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Egress of Adult Sport Fish from an Estuarine Reserve within Merritt
Island National Wildlife Refuge, Florida

PrmLip W. STEVENS AND KENNETH J. SULAK

A tagrecapture study was conducted within Merritt Island National Wildlife
Refuge in the waters surrounding Kennedy Space Center, Florida (where public
access has been restricted since 1962), to document egress of adult sport fish
from an estuarine reserve. A total of 3,358 sport fish were tagged within the
restricted areas. The species tagged were red drum Sciaenops ocellatus (n = 1,366),
spotted seatrout Cynoscion nebulosus (n = 927), black drum Pogonias cromis (n =
760), and common snook Centropomis undecimalis (n = 305). Results showed that
adult sport fish moved from the restricted areas within Merritt Island National
Wildlife Refuge to surrounding areas open to fishing. The recapture rates, based
on angler responses outside of the restricted areas, were 3.1%, 0.8%, 2.9%, and
16.1% for red drum, spotted seatrout, black drum, and common snook, respec-
tively. In general, red drum, spotted seatrout, and black drum were recaptured in
waters adjacent to the restricted areas. Common snook, however, migrated from
the restricted areas south to inlets. Tag recaptures for red drum, spotted seatrout,
and black drum, together with a previous study that found greater abundance and
size of sport fish in the restricted areas than in adjacent areas open to fishing,
substantiate the fish replenishment zone function of the restricted areas. The
restricted areas within Merritt Island National Wildlife Refuge protect fish pop-
ulations and large adult sport fish egress to surrounding waters open to fishing.

he development of marine reserves (also
referred to as no-take reserves, marine
refuges, and marine sanctuaries) to protect
and enhance fishery resources has recently
been advocated as a holistic, cost-effective fish-
ery management tool (Polacheck, 1990; Bohn-
sack, 1993, 1998; Carr and Reed, 1993; De-
Martini, 1993; Dugan and Davis, 1993; Roberts
and Polunin, 1993; Rowley, 1994; Man et al,,
1995; Holland and Brazee, 1996; Roberts,
1997). A marine reserve is an area that is
closed to human exploitation, namely com-
mercial and recreational fishing. It has been
theorized that a reserve can serve as a fish re-
plenishment zone by protecting spawning
stock, providing undisturbed spawning habi-
tats, increasing egg and larvae production,
maintaining high-quality feeding areas for fish
and wildlife, and exporting biomass by migra-
tion of juveniles and adults to surrounding wa-
ters that are open to fishing (e.g., Bohnsack,
1998). Recent studies worldwide have docu-
mented fishery replenishment functions of ma-
rine reserves for several economically impor-
tant marine invertebrates (Gitschag, 1986; Da-
vis and Dodrill, 1989; Edgar and Barrett,
1999), reef fishes (Bell, 1983; Buxton and Sma-
le, 1989; Cole et al., 1990; Holland et al., 1993;
Polunin and Roberts, 1993; Roberts, 1995;
McClanahan and Kaunda-Arara, 1996; Ratkin
and Kramer, 1996; Russ and Alcala, 1996a,

1996b; Wantiez et al., 1997; Edgar and Barrett,
1999; McClanahan et al., 1999), and nearshore
fishes (Attwood and Bennett, 1994), but stud-
ies that have addressed the role of reserves in
replenishing estuarine fish populations are few
(Johnson et al., 1999).

An estuarine reserve has been in effect with-
in Merritt Island National Wildlife Refuge
(MINWR) since 1962, where public access and
fishing have been prohibited because of secu-
rity operations at Kennedy Space Center (KSC)
(Johnson et al.,, 1999). The MINWR restricted
areas lie immediately adjacent to heavily fished
areas of Indian River Lagoon, Mosquito La-
goon, and Banana River (Fig. 1). This provides
a unique setting within which to test the func-
tions of a no-take estuarine reserve in terms of
replenishment of exploited sport fish species.
A comparison of fish communities between
open and closed fishing areas and a tag-recap-
ture study were undertaken by the U.S. Fish
and Wildlife Service, 1986-1992, to evaluate
the effectiveness of MINWR reserve as a fish
replenishment zone. Such an evaluation must
consider several questions. (1) Do target fish
species abundances increase within the re-
serve? (2) Does mean adult size increase within
the reserve, such that protection is being con-
ferred to potential spawners? (3) Do protected
fish from within the reserve egress into local
and/or more distant areas, contributing to ex-
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Fig. 1. Map showing restricted areas within Mer-
ritt Island National Wildlife Refuge.

ploited fisheries? (4) Does the existence of the
reserve facilitate reproduction and juvenile re-
cruitment in target species?

Johnson et al. (1999) have recently ad-
dressed questions 1 and 2, reporting greater
abundance and larger mean fish size for se-
lected sport fish within MINWR reserve, com-
pared with data from adjacent areas, and pro-
vide incidental information concerning ques-
tion 4, suggesting that sport fish spawn within
the reserve. Regarding question 3, Johnson et
al. (1999) report preliminary results of the
U.S. Fish and Wildlife tagrecapture study,
which shows a few sport fish (~14) leaving the
restricted areas to be caught by anglers outside
of the reserve. However, these preliminary re-
sults only reported recaptures returned during
the 18 mo of the 1986-1988 tagging effort; and
the fishery for red drum (S. ocellatus) was
closed to harvest during 15 of these 18 mo.
The present analysis reports the final results of
the U.S. Fish and Wildlife tag-recapture pro-
gram conducted during 1986-1988 and also
1990-1992 and reports recaptures up to 10 yr
after tagging.

STUDY SITE

The study areas, northern Banana River and
Banana Creek, are located in the waters sur-

https://aquila.usm.edu/goms/vol19/iss2/1
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rounding KSC, and are managed by MINWR
(Fig. 1). These areas have been closed to pub-
lic access since 1962 because of security oper-
ations at KSC. Southern Banana River is closed
to motor powered vessels for manatee protec-
tion from the 405 causeway south to the 528
causeway (Fig. 1) but is otherwise open to the
public (from shore or nonmotorized vessels).
Historically, Banana River and Banana Creek
were connected, but they are now separated by
KSC launch facilities. The restricted areas with-
in MINWR and adjacent waters, southern Ba-
nana River and northern Indian River Lagoon,
lie at the upper reaches of the Indian River
Lagoon system, which are isolated from oce-
anic waters and have little tidal range (Smith,
1986). Although a lock at Port Canaveral in-
termittently connects the Banana River to the
Atlantic Ocean, the closest open ocean inlets
are Ponce de Leon Inlet, 30 kin to the north,
and Sebastian Inlet, 62 km to the south. Short
term water levels and circulation are primarily
driven by wind. Water depth in Banana River
and Banana Creek is ~1 m. Mean salinities are
19.6 ppt for Banana Creek (3 ppt minimum)
and 22 ppt for North Banana River (7 ppt min-
imum) (Johnson et al,, 1999).

The waters adjacent to the restricted areas,
southern Banana River, Indian River Lagoon,
and Mosquito Lagoon to the north (connected
to Indian River Lagoon at Haulover Canal) are
open to fishing and receive heavy fishing pres-
sure, primarily for spotted seatrout (C. nebulo-
sus), red drum, black drum (P cromis), and
common snook (C. undecimalis). These species
are valuable to the inshore fishery of the In-
dian River Lagoon and support a large, high-
quality recreational guide fishery (Florida
Sportsman Magazine, April 1989, February
1990, June 1990, June 1993, November 1993,
April 1994, and June 1994).

METHODS

The target sport fish species for the study
were red drum, spotted seatrout, black drum,
and common snook. Commercial and recrea-
tional species including striped mullet (AMuegil
cephalusy, white mullet (Mugil curema), Florida
pompano (Trachinotus carolinus), spot (Leiosto-
mus xanthurus), southern kingfish (Menticirrlius
americanus), sheepshead (Archosargus probatoce-
phalus), tarpon (Megalops atlanticus), gray snap-
per (Lutjanus griseus), and Gulf flounder (Par-
alichthys albigutta) were also tagged but are not
considered in the present analysis. Fish were
captured by U.S. Fish and Wildlife Service per-
sonnel using trammel nets and angling within
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TaBLE 1. Recapture rates for sport fish species tagged within the KSCrestricted areas of MINWR.
Recaptures Recapture rate
by project Recaptures by by anglers
Fish tagged in personnel in anglers outside outside of Total recapture
restricted areas restricted of restricted restricted rate
Species (n) areas (n) areas (n) areas (%) (%)
Red drum 1366 29 42 3.1 5.2
Spotted seatrout 927 7 7 0.8 1.5
Black drum 760 21 22 2.9 5.7
Common snook 305 7 49 16.1 18.4
Total 3358 64 120 3.6 5.5

the restricted area (no public access) sur-
rounding KSC (Fig. 1) from November 1986
to April 1988 and from October 1990 to April
1992. Captured fish were tagged with internal
anchor tags (7 X 26 mm or 7 X 17 mm) with
55-mm external yellow streamers, Total length
(TL), location, tag number, and tagging date
were recorded for each tagged fish. Tags were
imprinted with a return address and tag num-
ber on one side and with the wording “$5.00
Reward” on the opposite side. Posters adver-
tising the reward were distributed throughout
the area,

Tag returns from commercial or recreation-
al fishermen usually contained all the perti-
nent information needed (location, date, total
length, and weight). However, if information
was lacking, project personnel attempted to
obtain the missing information from fisher-
men either by telephone or by mail. Project
personnel also recaptured fish in the restricted
areas during the tagging program.

Tag-recapture information included tag
number, species, tagging location (tag and re-
capture), length (tag and recapture), and date
(tag and recapture). Days at large were then
calculated. Distance traveled was determined
by measuring the shortest linear distance via
water on a nautical chart from capture location
to recapture location. If a fish was recaptured
in the Atlantic Ocean, then the shortest linear
distance via water was determined from the tag
location, to the nearest inlet, then to the
oceanside recapture location. Statistical analy-
ses comparing angler and project recaptures
were not performed because of unequal fish-
ing effort, For example, project personnel
tagged fish primarily within restricted areas
during a limited period (1986-1992), but an-
gler recaptures have been reported for a peri-
od >10 yr after tagging and have been subject
to fishing regulations such as length limits and
closed seasons. Statistical analyses comparing
relationships between sizes of fish at recapture,
distances traveled, days at large, and seasons

Published by The Aquila Digital Community, 2001

for angler recaptures were not performed be-
cause size limits and season closures confound-
ed results.

REsuLTS

The number of tagged fish, number of re-
captured fish within the no-fishing area by pro-
ject personnel, number of recaptured fish tak-
en by recreational anglers in open fishing ar-
eas, and recapture rates are presented in Table
1. Recaptures were reported for red drum (n
= 71), common snook (»n = 56), black drum
(n = 43), and spotted seatrout (n = 14). Re-
capture rates were similar for red drum and
black drum (5.2% and 5.7%, repectively), low-
est for spotted seatrout (1.5%), and highest for
common snook (16.1%).

Mean sizes, mean distances moved, and
mean days at large for angler recaptures are
presented in Table 2. Common snook moved
greater distances (148 * 12.2 km) than red
drum (47.6 * 6.6), spotted seatrout (10.0 =
2.4), and black drum (44.7 * 18.2). The mean
recapture sizes for spotted seatrout (446 * 18
mm TL), black drum (828 = 25 mm TL), and
common snook (723 * 17 mm TL) are larger
than the sizes at which each species could be
considered sexually mature (444, 650, and 503
mm TL, respectively). Thus, the fishes recap-
tured were adults. The mean recapture size re-
ported by anglers for red drum (645 + 13 mm
TL), however, is smaller than the size that red
drum could be considered sexually mature
(653 mm TL). A maximum red drum harvest
size limit (686 mm TL) was in effect during
the study period.

Red drum—Figure 2 shows recapture locations
for red drum. In general, red drum move-
ments were limited to the Indian River Lagoon
system, with the greatest concentrations occur-
ring at the edge of the Banana River no-motor
zone and at Sebastian Inlet (the nearest inlet
to the south). The farthest return for red
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TABLE 2,

Mean sizes, distances moved, and days at large for angler recaptured sport fishes tagged within

the KSC restricted areas of MINWR. Mean and SE are shown.

Mean size of
recaptured fish

Mean size of

Mean distance

between tag and Mean days

fish at recapture when tagged recapture locations at large
Species (mm TL) (mm TL) (km) (d}y
Red drum 645 + 13 540 + 22 47.6 * 6.6 598 + 51
Spotted seatrout 446 + 18 382 + 38 10.0 + 2.4 220 * 65
Black drum 828 + 25 726 + 18 44.7 + 18.2 1100 *= 253
Common snook 728 *+ 17 495 + 13 148.2 = 12.2 622 * 56

drum was 155 kim north to Matanzas Inlet dur-
ing 781 d at large.

Distance vs. size (A), distance vs. days at
large (B), and month recaptured vs. frequency
(C) for red drum are shown in Figure 3. Size
limits and closed seasons are also shown. Only
three reported angler recaptures lie outside of
the size limits (Fig. 3A), and no angler recap-
tures are reported for fish during the closed
season (Fig. 3C). The largest red drum recap-
tured by anglers outside of the restricted areas
was 889 mm TL (Fig. 3A). Twelve red drum
recaptured within the restricted areas by pro-
ject personnel were >686 mm TL (the maxi-
mum size limit for angler restrictions) (Fig.
3A). Two red drum were tagged in the Banana
Creek restricted area and recaptured in the Ba-
nana River restricted area. These bodies of wa-

Matanzas Inlet 108 km (n =1}
Daytona Beach 51 km {n = 1}
Ponce Inlet 39 km (n =1}

Cape Canaveral

Restricted Areas
(Tagging Areas)
@ No. of Recaptures

20 Kilometers
Ft. Pierce Inlet 45 km (n=1)
Fig. 2. Angling recapture locations for red drum

(n = 42). Project personnel recaptured an addition-
al 29 red drum within the restricted areas.
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ter are not connected; therefore, the fish must
have migrated from the Banana Creek restrict-
ed area and later entered the Banana River re-
stricted area, resulting in distances moved of
40.6 and 51.9 km (Fig. 3A, B). The maximum
days at large was 1,863 d (recaptured 4.8 km
from tagging location), and most recaptures
occurred within 1,000 d (Fig. 3B). Angler re-
captures were greatest during the fall months
(Fig. 3C).

Spotted seatrout—Figure 4 shows recapture lo-
cations for spotted seatrout. The 14 recaptured
spotted seatrout did not move far from the
original tagging site (Fig. 4). The farthest re-
turn for spotted seatrout was 20.8 km during
216 d at large. Project personnel in the restrict-
ed areas recaptured two spotted seatrout more
than once. One spotted seatrout was tagged
within the Banana Creek restricted area during
February 1992 and then recaptured twice, 13
and 46 d later, at the same location. The sec-
ond spotted seatrout was tagged during Sep-
tember 1987 within the Banana Creek restrict-
ed area and recaptured twice, 32 and 33 d lat-
er, at the same location.

Distance vs. size (A), distance vs. days at
large (B), and month recaptured vs. frequency
(C) for spotted seatrout are shown in Fig. 5.
The maximum days at large was 480 d (recap-
tured 12 km from tagging location) (Fig. 5B).
The seven angler recaptured seatrout were
caught during April-August (Fig. 5C).

Black drum.—Figure 6 shows recapture loca-
tions for black drum. The farthest return for
black drum was 326 km north to Fernandina
Beach after 505 d at large, All other angler re-
turns were limited to the Indian River Lagoon
system, with concentrations occurring in the
Banana River no-motor zone south just south
of the Banana River restricted area. Half of to-
tal recaptured black drum (49%) were recap-
tured by project personnel within the North
Banana River restricted area.

Distance vs. size (A), distance vs. days at
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Fig. 4. Angling recapture locations for spotted
seatrout (» = 7). Project personnel recaptured an
additional seven spotted seatrout within the restrict-
ed areas.

large (B), and month recaptured vs. frequency
(C) for black drum are shown in Figure 7. The
minimum size limit for the black drum fishery
is shown in Fig. 7A. A maximum size limit of
609 mm TL was enacted in July 1989, but one
fish per day over the maximum size limit could
be taken. All of the recaptured black drum
were substantially larger than the minimum
size limit for anglers (Fig. 7A). The largest
black drum recaptured by anglers was 965 mm
TL (Fig. 7A). The maximum days at large was
3,506 d (recaptured 8.1 km from tagging lo-
cation), and five of the recaptured black drum
were at large for >2,000 d (Fig. 7B). Angler
recaptures were reported during late winter/
early spring and late fall/early winter (Fig. 7C).

Returns suggest that black drum maintain
aggregation integrity for extended periods. For
example, two fish tagged on March 4, 1988 in
Banana River were recaptured together 2 mo
later (distance of 1.1 km), two fish tagged on
January 8, 1987 in Banana River were recap-
tured on consecutive days 9 mo later (distance
of 24 km), four fish tagged on January 8, 9,
and 10, 1987 in Banana River were recaptured
together 14 mo later (distance of 2 km), two
fish tagged on March 10, 1987 in Banana River
were recaptured on consecutive days 15 mo lat-
er (distance of 0.9 km), and two fish tagged on
April 14, 1988 in Banana River were recap-

https://aquila.usm.edu/goms/vol19/iss2/1
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tured together 7.5 yr later (distance of 13.5
km).

Comimon snook—Figure 8 shows recapture lo-
cations for common snook. Only two of 49
common snook recaptured by anglers were re-
ported from waters adjacent to the restricted
areas (Fig. 8). These two fish were 457 and 610
mm TL. The general pattern of movement for
common snook was to the south (Fig. 8). One
fish was recaptured at Long Key Bridge, a dis-
tance of 479 km after a period of 785 d. Half
of the recaptured common snook (9.2% of to-
tal tagged snook) were taken by recreational
anglers at inlets (14 common snook recap-
tured at Sebastian Inlet, 5 at St. Lucie Inlet, 5
at Ft. Pierce Inlet, 2 at Jupiter Inlet, 1 at Port
Everglades, and 1 at Hillsborough Inlet).

One common snook was recaptured more
than once. This fish, tagged within the Banana
Creek restricted area during March 1988 (505
mm TL), was recaptured by project personnel
125 d later (1.6 km from tagging location, 571
mm TL) and then recaptured in Banana River
by an angler 138 d later (10.4 km from tagging
location, 610 mm TL). Common snook, a trop-
ical species, were present within MINWR dur-
ing winter months. Twenty-six (53%) of 49 re-
captured snook were originally tagged during
December and January.

Distance vs. size (A), distance vs. days at
large (B), and month recaptured vs. frequency
(C) for common snook are shown in Figure 9.
The minimum size limit (609 mm) for the
common snook fishery during the study period
is shown. A maximum size limit of 863 mm was
also in place, but anglers could take one fish
per day over this limit. All project recaptures
were smaller than the minimum size limit, but
anglers reported only two common snook re-
captures smaller than the minimum size limit
(Fig. 9A). The largest size of common snook
recaptured by anglers was 1,016 mm TL (Fig.
9A). The maximum days at large was 2,484 d
(166.7 km from tagging location), but most re-
turns were reported within 1,000 d (Fig. 9B).
Closed seasons for the common snook fishery
during the study period are shown in Fig. 9C.
Few common snook recaptures occurred dur-
ing the closed seasons. Of the 49 total common
snook recaptured by anglers, 35 fish (71%)
were recaptured from August to December
(Fig. 9C).

DIscussioN

Sport fish movement—In general, spotted sea-
trout, black drum, and red drum (<686 mm
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Vero Beach 24 km (n=1)
Jensen Beach 67 km (n =1}
Fig. 6. Angling recapture locations for black
drum (n = 22). Project personnel recaptured an ad-
ditional 21 black drum within the restricted areas.

TL) showed little movement, remaining within
MINWR and the adjacent Indian River La-
goon. These results are consistent with other
tagging studies conducted in Florida (Ingle et
al., 1962; Iverson and Tabb, 1962; Topp, 1963;
Beaumariage, 1969; Bryant et al., 1989). An-
gling tag returns for red drum >686 mm were
scarce due to this maximum size limit at har-
vest. However, the yearround occurrence of
large, mature red drum in the restricted areas
(Johnson et al., 1999) and the recapture of red
drum >686 mm in the restricted areas by pro-
ject personnel provides evidence that large red
drum also remain in the vicinity of MINWR.

Low recapture rates for spotted seatrout
may, in part, result from low survivorship after
catch and release (Murphy et al, 1995). A
higher recapture rate by project personnel
should be expected, given that spotted sea-
trout only move a few kilometers (Ingle et al.,
1962; Iverson and Tabb, 1962; Topp, 1963;
Beaumariage, 1969; Bryant et al., 1989), and a
large number of tagged fish would likely re-
main within MINWR restricted areas. Nonethe-
less, two spotted seatrout were recaptured
twice by project personnel, which suggests that
at least a portion of spotted seatrout survived
the tagging effort.

The majority of black drum returns were the
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result of project recaptures and angler recap-
tures in the Banana River no-motor zone near
the edge of the restricted area. Johnson et al,
(1999) report that black drum abundances
were greatest in the Banana River restricted
area, relative to the Banana Creek restricted
area and adjacent fished areas. These data sug-
gest MINWR black drum populations are
abundant locally in Banana River, and move-
ments outside of Banana River are limited.

Common snook moved long distances mi-
grating from the protected waters within
MINWR to natural inlets. Tagging studies have
shown that common snook movement patterns
differ substantially between Florida Gulf and
Atlantic Coasts (Tringali and Bert, 1996). Flor-
ida Gulf common snook remain within their
home estuaries and only occasionally move
long distances (99.5% of 2,053 tagged and re-
captured Florida Gulf common snook moved
<10 km). Conversely, Florida Atlantic common
snook are highly migratory (40% of 1,947
tagged and recaptured Florida Atlantic com-
mon snook migrated 50-350 km along the
Florida east coast). Florida Atlantic common
snook populations are also hypothesized to
contribute fish to the Florida Keys on the basis
of tag-recapture data, the absence of juvenile
common snook in the vicinity of the Florida
Keys, and genetic analyses (Tringali and Bert,
1996). The present study provides another
source of data indicating that Florida Atlantic
common snook migrate from the northern In-
dian River Lagoon to locations as far as South
Florida, including the Florida Keys.

The northern Indian River Lagoon and the
MINWR area may be an important habitat re-
gion for juvenile common snook. The MINWR
area provides ideal environmental conditions
and habitat characteristics for juvenile com-
mon snook, such as reduced salinity, shallow,
quiescent waters, and extensive seagrass and
saltmarsh habitats (Gilmore et al.,, 1983). As
MINWR juvenile common snook mature, they
may move south to the vicinity of inlets where
spawning occurs and remain there. Several
lines of evidence support this: Johnson et al.
(1999) report that 74% of common snook
caught within the restricted areas were imma-
ture, all of the recaptured common snook
within the restricted areas were immature, and
large adult common snook recaptures oc-
curred south of MINWR near inlets,

Alternatively, severe winters that occurred
just prior and during the study period, 1981,
1983, 1985, and 1989 (Winsberg, 1990), may
have influenced the abundance and size distri-
bution of common snook. MINWR lies at the




Stevens and Sulak: Egress of Adult Sport Fish from an Estuarine Reserve within Merri

STEVENS AND SULAK—EGRESS OF SPORT FISH FROM AN ESTUARINE RESERVE 85

A
1200 -
1000 .‘
[ ]
= 800 ®
13
= ‘o) ® @ angler recapture
£ 600 O project recapture
8 minimum size limit
“ 400 -
200
O T T T T T T T 1
0 20 40 60 80 100 120 140 160
Distance (km)
B
4000
3500 { @
3000 ~ ¢
©®
&b 2500 -
3 ® ® angler recapture
= 2000 A
2 O project recapture
8 1500
1000 [
500 ® ©
\d e
008 @ , . : , . 1
0 50 100 150 200 250 300 350
Distance (km)
C
9 -
8 -
7 -
6
oy
§ 5 B angler recaptures
g 4 [ project recaptures
i3
3 -
2 -
0 1
0 o T L T . T T T T T
Jan  Feb

e Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Fig. 7. Distance vs. size (A), distance vs. days at large (B), and month recaptured vs. frequency (C) for
black drum.

Published by The Aquila Digital Community, 2001




Gulf of Mexico Science, Vol. 19 [2001], No. 2, Art. 1
86 GULF OF MEXICO SCIENCE, 2001, VOL. 19(2)

W New Smyrna Beach
\37 km (n=1)

Cape Canaveral

Restricted Areas
(Tagging Areas)
@ No. of Recaptures

Sebastian Inlet

10 0 10 20 Kilometers
e,

Hillsborou%h Inlet 78 km {n= 1)
Port Everglades 86 km (n =1}

Biscayne Bay 150 km {n = 2}

Long Key 270 km {n=1)

Fig. 8. Angling recapture locations for common
snook (n = 49). Project personnel recaptured an
additional seven common snook within the restrict-
ed areas,

northernmost range of common snook, which
are susceptible to low water temperatures (e.g.,
Gilmore et al.,, 1983). If larger common snook
were present at MINWR in greater abundance
prior to these severe winters, they could have
been Kkilled by low water temperatures or could
have migrated south. However, more than half
of the recaptured common snook were origi-
nally tagged during winter months, and 90%
of recaptured common snook that were tagged
during 1986-1988 were recaptured south of
MINWR before the next severe winter in 1989.
These data suggest that common snook recap-
tures occurred south of MINWR as a result of
ontogeny rather than freeze related migra-
tions.

The restricted areas within MINWR as fish replen-
ishment zones—Individuals of each sport fish
species tagged during the study egressed from
the restricted areas within MINWR to areas
open to fishing. The species with the highest
angler recapture rate was common snook.
However, Johnson et al. (1999) did not find an
increased abundance of common snook within
the MINWR restricted areas relative to adja-
cent fished areas, and the tag-recapture data
suggests that common snook migrate out of
the restricted areas as they reach maturity. Al-
though the MINWR restricted areas may not

https://aquila.usm.edu/goms/vol19/iss2/1
DOI: 10.18785/goms.1902.01

maintain adult common snook in greater
abundance than adjacent fished areas, they
may benefit the species by providing protected
juvenile habitat.

For the study species with small home rang-
es, such as spotted seatrout, red drum, and
black drum, the restricted areas within
MINWR appear to replenish the local fishery,
by first protecting sport fish populations from
exploitation (Johnson et al,, 1999) and subse-
quently contributing adult sport fish to sur-
rounding water open to fishing. The relative
abundance (standardized catch per unit ef-
fort) of spotted seatrout, red drum, and black
drum were 2.4, 6.3, and 12.8 times greater in
the restricted areas than in adjacent areas
open to fishing (Johnson et al., 1999). The size
of red drum and spotted seatrout in the re-
stricted areas was also greater than areas open
to fishing (Johnson et al,, 1999). The present
tag-recapture results show that large adult
sport fish egress from the restricted areas with-
in MINWR to nearby water, contributing to the
recreational fishery of the Indian River La-
goon, Banana River, and Mosquito Lagoon.

The final question that remains with respect
to estuarine reserves as fish replenishment
zones is whether reserves facilitate reproduc-
tion and recruitment in target species. The
MINWR restricted areas contribute large sport
fish to nearby water, and thus add potential
spawners to the species spawning pool in ad-
jacent fished areas. It seems probable, however,
that spotted seatrout, red drum, and black
drum also spawn within the MINWR restricted
areas (Johnson et al., 1999). If so, the greater
abundance and size of adult sport fish com-
pared with adjacent fished areas would likely
result in greater spawning potential and stock
fecundity, potentially increasing egg and larvae
production. These benefits could have region-
al effects, enhancing juvenile recruitment in
adjacent fished areas (Polacheck, 1990; Bohn-
sack, 1993, 1998; Carr and Reed, 1993; De-
Martini, 1993; Dugan and Davis, 1993; Roberts
and Polunin, 1993; Rowley, 1994; Man et al,,
1995; Holland and Brazee, 1996; Roberts,
1997). Further research is needed to docu-
ment spawning behavior, larval dispersal, ju-
venile recruitment, and juvenile survival in tar-
get species within the MINWR restricted areas
to further determine the effectiveness of estu-
arine sanctuaries as fish replenishment zones
and to quantify the relative contribution of the
MINWR reserve to local and regional fisheries.

ACKNOWLEDGMENTS

We would like to acknowledge Jim Clugston,
Nick Funicelli, Darlene Johnson, Gary Hill, Les

10




Stevens and Sulak: Egress of Adult Sport Fish from an Estuarine Reserve within Merri

STEVENS AND SULAK—EGRESS OF SPORT FISH FROM AN ESTUARINE RESERVE 87

A
1200 -
i [ ]
1000 ® ®
®
800 A ‘ .3 L e
- @ @
Il [ ] @
£ ¢ @ e © ® P ® ® angler recaptures
E 600 O project recaptures
R ° minimum size limit
v
400
200
1
0 ! T T T T 1
0 100 200 300 400 500
Distance (km)
B
3000 -
2500 A [ ]
o 2000 -
2
g 1500 A [ ang.ler recaptures
S e O project recaptures
o
= 1000 e o _eo e
@ )
i e @ ¢ L
500 - %¢ o e® o
6%e -4
® @ [
0 g ® ..r ® ; K ,
0 100 200 300 400 500
Distance (km)
C
12 -
10 4 closed season closed season
&
§ B angler recaptures
E DIproject recaptures

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Fig. 9. Distance vs, size (A), distance vs. days at large (B), and month recaptured vs. frequency (C) for
common snook.

Published by The Aquila Digital Community, 2001




Gulf of Mexico Science, Vol. 19 [2001], No. 2, Art. 1
88 GULF OF MEXICO SCIENCE, 2001, VOL.. 19(2)

Parker, Don Meineke, Steve Traxler, John No-
ble, and all of the volunteer assistants who con-
ducted the original tagging effort within Mer-
ritt Island National Wildlife Refuge. We would
like to thank Merritt Island National Wildlife
Refuge and Canaveral National Seashore per-
sonnel for their support throughout the study.
The original tagging project was funded by the
U.S. Fish and Wildlife Service, grants from the
Florida Institute of Government (STAR grant
87-012), and the National Marine Fisheries Ser-
vice. The analysis was funded, in part, by the
U.S. Geological Survey Coastal Restoration Ini-
tiative.

LITERATURE CITED

ATTWOOD, C. G., AND B. A, BENNETT. 1994, Variation
in dispersal of galjoen (Coracinus capensis) from a
marine reserve. Can. J. Fish. Aquat. Sci. 51:1247—
1257.

BEAUMARIAGE, D. S. 1969. Returns from the 1965
Schlitz tagging program including a cumulative
analysis of previous results. Fla. Dep. Nat, Resour.
Mar. Res. Lab. Tech. Ser. 59.

Berr, J. D. 1983. Effects of depth and marine reserve
fishing restrictions on the structure of a rocky reef
fish assemblage in the northwestern Mediterra-
nean Sea. J. Appl. Ecol. 20:357-369.

BoHNSACK, J. A. 1993. Marine reserves: they enhance
fisheries, reduce conflicts, and protect resources.
Oceanus 36:63-71.

. 1998, Application of marine reserves to reef
fisheries management. Aust. J. Ecol. 23:298-304.
BryanT, H. E., M. R. DEwEY, N. A. FUNicerLl, G. M.

LucwiG, D. A. MEINEKE, AND L. J. MENGAL. 1989,
Movement of five selected sports species of fish in
Everglades National Park. Abstract, Bull, Mar. Sci.

44:515.

Buxron, C. D., AND M. J. SMALE. 1989, Abundance
and distribution patterns of three temperate ma-
rine reef fish (Teleostei: Sparidae) in exploited
and unexploited areas off the southern Cape
coast. J. Appl. Ecol. 26:441-451.

CaArr, M. H., anp D. C. ReED. 1993. Conceptual is-
sues relevant to marine harvest refuges: examples
from temperate reef fishes. Can. J. Fish. Aquat.
Sci. 50:2019-2028.

CoLE, R. G., T. M. AYLING, AND R. G. CREESE. 1990.
Effects of marine reserve protection at Goat Is-
land, northern New Zealand. N Z J. Mar. Freshw.
Res. 24:197-210.

Davis, G. E., AND J. W. DobriLL. 1989, Recreational
fishery and population dynamics of spiny lobster,
Panulirus argus, in Florida Bay, Everglades Nation-
al Park, 1977-1980. Bull. Mar. Sci. 44:78-88.

DEMARTINI, E. E. 1993. Modeling the potential of
fishery reserves for managing Pacific coral reef
fishes. Fish. Bull. U. S. 91:414-427.

Ducan, J. E., AND G. E. Davis. 1993. Applications of
marine refugia to coastal fisheries management,
Can. J. Fish, Aquat. Sci. 50:2029-2042.

https://aquila.usm.edu/goms/vol19/iss2/1
DOI: 10.18785/goms.1902.01

EDGAR, G. J., AND N. S. BARRETT. 1999. Effects of the
declaration of marine reserves to Tasmanian reef
fishes, invertebrates and plants. J. Exp. Mar. Biol.
Ecol. 242:107-144.

GiLMORE, R. G., C. J. DONOHOE, AND D. W. COOKE.
1983, Observations on the distribution and biolo-
gy of East-Central Florida populations of the com-
mon snook, Centropomus undecimalis. Fla. Sci. 46:
313-336.

GITSCHLAG, G. R. 1986. Movement of pink shrimp in
relation to the Tortugas sanctuary. N. Am. J. Fish.
Manage. 6:328-338.

Hovrranp, K. N, anD R. J. BRAZEE. 1996. Marine re-
serves for fisheries management. Mar. Resour.
Econ. 11:157-171.

,J. D. PETERSON, AND B. M. WETHERBEE. 1993.
Movements, distribution and growth rates of the
white goatfish Mulloides flavolineatus in a fisheries
conservation zone. Bull. Mar. Sci. 52:982-992.

INGLE R. M., R. F. HUTTON, AND R. W. Torp. 1962.
Results of the tagging of salt water fishes in Flori-
da. Fla. Board Conserv. Mar. Res. Lab. Tech. Ser.
38.

IVERSON, E. S., aND D. C. TaBs. 1962, Subpopulations
based on growth and tagging studies of spotted
seatrout, Cynoscion nebulosus, in Florida. Copeia 3:
544-548,

Jomnnson, D. R., N. A. FUNICELLI, AND J. A. BOHNSACK.
1999, The effectiveness of an existing estuarine
no-take fish sanctuary within the Kennedy Space
Center, Florida. N. Am. J. Fish. Manage. 19:436-
453.

Man, A., R, Law, AND N. V. C. PoOLUNIN. 1995. Role
of marine reserves in recruitment to reef fishes: a
metapopulation model. Biol. Conserv. 71:197-204.

McCrananay, T. R., AND B. KAUNDA-ARARA. 1996.
Fishery recovery in a coral-reef marine park and
its effect on the adjacent fishery, Conserv. Biol. 10:
1187-1199.

, N. A. MutHicA, A. T. KAMAKURU, H. Ma-
CHANO, AND R. W. KiamBo. 1999. The effects of
marine parks and fishing on coral reefs of north-
ern Tanzania. Biol. Conserv. 89:61-182.

MurrHy, M. D., R. F. HEADEY, V. H. NEUGEBAUER, M.
D. GorpoN, anp T. L. HiNTZ. 1995, Mortality of
spotted seatrout released from gillnet or hook-
and-line gear in Florida, N. Am. J. Fish. Manage,
15:748-753.

PoracHrck, T. 1990. Year round closed areas as a
management tool. Nat. Resour. Model 4:327-354,

PorLuniN, N. V. C., AND C, M. ROBERTS. 1993. Greater
biomass and value of target coral-reef fishes in two
small Caribbean marine reserves. Mar. Ecol. Prog.
Ser. 100:167-176.

RATKIN, A., AND D. L. KRAMER, 1996. Effects of a ma-
rine reserve on the distribution of coral reef fishes
in Barbados. Mar. Ecol. Prog. Ser. 131:97-113.

Rogerts, C. M. 1995. Rapid build up of fish biomass
in a Caribbean marine reserve. Conserv. Biol. 9:
815-826.

. 1997. Ecological advice for the global fish-

eries crisis. Trends Ecol. Evol. 12:35-38.

, AND N. V. C. POLUNIN. 1993. Marine reserves:

12




Stevens and Sulak: Egress of Adult Sport Fish from an Estuarine Reserve within Merri

STEVENS AND SULAK—EGRESS OF SPORT FISH FROM AN ESTUARINE RESERVE 89

simple solutions to managing complex fisheries?
Ambio 22:363-368.

RowLEY, R. J. 1994, Marine reserves in fisheries man-
agement. Aquat. Conserv. 4:233-254.

Russ, G. R.,, AND A. C. ALCALA. 1996a. Do marine
reserves export adult fish biomass? Evidence from
Apo Island, central Philippines. Mar. Ecol. Prog.
Ser. 132:1-9.

, AND . 1996b. Marine reserves: rates
and patterns of recovery and decline of large
predatory fish. Ecol. Appl. 6:947-961.

SMITH, N. P. 1986. The rise and fall of the estuarine
intertidal zone. Estuaries 9:95-101.

Torp, R. W. 1963. The tagging of fishes in Florida
1962 program. Fla, Board Conserv. Mar. Lab. Prof.
Paper Ser. 5.

TriNGALL, M. D., AND T. M. BERT. 1996. The genetic

Published by The Aquila Digital Community, 2001

stock structure of common snook ( Centropomats un-
decimalisy. Can. J. Fish. Aquat. Sci. 53:974-984.

WANTIEZ, L., P. THOLLOT, AND M. KuLBICKI. 1997, Ef-
fects of marine reserves on coral reef fish com-
munities from five islands in New Caledonia. Cor-
al Reefs 16:215-224.

WINSBERG, M. D. 1990. Florida weather. Univ. of Cen-
tral Florida Press, Orlando.

(PWS, KJS) FLORIDA CARIBBEAN SCIENCE CENTER,
U.S. GEOLOGICAL SURVEY, 7920 NW 71sr ST,
GAINESVILLE, FL. 32653; (PWS) DEPARTMENT
OF ENVIRONMENTAL ENGINEERING SCIENCES,
UNIVERSITY OF FLORIDA, P.O. Box 116450,
GAINESVILLE, FL 32611-6450. Date accepted:
May 2, 2001.

13




	Gulf of Mexico Science
	2001

	Egress of Adult Sport Fish from an Estuarine Reserve within Merritt Island National Wildlife Refuge, Florida
	Philip W. Stevens
	Kenneth J. Sulak
	Recommended Citation


	tmp.1528303061.pdf.vtcav

