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Abstract Large aggregations of adult permit
(Trachinotus falcatus) were consistently observed since
2004 by divers in a collaborative fishery-independent reef
fish visual census survey during May and June on the
western-most edge of the Dry Tortugas Bank, Florida, in
coral reef habitat, indicating proximal spawning sites. We
investigated the possible fate and connectivity of larvae
spawned at this location in the Dry Tortugas and two other
published aggregation sites through a drift analysis using
the ocean circulation and transport dynamics simulator
HYCOM (Hybrid Community Ocean Model). New age-
length data facilitated the determination of larval durations
and rates of juvenile growth.Modeled larval transport data
from spawning sites in the Dry Tortugas, Belize and Cuba
were evaluated and compared to a spatially-extensive
empirical juvenile permit data set from Florida. Our study
revealed that unique oceanographic processes provided
pathways for both downstream larval transport and juve-
nile retention, to and from Florida waters. These

simulation results indicated that the Dry Tortugas region
is a key source of permit recruits to southeast Florida
stretching from the Florida Keys and up Florida’s east
coast, and to a much lesser extent the west Florida shelf.
Simulations from Belize and Cuba spawning sites re-
vealed high local retention with low connectivity to
Florida, emphasizing the importance of local resource
management throughout the permit’s range.
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Introduction

The coupled biological-physical environmental mecha-
nisms regulating the recruitment, population dynamics
and productivity of marine fishes are not particularly
well understood (Rothschild 1986; Mullin 1993;
Sammarco and Heron 1994; Caley et al. 1996; Bakun
1996; Cowen et al. 2000; Mann and Lazier 2005; Levin
2006). This is also true for permit (Trachinotus
falcatus), a large game fish species of the western central
Atlantic Ocean belonging to the Carangidae family
(jacks). Permit range from Massachusetts to southern
Florida, throughout the Bahamas, Caribbean Sea south
to Brazil (Robins et al. 1986; Smith-Vaniz 2002). In the
USA, permit are most common in southern Florida.
Adults are coastal fishes that inhabit seagrass and tidal
sand flats and channels, either as solitary individuals or
small schools, but are also found offshore on coral reefs
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and artificial structures. They feed on crabs, shrimps,
clams and smaller fishes and have a specialized plate at
the back of their mouth that helps them crush hard-
shelled animals (Jory 1986). Permit can reach 100 cm
FL and the all-tackle world record is 27 kg (IGFA 2015).

An iconic and lucrative sport fishery targeted by
flyfishers occurs in the shallow clear-water flats of south
Florida and the Florida Keys, and there is also a con-
ventional gear fishery on offshore coral reefs and artifi-
cial structures. More than 98 % of the flyfishing and
saltwater line class world records of permit came from
southern Florida and the Florida Keys (IGFA 2015).
Other well-known locations for permit include The
Bahamas, Cuba, Mexico and several Caribbean nations.
There is also a relatively small commercial fishery on
the West Coast of Florida. Permit are especially coveted
by catch-and-release recreational anglers for their beau-
ty and fighting abilities, and by extractive fishers for
their unique taste and dollar value.

There are inevitable conflicts to achieve sustainabil-
ity in a fishery with such dichotomous resource use
perspectives. In Florida, permit harvest is regulated
through gear restrictions, catch and size limits, and a
spatially restricted seasonal closure. Currently permit
stock status is unknown throughout their range, and
despite their widespread tropical distribution and high
economic values in Florida and Caribbean countries,
there is no information on population connectivity from
which to base management decisions. This is further
complicated by the fact that for many reef fish species,
little is known about location and timing of spawning,
and most importantly, the ultimate fate of larval fish
(e.g., Paris et al. 2005; Botsford et al. 2009). Such lack
of knowledge hinders the efforts of fisheries manage-
ment because of the weak definition of unit stock, Ba
closed inter-breeding unit^ (Beverton and Holt 1957). In
that regard, substantial confusion persists concerning
permit spawning periodicity and larval dynamics.

In Florida, Crabtree et al. (2002) reported permit
spawning period typically lasted from April to
September, but peaked during May to July. In
Cuba and Belize, permit spawning season has been
reported from March to September, and February to
October, respectively (García-Cagide et al. 2001;
Graham and Castellanos 2005). During spawning
season along the southern Florida coast, mature
adult permit are seen in large aggregations on off-
shore natural and artificial structures. After drifting
as fertilized eggs and larvae for a duration of about

25 to 30 days, settling post-larval and juvenile
permit are subsequently found in sheltered seagrass
beds, among mangrove roots, and along sandy
beaches (Crabtree et al. 2002; Adams and Blewett
2004; Félix et al. 2007; Snodgrass and Harnden
2009). Based on spatially restricted and limited
sampling effort, Fields (1962) noted the presence
of juvenile permit (< 12 mm SL) throughout the
year in south Florida, which he believed indicated a
prolonged spawning period. More recently, seine
surveys along beaches in south Florida also found
juvenile permit year round (Adams et al. 2006;
Snodgrass and Harnden 2009). However, these au-
thors speculated that observed Bout of phase^ win-
ter recruitment may have been derivative of permit
spawning in other northern Caribbean locations
(Lee et al. 1992; Crabtree et al. 2002; Adams
et al. 2006). Until recently, no spawning aggrega-
tions in Florida had ever been positively identified.

In this paper, we first describe empirical observations
of large aggregations of permit seen seasonally in the
same area in the Dry Tortugas, Florida, for over a
decade. We hypothesized that these aggregations of
permit may be on or around a potential regional
spawning site(s). To examine this hypothesis, we eval-
uated the relationship of the seasonal occurrence of
permit juveniles throughout Florida with a large empir-
ical Florida-wide fishery-independent data set to evalu-
ate year round presence of juveniles. New samples of
recently recruited permit were aged to estimate larval
duration. These various pieces of information were as-
similated and used as inputs to a state-of-the-art ocean
currents and transport simulation model to evaluate the
fate of developing eggs and larvae spawned at the
observed Dry Tortugas site and from various published
spawning aggregations sites in Cuba and Belize. Drift
simulation results were then compared to the empirical
field data on permit juvenile densities to assess the
importance of these sites to recruitment of juvenile
permit in Florida.

Methods

Study area

The Florida Keys coral reef extends 400 km south-
west along an island archipelago from Key Biscayne
near Miami to the Dry Tortugas, a region located
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113 km west of Key West encompassing seven
islands surrounded by 326 km2 of mapped coral reef
habitat that supports an incredibly diverse and pro-
ductive community of corals and tropical fish spe-
cies (Davis 1982; Franklin et al. 2003; Ault et al.
2006, 2013; Smith et al. 2011). Unique topographic
and oceanographic conditions in the region help
sustain the highly productive Florida Keys coral reef
ecosystem. Oceanographic dynamics are influenced
by the Loop Current extending through the Straits of
Yucatan between insular Cuba and the continental
Belize-Mexico coastline into the southeastern Gulf
of Mexico. The rich marine environment of the Dry
Tortugas is a product of the unique geophysical
setting which promotes dynamic oceanographic con-
ditions such as incursions and perturbations driven
by the Gulf of Mexico’s Loop Current which
emerges in the Straits of Florida as the Florida
Current near the Dry Tortugas and then flows paral-
lel to the barrier reef through the Straits of Florida
towards Miami. This dynamic oceanography helps
create intricate recirculating gyres and cyclonic
eddies that are responsible for larval retention
throughout the Florida Keys (Lee et al. 1992;
Fratanoni et al. 1998; Sponaugle et al. 2005), and
surface currents with some of the highest current
speeds in the world (Stommel 1976; Olson 2001).
The region contains known reef fish spawning
grounds, and its upstream location in the Florida
Current facilitates advective dispersion and transport
of eggs and larvae to the rest of the Keys and
southern Florida (Lee and Williams 1999; Dahlgren
and Sobel 2000; Domeier 2004; Burton et al. 2005).
In part, due to its upstream location in the Florida
Current and distance from the nearest human popu-
lation center (i.e., Key West), several large marine
reserves have been created in the area to improve the
conditions and sustainability of reef fisheries
throughout the Florida Keys (Bohnsack and Ault
1996; Ault et al. 2006, 2013).

Reef fish visual census (RVC)

Fishery-independent reef fish visual census (RVC) sur-
veys using a two-stage stratified random sampling de-
sign (Smith et al. 2011) have been conducted since 1979
throughout the Florida Keys, and since 1999 throughout
the Dry Tortugas, Florida, to assess the sustainability
status of the exploited coral reef fish community (Ault

et al. 1998, 2005, 2014), and to evaluate the design and
resource restoration efficacy of marine protected areas
(Meester et al. 2004; Ault et al. 2006, 2013). The RVC is
a standard, non-destructive, in situ monitoring protocol
in which a stationary diver records reef-fish data (num-
bers at sizes of each species) while centered in a circular
plot of 15 m dia (Brandt et al. 2009; Smith et al. 2011).
Each year, fromMiami to the Dry Tortugas hundreds of
random sites are surveyed in coral reef habitats <30 m
depth. In the course of these annual surveys, large
schools of permit indicative of spawning aggregations
have been sighted, recorded and photographed in the
Dry Tortugas. The entire (1979–2012) RVC data set was
analyzed to place these permit aggregation events in
context with other sightings and to determine the fre-
quency, location and timing of these events throughout
the Florida Keys coral reef ecosystem.

Daily ages at lengths

Larval duration and juvenile growth rates were deter-
mined from samples collected from June to August
2013 at Key Biscayne, Florida. Sagittal otoliths from
these fish were sent to www.tropicalfishageing.com.au
for age determination. Otoliths were prepared for daily
increment counting using the method of Secor and Dean
(1992). Sagittal otoliths were first embedded in an
epoxy resin block and allowed to cure for 10 h at
60 °C. A 400 μm traverse section was cut from each
block using a Buehler low-speed saw where the otolith
core was exposed. Each section was then mounted on a
separate glass microscope slide with thermoplastic ce-
ment and polished with 1200-grit wet-dry sanding pa-
per. Each section was viewed under a light transmitted
compound microscope at 40-400× magnification. Daily
increments were counted along the dorsal axis where
possible, as the increments were generally more distinct
in this region of the otolith sections. Settlement marks,
which indicated the time (in d) in which a particular fish
recruited to benthic nearshore habitats, allowed for ex-
plicit determination of larval duration.

Juvenile permit field sampling

Size-structured relative abundance of early juvenile
phase (≤ 40 mm SL) permit were acquired from three
separate sampling program datasets. By far, the largest
spatiotemporal dataset came from the Florida Fish and
Wildlife Conservation Commission’s Fisheries-
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Independent Monitoring Program (FIM), which has
since 1985 conducted fisheries-independent sampling
along the entire state of Florida marine coastline. The
data utilized for our analyses encompassed sampling
from 1996 through 2011 of six major estuarine systems
between Apalachicola in the western panhandle in the
Gulf of Mexico, to Jacksonville on the Atlantic coast
(Fig. 1 and Table 1). In each location, sampling effort
was relatively consistent by month throughout the year.
The FIM utilized several gear types throughout its his-
tory to monitor the relative abundance of fishery re-
sources in major coastal habitat zones of the temperate
to subtropical regions of Florida. Since we were inter-
ested in early juvenile phase permit, we constrained our
study to evaluation of only two gear types: (1) 21.3 m
center bag seine with 3.1 mm mesh that was hauled in
waters of <1.6 m depth; and, (2) 183 m center bag seine
with 37.5 mm mesh. Sampling stations with salinities
<2 psu were removed from this study as no early juve-
nile phase permit were ever caught at these salinities.

The second dataset was a survey of shoreline fishes
conducted by the South Florida Regional Laboratory of
FWRI from 1994 to 1997 using a 21.3 m seine with
3.1 mm mesh (Snodgrass and Harnden 2009). A third
dataset spanning 2003 to 2004 was from the oceanside
beaches of Key Biscayne that also used 21.3 m seine
with 3.1 mm mesh. For all surveys, the SL was mea-
sured for all permit. Lengths were proportionally
assigned to fish not measured by those that were mea-
sured in each haul. Since permit look very similar to and
are frequently caught with pompano (Trachinotus
carolinus), permit were positively identified by counting
dorsal and anal fin rays because these meristics are
distinct from pompano (Robins et al. 1986). Regional
empirical data were grouped geographically into zones
for comparison with analytical simulation results
(Fig. 1). Percent occurrence and catch per unit effort
(CPUE) of juveniles ≤ 40 mm SL were calculated for
each region. CPUE was standardized among gear types
to number of permit per100 m2.

Transport model, drift simulations and larval trajectories

Lagrangian Bdrift^ simulations were conducted using as-
similated surface currents from HYCOM model
(Cummings 2005; Chassignet et al. 2007) from April
2008 to October 2010 for permit spawning that was pre-
sumed to occur monthly at every 3rd quarter moon
(Graham and Castellanos 2005) at three regional locations

where spawning aggregations are known or hypothesized:
(1) Dry Tortugas Florida (this paper); (2) Turneffe Island,
Belize (Graham and Castellanos 2005); and, (3) western
Cuba (García-Cagidae et al. 2001) (Fig. 1). Each drift
simulation entailed continuous Lagrangian tracking in time
and space. A total of 1000 passive particles (Blarvae^)
were initially released into themodel domain at the specific
spawning site, and then transported in the model at hourly
steps for 30 days. During the course of a simulation,
particles located in environments with substrate depths
shallower than 50 m were considered to have been suc-
cessfully recruited. The principal metric employed was the
percentage of released particles recruited on day 30 in each
of the six coastal environmental zones defined in Fig. 1;
(1) east Florida (EF); (2) south Florida (SF); (3) west
Florida (WF); (4) Gulf of Mexico and western Caribbean
(GM); (5) Caribbean (CA); and, (6) The Bahamas (BA).

Results

RVC

Individual permit, especially schools with more than 10
fish, were extremely rare along the Florida coral reef
tract in depths <30 m (Table 2). In the Florida Keys,
only three schools of permit with >10 individuals were
observed during 33 (1979–2012) years of the RVC
program which represented close to 13,000 diver survey
samples. Despite the rarity of large schools in the Keys,
during the months of May and June, particularly large
aggregations of permit have been repeatedly observed
on the western edge of Dry Tortugas bank during four
separate years (2004, 2008, 2010 and 2012) by multiple
divers in the survey team (Figs. 2 and 3). The general
location of these permit schools were consistent and
adjacent to a steep drop off. These schools of permit
typically consisted of a thousand ormore fish swimming
in a spiral fashion in the water column with a dark
marking on their sides, which although often observed
in shallow water when feeding, has also been doc-
umented on spawning fish (Fig. 3; Graham and
Castellanos 2005).

Daily ages at lengths

A subsample of 27 juvenile specimens collected from
the 2013 Key Biscayne June-August sampling was
processed for daily aging. Lengths ranged from 15.5 to
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Table 1 Summary results of ju-
venile (≤ 40 mm SL) permit haul
seine sampling. CPUE units are
permit per 100 m2

Location/Region Years No. Hauls Percent Occurrence No. Permit CPUE

Jacksonville 2001–2011 5336 2.6 694 0.0093000

Indian River 1998–2011 10,612 1.5 642 0.0045600

Tequesta 1997–2011 2501 0.1 4 0.0000388

Key Biscayne 2003–2004 180 24.4 143 0.5700000

Florida Keys 1994–1997 136 61.5 1487 7.8700000

Charlotte Harbor 1996–2011 11,752 0.4 149 0.0009500

Tampa Bay 1996–2011 13,160 0.3 150 0.0009100

Cedar Key 1996–2011 7419 0.9 240 0.0021100

Apalachicola 1998–2011 6124 0.7 148 0.0011500

Fig. 1 Map of northwestern
Caribbean Sea, the Gulf of
Mexico and the Florida Straits.
Red dots along the Florida coast
represent juvenile permit
sampling sites: a Apalachicola, b
Cedar Key, c Tampa Bay, d
Charlotte Harbor, e Florida Keys,
f Key Biscayne, g Tequesta, h
Indian River, and i Jacksonville.
Orange dots indicate observed or
hypothesized permit spawning
sites which were the starting
points of larval drift simulations.
The lines delineate the spatial
zones used for analysis of passive
particle distributions. Inserted is a
photograph of a small school of
juvenile permit (30–60 mm SL)
on Key Biscayne, FL (photo by J.
Luo)
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35.5mmSL, and ages from 34 to 61 d (Fig. 4). Of the 27
fish subsampled, five otoliths showed a settlement mark at
ages ranging from 25 to 28 d. From this information, larval
duration was set to 30 d in the drift simulation model.

Juvenile permit field sampling

CPUE of early juvenile permit was several orders
of magnitude higher in south Florida (SF) as com-
pared to either east coast (EF) or West Coast (WF)
of Florida (Table 1). Monthly CPUEs of juveniles ≤
40 mm SL indicated that permit recruitment oc-
curred year-round in SF (Fig. 5), where a peak in
recruitment occurred in the spring, followed by
lower CPUE from June to August, and then another
peak in fall. For the EF and WF regions, CPUE of
≤ 40 mm SL permit peaked in fall, with highest

values during October. In EF and WF there was a
modicum of juvenile recruitment during late winter
to early spring.

Larval transport and drift simulations

Lagrangian drift simulations of permit recruitment
showed that larval particles released from the Dry
Tortugas were significantly more likely to recruit in
Florida after 30 days than those released from either
Belize or Cuba spawning sites (Figs. 6 and 7). On
average 19.8, 10.9 and 5.6 % of Dry Tortugas releases
settled in SF, EF andWF, respectively. Particles released
from Belize were most likely to have remained in the
GM zone, while those released from Cuba remained in
the CA zone. However, the percentage of larval recruit-
ment in Florida had large temporal variations depending

Table 2 Total number of reef fish visual samples, sites with permit observed, and sites with >10 permit observed in the Florida Keys (1979–
2012 combined) and Dry Tortugas by year from 1999 to 2012

Description Florida Keys Dry Tortugas

1979–2012 1999 2000 2004 2006 2008 2010 2012

Number of samples 12,953 428 437 594 485 644 706 799

Number of sites observed 142 4 3 17 2 24 27 24

Sites with >10 permit 3 0 0 8 0 6 2 1

Fig. 2 Bathymetric map of Dry Tortugas, Florida with location of sample sites and permit density (per 177 m2) from reef fish visual surveys
during years 1999–2012
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on spawning dates (Fig. 8). For example, simulated
recruitment from the Dry Tortugas spawning site to the
SF recruitment zone ranged from 0 to 80.1 %. Both the

western Cuba and Belize spawning sites each had a
single observation with >10 % recruitment in SF
(Figs. 9 and 10) during the simulated time period.

In the WF zone, the potential of larval recruitments
from any of the three spawning sites was low. There were
6 events from the Dry Tortugas spawning site with sim-
ulated recruitment >5 %, and no events from the Belize
or Cuba had recruitments >1 %.

Simulated monthly mean recruitment from the Dry
Tortugas site showed a bimodal pattern in SF with peaks
in spring and late fall, similar to the empirical CPUE
data (Fig. 5). Simulated monthly recruitment to EF also
followed the same pattern as the empirical CPUE with a
peak recruitment in the fall. On WF, simulated recruit-
ment peaks occurred in summer, which was contrary to
observed CPUEs.

Discussion

Permit are a major component of a highly valuable rec-
reational fishery in Florida and the western Caribbean,
yet there is limited scientific data available from which to
inform management decision making (Armstrong et al.
1996). Improved understanding of population dynamics
and connectivity is vital for the successful management
of this or any fishery, as the degree of connectivity at both
the larval and adult life stages guide prudent management
actions (Botsford et al. 2009). In this study, ocean drift
models, new information on larval duration, empirical
data on spatial distribution and seasonality of juvenile
permit occurrence, and spawning site identification in
Florida suggests: (i) permit spawn throughout the year
in SF, likely in the Dry Tortugas region; and (ii) popula-
tion connectivity with other locations in the northern
Caribbean is very low and with self-recruitment as a
principal feature for Florida.

Juvenile permit were present year-round in Florida
with elevated CPUE at SF sites when compared to other
Florida locations. Daily aging results showed that these
juveniles were between one and two months old,
confirming the notion that permit must have spawned
year-round to produce these recruits. The reproduction
work of Crabtree et al. (2002) that indicated a March-
August spawning season in Florida, led earlier authors
to speculate that winter spawning may occur in other
Caribbean locations and that perhaps these populations
were connected to Florida providing year-round recruits
(Crabtree et al. 2002; Adams et al. 2006). However, our

Fig. 3 Photographs of large aggregations of permit (Trachinotus
falcatus) (60–90 cm FL) observed during reef fish visual surveys
in the Dry Tortugas (west Tortugas Bank) in: a June 2010 (photo
by J. Luo), and b June 2004 (photo by D. Bryan)

Fig. 4 Daily age as a function of standard length from 27 otoliths
collected in 2013 in Key Biscayne, Florida. Dashed vertical line
represents average settlement mark (26.2 days ±1.3 SD) from 5
otoliths. Insert is a 26 mm SL permit otolith at 40×
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intensive 30 d larval drift simulations showed that the
two other known spawning sites in the Caribbean could
have only provided very small and inconsistent supplies
of recruits. These results indicated that the bulk of
Florida permit recruits throughout the year must have
come from spawning sites within Florida, such as the
Dry Tortugas site.

Reef fish spawning sites are typically located near
geological prominences coupled with favorable oceanic
conditions that promote larval survival (Domeier and
Colin 1997; Heyman and Kjerfve 2008). Riley’s Hump,
a known spawning aggregation site for mutton snapper
and other reef fishes (Lindeman et al. 2000; Burton et al.
2005), is only 10 km south of the Dry Tortugas western
bank. Recently a group of permit was observed along
with several other snapper species (Lutjanidae) in what
appeared to be spawning behaviors (Feeley et al.,
Spawning migration movements of mutton snapper in
the Dry Tortugas, Florida: spatial dynamics within a
marine reserve network, in review). Environmental

and physical oceanographic conditions present on the
western Tortugas bank are similar to those at Riley’s
Hump, so it is not particularly surprising that permit
would also aggregate at that location to spawn.

Earlier research has shown that the oceanographic
features in south Florida, including the Florida
Current, its associated meanders and eddies, and
the Tortugas and Pourtales gyres, foster the retention
of Dry Tortugas larvae and facilitate recruitment
throughout the Florida Keys coral reef tract (Lee
et al. 1992, 1994; Domeier 2004). Our drift simula-
tions further confirmed this notion and allowed us to
closely examine seasonal trends in recruitment.
Constant year-round releases of simulated Blarvae^
from the Dry Tortugas region showed a bimodal
pattern of recruitment in SF, with spring and late
fall peaks. A single mode in recruitment was ob-
served in the fall in EF. These results compared
favorably with the empirical CPUE data on juvenile
permit for each of the respective zones in Florida.

Fig. 5 Monthly CPUE of juvenile permit (≤40 mm SL) by zone in gray bars. Dark line indicates the mean percent by month of simulated
drift particles that settled in each zone from the Dry Tortugas spawning site
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Fig. 6 Location of larval drift particles after 30 d simulation runs. Release from: aDry Tortugas on Oct. 2010, bBelize on Aug. 2008, and c
Cuba on Oct. 2010
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We believe this supports the theory that permit re-
cruitment in both SF and EF may be driven by the
timing of oceanographic events and intensity of
spawning in the Dry Tortugas. Recruitment in WF

from larvae spawned in the Dry Tortugas, on the
other hand, indicated a summer peak as compared to
fall for the CPUE data. Along the southern portion
of the WF zone and at the more northern sites on the

Fig. 7 Mean percent recruitment (with SE) of simulated particles into six geographical zones from three different spawning locations: South
Florida (SF), East Florida (EF), West Florida (WF), Gulf of Mexico and Western Caribbean (GM), Caribbean (CA) and The Bahamas (BA)

Fig. 8 Percent of simulated particles (z axis) recruited in each zone by release date from theDry Tortugas spawning site. Zone abbreviations: East
Florida (EF), West Florida (WF), South Florida (SF), Bahamas (BA), Caribbean (CA), and Gulf of Mexico and Western Caribbean (GM)
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Fig. 9 Percent of simulated particles (z axis) recruited in each zone by release date from the Belize spawning site. Zone abbreviations: East
Florida (EF), West Florida (WF), South Florida (SF), Bahamas (BA), Caribbean (CA), and Gulf of Mexico and Western Caribbean (GM)

Fig. 10 Percent of simulated particles (z axis) recruited in each zone by release date from the Cuba spawning site. Zone abbreviations: East
Florida (EF), West Florida (WF), South Florida (SF), Bahamas (BA), Caribbean (CA), and Gulf of Mexico and Western Caribbean (GM)
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east and west coasts of Florida, permit recruitment
most likely has additional contributions from
Bother^ unknown Florida spawning sites.

The larval drift simulation modeling here empha-
sized the importance of a focused Blocal^ perspective
for Florida fishery management of permit. Recruitment
from outside of Florida was estimated to be sporadic and
weak, and typically constituted only a very small frac-
tion of ‘larvae’ produced by the spawning permit in
Cuba or Belize. Although these infrequent Boutside^
recruitment events to Florida from the greater
Caribbean may ensure apparent genetic homogeny
throughout the region over time-scales that range from
centuries to millennia, they likely have little ecological
or population dynamic significance to management
since these times are only relevant in years to decades.
Our conclusions are strikingly similar to those of Paris
et al. (2005) who stated that snapper spawning aggrega-
tions in Cuba do not significantly contribute recruits to
Florida. In addition, Karnauskas et al. (2011) found that
spawning sites in Belize had oceanic conditions favor-
able for retention, rather than dispersion, of larvae. Our
work adds to the growing body of scientific literature
that indicates the prevalence of self-recruitment in reef
fish populations (Cowen et al. 2000; Cowen and
Sponaugle 2009; Jones et al. 2009).

Increased knowledge of the timing and location of
spawning events, their regional impact on recruitment
and how they regulate regional population dynamics is
central to effective fishery management (Lindeman et al.
2000). The results presented here demonstrated minor to
no apparent larval connectivity between the Florida and
the wider Caribbean. This emphasizes the need to con-
sider the regional impacts of Florida fisheries and atten-
dant environmental changes on the long-term sustain-
ability of Florida fishery resources, as has been shown
by the importance of the Dry Tortugas for sustainability
of Florida coral reef fishes (Ault et al. 2013, 2014).
Additionally, this suggests a need for intensified exam-
ination and estimation of Florida permit stock abun-
dance, and much closer examination of traditional con-
trols on permit recreational harvests through size, season
and bag limits, coupled with more effective controls on
the commercial catches that ensure sustainability of this
valuable fishery resource. However, the present paucity
of required data on the exploited adult population makes
it difficult at this time to effectively evaluate the poten-
tial performance of such management alternatives.
Future research should strive to improve data

assimilation and estimation capabilities to accurately
estimate population abundance and size structure to
ensure the social and economic benefits of a sustainable
permit fishery.
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