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INTRODUCTION

Fishing has been permitted in national parks since the establishment of
Yellowstone in 1872. Although 36 CFR 2.5 (e and f} disallows the killing of
wildlife, in this case wildlife was interpreted to mean terrestrial organisms. In
fact, 36 CFR 2.3 specifically authorized the harvest of fish from national parks.

To what extent this harvest would be allowed however was not as well defined.

In 1987, President Reagan put forth the National Recreational Fishing Policy
(NRFP) which was a statement of how the federal government perceived the
importance of recreational fishing. Each federal agency mandated to manage
recreational fisheries then responded with it's own set of guidelines outlining
how they intended to fulfill these policies. The National Park Service
responded with NPS-77 guidelines, designed to provide clarification for
managers to carry out these policies with respect to, among other topics,
extent of allowable harvest. Chapter 3 (fishing), page 2 of these guidelines

state:

When harvest is permitted, the superintendent will determine a
permissible harvest level based upon the species, it's biological

characteristics, and reproductive potential; but in no case will




harvest be allowed to reduce the reproductive potential of the
population or to radically alter it’s natural (unfished) age structure.
The fisheries management goal will not be to maximize sustainable
harvest but to determine an optimum harvest level based upon
biological balance and integrity as well as the quality of the fishing

experience.

It is clear from this section that the fishery management goals of the national
parks are not quite the same as those of the rest of the state of Florida, which
seeks to allow the maximum sustainable yield. However in Everglades
National Park (ENP) state fishing regulations have always been adopted, with
the exception of an overall 10-fish bag limit per species enacted in 1980. This
regulation was passed when fishing activity in the park was at an 18-year low.
In many instances state regulations have been adopted solely to minimize
conflicts from having two different sets of regulations; one for inside the park
and one for outside in state waters. Since the prohibition of commercial
fishing within ENP in 1985, the park has had the "luxury" of managing the
fishery to fulfill the needs solely of the recreational/guide groups, unlike the
state, which must still respond to the demands of commercial fishermen and
the fish processing houses. Consequently, it is not at all certain that the
states regulations are always appropriate to meet the management goals of
ENP. Commercial fisheries most often operate to maximize "yield-per-recruit”

were only total weight of the catch is considered important for economic



reasons. But since commercial fishing interests have been excluded from the
park, I propose investigating the use of a "utility-per-yield" approach (Die et al.,
1988) in which "utility" is defined by the preference of the recreational
fishermen. This approach would seek to maximize the size of fish most
preferred by recreational anglers (presumably larger, more sporting fish) rather

than the total weight of the harvest.

OBJECTIVES OF STUDY

1.) Develop a stock assessment of the spotted seatrout (Cynoscion nebulosus)

stock in Florida Bay and adjacent waters

2.) Use stock assessment data to build the simulation model

3.) Use the simulation model to develop a fisheries management plan that

reflects the specific management goals of ENP

The first objective of this study is to develop a current stock assessment of the
spotted seatrout stock using the existing data base and similar methods used
by Rutherford (1989). I have chosen to model spotted seatrout for this study
for three important reasons: (1) they make up almost half of the total harvest
in ENP (Tilmant, 1989), (2) they are one of the few large game fish that lives

out it’s entire life within the estuaries of ENP, making it an excellent indicator



to conditions in Florida Bay, and (3) they are the most thoroughly described

stock within the park.

The second objective is to incorporate this stock assessment data into the
length-based population simulation model "LSIM" (Goodyear, 1989a). The
input for the population simulation model is the basic data on spotted seatrout
as well as a host of exploitation statistics. In order for the results of the model
to have maximum integrity the fish and the fishery must be described as

accurately as possible.

The third objective is to use the resulting simulation model to develop and
evaluate a fisheries management plan. This plan will include an assignment of
a numerical value to the concepts outlined in the NPS-77 guidelines that more
directly reflect the intent of the Park’s specific management policies, i.e
"optimum yield". More specifically, I will focus on using a value for the
reproductive potential of the fish stocks in order to define a desirable level of
harvest. The concept of reproductive potential has been thoroughly
investigated by Goodyear (1989b) who presents a mathematical formula to
quantify the condition of the reproductive state of an exploited stock called the

Spawning Potential Ratio (SPR).



Stated simply

P (unfished)
SPR =  —mcmoeeee-

P (fished)

where P (unfished) = potential fecundity of a recruit in the absence of

fishing mortality, and;

P (fished) = potential fecundity of a recruit in the exploited stock

Using the population simulation model, I will calculate historic and present
values for SPR the spotted seatrout stock within ENP (more specifically in
Florida Bay) and attempt to determine a target value for it that corresponds
with the park management goals. The model can then be used to give
predictive insight on the proper level of harvest (and thus regulations) to
achieve and maintain these desired values. The model will not, however, solve

all the problems associated with allocating a limited resource.




METHODS
Fisheries Monitoring Data
A fisheries monitoring program has been in place in ENP nearly continuously
for thirty two years. Catch and harvest data was collected by the University of
Miami from 1958 to 1967. In 1972 the park reinstated the program
incorporating estimates of total effort and catch from recreational, guide, and
commercial (hook & line and netting) fishing. Lengths of harvested fish have

been collected by the park since 1973.

Recreational data within the park is collected in the form of fishermen
intercepts (interviews) carried out at the two major access points in the park:
Flamingo representing Florida Bay and the Keys, and Chokoloskee Island
representing the Gulf Coast (Figure 1). Fishermen are interviewed at the end
of their fishing trip as they trailer their boats and clean their harvest.
Fishermen are asked how long they fished, how many people in the boat
fished, how many and of what species they kept as well as released, and
exactly which area (1-6) they fished. Total lengths of harvested fish are taken
(to the nearest millimeter) as they are brought to the cleaning area.

The total number of fishing boats (total effort) within the park boundaries is
estimated by counting the number of empty boat trailers at the marina in
Flamingo. Periodically overflights are done over the entire park and the actual
number of fishing boats seen that day is plotted against the number of empty

trailers. A daily count of empty trailers in used to calculate the total estimated



boats in the park for that day by linear regression.

Guides that operate within park waters are required to apply for a no-fee
permit every year and to report each fishing trip they take into the park.
Guide are issued a log book that incorporates the same information as the
recreational interviews. Each trip is entered in the log and returned to the
park at the end of each month.

To estimate the percent of guided trips that comply with the reporting system
Rangers as well as interviewers keep a list of the guides that are contacted
throughout the month and exactly which days they were observed fishing.
These observations are then cross referenced against the returned reports and
the percent of reports that correspond with the observations is used the
compliance figure. Reported data is then extrapolated upward using this
figure. A complete documentation of the ENP Fisheries Monitoring Program is

given in Davis (1978).

Data from previous studies on spotted seatrout in ENP will be utilized when
appropriate. The latest study on age and growth (Rutherford 1974) will be
used for length-at-age calculations. Fish of a given length will be assigned
ages based on, not a cut-off point but, on the distribution of that length class
amongst actual observed ages from the length age key. This method helps
account for the overlap of a given size between two or more ages. Methods for
Virtual Population Assessment (VPA) and estimates of fishing mortality (F) will

be similar to those used by Rutherford (1989), using the updated database and




verifying the terminal fishing mortality value.

Blological Data

For preliminary study, a total of 69 spotted seatrout samples were obtained
from either sport fishermen catches from Everglades National Park Flamingo
boat ramp (Florida Bay), or from independent sampling (West Lake) from May
to June 1990. Data collected from all fish included date caught, area caught,
total length, and sex. Total weight was taken from 57 of the fish. Scales and
otolithes were taken from all fish to verify age. Gonads were taken from all
fish and either processed immediately or kept on ice for further measurements.
Gonads were weighed, measured (total length), and assigned a stage of
ripeness according to Tabb (1961), and then preserved in 10% formalin. The
relation of gonad weight to total length of females agreed well with that of
Sundararaj and Suttkus (1962). The total number of eggs per gonad was
estimated by using the conversion of eggs/gm of gonad weight calculated by
Sundararaj et al (1962). Only gonads in the ripe stage (V) were used to
estimate fecundity. The estimated number of eggs was regressed against
total length. Estimates of fecundity were calculated by using the average
length at each age derived from Rutherford et. al. (1982). To better quantify
developmental stage of the gonads, a gonadosomatic index (GSI) was

calculated by dividing gonad weight by total weight of the fish.




Mortality
Annual estimates of instantaneous rate of total mortality (Z) were calculated
from catch curves as well as from the Virtual Population Assessment (VPA)

from the formula described by Ricker (1975):

Z=(ogeN,, -logeN)

where Nt+1 equals the number of individuals of a given cohort during a given

year, and Nt is the number of individuals of the same cohort the previous year.

The instantaneous rate of fishing mortality (F) was calculated as:

&)
]

Z-M,

which states that total mortality equals fishing mortality plus natural
mortality. The procedure assumes recruitment and annual survival to be
constant and that all ages in catch are equally susceptible to sampling gear.
As recruitment is known not to be constant from year to year, F values from

the VPA were chosen for use in the model.

Virtual Population Assessment
A Virtual Population Assessment (VPA) was used to provide estimates of
abundance, fishing mortality rate, and exploitation rates. The program

COHORT, written by Fox (1976) , used to run the VPA requires estimates of



total removal from the population by age (harvest), natural mortality rate (M)
(i.e. the natural instantaneous rate of death due to factors other than fishing),
and estimates of the fishing mortality rate (F) of the oldest age under

investigation.

The total number of fishing boats within ENP on any given day is determined
by a regression of the number of empty boat trailers at the Flamingo marina
against a known number of boats in the park that day established by aerial
counts (Davis 1978). The number of seatrout observed harvested per boat (via
sport fishermen interviews) was then extrapolated to estimate the total number
of seatrout harvested. In the same way, fish are measured during the
interviewing process and assigned an age (Rutherford et. al., 1982). The
resulting age frequency distribution is then applied to the total estimated

harvest.

Estimates of natural mortality rate were estimated from the literature (M=0.30,
Tanaka, 1960, as cited in Rutherford et al, 1982; M=0.35, Rutherford et al
1982). The latter uses Pauly's (1980) equation relating M to von Bertalanffy

growth parameters and ambient temperature.

Fishing mortality for the oldest cohort (F = 1.5) in 1989 was obtained from
previous work (Rutherford, 1989), which was derived from an iterative

procedure fitting VPA calculated F to standardized effort. The VPA is then run



several times until the best fit between F and effort is obtained. Terminal F
values will have to be searched again for this work to assure current
accuracy. The F values for the terminal ages in 1974-1988 were obtained by
averaging the VPA-generated mortality rates of age at recruitment through the
terminal age-1 for each year starting in 1985 and sequentially working

backward in time to 1974.

RESULTS
Biological Data
Spotted seatrout sampled in this study varied in total length from 223 mm to
560 mm and in weight from 100.7 gms. to 1064.2 gms. A scatter plot was
created from this data (Fig. 1A), log transformed (Fig. 1B) and linear
regression applied. The resulting equation agreed well with Rutherford (1979)

and is given below is in inches and pounds ( r2 = 0.91, p<0.001}):

Weight = (5.90E-04) Length 275154

This equation will be used later in LSIM to estimate the yield in (in pounds) of

a given length frequency.

Gonad weight of spotted seatrout ranged from 0.25 gm (immature) to 12.71 gm
for males, and from 0.58 gm to 50.571 gm for females. Resulting GSIs ranged

from 0.20% (immature) to 2.15% for males, and from 0.26% to 4.19% for



females.

The regression equation of female spotted seatrout gonad weight (gm) to total

length (mm) (r2 = 0.73, p<0.0001) is:

Female Gonad Weight = (2.24E-08) Length 4%

Estimates of total number of eggs produced at each age along with the age
frequency distribution, show that age three fish contribute most to the egg

production within the population (Fig. 1, Table 1).

Spotted seatrout taken from West Lake had lower GSI than those taken from
Florida Bay despite the fact that they were sampled at virtually the same time
(Fig. 3). Gonad development was noticeably poorer, as well as the overall
condition of the from West Lake. The fact that hypersaline conditions (45 - 65

ppt) existed at the time of sampling may have contributed to this condition.

Mortality

Annual instantaneous total mortality rates (Z) for fully recruited fish (4+ years)
within the Florida Bay area varied from a low of 0.63 in 1978 to a high of 1.36
in 1978 with an overall average of 0.61 (Fig. 4). The assumptions associated
with these calculations however (constant year to year recruitment), are

probably violated so much as to render these estimates inaccurate.




Virtual Population Assessment

The results of the VPA will be given in two forms: population abundance and
instantaneous rate of fishing mortality. Initial runs of the VPA resulted in
spotted seatrout populations within Florida Bay varying from 590,542 to
786,017 individuals (Table 2). The total recruited population steadily
decreased from 1982 (Figure 4). Recruitment (measured by the number of 1
year olds) ranged from 212,988 to 317,538 individuals, however this too has
also steadily decreased. Annual estimates of fishing mortality (F) from the VPA
varied from 0.14 to 0.50 with an average of 0.30 (Table 3) and has been

increasing, coinciding with the relative decrease in the population.

DISCUSSION
As stated previously, the short term objectives of this work are to compile the
data necessary to run LSIM. Ultimately, I will want to be able to predict the
outcome of a number of different management scenarios and to know how
confident I can be about these predictions. In light of the fact that LSIM will
without a doubt generate some numbers, regardless of the accuracy of the
baseline data, it becomes increasingly apparent that knowing the confidence
limits of these numbers is in fact more important than the numbers

themselves. I will devote much of the remainder of this section to discussing

both the strengths and the limitations of the presented data and how it might




effect the overall performance of the modeling procedure.

The procedure used to obtain the length/weight equation is very

straightforward and uses continuous variables. The resulting equation, due to
the extremely significant F value, has a very high confidence associated with it.
This part of the data will be used with practically no reservations regarding it’s

accuracy.

The derived equation for the linear regression of fish length against gonad
weight, despite the statistical significance, suffers from low sample size.
Furthermore, do to the short duration of the sample period, it is not known if
GSIs ever reached their actual peak. Much more could be inferred about the
spawning cycle of the fish if GSIs were calculated over the entire year and
separated by area. This would also help determine, however not conclusively,

whether in fact seatrout spawn twice per season.

Calculation of total instantaneous rate of mortality from the catch curve as
well as in the VPA uses the widely accepted methods of Ricker (1975), however

the assumptions of constant recruitment and survival may well be violated.

Many of the above points pertain directly to the limitations of the VPA as well.
The assumption of a constant natural mortality in VPA analysis has the

greatest bias on the most current years of the analysis, however, the bias



decreases as one moves towards the earlier years of data. By incorporating
sensitivity analysis to the factors with the widest variance (i.e. natural
mortality and recruitment)} a subsequent range of outcomes can be analyzed
and a "worst case scenario” can be evaluated. The other potential weakness
of the VPA is the assumption of the consistent accuracy of the length-age key
used throughout the study period. By assuming this key is constant we must
accept the assumption that growth has remained constant for the same time
period, and strictly speaking, this is unlikely to be the case. This assumption
not only affects the VPA results but also the mortality calculations from the

catch curve.
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RESIDUALS 55 1.70836 0.0310612
TOTAL 5¢ 19,7528
REGRESSION STANDARDIZED STAMDARD
VARTABLE COEFFICIENT COEFFICIENT ERROR T PROB
1 LENGTH - 2.70619 0.855779 0.112278 24.102% 0.0000
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5 0OF S
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0 ¥ Uiy 1010 Cio
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