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Abstract The distribution and habitat associations of
detrivorous blennies on a tropical coral reef were in-
vestigated at several spatial scales and compared with
other fish that feed on the epilithic algal matrix to assess
density and biomass contributions of small detrivorous
fishes to these assemblages. At broad spatial scales total
blenny abundance and biomass were highest on the tops
of reefs exposed to prevailing winds. On the finer scale of
microhabitat use, all species showed a preference for
non-living corals, although the type of coral utilised
differed between species. The high abundance of blen-
nies on reef tops and non-living corals may be partially
related to the quality and availability of detritus in these
habitats. Comparisons of total blenny abundance and
biomass with other territorial detrivores found that
blennies accounted for approximately 60% of this
functional group’s density and 21% of their biomass on
exposed reef tops. Overall, territorial detrivores were
found to constitute approximately 37% of the density
and 26% of the biomass of the detrivorous/herbivorous
fish assemblage on exposed reef tops. Small detrivorous
fish therefore represent a substantial proportion of fish
assemblages that feed on epilithic algae and associated
detritus on coral reefs.
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Introduction

Fish that feed on epilithic algae and associated detritus
provide an essential link between primary production
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and secondary consumers on coral reefs (see reviews by
Horn 1989; Choat 1991). Because of their importance to
coral reef ecology the distribution of fish that feed on
primary resources has been widely studied. However,
many of these studies have tended to concentrate on the
large, conspicuous species and excluded the smaller,
cryptic fish (e.g. Russ 1984a, 1984b; Meekan and Choat
1997). Small fish with total lengths of <100 mm are
usually the most diverse and abundant size class of fish
on coral reefs (Munday and Jones 1998) and constitute a
significant portion of the fish biomass (Akerman and
Bellwood 2000). Furthermore, as small fish have a
higher mass specific metabolic rate than larger bodied
fish (Clarke and Johnston 1999) and generally higher
turnover rates, high abundance suggests they play an
important role in the transfer of energy on coral reefs
(Akerman and Bellwood 2000).

There are a number of different processes that are
likely to influence the distribution patterns of coral reef
fishes (Williams 1991). The availability of resources, in
particular dietary resources, is one process that may
have an important role in determining the distribution of
herbivorous and detrivorous fishes. To satisfy high en-
ergy requirements, herbivorous and detrivorous fishes
ingest large amounts of algae or detritus and selectively
feed on protein-rich material (Bowen et al. 1995). Spatial
variation in the availability and quality of dietary re-
sources may therefore influence the abundance and
distribution of the fish that feed on them. Previous
studies have examined how algal availability may affect
the abundance of herbivorous fishes (e.g. Russ 1984c;
Hart et al. 1996); however, the influence of detrital
quality and availability on the distribution of coral reef
fishes is yet to be established. This is despite recent
studies which have found that the quality of detritus can
vary across reef zones (Purcell and Bellwood 2001).

Apart from broad-scale patterns of detritus quality,
fine-scale distributions of food resources may be par-
ticularly important for small detrivores, as many of these
fish are site attached (Nursall 1977; Horn 1989; Gon-
calves and Almada 1998) and rely on resources within
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territories to satisfy dietary requirements. The type of
microhabitat utilised by these fish must, therefore, be
capable of accumulating enough detritus to satisfy their
relatively high energetic requirements, as well as provide
adequate shelter.

Variation in the availability of suitable habitat re-
sources at both broad and fine scales may have an effect
on the distribution of fish. Furthermore, the influence of
a habitat resource is likely to vary with spatial scale
(Syms 1995) and therefore it is important to examine fish
distributions and their relationships with habitat re-
sources at a range of spatial scales.

Blenniid fish from the tribe Salariini are small
(5-17 cm total length) cryptic fish (Randall et al. 1990),
which feed on the epilithic algal matrix, primarily
ingesting detrital aggregates (Wilson 2000). On high-lat-
itude reefs, blennies are an abundant component of fish
assemblages (Townsend and Tibbetts 2000), which, in
conjunction with other small fish, are responsible for
removing large amounts of material from the epilithic
algal community (Hatcher 1981). In this environment,
salariin blennies represent an abundant and ecologically
significant group of small detrivores; however, their sig-
nificance on tropical coral reefs remains to be determined.

This study will provide baseline information on the
distribution and abundance of salariin blennies which
will enable future evaluation of the importance of these
small detrivorous fishes to coral reef trophodynamics.
Distribution patterns of blennies will be examined at
broad and fine spatial scales, and used to assess the re-
lationship between blenny abundance and dietary re-
source availability. Estimates of blenny abundance and
biomass will also be compared with that of other her-
bivorous and detrivorous fishes, providing information
on the relative contribution of blennies and small det-
rivores to assemblages of fish that feed on epilithic algae
and associated detritus.

Methods

Visual censuses were conducted on the fringing reef around Lizard
Island (14°42’S, 145°30’E) at three locations of differing wind and
wave exposure (Fig. 1). The most exposed locations were subjected
either directly or obliquely to the prevailing southeasterly winds,
whilst sheltered locations were protected from these conditions.
The third location was inside the lagoon, where censuses were
conducted on contiguous reef. Within each location three sites were
selected haphazardly and from each site three transects were con-
ducted on the top and three on the side of the reef. The reef tops
were at a depth of 1-2 m at mean high tide and the sides were
surveyed at a depth of 2-5 m at mean high tide. Transects of
50%x2 m were censused for approximately 20 min by swimming at a
constant rate along an underwater tape measure. The transect
width and census time were predetermined by a pilot study that
compared precision of blenny density estimates at different swim-
ming speeds and transect widths. Visual censuses were conducted at
all locations, sites and zones during August 1998 (Austral winter).
All censuses were performed between 10:00 and 17:00, as a pilot
study had shown that time of day and tidal height had no signifi-
cant influence on estimates of blenny densities during these hours.

Blennies within transects were identified to species level, their
total length estimated and the microhabitat on which they were first

observed recorded. The types of microhabitat available to blennies
were assessed using point intercept transects. For all blenny-cens-
used transects, available microhabitat was estimated by recording
the type of substratum at every marked meter of the transect tape.
This provided 50 microhabitat readings for each transect. Micro-
habitats were classified into: massive, branching, corymbose, en-
crusting, soft and other corals, as well as rock, rubble, sand and
miscellaneous. The different coral categories were based on growth
forms described in Veron (1993) and each coral category was fur-
ther classified as either living or non-living. The miscellaneous
category included macroalgae, clams and sponges.

To estimate the total biomass of blennies, total length estimates
for each blenny seen on transects were converted to fish weight
using length—weight relationships obtained from a representative
sample of blenny species collected during the course of the study.
The accuracy of fish length estimates was assessed throughout the
study by estimating the length of fish in areas adjacent to sampling
sites, then capturing the fish and measuring total length with call-
ipers. For 190 fish, with measured total lengths of between 15 and
70 mm, estimated length was 98 +1% of the actual fish length.

To investigate the relative importance of blennies on coral reefs,
their density and biomass at exposed and sheltered locations were
compared with those of other detrivorous/herbivorous fishes. Each
fish species was assigned a functional group based on published gut
content analyses (Sano et al. 1984 ; Wilson and Bellwood 1997 ;
Wilson 2000) and their feeding behaviour. Those species with more
than 50% detrital material in their guts were classified as detrivores
and those with less than 50% detritus but greater than 50% algae
were classified as grazers. Densities of territorial pomacentrids were
estimated from Meekan et al. (1995), whilst density and size esti-
mates of other species were provided by J.H. Choat (unpublished
data). Sites used by Meekan et al. (1995) and J.H. Choat corre-
sponded with those surveyed in this study, although these sites were
surveyed at different times. Given the temporal differences between
these studies and my own, abundance estimates should be consid-
ered as approximations, which were used to suggest the relative
importance of blennies as a trophic group on coral reefs. Length—
weight relationships from Kulbicki et al. (1993) and L. Bay (un-
published data) were used to convert estimated fish lengths into
biomass.

Statistical analyses

The distribution of the six most abundant blenny species at Lizard
Island was compared between zones (top and side) and locations

Lizard Island
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Fig. 1 Map of Lizard Island showing sites in exposed (E!, E2, E3),
sheltered (S1, S2, S3) and lagoon (L1, L2, L3) locations



(exposed, lagoon and sheltered) using MANOVA. Before compar-
isons were made, data within each site were pooled and the mean
number of each species on the top of each site and side of each site
treated as a replicate. These data were then log;o (x + 1) transformed
to meet the assumptions of MANOVA. Significant differences in
MANOVA were further investigated using a two-way ANOVA for
each species, with location and zone as fixed factors. Significance
levels were corrected using sequential Bonferroni adjustments (Rice
1989), which reduced the probability of type 1 error which is asso-
ciated with multiple tests. The mean abundance of each species at
different zones and locations was also examined graphically to help
interpret ANOVA results. To compare the total density and bio-
mass of salariin blennies, a two-way ANOVA, with reef location
and zone as fixed factors, was used. Total biomass data were square
root transformed to meet the assumptions of ANOVA and any
significant differences were scrutinised using Tukey HSD tests. Fine-
scale distribution patterns of blennies were examined using selec-
tivity indices to compare the relative availability and usage of dif-
ferent types of microhabitat. Indices and 95% confidence intervals
were calculated using the methods described by Manly et al. (1993)
(sampling design II, protocol A). For each blenny species, indices
were only calculated for microhabitats where three or more indi-
vidual fish were seen to use that microhabitat. The remaining mi-
crohabitats were pooled into the “other’” category. Blennies were
considered to use a microhabitat that was at a significantly greater
level than was proportionally available if the lower bound of the
95% confidence interval exceeded 1. Conversely, if the upper bound
of the confidence interval was less than 1, fish were considered to be
using significantly less of the microhabitat than was proportionally
available. When the confidence interval intersected with 1, fish use
did not exhibit significant selectivity.

Results
Broad-scale habitat associations

Fifteen species of salariin blenny from eight genera were
identified during visual surveys of the reefs around Liz-
ard Island (Table 1). The relative abundance of the six
most common blenny species varied amongst reef loca-
tions and zones. Four of the species were predominantly
found at either the lagoon or exposed reefs, whilst the
other two species were distributed more evenly between
the lagoon, exposed and sheltered locations (Fig. 2). All
six species of blenny were found on the tops of reefs and
four of the species used this zone almost exclusively
(Fig. 2). In contrast, only two species were found in

247

relatively high numbers on the side of reefs and both of
these species were also regularly seen on reef tops.
MANOVA, conducted on the relative abundance of the
six blenny species, confirmed that there were differences
in distribution patterns, with a significant interaction
between zone and location (Pillai’s trace P <0.001).

Salarias patzneri was the most abundant blenny
species and was mostly found on the top of lagoon reefs
(Fig. 2). Salarias fasciatus had a similar distribution
pattern to S. patzneri, with the highest levels of abun-
dance also occurring on the top of lagoon reefs. The
relative density of S. patzneri is, however, an order of
magnitude greater than S. fasciatus. The other highly
abundant species at Lizard Island is Cirripectes
stigmaticus, which was observed predominantly on the
top of exposed reefs (Fig. 2). Two-way ANOVAs com-
paring the relative density of individual species found
significant interactions between locations and zones for
each of the aforementioned species (Table 2). Significant
interactions can be attributed to higher densities on the
top of lagoon reefs for S. patzneri and S. fasciatus, and
exposed reef tops for C. stigmaticus (Fig. 2). No inter-
actions were detected for the other three blenny species,
although there were significantly more Glyptoparus
delicatulus on the top of reefs and significantly more
Atrosalarias fuscus in the lagoon (Table 2). Of the six
species investigated, E. stictus was the only species where
there was no significant difference detected in broad-
scale distributions.

When densities for all blenny species were combined
(Fig. 3) the total abundance was significantly higher on
the tops of reefs (F=39.3, df=1, 12, P<0.001) and at
the lagoon and exposed locations (F=11.1, df=1, 12,
P=0.002). There was no significant interaction between
zone and location. The weight of individual blennies,
calculated from length estimates and the relationships in
Table 3, was used to estimate the biomass of blennies at
different zones and locations. There was a significant
interaction when the biomass of blennies at different
zones and locations were compared (F=14.7, df=2, 12,
P=0.001). Tukey’s HSD test confirmed graphical com-
parisons (Fig. 3) that the interaction was due to a sig-

Table 1 Salariin blennies
observed whilst conducting
visual surveys at Lizard Island.

Mean total lengths (T. L.) are
calculated from visual estimates
of fish seen during surveys

Species Number Mean Favoured

observed T.L. = SE (cm) location/zone
Atrosalarias fuscus 37 7.2+0.3 Lagoon/top and side
Blenniella periopthalmus 1 8.0 Exposed/top
Cirripectes chelomatus 13 6.7£0.4 Lagoon/top
Cirripectes filamentous 5 5.4+0.2 Lagoon/top
Cirripectes polyzona 8 5.3+0.2 Exposed/top
Cirripectes stigmaticus 153 8.6+0.2 Exposed/top
Crossosalarias macrospilus 2 5.0+0.5 Exposed and lagoon/side
Ecsenius aequalis 1 4.0 Lagoon/side
Ecsenius bicolor 15 5.24+0.2 Exposed/side
Ecsenius mandibularis 6 4.4+0.2 Lagoon/side
Ecsenius stictus 126 4.1£0.1 Exposed/side
Exallias brevis 3 11.0+£0.6 Exposed/top
Glyptoparus delicatulus 29 3.2+0.1 Exposed/top
Salarias fasciatus 22 8.1+0.5 Lagoon/top
Salarias patzneri 188 4.1+0.1 Lagoon/top
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Table 2 Summary of significant differences in the broad-scale
distribution of six species of salariin blennies. Results are from two-
way ANOVAs comparing the relative abundance of each species at

Sheltered

Exposed Lagoon Sheltered Exposed

different reef locations and zones. ANOVAs were used as a post-
hoc investigation of a significant MANOVA interaction between
zone and location (Pillai’s trace P<0.001)

Species Significant factor df F P
Atrosalarias fuscus Location 1, 12 6.2 0.01
Cirripectes stigmaticus Zone X location 2,12 25.8 0.001
Ecsenius stictus None

Glyptoparus delicatulus Zone 1, 12 8.6 0.01
Salarias fasciatus Zone X location 2,12 6.0 0.01
Salarias patzneri Zone X location 2,12 64.3 <0.001

nificantly greater biomass of blennies on the top of
exposed reefs.

Fine-scale habitat associations

Each of the six blenny species investigated in this study
was found in one or two microhabitats at a dispropor-
tionate level to the microhabitat availability (Fig. 4).
Preferences for microhabitats varied between species;
however, all species used at least one non-living coral
growth form at significantly higher levels than the
availability of that microhabitat. Salarias patzneri,
Glyptoparus delicatulus and Ecsenius stictus all showed a
positive selection for non-living massive corals, whilst
Atrosalarias fuscus and Salarias fasciatus selected non-
living branching corals. In addition, E. stictus displayed
a preference for living massive and A. fuscus for living
branching corals; however, their use of these micro-
habitats was less frequent than that of the corresponding
non-living growth forms (Fig. 4). Cirripectes stigmaticus
showed preferences for corymbose corals, living and
non-living, as well as encrusting corals.

Blenny abundance and biomass relative to other
detrivorous/herbivorous fishes

Density and biomass estimates of all functional fish
groups were highest on the top of exposed reefs (Fig. 5).
Salariin blennies, which were classified as territorial
detrivores, were an important constituent of this func-
tional group, accounting for approximately 60% of the
density and 21% of biomass estimates on exposed reef
tops. Overall, the territorial detrivores were found to be
a substantial component of the total detrivorous/her-
bivorous fish community. On the top of exposed reefs
they contributed 37% to the total density and 26% to
the total biomass of detrivorous/herbivorous fishes.

Discussion

The major dietary items ingested by the six species of
blenny investigated in this study are detrital aggregates
(Wilson 2000). In order to satisfy dietary requirements it
is expected that detrivorous fishes, like blennies, will
selectively feed at locations rich in protein (Bowen et al.
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Fig. 3 Broad-scale patterns of total abundance and total biomass
of salariin blennies. Error bars are standard errors calculated from
three sites for each combination of zone and location

1995). Of the six blenny species investigated in this
study, four were found at significantly higher densities
on reef tops, and when blennies were considered as a
single group, their density and biomass are highest on
the top of reefs at all locations. On an exposed reef at
Lizard Island, Purcell and Bellwood (2001) found that
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Table 3 Length-weight relationships for salariin blennies. W
Weight (g); TL total length (cm). Equations are based on weight
and length measurements of blennies collected from Lizard Island

Species n 2

Atrosalarias fuscus W=0.013TL>*? 73 0.98
Cirripectes spp. W =0.023TL>*! 8 0.98
Ecsenius spp. W=0.015TL*>% 49 0.93
Glyptoparus delicatulus W=0.01TL>*® 10 0.91
Salarias fasciatus W=0.015TL>¥’ 13 0.97
Salarias patzneri W=0.007TL*% 127 0.97

although the C:N ratio of detritus did not differ between
reef zones, the percentage of organic detritus in sedi-
ments was greatest on the crest. Blennies feeding at this
location therefore have access to sediments with a higher
percentage of organic detritus and nitrogen.

The presence of sediments with a high percentage of
organic detritus on exposed reef tops at Lizard Island
coincides with high estimates of blenny abundance and
biomass in this environment. High levels of blenny
abundance on coral reefs have previously been docu-
mented by Odum and Odum (1955), who reported a
prevalence of small blennies on the reef ridge at
Eniwetok, and more recently by Townsend and Tibbetts
(2000), who estimated high densities and biomass of
blennies on the rim of reefs on the southern Great
Barrier Reef. The association of high blenny abundance
with exposed reef tops is therefore consistent over a large
geographical range of coral reefs. Furthermore, the
acanthurid, Ctenochaetus striatus, which has a similar
diet and feeding technique to many salariin blennies (see
Wilson 2000), is also found in high numbers on exposed
reef crests (Russ 1984b; Choat and Bellwood 1985). It
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Fig. 5 Relative abundance and biomass of functional groups
feeding on detritus and/or algae. Functional group composition:
territorial detrivores (salariin blennies, Stegastes nigricans,
S. fasciolatus, Dischistodus spp. and Ctenochaetus spp.); territorial
grazers (Pomacentrus spp., Plectroglyphidodon lacrymatus, Stegas-
tes apicalis, Acanthurus lineatus); roving grazers (all acanthurids
with the exception of Ctenochaetus spp. and Acanthurus lineatus);
scrapers (all Scarids). Error bars are calculated from the sum of
standard errors for taxa in each group

therefore seems that the exposed reef crests are the fa-
voured habitat for a range of detrivorous fishes. This
may be partially related to the higher organic content of
sediments at this location, as organic content can be
used as an indicator of the nutritional value of detritus
(Bowen 1987). However, other factors such as compe-
tition, recruitment and predation are also likely to in-
fluence the broad-scale distribution of detrivores.
Competition and predation pressures, as well as re-
cruitment levels, are known to vary spatially (Williams
1991) and the effect of these processes on blenny distri-
butions may be substantial.

On a finer spatial scale, each of the blenny species
investigated in this study displayed a preference for non-
living coral microhabitats. It is possible that the asso-
ciation of blennies with non-living corals is related to the
suitability of these microhabitats for accumulating food,
as coral skeletons are generally overgrown with fila-

mentous algae that incorporate a matrix of material,
including detrital aggregates. Although all species
showed a preference for non-living coral microhabitats,
the type of coral microhabitat utilised by blennies varied
between species. This may reflect the suitability of dif-
ferent microhabitats as a refuge from predators, as many
small fish rely on very specific shelter sites (Munday and
Jones 1998). Predation can play an important role in the
distribution of fish on coral reefs (Stewart and Jones
2001), and the use of microhabitats that act as suitable
predator refuges can affect survival and persistence of
small fish (Beukers and Jones 1998). Consequently, on a
fine scale, it appears that the distribution of blennies
may be influenced by the availability of non-living coral
microhabitats that act as sites of detrital accumulation
as well as provide suitable refuge sites. However, as with
broad-scale fish distributions, factors other than re-
source availability and predation are likely to influence
the fine-scale distribution of blennies, and although not
addressed in this study, these processes may have a
significant affect on the abundance of blennies in dif-
ferent microhabitats.

Comparisons of salariin blenny numbers and biomass
with other detrivorous/herbivorous fishes were used to
suggest the relative importance of blennies as a trophic
group. Blennies represented a substantial part of the
functional group, territorial detrivores. On the top of
exposed reefs, where the abundance and biomass of all
functional groups were highest, blennies accounted for
more than half of the density and approximately a fifth
of the biomass estimates of territorial detrivores. Over-
all, territorial detrivores also accounted for approxi-
mately a third of the density and a quarter of the
biomass estimates of the detrivore/herbivore fish as-
semblages on exposed reef tops. Temporal differences
between blenny censusing and that of other detrivorous/
herbivorous fish studies dictate that density and biomass
estimates of trophic groups are approximations and that
comparisons should be interpreted conservatively. The
contribution by blennies and other detrivorous fishes is,
however, substantial and suggests that detrital-feeding
fish are an important component of coral reef food
webs. The contribution of blennies to detrivorous/her-
bivorous fish assemblages may be even greater on higher
latitudinal reefs of the Great Barrier Reef, where blenny
biomass relative to other detrivorous/herbivorous fishes
(see Townsend and Tibbetts 2000) was even higher than
on the reefs surrounding Lizard Island. This suggests
that the relative importance of blennies may vary with
geographic location.

In summary, most salariin blennies displayed distinct
distribution patterns at both broad and fine scales. On a
broad scale, blenny numbers and biomass are greatest
on the exposed reef top where the relative amount of
detritus in sediments is high. On a finer scale they are
associated with non-living corals which may act as
places of detrital accumulation or shelter sites. This is
not to say that detritus availability is the primary factor
driving blenny distribution patterns, as other processes,



such as competition and predation, are also likely to
play an important role in blenny distribution. However,
this study did show that at both spatial scales blennies
could be associated with the availability of their primary
dietary resource, detritus. On the top of exposed reefs,
where the density and biomass of all functional groups
were highest, blennies were found to be a major com-
ponent of the functional group territorial detrivores.
This functional group represented approximately a third
of the density and a quarter of the biomass estimates for
the detrivorous/herbivorous fish community. The sub-
stantial contribution of small territorial detrivores, like
blennies, to the detrivorous/herbivorous fish community
suggests these fish are an important component of fish
assemblages which are responsible for secondary pro-
duction on coral reefs.
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