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I. INTRODUCTION

Black sea bass (Centropristis striata) is the dominant
species of commercial and recreational fisheries on near-
shore and artificial reefs of Georgia and other South
Atlantic and Middle Atlantic states (Cupka et al. 1973;
Frame and Pearce 1973; McDonald 1974; Musick and Mercer
1977; Ulrich et al. 1977; Parker et al.-1§79; Ansley and
Harris 1981; Low 1981; Low 1982; Chester et al. 1984). One
of the primary areas for black sea bass fishing off Georgia
is Gray's Reef National Marine Sanctuary, located 65 km
northeast of Brunswick, Georgia. As coastal Georgia becomes
recognized fdr its fishing and diving opportunities, the
pressures of commercial and recreational fisheries may
create overharvesting of its fish stocks and conflicts
betweenluser groups. The Georgia Department of National
Resources has identified the need for more information on
offshore black sea bass stocks (Ansley and Harris 1981).
Compilation of seasonal data concerning age, sex, and size
distributions of black sea bass can provide the basis for
better management strategies thaf will maintain stable black
sea bass populations for use by all user groups. To that
end, I examined variations in size structure and growth

rates, age and sex structure, and migration of black sea
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bass on the Gray's Reef National Marine Sanctuary over two

years.

Gray's Reef National Marine Sanctuarv

The South Atlantic Bight of the western North Atlantic
Ocean is comprised of the Continental Shelf and oceanic
region from Cape Canaveral, Florida to Cape Hatteras, North
Carolina. The Bight is primarily a broad, shallow, and
barren sand/clay‘region of the Continental Shelf.
Interspersed throughout the Bight, however, are natural,
"live bottom" reefs (Ansley and Harris 1981). Struhsaker
(1969) describes these areas as "outcrops of rock that are
heavily encrusted with such sessile invertebrates as sponges
and sea fans." Gray's Reef National Marine Sanctuary, the
largest live bottom reef in Georgia,'is.located about 32.5
km due east of Sapelo Island, Georgia (Figure 1). The
sanctuary is a 64 kﬁz section of Gray's Reef. 1Its substrate
ié composed of limestone ridges, sand patches, and
sedimentary soft bottoms which were deposited as calcareous
mud between two and five million years ago during the
Pliocene Epoch. Due to numerous fluctuations in sea leVels
during the Pleistocene Epoch, the substrate was subjected to
processes of lithification, weathering and erosion (Gilligan
1989). As sediment was covered with water, an excellent
habitat for marine invertebrate growth was created. The

present-day reef is covered by a variety of organisms,
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Figure 1. Location of Gray's Reef National Marine Sanctuary.

Adapted from Gilligan (1989).
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including sponges, hard and soft corals, and algae. The
depth ranges from 15 to 21 m with sandy troughs and
limestone ledges of up to two meters high running northeast
to southwest (Hunt 1974 in Parker et al. 1994). 1Its rich
faunal cover and rock outcrops provide excellent habitat for
many species of fishes, including black sea bass, vermilion
snapper (Rhomboplites aurorubens), and gray triggerfish
(Balistes capriscus) (Johnson et al. 1985). The relatively
accessible location and rich fish population provide
excellent opportunities for recreational fishing and diving,
especially for smaller boat owners who cannot fish reefs 60
to 80 km offshore. Commercial trap-fishing is not allowed

on Gray's Reef (Johnson et al. 1985).

Taxonomy and Morphology

The black sea bass is a member of the class
Osteichthyes, ordef‘Perciformes and family Serranidae (sea
basses and groupers; Figure 2). The family is characterized
by three opercular spines, one spine and five soft rays in
the pelvic fin, three spines in the anal fin, and a
continuous lateral line (Gilligan 1989). Other common names
include blaékfish, black bass, and black will (Gordon 1977).

Morphological features of black sea bass are as
follows: continuous-dorsal fin with 10 spines and 11 soft

rays, anal fin with 3 spines and 7 soft rays, 17 to 18

pectoral rays, and gill rakers plus tubercules numbering




Figure 2. Black sea bass (Centropristis striata), 203 mm

total length.
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between 22 to 28 (20-29). The caudal fin is rounded in
juveniles and most females and trilobed in older fish
(mostly males). Scales are large with 47 (46-49) lateral
line scales. The body is robust with a large head and the
dorsal regioh is slightly elevated anteriorly. The snout is
moderately pointed and the mouth is large and oblique.
Spawning‘males develop adipose humps on their napes. Live
black sea bass may appear smoky gray, dusky brown, or black-
blue dorsally with a gradual ventral iightening; Scale
centers éppear light blue or white with longitudinal stripés
along the backs and sides. Lateral sections may be mottled
or have vertical crossbars (Johnson et al. 1985; Robins and
Ray 1986). Breeding males ‘display brilliant tints of
fluorescent blue and green around the head and nape and are
often referred to as '"greenheads". Females are lighter in
color, usually brown or gray. Juveniles have been described
in four color phases: dark with white specks, light gray
with dark specks, striped with one horizontal stripe and
barred with six vertical bars (Miller 1959; Kendall 1977;

Robins and Ray 1986; Gilligan 1989).

E- ]. -. :Hl.lat

The black sea bass is primarily a nearshore reef fish.
It is the dominant\species associated with the nearshore
live-bottom and artificial reef habitats found in the South

Atlantic Bight. Black sea bass form a smaller segment of




the population at deeper offshore reefs located more than
sixty km off the Georgia coast. They have been observed
along the entire Atlantic Bight from Maine to the Florida
Keys (Cupka et al. 1973; Waltz et al. 1979). A subspecies,
Centropristis striata melana, occurs along the northern and
eastern coasts of the Gulf of Mexico. The gréatest
concentrations of black sea bass are found from Cape Cod,
Massachusetts to Cape Canaveral, Florida (Miller 1959).
Habitat depths range from 8 to 55 m (Musick and Mercer 1977;
Parker et al. 1979).

Two separate pobulations of black sea bass are
theorized to exist along the Atlantic coast with the
distinction point being Cape Hatteras, North Carolina (South
Atlantic Fishery Management(Council 1978); The main area of
difference between thé populations is migration patterns.
The northern population migrates southeast to deeper,
offshore waters during the winter months and northwest into
inshore water in the spring. .This phenomenon is typiéally
not observed in black sea bass from waters south of Cape
Hatteras, where water temperatures rarely approach the sea
bass' lower tolerance level of 10°C (Cupka et al. 1973).
Although no seasonal migration is observed in waters below
Cape Hatteras, past studies have noted an increase in the
average size and age of black sea bass sampled in deeper,
more distant offshore areas (Cupka et al. 1973; Musick and

Mercer 1977; Waltz et al. 1979). It is suggested this
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phenomenon is caused by a gradual offshore movement of
larger fish (Musick and Mercer 1977; Waltz et al. 1979;
Wenner et al. 1986), but more likely reflects a reduction in

fishing pressure with greater distances from shore.

. st

Black sea bass are incompletely metagonous, protogynous
hermaphrodites (Lavenda 1949). The majority of the young
appear as females and undergo a gradual transition to males.
This transition usually occurs when the fish are two to six
years of age, primarily after the spawning period. Black
sea bass mature between the ages of one and four. During
this period, sea bass range in length from 100 to 250 mm.
The highest percentage of females are three years old or
less and measure 150 mm or less. The highest percentage of
males are five yearsvold or ﬁore and measure 230 mm or more
(Mercer 1978; Wenner et al. 1986). Total lengths of black
‘Sea bass on Gray's Reef range from 75 mm to 475 mm. Average
weight is about 0.9 kilograms with a maximum weight of 3.5
kilograms (Johnson et al. 1985).

Time and length of the spawning period are dependent on
the area of the Atlantic Bight in which they are found.
Black sea bass in the North Atlantic and Mid-Atlantic Bights
Spawn from June to October in waters from 18 to 45 m
(Kendall 1972; Grosslin and Azarovitz 1982). In the South

Atlantic Bight, spawning has been observed from January to
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June, peaking in early March through May (Cupka et al 1973).
A minor spawn occurs in September and October along the
South Atlantic coast (Smith 1965).

Black sea bass are classified as quasi-catadromous,
marine pelagic fish (Grosslin and Azarovitz 1982).
Depending on their location along the Atlantic coast, sea
bass may spawn in inshore estuaries or on offshore reefs.
Although the eggs have been observed to be pelagic (Wilson
'1891; Kendall 1972), little else is known about the early
life history. Eggs are about 1 mm in diameter and hatch in
75 hours at 16°C. Larvae greater than 13 mm in length have
not been collected, suggesting a short pelagic existence and
a switch to a estuariné or demersal habitat (Kendall 1972).
Althquéh juveniles have been found ih saline estuaries from
Florida to Massachusetts and on offshore reefs, little is
known about the routes or mechanisms of larval transport or
what portion of thevadult population remain at sea.

Juveniles have been observed in both inshore and
offshore areas. Juvenile black sea bass have been collected
in the estuaries of the Carolinas in water salinities
ranging from 1 to 38 parts per thousand (ppt) and in water
temperatures ranging from 6 to 30 °C (Kendall 1977).
Juveniles congregate inshore around jetties, piers, and
wWrecks. In Georgia, young-of-the-year fish have been
sampled throughout the year around oyster shell mounds found

at the lowest reaches of estuaries (Music and Pafford 1984).
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Black sea bass are considered an important commercial
and recreational fish in Mid-Atlantic and South Atlantic
ports. Commercial landings rose rapidly after 1960 with the
introduction of baited wire traps into the fishery (Frame
and Pearce 1973; Low 1982). Commercial landings are much
higher and of a greater economic importance along the Middle
Atlantic Bight, due primarily to the propensity of nearshore
natural reefs. Because the majority of reefs found in South
carolina, Georgia and North Florida are artificial and are
therefore off limits to commercial fishing because of the
danger of overfishing, commercial fishing is more limited in
the South Atlantic Bigﬁt (Stone 1978; Parker et al. 1979;
Stone et‘al. 1979; Stone 1982).

Commercial fisheries for black sea bass differ in the
Mid-Atlantic and South Atlantic regions. The Mid-Atlantic
fishery operates frém May to December. Fishermen use 400 to
1,500 unbaited wooden slat lobster traps that are set for
the entire season. The traps are set in transects of 15 to
20 traps with approximately 200 traps visited each day. The
majority of the trawl fishery is located north of Cape
Hatteras. Black sea bass are an incidental catch in the
snapper-grouper handline fishery in the Mid-Atlantic Bight
(Frame and Pearce 1973; Kendall 1977; Briggs l978)l In the
South Atlantic Bight, a small trawl and handline fishery

exists; however, the primary mode of harvest are baited wire
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crab traps. A year-round fishery exist along the 18 m |
contour. Highest landings are reported in winter and spring
due to additional participation of offseason shrimp
fishermen. Traps are deployed over live-bottom reefs and
allowed to set for 20 to 45 minutes (Rivers 1966; McDonald
1974) . Georgia contributes nominally, averaging 5.5 metric
tons, to the South Atlantic commercial landings mean total
of 467 metric tons from 1950 - 1984 (Fishery Statistics of
the United States in Mercer 1989).

The development of more sophisticated boats and
equipment and the popularity of the charterboat/partyboat
fishery has caused an increase in the recreational catch of
black sea bass. Based on charter boat and partyboat
landings, black sea bass make up the majority of the North
carolina offshore reef fishery (75% by number and 64% by
weight) and are second to red porgy in the inshore reef
‘fishery (Struhsakerv1969; Chester et al.‘1984). In Georgia,
where artificial reefs and natural reefs less than 40 km
from shore receive the bulk of the offshore fiéhery, black
sea bass are considered the dominant recreational reef fish

(Ansley and Harris 1981; Johnson et al. 1985)

Management of the Species
Management reqgulations for black sea bass caught in the

Fishery Conservation Zone (the area in which the United

States asserts exclusive fishery management authority and
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~which extends 3 to 200 hautical miles [nmi) offshore) were
established in the Fishery Management Plan for the snapper-
grouper fishery of the South Atlantic Region (South Atlantic
Fishery Management Council 1983). All species included in
the management plan are used in commercial and recreational
fisheries exclusively for human consumption. Based on a
yield-per-recruit analysis which indicated a less than
maximum harvest due to growth overharvesting,.a minimum size
- 1imit of 203 mm (8 inches) was adopted for black sea bass.
"Restrictions on fish trap dimensions and trapping areas
include a minimum mesh size of 25.4 mm by 50.8 mm
(rectangular) or 38.1 mm (hexagonal) and closure of
commercial fishing on marine sanctuaries, including Gray's
Reéf, and artificial reefs (South Atlantic Fishery
Management Council 1988).

Objectives of a successful management strategy include
the maintenance of healthy female-to-male sex ratios and
age-to-size ratios in the population, a positively skewed
age structure represented by several age classes, and
Sufficient recruitment and spawning (Low 1981). Although
the minimum size limit of 203 mm allows black sea bass to
féach sexual maturity and spawn at least one year as
females, the reproductive history (female ---> male) of the

fish also insures that a majority of black sea bass

harvested will be males. Heavy fishing pressure may create

a4 sex ratio which favors females, thus leaving an




15

insufficient number of males for adequate reproduction
(Musick and Mercer 1977). They theorized, within an
exploited population, maintenance of a relatively constant
sex ratio is initiated by social interactions within the
population in which females undergo sexual metamorphosis to
‘males at younger ages and smaller sizes. This phenomenon
would be evidenced by higher incidence of small males within
the population. Wenner et al. (1986), however, disagreed
with this theory and described the primary source of males
as being sex succession from mature females. They based.
their arguments on the presence of significantly skewed sex
ratios towards females in early age groups, even though

mortality rates were high (annual mortality > 0.5).




II. MATERIALS AND METHODS

Backaround/Selection of Sampling Sites

A mark and recapture study of black sea bass was
conducted at twenty sites on Gray's Reef National Marine
sanctuary (See Appendix A for LORAN-C coordinates of
stations). Sampling was done from the R/V Underdog, a 12 m
"commerdial lobster trapping"-type boat.

Preliminary samples were taken in April 1988 to
determine the sample sites for the project. Fish captured
during this period were used only in the age and growth
portions of the study. Subsequent sampling periods were
conducted at three-month intervals through May 1989. Sample
sites were selected through the use of a Si-Tex chart
recorder/depth recorder. A Si-Tex XJ-1 LORAN-C navigation
unit (Texas Instruments Co.) was used to locate each
sampling station. LORAN coordinates in time displacement
(TD) units were used to delineate each station. Stations
were selected on the basis of their topography and proximity
to the boundaries of the reef proper. Locations near the
reef boundary were preferred because their location enabled
sampling of both sandy bottom and live bottom areas. This
sampling strategy was needed to demonstrate not only
suitable black sea bass habitat, but also to observe the

range of migration off the reef and the "drawing" power of

16
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the baited sampling traps. The type of topography selected
was medium substrate (ledge and live bottom; "washbbard
bottom")'of more than 0.5 m relief with abundant faunal
growth. This type of substrate is most often fished by
commercial and recreational fishermen (Rivers 1966).

Small mesh (12.5 mm by 12.5 mm square mesh) traps
ﬁeasuring 610 mm by 610 mm by 460 mm were used to insure
sampling over all size classes. Both small mesh and large
mesh (63.5 mm by 38.1 mm hexagonal mesh) traps of the same
dimensions were initially used in the study. The large mesh
traps, however, yielded extremely low capture rates for

black sea bass smaller than 205 mm (Table 1).

T . Method 3 ! 1lecti
Three sampling transects were utilized with six to

eight traps per transect. Eéch trap was located at least

185 m (1.0 LORAN-C TD unit) from the other traps. Traps

were set on the first morning and left undisturbed for 2 to
4 hours before the first sample was taken. They were
retrieved again in the late afternoon after which they were é
allowed to set overnight. The traps were fished twice the
second day, set to fish overnight and then retrieved at
least once the third day.

Fish were captured and tagged on the first sampling day
(usually a Friday) and recaptures were monitored over the

next two days. A second recapture effort was conducted one
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week later for 3 or 4 days. Initial recaptures from
previous tagging seasons were treated as unmarked fish for
population estimation purposes. All unmarked black sea bass
were tagged on the recapture dates. All fish caught at the

sample site remained in on-board live wells until all fish

were tagged and measured. Ocean water was pumped into the
livewell to maintain constant water conditions. Tagged fish
i;were kept in the livewell for the extent of the tagging
process (2 to 20 minutes) to determine the extent of fish
mortality caused by handling. All fish were then released
at the capture site with the custom-designed release cage.
Tagged fish were lowered to the reef bottom in the cage. A
trip mechanism was released to open one side of the cage,
which allowed the tagged fish to swim free. The cage was
then retrieved to the boat.

| Mortality of black sea bass attributable to tagging was
fested for fish less than 203 mm (sublegal-size) and fish
greater than or equal 203 mm (legal-size). During each
'season, at least 20 tagged sublegal-size fish and 10 tagged
- legal-size fish were held overnight (about 24 hours) in
Separate traps with closed entry holes. Upon retrieval of
the frap, the number of dead fish were counted. Tagging
‘mortality was calculated as percentage of dead sea bass to
‘number held overnight.

Information recorded from each sample site included

' date, location of site (LORAN-C TD coordinates), water

S T L e ARG
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temperature, depth, sea state [eg., "choppiness" (wave
ction and size), such as smooth, light chop, or heavy

hop], wind speed and direction, percent mortality in trap
nd in the 1live well, tag number of fish, length of fish,
umber of black sea bass, and number of recaptures. Fish

ere measured to the nearest millimeter from the tip of the

;mandible to the end of the longest median rays of the caudal
ffin [maximum total length; TL] (Anderson and Gutreuter.
1983). Individually discrete tags (Floy FD-68B t-lock tags)
were used to mark the fish and each tag number was recorded
'(Emery and Wydoski 1983). Floy streamer tags were
‘originally used in the study. These‘tags had very low
retention rates and caused handling stress for fish énd
biologist during the tagging process.

Determination of the age and sex distribution of the
black sea bass population for each season was also |
conducted. Sixty biack sea bass were kept on the final day
of each sampling season. Twelve fish from five size classes
‘'Were randomly selected. The size classes were in fifty
millimeter increments beginning with fish less than 150 mm
to fish greater than 300 mm. Although scales and otoliths
Were removed and examined, age determination was based
Solely on otolith readings. Gonads were extracted and used

to determine sex and state of maturation.
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Length frequency distributions (number and percent
frequency by 10-mm groups) were calculated for each season
y sample period (day or night). The 10-mm groups were
-defined as follows: O-mm group = 1 - 5 mm TL, 10-mm group =
- 14 mm TL, and so on. Log-likelihood ratios were used to
 determine if differences in black sea bass size composition
existed between seasons (Zar 1984). . Tukey's post hoc
Tmultiple-range test was employed to test between which
seasons differences occurred (Zar 1984). Differences were
considered significant at P < 0.05. Data were analyzed

using the SYSTAT® statistical package (Wilkinson 1990).

Agg_s_t_m_cglr_e_@nd_er_olth_Bat_e_s

Validation of the use of otoliths as an satisfactory
aging tool for black sea bass was performed by Cupka et.al
(1973) and Mercer (1978) using the Van Oosten criteria
(1929). Annulus formation occurs during the spawning period
(Cupka et. al 1973; Mercer 1978). Data from past life
history studies of black sea bass in the South Atlantic
Bight have shown from seven (Cupka et. al 1973) to ten age
Classes (Waltz et. al 1979). These studies, however, may
have been biased by sampling size and by the sampling
locations (Cupka et. al 1973; Mercer 1978). A majority of
the fish used in these studies were collected from reefs

Which received relatively light fishing pressure (e.gq.,

it
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areas may be inaccessible to small boat owners or difficult
to locate). Although this type of sampling is suitable‘for
pasic life history studies, it does not provide information
deséribing more heavily exploited areas in need of stringent
management.

A total of 278 pairs of sagittal otoliths were examined
for age determination, but only 246 otolith pairs were
determined satisfactory for use. Otoliths were removed by
’ cutting the gill isthmus and bending back the head, thereby
cracking the auditory lobe to expose the otoliths. Once
removed, otoliths were cleaned and stored dfy in 120 mm by
60 mm coin envelopes. One week prior to examination,
otoliths were placed in’labeled 5 ml sampling vials and
covered with glycerin to allow them to clear (Jearid 1983).
When they had cleared, otoliths were removed from the vials,
placed concave side up in a black dish, and covered with
water. They were exémined over a dark field under
transmitted iight with an American Optical dissecting scope
at 12X magnification (Waltz et al 1979). Age was determined
‘by counting the opaque zones (alternating with translucent
bands) ffom the center kernel (age zero) to the dorsal
margin (Cupka et. al 1973; Mercer 1978). From each fish,
both sagittal otoliths were used to determine age. A
standardized January birth date was used. |

Two measures of growth were determined: annual growth

using linear regression of otolith annulus radii (Ricker

e S, st

PEREEE
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1973) and direct calculation of daily growth from recapture
data. Growth rates were determined from the 246 otolith
'paifs used for ageing and 756 black sea bass recaptﬁred in
jsample traps during the study. Growth rates were for total
_maximﬁm length.

Correlation between length and annulus radius was also
determined. Annulus radii were measured using an ocular
micrometer of an Ame:ican Optical dissecting scope at 12X
magnification. The radius of each ring was taken from the
kernel to the outer edge of each annulus (Jearld 1983). A
regression equation was then formulated to predict length-
at-age from annulus radii and to cerrelate the relationship
between body growth and otolith growth.

To compare growth results for this study in which total
length was measured with studies in which standard length
was measured, I used means of the results from Cupka et
al.'s (1973) and Walﬁz et al.'s (1979) equations, which
converted total length to standard length. The Cupka et al.
(1973) equation is described as follows: SL = 0.742 (TL) +
9.4 [r = 0.997], and Waltz et al.'s (1979) equation was: SL
= 0.7387 (TL) + 8.179 [r = 0.97], where SL represents
standard length in millimeters and TL represents total
length in millimeters.

Daily growth rates were determined by subtracting
length at recapture from length at original capture and

divided by the days at large. Age classes as determined by
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back-calculated length-at-age at time of original capture
were separated and growth rates were calculated for each
group. Growth rates, expressed in millimeters per day, were
determined from season to season (spring 1988 to summer
1988, summer 1988 to fall 1988, fall 1988 to winter. 1989,
winter 1989 to spring 1989). One-way analysis of variance
was used to determine if differences in daily growth rates
existed between time periods or age groups (Zar 1984).
Tukey's post hoc multiple-range test was employed to test
between wﬁich groups differences occurred (Zar 1984).

Significant differences were reported at P < 0.05.

Sex Structure and Spawning Patterns

Gonads were removed from sample fish within six hours
of collection to diminish the effect of enzymatic
degradation. Twelve fishrfrbm each 50-mm size class were
examined each quartef, totaling 278 fish over the study
period. Fish were examined for external sex characteristics
[e.g., hump on the head, pronounced tri-lobed tail} very
dark coloration (male), or presence of milt (male) or eggs
(female) emitted from anal area] to check on-board sexing
procedure and to obtain a general idea of the fish's sex.
Fish were sliced open behind the pelvic and pectoral fins up
to the crown of the head using a fillet knife or scalpel.
Dissecting scissors were used to cut from the point of

incision to the anal opening. The visceral contents were
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refully removed, exposing the gonads along the top of the

sceral cavity. This operation was probably aided by a

mpression and subsequent concentration of the visceral

- ﬁtents by the swim bladder which often expanded due to a

‘ ﬁer atmospheric pressure at the surface when the fish were

sorought up from the reef. The gonads were grossly examined

'hﬁediately for sex determination, wrapped in tagged gauze

d placed in 10% buffered formalin. They were re-examined

sing an American Optical dissecting scope several days

fter removal. The fish were determined to be in one of

ive classes (key characters):

1) male/mature (testes: smooth, compressed; visual
blood vessels),

2) male/ripe (presence of milt; milk-white, plump),

3) female/mature.(development of ovaries; round, gray
to light orange color),

4) female/gravid (presence of eggé, bright orange with
rough or pebbly appearance),

5) immature (undifferentiated gonadal tissue).

ation (on-reef and off-ree

Movement of black sea bass on Gray's Reef was
determined from recapture data derived from sample traps and
?ecovery data from recreational anglers. On-reef migration

as defined as any recapture which occurred more than 0.5

LORAN~C TD unit away from the original capture site.
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Movement was idetermined for each season (within-season
migration) and from season to season (between-season.
migration). ~Off-reef migration was estimated from recovery
ldata obtained from recreational fishermen. Extent of
migration was measured as the percentage of black-sea bass
that moved from the original capturé site (on-reef ..
migration) or away from Gray's Reef (off-reef migration).
Chi-square: analysis was performed to determine randomness of
on-reef movement (Zar 1984). In theory, a black sea.'bass
should have a 50% chance of being recaptured in the trap in
which it was.previously captured and a 50% chance of being
captured in any of the other sample traps. Chi-square test

values greater than the critical value at P < 0.05 were

significant and movement was deemed non-random.




III. RESULTS AND DISCUSSION

A total of 8,915 black sea bass were captured in 451

rap-sets over five sampling quarters (spring 1988 to spring
{1989). Of these fish, 7,465 fish were tagged and 1,440
ndividuals were recaptured (single and multiple). A total
f 756 fish were recaptured from previous seasons. A total
of 278 black sea bass from five size classet were kept as
samples for use in ageing and sexing the population. A
total of 52 species representing 28 families were captured
in sample traps or with rod and reel from Gray's Reef
(Appendix B).

Fish size and catch total in each trap varied among
sets. The lengths of black sea bass rénged from 53 mm to
406 mm. A fish measuring 458 mm was sampled with rod and
reel. Mean length of all fish was 194.4 mm (SD = 63.1).
The catch total ranged from 0 fish in several sets to 83
fish. Mean catch rate for all traps was 19.7 (SD = 10.2).
In test sets made to compare catches between medium
‘relief and low relief (sand; < 0.5 m relief) sets, medium
relief sets provided much higher catches for all size
classes of black sea bass. Medium relief sets averaged
19.50 (sD = 5.61) black sea bass per trap, and low relief

sets averaged 0.26 (SD = 0.13) black sea bass (Table 2).-

27
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pifferences in abundance and size composition were
pserved between day and night sets within each season. Day
;ts resulted in higher relative proportions of small black
ea bass with mean lengths ranging from 144.8 mm (SD = 49.4)
n summer to 169.5 mm (SD = 64.5) in winter (Table 3).

ight sets resulted in higher proportions of larger fish

ith mean lengths ranging from 203.4 mm (SD = 53.7) in

pring 1989 to 221.4 mm (SD = 68.7) in summer (Table 3).
ossible reasons for these differences include smaller fish
ay escape from traps set over night, activity of smaller

ea bass may be greater during the day, or larger fish may
;be more active at night. Wenner (1983) reported black sea
ass were more common in otter trawl tows conducted at night
%vérsus daylight tows because of sea bass' increased
%vﬁlnerability to night tows. Comparisons between seasons

ere done separately for day and night sets.

Analysis of black sea bass length frequency for day

ets revealed‘shifts in modal peéks from season to season.
Two modal peaks were readily identifiable. Modal peaks were
ndicated at the 100-mm and 160-mm groups in summer, the
Ll10-mm and 170-mm groups in fall, the 140-mm group in

inter, and 160-mm group in spring (Figure 3). Differences
n length frequency distributions were significant only in

Summer in which mean length (144.8 mm, SD = 49.4 mm) was



small mesh traps,
5ummer) - May 1989 (spring).
Jrequency and mean total length between capture time periods
were analyzed using log-likelihood ratios (G-statistic) and
ITukey 's test, respectively.
fmeans without a letter (a,
f[different (P < 0.05).

- Trable 3.-Length frequency of black sea bass by capture

-ime period and sample quarter for black sea bass collected
Gray's Reef, Georgia,
Differences in length

July 1988

30

Between capture time periods,

b) in common are significantly

ES1ze SUMMER

Class _Day Night  Total Total
0 mm)
50 0 1 1 0
60 1 0 1 0
70 9 1 10 0
80 33 8 41 6
90 78 20 98 17
100 129 45 174 63
110 44 17 61 137
120 12 [ 17 143
130 22 4 26 43
140 56 36 92 47
150 72 52 124 83
160 104 53 157 140
170 83 55 138 187
180 39 30 69 168
190 16 20 36 87
200 16 30 46 39
210 17 36 53 37
220 16 44 60 63
230 10 65 75 77
240 17 58 75 95
250 8 72 80 98
260 3 63 66 83
270 5 40 45" 59
280 1 34 35 59
290 2 47 49 4 23
300 3 33 36 6 26
310 2 34 36 5 30
320 2 25 27 6 25
330 2 24 26 2 12
340 1 14 15 4 10
350 0 13 13 0 4
360 1 4 5 0 3
370 0 3 3 1 2
380 0 3 3 0 0
390 0 0 0 0 1
Total 804 989 1,793 828 1,867
Mean
Len?th 144.8 221.4
(£sD (£49.4) (iss.;)

a

G statistic = 280. 7
P < 0.001 (df




‘Table 3.-cont.
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G statistic = 537.4
P < 0.001 (df = 31)

G statistic = 383.1
P < 0.001 (df = 29)

ize WINTER SPRING '
lass Day Night Total Day__ Total
10 mm)
50 0 0 0 0 0 0
60 0 0 0 0 0 0
70 0 0 0 0 0 0
80 1 0 1 10 1 11
90 2 0 2 8 2 10
100 8 1 9 10 3 13
110 22 5 27 6 1 7
120 77 15 92 12 2 14
130 88 52 140 52 16 68
140 128 129 257 167 55 222
150 57 57 114 234 76 310
160 10 36 46 316 107 423
170 11 39 50 270 86 356
180 11 43 54 144 58 202
190 9 77 86 68 29 97
© 200 13 99 112 19 23 42
. 210 14 108 122 28 48 76
220 10 111 121 30 41 71
230 6 72 78 20 60 80
" 240 9 71 80 21 38 59
- 250 7 73 80 10 28 38
- 260 8 65 73 9 29 38
- 270 11 86 97 5 23 28
280 12 83 95 6 28 34
290 - 15 61 76 10 30 40
300 8 55 63 8 17 25
310 8 43 51 6 15 21
320 10 24 34 3 6 9
330 2 25 27 1 4 5
340 2 11 .13 3 3 6
350 2 8 10 1 6 7
360 3 .6 9 0 0 0
370 3 11 14 0 1 1
380 2 3 5 0 1 1
390 1 1 2 0 0 0
Total 570 1,470 2,040 1,477 837 2,314
Mean )
Length 169.5 224.2 167.9 203.4
(£SD (£64.5) (isg.é) (+34.8) (i53'g)
a a
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Figure 3. Percent frequency of black sea bass captured in
small (12.5 mm) mesh tfaps, day sets, 10 mm
groups, Gray's Reef, Georgia, July 1988 (summer) -

May 1989 (spring).
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BLACK SEA BASS
Size Distribution (Day Sets)

Sublegal-size (< 208 mm) Legal-size (> 202 mm)

Summer 1988
(n = 804)

Fall 1988
(n = 828)

40 280 320 380 400

Winter 1989
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 ower compared to the other seasons (Table 4). Percent
ffequency of legal-size sea bass ranged from 10.7% in spring
nd 11.2% in summer to 20.3% in fall and 23.2% in winter.
Analysis of black sea bass length frequency for night
ets revealed more demonstrative modal peaks from season to
eason than did day sets, although peaks were similar for
_he two sample set periods. Four modal peaks were
dentified; however, fish represénted by the first two modes
ppear to be underrepresented. Modal group peaks were
ndicated at the 100-mm, 160-mm, 250-mm, and 290-mm groups
n summer, the 120-mm, 170-mm, 250-mm, and 310-mm groups in
all, the 140-mm, 220-mm, and 270-mm groups in winter, and
60-mm, 230-mm, and 290-mm groups in épring (Figure 4).
‘Differences in length frequency distributions as determined
Yy log likelihood ratios and mean length values were
ignificant between the summer (mean = 221.4 mm, SD = 68.7)
nd winter (mean = 224.2 mm, SD = 59.1 mm) periods and.the
ﬁring (mean = 203.4 mm, SD = 53.7) and fall (mean = 210.0
fmm, SD = 60.6) (Table 5). Percent frequency of legal-size
lack sea bass ranged from 45.2% in spring to 62.4% in
inter.

Black sea bass were not fully recruited to the sample
ntil they reached the 100-mm group; smaller fish, however,
ere frequently captured in day sets. These fish were most
ommon in the summer, which suggests they were spawned the

revious winter. Fish of this size were also collected in
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. Table 4.-Length frequency of black sea bass by sample
arter for black sea bass collected in small mesh traps,
ay sets, Gray's Reef, Georgia, July 1988 (summer) - May
989 (spring). Differences in length frequency and mean
otal length between seasons were analyzed using log-
ikelihood ratios (G-statistic) and Tukey's test,
espectively. Between seasons, means without a letter (a, b)
n common are significantly different (P < 0.05).

SEASON
ize SUMMER EFALL WINTER SPRING TOTAL
lass
10 mm)
60 1 § 0 0 0 1
70 9 ’ 0 , 0 0 9
80 33 6 1 10 50
90 78 13 2 8 101
100 129 53 8 10 200
110 44 98 22 6 170
120 12 78 77 12 179
130 22 25 88 52 187
140 56 26 128 167 377
150 72 49 57 234 412
160 104 73 10 316 503
~ 170 83 97 11 270 461
180 39 89 11 144 283
190 16 35 9 68 128
200 16 18 13 19 66
210 17 12 14 28 71
220 16 22 10 30 78
- 230 10 20 6 20 56
© 240 17 27 9 21 74
- 250 8 20 7 10 45
260 3 15 8 9 35
270 5 12 11 5 33
280 1 12 12 6 31
290 2 4 15 10 31
300 3 6 8 8 25
310 2 5 8 6 21
320 2 6 10 3 21
330 2 2 2 1 7
340 1 4 2 3 10
350 0 0 2 1 3
360 1 0 3 0 4
370 0 1 3 0 4
380 0 0 2 0 2
390 0 0 1 0 1
Total 804 828 570 1,477 3,679
Mean
Length 144.8 166.8 169.5 167.9
(iso? (+49.4) (+54.4) (+64.5) (+34.8)
a b b b
‘G statistic = 1,635.8 degrees of freedom = 99
P < 0.001 Index of dissimilarity = 25.6
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BLACK SEA BASS
Size Distribution (Night Sets)
/2 Sublegal-size (< 208 mm) Legal-size (> 202 mm)
9 Summer 1988
6 (n = 989)
3
0 20 80 120 16
12
9
6
3 3
g
i 00
=212
£
O 91 Winter 1989
& e (n = 1,470)
3.
0520 80 120 160 200 240 280 320 380 - A50
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9
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6 (n = 837)
3 -
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. mable 5.-Length frequency of black sea bass by sample

quarter for black sea bass collected in small mesh traps,

B.night sets, from Gray's Reef, Georgia, July 1988 (summer) -
May 1989 (spring). Differences in length frequency and mean
otal length between seasons were analyzed using

log-likelihood ratios (G-statistic), and Tukey's test,

espectively. Between seasons, means without a letter

(a, b) in common are significantly different (P < 0.05).

SEASON
Size SUMMER FALL WINTER SPRING TOTAL
‘Class
(10 mm)
50 1l 0 0 0 1
60 0 0 0 0 0
70 1 0 0 0 1
80 8 0 0 1 9
90 20 4 0 2 26
100 45 10 1 3 59
110 17 39 5 1 62
120 5 65 15 2 87
130 4 18 52 16 90
140 36 21 129 55 241
150 52 34 57 76 219
160 53 67 36 107 263
170 55 90 39 86 270
180 30 79 43 58 210
190 20 52 77 29 178
200 30 21 99 23 173
210 36 25 108 48 : 217
220 44 41 111 41 237
230 65 57 72 60 254
240 58 68 , 71 38 235
250 72 78 73 28 251
260 63 68 65 29 225
270 40 47 86 23 196
280 34 47 83 28 192
290 47 19 61 30 157
300 33 20 55 17 125
310 34 25 43 15 117
. 320 25 19 24 6 74
330 24 10 25 4 63
340 14 6 11 3 34
350 13 4 8 6 31
360 4 2 6 0 13
370 3 1 11 1 16
380 3 0 3 1 7
390 0 0] 1 0 2
Total 989 1,039 1,470 837 4,335
Mean
Length 221.4 210.0 224.2 203.4
(isn? (+68.7) (+60.6) (£59.1) (£53.7)
a b a b
G statistic = 923.3 degrees of freedom = 99
P<0.001 Index of dissimilarity = 17.6
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pring of the following year, which is indicative of a long
pawning season. Highest numbers of young-of-the-year were
tobserved during summer and fall. Catch totals of second-
bvear fish were highest in spring and fall. In those size
lasses greater than 203 mm, spring yielded the lowest catch
ates. Fall and winter periods had the highest catch rates
‘of legal-size fish.

The smallest fish were collected during -the summer and
re representative of young-of-the-year black sea bass. The
smallest fish of the year-2 fish were collected during the
spring. This pattern and the shading of several size groups
around modal peaks was the result of the extended spawning
period (February to July) displayed by black sea bass in
South Atlantic waters. In those size classes larger than
the 200-mm group, no differences were observed between
seasons. This homogeneity of sizes within the classes may
be caused by an "equalization" pressure on larger black sea
bass by a size limit of 203 mm on recreational harvesting.

' The smaller fish were not subject to fishing pressure.
Seasonal size trends were.also more noticeable in the
smaller fish due to influx of young-of-the-year fish onto
the reef over several months.

In areas of heavy fishing pressure (e.g., commercial
fishing and inshore artificial reefs), differences in size
Composition have been observed between black sea bass caught

in summer and black sea bass caught in winter (Low 1981).
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Although age compositions were comparable, summer fish

ended to be smaller than the winter fish, possibly due to
e heavier fishing pressure and a subsequent increase in
1arvest of the larger, legal-size fish during the summer.

Tn South'Carolina, over 70% of sea bass harvest by
-.ecreational fishermen are taken from May through August and
mean length of these fish barely exceeded 200 mm (Chester et
él. 1984; Low and Waltz 1988; Low and Waltz 1991). 1In
sparsely-fished areas, size and age composition were similar
- for summer- and winter-caught fish. The presence of
commercial fisheries may also affect the size structure of
t-black sea bass populations in other areas (Low 1981; Low
1982) . However, restriction of commercial fishing in Gray's
Reef National Marine Sanctuary discount its effect on sea
bass harvest on the reef. 1In this study, mean lengths were
not different between summer and winter for night-caught sea
bass. Differences in mean length between summer and winter
for day-caught fish were explained by the six months of
additional growth for those fish captured in winter. The
high numbers of YOY fish were not observed in winter as they

were during the summer.

Structure d wt tes
Examination of otoliths confirmed studies by Cupka et
al. (1973), Mercer (1978), and Waltz et al. (1979) in regard

0 annulus formation. Measurements of marginal increments
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_érmation period.

Six age classes were evident from examination of
otoliths'(Table 6). An age class as defined by Jearld
(1983) was those "fish of the same calendar year, hatched in

the‘same year". For example, fish in age class 1

represented fish of age 0+ (young-of-the-year) that have not
- formed their first annulus (up to their first birth date).

No fish were observed with more than five annuli (i.e., no

aged fish were six years or older.). Very few fish of sizes

AY

greater than those sampled for age determination were
Observed during the tagging and recapture phase of the

? study.

| A predictive regression of length versus annulus radius

(AR) for all sexes was formulated for all age classes

(TL = 103.6 AR + 1.01 (r’ = 0.98]). Annual growth rates

determined from back-calculated lengths (mm/year) were

highest in the first year to 131 mm (Table 6). Black sea

bass on Gray's Reef reached a harvestable size (205 mm) by
their second birthday. Mean growth rates of age class 2 (75

mm) and age class 3 (73 mm) fish were similar. Fish in age
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classes 4 and 5 had lower growth rates of 48 and 31 mm,
respectively.

Daily growth rates calculated from recapture lengths
between season (mm/day) were also highest in year 1 fish
(0.399 mm/day) (Table 7). Growth rates decreased with each
increasing age class. Significant differences were detected
between age class 1, age clasées 2 and 3, age class 4, and
age classes 5 and 6. No differences in daily growth rates
within age classes were detected between seasons (Table 7);
however, because sample size of age classes 1 and 2 from
spring 1988 and summer 1988 tagging seasons were low due to
j poor tag retention in these fish, daily growth rates of
those younger fish in spring and summer may not be
adequately represented. Although extrapolated daily growth
~ rates yielded annual growth rates slightly higher than those
;,determined from back-calculated lengths, use of daily growth
~was helpful in detefmining if differences in growth existed
between seasons.

Length~at-age data indicated day sets were dominated by
;.age class 1 (TL < 131 mm) and age class 2 (131 mm < TL < 205
mm) black sea bass (Table 8). Night sets were characterized
- by age class 2 and age class 3 (205 mm < TL < 280 mm) sea
‘bass (Table 8). Age class 1 sea bass were not fully
recruited to the traps for both day and night samples. _Age

Class 2 fish (131 mm < TL < 205 mm) were not fully recruited
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to the traps set at night, with the exception of the spring
sample. Black sea bass older than 4 years were rare; a
total of 30 (of 3,681) fish were caught during the day, and
141 (of 4,353) sea bass were sampled at night.

Environmental factors (e.qg., water temperature and
salinity) on Gray's Reef are within the tropical.range in
summer and temperate range in winter (Gilligan 1989). The
resulting abundance of prey species and favorable water
quality should allow growth to remain fairly constant
between seasons. 1In fact, fall and winter months, which are
usually typified by slow growth, prdvide the best
opportunity for growth due to reduction in recruitment of
competitive species, such as vermilion snapper and other
transient species onto the reef. These Species use Gray's
Reef as their spring and summer home before moving offshore
or southward (Gilligan 1989).

Converted back-calculated length-at-age (standard
length) for ages 1 through 5 were higher than those observed
in other studies except Cupka et al. (1973) (Table 9).
Mercer (1978) postulated that the larger size-at-age
observed by Cupka et al. (1973) may have reflected
conditions present before extensive commercial exploitation
began in 1969. Size-at-age values from Gray's Reef, which
were virtually identical to values reported by Cupka et al.
(1973), would indicate a fairly unexploited population on

Gray's Reef due largely to the absence of any commercial
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fishery or a fish community devoid of resource competition
for sea bass. However, the low number of age classes
observed (6) in this study compared to as many as 10 by
Waltz et al. (1979) and Wenner et al. (1986) in similar
study regions (South Carolina and Georgia) would indicate
either a population which is heavily fished by recreational
fishermen, extensive migration in older fish, or inefficient

sampling for larger, older fish.

Sex Structure and Spawning Patterns

Forty-four of 112 (39.3%) black sea bass from age
classes 1 and 2 were immature, 57 (50.9%) were mature
females, and only 11 (9.8%) were mature males (Table 6).
The majority of sea bass of age classes 3 and 4 were mature
females (68 of 116; 58.6%); however, 18 fish from age class
3 and four in age class 4 were immature. Mature males were
not abundant (15 of 37; 40.5%) until age class 4 at which
time the mean length at capture for males and females was

303 mm (SD = 27.0 mm) . Males dominated age classes 5 (10 of

13; 76.9%) and 6 (5 of 5; 100%).

Sex ratios of black sea bass were different from the
theoretical 1:1 (male:female) relation. Overall, males were
outnumbered by females by 1:1.96 ratio. Females-outnumbered
males up to age class 4, at which age sex ratios
approximated 1:1. Sex ratios of older age classes favored

males. These findings agree with those reported by Cupka et
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al. (1973), Mercer (1978), wWaltz ét al. (1979) and Wenner et
al. (198s6).

Peak spawning activity was observed in winter
(February) and spring (April/May) collections and coincided
with the period of annulus formation. Annulus formation had
been initiated in 68.2% (71 of 104) of those sampled in
winﬁer and spring samples. Black sea bass in spawning
condition (fish with ripening or gravid gonads) were
observed most commonly during these‘same sample periods. 1In
the winter sample, 66.7% (16 of 24) of mature females and
50% (4 of 8) of males were in spawning condition. In the
spring éamples, 37 of 53 mature females (68.9%) and 18 of 30
males (60.0%) had gonads in gravid or ripe condition. Oonly
four gravid females (8.6%) and two ripe males (14.3%) were
collected in summer (July). No fish from fall (October)
samples were observed in spawning condition.

Study data suggest that black sea bass on Gray's Reef
spawn from early February (mid winter) to early July (early
summer). Other researchers have described either a
migratiqn of adult black sea inshore to spawn or a movement
of sea bass larvae or eggs from offshore into estuarine
areas (Kendall 1977; Musick and Mercer 1977; Mercer 1978).
Evidence from this study suggest, however, that the entire
life cycle of black sea bass in mild, temperate waters
occurs on the reef. Presence of gravid females and ripe

males on the reef, as well as, the presence of relatively
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high numbers of young-of-the-year black sea bass (fish less
than 131 mm) in summer and fall support this theory. Black
seavbass spawned in early winter are large enough to be
sampled in the traps during the summer. Fish spawned in
late spring show up in the traps in the fall. The smallest
black sea bass were caught in the summer. These results may
be due to a delayed emergence mechanism displayed by some
fish species. The larval fish may remain hidden in rock
crevices or algal growth found on the reef until they are
large enough to begin active feeding. However, the more
logical reasons are black sea bass in the first two or three
months of life are too small to be sampled in the traps or,
if spawning or larval maturation occurs off the reef, they

have not moved from spawning areas, which may be inshore.

Migration (on-reef and off-reef)

Movement on Gray's Reef away from original capture
sites was very low throughout the study (Table 10).
Chi-square analysis indicated black sea bass movement was
non-random and sea bass maintained limited home areas.
Migration as determined by recapture rates more than 92.7 m
from a fish's original capture site (off station) within ten
days of the original capture date ranged from 11.1% in
spring 1988 to 16.5% in summer 1988. Although movement away

from the original capture site increased for recaptures
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between seasons, recapture rates of fish caught off station
were similar regardless of time at large. 'Recapture ratesof
fish caught off station at least 100 days (one season) from
the original tagging date ranged from 26.3% (spring 1988 to
summer) to 31.8 (summer to fall) over a three-month period,
30.1% (spring 1988 to fall) to 37.8% (summer to winter) over
a six-month period, and 36.8% (summer to spring 1989) to
40.0% (spring 1988 to winter) over a nine-month period. Two
fish were recaptured in sample traps on Gray's Reef 13
months after tagging, but were at locations on the reef
different from their original tagging sites. Total lengths
of sea bass recaptured on the reef averaged 209.5 mm
(SD = 66.2) and ranged from 95 mm to 365 mm.

Migration off Gray's Reef was determined from 83 tag
returns received from recreational fisherman. Only four
black sea bass (4.8%) were caught off Gray's Reef (Table
11). The number of days at large ranged from 9 to 735, and
the majority of fish were caught in winter (29; 34.9%) and
summer (20; 24.1%). Length at tagging ranged from 120 mm to
376 mm. Mean total length was 237.0 mm (SD = 55.7).

Several recovered fish were reported with lengths much less
than their lengths at tagging. These discrepancies were
probably due to underestimation of fish lengths by the
anglers. Two fish that migrated off Gray's Reef were
recovered approximately 125 km from Gray's Reef on

livebottom reefs off Mayport, Florida. One fish (#R-00499),
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which measured 303 mm at tagging, was recovered 107 days
later 32.5 km northeast of Mayport, Florida. The second
fish (#R-04169) was recovered 28 km east of Mayport, Florida
and measured 305 mm. It was at large for 401 days and was
177 mm when tagged. The third fish (#R-02121) traveled
approximated 63 km from Gray's Reef to a reef system 49 km
off Fernidina Beach, Florida. This fish was recovered 735
days after it was tagged and grew ffom 248 mm to about 356
mm. The fourth fish (#Y-09383) was recovered in Sapelo
Sound approximately 28 km from Gray's Reef. No tagged fish
were recovered at any of Georgia's artificial reefs or
natural reefs located 60 to 80 km offshore.

Seasonal migrations have been reported for black sea
bass populations north of Cape Hatteras (Pearson 1932;
Nesbit and Neville 1935; Lavenda 1949; Musick and Mercer
1977) and probably occur as a fesponse to lowered water
temperatures caused by the influx of the Labrador Current
(Cupka et al. 1973). However, little seasonal movement has
been shown in populations south of Cape Hatteras, an area
where generally warmer waters prevail. Moe (1966) and
Beaumarriage (1969) found that black sea bass tagged off
northeast Florida exhibit minimal movement from the area on
which they were tagged and are highly susceptible to
recapture. Mark and recapture studies conducted by Cupka et
al. (1973), Parker et al. (1979), and Low and Waltz (1991)

on artificial and natural reefs off South Carolina also
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indicate little seasonal movenment. Based on their
observation, Cupka et al. (1973) further suggested that,
although seasonal movements due to temperature are probably
limited to sea bass populations north of cape Hatteras,
gradual offshore movements of larger, older, and

predominantly male individuals may occur south of Cape

Hatteras. Ansley and Harris (1981) found, of 1,442 legal-

size black sea bass recaptured during a study conducted on
Georgia's natural and artificial reef system, only 24 (1.7%)
moved more than 1 km from the taggiﬁg location.

The results of my study correlate closely with those
obtained by other investigators. High numbers of young-of-
the-year and adult black sea bass larger than 200 mm were
captured and recaptured throughout the study. A minimum of
83.5% of those sea bass recaptured within season were
captured within 92.7 m (0.5 LORAN-C TD unit) from the
original capture site. Over 95% of the tag returns from
recreational fishermen were either on Gray's Reef or
specifically on the reef area southwest of the marker buoy
(the tagging area). Moe (1972) defined migration as a
"purposeful concurrent movement of a major portion of the
population... (that) includes movement restricted temporally
and spatially as well as extensive seasonal movement."
Movements that did occur were not indicative, as defined by |

Moe (1972), of a migratory population.
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These data are important for several reasons. Ease in
capture and recapture of fish insures high recapture
percentages which allows direct calculation of growth rates.
Very low recapture rates more than 100 m from the original
tagging sites demonstrate utilization.of limited home areas
and suggest limited immigration of othef sea bass from other
areas of the reef. Extremely limited movement within a
section of the reef over several months indicates_that
emigration of black sea bass off Gray's Reef, even large sea
bass, is minimal, thus insuring positive recruitment and
stability of the population on the reef. My data suggest
black sea bass populations associated with Gray's Reef and
other South Atlantic Bight reef systems do not exhibit
extensive migrations and are generally lifetime residents of

reef areas.




IV, CONCLUSIONS

The black sea bass population from Gray's Reef National
Marine Sanctuary was typical of reef systems, both natural
and artificial, that are within the "20-m depth" zone of the
South Atlantic Bight. Seasonal colléctions from day and
night data were indicative of a resident population
dominated by non-harveétable sized fish less than 3 years
old. The population appeared to be either moderatély to
heavily exploited by recreational anglers, experienced high
natural mortality, or was affected by both forces. Young-
of-the-year (YOY) black sea bass were generally most
abundant in summer. Those sea bass'longer than 205 mn,
though relatively low in abundance over all seasons, were
most frequently captured in winter. Age and growth data
documented six age classes and the greatest amount of growth
occurred in the first year to 131 mm. Black sea bass on
Gray's Reef reached a harvestable size (205 mm) at age 2.
Comparison of daily growth rates within each age class
indicated no differences between Seasons, that is, growth
was continuous throughout the year. Daily growth rates for
each age class, however, différed from 0.399 mm/day at age
class 1 to 0.099 mm/day at age class 6. Although growth
rates appeared to decline as age increased, growth was not

stunted in older fish. Spawning activity by black sea bass
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on Gray's Reef was indicated by observations of adults in
spawning condition during early February, April, and late
May with the highest incidence in April and May. These data
demonstrate spawning by black sea on the reef and help to
support the theory that black sea bass spend their entire
life on the reef. Black sea bass of all sizes, however,
exhibited little movement from the original trapping
location within a season and between seasons. Recovery data
from recreational fishermen suggested possible limited
emigration southward to reef systems offshore of northeast
Florida. Recapture and recovery data indicate that adult
black sea bass do not move off the reef during spawning or
upon reaching a certain size or age.

Data which were not necessarily applicable to the study
concerning differences between seasons were valuable for
their auxiliary use during this study and may be of interest
to other researchers. Traps set on medium relief substrate
yielded more black sea bass per set than traps set on low
relief substrate. Small wire mesh traps provided a better
sample of the black sea bass on Gray's Reef than did large
wire traps. Small mesh traps captured fish of all size
classes examined, and large mesh traps sampled only fish
larger than 200 mm. Day sets differed from night sets in

their proportions of black sea bass of each size class. Day
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sets demonstrated that, although YOY black sea bass were not
fully recruited to the gear, older and larger fish were
susceptible to capture. Because sea bass of age classes 1
and 2 were not fully recruited to the gear at night, catch
rates suggested differences in diurnal behavior between
smaller sea bass (< 205 mm) and larger sea bass (> 205 mm) .
Young fish may be less active at night when larger fish were
more active.

The low catch rates of sea bass greater than 205 mm and
older than 2 years appear to be due to a cropping of those
legal-size fish by recreational fishermen. These
conclusions are further supported by high growth rates over
all seasons probably due to low competition for food
resources, constant population abundance through the year,
and presence of a non-migratory population. This situation
may result in recruitment bverfishing, which is caused by
exceséive harvest of spawning-size fish which reduces the

number of fish recruited into the population.
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Appendix A: LORAN-C coordinates for sampling sites

Twenty primary stations were examined during all
Seasons of the study. Seven secondary stations were sampled
during the first spring and summer periods. Primary
stations were located on the reef proper. They contained
suitable habitat (limestone ridges, invertebrate growth, 1 -
2 m relief) for black sea bass communities and were examlned
for each parameter discussed in the study. Secondary
stations were located up to one LORAN-C TD unit off the
reef. These locations were Characterized by sandy, flat
habitat considered non-éreferred for black sea bass and were
examined only for number of fishes captured and breakdown of
size classes.

Primary stations consisted of three transects or LORAN
lines: "45462", "45465" ang "45466". The individual LORAN-C

TD coordinates were as follows:

46462 45465 45466
61528 61530 : 61530
61529 61531 61531
61530 61532 61532
61531 61533 61533
61532 61534 61534
61533 61535 61535
61534

61535,
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Secondary stations consisted of one‘transect, "45467". The

individual LORAN-C TD coordinates were as follows:

(61528; 61529; 61530; 61531; 61532; 61533; 61534).

45467,
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Appendix B.-Common and scientific names of fish species
collected on Gray's Reef National Marine Sanctuary from
April 1988 through May 1989. An asterisk (*) indicates those
species collected only with rod and reel. All other species
were captured with sampling traps. Classification derived
from Robins et al. (1991).

Common Name Scientific Name

CARCHARHINIDAE--requiem sharks

bull shark Carcharhinus leucas” .
Atlantic sharpnose shark Rhizoprionodon terraenovae

DASYATIDAE--stingrays

southern stingray Dasyatis americana’
Atlantic stingray Dasyatis sabina

MURAENIDAE--morays

honeycomb moray _ Gymnothorax saxicola
reticulate moray Muraena retifera

OPHICHTHIDAE--snake eels
palespotted eel , Ophichthus puncticeps
SYNODONTIDAE-~-lizardfishes

inshore lizardfish Synodus foetens
snakefish Trachinocephalus myops

GADIDAE--cods

Carolina hake Urophycis earlli
southern hake Urophycis regia

OPHIDIIDAE--cusk-eels
bank cusk-eel Ophidion holbrooki
BYTHITIDAE~-viviparous brotulas
brotula Ogilbia sp.
BATRACHOIDIDAE--toadfishes
leopard toadfish Opsanus pardus

oyster toadfish Opsanus tau
Atlantic midshipman Porichthys plectrodon
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Common Name

Scientific Name

ocellated frogfish

ANTENNARIIDAE~-frogfishes

Antennarius ocellatus

HOLOCENTRIDAE--squirrelfishes

squirrelfish

searobin

bank sea bass
rock sea bass
black sea bass
sand perch

gag

whitespotted soapfish

belted sunfish

sharksucker
remora

greater amberjack

vermilion snapper

tontate
pigfish

whitebone porgy
spottail pinfish
pinfish

red porgy
longspine porgy

Holocentrus adscensionis
TRIGLIDAE--searobins

Prionotus sp.

SERRANIDAE--sea basses

Centropristis ocyurus
Centropristis philadelphica
Centropristis striata
Diplectrum formosum .
Mycteroperca microlepis
Rypticus maculatus

Serranus subligarius

ECHENEIDAE~--remoras

Echeneis naucrates
Remora remora

CARANGIDAE--jacks
Seriola dumerili’
LUTJANIDAE--snappers
Rhomboplites aurorubens
HAEMULIDAE--grunts

Haemulon aurolineatum
Orthopristis chrysoptera

SPARIDAE--porgies

Calamus leucosteus
Diplodus holbrooki
Lagodon rhomboides
Pagrus pagrus .
Stenotomus caprinus
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Appendix B.-cont.

Common Name Scientific Name
SCIAENIDAE-~drums
cubbyu Pareques umbrosus

EPHIPPIDAE-~spadefishes

Atlantic spadefish Chaetodipterus faber
CHAETODONTIDAE~-butterflyfishes
spotfin butterflyfish Chaetodon ocellatus
POMACENTRIDAE--damselfishes

yellowtail reeffish _ Chromis enchrysurus
bicolor damselfish Pomacentrus partitus

LABRIDAE--wrasses

slippery dick Halichoeres bivittatus
pearly razorfish Hemipteronotus novacula

ACANTHURIDAE--surgeonfishes
doctorfish _ . Acanthurus chirurgus
SCOMBRIDAE--mackerels
king mackerel ‘ Scomberombrus cavalla’

BALISTIDAE--leatherjackets

. orange filefish ' Aluterus schoepfi
gray triggerfish Balistes capriscus
planehead filefish Monacanthus hispidus

OSTRACIIDAE~-boxfishes
scrawled cowfish Lactophrys quadricornis
TETRAODONTIDAE--puffers

striped burrfish Chilomycterus schoepri
southern puffer Sphoeroides nephelus




