395

R e e e T e R N |

A retrospective (1979-1996)
multispecies assessment of coral reef
fish stocks in the Florida Keys

Abstract.—A baseline assessment
of 35 economically and ecologically im-
portant Florida Keys reef fish stocks is
provided by using a systems approach
that integrates sampling, statistics,
and mathematical modeling. Quantita-
tive fishery-independent data from reef
fish visual surveys conducted by
SCUBA divers from 1979 to 1996 were
used to develop estimates of population
abundance, assemblage composition,
and stock structures in relation to key
physical and habitat factors. Exploita-
tion effects were assessed with a new
length-based algorithm that calculates
total mortality rates from estimates of
“average length of fish in the exploit-
able phase of the stock.” These esti-
mates were highly correlated for two
statistically independent data sources
on reef fish: fishery-independent diver
observations and fishery-dependent
head hoat catches. We developed a reef
fish equilibrium exploitation fishery
simulation (REEFS) model and used es-
timates of fishing mortality to assess
yield-per-recruit in relation to fishing
intensity and gear selectivity and to
assess spawning potential ratio (SPR)
in relation to U.S. federal “overfishing”
standards. Our analyses show that 13
of 16 groupers (Epinephelinae), 7 of 13
snappers (Lutjanidae), one wrasse
(Labridae), and 2 of 5 grunts (Haemuli-
dae) are below the 30% SPR overfish-
ing minimum. Some stocks appear to
have been chronically overfished since
the late 1970s. The Florida Keys reef
fishery exhibits classic “serial overfish-
ing” in which the largest, most desir-
able, and vulnerable species are de-
pleted by fishing. Rapid growth of the
barracuda population (Sphyraenidae)
during the same period suggests that
fishing has contributed to substantial
changes in community structure and
dynamies.
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The Florida Keys support a rich
tropical marine ecosystem, a pro-
ductive multispecies coral reef fish-
ery, and a billion dollar tourist
economy. The Florida Keys are also
considered an “ecosystem-at-risk”
as one of the nation’s most signifi-
cant yet most stressed marine re-
sources under management of the
National Oceanic and Atmospheric
Administration (NMFS, 1996). Con-
cern about habitat degradation and
escalating resource uses from a rap-
idly growing human population in
southern Florida resulted in the es-
tablishment of the Florida Keys Na-
tional Marine Sanctuary (FKINMS) in
1990. Because they are one of the
most complex ecosystems on earth,
coral reefs are a particular concern.
The diverse fish community of these
coral reefs is influenced by compli-
cated biological and physical inter-
actions (Sale, 1991; Lee et al., 1992;
Polunin and Roberts, 1996). Reef
fisheries can target a number of eco-
nomically and ecologically impor-
tant species (e.g. groupers, snap-

pers, lobsters, conch, sponges, and
corals). Over the past several de-
cades, public use of and conflicts
over fishery resources have increased
sharply, while some fishery catches
from historically productive snapper
and grouper stocks have declined
(Bohnsack et al., 1994). Concomi-
tantly, the status and biological dy-
namics of these reef fishery re-
sources are not well understood,
and important stock assessment
data are not available.

Another concern regarding reef
fishery resources is the restoration
of the Everglades north of the
Florida Keys. Hydrological projects
of historic proportions are expected
to make a substantial change in the
timing, volume, and location of fresh-
water outflows into the coastal ma-
rine environment (Harwell et al.,
1996). These changes could affect the
survivorship of juvenile reef fishes
in critical shallow nursery areas of
Florida Bay and Biscayne Bay and
ultimately affect the productivity of
the entire coral reef ecosystem.
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The condition of most reef fish stocks is unknown
because of the large number of species in the fishery,
a lack of fisherv-effort and landings data, and the
gquantity of population dynamics data needed to do
traditional stock assessments. The goal of this pa-
per is to develop a technically sound quantitative
method for multispecics management assessments,
For this purpose, we preseni an integrated baseline
assgessment to reference the status of the multispecies
fishery so that the effects of management changes
in the FENMS may be accurately evaluated in the
future (U8, Dep. Cammerce, 19961, Using fishery-
independent data, we conducted an 18-vear retro-
spective, analyvtical vield assessment of economieally
important Florida Keys reef fish stocks to elucidate
the effects of fishing and to help define an eftective
fishery management strategy.

Hypothesis

A key to our ahility to nssess rect fish stocks was the
use of “average size” (in length) of fish in the exploit-
able phase of the population ( £ ) as an indicator of
stock status. Averasge size of fish was derived from
visuwal survey data or headboat landings data.
Headboats are party boats that carry more than 15
anglers per fishing trip 1 Dixon and Huntsman't. The
uge of L in stock assessment has deep roots in tra-
ditional fisheries management (Beverton and Huolt,
1956, 1957; Ricker, 1975), The statistic provides a
population level metric thatl integrates individual
metaholic variables such as interdependent growth,
mortality, and reproductive processes. The [, statis-
tic also is an important index of Hshing effects be-
canse persistent heavy fishing reduces the average
size of the population over time, making the stock
vounger through a process known as “juvenescence”
which successively eliminates older, move fecund size
classes [Ricker, 19631 This 15 extremely important
in the context of stock and recruitment because the
focundity potential of individuals inereases exponen-
tiallvwith size. In genoral, the average length of fish
in the exploitable phasze (1.e. between the size at first
capture, L', and the maximum size, L, ) i= highly corre-
lated with average population size and thus reflects
the rate of fishing mortality operating in the fishery
Theoretically, the sverage size of fish landed for
any given species should be equal to the averape size
in the exploited phase of the remaining population

P Dixon, R Lo and G B Huntsman, 1992, Estimating catches
and fizhing effort of the southeast United States headboat fleet,
1972-1882%  Beaufort Laborotory, Seutheast Fisheries Scivnee
Center, Natl. Marc Fish, Sere, NOMAA, Beaufort, NC 28516. Dratt
report.

Just after fishing. In other words, we hypothesize that
fishery-independent survey estimates of average
lengih derived from wvisual data reported by divers
should equal fishery-dependent estimates derived
from catch data reported by headboat anglers. The
greater the correlation between the two independent
estimates of L, the more robusi “average length”
should be as an indicator of stock status subject to
exploitation.

Methods and materials

Study area

The Florida Keys coral reef ecosvstem 15 a unigue
tropical coastal marine environment stretehing about
370 km from Key Biscayne southwest to the Drey
Tartugas (Fig. 1), Situated parallel to the Florida
current and Florida Bay, the coastal ecosvstem en-
compasses many varied habitats comprising fresh-
to saltwater marshes, estuaries, lagoons, mangrove
stands, coral islands, sea grass beds, and coral reefs.
Florida Bay and adjacent coastal estuaries serve as
nursery areas for spiny lobster and many juvenile
fishes that occupy reefs as adults. The clear water
and high diversity of reef fish in the Florida Keys
coral reef tract provide a unigue environment Lo as-
sess multispecies fisheries. Here we use a “systems
approach” to facilitate effective decision making and
to improve fishery management performance (Ault
and Fox, 1989; Rothschild et al., 1998),

Reef fish surveys

Fishery-independent visual estimates of the abun-
dance and size distributions of multispecies reef fish
populations were taken along the Florida Keys reef
track continuously from 18975% to 1996 (Table 1)1 by 12
highly trained and experienced divers using the sta-
tionary visual survey method of Bohnsack and
Bannerot (18861 Thia nondestructive mothod pro
vides reliable quantitative estimates of species abun-
dance. frequency-of-occurrence, and size structure for
the reef fish community, Divers recorded the abun-
dance as well as the minimum, mesn, and maximum
lengths of each species seen during 5 minutes within
randomly selected 7.5-m radius circular quadrats,
Underwater visual estimates of reef fish size and
abundance have frequently been made ( Bellwood and
Aleala, 1988; Harvey and Shortis, 1996); however,
accurate and precise visual estimates of fish length
require well-trained and experienced observers be-
cause ohjects in water appear magnified and closer
than their actual range (Bell et al., 1985; Harvey and
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Figure 1
Map of the Florida Keys cosgtal marine ecosysteny showing the coral reef tract (light gray) running offshore from Koy Bises 1y
sauthwest to the Dev Tortugas, and the spatial relationships of Florida B ay, Key West, and the Miami urban center. Numbered

darkened cireles show the 8% reefs where 4,571 visual survey samples of the reef fish conumunity were taken from 1979 1o 1895,
Open cireles around numbers indivate sanctuary preservation areas | SPAs)

Table 1
Visual survey shmpling ellort {number of point samples) by hahitas areas and depth intervala condueted from 1978 to 1996 {n the
Florida Keys recf tract. The offshore zone is expozed 1o the Florida Current
Reaf zone habitat tvpe
Artificial Caral Hard Sand
Depth reel rief betiom bt b Totals
Fret Meters Inshere Inshore Offshore Inshore Dffshoru [nshore Total Porcent
0—16 0-3.05 {l 545 171 26 8 13 1,066 23.32
10213 A05-6.10 5] 726 H416 14 i bird 38 1,806 4841
2030 a.10-9:14 5 403 1G] 4 145 & 1,194 26.23
3040 9,14-12:19 28 31 92 K] 40 0 1591 414
4050 12191524 4 O H21 N 48 B 147 322
H-80 15241829 ] 15 [ 1] 47 H] 127 278
60-70 18,2021 54 il 1 a4 Nl 1 i 35 077
Total 127 2054 1.820 a4 4496 Al 4571
Percent 278 14,48 S0s2 (R 1) 10,85 1.12 L0
Shortis, 1996). To imprave accuracy, divers continu- meterstick, Divers without calibration sticks have
ously calibrated their length estimates with a 30-cm been shown to ebtain a mean accuracy of 86% for

ruler attached perpendicular to the far end of a lenigth estimates (St John et al., 1990
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Maximum use of the visual survey data required
statistical intercalibration of the sampling efficiency
of each diver. We used multiple regression analyvsis
(Neter ot al,, 1996) to estimate relative sampling ef-
ficienecy by adapting the “fizshing power” model of
Robzon [ 1966)

Cld,t) = Fid £ IN(OE I, 0y = gl (NS 1)

. 1) =, (13
— ——1 = gl AN el 1),
fdisy
where Uid.¢) = the fish count of diver o at reef date ¢
Ntir = the average population size at reef
date ¢;
gfd) = thecoefficient of sampling efficiency

for diver d:

fied i) = the nominal survey effort of diver o
at recf date ¢, and
Sl ) = a log normally distributed error

variable,

To account for any sampling bias that may have been
introduced by differences among divers, a simple log-
hnear transformation of Equation 1 makes it pos-
sible to obtain minimum varianee estimates of rela-
tive sampling efficiency, given fish counts by species,
by diver, and by reel date. Dats used for model de-
velopment were derived from a series of controlled
experiments conducted during a 9-day sampling ex-
pedition to the Dry Tortugsas during June 1994, A
matrix of estimated efficiency coefficients for divers
by specics was used to adjust an individual diver's
results in relation to a standard-norma] diver, here
the most experienced diver in the group: After stan-
dardization, all the individual visual “catch-per-unit-
of-effort” measurements were comparable over time
and space (Ault et al.?), Spatial and temporal pat-
terns in abundance and correlative linkages to habi-
tat types were gualitatively analveed with 3-D visu-
alization software (1L, 1995) by reef site through-
out the Florida Keys for various survey yvears. Mul-
tivariate statistieal analysis (Johnzon and Wichern,
15992 Venables and Kiplew, 1994 ) was used to assess
varianee-covarignee and correlation structures be-
tween reef fish density and selected environmental
and fish community auxiliary covariates,

Wealso used the 1881-95 NMFS headboat eatch-
and-effort data (Bohnsack et al, 14%4; Dixon and
Huntsman, 1992) to provide fishery-dependent popu-
lation estimates comparable to thosze from the vizual

=ault. B0 A Bohosack, and 0 Meester. 1985 The rela-
tive fishing power of divers in tropical reef Tish visual
survevs,  Unpubl mano=cript

survey. Headboat data provide total numbers of in-
dividuals in the catch as well as total weight in the
catch by species by vear,

Stock assessment indicator variable

A stock assessment indicator variable is a quantita-
tive measure that reflects the status of 5 population
subjected to fishing or other environmental changes,
Because reef fishes integrate aspects of the coastal
ocean envirenment oever their hifetime. a robust mea-
sure of population “health” or status can provide a
sensitive indicator of direet and indirect stress on
the stock. and perhaps on the regional marine ccop-
system (Fausch et al., 1990), Population health for
reef fish communities can best be described with the
metabalic-based pool variable “average length in the
exploitable phase of the stock.” Therefore, to assess
the health of each of the » stocks in the reef fish com-
munity over the past two decades, the statistic “av-
erage length in the exploitable phase of the stock,”
L (¢, was found for each stock by integrating between
the population age limits from ¢ (minimum age at first
capture) to !, (oldest age in the stock), written as

3

Fit)[ Nta,0)Lia,tida
Ti=—>=r : .
Fit 1_[ Nia tida

where Nia,¢) = abundance for age class o at time ¢;
Lia,t) = lengih for class o at time t; and
Fit) = the instantaneous fishing mortality
rate at tame &

Estimates of the mean, variance, and 95% confidence
nterval of the mean were computed by the methods
of Sokal and Kohlf (1969),

To estimate the annual total instantaneous mor-
tality rate i) for each [ish stock in sach year ¢ from
population size structure and abundance statistics,
we tsed a length-based method (Ault and Ehrhardt,
1991; Ehrhardl and Ault, 1992} particularly applhi-
cable to reef fish population dynamics

Zit f _ St K
&  Zi|L' - Lit))+ K|L_ - Lit))
Zn(L, ~Li)|+ K[L. - L))

03]

n

where L maximum size;
L' = the length at first capture;
Lit} = the average size in the exploitable
phase in year b and
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K and L_ = parameters of the von Bertalanffy
equation.

Thus, the only unknown variable in Equation 3 is the
total mortality rate in year ¢, Z(¢), which can be esti-
mated fairly easily with an iterative algorithm called
LBAR (Ault et al., 1996). Finally, by assuming that M,
the annual instantaneous rate of natural mortality, is
known and constant for the interval A¢, we can esti-
mate the fishing mortality rate as F(¢)= Z(t)-M.

Reef fish exploited-population simulation
model

To achieve a better understanding of the dynamics
of multispecies tropical coral reef fish stocks, their
response to exploitation, and the accuracy and pre-
cision of statistical estimates from the sampling sur-
veys, we developed an object-oriented computer simu-
lation model for exploited reef fish populations in the
Florida Keys fishery (REEFS [reef fish equilibrium
exploitation fishery simulator (Ault®)]). The funda-
mental population-dynamic processes of growth,
mortality, and recruitment are relatively similar for
fishes of the temperate, boreal, and tropical seas;
however, some distinct differences in rates exist for
tropical marine fishes as reflected by quasicontinuous
growth, protracted spawning and recruitment, and
competition-based population dynamics (Ault and
Fox, 1990; Sparre and Venema, 1992; DeMartini,
1993). To represent the continuous time dynamics of a
tropical coral-reef fish population in the numerical
model, following Ault and Olson (1996), we formalized
the conservation law for population abundance as

_dN(a,t) dN(a,t) ,
dN(a,t) = o da+ ~ dt= @)

-Z(a,t)N(a,t)dt.

This partial differential equation expresses popula-
tion age structure in terms of the average number of
fish by age over time. The term dN/da is the contri-
bution to the change in N(a,t) resulting from indi-
viduals getting older. Because the variable a is tied
stepwise to chronological age, for each time step ¢, a
gets one unit older, so that da/dt = 1. This condition
holds for ¢ > 0 and a > 0. Equation 4 requires two
conditions on N(a,t): one initial condition for N(0,?);
and a boundary condition in age 0 tied to reproduc-
tion for N(0,t). Integration of Equation 4 with a
growth function allows efficient estimation of popu-
lation biomass and average size in the stock over

3 Ault,J.S. 1998. Tropical coral reef fishery resource decision
dynamics. Unpubl. manuscript.

time. In the numerical model REEFS, we modified
Equation 4 to a stochastic age-independent length-
based population dynamics model to simulate effi-
ciently the average or ensemble number at a given
length for the entire population age structure as

N(@)= [Rt-0S@e@P(Lja)da,  (5)

t

where R(7a) = recruitment lagged back to cohort

birth date;
S(a) = survivorship to age a;
O(a) = sexratio at age a; and

P(L |a) = the conditional probability of a fish
being length L given that it is age a.

The ensemble average length L at age a is repre-*
sented by the von Bertalanffy growth function. The
conditional probability distribution for length and age
was assumed to be bivariate normal.

The reported maximum age of fish in the stock t,
(equal to a generation), usually obtained from age
and growth studies by using either scales or otoliths,
allows application of a convenient and consistent
method to normalize the annual instantaneous natu-
ral mortality rate M to life span. First, we assume
that S(t,), the fraction of the initial cohort numbers
surviving from recruitment ¢, to the maximum age,
can be expressed as

N(t;.) =8(,) = Mtt)

N(,) 6

Then, assuming an unexploited equilibrium, by set-
ting the probability of survivorship of recruits to the
maximum age to be 5% (i.e. S(¢,)=0.05), and letting ¢,
be equal to 0, we rearranged Equation 6 in order to
provide an estimate of the natural mortality rate

M _ —ln[S(tl)] .
t).

)]
Mortality and growth estimation in tropical fishery
populations are normally approached from a size-based
perspective because of difficulties in ageing fish. Aver-
age size can be converted to mean age by making two
assumptions: 1) that age a maps directly into, or is a
function of, size L(a); and 2) that mean length-at-age
from the von Bertalanffy equation can be inverted as

L

_h[ﬂfﬂ] 8)
= e SRR

o K
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Numbers-at-length were converted to numbers-at-
weight for each species by means of simple allomet-
ric relationships,

Assessment of exploitation effects

The REEFS model was configured to assess two fish-
ery management decision-making endpoints, vield-
per-recrult (YPR) and spawning potential ratio
[SPR). Fishery management endpoints are relatively
robust measures of potential yields and recruitment.
As such, they help to focus on biologieal (size) and
fishing (intensily) controls for managing current and
future fishery production. Because biomass Bla,t) is
the product of numbers-at-age multiplied by weight-
at-age, yield in weight Y from a given species s was
caleulated as

Y, (F.L' )= Ft [ BlLla,tjdL =

It

_ ) (a3
2, ¢ )W Lla. t)1dL

Fit j NIL

Yield-per-recruit (YPR) is then calculated by scaling
vield to average recraitment from the right-hand side
of the above equation. Spawning stock biomass (S5B,
in metric tons [t]) 15 & measure of the steck’s repro-
ductive potential or capaecity to produce newborn,
ultimately realized at the population level as suce
cessful cohorts or year classes. Spawning stock bio-
mass is obtained by integrating over individuals be-
tween the minimum size of first maturity, L, and
maximum reproductive size there assumed to he the
maximum size L, | in the stock

L
SSBit) = [ B(Lia,t)dL. (10}
L

The size of first capture, L', is that regulated by re-
gional fishery management. The modeled fishing
mortality rate of headboats {and "viewing power” of
divers) was assumed to remove (and sight) fish with
a "knife-edged selectivity pattern” (see Gulland,
1983} over the range of exploitahle sizes

|'D if L|f1 =

Fith=4 .
|F[r.n if flgz L'

(11}

Spawmng petential ratio (SPR) 15 a contemporane-
ous management endpomnt that measures the stock's
potential capacity to produce optimum vields on a

sustainable basis. SPH iz a fraction expressed as the
ratio of exploited spawning stock biomass in rela-
tion to the equilibrium unexploited S5H

A :
SPR = Sch e (12

Wrexpiafed

Resultant estimated SPRs are then compared to the
118, Federal standards which define 30% SPR as the
“overflishing” threshold (Hosenberg et al., 1996). Lin-
ear regressions of estimated SPRs for snapper and
grouper were made on 1995 average exvessel prices
obtained from voluntary Monroe County dealer re-
ports (NMFS?). Because sale of jewfish was prohib-
ited, a theoretical 1996 jewfish price was estimated
as (0438 of the price of gag grouper on the basis of
historical average annual price ratios (1937-90). =

Management analyses

This assessment focuses on 35 reefl fish species in 5
families: groupers, Epinephelinae; snappers,
Lutjanidae; grunts, Haemulidae; the hogfish,
Lachnolaimus maoximus, Labridae; and the great
barracuda, Sphyvraena barracuda, Sphyraenidae,
These are the primary targets of the recreational,
commercial, and headboat fleets. Population dvriam-
ics parameters for each of these fish used in the
analyses were gleaned from summaries in Claro
(1994} and taxa-specific literature (Tables 2 and 30,
The hogfish was grouped with snappers for analyti-
cal purposes.

The assessment used the ollowing 7 steps (Fig. 20

Step 1: Conduct visual survey for the reef fish com-
munity in year { and intercalibrate diver
sampling efficiency by species, sile, and
YEAr.

Step 2: Begin management analysiz for species s
using intercalibrated visual survey data to
compute within-year estimates of L and
associated 95% confidence intervals from
the size and abundance data, by species,
integrated over the range of exploitable
slzes,

Step 3: Compute a statistically independent set of
annual mean estimates of L using fishery-
dependent headhoat data and eompare
thase with visual survey estimates,

PNMPFS. 1996, FizheryStatiaties Div, Southeast Fisheries Sei,
Center, Natl, Mar Fish. Sere, NOAA, 75 Virginia Beach De,
Miami FL 3314 85-10003.
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Step 4

Step 5:

Step 6:

Begin multispecies
assessment
I
Step | 4 Step 5
‘ Conduct viswal survey | | Use LBAR to estimate
 inyeart anr:{ F=2(ty- M
| intercalibrate divers -
| Step 6 A
v Use REEFS 1o
Begin managzement . r
BE aNagRtlc « Calculate expected Lz}
analysis for species #
l = Compute ¥YPR and
Step 2 455885 stocks E_ur. .
[ — “growth overfishing’
Compute visual L
estimates with 93% I « Compute SPR and
for exploitable pop. assess stocks for
by species and year “recruitment overfishing”
Step 3 l Step 7 1"
(_.nm_pute headboal Provide management
estimates of L :
; recominendations
by species and vear
Step 4 e J:
Parameterize _[ Conduct next
I.BAR and REEFS species analysis?
Yes
Mo
‘ Stop | -+
Figure 2
Fluw chart showing the steps used in the multispecies reef fizh assessment. See text
for details.

Use the population dyvnamics parameters of
Table 3 to determine parameters of the
LBAR rAult et al, 18996) and the REEFS
computer algorithms,

Use L {¢) estimate in LBAR to estimate by
vear fishing mortality rates for the two data
sources; l.e. time series of visual and
headboat data.

Use the REEFS model to estimate; 1) ex-
pected L () given the reported population
dynamics and F parameter values; 21 YPR

and assess growth overfishing; and
3) spawning stock biomass (SSB) for the
fishery in both exploited and unexploited
states{i.e. F= F, and F=0, respectively) and
evaluate SPR to assess for reeruitment over-
fishing.

Step T: From these results, make specific fishery

management recommendations on control
strategies of F and L' consistent with eu-
metric fishing principles that minimize the
potential for overfishing,
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Results

Fishing effort and sampling intensity

Trends in nominal fishing effort, measured as the
numbers of licensed recreational, commercial, and
headboats vessels in Monroe County, show that rec-
reational fishing effort has increased sharply since
1965 (Fig. 3). Since 1981, the largest increase has

Table 2

Parameters, definitions, and units for population dynamics
variables common to the LBAR and REEF'S numerical mod-
els used in simulation analysis of Florida Keys reef fish popu-
lation dynamics. See Table 3 for parameter values.

Parameter Definition Units
s Reef fish species (s=1, . .. ,n)
a Cohort age class (a=1, ..., t,)
-t Age of recruitment months
L, Size at recruitment mm
t, Minimum age of maturity months
L, Minimum size of maturity mm
t' Minimum age of first capture months
L Minimum size of first capture mm
t, Oldest (largest) age years
L, Largest (oldest) size mm
W, Ultimate weight kg
L, Ultimate length mm
K Brody growth coefficient per year
t, Age at which size equals 0 years
Oy Scalar coefficient of
weight-length function dimensionless
BwL Powe_r coefficient of
weight-length function dimensionless
Wi(a,t) Weight at age a at time ¢ g
L(a,t) Length at age a at time ¢ mm
N(a,t) Numbers at age a at time ¢ number of fish
M(a,t) Natural mortality rate at
agea at time ¢ per year
F(a,?) Fishing mortality rate at age
a at time ¢ per year
S(a) Survivorship to age a dimensionless
Z(t) Total mortality rate in year¢  dimensionless
O(a) Sex ratio at age a dimensionless
B(a,t) Biomass at age a in year ¢ kg
Y, ® Yield in weight in year t metric tons
SSB(t) Spawning stock biomass in
yeart metric tons
SPR(t) Spawning potential ratio in
yeart percent

clearly come from the recreational sector and con-
tinues to increase whereas commercial and headboat
sectors have been relatively stable.

In the 18-year (1979-96) visual survey, 4,571 point
samples were collected over a variety of bottom types
from 72 reefs located throughout the Florida Keys
at depths to 21 m (Table 1; Fig. 1). The complete da-
tabase contains information on 226 reef fish species
in 55 families with 42 biological, habitat, and physi-
cal covariates.

Average size and mortality

Average annual length was estimated for headboat
catch statistics (1981-95) and for visual survey data
(1979-96). Headboat data were used in the compara-
tive analysis with the visual survey data because they
provide consistent catch statistics and effort data.
Typical comparisons of-average length in the exploit-
able phase of the stock for the two data sets are shown
for eight representative, economically important reef
fishes: black grouper, red grouper, gray snapper, yel-
lowtail snapper, white grunt, bluestriped grunt, hog-
fish, and great barracuda (Fig. 4). The 95% confi-
dence intervals were computed for the visual esti-
mates but could not be determined for the headboat
data at this time owing to the survey estimation pro-
cedures used to calculate total numbers and total
weight for the entire Florida Keys. In a few instances
(e.g. 1985 and 1986), the computed confidence bounds
were large owing to low sample sizes, but these mean
estimates still correlated well with the rest of the
data.

The estimated average lengths in the exploitable
phase from the two independent data sources were
highly correlated for groupers, snappers, and grunts
(Fig. 4). The trend in average size also was relatively
flat over the last 18 years and close to L' (Fig. 4).

Although the relation between L for visual and
headboat data was similar for all groupers, snappers,
and grunts, it differed somewhat for hogfish and
barracuda (Fig. 4, G and H). Average length (L ) for
hogfish was consistently smaller in visual samples
than in headboat landings. In both data sets, how-
ever, L declined in the early 1980s but has steadily
increased since the late-1980s (F=3.96, df=9,
P<0.0001) (Fig. 4G). Average length for barracuda
increased significantly (F'=2.2, df=10, P<0.018) in
visual surveys but declined in headboat landings
beginning in the early 1980s (Fig. 4H). Increased
mean barracuda size in visual samples indicates that
there has been a corresponding increase in abun-
dance because larger L requires increased survival.
In visual samples, barracuda are now the top ranked
species in biomass among all Florida Keys reef fishes.
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Table 3
Florida Keys reef fizsh population dynamics parameters for 46 apecies used in mortality estimations and fshery simulations.
Population dynamics parameter definitions and units are given in Tahle 2. The symbol # indicates that the species is present in
recreational catch but not headboat catehes or the visual survey. The dash (— ) indicates that insufficiont population dynamic
data were available to conduct 3 management analyais. Complete parameter zets were available for 35 ApEcies,

Population parameters

Species groups M ¥y L W, K ty B L Gy i, E,
Groupers (n=15)
Black Grouper 0150 20 120000 3146 (LI60 0300 48 A0S0 3% 4.27E06 52051 11531
Muycleraperca honaet
Coney L8017 655D Ly @14F 1080 13 2032 19 7.29E-03 257 KR
Eptnephelus fulvus
Giag Grouper 200 13 L1872 251 (.14% 0802 B0 GOS80 36 L21E-05 30305 10944
Myeteroperea mecroleprs
Gravshy (L2000 16 4150 L1 0150 -0840 36 2032 53 1.23E-05 30439 3825
Epinephelus cruenlatas
Jewfish 0081 37 23840 2448 0054 -3616 72 A0S0 64 2.09E.05 28787 L3980

Epinephelus ttaperg

Marbled Grouper * MU — = — " 1" s e . - ~
Epinephelns inermis

Mizsty Grouper * — s S = e a2 = . _
Epinephelis mystacinus

Massan f.asn 17 B985 ol 145 1080 &3 50850 95 3.83E-06 32292 RB48.2
Epinephilus steinfus

Red Grouper 03800 17 8330 119 153 0089 48 A0S0 61 LISE-05  3.0350  BGu.0
Epinephelus morio

Red Hind st 17 awdd 1.1 6207 0831 49 2032, 33 180E-04 26140 3824
Epinepfiolus guttatus

Reek Hind 0250 12 4861 23 181 260 45 2032 9 G00E-0M 3930 4533
Eptnephelus adscensionis

Seamp 143 21 8997 193 0126 1357 48 4084 52 202E-05 295932 9329
Myrferaperea phenax

Snowy (frouper 13 16 10913 185 0113 0915 48 5080 57 245E.05  Faa00 8000
Eninephelus niveatus

Socckled Hind 0200 15 9670 166 0130 -1.010 48 5080 58 1.11E-03 40730 BELO
Epinephelus drammondhavi

Warsaw Grouper L0047 23940 2448 0054 3616 48 5080 B8 209E-D5 20747 24280
Epinepkelus nigritus

Yellowedge Grouper 0180 15 8800 157 0170 0000 &7 5080 B4 2E2E.05 28800 960.0
Epinephelus favelimhatiys

Yellowfin Grouper 01800 15 8600 157 0170 L0000 A7 ADS0 B4 2EIE.O0F 29800 9800
J”}'EI'E‘T&PENG AR b Do R

Tellowmouth Grouper 380 17 8B1S &6 0063 0030 36 S04 56 25RE-O5 285037 7107

Myetoraperea (nterstitinlis

Snappers (n=131and hogiish (n=1)

Black Snapper G300 100 6183 3.2 0087 —1.7TE8 29 2032 30 4.52E-05 28146 4iB4
Apsilug dentatuz

Bluckfin Snapper 0,250 9 Y203 24 0084 -2895 20 3043 43 T4DE-06 29735 4558
Latianus buecanella

Cubera Snapper S0 20 12000 348 0160 0300 28 S48 1Y LA2E05  4.0601 9100
Lutranus eyvanapteris

Dog Snapper 0,333 & 8540 102 0100 -2000 28 3048 40 42RE.05 2EST4 TUOL0
Lutjanuz joru

(iray Snapper 0300 1 7220 5.2 0136 0863 24 2340 29 3.05E-05 28808 5562
Lutjanus griseus

Lane Snapper 300 10 6183 32 D97 -1.TZR 29 O3 30 4.52E-05 2H148 4184

Lutlanis synagris

continued
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Table 3 (continued)

Haemulon sofurus
Caesar {rrunt

Haemulor carborarium
Cottonwick

Haemulon melanrum
Fronch Grunt

Haemudon favolinextum
Margnte

Haermiwlon album
Porkfish -

Anisotremis virginiciss
Sailors Choice

Haemulon parral
Smaollmouth Grant

Hoemulon chrysargyream
Spanish Grunt

Hoemulon macrostomam
Striped Grunt

Haermiwlon striatum
Tomtate

Hagemulon aurolineatum
White Grunt

Huwrmulon pluamier
Creat Barracuda

Sphyraena barracudn

0425 T

[ 9 44180 1

0,375

X

alle 3

0,200

[
&

12353 14

0374 5 To26 &

Epecies groups M & Lo W,

Mahogony Snapper g0 M 6183 3.2
Lutinnus mohagon!

Mution Snapper 0.214 14 93587 141
Lutinnus anafis

Fed Snapper G190 16 975.0 13T
Lutjanus campochanis

Scheolmaster 0.250 12 57040 33
Lutjurus apodus

Silk Snopper 230 b I | 9.1
Lutjarnus pivanus

Vermillion Soupper 230 10 6136 2.8
Rhomboplites guroruharns

Yellowtail Snapper (L2314 14 4547 1.3
Lutjanus chryauruz

Hugfish 250 13 HEGL 4.8
Lachnolaimus maximus

Lrunts in=13! and barracuda (n=1;

Black Margate == == = =
Arnesolremns SUrTNQmensis

Blacatriped Grunt 0500 G sans 047

B4

1]

Rk

Population parameters
. i L L £ L B £y
0.097 -1.728 20 3048 B4 H1BE-05 L2.7180 4184
0129 -0.938 24 3048 29 15TE-0E 30112 T497.8
162 0010 28 A080 55 2.04E-05 24853 9550
180 0000 20 25440 40 2.04RE-05 249779 ADEE
02 2308 47 3048 35 1.00E-06 31000 5120
206 (0IIT 43 2540 33 1,72E05 2.0456 5416
haid -0,712 24 3048 56 T.7AE-0F 27180 4334
0190 <0776 18 2032 20 2.55E-08 285700 4380 7
— — 33 2032 — 239EQE 53916
G484 0011 12 2032 31 1.94E-05 2.9998 2735
— — 27 2032 —  129E.05 30558 —
— — A7 2052 2.52E-05° 29527 —
18 2032 — B06E-08 3.1581 —
174 0450 34 2032 17 1.52E-D5 30423 67854
— — 45 dNar — 1.01E-05  3.1874 -
0220 —0355 12 2082 46 2O2E-05 w8932 3200
— — 24 2 — 297E-03 21567
— — 3% 2092 — 228E-05 3.0295 -
— — 21 2082 —  1.39E-05 30888 —
00491 -2.080 24 2032 57 B1BE-06 32077 2790
0186 0976 18 2082 24 RBAE3E-D6 31612 4104
0.172 0461 a6 A19%.2 44 4.11E-068 30825 115145

Management analyses

We also conducted a multispecies stock assessment
and management analysis with the estimates of fish-
ing mortality to examine if current exploitation lev-
els are commensurate with sustainable fisheries.
Although 46 exploited reef fish species had been seen
or captured in the visual and headboat surveys, only
35 species had population dynamics parameter sets
sufficient to conduct a management analysis {Table 3
We noted striking stmilarities in key relations within

taxa as shown by the somewhat diserete elusters of
taxa when maximum size dependent on maximum
age for a variety of species was plotted (Fig. 53, Mean
Festimates for vizual survey and headbost data were
used to encompass conservatively the range of fea-
sible fishing mortality rates experienced in the fish-
ery over the last bwo decades, A comparison of meth-
ods and data sources also allowed us to consider risks
associated with the overall uncertainty bounds for
each stock assessment. Results of an example assess-
ment analvsis is shown for gray snapper in which
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management endpoints like yield-per-recrait (YPR)
and spawning potential ratio (SPR) are provided (Fig.
6). These results are typical of the management in-
formation provided for each species,

Our analyses indicated that the average size in
the exploitable phase for many economically impar-
tant reef fish populations was marginally above the
minimum size of capture regulated by fishery man-
agement agencies (i.e. South Atlantic Fishery Man-
agement Council and the Florida Marine Fisheries
Commissiont. To assess the impact of these mortal-
itv rates on the stock production, we performed an
analylical yield analysis to estimate the YPR for each
stock, and evaluated the current YPR status in rela-
tion to “eumetric” (ef Beverton and Holt, 1957) or
well-balanced Ashing in terms of the minimum size
of fish captured and level of fishing effort (Fig. 64).
An issue of paramount concern in assessing analyti-
cal yield models are the settings of the two dynamic
control variables, F and L' (Fig, 6A). From the per-
spective of optimal decision making, any transition
of the fishery over the vield surface should minimize
negative risks, while maximizing the economic, eco-
logical, social, and aesthetic aspects. The YPR analy-
sis for gray snapper suggests that the current size
lorage) of first capture, L7 at 254 mm (=101n), likely
results in “growth everfishing.” To maximize the YPR
for the range of F operating in the fishery for the
last two decades, L' should be increased to greater
than 350 mm (Fig. 6B

Figure BC shows progressive reductions of gray
snapper stock biomass when F is increased Lo the
estimate’s lower bound shown in Figure 6B, The like-
lihood range of F (i.e. F=[0.5,1.1]) is likely also con-
tributing to a very low SPR for gray snapper. In fact,
it is below the Federal minimum of 30% SPR (Fig.
6D, The minimum estimated F still reduces SPH to
about 29% of the unexploited state, whereas the up-
per bound estimate results in 15% SPR. The major-
ity of the range of estimated F suggest that the gray
snapper stock is also “recruitment overfished” as re-
flected by reduced spawning potential.

The summary of the SPRs for Florida Keys reef
fish (Fig. 7) shows that a total of 13 of 16 groupers, 7
of 13 snappers, and 2 of 5 grunts, for which there are
data, are below the SPR that constitutes overfishing
by Federal definitions. Overall, 63% of the 35 stocks
that could be analyzed were overfished. Linear re-
gressions of SPR on exvessel price showed a signifi-
cantly negative (F) ,,=7.565, P=0.0157) slope for grou-
per and a marginally significant (F, ;,;=4.77, P=
(1.0514) negative slope for snapper (Fig, 8).

Discussion

Fishery dynamics

Our results indicate that Florida Keys reef fish popu-
lations have been heavily fished for at least the last
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two decades, Total fishing effort has increased sub-
stantially because of greater average fishing power
per vessel and a much larger recreational fishery.
Mace 11997} estimated that the average “fishing
power” per vessel (i.e. the average proportion of the
stock removed perunit of fishing effort) has increased
4-fold over the previous 25 years mainly because of
improved technology involving better vessel designs,
hydroacousties, hydraulics, and navigation {GPS,
Loran €, charts), The arithmetiic increase of recre-
ational fishing vessels is an important factor also,
although its absolute effect on reef fish stocks is un-
known because the recreational fleet is distributed
diffusely and heterogeneously and has not been well
zampled to date,

Stock assessment indicator variable

The eslimated average lengths {size) of reef fish in
the exploitable phase, determined from statistically
independent visual and headboat data, were highly
comparahble for groupers, snappers, and grunts, sup-
porting their use in the multispecies assessment,
Average sizes of hogfish and barracuda, however,
differed between the two data sets, The larger aver-
age hogfish size in headboal samples appears to be
the result of life history patterns and different re-
sponses to fishing gears with depth. Hogfish tend to
maove from shallow to deeper water with age (Davis,
1876) and are more vulnerable to spearfishing than
hook-and-line gear. Divers, however, are effectively
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Figure 4 [continued)

restricted to shallower depths for safety reasons.
Thus, large hoglish that inhabit depths below safe
diving limits are available to only the headboat fleet.
In shallow water, divers are more likely to see small
hogfish because they are more abundant and because
large hoglish are more likely to be selectively depleted
by spearfishing. The increased average size in both
data sets since the mid-1980s (Fig. 4G) is most likely
the result of increased spearfishing regulation, im-
posed recreational bag limits, and initiation of mini-
mum size limits.

The average size of barracuda diverged in visual
samples and headboat landings since the early 1980z
iFig. 4H). This pattern is likely the result of the pro-
motion and expansion of catch-and-release fishing
for barracuda during that time period. Decreased
fishing mortality resulting from more released bar-
racuda would increase the average size of fish in the
exploitable phase and be detected in visual samples.

Headboat landings, however, could trend toward
smaller fish because more large barracuda increase
the frequency of angler “breakoffs” (i.e. fish biting
through lines or leaders) and the proportion of re-
leases because only small barracuda are normally
retained for human consumption. Large barracuda
are avoided because they carry greater risk of
ciguatera poisoning, which can result in convulsions
and death for humans (de Sylva, 1994

The trend in average size for grouper, snapper, and
grunt stocks was relatively flat over the past 18 years
and close to the minimum exploitable length (Fig, 4),
The flatness is explained by considering expected L
from a modeled range of F in an analytical model,
given knowledge about current values of F. The slope
of L on F'was very shallow in the range of the ana-
lytical model (Fig. 9), corroborating the empirical
estimates in Figure 4. Some stocks appear to have
heen chronically overfished since the late 19705 We
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alzo noted stmilarities in key relations within vari-
ous taxa that separated out into somewhat discrete
clusters when maximum size versus maximum age
by species 12 plotted {Fig. 5. This pattern of species
clusters suggests that species within the various taxa
groupings will likely respond to exploitation in a simi-
lar manner. The sensitivity o exploitation 1s high-
est for groupers, followed by snappers, and then
grunls.

Overfishing and community shifts

Deszpite conservative assumptions, the estimated
fishery exploitation rates suggest that many Florida
Kews reef fish stocks are overfished according to defi-
nitions for U5, fisheries (Hosenberg et al., 1996)
(Figs. Tand 8, Many desirable grouper and snapper
stocks have low spawning potential ratios (SPRs).
Inverse relationships between increased fishing ef-
fort (particularly by the recreational sector) (Fig. 3)
and the long-term decressed average size and stock
biomass (e.g. Fig. 80 of the most desirable species
ie.g, groupers and snappers} are particular concerns.

The Florida Keys reef fishery shows the classic
pattern of serial overfishing, in which the more vul-
nerable species are progressively depleted (Munro
and Williams, 1985; Russ and Aleals, 1989). The long-
est-lived, latest-maturing, and lowest mortality (M)

stocks lie groupers| arve those first to experience sig-
nificant declines in population biomass, followed in
sequence by mtermediate-lived stocks [snappers],
and finally by short-lived stocks |grunts] [Fig. 710
Within families, the inverse relations between the
spawning potential ratio and exveszel marketl price
(Fig. 8) are consistent with serial overfishing. As ex-
pected, the most valuable snapper and gprouper also
tend to have the lowest spawning potentials. During
the time frame of this study, numerous measures
were taken to reduce fishing mortality in state and
federal waters. Fish traps were progressively elimi-
nated between 1980 and 1992, and numerous bag
limits and minimum size limits woere imposed. Fish-
eries were closed for queen conch (Strombus gigas),
jewlish (Eprrephelus itajora), and Nassau grouper
{E. streatus ). These actions are evidence of trends re-
ported in this study,

Cur data suggest that there may have been sub-
stantial changes in the composition of the biomass
and abundance of the reef fish community over the
past several decades. Although many groupers and
snappers have declined, apparently in response to
growing fishing effort, some grunts have increased
in relative abundance, Claro 11991) noted a similar
process in the Golfo de Batabano, Cuba, and hypoth-
esized that chronic overharvesting of snappers re-
sulted in shifts in community composition in favor
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Fushing Morality Rate

and size at first capture L (mo(; (B) YPR isapleths in lifetime

of grunts. Another indication of sigmficant change
was the explosive growth of barracuda (Fig. 4H)
which may be explained by several factors. First,
there is little directed commercial or recreational fish-
ing for barracuda as food because of health concerns.
Second. growth of catch-and-release fishing by sport
anglers and reduced emphasis on spearfishing may
have substantially lowered barracuda mortality.
Third, other lop predaters, such as groupers, snap-
pers, and sharks, have been intensively fished, there-
fore probably lowering competition for food, while,
at the same time, barracuda still retain a large and
possibly increasing prey base of grunts and other
small fishes, Increased abundance and biomass of a

top predator like barracuda could be 4 management
concern if barracuda substantially impact reef fish
community dvnamics. For example. excessive pre-
dation on popular sport fishes like snappers could
counteract potential reductions in fishing mortality
sought by traditional management.

An adjustment of minimum sizes of first capture
i[.'1 and fishing mortality rates (F) may mitigate the
apparent growth and recruitment overfishing condi-
tions in the fishery, This adjustment should be done
in a multispecies context to optimize the biotic and
fishery potential of the reef fish assemblage. How-
ever, traditional management actions alone are un-
likely to be sufficient hecause they can be circum-



410

Fishery Bulteur 96(3), 1998

100

a0 Groupers
70
60

50

Owverfishing (30% SPR)
A0

30

Spawning potental ratio (%)

20

==

T T s s s s .

wh

black
red
Qray sy
coney.
Qag
Massau
yediowfin
WIS
W

yedlowmodith
yellorwiedge

FEstimintos of percent spowning polontasl ratn ISPRS

B0 SPR LS, Federal standard

peogfish [

Specis

Figure 7
for 35 species of Florda Kevs reel Bsh comprise groupers, AT PPETE,
grunts. hogfish, nnd great barrscuds Dorkened bars indicate stock =overfishing,” and open bars (ndicste the stock i above the

Snappers

Grunts

-
red _
=k

aog
lanme
biack

gray
ot
il il
mlackfin
cubera

schoolmasier

vented and habitually fail to control fishing effort
effectively, particularly in an open access fishery
iWaters, 1991; Bohnsack and Ault, 19981, For ex-
ample, bycateh mortality and high fishing effort from
the expanding fleets can make size limits ineffective.
In theory, every fish can be caught once it reaches
minimum legal size with the result that insufficient
mature adults survive to reproduce. The tradition of
open-access management systems coupled with risk-
prone management decisions remains a principal
obstacle to achieving renewable resource sustain-
ability (Rosenberg et al,, 19931,

Reversing adverse trends in the Keys reef fishery
are likely to require other innovative appreaches for
controlling exploitation rates. Rothsehild et al. ( 1996)
recommended that fishery management maintain a
systems view of the resoarces, emphasizing strategy
over tactics. With this in mind, we recommend cou-
pling traditional management measures with a spa-
tial network of areal closures called “no take™ ma-
rine reserves. Marine reserves provide an ecosystem
management strategy for achieving Iong-term goals
of protecting biodiversity while maintaining sustain-
able fisheries, The establishment of a network of
small {16 to 3,000 hal no-take reserves in the FKNMS
on 1July 1997 (118 Dep. Commerce, 19961 15 a first
stepn A key to the success of this effort 1s a conscien-

tious, continuous assessment program for integrating
fisheryaindependent and fishery-dependent data to
evaluate the effectiveness of these reserves {Bohnsack
and Ault, 1996) With adaptive management (Walters,
18986}, improvements can be implemented pver time.

Multispecies assessment

Chur overall goal was to improve the scientific basis
for managing tropical multispecies fisheries by pro-
viding an efficient, guantitative framework to assess
multispecies fisheries. New assessment methods are
particularly needed for complex fisheries that have
been poorly documented, are not well understood, and
face increased exploitation. Traditional single-spe-
cles stock assessment methods are at times inappro-
priate or inadequate to deal with the dynamics and
structure of multispecies assemblages with large
numbers of exploited species (Caddy, 1981: Ault and
Fox, 1990; Appledorn, 1996). Owing to a lack of data
and basic biological information, only a few reef spe-
vies in the entire southeastern U5, have had com-
prehensive stock assesaments.

We emphasized a multispecies ecosystem approach
because traditional fishery models have been inef-
fectual in creating sustainable fisheries ( Ludwig ot
al., 1993: Sharp, 1995 Caddy, 1996: Russ, 1998),
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Single-zpecies fishery management models
huilt to maximize fishery yield and economic
rent ignore critical biological and physical
interactions and cumulative stresses an
habitats, Reef fish stocks are likely to be
regulated by trophic interactions at the in-
dividual, population, and community levels.
Also, application of “traditional” ishery man-
agement models developed for temperate spe-
cies to tropieal eoral reef assemblages is tenu-
ous, In responze to these problems, the Na-
tional Research Council Committes on Fish-
eries [19894) recommended developing multi-
species ecosystem management programs for
building sustainable fisheries, Successful
implementation of such programs will require
innovative research, new management strat-
egies, less destructive and wasteful fishing
methods, protection of eritical and sensitive
habitats, and more effective education:

Our retrospective analysis emphasized fish-
ery-independent data. Although fishery-inde-
pendent assessments can provide reliable
measures of fish abundance, population day-
namics, and community composition (Gunder-
sun, 18930, their application in multispecies
fishery sssessments have been limited, We
predict an inereasing need Lo rely on such data
for assessment purposes because fishery-de-
pendent data will become less available and
less useful as new regulations are imposed
that will establish larger stze limits, closed
seasons, closed Oshing areas, and species pro-
hibited from being fished. Also. the shufling
emphasizs from commercial to recreatioiial
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fishing makes collecting Oshery-dependent
data much more difficult and expensive,
Results from this 18-year retrospective assess-
ment are eacouraging in providing estimates of
stock status. However, several assumptions that
sirmplify the population dynamics of the various
species make it prudent to consider population es-
timates first-order approximations. The ervor intrin-
sic iy population-rate estimates derived from sur-
vevs depends on the accuracy and precision of the
bagic survey, Errors ultimately propagate upwards
during a series of caleulations used to determine
the average size, total mortality rates, fishing mor-
tality rates, yield-per-recruit, and finally the spawn-
ing potential ratio, which 1s the current focus of
management decizions. Alzo, although the Florida
Keys fishery represents a major fishing area, it does
not necessarily represent the entire stock range for
an individual species, It is possible that mature
stock components exist outside the fishing area.

Six actions could improve future assessments,
First, develop suitably structured spatial models for
linkages between habitat use and fish ontogeny to
“fill-in” the map of population estimates for areas
not sampled, Second, calibrate the relative statisti-
cal power of diver surveys and headboat fishing gear
Ideally, diver ohservations should relate to what fish-
ermen catch. Because the fishing mortality rate of
headboats tand viewing power of divers) are consid-
ered strictly proportional to average population abun-
dance, we must understand the fraction of the stock
assessed per unit of effort and the interrelationship
of the efficiency of the two “gear” types, Third, in-
crease temporal and spatial sampling coverage to
increase survey precision and resolution. Fourth,
tune fishery-independent surveys with other indices
of stock abundance. In this retrospective analyses,
no atlempt had been made to have the two survey
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types coineide with respect to sampling effort or lo-
cations within the Florida Keys. Fifth, employ new
sampling technologies, such as hydroacoustics, green
band lasers, and stereo video cameras to imprave the
accuracy and cost effectiveness of biomass and abun-
dance estimates. Sixth, improve basic biclogical in-
formation on growth, reproduction, mortality, feed-
ing, and recruitment, which are [lundamental ele-
ments of stock assessment. The models and conclu-
sions presented here are strongly influenced by the
accuracy of the parameter estimates and the source
for these estimates is not always reliable,

Conclusions

We used a new approach involving fishery-indepen-
dent data to conduct a gquantitative retrospective
multispecies assessment of changes in the Florida
Keys multispecies reef fish community. Qur results
show that fishing effort and mortality levels are very
intense, that many stocks are “overfished,” and that

exploitation has likely altered the structure and dy-
namics of the reef fish community. Inevitable in-
creases in fishing effort, particularly by recreational
anglers, combined with habitat degradation by rapid
growth of human populations in the region, if un-
abated, will increase the potential for overfishing and
ecosvatem changes. Without effective intervention by
regional fishery management to bring fishing effort
under control, reef fish stocks will likely continue ta
decline. A spatial network of “no take” marine re-
serves, combined with traditional management mea-
sures, have the potential to reverse these trends for
many species and to allow the long-term goals of
building sustainable fisheries and protecting biodi-
versity to he achieved.
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