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Abstract Reef-fish community structure and habitat
associations are well documented for shallow coral reefs
(<20 m) but are largely unknown in deeper extensions of
reefs (mesophotic reefs; >30 m). We documented the
community structure of fishes and seafloor habitat com-
position through visual observations at depth intervals from
3 to 50 m in West Hawaii. Community structure changed
gradually with depth, with more than 78% of fish species
observed at mesophotic depths also found in shallow reef
habitats. Depth explained 17% of the variation in reef-fish
community structure; live coral cover explained 10% and
prevalence of sand accounted for 7% of the fitted variation
indicating that depth-related factors and coral habitat play a
predominant role in structuring these communities. Dif-
ferences in community structure also appear to be linked
closely with feeding behavior. Trophic designation
accounted for 31% of the fitted variation, with changes in
herbivore abundance accounting for 10% of the variation.
These findings suggest that changes in reef-fish community
composition from shallow to mesophotic environments are
largely influenced by trophic position, coral habitat and
indirect effects of depth itself.

Communicated by Biology Editor Dr. Andrew Hoey

Electronic supplementary material The online version of this
article (doi:10.1007/s00338-017-1581-x) contains supplementary
material, which is available to authorized users.

< Corinne N. Kane
corinne.kane @wsu.edu

College of Arts and Sciences, Washington State University,
14204 NE Salmon Creek Ave, Vancouver, WA 98686, USA

Marine Laboratory, Humboldt State University, 570 Ewing
Street, Trinidad, CA 95570, USA

Published online: 21 April 2017

Keywords Fish assemblages - Community structure -
Depth refuge - Mesophotic coral ecosystems - Oceanic
islands

Introduction

Factors structuring reef-fish communities have been
researched extensively in the past 50 yr, largely following
the advent and widespread use of SCUBA diving (Sale
1991; Pyle 2000; Hixon 2011). Much of the spatial varia-
tion in reef-fish community composition has been linked to
habitat availability and complexity (Hixon and Beets 1993;
Munday 2000; Almany 2004; Gratwicke and Speight 2005;
Brokovich et al. 2006). In addition to habitat parameters,
depth and associated abiotic gradients are also known to
play substantial roles in the community composition and
abundance of reef fishes at shallow depths (<20 m;
McGehee 1994; Friedlander and Parrish 1998; Arreola-
Robles and Elorduy-Garay 2002; Donaldson 2002; Bro-
kovich et al. 2006). Due to the limitations of conventional
SCUBA gear, most knowledge of reef fishes and their
habitats has been limited to depths of 20 m or less, yet
coral reefs commonly extend to depths in excess of 80 m
(Maragos and Jokiel 1986; Kahng and Maragos 2006;
Menza et al. 2007 Reaka et al. 2008; Kahng et al. 2010).

The few ecological studies conducted on mesophotic reefs
(30-150 m) support the premise of deep reefs providing
substantial habitat for fishes (Brokovich et al. 2007, 2008;
Lesser et al. 2009; Bejarano et al. 2014). Studies of meso-
photic communities in the Caribbean and Red Sea reveal that
coral cover is consistent to at least 50-60 m depth (Goreau
and Goreau 1973; Fricke and Schumacher 1983; Liddell and
Ohlhorst 1988; Liddell et al. 1997; Bak et al. 2005; Brokovich
et al. 2008). Recent work in the Au’au Channel in Hawaii has
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revealed a unique and extensive mesophotic coral bed, pro-
viding structure for immense mesophotic fish communities
(Kahng et al. 2010). These findings suggest that the extent of
coral reefs is much greater than previously thought and that
mesophotic ecosystems may provide significant habitat and
possible refuge for shallow coral reef fishes (Bridge et al.
2013; Baker et al. 2016).

Mechanisms underlying changes in coral reef commu-
nities from shallow to mesophotic depths are not well
understood (Slattery et al. 2011; van Oppen et al. 2011;
Kahng et al. 2014). Corals, fish and other organisms have
been found from shallow to upper mesophotic zones
(30-50 m); in the Caribbean, nearly 80% of coral species
occur to depths greater than 30 m, while over 40% of coral
species extend to 304 m in the Indo-Pacific (Bridge et al.
2013). Few studies have focused on the ecology of fishes of
mesophotic coral ecosystems (MCE; >30 m). These stud-
ies predominantly describe species composition and spe-
cies—habitat relationships using observational techniques,
and relate changes in community structure largely to depth
and changes in coral abundance or morphology (Colin
1974; Thresher and Colin 1986; Pyle 2000; Feitoza et al.
2005; Brokovich et al. 2007, 2008, 2010a; Garcia-Sais
2010; Bryan et al. 2013; Bejarano et al. 2014; Schultz et al.
2014; Lindfield et al. 2016). To date, five studies have
investigated reef fishes at mesophotic depths in Hawaii:
three in the remote northwestern Hawaiian Islands (Parrish
and Boland 2004; Kane et al. 2014; Fukunaga et al. 2016);
one from Maui in the main Hawaiian Islands (Boland and
Parrish 2005); and one encompassing both the northwest-
ern Hawaiian Islands and Au’au Channel in Maui (Pyle
et al. 2016). Thus, our understanding of reef-fish abun-
dance and community structure in the Hawaiian Archipe-
lago from shallow to mesophotic depths is extremely
limited, and in the majority of islands, completely absent.

In this study, we aimed to test two primary hypotheses:
(1) community composition of coral reef fishes changes
gradually from shallow to upper mesophotic depths and (2)
changes in reef-fish community composition with depth
can be predicted by trophic position or habitat variables.
Given the absence of quantitative reef-fish data below
20 m in West Hawaii, this study provides the first baseline
estimates for reef fishes in shallow mesophotic depths and
sheds light on depth-related changes in community struc-
ture and function in this underrepresented region.

Materials and methods
Study sites

Hawaii Island is geologically the youngest of all the islands
in the archipelago with a steep bathymetric gradient and
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coral reefs that extend continuously from shore to depths of
approximately 50 m. Beyond that depth, large sand flats
occur to 70 m depth or more, with reef often re-emerging
around 70 m and patchily continuing to depths currently
undetermined. Eleven sites were selected along West
Hawaii’s coastline in areas where continuous coral reef
habitat occurs from shallow waters to at least 30 m
(Fig. 1). Due to the steeply sloping bathymetry, the 50 m
depths surveyed were often within 100-200 m of the
shoreline; thus, physical distance between the shallowest
and deepest surveys was between 50 and 200 m from
shore.

Sampling design

A stratified sampling design was used to explore changes in
reef-fish abundance and community structure with depth.
Concordant depth and bathymetric relief among sites was
sought to maintain consistency and reduce potential survey
bias. Visual surveys of reef fish and benthic substrates were
conducted on SCUBA at approximately 10-m depth inter-
vals during July—August in 2013-2015. Due to variability
of habitat below 30 m, three sites were sampled to 50 m,
seven to 40 m and one to 30 m. In each site, transects were
laid parallel to shore at 3, 10 m and then in 10-m depth
intervals until the deepest extent of the reef. A minimum of
three surveys were conducted at each depth contour at each
site. Transects were spaced a minimum of 5 m apart. This
resulted in an incomplete survey design with 35 surveys at
3 m, 37 surveys at 10 m, 38 surveys at 20 m, 38 surveys at
30 m, 34 surveys at 40 m and 30 surveys at 50 m (Elec-
tronic supplementary material, ESM Table S1). Visual fish
surveys were conducted at each depth (3-50 m) using a
25 m x 4 m belt transect (Hill and Wilkinson 2004). Belt
length, width and level of replication per depth (minimum
n = 3) were dictated by technical constraints resulting
from the short bottom times allowed from using SCUBA at
50 m depths (Brokovich et al. 2008; Sandin et al. 2008).
Within each fish belt transect, all fishes were identified to
species (according to Randall 2007) and tallied individu-
ally. Benthic survey data were collected at two of the
replicate transects within each depth by photographing a
0.25-m? quadrat every meter (n = 25 per transect) using an
underwater camera equipped with a PVC photoquad framer
and dual lighting system.

Data analysis

Species accumulation curves were used to verify sampling
effort (MM model, Primer-E+; ESM Fig. S1). Sites were
grouped into three geographic regions (north, central and
south) to ensure adequate sampling effort for analyses
(Fig. 1; ESM Table S1). To ascertain general trends in
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reef-fish diversity and abundance with depth, we calculated
the mean species richness (alpha diversity) and abundance
of all fishes with depth. Richness (alpha diversity) was
analyzed using a generalized linear model (GLM) based on
a Gaussian distribution while abundance was analyzed
using a GLM based on a Poisson distribution (two factors:
depth and region; JMP 12.1.0, SAS Institute Inc.). Post hoc
Tukey tests were used to identify significant differences
among depths.

Changes in reef-fish community composition were
analyzed using principal coordinates (PCO) analyses with
PERMANOVA (two factors: depth and region) to identify
significant differences among species assemblages and
depth using Bray—Curtis similarity matrices on square root-
transformed abundance data (Primer version 6.1.13, Pri-
mer-E+4). Changes in reef-fish community composition
were tested against trophic position, benthic composition
and physical structure using a distance-based linear model

(DistLM) and redundancy analysis (dbRDA) (Primer ver-
sion 6.1.13, Primer-E+).

DistLM partitions the variation of multivariate data
according to multiple regression models to analyze rela-
tionships within a multivariate data cloud (Legendre and
Anderson 1999). A dbRDA provided an ordination of fitted
values using the multivariate multiple regression of the
relationship between reef-fish community structure and the
predictor variables (Anderson et al. 2008). Vector overlays
on dbRDA ordination diagrams were used to aid in deter-
mining the strength and direction of the relationship
between variables and redundancy analysis axes. The
length of each vector corresponds to the size of the effect
the variable had on the construction of dbRDA axes (An-
derson et al. 2008). We tested for multicollinearity before
DistLM and dbRDA analyses. No two variables had cor-
relations stronger than 0.6 and were therefore considered
independent.
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Trophic position was examined by binning reef-fish
species into six broad trophic guilds. Trophic assighment
was classified according to gut content analyses published
on Hawaiian fish species in Hobson (1974) and Randall
(2007). Species lists and assignments were corroborated
with the National Oceanic and Atmospheric Administra-
tion’s Coral Reef Ecosystem Program. Comparisons of
trophic guilds with depth were performed using one-way
ANOVAs with post hoc Tukey tests.

Benthic composition and physical structure estimates
were examined to investigate changes in the benthos with
depth. Benthic photoquadrat samples were analyzed using
CoralNet benthic image analysis (Beijbom et al. 2015).
Fifty random points were placed within each photograph
and the biota or substratum directly underneath each point
was identified to the lowest taxonomic classification pos-
sible (ESM Table S2; Fenner 2005; Huisman et al. 2007).
Taxonomic identifications were pooled to create descrip-
tive habitat categories which included turf algae,
macroalgae, sand and live coral cover. These broad cate-
gories were selected as live coral cover, turf and
macroalgal cover are strongly correlated with reef-fish
community composition at shallow depths (Friedlander and
Parrish 1998; Arreola-Robles and Elorduy-Garay 2002;
Donaldson 2002; Wilson et al. 2010; Hoey et al. 2013;
Evans et al. 2014). Live coral cover was further categorized
into designations based on general morphology as fishes
have been shown to strongly associate with branching and
plating coral morphologies. Three categories were included
for analysis: branching/plating, encrusting and lobate
morphologies. Categories were summed by photoquadrat
and averaged (n = 25) to obtain one cover estimate per
transect to correspond with fish transects. Log-transformed
benthic percentage cover data for turf algae, sand and coral
were compared across transect depths using one-way
ANOVAs with post hoc Tukey tests. Macroalgal data were
analyzed using the nonparametric Wilcoxon test and post
hoc Wilcoxon planned comparisons as variances were not
equal.

We tested whether the underlying physical substrate
influenced fish community composition. Each photoquadrat
sample was visually assigned a primary (>50% of pho-
tograph) structure identification using one of the eight
structural categories: basalt—continuous bare lava forma-
tions; compressa bed—complex interstitial matrix created
by either live or dead Porites compressa beds; pavement—
flat, hard-bottom structure; pebble/cobble—small (<25 cm)
rocks or pebbles; rubble—small fragments of dead coral;
carbonate—outer layer of live or dead coral skeletons, pre-
dominantly mounding corals; sand/sediment—fine-grain
sands or sediments; and boulder—large rocks (>25 cm).
Primary benthic structure codes were then summed by
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transect (n = 25) and averaged to generate percentage cover
of structural categories by transect for comparison.

Results
Community composition

We recorded 26,553 fish from 150 species and 33 families
within 212 transects at 11 sites along the West Hawaii coast.
Species richness significantly differed across depths and
regions sampled (GLM: depth ;{%7212 = 54.46, P < 0.001;
9(%2]2 = 1795 P =0.019; depth x
Yioo12 = 44.15, P < 0.001; Fig. 2a). Richness generally
decreased from shallow (3—20 m) to mesophotic (30-50 m)
depths. A significant interaction between depth and region
occurred because of unexpectedly high richness at 40 and
50 m depths at one site (Kona Paradise) in the southern
region. Overall fish abundance (Fig. 2b) significantly differed
across depth (GLM: z2,,, = 59.01, P < 0.001) and regions
sampled (GLM: y3,,, = 14.15, P = 0.001), but there was
no depth x region interaction (GLM: }(%07211 = 7.61,
P = 0.67). Overall fish abundance decreased with depth,
with each region displaying similar declines with depth but
slightly different overall abundances. Northern sites gener-
ally had lower abundance of fishes than central and southern
sites. Fish abundance was significantly greater at 320 m than
at mesophotic depths (30-50 m) (post hoc Tukey tests).

The community structure of reef fishes transitioned
gradually with depth (PCO analysis; Fig. 3). Shallow reef-
fish communities were more distinct (spatially separated
groupings), while deeper communities were similar
(groupings largely overlapping), particularly at 30-50 m.
Axis 1 explained 21% of the total variation and corre-
sponds most strongly with transect depth. PERMANOVA
tests using species abundance data indicated that both
region and depth were significant in structuring commu-
nities (depth: pseudo-Fs,;, = 18.47, p(perm) = 0.001;
region: pseudo-F;5;, = 6.06, p(perm) = 0.001; depth x
region: pseudo-Fig,1, = 3.13, p(perm) = 0.001).

region region

Patterns with depth

Species distributions varied greatly with depth (ESM
Table S3), with some species found at only a single depth
and others found at all six depths (Table 1). Depth-gener-
alist species (observed at four or more depths, n = 79)
outnumbered depth-specialist species (found at one or two
contiguous depths, n = 50). Depth specialists were evenly
divided between shallow specialists (<30 m; n = 21) and
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Table 1 Number of species

observed from one to six depths #Depths #Species % of total
(3, 10, 20, 30, 40 and/or 50 m), 1 31 21
indicating the proportion of
depth specialists (found at only 2 19 13
one or two contiguous depths) 3 20 13
to depth generalists (found at 4 28 19
four or more depths) 5 ) 15
6 29 19

mesophotic specialists (>30 m; n = 21), and were not

concordant with genus or family (ESM Table S3).
DistLM analysis indicated significant relationships

between the reef-fish community structure and 20 of the 21

variables tested (pavement not statistically significant;
Table 2). Depth accounted for the largest proportion of
fitted variance in fish community structure (17%) while
herbivore abundance and live coral cover accounted for
~10% each (Table 2). The decline in herbivore, detriti-
vore and corallivore abundance with depth accounted for
nearly 25% of the variation in community structure, while
the decrease in live coral cover and increase in sand

Table 2 Percentage of variation explained in a distance-based mul-
tivariate linear model of reef-fish communities

Variable P % Variation explained
Depth 0.001 16.89
Herbivore 0.001 10.31
Live coral 0.001 10.23
Sand/sediment 0.001 7.67
Detritivore 0.001 7.01
Corallivore 0.001 6.92
Rubble 0.001 6.24
Basalt 0.001 5.79
Macroalgae 0.001 5.43
Compressa bed 0.001 4.45
Zooplanktivore 0.001 3.7
Site 0.002 2.28
Invertivore 0.001 2.17
Turf algae 0.001 2.14
Carbonate 0.004 1.97
Boulder 0.006 1.65
Pebble/cobble 0.012 1.45
Omnivore 0.029 1.31
Piscivore 0.042 1.16
Pavement 0.454 0.67
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accounted for approximately 18% of variation observed in
the model. Axis 1 of the dbRDA accounted for 46% of
fitted variation (18% of the total variation) and strongly
correlated with depth (Fig. 4). Vector overlays indicate that
sandy habitats increase with depth, while coral-dominated
habitats are associated more strongly with shallow depths.
Both herbivorous and corallivorous fishes are more closely
associated with shallow depths. Axis 2 explained 14% of
the fitted variation (5% of total variation) and appears
largely associated with site-based differences.

Habitat analyses reveal significant increases in sand and
macroalgal cover with depth (ANOVA; Macroalgae:
Fs.146 = 13.79, P < 0.001; Fig. 5a; Sand: Fs 146 = 17.65,
P < 0.001; Fig. 5d). While sand increased gradually with
depth, macroalgae remained at low cover from 3 to 40 m
depth and significantly increased at 50 m depth. Turf algae
significantly differed among depths but did not exhibit any
depth-related patterns (ANOVA: Fs 146 = 3.7, P = 0.004;
Fig. 5b). Coral cover peaked at 10 m and gradually but
significantly decreased with depth; mesophotic depths had
significantly less coral cover than shallower depths
(ANOVA: Fs 146 = 25.06, P < 0.001; Fig. 5c). Coral
morphologies also differed significantly with depth
(Fig. 5¢). Branching/plating morphologies peaked in cover
at 20 m and declined gradually with depth (Fs ;37 = 6.58,
P < 0.001). Lobate morphologies also differed signifi-
cantly with depth, peaking in percentage cover at 10 m and
declining gradually with depth, with mesophotic depths
having significantly lower lobate cover than 3—20 m depths
(Fs5,137 =209, P <0.001). Encrusting morphologies
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Fig. 4 Distance-based redundancy analysis ordination of reef-fish
abundance using Bray—Curtis similarity resemblance matrix. Axes
describe percentage of variation in terms of the total fish community
structure. Vectors represent strength of variables in model
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remained at low but consistent cover across depth
(Fs137 = 1.92, P = 0.11).

Trophic composition varied significantly across depths.
Abundance of fishes in nearly every trophic group signif-
icantly declined with depth (detritivores: Fs,;; = 13.47,
P < 0.001; herbivores: Fs,1; = 24.25, P < 0.001; omni-
vores:  Fsy;; =4.68, P <0.00l; zooplanktivores:
Fs211 = 3.89, P <0.002; corallivores: Fs,;; = 24.36,
P < 0.001; Fig. 6). The only exception were the inverti-
vores, which differed significantly among depths but did
not exhibit any directional pattern (Fs,;; = 4.39,
P < 0.001) and piscivorous fishes which did not differ
significantly with depth (Fs;; = 1.3, P = 0.27). Trophic
groups differed in the rate of decline between shallow
(0-20 m) and mesophotic (30-50 m) depths. Detritivore
(84%), corallivore (72%) and herbivore (68%) fish abun-
dances declined nearly twice as much as zooplanktivore
(40%) fishes from shallow to mesophotic depths.

Discussion

The mesophotic zone of coral reefs has been defined as
beginning at 30 m and extending to the lower distributional
limit of light-dependent coral reef communities (Hinder-
stein et al. 2010; Kahng et al. 2010). Our study highlights
that while technically in the MCE range, the 30-50 m fish
communities are largely extensions of shallow reef com-
munities, with more than 78% of the fish species observed
at MCE depths typically associated with shallow waters.
Our data corroborate the few other mesophotic fish studies
in that these shallow MCE regions act as transition zones
between shallow and deep fish communities (Brokovich
et al. 2008; Garcia-Sais 2010; Bejarano et al. 2014; Rosa
et al. 2016). In particular, Rosa et al. (2016) found nearly
identical overlaps of shallow fishes in upper mesophotic
depths (80%) as our study (78%), indicating that the upper
mesophotic zone (30-50 m) is still largely dominated by
common shallow reef-fish species. The deep specialists
noted here are species found commonly on mesophotic
reefs in the Hawaiian Archipelago, indicating that the
40-50 m zone in West Hawaii acts as the upper limit for
common mesophotic fish species and is congruent with
results from other islands within the Hawaiian Archipelago
(Pyle et al. 2016).

Trophic designation accounted for 33% of the variability
in our model. Abundance analyses of trophic groups with
depth indicate herbivores, detritivores and corallivores
decreased significantly and accounted for 24% of the
variation in community structure in this study. Compar-
isons of trophic assemblages indicate a shift from herbi-
vore-dominated communities in shallow depths to
zooplanktivore-dominated communities at mesophotic
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depths. Decreasing herbivorous fish abundances in meso-
photic depths was first reported at Enewetak in the 1980s
(Thresher and Colin 1986), but has received scant attention
until recently; it has now been confirmed in the Red Sea,
Caribbean and northwestern Hawaiian Islands (Brokovich
et al. 2008, 2010b; Garcia-Sais 2010; Bejarano et al. 2014,
Fukunaga et al. 2016).

The reduction in herbivorous fishes with depth does not
appear to be related to food availability as we noted con-
sistent turf algal cover across depth and significant
increases in macroalgal cover at 50 m. In addition, many
previous studies have reported significant increases in turf
and macroalgae at mesophotic depths. Grazing pressure is
reduced in mesophotic depths compared with shallow
regions although grazing is still evident (Brokovich et al.
2010b; Kahng et al. 2010). Two main hypotheses explain
the reduction in herbivorous fishes with depth: first,
mesophotic temperatures may be too low for herbivores to
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efficiently metabolize algae (Floeter et al. 2005); and sec-
ond, deep algal species may be chemically defended and
thus unpalatable for herbivorous fishes (Hay 1981, 1984).
While herbivore abundances have been positively corre-
lated with temperature across large latitudinal gradients
(Floeter et al. 2005), the only mesophotic study of her-
bivory suggests that temperatures between shallow and
upper mesophotic reefs are not substantially different
(Brokovich et al. 2010b). Chemical defenses of mesophotic
algal species have not been studied to date, but we have
observed algal grazing by parrotfish and surgeonfish spe-
cies at mesophotic depths, indicating that at least some of
the algal community is edible. Decreases in herbivore
abundance despite adequate food supply may be a result of
differences in algal quality, not quantity. Studies in shallow
systems have found that herbivore patchiness is strongly
correlated with differences in algal productivity (Russ
2003; Tootell and Steele 2016). Although -currently
untested, it is plausible that productivity of turf and
macroalgal resources decreases with depth given the low
light availability at mesophotic depths, which could then
account for observed declines in herbivorous fishes with
depth.

While all trophic groups declined in abundance between
shallow and mesophotic depths, herbivorous and detritiv-
orous fishes declined at nearly twice the rate of zoo-
planktivorous  fish  abundances (herbivores 68%,
detritivores 84%, zooplanktivores 40%).The dominance of
zooplanktivorous fishes at mesophotic depths is supported
at many locations worldwide (Thresher and Colin 1986;
Brokovich et al. 2008; Garcia-Sais 2010; Bejarano et al.
2014) and has been hypothesized to result from higher
zooplankton abundances and more nutrient-rich water at
depth (Kahng et al. 2010). The only study to evaluate
zooplankton communities at mesophotic depths reported
negligible abundances but dramatic differences among
locations, indicating that more study is needed (Rodriguez-
Jerez 2004). Water clarity often increases in mesophotic
depths (R. Pyle pers. comm.), but it is unclear whether
zooplankton abundance is correlated with water clarity or
phytoplankton abundance in tropical insular waters. We
have observed increased water clarity at mesophotic depths
in West Hawaii, likely a result from reduced turbidity and
lower phytoplankton concentrations common in shallow
waters. It is more likely, though, that zooplanktivorous fish
dominance results from reductions in herbivorous fish
abundance at mesophotic depths rather than increased
habitat suitability or food availability in upper mesophotic
depths. More investigation is needed to confirm or refute
possible mechanisms underlying these observed trophic
shifts.

The decline in coral cover and gradual increase in sand/
sediment cover with depth indicate that habitat is more
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patchily distributed at mesophotic sites in West Hawaii.
Nine of the 11 sites surveyed in this study had reefs that
ended in large sand beds at approximately 40-70 m depth.
It is thus likely that reductions in overall abundance and
species richness are linked with reduced habitat availabil-
ity. Live coral cover is a significant predictor of reef-fish
abundance and diversity in shallow reef systems (Williams
1991) but is not typically a strong predictor of fish
assemblages within mesophotic systems, as coral habitat is
greatly reduced at these depths. We found significant
declines in cover of lobate and branching/plating coral
morphologies at mesophotic depths, likely resulting in less
suitable live coral habitat for many species of fishes.
Brokovich et al. (2008) found declines in branching corals
and live cover were the most pronounced habitat variables
correlating with fish community structure in the Red Sea,
while benthic habitat metrics accounted for little variation
in fish community structure in Western Australia (Fitz-
patrick et al. 2012). Our studies generally support those in
the Red Sea, with reduced coral cover and increased sand
cover explaining the most variability (17% combined) in
fish communities with depth among the 11 benthic and
structural variables tested. Overall colony size appeared
smaller in mesophotic depths than in shallow waters—in
shallow waters lobate colonies were often meters long
while at mesophotic depths most colonies were less than
20 cm (pers. obs.). Reductions in size of colonies also
likely influenced the size and species composition of fishes
at mesophotic depths. While not ubiquitous across all
mesophotic depths, many mesophotic reefs experience
reduced coral cover and increased algal cover; thus, dis-
sociation between coral cover and fish community structure
is not unexpected. It is likely that the depth variable rep-
resents indirect effects on community structure through
reductions in light availability which subsequently affect
benthic cover and primary productivity, as well as preda-
tion success and behavior modifications among fishes in
mesophotic systems (Brokovich et al. 2010a).

While not tested directly, habitat complexity may play a
stronger role overall than benthic cover or general structure
of the benthos. Variation within each depth is largely tied
to differences between coral rich areas (% live coral cover)
and highly complex coral matrices (Porites compressa
beds) versus basalt regions and sand/sediment areas that
lack complex interstitial spaces. While coral cover
decreases significantly with depth and live coral dominance
is rare in West Hawaii below depths of 20 m, it is likely
that remnant reef structures and boulder habitats compen-
sate for the complexity typically provided by branching
corals in shallow regions. Numerous studies have shown
that complexity, via the abundance and size of shelter
holes, is important in characterizing fish assemblages at
shallow depths (Hixon and Beets 1989; Friedlander and
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Parrish 1998; Almany 2004). The prevalence of shallow
reef-fish species to depths of 50 m is influenced by simi-
larities in structural components but it is likely that
mesophotic reefs lack the degree of fine-scale complexity
found in shallow reefs resulting from complex matrices
provided by branching corals, which may account for
observed reductions in overall abundance and species
richness at mesophotic depths in West Hawaii. Many MCE
regions describe high coral cover to depths of 60 m or
more, but these corals are largely comprised of mounding
and plating morphologies, which provide far less complex
shelter space than branching morphologies (Brokovich
et al. 2008; Hinderstein et al. 2010; Kahng et al. 2010). The
change in coral morphologies with depth results in changes
in overall complexity and thus likely contributes to the
variability in reef-fish composition between shallow and
upper mesophotic systems.

Accumulating baseline information on mesophotic coral
reefs is imperative to enhance both general knowledge and
predictive capabilities regarding coral-reef fishes. While
coral cover is one of the main drivers of reef-fish com-
munity composition in shallow waters, additional forces
beyond live coral habitat appear to gain importance with
depth; thus, more detailed studies of habitat complexity
and niche availability would be very interesting. Trophic
assemblages at mesophotic depths differ from those at
shallow depths, and correlations between herbivorous
fishes and algal abundance observed in shallow waters are
not supported in mesophotic habitats (Choat 1991; Hughes
et al. 2007; Brokovich et al. 2010b; Bejarano et al. 2014). It
is therefore important to consider differential drivers of
community structure with depth in future modeling efforts
for population and community structure of reef fishes.
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