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Predator exclusion and habitat complexity factors that may affect juvenile red snapper Lutjanus
campechanus habitat selection were examined in field and laboratory experiments. A significant
predator exclusion effect was detected. Uncaged shell habitats showed significantly lower
numbers of age 0 year red snapper, and both uncaged shell and block-shell habitats showed
significantly lower numbers of age 1 year red snapper compared with caged habitats (P < 0-001).
Habitat complexity also affected age 0 year red snapper, as mean abundance significantly
decreased with decreased habitat complexity (P < 0-001). In the laboratory, age 0 year red snapper
association with complex habitats significantly increased with exposure to a predator Gulf
flounder Paralichthys albigutta (P < 0-001). This study showed that predator exclusion and habitat
complexity were significant factors that affected the abundance of juvenile red snapper in nursery
areas of the northern Gulf of Mexico. Predation may affect juvenile red snapper abundance
directly through mortality and indirectly by influencing habitat selection. © 2007 The Authors
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INTRODUCTION

Past recruitment studies suggested that high mortality during the pelagic stage
reduced fish abundance to the point that resources in the benthic stage were
not limiting, and post recruitment processes on reef fish abundance were con-
sidered negligible (Doherty, 1981). Reef fish populations, however, are not
always directly related to past recruitment events and post recruitment mortal-
ity was often density-dependent (Jones, 1991; Sogard, 1997). Thus, post recruit-
ment processes may also be important in structuring reef fish populations.
Predation is one factor that has been identified in affecting post recruitment
fish populations in marine and freshwater systems (Connell, 1975; Zaret, 1980;
Sih et al., 1985; Hixon, 1991; Witting & Able, 1995). For example, Witting &
Able (1995) found predation by sevenspine bay shrimp Crangon septemspinosa
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(Say) affected habitat selection, size and mortality of winter flounder Pleuro-
nectes americanus (Walbaum) during settlement.

Habitat complexity is another factor that may affect reef fish populations
by reducing predator efficiency and increasing food resources; thus, survival of
some species may increase on complex habitats (Jones, 1988; Szedlmayer &
Lee, 2004; Topolski & Szedlmayer, 2004). Connell & Jones (1991) monitored
recruitment and persistence of striped triplefin blenny Forsterygion varium
(Forster) on simple and complex habitats. Recruitment did not differ between
treatments and emigration did not modify recruitment patterns. After 2 months,
complex habitats showed little change in fish abundance, while no fish re-
mained on the simple habitat. Beukers & Jones (1997) used juvenile lemon
damselfish Pomacentrus moluccensis Bleeker and also showed that survival sig-
nificantly increased with increased habitat complexity, with predation mortality
at 100% on low complexity habitat and 60% on high complexity habitat.

Habitat requirements for some species may change with growth. Small juve-
nile fishes may find predator refuge in habitats of varying complexity, but as
they grow fishes become less concealed in low complexity habitats and more vul-
nerable to predation (Shulman, 1984, 1985; Hixon & Beets, 1989; Connell &
Jones, 1991). As a result, some fish species shift to more complex habitats as they
grow to decrease predation pressure (Szedlmayer & Lee, 2004; Topolski &
Szedlmayer, 2004).

As with the above species, juvenile red snapper Lutjanus campechanus (Poey)
abundance and behaviour may be affected by habitat complexity and predation
pressure. For example, Szedlmayer & Conti (1999) and Szedlmayer & Lee
(2004) suggested that young red snapper preferred structured habitat compared
to open habitat. In laboratory experiments, Szedlmayer & Howe (1997) found
age 0 year red snapper spent significantly more time over oyster shell compared
to sand substratum, and Bailey et al. (2003) found juvenile red snapper spent more
time over complex compared to simple substrata, but that larger red snapper
forced smaller red snapper away from the complex habitats. From these studies
it is clear that juvenile red snapper can shift habitat, whether or not this shift is
related to predation pressure is unclear. In addition, no studies have attempted
to measure predation effects on habitat selection by juvenile red snapper in situ.

The use of artificial habitats has been effective in the study of reef fish
recruitment and predation in situ. Shulman (1985) placed artificial habitats var-
ious distances from a natural reef with resident predators and found a positive
relation between increasing distance from the reef and abundance of prey
fishes. Hixon & Beets (1989, 1993) used artificial habitats and detected an
inverse correlation between maximum number of prey fishes and predator
number. They suggested that predation set the upper limit of prey fish abun-
dance on the habitat.

Exclusion cages have been used to study predation effects on juvenile fish
recruitment but their utility has been questioned. The most often cited
criticisms were increased algal growth due to the elimination of large herbivo-
rous fishes, increased sedimentation due to changed flow rates and increased
attraction of fishes to cages (Lassig, 1982; Doherty & Sale, 1985; Bell et al.,
1987; Kennelly, 1991). Despite these caging artefacts, with careful planning,
such difficulties can be minimized and caging experiments can provide the
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most useful method to study predation effects in situ (Connell, 1997). In the
present study, caging artifacts were reduced mainly due to the particular hab-
itat, i.e. the deeper shelf habitat of the northern Gulf of Mexico. For example,
there are few if any large herbivorous fishes and cages were made of thin wire
with large mesh that reduced hydrodynamic effects.

This study examined the effects of predator exclusion and habitat complexity
on abundance and distribution of juvenile red snapper in the northern Gulf of
Mexico. In the field, both artificial habitats and predator exclusion cages were
used to test these effects on red snapper abundance. Predator effects were also
tested on juvenile red snapper habitat selection under controlled laboratory
conditions.

MATERIALS AND METHODS

STUDY AREA

The substratum of the northern Gulf of Mexico consists mainly of sand and mud sedi-
ments (Ludwick, 1964). Natural reef areas (rock outcropping) comprise only 3-2% of the
bottom in depths of 10-91 m between Pensacola, Florida, and Pass Cavallo, Texas (Parker
et al., 1983). These natural reefs, however, support a wide array of invertebrates and reef
fishes (Dennis & Bright, 1988; Gittings er al., 1992). Artificial habitat for many fishes and
invertebrate species is provided by natural gas drilling platforms in the northern Gulf of
Mex1co (Stanley & Wilson, 1997; Topolski & Szedlmayer, 2004). In addition, a 3100
km? area off the coast of Alabama is an artificial habitat building zone demgnated for
the enhancement of recreational and commercial fisheries. There are >15 000 artificial
habitats within this reef building area (Minton & Heath, 1998).

The present study sites were located in this reef building zone south-east of Dauphin
Island, Alabama in the northern Gulf of Mexico. Site 1 was 20 km and site 2 was 23
km from the mouth of Mobile Bay (Fig. 1). Both sites were at 20 m depth with a sand
and mud substratum.

FIELD EXPERIMENT

Artificial habitats were built from 24 July to 28 August 2001. Shell habitats (n = 40),
shell-concrete block habitats (block habitats, n = 40) and cage habitats (n = 20) were
built at the two sites (Fig. 1). Habitats were I x 1 x 0-1 m® plots of shell, with four con-
crete blocks (20 x 20 x 41 cm, each with two 12 x 14 cm holes) added for block hab-
itats, while cage habitats were placed over natural sand substratum. Cages were made
of 2 mm galvanized steel wire, 1 x 1 x 0-25 m, 25 x 50 mm mesh and were also placed
over 20 shell habitats (shell-cage) and 20 block habitats (block-cage). At each site, hab-
itats were placed in four transects with 10 habitats per transect and habitat types alter-
nated at 20 m intervals. Transect direction was dependent on the prevailing winds and
currents that affected the vessel drift during habitat building. A PVC stake (1 m x 12
mm diameter) was placed near each habitat to indicate shrimp trawl effects, i.e. the
stake would be displaced if the habitat was trawled over.

Visual diver surveys were used to count and estimate 25 mm total length (L) categories
of red snapper, e.g. <25 mm, 25-50 mm, 51-75 cm, ... >150 mm. Red snapper age classes
were estimated from known age and Lt relationships (Szedlmayer & Shipp, 1994;
Szedlmayer & Conti, 1999). Each habitat was also video recorded for 2 min to verify species
identifications. Temperature (° C), salinity and dissolved oxygen (mg 1~") were measured
with a remote recording YSI-6920 meter. Habitats were surveyed over five time periods:
August (16-17 August 2001), late August (21-30 August 2001), September (5-21 Septem-
ber 2001), October (23—24 October 2001) and November (7-19 November 2001).
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Fic. 1. Study site locations in the north-east Gulf of Mexico.

LABORATORY EXPERIMENT

The effects of predator presence on habitat selection by juvenile red snapper were
also tested in the laboratory. Gulf flounder Paralichthys albigutta Jordan & Gilbert
was chosen as the predator based on visual observations of this predator near the arti-
ficial habitats.

Age 0 year red snapper (n = 30) were collected with a trap (Collins, 1990) from nurs-
ery areas in the northern Gulf of Mexico and transported to the laboratory. Prior to
experimental trials, red snapper were held in a circular 1230 1 tank (1-5 m diameter
and 0-7 m deep). An experimental tank (same dimensions as the holding tank) had a
sand substratum with shell on each side, 0:6 m sand strip in the centre and two concrete
blocks placed over the shell on one side. The experimental tank and holding tanks were
on the same closed circulation seawater system (14 800 1) and exposed to the same
water temperature, salinity and lighting. The experimental tank design mimicked the
artificial habitats built in the field, having both a simple shell habitat and a complex
block-shell habitat.

Preliminary habitat selection trials in the laboratory showed that with less than three
fish, the red snapper appeared stressed and did not move for >2 h. In trials with three
or four fish, the red snapper showed ‘normal’ behaviour, e.g. slowly exploring all as-
pects of the tank, with little indication of stress. Therefore, three fish were used in
all laboratory habitat selection trials.

Red snapper habitat selection was tested with and without the presence of P. albigutta.
Three red snapper were released into the experimental tank and allowed to acclimate
for 5 min. After acclimation the red snapper were video recorded for 30 min without
a predator present with a Sony TR101 Hi-8 video camcorder mounted above the tank.
A P. albigutta was then added to the experimental tank. Fish were again allowed to
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acclimate for 5 min, then video recorded for 30 min with the predator. Ten trials of
habitat selection were completed. The video-tapes were viewed on a Sony EV-2000
Hi-8 VCR and a Sony GVM-1311Q colour video monitor. The position of individual
fish in relation to substratum was timed.

STATISTICAL ANALYSIS

To examine overall temporal patterns ANOVA was used to compare mean abun-
dance pooled over habitats. Partial correlations were calculated to compare red snapper
abundance to salinity, temperature and dissolved oxygen.

Predator exclusion effects in the field experiment were tested after correcting for
attraction effects of the cages. The abundances of age 0 and age 1 year red snapper
on the cage alone habitats were averaged and then subtracted from the abundance
of red snapper on the shell-cage and block-cage habitats. To examine habitat preference
the mean number of age 0 year red snapper attracted to cages alone was not removed,
and all habitat types were treated as different levels of complexity. Complex1ty levels
were based on the surface area that each different component added to each m? plot.
Block surface area was calculated from simple linear measurements (each block = 5129
cm?) while shell surface areas were measured using Image-Pro Plus 4 5 image analyses
programme (total shell surface area for each habitat = 128 940 cm?). Also, the wire
cage added to the habitat structure, but only added 162 cm?® surface area. Listed in
order of increasing complexity were cage alone, shell, shell-cage, block and block-cage
habitats. For both predator exclusion and habitat complexity analyses, repeated meas-
ures analyses of variance (rmANOVA) and least squares means were used to compare
age 0 and age 1 year red snapper abundance among habitat types (Zar, 1984).

leferences in size frequency distribution were compared with contingency tables and

x* (Cody & Smith, 1997). Each distribution by habitat type was compared to other dis-
trlbutlons by hdbltdt type.

ANOVA was used to compare mean time spent for all three fish on each habitat with
and without a predator in laboratory experiments. One trial was excluded because dur-
ing that trial one red snapper aggressively defended the complex habitat and chased the
other two red snappers. The two chased red snappers stayed at the surface of the water,
avoiding both the predator and the aggressive red snapper.

All statistical tests were considered significant at P < 0-05, and when significant
effects were detected Student-Newman-Keuls (SNK) multiple comparisons tests were
used to show specific differences.

RESULTS

Age 0 year red snapper abundance was significantly higher (mean = 219
m~?) in late August, then declined to similar levels in October and November
[means = 13-8 and 11-8 m~2, Fig. 2(a)]. Age 1 year fish showed a similar pat-
tern, with fish significantly more abundant in late August, then declined overall
habitats with few age 1 year fish observed in October and November [ANOVA,
d.f. = 4 and 359, P < 0-001, Fig. 2(b)].

Red snapper abundance showed no significant partial correlation with tempera-
ture, dissolved oxygen or salinity (temperature: r = 0-17, d.f. = 8, P > 0-05;
dissolved oxygen: r = 0-07, d.f. = 8, P > 0-05; salinity: » = —0-10, d.f. = 8§,
P > 0-05). In addition, PVC stakes showed no indication of shrimp trawl ac-
tivity at either site. Temperature ranged from 20-8 to 30-1° C, with a mean +
s.p. = 259 4+ 3-3° C, dissolved oxygen ranged from 3-3 to 7-5 mg 17!, with a
mean =+ s.0. = 6:0 & 1-3 mg "' and salinity ranged from 32 to 40, with a mean +
S.D. =352 + 2+4.
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FIG. 2. Mean + s.. number m 2 of (a) age 0 and (b) age 1 year red snapper by survey period. Bars with
different lower case letters show significant differences (P < 0-05) within age classes.

Overall there was a significant predator exclusion effect on the abundance of
age 0 year red snapper. After removal of fish attracted to habitats due to cages,
age 0 year red snapper still showed significant differences between caged and
uncaged shell habitat types [[mANOVA, d.f. = 3 and 76, P < 0-001; Fig. 3(a)].
In contrast, significant differences were not detected for age 0 year red snapper
abundance between block-cage and block habitat types after removal of the
cage effect [Fig. 3(a)]. For age 1 year red snapper there was a significant pred-
ator exclusion effect on the abundance for both block and shell habitat types.
Age 1 year red snapper also showed the highest mean abundance on the most
complex habitat types (block-cage), but did not show significant differences
between block and shell-cage habitat types [rmANOVA, d.f. = 3 and 76,
P < 0-001; Fig. 3(b)].

Habitat complexity significantly affected age 0 year red snapper mean abun-
dance, as abundance decreased with decreasing complexity (rmANOVA, d.f. =
4 and 94, P < 0-001, Fig. 4). Only shell and cage (alone) did not show signif-
icant differences in abundance. No age 1 year red snapper were observed on
the cage alone habitats. Significant differences in size frequency distributions
were apparent, with smaller fish more common on less complex shell habitats
(shell), and larger fish on the more complex block habitats (x% d.f. = 6, P <
0-001; Fig. 5).

In the laboratory, age 0 year red snapper showed similar mean time periods
on block-shell compared to shell in the absence of the predator. After the pred-
ator was added red snapper shifted habitat and spent significantly more time
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FiG. 3. Predator exclusion effect on the mean + s.e. number m~> of (a) age 0 and (b) age 1 year red
snapper by habitat type. Red snapper abundances were corrected for fish attracted to cage alone
habitats. Bars with different lower case letters show significant (P < 0-05) differences.

on the block-shell compared to the shell habitat (ANOVA, d.f. = 3 and 32,
P < 0-001, Fig. 6). Over the 30 min trial periods, red snapper mean time on
the block-shell habitat was 14 min without the predator and 28 min with the
predator (Fig. 6).
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FIG. 4. Habitat effect on the mean + s.E. number m™2 of age 0 year red snapper. Different lower case
letters denote significant (P < 0-05) differences.
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Fic. 5. Red snapper per cent total length (Lt) frequency distribution by habitat type: (a) block-cage,
(b) block, (c) shell-cage, (d) shell and (e) cage. Different lower case letters show significant (P < 0-05)
differences.

DISCUSSION

Overall, a significant predator exclusion effect was detected. Uncaged shell
habitats showed significantly lower numbers of age 0 year red snapper, and
both uncaged shell and uncaged block-shell habitats showed significantly lower
numbers of age 1 year red snapper compared to caged habitats. Previous stud-
ies have used predator exclusion cages to study the effects of predation, and to
address criticisms of caging artifacts, many have used the approach of partial
cages in an attempt to mimic cage artifacts but at the same time have prey ex-
posed to predators (Steele, 1996; Connell, 1997; Hindell et al., 2002). The use of
partial cages, however, probably results in a predation level that falls some-
where between no cage and full cage predation levels, e.g. ‘partial meshed walls
provided prey with a refuge that was not available on open areas’ (Doherty &
Sale, 1985). This difficulty was eliminated in the present study by first cor-
recting for cage alone treatments before making other comparisons. The end
result was a direct comparison of habitat exposed to predators to habitat with
reduced predator exposure.
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Fic. 6. Red snapper habitat preference in laboratory experiments. Mean + s.E. time over complex
(concrete block; W) or simple (shell; m) substratum both with and without a predator present.
Different lower case letters show significant (P < 0-05) differences among treatments.

Fish species contributing to predation on reef fishes are not always known.
Large piscivores were not resident on these artificial habitats (Lingo & Szedlmayer,
2006). Schools of larger fishes, e.g. red drum Sciaenops ocellatus (L.) jack crevalle
Caranx hippos (L.) and blue runner Caranx crysos (Mitchill) were observed pass-
ing close by and on one occasion observed feeding on age 0 year red snapper.
Thus, transient predators may be a source of predation on juvenile red snapper.
In this study, three cages were also pulled off the habitats. On one occasion, two
large red drum (c. 600 mm Lt) were under the cage. Other studies have also
shown transient predators contribute to predation on reef fishes. For example,
remote video showed transient predators such as jacks (Carangidae) and barra-
cuda (Sphyraenidae) regularly visited experimental habitats (Carr & Hixon,
1995). In addition, Connell (1997) found mortality of tethered fishes was mini-
mal within cages designed to exclude only large transient predators.

Habitat complexity also affected juvenile red snapper abundance in this
study. The higher complexity block habitats supported more red snapper, both
age 0 and age 1 years, compared to the shell habitats. The lower abundance of
juvenile red snapper in the lower complexity habitats may be related to preda-
tor refuge size, as these habitats may not have provided large enough hole sizes
for these young red snapper, especially as they increased in size as the season
progressed (Szedlmayer & Conti, 1999). Also, later in October and November,
no age 1 year red snapper were observed on the experimental habitats in this
study. This pattern may result from a further habitat shift to larger, more com-
plex structures not examined in this study, but suggested by Szedlmayer & Lee
(2004). Although correlations between habitat complexity of natural reefs and
fish abundance have not produced consistent results (Risk, 1972; Luckhurst &
Luckhurst, 1978; Carpenter et al., 1981), other studies with artificial habitats
have shown that fish abundance increased with complexity (Shulman, 1984;
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Hixon & Beets, 1989, 1993; Eggleston et al., 1997; Topolski & Szedlmayer,
2004; Lingo & Szedlmayer, 2006).

Shifts by red snapper to more complex habitat due to predation pressure
observed in the field were supported by laboratory experiments. Preference
for the block habitat was significantly increased when a predator was intro-
duced into the experimental tank. This suggested that predators can affect fish
abundance indirectly through habitat selection.

Juvenile red snapper were most abundant in late August, subsequently num-
bers decreased. Decreased abundance was in part due to predation effects, but
also may reflect a change in foraging needs or food availability. For example,
Szedlmayer & Lee (2004) found a habitat shift by juvenile red snapper (70-160
mm standard length, Lg) to more complex structures coincided with a diet shift.

Competition also appears to affect habitat selection. Intraspecific competition
for complex habitat was apparent in one laboratory trial from this study. In that
trial, one red snapper aggressively chased the other red snapper away from the
blocks, forcing them to stay at the surface of the water. Bailey et al. (2003) also
found that larger red snapper aggressively defended complex habitats in the lab-
oratory, significantly decreasing the time age 0 year red snapper spent over com-
plex habitat compared to trials without larger red snapper present.

For management concerns mortality of juvenile red snapper due to shrimp trawl
by-catch has been estimated to be very high in the Gulf of Mexico (Gallaway &
Cole, 1999). In contrast, there were no indications of shrimp trawling on the ex-
perimental habitats (i.e. all stakes were intact over the survey period). This may
simply be the result of reduced trawling effort in the particular study area east
of the Mobile Bay Delta (Gallaway & Cole, 1999). The decline in abundance on
the artificial habitats in this study was probably due to other factors, such as pre-
dation mortality and emigration to larger more complex habitats.

In this study, processes that affect reef fish abundance in the northern Gulf
of Mexico were similar to past studies on tropical coral reefs (Sale, 1991). Pre-
dation and habitat complexity appear to be important factors for juvenile red
snapper abundance. High habitat complexity and predator exclusion both
resulted in greater abundance of juvenile red snapper on experimental habitats
in nursery areas of the Gulf of Mexico. Predation may affect red snapper abun-
dance and distribution through mortality and indirectly by influencing habitat
selection. Further studies are needed to partition other possible causes for
increased abundance on complex habitats, e.g. food effects, survey period, com-
petition or differential habitat selection.

We thank M. Boles, A. Ouzts, C. Furman, M. Lingo and R. Schroepfer for assis-
tance with data collection. We thank M. Maceina and A. Guarino for statistical assis-
tance. This is a contribution of the Department of Fisheries and Allied Aquacultures,
Auburn University, and the Alabama Agricultural Experiment Station. All work was
carried out under Auburn University Animal Care and Use Committee approval, under
Protocol 001Z-R-0992.
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