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ABSTRACT

Previous investigations of artificial reef habitat in the northcentral Gulf of
Mexico have identfied the importance of offshore oil and gas platforms to
economically-important reef fish. This study investipated the polential
importance of another structurally-complex, hard-substrate habilat, a coastal rock
jetty system, as a low-salinity, landward endmember of artificial mefs along a
transect of three oil and gas platforms extending from the inner continental shelf
to the shell break. CQuatrefoil light-traps and a bow-mounted plankion pushnet
were used to collect fish along a pair of stone rubble jetties at Belle Pass near
Fourchon, Louisiana during new moon and full moon phases from Apnl to
August, 1997, Light-raps and the pushnet collected 17,949 and 111,854 fish,
respectively. Clupeiformes {(engranlids and clupeids) comprnsed approximately
95% and 70% of the total light-trap and pushnet catch, respectively. Reef (or
structure-dependent) fish, though pot as abundant, included blennies, gobies,
eleotrids, sparids, and lutjanids. The pushnet collected more individuals and taxa
than did the light-trap. There were significantly higher pushnet densities and
light-trap catch-per-unit-effors (CPUEs) during new moon periods than fuil
moon periods. This result may reflect a gear avoidance phenomenon where
light-traps are more effective when not competing with the ambient hight of a
full moon and the pushnet is more effective under the darkmess of new moon.
An altermative hypothesis could also be related to lunar spawnming and/or
settlement penodicabes. Signilicantly lower densities and CPUEs were cbserved
at sampling stahons located within the jetty walls versus stations localed
extermally. This result may be related to possible differences in environmental
parameters (turbidity, temperature, salipity, and dissolved oxypen) between inner
(estuarine) and outer (coastal) sampling stations. Preliminary results indicate
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that the jetty may serve as a refuge area for presetilement reef fish in the absence
of other structurally-complex habitat.

KEY WOEDS: Rock jetty, nursery area, presettlement reef fish

INTRODUCTION

There are approximately 4,500 oil and gas pladfiorms in the Gulf of Mexico,
many of which serve as artificial reef habitat for economically-important reef fish
(CDOP 1945, Gallaway 1981, Rooker et al. 1997). A debate persists, however,
as 10 whether or not the fish associated with these structures and other artificial
recfs are the result of increased fish production or simply aggregation (Bohnsack
19853, Pickering and Whitmarsh 1997, Seaman and Sprague 1992). Bohnsack et
al. (1994) state that 2 major problem for managing reef resources is the
incomplete understanding of the interactions between recruitment and habitat
structure. In an effort o address questions conceming reef fish scasonality and
across-shell distribution, we have sampled extensively the carly life history
stages at several artificial reef habitats, including plaforms located on the shell
slope (220 m depth), mid-shelf (61 m depth), inner shell (22 m depth). This
paper addresses preliminary results from the coastal endmember of this cross-
shelf trapsect and another potentially important antificial habitat, a low-salinity,
rock jelly sysiem.

Many species of reef fish do not settle directly onto recfs but utilize other
coastal habitats as nursery grounds prior to moving 10 offshore reels. While
habitats such as high-salinity seagrass beds are imporant to many reef related
species (Connolly 1994), other structurally-compiex habitats have been identified
as nusencs (Ferrell and Bell 1991, Bennett 1989, Ross and Moser 1995).
Seagrase beds are often the most common form of shelter available in certain
setllement areas, but experimenta] evidence suggests that presettlement larvae of
a number of different species select any complex structure at the tme of
settlement (Bell et al. 1987). Doe w the overwhelming influence of the
Mississippi River and its distributaries, Louisiana cstuarine and coastal areas are
geoerally low salinity, turtid, and lacking in seagrass beds and naturally-
occurring hard substrate habitats (except for oyster reefs).

The objective of this stady was 10 determipe the composition and abundance
of postfarval and juvenile fish inhabiting 2 coastal Louisiana jerty environment
with particular emphasis on reef fish taxa. In addjtjon, we were interesied in
comparing the light-trap and plankton pushpet methodologies in 2 low-salinity,
turbid environment.
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MATERIALS AND METHODS

The smady was conducted along a pair of stone rubble jetties located at the
terminus of Belle Pass, a major shipping channel near Fowrchon, Louisiana,
USA (207 03.90" N, 90" 13.80'W). The jetties are approximately 81 m apart
and run in a general north-south direction (Figure 1), The east jetiy is
approximalely 335 m long and the west jetly is approximately 305 m long.
Depths along the jetties ranged from 3 - 5 m. For sampling purposes, the sides
of the jettics were labeled as East Exterior (EE), East Interior (EI), West Interior
(W1), and West Extenior (WE). Four sampling stations, one on ¢ach side of each
jetty, were located approximately at the jetty midpoints and were identified

during sampling by distinct rock outcroppings.
N

v\ Predominant Cusent
Direction

Figure 1. Schematic diagram of the study site with the sampling stations: west
exterior (WE), west interior (W), east inlerior (ED, and east exterior (EE).

A quatrefcil light-trap and a bow-mcunted push plankton net were used to
collect fish duning two consecutive rights around new and full moon periods in
1997 from April through August, the estuarine recruitment period for a large
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number of our recf fish. New and full moon lunar phases were chnsen because
previous studies have indicaied that reef fish exhibit lunar patterns im both
spawning and recruitment {Robertson 1992, Kingsford and Finn 1997). Two
sets of samples were taken each night. A set included a lighi-trap and a bow-
mounted pushnet sample at each of the four stabons. The order of stations
sampled within each sel was chosen using a random number table. Light-traps
were equipped with a Brinkman Q Beam Stafire 11 halogen fishing light (12-v,
250 000 candlepower) and & submersible batiery that was secured to the top of
the light-trap with bungee cords. A 1000 ym mesh size was used for the bottom
draining cod end. At each station, a buoyed mooting was used o suspend the
light-trap approximately 1 m below the surface as close to the jetty as possible,
which was uspally beiween 0.5 - 2 m of the surface- exposed rock. The light-
trap was allowed to fish for 10 minutes. Then, a bow-mounted pushnet with a
1000 pm mesh nei mounted on a 1 m x 1 m frame was fished subsurfacely
along the edge of the jetty for 3 - 5 minutes. A General Oceanics flowmeter
{large rotor) was used to determine the volume of water filtered. All samples
were fixed in 2 - 4% buflered formaldehyde. Subsurface and nearbottom salinity,
temperature, dissolved oxygen, and wrbidity were measured at each station using
& DamSonde 3 Hydrolab and a DataSonde 3 Multiprobe Logger, Within 12
hours of collection all samples were rinsed and switched to an 80-90% ethanol
solution. A projected 352 samples were to be collected [(5.5 months x 2
trips/month x 2 mightsizip x 2 sets/night x 4 jetty stations x (1 light-trap + 1
push trawl)] over the course of the sudy. However, not all sations wene
sampled equally due to adverse weather conditions and/or eguipment failure. A
total of 297 samples (148 hghi-trap samples and 149 push trawl samples) were
collecied and analyzed.

Samples were picked for all fish larvae, juveniles, and adults. Fish were
measured 1o the nearest mm with an ocular micrometer (<10 mm) or a small
ruler (=10 mm) and identified to the lowest possible taxonomic level.
Preflexion larvae were measured to the end of the notochord (ML) and all
postflexion larvae, juveniles, and adulis were measured to the postenior end of the
veriebral column (SL). Due 1o the very large numbers of clupeiform fishes
(clupeids and engraulids), statistical analyses were performed on the data without
all clapeiform fish, since these fish are seldom the taxa ol interest in reef studies
and their abundance tends to overwbelm the trends of other taxa (Choel et al,
1853). Light-trap samples were standardized to a catch-per-unit-effort (CPUE) of
fish per minute. An ANOVA was run on the rank-transformed CPUEs (or the
effects of lunar phase and station location. Also customized comparnisons were
made using conirast siatements in the SAS statistical package to test for
differences between different combinations of the jetty stations, such as east
stations vs. west and internal stations vs. exitcmal. Pushne! samples were
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standardized 1o the number of fish per 100 m? (density) and the same ANOVA
design was run on the log-transformed mean densities for the pushnet data.

RESULTS

The light-trap and pushnet collecied 17949 fish and 111,854 fish,
respectively. Catches by both gear types were dominated by clupeifor: fishes
(engraulids and clupeids) which comprised 95.26% of the lighl-trap total caich
and 68.32% of the wotal pushnet catich. Only one non-clupeiform species,
Membras martinica {Atherinidae), comprised over 1% of the total light-trap
catch. Non-clupeiform taxa collected by the pushnet that comprised over 1% of
the total catch include an unidentified pobiid (referred W as Goby Type I,
Cynoscion  arenarius  (Sciaenidae), Cobionellus  oceanicus  (Gobiidac),
Citharichthys sp. (Bothidae), Symphurus sp. (Soleidae), and Microgobius sp.
{Gobiidae). Though not as common as other taxa, reef fish taxa were cotlected
by boih gear types (Table 1). The light-trap collected individuals from four roel
fish families, while the pushnet collecied lish from 12 reel fish families.
Owerall, the lighi-trap collected fish from 21 families with 38 taxa identifiable 10
al least the genus level. The pushnet collected fish from 41 famulies with 80
taxa identifiable to at least genus. The most dominanl taxa were presetilement
blenniids and gobiids. All taxa sampled with the light-trap were also collected
by the pushnet but in greater numbers.

Mean light-trap CPUEs for each rip ranged [rom © - 1.48 hish per minule
(Figure 2). The ANOVA on the ranks of mean CPUE values (minus
clupeiforms) indicate significantly bigher CPUUEs occurred during new moon
phases than fuil. There was also a significant difference between the different
sampling stations, with significantly higher CPUEs occuming ai the external
{WE and EE) stations than the internai (W] and EI} stations (Figure 3).

Mean pushnet densities for each trip ranged from 18 — 258 [ish/100 m3
(Fgure 4). ANOVA results on the log-transformed, pushnet mean densities ajso
indicated that significantly more fish were collected during new moon phases
than full. Significantly higher densities also occurred at the external stations
vg. the internal stations (Figure 5).
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Table 1. List of reef fish taxa and the total number of each coliacted with

light-iraps {LT} and pushnet (PN} during the course of the study.

Taxcn

Total Number

LT

FN

Blenniidae
Chasmodes sp.

Hypleurochilus
Hypsoblennius hentz/ionthas
Scarfella sp.
Linidentified

Electridae

BB
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Figura 2. Mean light-trap CPUEs (minus clupeiforms) for each sampling trip.
Open columns indicate trips during full moon phases and dark columns indicale
trips during new moon phases. Emor bars are standard emors of the mean.

2 - intemal vs. edemal: pvalue = 0.L003

Fish / min

Station I

Figura 3. Mean lightirap CPUEs (minus clupeifrms) for each sampling
station. Error bars are standard emors of the mean,
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Figure 4. Mean pushnst densities (minus clupeforms) for each sampling trip.
Open columns indicate trips during full moon phases and dark columns indicate
trips during new moon phases. Emor bars are standard erors of the mean.

intarnal vs. external p-walue = 00001

150 -

Fish/ 100 m”
g

Station

Figure 5. Mean pushnet densities {minus clupeiforms) for each sampling

station. Ermor bars ara standard emrors of the maan.
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DISCUSSION

An advantage (o using light-traps and pushnets is that both gears have
demonstrated the ability to sample larger larvae and juvenile fishes (Herke 1969,
Kriete and Loesch 1980 Choat et al. 1993, Hemandez. and Lindquist 1999). In
this study, both gears sampled primarily postsettlement and juvenile individuals.
Future analyses will look at the length-frequency distnbutions 1o statistically
compare the sizes of the fish collected by each gear type. Also, both gears were
casily deployed in this relatively structurall y-complex environment. A polential
disadvantage of the light-trap is that 1t tends to be taxon-specilic, altracting only
photopositive {axa (Doherty 1987, Choat et al. 1993). This can resuft in
samples dominated by relatively few taxa (Doherty 1987, Brogan 1994 Choat et
dl. 1993}, Our results are typical in this respect as clupeiform fishes comprised
over 95% of total lipht-trap catch. The dominance of clupeiform fishes in the
pushnet samples (near 70%) attests to the abundance of these species in the
nearshore environment. The pushnet caiches were larger and mose diverse than
the light-trap caiches. Again, this is prohably related o the axon selectivity of
the light-trap, and the volume of water sampled, although to date there i3 no
accurate way to calculate the volume of water sampled by a light-trap.

The most common reel or structure-dependent fishes were gobiids, blenniids,
and cleotnids (Table 1). These species, while preseat on offshore artificial reef
sites such as oil and gas platforms, are also common in the nearshore and
estuarine enviromment which probably explains their high abundance. While
these taxa are small cryptic inhabitats in artificial reef environments and are not
economically important, they may serve as model species in looking al cross-
shelf distribution pattems of reef fish recruitment. For example, presettlement
Juveniles of Hypsoblennius henizfionthas were common not only at the jetty
gite but al our innershelf plaform site, which was sampled dunng the same vear.
Omnce the identification of this species can be confirmed, it will be used in otolith
analyses to determine pelagic larval durations for individuals collected at the jetty
versus the inmershell plaform. This, combined with informaton on local
current patterns, can give us an idea of the elfective transport radius for this
species. Also, otolith-bascd growth e¢stimates for these fish will be compared
between the two locations to compare pelagic larval pelagie durations, settlentent
times, and any other advantages (with respect 10 accumulative mortality) that
early settlement times at one habital versus another may confer.

While other species of reef fish were less common, their presence indicates
the jetty environment can serve as a nursery area. During their pelagic phase,
mortality rates of reel Nish larvae approach 100% (Leis 1991), and juveniles
always appear 10 be rare. Lowisiana coastal waters are dominated by mud and silt
bottomes wiih litite bathymetric reliel and are devoid of typical reef fish nursery
habitats such as natwal reefs and scagrass beds. Therefore, the role of the
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artificial habatats such as jetties and breakwaters may become more imporiant as
islands of refuge for individuals that would otherwise be lost 10 unsuitable
habitat and, therefore, mortality.

The larger mean fight-trap CPUEs and pushne! densities during new moon
phases may be a result of gear efficiency. Light-traps rely on illumination in the
surrounding waler mass to aftract fish. Theoretically, the contrast in trap-
generated illumination should be greater when there is less ambient light such as
during a new moon phase as opposed to a full moon. Few studies utilizing
hight-aggregating devices have addressed this efficency issue within the
framework of lunar periodicities in fish spawning, larval supply (transport} and
setlement advantages. Gregory and Powles (1985) observed higher catches
dunpg new moon phases in a freshwater system but didn't report a stafistical
difference. Rocker et al. {1996} used a nightlight lift-net in nearshore habatats in
Puerto Rico and Jooked at sampling abundances for all four lunar phases. They
found that new moon abundances of larval fish were four tmes higher than the
next most abundant phase (last quarter) during the summer months and suggested
the ambient Light intensities might have played a factor in gear efficiency.

Ancther possible reason for larger catches during new moon periods may be
related 10 the lunar periodicities of some taxa with respect o spawning,
recruitment, and seitlement. Robertson {1991} noted that many larval biology
hypotheses concerning lunar reproductive patterns pertain to propagule dispersal
and predation rates and occur both at the bepinning and end of the plankionic
phase. Many reef fish, for example, time their spawning eveats with different
lunar cycles (Thresher 1984). Previous studies have also documented higher
rates of fish seftlement during darker, new moon periods than full moon periods
(Victor 1586, Rooker et al. 199¢), presumably a response 1o decrsase mortality
from visual predators. These patterns of spawning and recruitment, in
association with the local physical regime, result in varable larval supply and
settlement patterns often with distinct [unar signals.

A similar pear efficiency effect may be occuming with the pushner Net
avoidance iz a well documented phenomenon and several swudies have
demonstrated increased net avoidance during the day as opposed to night (Brander
and Thompson 1989, Suthers and Frank 1989, Leis 1991). While all of our
pushnets were taken at night, there may have been higher incidences of net
avoidance during brighter, full moon periods than darker, new moon periods.

Another faclor that may affect the efficiency of both gear types is the
turbidity of the water masses sampled. Higher turbidity should decrease the
effectiveness of the light-trap and imcrease the effectiveness of the pushnet
Turtndity datz was collected but has not been analyzed yet Differences in
trbadity may explain the observed differences between the internal stations
versus the external stations (Figores 3 and 5). Though the tdal currents are not
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particularly strong in this location, there may be significantly higher mixing in
the channel between the jerty walls resulting in higher twbidities than outside
the jetty walls. Turbidity and other emvironmental parameters (salinity,
temperature, dissolved oxygen) will be analyzed in the future 1o explain the
differences in catches between the internal and external stations.

In addition to the environmental factors, the hydrology arvund the mouth of
the infet may aid in concentrating fish at the outer stations. Hydrodynamic
models describing Gdal inlet flow patterns often predict the formation of eddies
upsiream and downstream of inlet mouths (Carer 1988). There is & west-
northwest nel residual coastl flow along the Louisiana coast that is favarable for
this type of cddy formation/setup. While many of these models predict the
movement of passive particles, the mechanism may still be a valid explanation
for the concentration of postlarval and juvenile fish at the outer stations of our
sampling site.
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