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ABSTRACT: From September through December 2001 to 2004, goliath grouper juveniles (15 to
87 mm standard length [SL]) were collected from tributary mouths in the Ten Thousand Islands
region of southwest Florida's Gulf coast. These juveniles represent the smallest individuals of this
species collected to date. These individuals were newly settled and showed only minor pigmentation.
Descriptions and illustrations of juveniles between 15 and 38 mm SL are provided herein. Otolith
analyses revealed a pelagic larval duration of 30 to 80 d with the potential for delayed larval meta-
morphosis. Based on back-calculation of daily rings, spawning generally occurred around the full
moon, with settlement times irrespective of lunar phase. Length and age data provided the basis for

the growth curve.
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INTRODUCTION

The goliath grouper Epinephelus itajara, formerly
known as the jewfish, is a member of the family Epi-
nephelidae and is the largest Atlantic grouper. Maxi-
mum recorded sizes for the species is 3 m total length
(TL) and 400 kg. Goliath grouper have maximum
recorded age of 37 yr and reach maturity at over 5 yr
and 115 to 135 cm TL (Robins et al. 1986, Bullock et al.
1992). The species is an important top predator and a
conspicuous member of the fish fauna on coral reefs in
the western, central Atlantic.

Adult goliath grouper display strong site fidelity dur-
ing both reproductive and non-reproductive stages of
their life histories (Smith 1976, Sadovy & Eklund 1999,
Koenig et al. 2007). As with a number of other epi-
nephelids, goliath grouper form small spawning
aggregations (10s to 100s of individuals) at predictable
times and locations (Sadovy & Eklund 1999). In south-
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western Florida these aggregations form in August
and September on shipwrecks in 23 to 40 m of water
(Sadovy & Eklund 1999). Most of the large historically
reported aggregations were no longer observed in the
1990s (Sadovy & Eklund 1999), but recently at least 1
aggregation of >50 individuals was observed in
Florida waters (NMFS 2006).

Large juveniles have been collected from inshore, shal-
low habitats such as seagrass beds, mangroves, bulk-
heads and bridges and in poorly oxygenated canals
(Springer & Woodburn 1960, Tabb & Manning 1961,
Lindall et al. 1975, Thompson & Munro 1978, Bullock &
Smith 1991, Bullock et al. 1992, Sadovy & Eklund 1999,
Frias-Torres 2006, Koenig et al. 2007, Graham et al. in
press, this Theme Section). The goliath grouper is one of
the few epinephelids that live in brackish water. Areas
with extensive mangrove development seem to be partic-
ularly important nursery areas for young goliath grouper
and may limit their distribution (Koenig et al. 2007).
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Larval goliath grouper are planktonic, but little is
known about their abundance or manner of settlement
to juvenile habitats. Virtually nothing is known about
their early life history, and early post-settlement and
early juvenile phases of this important reef fish are
undescribed (Sadovy & Eklund 1999, Richards et al.
2005). This study provides the first description of the
early juvenile stage of the species and characterizes
the smallest individuals of this species reported to
date, including size at age, age at settlement, and days
post-settlement. Spawning and settlement dates and
the corresponding lunar phases were estimated from
age data. Evidence of delayed metamorphosis in the
larvae of this species is provided herein.

MATERIALS AND METHODS

Collection. To capture post-settlement goliath
grouper, blue crab traps were deployed in several trib-
utaries, man-made canals, and shallow inshore bays in

the Ten Thousand Islands area of southwest Florida,
USA (Fig. 1) (also see Koenig et al. 2007). Traps were
baited with dead striped mullet Mugil cephalus and
sampled at 7 d intervals, except during periods of high
capture when traps were sampled daily. Traps were
distributed in linear transects in shallow water (<2 m).
Following initial trials (October 2003 to January 2004)
existing traps were modified to improve capture and
retention of smaller specimens and additional traps
were added to the array. Modifications were made by
(1) affixing 9 mm clam aquaculture mesh to the bottom
and 3 sides of the trap, (2) placing minnow traps inside,
and (3) adding mesh settlement traps externally. The
latter modifications were meant to increase surface
area and habitat for settlement, but this did not
increase the catch of grouper specimens. The addition
of aquaculture mesh to the outside of the trap, how-
ever, was critical for the retention of small individuals
that previously fell through the open structure of the
crab traps. Additional sampling was conducted using
bottom trawls and seines over nearby seagrass beds.
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Fig. 1. Ten Thousand Islands, FL, with locations of traps that captured young juvenile goliath grouper
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Following capture, fish were either frozen or preserved
in a saturated solution of butylated hydroxytoluene
(BHT) in 70 % EtOH within 1 h of capture.

Description. Specimens used for description were
relaxed in a tricane methanesulfonate (MS-222)-sea-
water solution to extend fins and then fixed and stored
in 70% EtOH with BHT to maximize pigment preser-
vation. Specimens were identified using established
larval fish identification techniques, including the size
series method (Powles & Markle 1984). Meristics, pig-
mentation and spination are described in Table 1. All
specimens were illustrated with the aid of a camera
lucida by Jack Javech (NOAA Fisheries, Miami, FL)
(Fig. 2).

Otolith analysis. Otoliths were extracted from speci-
mens and cleaned using probes and a jet of 70 % EtOH.
When dry, otoliths were placed directly on a well slide
and covered in medium viscosity immersion oil to
improve contrast. Both sagittae and lapilli were exam-
ined and the lapilli were determined to have incre-
ments easier to distinguish from core to edge.

Images of whole otoliths were captured at 100x and
150x magnification, with software program Image J
(http://rsb.info.nih.gov/ij/) used to generate intensity
profiles across transects from the core to the edge.
Peaks in generated profiles were counted by eye to
determine the number of increments present. Incre-
ments on images were also counted by eye for cross
validation and verification of counts obtained using
intensity profiles. Counts were made along several
axes in areas where increments were clearly legible.
Both otoliths from each specimen were used when leg-
ible. Increments were assumed to be daily based on
previous studies verifying the periodicity of increment
formation in other species (Sadovy & Eklund 1999,
Wyanski et al. 1999, Walker & McCormick 2004,
Walker et al. 2007). Daily and sub-daily increments
were distinguished using the method of Campana

Table 1. Meristics for Epinephelus itajara, reproduced from
Richards et al. (2005)

Vertebrae:
Precaudal 10
Caudal 14
Total 24
Fin spines and rays:
First dorsal (D1) XI
Second dorsal (D2) 15
Anal (A) 11, 8
Pectoral (P1) 18-19
Pelvic (P2) L5
Caudal (C) 9+38
Gillrakers: 8-9 +13-15=21-24
Lateral line scales: 61-64

(1992). Increments were counted using a double-blind
method (2 independent readers). A minimum of 5 trials
was made for each otolith with the modal count
selected as the age.

The otoliths that proved difficult to read, mainly
those from larger specimens, were polished and
ground on glass plates using 3600 and 6000 grit polish-

Fig. 2. Epinephelus itajara. Illustrations of juvenile goliath
grouper: (A) 15 mm standard length (SL); (B) 16 mm SL; (C)
17 mm SL; (D) 26 mm SL; (E) 38 mm SL,; illustrations by Jack
Javech (NOAA Fisheries, Miami, FL). Drawings not to scale
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ing cloth (see Secor et al. 1992). After polishing, the
lapillus was mounted on a microscope slide using
Cytoseal® mounting medium. Daily increments were
counted under a compound microscope at 100 to 1000x
magnification, with oil immersion used for the 1000x
objective. Otoliths from 2 specimens were rejected
because the daily increments could not be resolved.

The settlement mark in the lapillus was determined
to be located where the pattern in increment widths
changed markedly and a dark increment was apparent
(Wellington & Victor 1989). Increments were counted
from the primordium to the settlement mark to esti-
mate the number of days before settlement (i.e. pelagic
larval duration [PLD]). Lapilli without an obvious set-
tlement mark were excluded from analyses. Settle-
ment dates were back-calculated from number of post-
settlement increments and the date of capture, while
spawning-dates were determined from the total num-
ber of increments (days) prior to capture. The resulting
calendar dates were matched to the corresponding
lunar phase.

RESULTS

From October 2003 to January 2004 unmodified blue
crab traps captured goliath grouper ranging from 14.5
to 90 mm standard length (SL). All of the specimens
were found among leaf litter and other detritus within
the traps. Subsequent modifications to increase surface
area and habitat for settlement did not increase
recruitment to the traps, but did improve the retention
of smaller specimens (<10 cm) in the traps when col-
lecting the samples. Sampling with bottom trawls and
seines over nearby sea grass beds failed to produce
any specimens.

Environment

All juveniles collected were found at river mouths
draining the Everglades into the Ten Thousand Islands
region of Florida (Fig. 1). These areas are character-
ized by mud bottom with oyster shoals and shoreline
densely lined with red mangrove Rhizophora mangle
forest. The water was shallow (<2 m), turbid, and
intensely stained by tannins. Salinity varied widely (A.
M. Eklund and J. Schull unpubl. data).

Preservation
Frozen specimens yielded clean, whole otoliths with

clearly legible daily increments, while EtOH-BHT pre-
served specimens retained the full range of color of the

live specimens for illustrative purposes. However, the
otoliths from ETOH-BHT preserved specimens were
inferior to frozen specimens, were brittle and had daily
increments that were difficult to resolve.

Description of early juvenile stages

Meristics taken from Richards et al. (2005) were used
to distinguish this species from other epinephelid
genera but not from all other Epinephelus species
(Table 1). The key characteristics in the earliest juve-
nile goliath grouper are the spinelet features of the
dorsal and anal spines, body pigmentation and gill
raker counts. The larvae and early juveniles of the Epi-
nepheline genera can be distinguished from other epi-
nephelid genera by the presence of elongated dorsal-
fin spines ornamented with spinelets (Richards et al.
2005). The smallest juveniles (settlement-stage) were
still identifiable using the diagnostic dorsal spine spin-
ules characteristic of the larva of the species. However,
these spines become reduced and details of spine
ornamentation and shape of spinelets becomes less
pronounced soon after settlement (as is the case in
many species). Thus, they cannot be used to distin-
guish larger goliath grouper juveniles from some other
juvenile epinephelids. Reliable gill raker counts can be
difficult to obtain from young individuals. Therefore,
juveniles can only be reliably distinguished based on
meristics consistent with several Epinephelus species
and the development of the pigment pattern diagnostic
of E. itajara adults.

The following are characteristics diagnostic of the
species arranged by size of individual in SL. The small-
est specimen (14.5 mm SL, Fig. 2A) possesses very
light pigment over the body and fins. The second spine
of the first dorsal fin (D1) is at least 8x longer than the
first and almost 2x longer than the third. The second
D1 spine still retains spinules that are simple in form
and directed ventrally. The preoperculum has at least 9
spines along its posterior margin, with a prominent
spine at the angle.

By 16.5 mm SL (Fig. 2B,C), the second D1 spine is
twice the length of the first spine and only slightly
longer than the third. A prominent unserrated spine is
present at the angle of the preoperculum, which has a
darkened margin. By this size a tubular anterior nostril
and fleshy lips have developed. Pigmentation occurs as
round spots on the head and is in distinct round spots
in an irregular blotchy pattern over the anterior portion
of the body and in bars on the last third of the body.
Pigment reaches onto all fins except the pectoral (P1).
An un-pigmented bar is found at the base of the caudal
peduncle. Four to five dark vertical bars are found on
the body separated by lighter bars. This pigmentation
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is clearly consistent with patterns found in the adult,
but represents an incomplete pigmentation, as pig-
mentation becomes more extensive in area and inten-
sity with growth.

By 20 to 30 mm SL (Fig. 2D,E) 6 light vertical bars
appear on the body and the dark bars previously
described are more distinct. Dark blotches radiate from
the eye. By 40 mm SL the pigment on the head appears
as distinct spots. This pigmentation pattern is charac-
teristic of the larger juveniles and adults.

Age and growth

The relationship between age (as daily otolith incre-
ments) and SL is shown in Fig. 3 (n = 45; size range =
16 to 87 mm SL; age range =49 to 112 d). At the lower
end of the size range the number of increments was
more variable than at larger sizes. Some individuals
around 20 mm SL (~20%) possessed up to 60 to 70
increments (Fig. 3) and settlement marks appeared in
others at over 60 to 72 d (~10% or 6 of 63 samples).
These data indicate that although size at settlement is
not highly variable, some individuals settle at an older
age (Fig. 4).

Spawning and pelagic larval duration

The lunar date of spawning was determined by
back-calculation. The data presented are based on the
total number of increments and assumes increment
formation began on the day of hatching (within 24 h of
spawning). Data for 45 individuals are presented in
Fig. 5 and represent individuals collected in 2001, 2003

90

80+

~
o

D
o

Length (mm SL)
5 &

%0 50 60 70 80 90 100 110 120

Age (d)

Fig. 3. Epinephelus itajara. Linear regression of length vs.
age; n = 45; SL (mm) = Age (days) x 0.99 — 28.24; R? = 0.79,
p<0.001
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Fig. 4. Epinephelus itajara. Frequency distribution of settle-
ment ages; n = 34

and 2004. Back-calculation of spawning dates showed
that the juveniles collected were spawned in the
months of July to October and that spawn dates peak
around the full moon. Assuming exogenous feeding
(Lindeman et al. 2000, Allman & Grimes 2002, Phili-
botte 2002), the peak in spawning occurred exactly on
the full moon. For this study, increment counts were
not adjusted, and a difference of 2 to 3 increments is
within the margin of error of the reader.

The lunar date of settlement was calculated from the
day of capture and the days between the settlement
mark and the edge of the otolith. Only a portion of
fish (75%) had discernible settlement checks (Fig. 6).
Settlement occurred throughout the lunar cycle, with
a slight peak associated with the new moon.
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Fig. 5. Epinephelus itajara. Lunar date of spawning; n = 45;
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Fig. 6. Epinephelus itajara. Lunar date of settlement; n = 34;
® =new moon; O = full moon

DISCUSSION
Environment

Goliath grouper juveniles were found over a limited
area in shallow water near luxuriant mangrove-lined
shores. Following deployment, traps rapidly accumu-
lated leaf litter that closely matched the coloration and
pattern of pigment of juveniles. This coloration likely
assists early juveniles to avoid predation within their
mangrove habitats. Although larger juveniles (101 to
1000 mm TL) have been captured in the lower salinity
waters of the tributaries (Koenig et al. 2007), the
smaller individuals described here were captured
almost exclusively at tributary mouths and within the
Ten Thousand Islands bays. Salinity in these areas can
still vary widely (0 to 34.96 ppt), but average minimum
salinities measured are generally higher than in the
tributaries (A. M. Eklund and J. Schull unpubl. data)
that are the source of fresh water runoff into the bays.

Subsequent to this study, on 22 October 2007, C.
Ethridge and J. Coyle of the North Carolina Division
of Marine Fisheries collected a 15.3 mm SL juve-
nile goliath grouper from the Pamlico Sound, NC
(35.59915° N, 75.4707° W), suggesting that viable lar-
vae reach areas outside the normal range of adults.

Capture methods
Modified blue crab traps were the most effective

sampling devices for capturing post-settlement goliath
grouper. It is not certain whether the fish were

attracted to the bait within the traps or were simply
seeking shelter. It would be instructive to explore other
sampling methods, such as light traps or channel nets,
although high-speed currents, considerable organic
debris, and tannic waters present challenges to using
these methods. In addition, it is worth exploring
whether the modified blue crab trap is effective in cap-
turing goliath grouper or other species of grouper in
other locations where an influx of goliath grouper lar-
vae are suspected to occur (e.g. in Belize, R. T. Graham
pers. comm.).

Description

The settlement-stage and early juveniles of this spe-
cies have not been previously described. Identification
was based on meristics, features of spination, and pig-
ment in a size series of these specimens. The only pre-
vious diagnostic character for larval goliath grouper is
an illustration and description of the spinelets found on
the first and second spines of the D1 (Johnson &
Keener 1984). There was previously no information
about early juvenile characteristics. In the case of
recently settled juveniles, some useful larval charac-
teristics still remained for species-level identification,
such as the elongated dorsal spine with characteristic
spinelet shape and distribution previously described
(Johnson & Keener 1984). These younger fish pos-
sessed a characteristic pigment pattern that could be
consistent with several species of Epinephelus. Older
juveniles having reduced spines and spinelet forma-
tion could nevertheless be linked to the other speci-
mens in the series by meristics and the developing
characteristic pigmentation shared with the largest
juveniles and adults.

Spawning, pelagic duration and settlement

Otolith data from the juveniles collected in this study
indicates that they were spawned in the months of July
to October around the full moon. This supports the
hypothesis that goliath grouper spawn around the full
moon and is consistent with previous evidence that
spawning occurs in southwestern Florida in these
months. Although actual spawning has never been
observed, aggregation formation (Sadovy & Eklund
1999) and sound production presumed to be associated
with reproduction is reported to occur around full
moon (Mann et al. in press, this Theme Section).

The source of the larvae is unknown, but may have
hatched from larvae produced at presumed spawning
aggregation sites in the Gulf of Mexico (Sadovy &
Eklund 1999, Eklund & Schull 2001). Large numbers of
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adult goliath grouper are seen in the summer and early
fall on wrecks in the Gulf, including the wreck of the
‘Baja California’ located 110 km from the collection site
in this study. Though it is possible that spawning sites
in the Gulf are the source, nearer spawning sites may
exist.

The smallest specimens collected had recently set-
tled, indicating that settlement in this species can
occur at a size of 14 to 15 mm SL. Evidence of recent
settlement includes the absence of a settlement mark
or mark near the margin of the otolith, indicating that
the individual had settled 1 or 2 d before capture. In
addition, these settlement-stage fish retained some lar-
val characteristics, such as limited pigmentation, elon-
gate second dorsal- and anal-fin spines and pro-
nounced spinules on the first few dorsal- and anal-fin
spines.

The length of the larval period varied, with most set-
tling between 40 and 60 d after spawning but some set-
tling as early as 30 d after spawning and a few individ-
uals apparently delaying settlement for up to 80 d.
Calculated settlement dates indicate that settlement
occurs during all lunar phases. This finding is consis-
tent with the evidence for delayed settlement in some
individuals, as larvae may be settling when they reach
a suitable environment regardless of the lunar phase. If
the sources of these larvae are as far away as the Gulf
or even the Caribbean then ability to delay settlement
would lend them an advantage under variable condi-
tions of transport over this long distance to a relatively
limited nursery ground. In addition the highly turbid
water may play a part in the lack of periodicity in set-
tlement. One reason so many species of reef fish settle
during the dark of the new moon is to avoid detection
and possible predation by reef residents (Victor 1991).
Because of the murky water where goliath grouper set-
tle it may not be critical to settle under low light condi-
tions, as the turbid waters would instead conceal the
settlers.
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