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Abstract.—Video estimation of the relative abundance of fishes is a noninvasive
method commonly used to assess fish densities. This technique can be used to char-
acterize habitat use patterns either of fish assemblages or of a particular species of
interest. The objectives of this study were to quantify relative abundance of red snap-
per, Lutjanus campechanus, and to characterize with video methodology the asso-
ciated fish assemblages over different habitat types. Fishes were enumerated over
sand, shell, and natural hard bottom reef habitats in the north-central Gulf of Mexico
(GOM) off Alabama on quarterly cruises over a two-year period with a baited sta-
tionary underwater video camera array. Red snapper showed both significantly high-
er abundance and larger size over the reef habitat; however, no seasonal effects were
observed, indicating temporal abundance patterns were consistent among seasons.
Fish assemblages differed among habitats, with significant differences between reef
and shell assemblages. Efforts to identify the species that most contributed to these
differences indicated that the red snapper accounted for 59% of the overall similar-
ity within the reef fish assemblage and 20% of the total dissimilarity between the
shell and reef fish assemblages. This study highlights the utility of applying video
techniques to identify the importance of sand, shell, and reef habitat types both to
different life stages of red snapper, and to the different fish assemblages occupying
distinct habitats in the north-central GOM.

Introduction

Underwater video camera arrays have be-
come an increasingly common tool for char-
acterizing marine fish assemblages (Gledhill
et al. 1996; Willis and Babcock 2000; Willis
et al. 2000; Gledhill 2001; Rademacher and
Render 2003; Cappo et al. 2004) and index-
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ing abundances of a single species over a
particular habitat type (Ellis and DeMartini
1995). This technique and other video meth-
ods are particularly desirable for estimating
fish abundance when depth constraints and
physical complexity of the bottom topogra-
phy exist (Bortone et al. 1986; Greene and
Alevizon 1989). However, difficulties associ-
ated with video censuses exist, such as biased
estimates due to poor visibility, difficulty in
species identification, fish movement, and
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under-representation of small, cryptic species
(Sale and Douglas 1981; Bohnsack and Ban-
nerot 1986). Nevertheless, video methods of-
fer unique advantages over more traditional
methods (e.g., otter trawls, scuba surveys) of
assessing relative fish abundance as they are
nondestructive and the equipment can be de-
ployed and retrieved rapidly from depth.

A variety of habitat types that support
a diverse assemblage of fishes exists on the
north-central Gulf of Mexico (GOM) conti-
nental shelf. The shelf is composed primar-
ily of sand, mud, and silt with little or no
vertical relief (Ludwick 1964; Kennicutt et
al. 1995). Several studies have characterized
fish assemblages over low-relief mud and
sand habitats (Moore et al. 1970; Franks et
al. 1972; Chittenden and McEachran 1976)
while others have characterized shelf-edge
bank fish assemblages from the western GOM
Flower Garden Banks (Dennis and Bright
1988; Rooker et al. 1997; Gledhill 2001) to
the eastern GOM Florida Middle Grounds
(Smith et al. 1975; Gledhill 2001). However,
extensive low-relief (cm to m) shell ridges
at 20-40 m depths exist in the north-central
GOM as the result of alternating periods of
sea level during the Holocene transgression
(Schroeder et al. 1995; McBride et al. 1999;
Dufrene 2005). In addition, natural hard bot-
tom habitats in the form of reef pinnacles,
banks, and ledges exist on the shallow in-
ner-shelf; these have been suggested as im-
portant reef habitat for red snapper and other
reef fishes (Parker et al. 1983; Schroeder et
al. 1988). However, little information exists
regarding the function of these shell ridges
and natural reefs due to long held miscon-
ceptions that little or no natural hard bottom
reef habitat existed on the shallow (<40 m)
north-central GOM shelf.

Red snapper, Lutjanus campechanus, is a
demersal reef fish predominantly found along
the continental shelf out to the shelf edge from
North Carolina to the Yucatan Peninsula, in-
cluding the GOM, but not the Caribbean Sea

(Hoese and Moore 1998). Studies character-
izing habitat preference of age 0 red snapper
have found that they are not randomly dis-
tributed on low-relief mud and sand habitats,
but that age 0 red snapper have an affinity for
low-relief structure such as shell-rubble habi-
tat (Szedlmayer and Howe 1997; Szedlmayer
and Conti 1999; Patterson et al. 2005). Older
sub-adult and adult red snapper are found in as-
sociation with mid- to high-relief shelf features
such as coral reefs, shelf-edge banks, and rock
outcroppings, as well as artificial structures
such as artificial reefs, petroleum platforms,
and submerged wreckage (Bradley and Bryan
1975; Moseley 1966; Szedlmayer and Shipp
1994). To date, most studies investigating habi-
tat use of red snapper have focused on mud,
sand, shell, and artificial structures (Moseley
1966; Bradley and Bryan 1975; Holt and Ar-
nold 1982; Workman and Foster 1994; Szed]l-
mayer and Howe 1997; Szedlmayer and Conti
1999; Rooker et al. 2004; Patterson et al. 2005).
However, no studies have examined habitat use
patterns of juvenile and adult red snapper in
conjunction with associated fish assemblages
over shell ridges and natural hard bottom reefs
in the shallow north-central GOM.

The objective of this study was to estimate
relative abundances of red snapper and asso-
ciated fish assemblages over different habitat
types with underwater video methodology.
Specifically, we sought to assess the efficacy
of using the video methodology to investigate
abundance and size-specific habitat use of red
snapper among sand, shell, and natural hard
bottom reef habitats. Our goal was to then de-
lineate the relative importance of these habitats
to different life stages of red snapper and the
associated fish assemblage.

Methods
Study Area

Video work was conducted at sand,
shell, and natural reef habitats in the north-
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Figure 1. Map of the video study site locatio
depth contours are shown with the 200 m de
the shelf edge.

central GOM on the Alabama and Mis-
sissippi inner continental shelf (Figure
1). Seabed characterization of the region
was recently performed with digital side-
scan sonar and with sediment box cores to
ground truth habitat type (Dufrene 2005).
Eight sampling sites were chosen for this
study; these included two low-relief (cm)
sand sites, four low-relief (cm to m) shell-
ridge sites (2 low shell abundance and 2
high shell abundance), and two high-relief
(2—4 m) natural hard bottom reef sites (Fig-
ure 1).

ns in the north-central GOM. The 20 and 40 m
pth contour within the locator map representing

Video estimation

Sampling was conducted quarterly during
2004 and 2005 with a 4-camera underwater
video array. The camera array consisted of four
Sony DCR-VX1000 digital video camcord-
ers housed in aluminum underwater housings.
Cameras were positioned orthogonally to one
another at a height of 25 cm above the bottom
to provide a nearly 360° view. Each camera
had a 72.5° viewing angle with an approximate
viewing distance of 5 m, resulting in an esti-
mated viewing volume of 70.4 m? (Rademach-
er and Render 2003). A series of experiments
over different depths and light transmissivities
was conducted by Gledhill and Lyczkowski-
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Shultz (1994) to determine the accuracy of
fish identification and measurements using a
similar camera array. They concluded that high
accuracy at 5 m from the camera was attained
when the transmissivity exceeded 75%, which
occurred in all of our samples, thus we were
comfortable with the 5 m estimate of distance
viewed. Two parallel beam lasers placed 10
cm apart were attached below each camera to
aid in estimating lengths of observed fish to
the nearest cm. The array was deployed for a
30-min period and was baited with a single At-
lantic menhaden Brevoortia tyrannus, which
was replaced after each deployment. All video
samples were taken during daylight hours (30
min after sunrise to 30 min before sunset). Wa-
ter mass characteristics were measured with a
Sea-Bird SBE-25 CTD during the camera ar-
ray soak period. Measurements included tem-
perature, salinity, depth, dissolved oxygen con-
tent, and optical backscatter (or transmissivity)
to gain an estimate of visibility.

Trawl sampling was also conducted adja-
cent to all video sites during the same seasons
to obtain habitat-specific relative abundance
estimates of juvenile red snapper and associat-
ed fish assemblages. Therefore, video data was
compared to concomitant trawl data to obtain
size-specific selectivity bias by gear type using
the ratio of length-specific abundance estimates
from the trawls relative to the video (Lauth et
al. 2004). In addition, to investigate whether
gear type biased our fish assemblage results,
similar ratios correcting for the abundance-at-
size by gear type and habitat type were made
for those species that most contributed to the
fish assemblages. Further investigation indi-
cated that the corrected abundance-at-size did
not affect our results, thus demonstrating the
robustness of our fish assemblage results.

Statistical Analysis
A continuous 20 min segment of one tape

was examined for fish abundances at each de-
ployment. Tapes were chosen based upon the

optimal view of the habitat of interest com-
bined with the best visibility (i.e., in focus,
good orientation relative to the current). Gled-
hill (2001) determined this continuous 20 min
method to be optimal for reducing error in abun-
dance estimates for sampling the taxa present,
and for minimizing logistical constraints such
as available time at sea. Start time began once
the camera array was on the bottom and after
sufficient time elapsed for the water column
to clear. All fish were identified to the lowest
possible taxonomic level and counted. The
minimum count (MIN), the maximum number
of a species observed at any one time on the
tape, was used for all statistical comparisons.
This method is commonly used for gregarious
species, such as red snapper, and is analogous
to the MAXNO of Ellis and DeMartini (1995),
the MAX of Willis and Babcock (2000), and
the MaxN of Cappo et al. (2004). Estimates
of total length (TL) were made only at MIN
counts to eliminate repeated measurements
of the same fish. Maximum counts (MAXIM)
were also made to obtain total counts of each
fish species seen over the 20 min segment of
the tape analyzed.

Video counts of red snapper were mod-
eled with a Poisson distribution. Specifically,
a log-linear fixed effects model using the
GENMOD procedure in SAS was used to
predict red snapper numbers, with season and
habitat as factors (Willis and Babcock 2000;
Willis et al. 2000) (SAS Institute, Inc. 2002).
The model fit was evaluated with a maximum
likelihood method and analysis of deviance.
In addition, red snapper length comparisons
among seasons and habitats were evaluated
separately with a Kruskall-Wallis one-way
analysis of variance (ANOVA) on the ranks
due to the lack of normality and homogeneity
of variance assumptions required by ANOVA
(Systat software, Inc. 2004). Dunn’s test was
used to determine a posteriori differences
among means (o = 0.05).

Fish assemblage data were analyzed with
the PRIMER (Plymouth Routines in Multivar-
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iate Ecological Research) statistical package
(Clarke and Warwick 2001). This nonpara-
metric multivariate analysis used a Bray-Cur-
tis similarity matrix to construct similarities
among samples from different habitats and
seasons. Fish that were not identified to spe-
cies and those with a total count of one were
excluded from all statistical analyses. There-
fore, twenty-five species representing 85% of
the overall fish assemblage were included in
the statistical analyses. A nonmetric multidi-
mensional scaling (MDS) method was used to
map the sample interrelationships in an ordi-
nation. The ANOSIM (Analysis of Similari-
ties) permutation procedure was used to test
for significant differences of fish assemblages
among habitats and seasons (Warwick et al.
1990a).

To assess species-specific contributions,
SIMPER (Similarity Percentages) was used
as the post hoc analysis to indicate the con-
tribution of a particular species to the overall
fish assemblage similarity (within season or
habitat) and dissimilarity (among seasons and
habitats) (Clarke 1993). A cutoff percentage of
90% was used to determine those species ac-
counting for 90% of the total similarities and
dissimilarities. Additionally, a stepwise data
reduction procedure, BV-STEP, was used to
determine which group of species accounted
for the observed patterns in the fish assem-
blage (Clarke and Warwick 1998). This pro-
cedure used a Spearman rank correlation coef-
ficient of 95% as a cutoff to determine which
group of species together explained most of
the variability.

Patterns of species diversity among habi-
tats and seasons were investigated with DI-
VERSE (Warwick et al. 1990b). This method
used the Shannon diversity (H) and Pielou’s
evenness (J’) indices. Diversity measures were
estimated with the following equations:

H = _21 pi lOg(Pl)

where p, is the proportion of the total count

from the i species,
Y =H/log S

where S (species richness) is the total num-
ber of species present in the sample. Effects
of habitat and season on the diversity indi-
ces were analyzed with a two-factor ANOVA
(ANOVA) (Systat software, Inc. 2004).

Species abundances and environmental
correlations were investigated with canoni-
cal correspondence analysis (CCA) by us-
ing the CANOCO program (ter Braak and
Smilauer 2002). This analysis is designed
to maximally correlate environmental vari-
ables with fish assemblage data with a non-
linear weighted averaging method. A global
permutation test with Monte Carlo permuta-
tions was used to investigate the statistical
significance between the species abundanc-
es and environmental variables. Inter-set
correlations of the environmental variables
with the axes were used to assess the rela-
tive importance of environmental variables.
These correlations are the correlation coef-
ficients between the environmental variables
and the species-derived sample scores, and
are more robust to collinearity than are ca-
nonical coefficients (ter Braak and Smilauer
2002). Interset correlation coefficients with
absolute values greater than or equal to 0.4
were interpreted as ecologically important
(Hair et al. 1984; Rakocinski et al. 1996).
Temperature, salinity, depth, and dissolved
oxygen were the continuous environmen-
tal variables used and habitat types were
coded as nominal variables (sand, shell, and
reef). In addition, the same 25 species used
for previous fish assemblage analyses were
used in the CCA to reduce the bias associ-
ated with rare taxa.

Results

Forty-two (12 sand, 17 shell, and 13
reef) of the 64 possible video sampling op-
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Figure 2. Relative abundance estimates of red snapper, Lutjanus campechanus, (£1 SE) pre-
dicted by log-linear model over sand, shell, and reef habitats by season. Relative abundance is
expressed as the MIN count of red snapper 20 min-' deployment.

portunities were achieved; no 2005 winter
cruise was taken due to inclement weather.

Red Snapper

Relative abundance estimates of red
snapper from the MIN index showed signifi-
cant differences in abundances among hab-
itat types (P = 0.0318) (Figure 2). Higher
abundance estimates were observed over
reef habitat than over either shell or sand
habitats. In contrast, seasonal differences in
abundance estimates were negligible (P =
0.8224), as was the interaction between hab-
itat and season (P = 0.1260). Nevertheless, a
general trend of higher abundance estimates
over the reef was observed in the winter and
spring followed by a decline in the summer
and fall.

Size differences among red snapper
were observed both spatially and temporal-
ly. Red snapper found over the reef habitats
were significantly longer than conspecifics
found over the sand (Dunn’s Method; P <
0.05) (Table 1). Shell habitats supported
intermediate-sized red snapper, but these
showed no significant differences in length
with red snapper over sand and reef habitats
(Table 1). Due to insufficient numbers of red
snapper observed on sand and shell habitats
over all seasons, only the reef habitat was
investigated for a seasonal size effect. A
significant seasonal size difference existed,
with the largest red snapper observed over
the reef during the summer season (P =
0.002) (Table 1). Progressively smaller red
snapper were seen over subsequent seasons
in the fall, winter, and spring (Table 1).
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Table 1. Average sizes (TL in mm =1 SE) of red snapper observed over sand, shell, and reef
habitats. Average seasonal lengths are displayed for the reef habitat. Habitats and seasons with
significantly different sizes are represented by different letters and no differences are represented

by similar letters (P < 0.05).

Average size Differences
Habitat Sand 12.3 (0.30) A
Shell 15.0 (0.20) AB
Reef 25.0 (0.43) B
Season (Reef) Winter 25.0 (1.34) A
Spring 19.2 (1.67) B
Summer 31.5(0.76) A
Fall 28.3 (6.67) A
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Figure 3. Size selectivity bias of red snapper, Lutjanus campechanus, collected with trawl and
observed with underwater video methodology. Left axis represents the proportion-at-length of
red snapper collected using each gear type. Right axis represents the ratio of the proportion-at-
length collected from the trawl relative to the video gear using four size bins (<100 mm, 101-200
mm, 201-300 mm, and >300 mm TL). The dotted line represents a 1:1 ratio of red snapper

observed in trawls relative to the video method, which would indicate no gear bias.
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Table 2. Total number of fish observed from video estimates arranged in order of decreasing
abundance by MIN. MIN is the maximum number observed at any one time, MAXIM is the to-
tal number observed over the entire tape, n is the frequency of occurrence (out of 42 camera
deployments), and total length TL (+ SE) is the average size of each species. Sizes were not esti-

mated for unidentified fish, thus NA (not applicable).

Taxon Common name MIN  MAXIM n TL (+SE)
Stenotomus caprinus Longspine porgy 141 2699 24 9.3 (0.2)
Diplectrum bivittatum Dwarf sand perch 78 889 26 5.8 (0.3)

Lutjanus campechanus Red snapper 72 1206 18 216 (1.1)
Carangidae Family Carangidae 44 116 4 9.6 (0.6)

Haemulon aurolineatum Tomtate 28 187 7 22.3 (0.9)
Caranx crysos Blue runner 27 64 5 26.2 (2.2)
Micropogonias undulatus Atlantic croaker 25 654 6 10.5 (0.5)
Trachurus lathami Rough scad 25 132 5 7.4 (0.7)
Diplectrum formosum Sand perch 22 83 15 8.1 (0.7)
Bothidae Family Bothidae 16 26 14 17.9 (1.6)

Centropristis ocyurus Bank sea bass 14 102 12 11.1 (1.0)
Syacium papillosum Dusky flounder 13 62 8 14.8 (2.0)
Lutjanus synagris Lane snapper 10 27 5 21.0 (2.1)
Unidentified fish Unidentified fish 7 26 7 NA
Menticirrhus americanus Southern kingfish 6 25 3 12.2 (1.3)
Eucinostomus gula Silver jenny 5 28 4 10.4 (1.0)
Rhomboplites aurorubens Vermilion snapper 5 22 1 15.0 (0.0)
Xyrichtys novacula Pearly razorfish 4 47 3 3.3(1.0)
Balistes capriscus Gray triggerfish 4 14 3 23.8 (1.3)
Sciaenidae Family Sciaenidae 4 12 4 15.0 (2.9)

Leiostomus xanthurus Spot 4 6 2 13.3 (1.8)
Halichoeres radiatus Puddingwife 3 13 3 15.0 (2.9)
Centropristis philadelphica Rock sea bass 3 7 3 8.7 (4.1)
Orthopristis chrysoptera Pigfish 3 5 3 10.7 (2.3)
Ophichthus puncticeps Palespotted eel 3 3 2 4.7 (0.3)
Mycteroperca microlepis Gag grouper 2 15 1 35.0 (0.0)
Chloroscombrus chrysurus Atlantic bumper 2 6 2 15.0 (5.0)
Decapterus punctatus Round scad 2 5 1 10.0 (0.0)
Ophidiidae Family Ophidiidae 2 5 1 15.0 (0.0)

Ophichthidae Family Ophichthidae 2 3 2 6.0 (4.0)

Triglidae Family Triglidae 2 3 2 15.0 (5.0)

Archosargus probatocephalus Sheepshead 2 2 1 33.0 (0.0)
Prionotus rubio Blackwing searobin 1 8 1 35.0 (0.0)

Brevoortia patronus Gulf menhaden 1 7 1 15.0 (0.0)
Sphoeroides parvus Least puffer 1 4 1 1.0 (0.0)
Calamus leucosteus Whitebone porgy 1 3 1 10.0 (0.0)
Serranus phoebe Tattler 1 3 1 2.0 (0.0)
Gymnothorax nigromarginatus Blackedge moray 1 2 1 15.0 (0.0)
Halichoeres bivittatus Slippery dick 1 2 1 5.0 (0.0)
Carcharhinidae  Family Carcharhinidae 1 1 1 60.0 (0.0)
Sphyraena guachancho Guaguanche 1 1 1 20.0 (0.0)




Video Estimates of Red Snapper

Stress: 0.20

A Sand

@ shell

[J Reef

A [ ]
o ® o
o0
N A
A
Y A
0oe A.D.AAI:I
O [ A
A O o4 A
o0

O

47

Figure 4. Multi-dimensional scaling (MDS) plot of all samples over the two-year study period.

Each sample represents the 25 species analyzed for the fish assemblage.

Table 3. SIMPER results of the species that most contributed to the within-habitat similarity
for each of the three habitat types: sand, shell, and reef. Mean abundance of important spe-
cies within habitat type, the contribution (SIM) to the average within similarity, and the average
within similarity/standard deviation (SIM/SD) ratio. A 90% cut-off was used for the cumulative
% contribution of species.

Habitat Species Mean SIM  SIM/SD % contribution % cumulative
contribution
Sand Longspine porgy 742  20.26 1.15 73.12 73.12
Dwarf sand perch 0.75 3.19 0.51 11.52 84.64
Sand perch 0.50 1.36 0.39 4.92 89.56
Red snapper 1.17  0.81 0.31 2.93 92.49
Shell Dwarf sand perch 3.60 11.63 1.02 58.51 58.51
Sand perch 080 2.26 0.43 11.37 69.88
Longspine porgy 1.07 225 0.42 11.31 81.19
Dusky flounder 047  1.06 0.26 532 86.51
Lane snapper 0.60 0.74 0.21 3.72 90.23
Reef Red snapper 392 1523 1.11 58.71 58.71
Longspine porgy 277 572 0.47 22.05 80.77
Dwarf sand perch .15 244 0.40 9.40 90.16
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Table 4. SIMPER results of the species that most contributed to the dissimilarity between shell
and reef habitats. Mean abundance of important species within habitat type, the contribution
(DIS) to the average dissimilarity, and the average dissimilarity/standard deviation (DIS/SD) ratio.
A 90% cut-off was used for the cumulative % contribution of species.

Species Meang,y Meangs DIS DIS/SD % contribution % cumulative
contribution

Red snapper 0.47 392 16.65 1.22 19.69 19.69
Dwarf sand perch 3.60 1.15 13.35 0.90 15.78 35.47
Longspine porgy 1.07 2.77 1227 0.98 14.51 49.98
Tomtate 0.07 2.08 6.13 0.53 7.25 57.23
Blue runner 1.40 0.31 5.27 0.42 6.23 63.46
Rough scad 0.53 0.69 4.16 0.37 4.92 68.38
Sand perch 0.80 0.31  4.05 0.76 4.79 73.17
Dusky flounder 0.47 0.31 3.95 0.49 4.67 77.84
Atlantic croaker 0.07 1.15 3.23 0.32 3.82 81.66
Lane snapper 0.60 0.08 2.57 0.56 3.05 84.70
Bank sea bass 0.33 0.38 2.43 0.72 2.88 87.58
Vermilion snapper 0.00 0.38 1.66 0.28 1.96 89.54
Southern kingfish 0.00 0.31 1.61 0.35 1.90 91.44

Size selectivity bias of the video gear
was observed for red snapper. Proportions
of small red snapper were underrepresented
using the video method. The gear size selec-
tivity ratio of small red snapper collected in
trawls relative to video estimates indicated
that on average 10.5 (<100 mm TL) and 1.4
(101-200 mm TL) red snapper were col-
lected in trawls relative to one red snapper
observed using the video method (Figure
3). In contrast, large red snapper were more
abundant in the video estimates compared to
the trawled counts with 0.4 (201-300 mm
TL) and 0.04 (>300 mm TL) red snapper
collected in trawls relative to one red snap-
per seen with the video method (Figure 3).

Fish Assemblage

Thirty-three species representing 16 fam-
ilies were positively identified in this study
(Table 2). Unidentifiable taxa were distrib-
uted among seven families and an unidenti-
fied fish category. A group of seven species
best characterized the observed fish assem-
blage patterns shown with the BV-STEP
procedure: blue runner Caranx crysos, bank

sea bass Centropristis ocyurus, dwarf sand
perch Diplectrum bivitattum, sand perch D.
formosum, red snapper Lutjanus campecha-
nus, longspine porgy Stenotomus caprinus,
and dusky flounder Syacium papillosum ac-
counted for 95.0% of the correlation among
species and the observed patterns detected in
the fish assemblages.

Fish assemblages showed differences
among the three habitat types (Figure 4). The
two-way ANOSIM indicated a significant
habitat effect among fish assemblages (P =
0.008). Further examination indicated that
fish assemblages over the reef and shell habi-
tats differed significantly (P = 0.006). How-
ever, there were no seasonal differences in
fish assemblages within habitats during our
two-year study period (P = 0.299).

Table 3 shows the SIMPER results for
species that contributed most to the overall
similarity within habitat type. The longspine
porgy accounted for 73.1% of the cumulative
species similarity within the sand habitat, the
dwarf sand perch accounted for 58.5% for the
shell habitat, and the red snapper represented
58.7% of the similarity within the reef habitat.
The longspine porgy, dwarf sand perch, and
red snapper SIM/SD values were 1.15, 1.02,
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and 1.11, respectively. The SIM/SD ratios
exceeding 1.0 indicates that each of the three
species consistently contributed to the within
habitat similarity among samples (Clarke and
Warwick 2001). These three species were also
important in discriminating fish assemblages
between reef and shell habitats. Table 4 shows
the total contribution of each species to the
dissimilarity between habitat types; the three
dominant species together accounted for 50%
of the overall dissimilarity. The red snapper
contribution was the highest at 19.7%, fol-
lowed by that for dwarf sand perch (15.8%),
and longspine porgy (14.5%). The red snap-
per most consistently contributed to these dis-
similarity differences based upon the DIS/SD
value of 1.22.

Habitat diversity indices varied by habitat,
with highest species richness, evenness, and
diversity associated with the reef fish assem-
blage (Table 5). Species evenness and diver-
sity were lowest for the sand fish assemblage
with increasing values over the shell habitat.
However, no significant differences were de-
tected among habitat-specific indices. Simi-
lar trends were observed by season, with the
lowest values of all three indices during the
winter. Species richness increased to a stable
maximum over the remaining seasons, while
species evenness and diversity peaked in the
fall (Table 5). Similarly, no significant season-
al effects were detected among indices.

Environmental variables correlated well
with species from the fish assemblages (Table

6; Figure 5). The global permutation test indi-
cated a significant effect of CCA axis 1 (P =
0.002) and of all axes combined (P = 0.002),
thereby indicating a significant relationship
between species abundance and environmental
variables. The first two CCA axes accounted
for 62.5% of the cumulative percentage of the
species-environment relationship. Shell and
reef habitats correlated well with CCA axis 1,
while depth, sand, and shell correlated strong-
ly with CCA axis 2 (Table 6). Caution should
be applied when interpreting nominal habitat
variables in relation to CCA axes because the
interset correlation coefficients are not useful
(ter Braak and Smilauer 2002). Thus, nominal
habitat variables were used to convey species-
specific habitat use information. Species that
displayed a specific habitat affinity appeared to
correlate well with the corresponding nominal
habitat variable (Figure 5). Red snapper and
other reef-associated species were highly cor-
related with reef habitat type with a high nega-
tive score on axis 1. Species primarily found
on shell corresponded with increasing salinity
and temperature and had high positive scores
on axes 1 and 2. Species that were found in as-
sociation with the sand habitat showed a corre-
lation with increased depth and high dissolved
oxygen and loaded negatively on CCA axis 2.

Discussion

This study highlights the efficacy of us-
ing video methodology to assess habitat use

Table 5. Average species richness (S), Pielou evenness (J), and Shannon diversity (H’) indices for

all habitats and seasons.

Habitat Sand
Shell
Reef

Winter
Spring
Summer
Fall

Season

J H’
4.0 0.608 0.941
39 0.741 1.046
43  0.780 1.151
3.6 0544  0.827
42  0.767 1.122
43  0.640 1.004
4.2  0.888 1.231
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Table 6. Canonical correspondence analysis (CCA) statistics and inter-set correlations relating

environmental variables with CCA axes.
relations = 0.4.

Bold values denote variables with absolute value cor-

Statistics Axis 1 Axis 2 Axis 3 Axis 4 Total inertia

Eigenvalues 0.491 0.380 0.214 0.141
Species-environment correlations 0.887 0.821 0.765 0.713
Cumulative percentage variance

of species data 9.5 16.8 21.0 23.7

of species-environment relation 35.2 62.5 77.8 87.9
Sum of all eigenvalues 5.18
Sum of all canonical eigenvalues 1.39

Inter-set correlations

Environmental variables

Depth 0.2685  —0.5518 0.0566 0.0588

Temperature 0.3581 0.1259 0.0660  —0.3304

Salinity 0.1244 0.2233 0.5389 0.0075

Dissolved oxygen -0.1395  -0.2579 0.0021  —0.1429

Sand 0.0582  —0.5508 0.3537 0.3094

Shell 0.5365 0.5891 0.0154 0.0291

Reef —0.5609 —0.0323  -0.3503  -0.3212

by red snapper and associated fish assem-
blages in the north-central GOM. The method
has its inherent biases (i.e., larger fishes were
observed while smaller cryptic fishes were
likely missed, effects of bait plumes on abun-
dance estimates); however, it appears to be a
practical method to characterize red snapper
habitat use over a variety of substrate types.
Structurally complex habitat types with high
relief, such as natural and artificial reefs, rock
outcrops, and petroleum platforms, require
noninvasive sampling techniques. In addi-
tion, the logistical simplicity of dropping the
camera array for a 30 min period makes this
an appropriate method if multiple deploy-
ments over distant sites are needed, as was
the case in this study.

Our study found similar habitat-specific
results as others with small, intermediate, and
large sized red snapper over sand, shell, and
reef habitats, respectively. Juvenile red snap-
per were predominately collected over low-re-
lief sand habitats, which is consistent with the
findings of Rooker et al. (2004) and Patterson
et al. (2005). In contrast, both sub-adult and

adult red snapper were found over higher re-
lief habitats such as the shell-rubble and natu-
ral hard bottom reef habitats. These findings
are consistent with previous studies that have
found adult red snapper over high relief habi-
tats such as shelf-edge banks, mid-shelf banks,
rock outcrops, coral reefs, and artificial struc-
tures (Moseley 1966; Bradley and Bryan 1975;
Dennis and Bright 1988; Stanley and Wilson
2000; Gledhill 2001). It has been suggested
that red snapper recruit to these high-relief
habitats by about 18 months of age or 20 cm
TL (Gallaway et al. 1999). Nieland and Wil-
son (2003), using a fishery independent survey
design, found age 2 red snapper between 27.5
and 37.5 cm TL were recruited to petroleum
platforms. The largest red snapper observed
in the current s