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ABSTRACT

This paper reviews the status of the yellowtail snapper, Ccyurus
chrysurus, commercial fishery in the Florida Keys based on data collected from
1985 to 1996 by the Florida Department of Environmental Protection’s Florida
Marine Research Institute (FMRI) port agents. Growth and mortality were
estimated by using length-frequency data collected from the commercial fishery
in three zones of the Florida Keys: upper Keys, lower Keys, and the Dry
Tortugas. Growth parameters were estimated for 1985-1989 and for 1990-1996
for the three zones. For all years and all areas combined, the total instantaneous
mortality rate (Z) was 1.44 fyear, Total fishing mortality (F) was 0.80/year,
Ralston’s empirical formula was used to estimate a natural mortality (M) of
0.63/year. Exploitation rate (E) based on Pauly and Sorianc’s relative yield-
per-recruit model was 0.56. These results indicate that the yellowtail snapper
fishery operating in the Florida Keys is exploited at or close to the optimum,
Results were compared with values from Ocyurus chrysurus populations
obtained in Florida and the Caribbean.
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INTRODUCTION

The yellowtail snapper, Ocyurus chrysurus, is among the most important
fish caught in the Florida Keys and throughout the Caribbean. Yellowtail
snappers inhabit coastal waters at depths between 10 and 70 m (Thompson and
Munro, 1983}, principally around coral reefs. In the Florida Keys this species
is fished commercially by hook and line. Age, growth, and mortality have been
estimated for yellowtail snapper using several technigues - otoliths, scales,
vertebrae, and length-frequency analysis throughout the Caribbean (Piedra, 1969,
Thompson and Munro, 1983; Johnson, 1983; Dennis, 1991); however,
estimating growth rates of the species by using length-frequency analysis has
not been attempted in Florida, Length-frequency analysis is limited by the size
and quality of the time-series data. Port agents from the Florida Marine
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Research Institute (FMRI) of the Florida Department of Environmental
Protection (FDEP) have been collecting biostatistical data for yellowtail
snappers from commercial catches since 1985. This data set presents the first
opportunity to conduct a reliable length-frequency analysis for the species in
Florida. In this paper, we describe the status of the fishery based on landings,
fishing effort, and size frequency. In particular, we evaluate the use of length-
frequency analysis, based upon biostatistical data collected by FMRI, to
estimate growth and mortality parameters and to evaluate the status of the
resource.
METHODS

Commercial landings have been monitored since 1950 by the State of
Florida in cooperation with the U.S. Fish and Wildlife Service and the National
Marine Fisheries Service. The biostatistical data collection program (Trip
Interview Program or TIP) began in 1985 and is part of the Federal State
Cooperative Statistics Program. The Marine Fisheries Information System
(MFIS), administered by the Florida Department of Environmental Protection
(Florida Administrative Code 62R-3, 1984), requires that records be kept and
reported for every wholesale transaction of saltwater fish, saltwater products,
bait, or marine life landed in the state, so that more accurate estimates of
commercial landings can be made. The trip interview program is designed to
collect bioprofile (fish length) and fishing effort (catch per unit effort, CPUE)
data on individual fishing trips and to provide a long-term data base for fishery
scientists and fishery managers. Prior to 1986, not all seafood dealers
participated in the statistical reporting system (Bohnsack et al., 1994).

The length-frequency data used in this study concerned commercial
catches in the Florida Keysand were collected monthly from January 1985 to
December 1996 by FMRI port agents. The total number of yellowtail snapper
measured was 35,639 and ranged from 11 to 1,117 individuals per month. Total
length (TL) was measured to the nearest 5 mm. Growth and mortality were
estimated by using the FAO-ICLARM stock assessment tools, including the
(FISAT) software package, which incorporates ELEFAN and LFSA software
{Gayanilo et al., 1995).

Study Area
The data were collected from three zones of the Florida Keys (Figure 1):

i) Upper Keys: (zone 1) from Key Largo to Marathon,

ti) Lower Keys: (zone 2) from Marathon to the Marquesas Keys, and
iif) Dry Tortugas: (zone 3) west of the Marquesas, including the Dry Tortugas.
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Figure 1. Map of the Florida Keys indicating the three fishing zones for
yellowtail snapper.
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Estimation of Growth Parameters and Mortality

The seasonally oscillating version of the von Bertalanffy growth function
{VBGF) proposed by Pauly and Gaschutz (1979) as modified by Somers (1988)
used in this study has the form:

L, = L «o[1-exp(-K(t-tg) - CK/2(sin2n(s-)))]

where L, is length at time t, Lee is the asymptotic length an individual would
reach if it lived indefinitely, K is the rate at which Lee is approached, and t; =

WP (winter point, the time of the year at which growth rate is slowest). The
parameter 1y is a location parameter, necessary Lo relate size 1o absolute age, and

cannot be estimated by using length-frequency analysis. The growth parameters
Ly, and K were estimated by using ELEFAN I of the FAQ-ICL.ARM stock

assessment software package FISAT (Gayanilo et al., 1995), which incorporates
Wetherall e7 al.’s (1987) method. The former was used to obtain preliminary
estimates of Leo and the Z/K ratio, where Z is the instantaneous rate of total
mortality, After preliminary estimates of Lo and K were obtained, the
ELEFAN routine was used to estimate Lo and K. Using different combinations

of Lo and X, response surfaces of Rn, the goodness of fit index (Pauly and
David, 1981), were generated. These response surfaces were inspected until the
maximum Rn value was found and corresponding values of Leo and K
determined.

To compare different estimates of growth parameters, the empirical equation
of ¢ = Log o K + 2 Log 1o (La) of Pauly and Munro (1984) was used.
Instantaneous natural mortality (M) was estimated by using the Ralston (1987)
equation for snappers and groupers

M = -0,066 + 2.53(K), in which K=growth coefficient, and Pauly’s (1980)
empirical equation

Log jo M = 0.0066-0.279 log 1oL + 0.6543 log 190 K + 0.4634 log 1o T
where L, and K are parameters of the VBGF and T is mean local sea

temperature, which in the study areais 26.5°C.

Length-converted catch curve analysis was used to estimate Z (Ricker,
1975; Pauly, 1985). Data for each monthly sample were converted to percent
frequency and then weighted by the square root of the sample size. Giving all
monthly samples proportional weight prevents a single large monthly sample
from being a major source of bias or from overly affecting the total annual
sample. The exploitation rate, E = F/Z, based on the Beverton and Holt model of
1966 and modified by Pauly and Soriano (1986), was used to estimate
exploitation rates.
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RESULTS AND DISCUSSION

Description of the Fishery

The commercial yellowtait snapper fishery in the Florida Keys is
multifaceted. Vessels range from skiffs (16 to 25 ft long) that usually fish for 6
to 10 hours to large boats (up to 40+ feet in long) that may fish for several days.
These large boats generally fish west of Key West near the Dry Tortugas but
may land their catches anywhere in the Keys. Fishing grounds include the main
reef, patch reef, and hard bottom areas of the Florida reef tract, including the
Dry Tortugas area. Fishing depth usually ranges from 10 m to 40 m (30 ft to
120 fi). Yellowtail snappers are caught year round by hook and line (rod and
reel or hand lines), with a single hook. Natural bait of various types is used, and
fish are attracted to the boat by chumming (hanging a small bag with groundfish
and fish carcasses over the side of the boat).

There are some geographical differences in yellowtail fishing in the Florida
Keys. In the upper Keys (zone 1) and lower Keys (zone 2) the boats are small,
with one or two crew members conducting daily fishing trips (around eight
hours), whereas the boats operating in zone 3 {Dry Tortugas) are mostly large
boats that specifically target yellowtail snapper and fish west of Key West to
the Dry Tortugas and beyond for 7 to 10 consecutive days. In the lower and
upper Keys, many yellowtail fishers are winter residents only. Others are spiny
lobster and stone crab fishers who fish for yellowtail during lobster and stone
crab closed seasons.

Yellowtail snapper landings increased steadily from 1987 to 1994, from
landings just less than 615 metric tons (1.4 million pounds) to more than 1,000
metric tons (2 million pounds), and then declined to 662 metric tons (1.5
million pounds) by 1996 (Figure 2). Fishing effort (as defined by number of
fishing trips) has varied from a high of more than 20,000 trips in 1989 to a low
of slightly more than 14,000 in 1996 (Figure 2). The decline which began in
(1990) of fishing trips may be a result of regulations established by federal and
state fishery management councils to limit entry into the fishery by requiring
that only those with proof of income from commercial fishing could obtain
permits. As a result, some fishermen were unable to obtain permits and others
left the fishery. Florida has enacted a permit system for state waters (known as
the restricted species endorsement) and the federal management councils enacted
permit programs for the Atlantic Ocean and Gulf of Mexico. The Atlantic
program is called the “snapper/grouper permit” and the Gulf program is called
the “reef fish permit.” The Florida regulations went into effect in February of
1990 and federal regulations two years later in January of 1992. The reasons for
the downward trend from 1994 to 1996 are unclear.
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Figure 2. Yellowtail snapper landings and number of trips (1,000s) by year,
1987-1996, in the Florida Keys.
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The number of pounds landed per fishing trip has increased from just over
36 kg (80 1b) in 1988 to around 59 kg (129 Lb) per trip in 1994-96 (Figure 3).
This may be a result of the availability of inexpensive navigational aids such as
GPS. Average monthly landings (Figure 4) increased from February to June,
then declined sharply and remained steady through the remainder of the year. The
increase in landings from May to June are probably due to the entry of lobster
or stone crab fishermen after those seasons close (lobster season closes March 31
and stone crab season closes May 15). The refatively steady number of fishing
trips by month (Figure 5) from January to July is again related to the lobster and
stone crab fishermen entering the fishery. The number of fishing trips during
August and September dropped as lobster season opened, but trips increased
upon the influx of winter residents to the Keys. The number of pounds per trip
increased from May to June and dropped in July and August. The number of
kilograms per trip increased again in September and October and remained
constant during the rest of the year (Figure 6). The drop in July and August
could be because the most efficient fishermen are shifting to lobster fishing.

There is evidence that if certain fishing methods are used in exploitating a
resource, an entire fish population can undergo changes in age and size
structures, in growth rate, or in reproductive capacity (Csirke, 1980). Mean
lengths of yellowtail snappers were compared by year and broken down by
zone (Figure 7). The overall mean size has declined from 430 mm TL in 1985
to 360 mm TL in 1996. The overall mean size has remained above the
minimum legal size of capture of 305 mm TL. Two of the most notable points
in this figure are the increase in mean size in the Dry Tortugas (Zone 3) and the
reduction in mean size of the fish in the upper Keys (Zone 1), which is a result
of a decreased proportion of clder individuals.

Figure 8 shows the length-frequency distribution by zone between 1985-
1989 and 1990-1996. Nearly all (96%) of the individuals were from 300 to 550
mm TL; only 2% were larger than 550 mm TL and 2% were smaller than 300
mm TL (Figure 8). Table 1 presents the results of the ELEFAN analyses by
zone between 1985-1989 and 1990-1996 and for all areas combined from 1985-
1996. The growth coefficients (K) estimated by the program were very large (K
= 0.3 or higher). This suggested an increase in the growth rate not consistent
with the life history of this species. Therefore, we decided to use the value of K
= (0.279 year! estimated by Johnson (1983) for yellowtail snappers in the
Florida Keys. The value of Leo during 1985-1989 ranged from 650 mm for the
lower Keys and Dry Tortugas to 700 mm TL in the upper keys. In the 1990-
1996 period, Les increased L in the upper Keys from 700 to 730 mm and also
increased in the lower Keys and Dry Tortugas, from 650 mm to 685 mm and
650 mm to 700 mm TL, respectively. The Leo of the von Bertalanffy equation
is a theoretical maximum mean size at an indefinitely great age, and it need not
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be larger than the actual maximum observed size for an individual (Ricker,

1975). ©
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Figure 3. Yellowtail snapper fandings {kgs) per fishing trip by year, 1987-
1996, in the Florida Keys.
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Figure 4. Number of metric tons (1,000's kg) of yellowtail snapper landed by
month in the Florida Keys.
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Figure 5. Number of fishing trips by month for yellowtail snapper in the Florida
Keys.
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Figure 6. Florida Keys yellowtail snapper kilograms per fishing trip by month.
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Figure 7. Mean length of capture (mm) for yellowtail snapper per fishing zone
by year, 1985-1996.
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The largest fish sampled in the upper Keys during the periods of 1985-1989
and 1990-1996 were 710 and 645 mm TL respectively, so an Lee of 730 to 700
mm TL, seems reasonable. The maximum total lengths observed for the lower
Keys were 630 and 655 mm TL during the periods of 1985-1989 and 1990-1996,
respectively. Consequently, the values of Leo of 650 and 685 mm TL for those
periods also seem reasonable. Similarly, maximum sizes of fish sampled in the
Dry Tortugas during the two periods were 640 and 655 mm TL, so estimates of
L., of 650 and 700 mm TL also seem reasonable. Estimates of Leo and K were

higher than those obtained previously in Florida and other regions of the

Caribbean (Table 2). The results are similar to those observed in Cuba (Piedra,

1964) and in Jamaica (Thompson and Munro, 1983). The largest yellowsail

snappers reported in the FDEP’s database ranged from 700 to 840 mm total

length and were captured in the Gulf of Mexico. There is very little direct
fishing for yellowtail snapper in this area.

Total mortality (Z) was estimated for two time periods (Table 1). Total
mortality was highest in the upper Keys during both periods. The lower Keys
showed a similar value of Z (1.07 and 1.04/year ) during both periods. The
increase in fishing effort in the Dry Tortugas between 1985-89 and 1990-96
resulted in an increase of Z from 0.85/vear to 1.08/year. Natural mortality
(M), estimated using both Pauly’s {1984) and Ralston’s (1987) equations,
were 0.59/year and 0.63/year, respectively. Ralston’s (1987) equation has
been recommended to predict M for snapper and groupers ( Manooch 1987;
Brouard and Grandperrin 1984; Posada and Appeldoorn, 1996) and was used here.
Fishing mortality (F) values for the three zones were as follows:

i} Upper Keys (zone 1): F was lower during 1985-89 (F = 0.66/year ) than in
1990-1996 (F = 0.78/year };

ii) Lower Keys (zone 2): showed similar level of fishing mortality during both
periods ( F = 0.44 and 0.41/year- );

iii) Dry Tortugas (zone 3): fishing mortality doubled from F = 0.22/year in
1985-89 to F = 0.45/year in 1990-96; this reflects the increased fishing
effort in this zone during the latter period.

The exploitation rate values varied between zones but remained relatively
constant between sampling years, with the exception of the Dry Tortugas
{Table 1). In the Dry Tortugas the exploitation rate almost doubled from E =
0.26 during 1985-89 (o E = 0.42 during 1990-96. Based on setting E = 0.5 as
the optimization criterion (Pauly and Soriano, 1986; Silvestre, 1986) and
categorically setting 0.40 < E < 0.55 as sufficiently close to the optimum, 0.20
£ E < 0.40 as moderately underexploited, and E < 0.20 as considerably
underexploited, our results indicated that the yeltowtail snapper fishery
operaiing in the Florida Keys is exploited at or close to the optimum.
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This preliminary analysis of the fishery suggests that it has been stable
during the last 10 years except in the Dry Tortugas. Fishing pressurc has
remained constant in the upper Keys and lower Keys but has increased in the Dry
Tortugas, perhaps as a result of larger boats and better navigational technology
to find fishing grounds. As expected, the structure of the data has a large effect
on the estimates derived using length-frequency analysis. Our approach of using
length-frequency data o estimate growth parameters and mortality for Ocyurus
chrysurus gives generally encouraging results but with some limitations. The
data available did not allow structuring the data into smaller size-class intervals,
and the absence of small fish in the data set lead to an overestimation of K.
Length-converted catch curve estimates of total mortality are highly dependent on
the estimated growth parameters. Consequently, estimates of Z generally
parallel estimates of K and Leo, In this case, the overestimation of K resulted
in overestimation of Z. Keeping K fixed allows us to examine the effects of
fishing in each of the zones studied. We concluded that these estimates of
mortality correlate well with the patterns of fishing pressure exerted on this
species. Beverton and Holt (1959) and others have suggested a refationship
between natural mortality (M) and the growth coeficient (K). This implies that
a pattern exists with respect to high or low K values and high or low mortality
rates. The ratios of Z/K and M/K have great importance in size-based stock
assessment. (Galluci er al., 1996). The ratio of M/K uniquely defines
exploitation rate (E) in a sized-based yield-per-recruit analysis. With this in
mind, we have to be aware of the limitations of fixing K and using a value of M
estimated from an empirical formula in the estimation of potential yields; and in
the formulation of a suitable fishing strategy. We believe that length-frequency
analysis should not be used in complete absence of life history information or
with very small data sets. Information on catch by depth is also important,
because some species show a depth distribution that is non-random with respect
to size or age (Acosta and Appeldoorn, 1992).

The use of length-frequency methodologies to review the status of this
fishery proved to be a valuable tool to follow the changes in fish abundance and
size in the three zones studied. Port sampling of commercial catches for length
composition is time consuming and difficult in a large area such as the Florida
Keys, but it can provide valuable information if properly conducted. Greater
efficiency in sampling length-structure can be achieved if sampling is planned
and conducted with regard to the way in which the data will be used. If an
increased sample size is needed, we suggest that collecting be done throughout
the summer months rather than throughout the year. Finally, in fisheries in
which there are legal restrictions prohibiting harvest of a fish below a minimum
size, alternative sampling regimes need to be established to obtain data on the
smaller size classes not sampled by the fishery.

867



Proceedings of the 50th Gulf and Caribbean Fisheries Institute

ACKNOWILEDGMENTS
J. Colvocoresess, J. Hunt, and E. Kadison gave helpful suggestions and
criticism. Thanks to J.Quinn Jr. for his editorial suggestions. We also thank all
the fishers of Monroe County that provide access to their catches. The data
analyzed in this paper is collected under the NMFS Regional Cooperative
Statistics Program.

LITERATURE CITED

Acosta, A. and R.S. Appeldoorn. 1992. Estimation of growth, mortality and
yield per recruit for Lutjanus synagris (LINNAEUS) in Puerto Rico.
Bull. Mar. Sci. 50(2):282 - 291.

Beverton, R.J.H. and S.J. Holt. 1959. A review of the life spans and moratlity
rates of fish in nature, and their relation to growth and other
physiological characteristics. Pages 142-180 in: CIBA Foundation
Colloguia on Aging, the Lifespans of Animals, Vol.5. G.E.W.
Wolstenholme, and M. O’Connor, (eds.) Churchill, London.

Beverton, R.J.H. and S.J. Holt. 1966, Manual of methods for fish stock
assessment. Part 11, Tables of yield function. FAO Fish. Biol. Tech.
Pap. 938. 67 p.

Bohnsack, J.A., D.E. Harper and D.B. McClellan. 1994. Fisheries trends from
Monroe County, Florida. Bull. Mar. Sci. 54(3):982 - 1018.

Brouard, F. and R. Grandperrin. 1984. Les poissons profonds de la pente récifale
externe a Vanatu. Notes et documents d’océanographie, Mission
ORSTOM, Port-Vila, Vanuatu, # 11, 131 p.

Claro, R. 1983. Ecologia y ciclo de vida de la rabirubia, Ocyurus chrysurus
(Bloch). En la plataforma Cubana I1. Edad y crecimento, estructura de
poblaciones, y pesquerias. Rep. Invest. Inst. Oceancl.Acad. Cienc.
Cuba 19, 33 p.

Csirke, S. 1980. Introduction to fish population dynamics. FAQ Doc. Tech.
192, 82p.

Dennis, G.D. 1991. The validity of length-frequency derived growth parameters
from commercial catch data and their application to stock assessment of
yellowtail snapper (Ocyurus chrysurus), Proc.Gulf Carib. Fish. Inst.
40:126 - 138.

Florida Administrative Code (FAC). 1984. Reporting Requirements for the
Marine Fisheries Information System. Chapter 62R-5.

Gallucci, V.F.., $.B. Saila., D.J. Gustafson and B.J. Rothschild. 1996, Srock
Assessment: Quantitative Methods and Applications for Small-Scale
Fisheries. CRC Press, Inc, Boca Raton, FL. 527 p.

Gayanillo, F.C., Jr., P. Sparre and D. Pauly. 1995. The FAQ-ICLARM Stock
Assessment Tools (FISAT) User’s Guide. FAO Computerized

868



Acosta, A, and R. Beaver  GCFL:50 (1998}

Information Series Fisheries. # §. Rome, FAQ. 126 p.

Johnson, A.G. 1983. Age and growth of yellowtail snapper from South Florida.
Trans. Am. Fish. Soc. 112:173,

Manooch, C.S. IIL. 1987. Age and growth of snappers and groupers. Pages 329-
374. In J.J. Polovina and S. Ralston (eds) Tropical snappers and
groupers: biology and fisheries management. Westview Press, Boulder,
CO.

Manooch, C.S.III and C.L. Drennon. 1987. Age and growth of yellowtail
snapper and queen triggerfish collected from the U.S. Virgin Islands and
Puerto Rico. Fish.Res. 6:53-68.

Munro, J. .L., editor. 1983. Caribbean coral reef fishery resources. ICLARM
Studies and reviews # 7. International Center for Living Aquatic
Resources Management, Manila, Philippines. 276 p.

Pauly, D. 1980. On the interrelationships between natural mortality, growth
parameters and the mean environmental temperature in 175 fish
stocks. J. Cons. CIEM 3%{3):175 - 192.

Pauly, D. 1985. On improving operation and use of ELEFAN programs. Part 1:
avoiding “drift” of K toward low values. Fishbyte 3(3): 13-14,

Pauly, D. and J.L. Munro. 1984. Once more in the comparison of growth in
fish and invertebrates. Fishbyte 2(1):21 p.

Pauly, D. and M.L. Soriano. 1986. Some practical extensions to Beverton and
Holt's relative yield-per-recruit model. Pages 491-496 in: J.L. Maclean,
L.B. Dizon and L.V. Hosillo (eds.). The First Asian Fisheries Forum.
Asian Fisheries Society, Manila, Philippines.

Piedra, G. 1969. Materials in the biology of the yellowtail snapper (Ocyurus
chrysurus Black). Pages 251-296 in: A.S. Bogdanov (ed.) Soviet-Cuban
fishery research. Trans. From Russian: Israel Prog. For Sci.
Translations. Jerusalem, [srael.

Posada, J.M. and R.S. Appeldoorn. 1996. The validity of length-based methods
for estimating growth and mortality of groupers, as illustrated by
comparative assessment of the creole fish, Paranthias Jurcifer (Pisces:
Serranidae). In: F. Arrenguin-Sanchez, J.L. Munro., M.C, Balgos and
D. Pauly (eds.) Biology, fisheries and culture of tropical groupers and
snappers. ICLARM Conf. Proc. 48, 449 p.

Silvestre, G.T. 1986. Yield-per-recruit analysis of ten demersal fish species from
the Samar Sea, Philippines, Pages 5(1-504 in; JI.L.. Maclean, L.B.
Dizon and L.V. Hosillo (eds.). The First Asian Fisheries Forum.
Asian Fisheries Society, Manila, Philippines.

Ralston, S. 1987. Mortality rates of snapper and groupers. Pages 375-404 in:
1.]. Polovina and S. Ralston. (eds.). Tropical snappers and groupers.
Biology and fisheries management. Westview Press, Boulder, Co.

869



Proceedings of the 50th Gulf and Caribbean Fisheries Institute

Ricker, W.E. 1975. Computation and interpretation of biological statistics of
fish populations. Fish. Res. Board Can. Bull. 191. 382 p.
Thompson, R. and J.L. Munro. 1983. The biology, ecology and bionomics of
the snapper, Lutjanidae. Pages 94-109 in: J.L. Munro (ed.) Caribbean
coral reef fishery resources. ICLARM Stud. Rev. 7. 276 p.
Wetherall, J.A., J.J. Polovina and S. Ralston. 1987. Estimating growth
mortality in steady-state fish stocks from length-frequency data. Pages
53-74 in: D. pauly and G. Morgan {eds.) Length-based methods in
fisheries research. ICLARM, Manila.

870



