abun-
dance = abundance of Gobiosoma illecebrosum/abundance
of Coryphopterus personatus. (a) Adults only; (b) adults +
juveniles; and (c) adults + juveniles + recruits. These two
species belong to different trophic groups and their popula-
tions are highly unlikely to interact. This figure shows how
relative abundances can fluctuate rapidly, and in changing
patterns depending on whether recruits of the month [which
arrive intermittently throughout the year (Robertson &
Kaufmann 1998)] and older juveniles are included in the
populations. The relative abundances of adults of the two
species fluctuate rapidly due to rapid maturation and low
longevity.
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inate a population shortly after a recruit influx, but do
so for only a short time due to high juvenile mortality
rates (e.g. Shulman & Ogden 1987). When recruitment
occurs intermittently during an extended season,
pulses of recruitment may also lead to substantial, fre-
quent, short-term fluctuations in relative total abun-
dances of different species. In the tropical northwest
Atlantic, recruitment by many reef fishes occurs
throughout all or most of the year, and there are high
levels of both interspecific diversity and intraspecific,
interannual variability in recruitment seasonality
(Robertson & Kaufmann 1998). As a result, the rela-
tive abundances of different species can fluctuate con-
siderably over the course of the year, to differing
degrees and on somewhat different temporal patterns,
depending on which age classes are incorporated in the
‘population’ (e.g. Fig. 1). The temporary, high abun-
dance of a subset of a population that contributes very
little to species biomass, and may have relatively weak .
interactions with older components of the same or dif-
ferent species (see below: Relative size and the strength
of competitive interactions), could confound attempts
to detect effects of interspecific interactions among
older fishes on abundance.

HABITAT VARIATION IN POPULATION
SIZE-STRUCTURE

Habitat variation in the size structures of adult popu-
lations has been examined for a few reef fishes (Ralston
1976; Robertson & Lassig 1980; Waldner & Robertson
1980; Fowler 1990; Hart & Russ 1996). While in some
cases such spatial variation must result from habitat
selection and redistributions of fish as they grow (e.g.
Robertson 1988), in others it arises through variation
in both adult longevity and growth (Ralston 1976;
Fowler 1990; Aldenhoven 1986; Hart & Russ 1996).
One consequence of intraspecific spatial variation in
demographic characteristics is that the relative total
abundances of pairs of species are likely to be governed
by quite different processes in different habitats or sites,
differences that may be undetectable using simple com-
parisons of relative total abundance.

In a habitat occupied by a single member of an eco-
logical guild, that species’ population often contains a
high proportion of large adults (at least in territorial
damselfishes; Robertson & Lassig 1980; Waldner &
Robertson 1980). Suth ‘exclusive-use’ habitats prob-
ably represent ‘preferred’ habitat because adults living
in them probably achieve the highest fecundity and
longevity. Because the structure of dominance relations
between two species may vary in different habitats
(Ebersole 1985), with the ecologically dominant species
asserting its dominance only in the habitat it prefers
(Robertson 1995), habitat preference could have
important effects on the outcome of interspecific inter-
actions by reinforcing size effects on dominance ability.
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RELATIVE SIZE AND THE STRENGTH OF
COMPETITIVE INTERACTIONS

Major ontogenetic changes in the types of resources
used commonly occur among reef fishes (e.g. diet:
Emery 1973; Bellwood 1988; Harmelin-Vivien 1989;
microhabitat and habitat use: Clarke 1977; Shulman
& Ogden 1987; Robertson 1988; Harmelin-Vivien
1989; Williams 1991; Lirman 1994; Green 1996). In
fact juveniles may have such specialized and different
habitat requirements from adults that an entire local
population may disappear in response to the loss of
juvenile habitat due to disturbance that has no appar-
ent effect on adult habitat (e.g. Williams 1986). Such
ontogenetic variation in resource use is likely to affect
the strength of interactions between size classes of both
the same (Harmelin-Vivien 1989) and different species.

Examinations of the effects of both intra- and inter-
specific interactions on demography of reef fishes gen-
erally focus on adult-juvenile and juvenile-juvenile
relations (see Jones 1991 for review). However, inter-
actions among adults are at least as important. To an
adult fish, an adult of another closely related, ecolog-
ically similar species probably constitutes a greater
competitive threat than does a small juvenile of the lat-
ter species, because adults of those species are more
likely to require the most similar types of resources and
to have the largest needs. Consequently competitive
interactions are likely to be most intense between indi-
viduals of similar size (cf. Ebersole 1977; Harrington
1993), and those among adults are likely to be more
intense than those between adults and juveniles. The
onset of density-dependent limitation of growth as fish
approach maturity (Jones 1991; Pitcher 1992) reflects
such size dependency in the intensity of competition.
Much effort has been devoted to assessing the extent
to which patterns of growth and mortality of recently
recruited reef fishes modify the relationship between
larval supply and subsequent abundance (see review in
Jones 1991). Attention also needs to be given to the
extent to which processes affecting ‘recruitment’ of
subadults into the adult population modify the effects
of earlier events (¢f. Harmelin-Vivien 1989; Jones
1991). Variation in such subadult ‘recruitment’ has the
potential to affect the abundance of adults and the bio-
mass of a species at least as strongly as does the demo-
graphics and growth of young juveniles.

RELATIVE SIZE AND THE OUTCOME OF
COMPETITIVE INTERACTIONS

Body size is an important determinant of behavioural
dominance between individuals not only of the same
species but also of different, closely related species of
reef fishes (Robertson 1995). Consequently, the rela-
tive size structures of populations of two such species
are likely to affect the extent to which a dominant

species controls resources. For example, in its primary
habitat in Caribbean Panama, the large, uncommon
territorial damselfish Stegastes diencaeus is competitively
dominant over two much more abundant congeners,
Stegastes dorsopunicans and Stegastes planifrons, at least
in part because adults of the latter two tend to be
smaller in that habitat than in other habitats (Robertson
1995).

Small to moderate differences in the body sizes of
different species may affect the outcome of competi-
tive interactions between their populations by deter-
mining which individuals of which species have
exclusive access to behaviourally contested resources.
However, large differences in body size may actually
reduce the effectiveness of interspecific behavioural
interactions and lead to heterospecifics cohabiting and
sharing space and food resources they defend against
conspecifics and other species. In some cases it appears
that adults of large species cannot effectively exclude
those of much smaller species because the latter
exploit refuges the former cannot access (e.g.
Robertson & Polunin 1981). Conversely, adults of a
large species may be able to behaviourally dominate
and prevent adults of smaller species excluding them
(Robertson 1984; Roberts 1985). While a preliminary
experiment indicated a negative effect of one species
on the growth of another in one such cohabitation rela-
tionship (Robertson 1984), the consequences of such
resource sharing for the abundance, population size-
structure, biomass, demography and reproduction of
cohabitant species have not yet been examined in any
depth. Determination of those consequences will help
reveal the fundamental nature of such cohabitational
relationships; that is, are they competitive (with one or
both species losing to some extent), neutral (with
neither gaining nor losing) or somehow mutually
beneficial? Such size-dependent interspecific cohabi-
tation has been documented among territorial, benthic-
feeding herbivores from several families (cf. Robertson
& Polunin 1981; Robertson 1984; Roberts 1985).
Whether similar relationships occur among other taxa,
and whether their occurrence is related to the type of
resources used and the mode of access to them, remains
to be determined.

INDIVIDUAL SIZE, SPECIES BIOMASS AND
RESOURCE NEEDS

While resource use must increase with body size and,
intuitively, use of feeding space should be related to
resource abundance, studies of space use by territorial
reef fishes have not found any simple relationship
between territory size and resource density (Ebersole
1980; Hixon 1980; Tricas 1989). At present there are
no data on how quantitative requirements for food and
space change during the life history of any coral-reef



fish. Apart from juveniles of large species tending to
have faster growth (and therefore higher resource
needs) than juveniles of smaller near-relatives (Buesa
1987; Legrende & Albaret 1991), there is almost no
information on how size dependency in resource
requirements varies among potentially interacting reef
fishes. Relationships between numerical abundances
and assessments of the relative impact of interactions
between species may be difficult to interpret without
such data.

Examinations of the relationship between resource
abundance and the abundance of members of a con-
sumer guild have been made for only one group of reef
fishes, the corallivorous chaetodontids. Studies of that
family have found only weak relationships between live
coral cover (i.e. resource biomass) and total abun-
dances of fish (e.g. Fowler 1990; Roberts ez al. 1992;
and references therein). However, the ratio of biomass
to total abundance of a consumer taxon can vary
several-fold among habitats (cf. Bellwood & Alcala
1988) and, because they are much larger than juveniles,
adult fish are likely to account for most of the con-
sumption by a population even when they are in a
numerical minority. Re-examination of fish—coral abun-
dance relationships among chaetodontids, using bio-
mass of fishes as well as corals (or better still an index
of consumption/production), is needed to test conclu-
sions about putative patterns indicated by numeric
abundances of fishes. Such reassessments should also
incorporate more refined characterizations of resources,
as different chaetodontids eat different corals (e.g. Cox
1994).

The extent of interspecific competition between two
species must be related to the overall intensity of
resource use by the population of each. Because a cer-
tain amount of resources could support different num-
bers of individuals depending on their sizes, relations
between the density and size of adults of different
species, or the biomass of those classes within their
populations that have overlapping resource require-
ments, are likely to provide much better indications of
the importance of resource limitation and competition
than relations between total abundance. For example,
in response to the experimental removal of the terri-
torial Caribbean damselfish Stegastes planifrons, both
total and adult populations of a common congener,
Stegastes partitus, increased sharply (Robertson 1996).
However, the response of another, less abundant con-
gener, Stegastes variabilis, was less clear cut: while its
adult population doubled after the removal of S. plani-
froms, its total population showed only a statistically
non-significant increase. Juveniles of S. variabilis may
have been little affected by competitive interactions with
S. planifrons because their individual and combined
resource requirements were minor compared to those
of conspecific adults: juveniles of S. variabilis were re-
latively uncommon compared with conspecific adults
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and may have a somewhat different diet (Emery
1973). In this case testing for effects of interspecific
competition using only change in total abundance
would have failed to detect a substantial effect of
competition, namely an effect on biomass. If the
relative biomass of two species determines the
nature and intensity of an interaction between
them it could be difficult to find evidence of
such an interaction from a simple analysis of total
abundances, if population size-structure varies
spatially.

CONCLUSIONS

The benthic populations of most species of reef fishes
include individuals with widely varying body weights,
with 1-3 orders of magnitude of variation in weight
being common within species. Also, there is likely to
be considerable habitat variation in the relationship
between numbers and biomass across a broad range of
species. Variation in body size of reef fishes is linked to
variation in mortality rates, and the types, symmetry
and intensity of interspecific competitive interactions.
The importance of body size to ecological relationships
among members of ecological guilds is widely recog-
nized in other ecosystems (Ebenmann & Persson
1988), and some methods have been developed for
dealing with population size-structure when assessing
the potential for interactions (e.g. Wissinger 1992).
However, population size-structure has received little
attention in studies of mechanisms that structure reef-
fish assemblages, and biomass relations among reef
fishes have been considered primarily in analyses of
trophic-level structure and fisheries management
assessments (Bellwood & Alcala 1988; Williams 1991;
Jennings ez al. 1996; and references therein). Given that
biomass and body-size relations are likely to be crucial
for interactions within guilds, analyses of spatial dis-
tributions and population dynamics of members of eco-
logical guilds that rely on total abundance may well fail
to detect major interspecific interactions. While total
abundance may allow an initial description of an assem-
blage, its use for assessing mechanisms of assemblage
organization should be justified and the assumptions
involved in that use should be explicitly stated and
defended.
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