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ABSTRACT

Ingram, G. Walter, Jr., Ph.D., University of South Alabama, May 2001. Stock structure
of gray triggerfish, Balistes capriscus, on multiple spatial scales in the Gulf of Mexico.
Co-Chairs of Committee: Robert L. Shipp and James H. Cowan, Jr.

In recent vears a demand has been created for gray triggerfish (GTF) due to an
increase in regulations on other reef species and the increased awareness of its excellent
flesh. The objectives of this dissertation are to provide insights into stock structure on
large and small-scales, and to provide population parameters necessary for future
management. [ used descriptions of larval distribution, values of selected population
parameters, and mark-recapture to evaluate the degree of stock homogeneity of GTF.

Movement patterns of GTF were described by employing a mark-recapture study.
Of the 1235 GTF tagged off the Alabama coast from March 22, 1995 through October
20, 2000, encounter histories for 270 individuals were obtained. GTF exhibited high
annual site fidelity (0.63-0.87 per year) with small pulses of movement during tropical
cyclones on the scale of a few kilometers. Management of GTF may be facilitated by the
implementation of no-take marine reserves.

Age, growth, mortality and reproductive data were collected on 1,849 GTF from
July 19, 1996 to October 20, 2000. GTF were found to live to 9 vears of age, reach a

theoretical maximum fork length of 583 mm, and spawn from May to August.

Population parameters of GTF appeared heterogeneous on multiple spatial scales. At the

X1l



;t Jocal scale, GTF appeared to have differences in growih and mortality parameters, which
% may have been attributable to differential fishing pressure between reef areas off

é Alabama. On a Gulf-wide scale, temporal differences in growth and mortality parameters
% may have resulted from differential exploitation, and precluded meaningful comparisons
§ of parameters.

‘ The distribution of larval/juvenile GTF in the Gulf was analyzed using data
collected during surveys of the Southeast Area Monitoring and Assessment Program

; from 1990-1993. This indicated that larval/juvenile distribution is affected by

\1 hydrography and distribution of spawning grounds. GTF may have a prolonged pelagic
;% phase and exhibit homogeneous stock structure in relation to genetic variability.

L However, if young GTF are entrained within currents that retain them in the same area

% from which they were spawned, the result would be a mostly self-recruiting population or
;8 sub-population.
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1_5‘ CHAPTER 1: GENERAL INTRODUCTION
s 1.1 Introduction
b

Reef fishes represent important commercial and recreational resources in the Guif

of Mexico (Gulf). Within the past decade and a half, many concerns have arisen over the
future of some reef fish stocks. Many cconomically and ecologically important species in
the snapper/grouper complex currently are estimated to be overfished, with declining
recreational and commercial landings of many species (GMFMC, 1989). The Reef Fish
Fishery Management Plan was implemented in November 1985 by the Gulf of Mexico
Fishery Management Council (GMFMC) to rebuild declining reef fish stocks. There are

numerous species managed under this plan, including the gray triggerfish (GTF), the

e M%ﬁ,t%:*}!‘,’««@‘-’%i}%:ﬂ%‘ﬁi«%"w M@Wﬁ’ﬁﬂaﬁlgﬁﬁ'ﬁzﬁ%iﬁ oot e Bl i Sl e B A i

subject of this dissertation.

e 1

e

The gray triggertish, Balistes capriscus, ranges in the western Atlantic Ocean
from Nova Scotia to Argentina, including the Gulf of Mexico. In the Gulf, the GTFisa
reef fish inhabiting both natural and artificial reefs in waters from 10 m (Smith, 1976
Johnson and Saloman, 1984) to 106 m (Kevin Rademacher, pers. comm.') in depth as
adults. Fishery independent data provided by National Marine Fisheries Service (NMES)

in the form of videos taken of reefs in the Gulf indicate that GTF are distributed from

e

! National Marine Fisheries Service. Pascagoula, Mississippt
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south Texas around the northern Gulf to just north of the Florida Keys with increased
concentration of adults associated with the numerous artificial reef permit areas (Kevin
Rademacher, per. comm.). Early life stages include demersal eggs and pelagic larvae
(Richards and Lindeman, 1987), and for extended periods of time, the GTF is planktonic
and associated with seaweed and flotsom (mostly Sargassum spp., Dooley, 1972).

Until recently GTF were not prized by recreational and commercial fishermen.
Hence, the GTF did not support an economically important directed fishery in the Gulf.
However, an increase in regulations on other reef species and the increased awareness of
the excellent flesh of GTF have created a demand for this previously underutilized
fishery resource. This increase in demand can be seen in both commercial and
recreational landings of GTF the in Gulf (Figure 1.1; Harper and McClellan, 1997) from
1986-1996. After 1990 a sharp decline in landings occurred.

The goal of this dissertation is focused on two main objectives: to provide insights
about stock structure on large and small-scales, and to provide population parameters that
are necessary for future management. In this dissertation, the term “stock’ refers to the
population of GTF in the Gulf, and is synonymous with the term “population.” These
results are a needed addition to the currently depauperate information on the population
ecology and population dynamics of GTF in the Gulf. If the current trend of increasing
popularity of GTF continues, a stock assessment of GTF in the Gulf will be necessary in
the near future. The results of this project also provide important information that will

assist in the development of a fishery management plan for this species.

|89
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Figure 1.1. Recreational and commercial landings of gray triggerfish in the
Gulf of Mexico.
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1.2 Generalized Linear Models

In fisheries biology, and the field of biology in general, there are many discrete
response variables, which have event counts (i.e. count data) as possible outcomes.
Throughout this dissertation, count data are described with many different types of
generalized linear models, which include logistic regression models, Poisson regression
models and negative binomial regression models.

Logistic regression is used to model binary response variables, for which the
response measurement for each sample is a “success™ or “failure.” For a binary response
¥ and a quantitative explanatory variable X, let n(x) denote the probability of “success”
when X takes the value x. This probability is the parameter for the binomial distribution,
in which the mean and variance of a binomial distribution with N trials are £(Y) = N7
and Var(Y) = N7 (1 - m), respectively. The logistic regression model has the linear form

for the logit of this probability,

logit[r(x)]= log(f%j =a+ fi.

The equation indicates that 7(.x) increases or decreases as an S-shaped function of x. An

alternate equation uses the exponential function ¢, in the form:
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where the parameter [ determines the rate of increase or decrease of the S-shaped curve.
However, parameter interpretation while in this equation form is convoluted and
unintuitive (McCullagh and Nelder, 1989; Agresti, 1996, Mark Carpenter, per. comm.z).

Perhaps the simplest way to interpret the parameters is by taking the inverse

natural log of both sides of the original linear equation. Therefore, the odds of “success”

are:

This exponential relationship provides an interpretation of G the odds increase
multiplicatively by e’ for every one-unit increase in x (McCullagh and Nelder, 1989;
Agresti, 1996; Mark Carpenter, per. comm.).

Next, the Poisson distribution is a potential probability model for many types of

count data. It 1s indexed by a parameter g, its mean. Let v denote a possible outcome for

the Poisson variate. The formula for Poisson probabilities is:

The possible outcomes for y are nonnegative integers. Also. let (}) denote the expected

value of variable ¥, which is the mean of its probability distribution. Let Var(}) = o(Y)

: Department of Mathematics and Statistics, University of South Alabama, Mobile, Alabama
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denote its variance, a(Y) its standard deviation. Therefore, the Poisson mean parameter is

also the variance of the distribution. That is;

BY)=VarlY)=p,  olr)=yz

(McCullagh and Nelder, 1989; Agresti, 1996; Mark Carpenter, per. comm.).
A Poisson loglinear model is a generalized linear model that assumes a Poisson
distribution for Y. If 4 denotes the expected value of for a Poisson variate y, and X

denotes an explanatory variable, then the Poisson loglinear model, which is employed to

perform Poisson regressions, has the form:

logu=a+ fix.

For this model, the mean satisfies the exponential relationship:

A one-unit increase n.X has a multiplicative impact of ¢ on x (McCullagh and Nelder,
1989; Agresti, 1996, Mark Carpenter, per. comm. ).

Count data often show greater variability in the response counts than one would
expect if the response distribution truly were Poisson. If this is the case, the response

variances will be much larger than response means, whereas Poisson distributions have



identical means and variances. This phenomenon is known as overdispersion. A
common cause of overdispersion is heterogeneity among subjects. If the resulting
Poisson regression model has significant lack-of-fit due to overdispersion of data, the
negative binomial regression may be a better model to use, which would adjust model
variances without significantly changing the parameter values (McCullagh and Nelder,
1989; Agresti, 1996, Mark Carpenter, per. comm. ).

The negative binomial distribution is described by two parameters: the mean ()

and a dispersion parameter (k) such that the probability of observing a specific value x 1s:

A i T
% Tn s e

ktx—1Y mY
Pr{x :x):( ) [ﬂj (1+3ﬂ
L k-1 \% k)

mk>0,x=012,...

A

et B TR L e
RS R e

The arithmetic mean (m) measures location, and k measures the dispersion of the

vy
W
L
%

negative binomial distribution. As k — e, this distribution approaches a Poisson

distribution. However, as k — 0 (i.e., the population becomes more clumped), the

distribution approaches a logarithmic series. Therefore, at a given scale, k can be

a4

interpreted as the degree of clumping in the population. The Poisson assumption of
spatial independence is relaxed with the negative binomial distribution (McCullagh and
Nelder, 1989; Agresti, 1996; Mark Carpenter, per. comm. ).

The loglinear negative binomial regression model closely resembles that of the

Poisson regression model save for the aforementioned dispersion parameter located in the
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systematic component of the model. The parameters 6f the log negative binomial are
interpreted exactly like those of the Poisson model (i.e. by taking the inverse natural log
of both sides of the regression model and describing the multiplicative effect of each
parameter on £) (McCullagh and Nelder, 1989; Agresti, 1996, Mark Carpenter, per.
comm.).

There are two primary statistics used in evaluating parameter significance, lack-
of-fit, and the significance of each step in the model building process of the
aforementioned models: the deviance (likelihood-ratio statistic) and Pearson’s chi-square

statistics. Pearson’s chi-square statistic is defined as:

/\fl — Z (.yl - /’li )2
“

(McCullagh and Nelder, 1989; Agresti, 1996, Mark Carpenter, per. comm.).
The deviance statistic is asymptotically a chi-square random variable with the
degrees of freedom equal to the number of observations minus the number of parameters

in the model (i.e., df = n-p-1) and is defined as:

N\

1
|
|

-

| ‘)
Deviance = 2Ly, log| —
My )

For most models. lack-of-fit and parameter significance can be evaluated by using both
the Pearson’s chi-square and deviance statistics. If a mode! has insignificant lack-of-fit,

then the corresponding p-value of each statistic should be large. Conversely, if a model



has significant lack-of-fit, then the corresponding p-vaiue of each statistic should be
small. When testing the sigriiﬁcance of individual parameters, a low p-value indicates a
parameter is significant (McCullagh and Nelder, 1989; Agresti, 1996, Mark Carpenter,
per. comm. ).

However, for models of rare events data both statistics may not be appropriate to
evaluate lack-of-fit, and may be at completely opposing ends of the significance
spectrum. In other words, for rare events data, Pearson’s chi-square may indicate
insignificant lack-of-fit (i.e. have a high p-value) while the deviance statistic may indicate
significant lack-of-fit (1.e. low p-value)(Mark Carpenter, per. comm.).

Even though deviance may not be an appropriate statistic with which to evaluate
lack-of-fit, McCullagh and Nelder (1989) indicated that using the significance of a
reduction in deviance to evaluate the addition of more parameters to a model 1s
appropriate because deviance partitions associated with model parameters are additive

where Pearson’s chi-square is not.

1.3 Approach and Rationale

Under the most widely accepted management paradigm, species like GTF that
have pelagic larval and juvenile life history stages are assumed to belong to a genetically
homogenous or unit stock (Ricker, 1975; Gulland, 1983; Kichards and Lindeman, 1987).
While this may be true, previous studies (Beaumariage, 1964 Johnson and Saloman,
1984) suggest that adult GTF exhibit high site fidelity and thus may be prone to localized

differences in population demographics (Gulland, 1983); fishes that exhibit high site




fidelity may also be highly susceptible to localized ovérexploitation as fishing pressure
increases (Bohnsack, 1989). Although not directly calling into question the unit stock
hypothesis for GTF, this does suggest that adult GTF may better be managed with respect
to local demographics (i.e. with respect to management units within a unit stock).

Gulland (1983) suggested that data derived from several sources could be used to
provide information on stock separation: distribution of fishing, spawning areas and
larval/juvenile distribution, values of population parameters, morphological or
physiological characteristics, and tagging. Of these, [ used descriptions of larval
distribution, values of selected population parameters, and mark-recapture to evaluate the
degree of stock homogeneity of GTF.

[ used mark-recapture (i.e. tag-recapture) to describe movement patterns and site
fidelity of GTF. Ireasoned that if fish tagged off the Alabama coast in one area are
frequently recaptured in other areas, then the same stock likely occurs throughout the
waters off Alabama. If not, then the stock may be separable into management units
(MU's). If different MU's are present, | hypothesized that there may be differences
between population parameters (here growth, reproductive and mortality parameters) of
GTF in different reef areas off Alabama.

[ compared values of selected population parameters on multiple scales to gain
insight on GTF stock structure. On a relatively local scale, [ reasoned that if there are
little differences in growth and/or mortality of GTF between individual reefs and/or
between clusters of reefs within the same area, then local separation of GTF into smaller
MU’s may not be warranted. On a slightly larger scale, [ reasoned that if there are little

differences in growth, mortality and/or reproductive parameters of GTF between

10
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artificial-reef permit areas off Alabama then local sepération of GTF into smaller MU’s
may not be warranted at the permit-area scale. On a relatively larger scale, I reasoned that
if there are significant differences between the population parameters for GTF in the
north-central Gulf compared to other areas of the Gulf, then there might be separable
MU's within the unit stock.
Finally, on an even larger scale, I reasoned that a description of larval distribution
of GTF would provide insight into the stock dynamics of this species. If there is a clear

separation of adult and larval distributions, then recruitment to reefs may not be derived

from local sources.
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CHAPTER 2: MOVEMENT AND SITE FIDELITY OF GRAY TRIGGERFISH

2.1 Introduction

Until recently, the focus of adult reef fish studies has been primarily on relatively
sedentary taxa (e.g., Pomacentridae, Labridae; Jones, 1991; but see Ingram and Patterson,
In press). This has somewhat diverted attention from the issue of fish movement and its
effect on spatial and temporal patterns in population size and structure. However, even
in species exhibiting high site fidelity, estimates of population parameters have a hidden
element associated with the balance of immigration and emigration. Of more mobile
species, it is expected that patterns of distribution across reef systems on large spatial
scales will be determined by movement and habitat selection following recruitment to
adult reef habitat (for review, Jones, 1991).

Difficulties in quantifying movement make this one of the most challenging
demographic parameters to estimate. 1t can only be measured di=ctly by observing
individually recognized or tagged tish shifting from one place to another, and then
estimating the net effects on other population parameters. Because movement may be
unpredictable and instantaneous, it may be difficult to detect without continuous

observation (Jones, 1991). Given these inherent difticulties, it is not surprising that many




1.1), which peaked in the early 1990s after the close of the red snapper fishery. Marine
reserves may provide an effective management tool to overcome the weaknesses of
current management practices, especially with regard to ecological complexity and the

effects of shifts in fishing effort between species due to imposition of regulations

igs ozve, e

i (Bohnsack, 1993; Lauck et al., 1998).

E The utility of a marine reserve depends on the life histories and behavior of the
% species under management. [ reason that reef species exhibiting high site and/or area
4

; fidelity may profit from the shelter of a no-take marine reserve. Also, [ reason that

=

¥

! tropical cyclones may facilitate the export of adult biomass trom no-take marine reserves
A

% in the northern Gulf (Ingram and Patterson, In press; Patterson, 1999; Watterson, 1998,
3 Watterson et al., 1998) by causing an increase in movement, thereby restocking
L surrounding areas.

One of the most important uses of a marine reserve may be to serve as a refuge
from fishing pressure for some or all of the species in the area. By releasing such tishing
pressure, a population may then become structured by natural mortality instead of fishing
mortality (Bohnsack, 1992). Thus, reserves may increase the density, average size, and
spawning stock biomass (SSB) of species in the reserve, even large predatory species like
carangids and lutja~ids (e.g., Plan Development Team, 1950; Polunin and Roberts, 1993;
Roberts, 1995: Russ and Alcala, 1996). Because larger individuals tend to have higher
reproductive output, a population now structured by natural mortality with a greater
abundance of larger and older individuals in a marine reserve may have a much higher

reproductive output (Bohnsack, 1992). Hence. marine reserves could possibly enhance
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fisheries by acting as centers of dispersal of propagulebs and adults into the areas
surrounding the reserve.

To date, there have been few studies concerning movement of adult gray
triggerfish. Ofori-Danson (1990) reported that gray triggerfish off the west African coast
in the eastern Atlantic Ocean move from cold coastal waters as a result of seasonal
upwelling (during the third quarter of the year) to join an offshore stock, which is present
throughout the year. In contrast, Beaumartage (1964) and Johnson and Saloman (1984)
reported that Gulf of Mexico fish may be less migratory. For example, Beaumariage
(1964) found that 38 of 103 gray triggerfish that were tagged and released in the
northeastern Gulf were recaptured by investigators (36.9% recovery rate) in the
approximate area of initial capture and release.

Thus, the purpose of this chapter is to describe the movement patterns of gray
triggerfish off the Alabama coast and to accomplish two goals. The first objective of this
chapter is to provide insight into the stock structure of GTF off the Alabama coast by
describing the propensity for, direction and velocity of movement, and site tidelity of
GTF inhabiting natural or artificial reefs. A finding of a high likelihood or velocity of
movement would support the unit stock hypothesis (Gulland, 1983). However, a finding
of high site fidelity and little or no movement could be evidence that fish in different
areas constitute difterent MU’s within the unit stock, especially if localized differences in
growth, reproductive and survival parameters can be demonstrated (Gulland, 1983). The
second objective of this chapter is to provide insight on the utility of marine reserves as a

management tool for GTF stocks in the northern Guif.



For mark-recapture studies, both Cormack-J oliy-Seber (CJS) model theory and
corresponding ring recovery model theory (Brownie et al., 1985) for time-specific effects
is well developed and established. Many mark-recapture studies on fish can generate
both live recaptures and dead recoveries from fish that are harvested or found dead
throughout the year. Burnham (1993) provides a basic generalization of the CJS and ring
recovery model for the simultaneous analysis of live recapture and dead recovery data.
The basic model (Burnham, 1993) gives an estimate of the following parameter set: S for
survival, 7 for the probability of recovery of an individual that 1s dead, p for the recapture
probability of an individual that is alive, and /- for the probability that an individual
remains on the study area (fidelity) and hence is available for recapture. Thus, the joint
recovery and recapture model provides unbiased estimates of S assuming that 7 is
constant regardless of where the animal dies. If r varies geographically (i.e. if r declines
as animals emigrate from the study area), then the estimates of S will still be biased.
Before [ can make strong inferences about the unmarked (untagged) population,
there are several assumptions about the tagged population that must be met. These
assumptions include: 1) tagging does not affect the mortality of the tagged GTF; 2) all
GTF have the same probability of being captured whether they were tagged or not; 3)
tagging does not affect the growth of tagged GTF; 4) tagging does not effect the behavior
of tagged GTF; 5) tagged GTF were recognized as such; and, 6) tags recovered by fishers
were all reported (Seber, 1982; Krebs, 1989; Nielsen, 1992: Patterson, 1999). In this
chapter, I first present the methods used during the tagging studies, as well as the

methods by which the aforementioned assumptions were tested. then present the
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were all reported (Seber, 1982; Krebs, 1989; Nielsen, 1992: Patterson, 1999). In this
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methods by which the aforementioned assumptions were tested. [ then present the
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methods by which I make inferences on the untagged bopulation to describe movement
patterns, survival and site fidelity of GTF in the north-central Gulf. Finally, I discuss in
detail how deviations from assumptions pertain to statistical analysis concerning
movement, velocity, and site fidelity, the differences in parameters of GTF inhabiting

natural versus artificial reefs, and the utility of marine reserves as a management too!l for

GTF with respect to movement patterns.

2.2 Materials and Methods

2.2.1 Study Area

GTF were tagged during two studies off the Alabama coast. The first study took
place from March 22, 1995 through July 20, 1998. During this study, GTE were
opportunistically tagged from June 20, 1995 through February 25, 1998 as part of a red
snapper (Lutjanus campechanus) tagging study (MarFIN Grant number NA5S7FF0054,
Robert L. Shipp, principle investigator) over nine artificial reef sites. These reefs were
located between 20 and 32 km south-southeast of Dauphin Island, Alabama, in the Hugh
Swingle General Permit Area for artificial reef deployment (Figure 2.1). The artificial
reefs were constructed eighteen months prior to the start of the tagging study to allow
sufficient time for fouling of the reef material and attraction of fish. The artificial reefs
were constructed from a variety of materials. These included newspaper bins, shopping
carts, 55-gallon plastic drums, and a tractor-trailer truck bed. The reefs were deployed in

a3 « 3 grid and were between 4 and 16 km apart. Each reef site was given a directional
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Figure 2.1. Artificial reef tagging stations in the Hugh Swingle General Permit Area.
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name according to its location in the grid. Reefs in ez;ch row occupied a similar depth.
The northern, central and southern reefs were at depths of approximately 21, 27 and 32
m, respectively. During this study, 22 tagging trips were made to capture and tag GTF.
During each tag and recapture operation (each cruise), at least 3 stations were sampled.
Because GTF were exclusively tagged over artificial reefs during this project, this project
will henceforth be known as that artificial reef study (ARS).
The second tagging study took place between October 1, 1997 and October 20,

2000. Gray triggerfish were captured in two natural reef areas in the north-central Guif
off Dauphin Island, Alabama (Figure 2.2). These areas were chosen due to high
historical catch of GTF on these sites by recreational anglers. Each of the two areas was
arranged into a cluster of tagging stations. The first area was a cluster of six tagging
stations located in the northeast corner of the Hugh-Swingle General Reef Permit Area in
approximately 20 m of water, proximal to the Southeast Banks. The stations, denoted as
the Inshore Site, consist of natural hard-bottom, and are approximately 0.1-1.5 km apart
within the Southeast Banks site. The other area was a cluster of four tagging stations
located south of the Hugh-Swingle General Reef Permit Area in approximately 32 m of
water, and denoted as Offshore Site (Figure 2.2). The stations at the Offshore Site also
consist of natural hard-bottom, but are more dispersed thor the stations in the Inshore
Site (i.e. approximately 2.9-5 km apart). Tagging stations within each area were named
first according to the area (i.e. Inshore, [ or Offshore, O), and then to the order in which
each was initially sampled (i.e. A, B, C, D or E), or replaced if the original stations were

“lost” to tropical cyclones during the study (i.e. R). During this study, 34 tagging trips
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were made to capture and tag GTF. Either the Offshofe Site or the Inshore Site was
sampled per cruise, not both. When the Offshore Site was visited, 3 to 5 stations were
usually sampled. When the Inshore Site was visited, 6 tagging stations usually were
sampled.

Due to passage of a tropical cyclone, stations OB and OD were “lost,” probably
due to the deposition of sand over these hard-bottom outcroppings. These stations were
repeatedly checked to determine if they would uncover with time, but on July 21, 1999, 1
added station OR (Offshore Replacement) to help compensate for the loss of stations.
Because GTF were exclusively tagged over natural reefs during this study, it will

henceforth be referred to as the natural reef study (NRS).

2.2.2 Tagging Protocols

The basic protocol for tagging was similar for both studies and consisted of one to
two GTF tag and recapture cruises each month, depending on weather conditions. Tag
and recapture cruises were made aboard the chartered fishing boat Lady Ann out of
Dauphin [sland, Alabama.

Upon arrival at each site, a Model 25, Sea Bird Electronics, Inc., conductivity,
temperature, and depth data logger (CTD) was used to record a water column profile of
temperature, salinity, and dissolved oxygen concentration to determine if movement of
GTF was dependent upon these environmental parameters. GTF were captured over reef
sites with rod and reel fished with straight-shank, barbed hooks. During the ARS, the

target of the study was red snapper; therefore, 5/0 size hooks were used. However, in
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order to better target GTF, I used 1/0 size hooks during the NRS. Once hooked, GTF
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were retrieved slowly from the bottom (approximate retrieval rate < 0.5 m/s) and placed

1t v

into an aerated holding tank with running seawater. Fish captured at each station were

i e e

measured for total length (TL) and fork length (FL). Elongated fin rays at the top and

a bottom lobes of the caudal fin can cause high variability in measurements of total length
(Johnson and Saloman, 1984; Menezes, 1985; Manooch and Drennon, 1987, Ofori-
Danson, 1989). Therefore, FL was used in all statistical analyses concerning length-

'ﬁ dependent data.

Each triggerfish then was tagged with an individualized Floy® FM-89 internal

5 anchor tag. Tags were inserted into a small incision made in the abdominal cavity, a

method proven to be effective in the ARS. When released, the condition of the
triggerfish were visually assessed based upon the following scale (Patterson, 1999;
Ingram and Patterson, [n press; Patterson and Ingram, In press): (1) GTF immediately
oriented itself toward the bottom and swam down vigorously; (2) GTF appeared
disoriented upon entering the water, oriented toward the bottom but swam erratically;
(3) GTF appeared very disoriented upon entering the water and remained at the surface;
and (4) GTF was either dead or unresponsive upon entering the water.
Tags in the ARS were yellow, F10y® internal-anchor, monofilament-core tags.
[nitially, tags in the NRS were yellow, Floy® internal-anchor, monofilament-core tags
and were used to tag GTF from October 1, 1997 through November 18, 1998. However,

due to tag loss, presumably by removal by other fish during the ARS and the first part of

the NRS, tag type was switched after 18 November for the remainder of the study to



orange, Floy® internal-anchor, stainless-steel-core tags>to reduce tag loss. Both types of
tags had similar dimensions in anchor size, length and diameter of tubing. Regardless of
tag type, each was marked with a tag number, the word “reward,” and a phone number
for fishers to report tag recoveries. Recaptures by other fishers within and outside of the
tagging areas were an important source of data, especially if GTF moved from the
tagging stations. Therefore, a $5 reward was offered per tag as incentive to fishers to
report tag returns, with a chance to win $500 in a drawing of tag returners at the end of
the study.

The occurrence of tropical cyclones during each study provided a unique natural
experiment to investigate the effects of tropical cyclones on movement of GTF. During
the ARS, Hurricane Opal passed within 40 km of the artificial reef tagging stations on
October 4, 1995 with maximum sustained winds of 200 km hr'. During the NRS,
Hurricane Georges passed within 50 km of the natural reef tagging stations on September
28, 1998 with maximum sustained winds of 150 km hr'. During both the ARS and the
NRS, movement was compared between fish that were at large during a tropical cyclone
(i.e. GTF that were tagged before the occurrence of the tropical cyclone and recaptured
after the occurrence of the tropical cyclone) and fish that were not at large during a
tropical cyclone (i.e. GTF that were tagged before and recaptured before, or GTF that

tagged after and recaptured after the occurrence of a tropical cyclone).
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2.2.3 Statistical Treatmenf of Data

Several two-group comparisons were made while analyzing size data of
recaptured GTF. Thése included comparisons between the FL of fish captured and
tagged during the ARS versus those during the NRS, and the FL of fish recaptured on my
tagging cruises versus those recaptured by recreational fishers during both the ARS and
the NRS. For each comparison, if both data sets passed the Kolmogorov-Smirnov test tor
normality (@ = 0.05) then they were compared using a t-test (& = 0.05). If one or both of
the data sets failed the Kolmogorov-Smirnov test, they were compared using a Mann-
Whitney rank sum test (& = 0.03).

Statistical analyses were performed to test the aforementioned assumptions, and
were based on those of Patterson (1999). Assumptions were tested on data from the
NRS, because the data with which to test the aforementioned assumptions was explicitly
collected during this study. Assumptions that were not tested included the assumption
that all GTF caught by fishers were reported, and that tagging did not alter the behavior
of GTF. The statistical methodology by which I tested the remaining assumptions is
presented below. Regardless of whether the assumptions were statistically tested or not,
all assumptions, and the consequences of not meeting them in these tagging studies are
discussed.

A large sample Z-test for proportions (& = 0.05) was used to test the assumption
that tagging had no effect on mortality of tagged GTF. 1 assumed that fish released in any

condition but condition one, according to the previously mentioned release condition

scale, did not survive to be recaptured. Therefore, it is was taken that the proportion of




GTF released in conditions two to four was the acute rﬁortality rate due to tagging. 1 then
statistically determined if acute mortality rate was significantly greater than 0. If' so, I
used logistic regression to model acute mortality rate as a function of depth from which
the GTF was captured, and fish size (mm FL). The dependent variable for this model,
condition, was assumed to be binomially distributed as a condition-1 or not. The variable
depth was based on average depth of inshore tagging stations (24 m) versus offshore
tagging stations (33 m), and was assigned as shallow versus deep, respectively.

The assumption that all tagged fish were recognized as such could not be directly
tested. However, [ again used a logistic regression to model the rate of external tag loss
of tagged GTF. This provided a means by which to correct for tag loss in future analyses.
To accomplish this, I modeled the binomial variable of tag retention against time at large
for each fish, and tag type following the methods of Patterson (1999). To ascertain
whether a tag was lost or not, I used only GTF recaptured over my tagging stations. [f
most of the external part of the tag was missing, usually there was a small part of the tag
core remaining on the outside of the GTF or a tagging scar. In either case, tag condition
was assigned as lost. I assumed that [ recognized all tagged fish, whether or not the
external part of the tag was missing.

The last assumption to be tested was the assumption that tagged and untagged
GTF have an equal probability of being captured (POC) (Patterson, 1999). Here, I
assumed that this assumption was met (Patterson, 1999), even though direct comparisons
of the POC of tagged and untagged members of the population were not made. However,

the recovery rate and the numbers of multiple recaptures of individual fish provide



insight into the POC of tagged individuals. Recovery rate was reported as percentage of

tagged fish that were recaptured.

Catch per unit effort (CPUE) was calculated for each tagging trip by counting the
number of fishers actively fishing for GTF on each tagging cruise, assessing the length of
time that these fishers sampled GTF for tagging, and counting the number of GTF
captured. A multiple regression was used to determine if there was a significant effect of
season, depth and/or hydrographic parameters (1.¢. dissolved oxygen, temperature and
salinity) on CPUE. A Fisher’s least-significant-difference test (= 0.05) was used to
describe any differences found in class variables. Seasons in this chapter, and in Chapter
3 correspond to quarters of a year (i.e. January ~ March = Winter; April — June = Spring;

July — September = Summer; and October — December = Fall).

2.2.4 Description of Site Fidelity and Movement
Analysis of survival and site fidelity using the Burnham model (1993) was

accomplished by using the computer program MARK, which takes into account
information generated by both live recaptures and dead recoveries, Data were formatted
as individual capture histories (i.e. a list of zero’s and one's, which indicated live
recapture(s) and dead recovery of each individual GTF during the study) with the
corresponding individual covariates (i.e. size of fish, season, distance of tagging area
from shore, temperature, salinity, and/or dissolved oxygen concentration). Because of
the encounter histories coding used in MARK, 1 was unable to combine data from the

ARS and NRS for development of a model, which simultaneously compares both studies.



with MARK, the maximum likelihood estimates of sui'vival, site fidelity, recapture rate,
and recovery rate of GTF were determined by analyzing many different models based on
different combinations of covariates. The model which best describes survival and
fidelity was chosen based upon a combination of Akaike’s information criterion (AIC)
and the number of parameters in the model. The simplest model (i.e. the model which
estimates the fewest parameters) with the highest AIC is considered to be the most
parsimonious model. In addition, MARK places a 95% confidence interval around each
parameter estimate, making parameter comparisons possible.

Site fidelity also was estimated for GTF using a method described by Patterson
(1999). Initially, the decay of recaptures over time at large of GTF was estimated by

using the model.

_ ~Drt
N, =Nge 7,

where N, was the number of recaptures after a time at large (1), Ny was the initial number
of recaptures, and D was a decay constant within which was confounded tag loss
(Diagioss), emigration from tagging sttes (/E), and total mortality (7), which represents the
combination of fishing mortality (/) and natural mortalit ') (i.e. D = Diagloss Z+1E).
Next, by adjusting D for tag loss, and subtracting decay due to total mortality estimated
from catch curve analysis of the GTF collected for age estimation (see Chapter 3), |
estimated emigration (/E) assuming both natural and fishing mortality (i.e. total mortality

Z) was occurring. Next, the decay constant was also adjusted assuming there was only



natural mortality (M) occurring. The instantaneous natural mortality rate of GTF was
estimated using Hoenig’s method (1983). Annual site fidelity (¥) was then estimated

using the model:

Finally, site fidelity was also analyzed for GTF tagged during both the ARS and
the NRS by plotting the cumulative frequency of recaptures of GTF versus distance from
the point of tagging and release to the point of recapture.

To describe the movement patterns of GTF, I estimated the distance traveled from
the tagging stations, the number of days at large, and the direction of movement, if any,
of all recaptured fish. Velocity of a recaptured fish was estimated by dividing the
distance moved by the time the fish was at large. Two-way comparisons were used to
determine if there was a significant study effect (i.e. ARS and NRS) and/or a significant
effect of hurricane status on both the distance moved and velocity of fish. At-large
hurricane status was assigned to fish in the following manner. Fish at large during
tropical cyclones were those fish tagged before and recaptured after the occurrence of a
rrovical cyclone, and fish not at large during tropical cyclones were those fish tagged and
recaptured before the occurrence of a tropical cyclone or tagged and recaptured after the
cyclone. For each comparison, if both data sets passed the Kolmogorov-Smirnov test for
normality (&= 0.05) then they were compared using a two-way ANOVA (a=0.035) 1f

one or both of the data sets failed the Kolmogorov-Smirnov test then they were compared




using a Friedman’s two-way nonparametric ANOVA (‘a =0.05). To test if direction of
movement, if any, was random, the Rayleigh test for randomness (& = 0.03; Batschelet,
1981) was employed. Generalized linear models were employed (SAS for Windows,
v.8) to partition the variance in both the distance moved and velocity data to determine if
these parameters varied as were a function of study, year, season, GTF size at recapture,
hydrographic data at the time of tagging (i.c. salinities, temperatures, and dissolved

oxygen levels), and/or the presence of tropical cyclones.
2.3 Results

2.3.1 Overall Study Results

During the ARS, 201 GTF were tagged (Table 2.1). Of these, encounter histories
for 44 individuals were obtained. Four individuals were recaptured more than once (1.¢.
two individuals were recaptured twice and two individuals were recaptured three times).
This resulted in 50 total recaptures, 19 (38 %) of which were made and reported by
recreational fishermen. The mean time at large for GTF in this study was 190 days. The
longest time at large for a fish in the ARS was 949 days, for an individual that moved 4.1
km. The greatest distance moved by a GTF in this study was 8.6 km for a fish that was at
large for 54 days, during which time Hurricane Opal passed nearby the tagging stations.

During the NRS, 1,034 GTF were tagged (Table 2.2). Of these, encounter

histories for 226 individuals were obtained. Forty-seven individuals were recaptured

more than once (i.e. 35 individuals were recaptured twice, & individuals were recaptured




Table 2.1. Dates of tagging cruises, stations sampled and numbers of gray
tagged and recaptured during the artifi

cial reef study.

triggerfish

DATE STATIONS NUMBER OF FISH | NUMBER OF FISH
SAMPLED TAGGED RECAPTURED
6-20-95 W, S, SW 13 -
6-21-95 E,SE,C 14 -
8-29-95 SE,E,NE 0 2
9-13-95 NW, W, SW 29 4
9-14-95 N,C,S 0 0
11-30-95 S, SE,NW, C i 0
12-12-95 N, SW i 0
2-27-96 SW, W, NW 2 0
3-22-96 N, C, S 8 0
3-29-96 NE, SE, E 9 0
5-1-96 S, SE, C 5 0
6-12-96 SW,S, W, N, C 19 2
8-7-96 SE, NE, N 11 2
10-31-96 C, W,NW, SW 12 2
11-1-96 NE, E, SE 10 1 0
12-2-96 N,C,S 5 | 3
12-9-96 NE, E, SE 15 [ 3
3-26-97 NW, N, NE 9 | 1
3-27-97 1 SW, S,C 7 | 3
4-29-97 | NW,N,NE 3 \ p)
9-18-97 | NW,N,NE,E 11 \ 1
9-23-97 \ C,SE,S 0 \ 1
11-3-97 | NW,N,NE 4 | 3
11-5-97 | W.SW,S.C 8 | 2
2-25-98 T NW,N.NE___| 5 \ 0




Table 2.2. Dates of tagging cruises, stations sampled and numbers of gray triggerfish
tagged and recaptured during the natural reef study.

DATE STATIONS NUMBER OF FISH NUMBER OF FISH
SAMPLED TAGGED RECAPTURED
11-19-97 Inshore 47 -
11-25-97 Inshore 32 2
3-6-98 Offshore 9 -
" 3-26-98 Inshore 22 8
5-20-98 Offshore 28 0
6-11-98 Inshore 22 8
8-4-98 Inshore 14 3
10-14-98 Offshore 52 0
10-19-98 Inshore 51 6
11-18-98 Offshore 62 8
11-25-98 Inshore 109 7
12-1-98 Offshore 28 4
1-27-99 Inshore 25 3
3-22-99 Offshore 8 7
4-28-99 Inshore 111 14
7-21-99 Offshore 17 5
8-4-99 Inshore 47 14
10-22-99 Inshore 33 17
11-23-99 Oftshore 28 15
12-16-99 Inshore 20 7
2-2-00 Offshore 12 11
2-25-00 Inshore 26 9
3-28-00 Offshore 10 15
5-23-00 Inshore 30 7
5-30-00 Offshore 6 4
5-31-00 Inshore 16 15
6-20-00 Inshore 13 9
6-21-00 Offshere 2 1
7-5-00 Inshore 17 5
7-27-00 Offshore 2 I
8-3-00 Inshore 1 1
3-8-00 Offshore 6 5
9-5-00 [nshore 111 20
| 10-2-00 Offshore 17 6




three times, 3 individuals were recaptured four times and 1 individual was recaptured
five times). This resulted in 290 total recaptures, 49 (16.9 %) of which were made and
reported by recreational fishermen. The mean time-at-large for GTF in this study was
194 days. The longest time-at-large for a GTF in the NRS was 1,006 days, for a fish that
was recaptured five times at the point of tagging. The greatest distance moved by a GTF
in this study was 22.5 km for a fish that was at large for 166 days, during which time
Hurricane Georges passed nearby the tagging stations.

The median FL of GTF tagged during the ARS was significantly greater than
those tagged during the NRS (Mann-Whitney rank sum test, T = 158987.500, p < 0.001).
The mean FL (+ standard error) of GTF (n=201) that were tagged during the ARS was
estimated to be 326 (= 1.8) mm, while the mean FL (= standard error) of GTF (n = 1,034)
that were tagged during the NRS was estimated to be 297 (+ 1.2) mm (Figure 2.3).

The mean FL of GTF recaptured on my tagging cruises was not significantly
different than that of GTF recaptured by recreational fishers (t-test, tyg=3s = 1.619,p=
0.114). During the ARS, the mean FL (+ standard error) of tagged GTF that were
recaptured on my tagging trips was 352 (< 10) mm, while the mean FL (= standard error)
of tagged GTF that were recaptured by recreational fishers was 389 (+ 68) mm.

Similarly, the median FL of GTF recaptured on my tagging cruises was not
significantly different from those recaptured by recreational fishers during the NRS
(Mann-Whitney rank sum test, T = 3652.500, p = 0.276). During the NRS, the mean FL

(+ standard error) of tagged GTF that were recaptured on tagging trips was 319 (= 2.0)

mm., while the mean FL (+ standard error) of tagged GTF that were recaptured by
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Figure 2.3. Length-frequency distributions of gray triggerfish tagged during
the artificial and natural reef studies.




recreational fishers was 333 (£ 8.7) mm. It is interesting to note however, that in both
studies, the mean size of fish recaptured by recreational fishers was larger than the mean
size of fish recaptured at my tagging stations, €ven though differences were not

statistically significant.

2.3.2 Tagging Mortality

Generally, GTT were very hardy and resilient tagging subjects. Acute mortality of
GTF due to tagging was estimated to be 1.5 %, but this percentage was statistically
significant from zero (Z-test, p <0.05). Out of 1,271 releases (i.e. this included all
releases during the NRS - initial releases and subsequent releases after recaptures), four
GTF were released in condition-2, 14 were released in condition-3 and one was released
in condition-4.

The logistic regression model of GTF condition versus depth of tagging station
had insignificant lack-of-fit (,de_f_ s = 127105 p = 0.4789), but the addition of the
depth variable did not significantly reduce the deviance of the model from that of the
intercept alone (p = 0.0807). In contrast, the logistic regression model of GTF condition
for all releases, regardless of when it was captured and released, versus FL at tagging
and/or release had insignificant lack-of-fit (’de_f_ 7= 12029, p= 0.9000), and the
addition of the FL variable significantly reduced the deviance of the of the model from

that of the intercept alone (p = 0.0031). This model was represented by the tollowing

equation:




_3.915140.0151(FL)

. e
p(m)— +e—89151+0.0151(FL) >

where p(m)is the probability of a GTF being released in a condition other than

condition one, which may be an indication of acute mortality due to tagging and/or

handling, and FL is fork length. This model is illustrated 1n Figure 2.4, and 18

transformed and its effects interpreted as multiplicative changes in the odds of a GTF

being released in a condition other than condition-1 (see Chapter 1). These model results

indicate that station depth had little effect on acute tagging mortality, and that for every

millimeter increase in FL of GTF, there isa 1.5 % (95 % confidence interval: 0.5, 2.5 %)
increase in the odds of a GTF being released in a condition other than condition-1,

suggesting that small fish handle the stress of tagging better than larger fish.

2.3.3 Tag Loss

Of the 50 GTF that were tagged with monofilament-core tags and recaptured, 42
(84 %) retained the external portion of their tags. By comparison, of the 127 GTF that
were tagged with steel-core tags and recaptured, 125 (98.4 %) retained the external
portion of their tags. Combined results indicate that steel-core tags were retained better
than monofilament-core tags, and that tag retention decreased with time for both tag
types. Model results are detailed below.

Of the single-variable logistic models, the model for tag retention with tag type

initially had the lowest deviance (deviance = 64.5395), compared to the model with time
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Figure 2.4. Logistic regression of the probability of releasing gray triggerfish
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at large (deviance = 72.7236). The logistic model Wiﬂ:l tag type, which was essentially a
contingency table analysis, had insignificant lack-of-fit ( s =175 = 177.00; p = 0.4435).
Also, tag type had a significant effect on tag retention (p = 0.0022). Next, the time at
large variable was entered into the model. The addition of time at large into the model
significantly reduced the model deviance (deviance s mogel — d€VIANCEInd model = 64.5395 ~
59 5277 = 5.0118; d.f 15t modet — AT 20d modst = 175 - 174 = 1, p = 0.0252), and the new two-
variable model also had insignificant lack-of-fit (x’ag - 17e = 119.1427; p = 0.9995).
Thus, T concluded that the two-variable model best described tag retention in GTE.
Because tag type was bivariate, the relationship between tag retention and time at large
could be separated into two logistic models — one for monofilament tag retention over
time, and one for steel tag retention over time. These models are represented by the

following equations:

62.6036 ~0.0038 (time )

o
pmono tag retention

1+ eZ 6036-0.0038 (time }

and

5.2318-0.0038{tune !
e

Pteel tag retention ,5.2318-0 0038 {ume } °
[

1+

where p is the estimated probability of tag retention. For every one-day increase in time

at large, there isa 0.38 % (95 % confidence interval: 0.03, 0.72%) decrease in the odds of




retaining the external portion of a tag, regardless of tag type. The models differed only 1n
their intercepts, and this implies that monofilament-core tags arc retained less over time

than are the steel-core tags (Figure 2.5).

2.3.4 Probablity of Capture
The last assumption to be tested was the assumption that all GTF have an equal
probability of being captured. Recovery rate was estimated to be 21.9%, and rate of
multiple recaptures (i.c. the percentage of fish that were recaptured more than once) was
20.7%. The insight into probability of capture provided by these rates is discussed

below.

2.3.5 CPUE

CPUE (fish angler-hour'l) varied among tagging trips (Figure 2.6). The multiple
regression procedure indicated that CPUE was not significantly related to local
environmental conditions (1.€. temperature, salinity and dissolved oxygen, as independent
variables were insignificant (p = 0.8123, p = 0.1982, p = 0.0734, respectively, and all
two-way interaction terms were insignificant, p > 0.10). Hydrographic data, collected via
CTD on a number of tagging cruises during the NRS are illustrated in Appendix 1. The
nmultiple regression procedure indicated that depth of tagging stations had no significant
affect on CPUE (p = 0.6101). Finally, the multiple regression procedure indicated that

season of tagging trip significantly affected CPUE (p = 0.0477). Mean CPUE was higher

in fall (mean CPUE = standard error = 316 = 0.401) than in other seasons (mean CPUE
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. standard error = 1.69 + 0.496, 1.69 « 0625 and 1.62 + 0.216 for winter, summer and

spring respectively) (Fisher’s least-significant-difference test, &= 0.05)(Figure 2.7).

2.3.6 Site Fidelity and Movement

With the computer program MARK, the maximum likelihood estimates of
survival, fidelity, recapture rate, and recovery rate of GTF were determined by analyzing
many different models. For the ARS, the model which best described the data was the
fully reduced model and included only single estimates of each parameter (i.e., S, p, ¥ and
F). This model was the most parsimonious with the lowest AIC value of 467.89 and
gave estimates (+ standard error) of S, p, » and /" of 0.485 year'1 (+0.159),0.108 year" (=
0.027),0.124 year~1 (£ 0.035)and 0.226 year'l (£ 0.121), respectively. However, even
with the data adjusted for overdispersion, with a dispersion parameter estimated to be
2.382, there was still significant lack-of-fit in the model (de =193 = 459.71496; p <
0.0001).

For the NRS, the parameters of S, p, r and F were estimated for both the Inshore
Site and the Offshore Site, separately, due to aforementioned sampling protoco!, which
treated each tagging site separately. For both tagging sites, the model which best
described the data was the model that had single estimates of § and /*, but had multiple
estimates of both p and r that related to the live recaptured rate for each cruise and dead
recovery rate during the time period between each tagging cruise (i.¢., time-related
effects). For the Inshore Site, Sand [ (= standard error) were estimated as 0.811 year'l

(£0.053)and 0.318 year" (+ 0.052), respectively. This model was the most
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parsimonious with the lowest AIC value of 1830.33. However, even with the data
adjusted for overdispersion, with a dispersion parameter estimated to be 2.468, there was
still significant lack-of-fit in the model ( Yoar =710 = 1774.6020; p <0.0001). For the
Offshore Site, S and F' (+ standard error) were estimated to be 0.670 year” (+ 0.096) and
0.346 year'l (+ 0.081), respectively. This model was the most parsimonious with the
lowest AIC value of 697.49. However, even with the data adjusted for overdispersion
with a dispersion parameter estimated to be 2.514, there was still significant lack-of-fit in
the model (de_f. _ 65 = 666.10602; p < 0.0001). Therefore, in all the above cases, results
from models ran with MARK were uninterpretable due to significant lack-of-fit.

Site fidelity for GTF was also estimated using the methods of Patterson (1999) by
first estimating the instantaneous rate of decay in recaptures over time (D + standard
error = 1.0010 year = 0.1342). The data with which this model was developed was
initially corrected for the number of tagged GTF that were at large, due to the increase in
the number of tagged GTF at large over time. Also, the average length of time between
tagging trips was 31.3 days. Therefore, the time intervals for model development were
set at 30 days for simplicity. Next, the instantaneous rate of decay in recaptures over
time was adjusted for tag loss according to the aforementioned logistic regression
representing external tag retention over time (Dgj + standard error = 0.9562 year'' £
0.1335). This difference in the rate of instantaneous decay in recaptures over time due to
the instantaneous rate of tag loss (L = 0.0448 year“’) was transformed to give an annual

estimate of tag loss (4.38% year ).




The instantaneous rate of emigration (IE) was £hen estimated two ways. First, [E
was estimated by assuming fishing and natural mortality were equal to the total mortality
of GTF off the Alabama coast (F+M=2), which was estimated through catch curve
analysis. The instantaneous total mortality rate, as estimated from catch curve analysis of
recreationally caught GTF for which age was estimated analyzing annuli in the first
dorsal spine (see Chapter 3)(Z + standard error = 0.8169 year‘1 +0.0751), was subtracted
from D,g; to provide an estimate of the instantaneous rate of emigration assuming both F
and M (i.e., Z) were present (/£ = 0.1393 year'l’). Annual site fidelity assuming both [
and M (i.e., Z) were present ( ) of GTF was estimated to be 87% yeaur'1 (Figure 2.8).

Next, the instantaneous rate of emigration was estimated by assuming only
natural mortality (M) was present. Natural mortality was estimated to be 0.4988 year’l
using Hoenig's method (1983), where In(M)=1.44 - 0.982(In(maximum age)), which in
the case of GTF was 8.8 years (see Chapter 3). The natural mortality rate was subtracted
from D, to provide an estimate of the instantaneous rate of emigration assuming only M
was present (/Ey = 0.4574 year'l). Annual site fidelity () of GTF was estimated to be
63 % year‘1 when only M was present.

Finally, site fidelity was also analyzed for GTF tagged during both the ARS and
the NRS by plotting the cumulative frequency of recaptures of GTF versus distance from
the point of tagging and release to the point of recapture (Figure 2.9). This analysis
indicated, regardless of at-large hurricane status, that 66.7 %o, 76.2 % and 100 % of
recaptured GTF were recaptured at the point of release, within 2 km and within 9 km of

the point of release, respectively, during the ARS. Similarly, 73.4 %o, 92.3 % and 100 %




100 ] —
e~ _ (D, 2t — JE
\\ /Nt—NOe dj —Noe z
> iy
Q 80
@
3
o
o
L 60 -
ot
@
o
&
o 40
Pl
I
<
20
0 w
0
Time (years)
-
[ —— D=1.001yr" ‘~
- D,y =0.9562 yrto !
— — 72=08169 yr"
- ‘ g, =0.1393 yr" i
< M= 04988 yr' |
‘ ——— 1E, = 0.4574 yr" \
_J
Figure 2.8, Decay curves used in calculating instantaneous emigration rate

cn. utimately, annual site fidelity.




e Natural Reef Project
——— Artificial Reef Project

Cumulative Frequency

0.7 1

0-6 H T 1 4 1 H
0 5 10 15 20 25

Distance Moved (km)

Figure 2.9. Cumulative frequency of gray triggerfish recaptured within a given
distance from the point of tagging.
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of recaptured GTF were recaptured at the point of release, within 2 km and within 25 km
of the point of release, respectively, during the NRS.

The greatest effect on magnitude of movement of GTF was that of tropical
cyclones. Friedman’s two-way nonparametric ANOVA indicated that the greatest effect
on distance moved of GTF was that of tropical cyclones (p < 0.0001). It also indicated
there was not a significant study effect (p = 0.3889). The estimated median distance
moved of GTF not at large during tropical cyclones (0 km) was significantly less than for
fish at large during tropical cyclones (3.75 km). Likewise, Friedman’s two-way
nonparametric ANOVA indicated that the greatest effect on velocity of GTF was that of
tropical cyclones (p < 0.0001). It also indicated there was not a significant study effect
(p = 0.4900) on velocity. The estimated median velocity of GTF not at large during
tropical cyciones (0 m day™') was significantly less than velocity of GTF at large during
tropical cyclones (25 m day'). In addition, movement of GTF at large during tropical

2170

cyclones was generally to the northwest (5.11 km at 133%), and was significantly different
from random (Rayleigh Test, p < 0.05) (Figure 2.10). Movement of GTF not at large
during tropical cyclones was not significantly different from random (p > 0.10).

Because of the zero-inflated and overdispersed nature of both the distance moved
and velocity data, I used a negative-binomial-type regression approach to model
movement of GTF. Also, because there were numerous multiple-recaptures in the data,
the regression was run with each individual tagged GTtF as a repeated measure. The

repeated-measures, negative binomial regression run on data from ARS and NRS

combined supported the finding that distance moved by GTF was most affected by
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Figure 2.10. Polar graph of gray triggerfish movement during and not during
tropical cyclones. Twenty-two fish at large during storms were recaptured
at the point of release. One hundred and thirteen fish not at large during
storms were recaptured at the point of release.
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tropical cyclones ( Yap-1=10.71; p=0.0011), and hzid insignificant lack-of-fit Xas =
320 = 181.8364; p = 1). The model in which distance moved (m) was the dependent
variable and the at-large hurricane status (i.e., GTF at large during tropical cyclones
versus GTF not at large during tropical cyclones) was the bivariate independent variable

is represented by the following equation:

In ,[ld - e8v8769e—2,7413(if no hurricane )60(11‘ hurricane )’

where /1, is the mean distance moved (m), and the dispersion parameter was estimated
to be 27.4899 (95 % confidence interval: 21.9999, 34.3500). This equation can be
divided into the following pair of equations, each describing a different at-large hurricane

status:

88769 ,-2.7413
= €

In & =e

no hur

and

1n /_Al — 68.3r69’

hur

where /., 15 the estimated mean distance moved (m) of GTF not at large during

hurricanes and £y, is the estimated mean distance moved (m) of GTF at large during




hurricanes. By solving these equations, overall mean distance (= standard error) moved
by GTF at large and not at large during hurricanes was computed to be 7164 m (£323)
and 462 m (+34), respectively.

The repeated-measures, negative binomial regression indicated that the effect of
at-large hurricane status on velocity of GTF also was significant ( Car-1=7.15; p=
0.0075), but the model had significant lack-of-fit (de_f —319 = 837.9013; p <0.0001).
However, the model, in which velocity (m day™') was the dependent variable and the year
of recapture was the independent variable also was significant ( g =5 =36.08; p<
0.0001). The model had insignificant lack-of-fit (')(zd_g_ -317 =313.3014; p = 0.5481) and
was represented by the following equation:

1.2685 _2.7675(if 1995) 0.4132(if 1996) ~0.8230(if 1997) 2.2502(if 1998)

/] ~0.9294(if 19 i
Ing,=e e e e e o ~0-9294(if 1 99)eo(mooo)

2

where £, is the estimated mean velocity (m day™"), and the dispersion parameter was

estimated to be 12.6685 (95 % confidence interval: 9.9089, 16.1967) and mean velocity
of GTF recaptured during the year 2000 was used as a reference. Individual year
parameters for recapture years 1995 and 1998 were the only significant recapture year
parameters (x y: - = 5.62; p=00178 and ap-1=16.54; p < 0.0001, respectively).
All other year parameters were not significantly different trom the reference year 2000.
Therefore, the above regression model can be divided into three individual models

describing velocity of GTF recaptured in 1995, 1998, which were years in which major




hurricanes passed over the tagging stations or all other years in the study in which there

were no hurricane effects:

~ . ,1.2685 27675
Infr, 0, =¢ e ,

~ _ ,1.2685  2.2502
In 2,505 = € €
and

. 12685 0
1N 42,1906 1097 1999 2000 = € €,

where [, 1995 1S the estimated mean velocity of GTF recaptured in 1995, 1, 1405 is the
estimated mean velocity of GTF recaptured in 1998 and 2, 1496.1997.1999 2000 1S the
estimated mean velocity of GTF recaptured in all other years of study. By solving these

equations, estimated mean velocity (+ standard error) of GTF recaptured during 1995,

1998, and all other years of study was computed to be 57 m day” (+ 4.37), 34 m day ™' (=

2.36)and 4 m day ™’ (= 1.35), respectively.




2.4 Discussion

2.4.1 The Present Study
To my knowledge these studies (i.e. ARS and NRS) are the most comprehensive
studies ever conducted concerning movement patterns and site fidelity of GTF. These
tagging studies were sufficient in scope, and had a large enough number of tags

recaptured, especially the NRS, with which to accomplish the goals previously outlined.

2.4.2 Tagging Mortality

Tagging had little apparent etfect on acute mortality of GTF. Acute mortality
rates in this study were low compared to other species. For example, Patterson (1999)
indicated that acute mortality rate of red snapper (Lutjanus campechanus), which
inhabits similar habitats as adult GTF, when tagged with similar internal anchor tags was
15 %. Also, Wallin et al. (1997) indicated that the mortality rate of common snook
(Centropomus undecimalis) tagged with internal anchor tags was 8.1 % after 30 days of
observation; nearly all fish had inflammation or a proliferation of epithelial cells at the
tag insertion site, and a few individuals had anchors inserted through the peritoneum and
into the swim bladder. Moreover, reported tagging moriali., (aies of striped bass
(Morone saxatilis) have ranged from 3 to 67 % after tagging and release, due to the type

of anchor tag, the handling of the fish while tagging and the amount of internal injury

Caused by tagging (Bettoli and Osborne, 1998; Henderson-Arzapalo et al., 1999).




Out of the 19 GTF released in a condition othe; than condition-1, two (11 %)
were recaptured and released again in condition-1, indicating that some proportion of the
GTF that were assumed to have died as a result of the tagging process actually survived.
Also, a GTF tagged on November 19, 1997 was recaptured on a tagging cruise six days
later, and the incision wound around the shaft of the tag was completely healed.
However, the logistic regression, which modeled the probability of occurrence of acute
mortality, indicated that acute mortality due to tagging increased slightly with GTF size.
Overall, my findings suggest that acute tagging mortality was low, although I was unable
to observe GTF after the moment of release and was thus unable to estimate longer-term

mortality rate.

2.4.3 Tag Retention

Tag retention for GTF decreased both as a function of tag type and time-at-large.
Toward this end, it was apparent that the tags became fouled with time. Fouling of the
external portion of the tag by barnacles, bryozoans and algae may increase both drag and
tag loss, make the tag more visible to other fish that might attempt to consume the tag,
make the GTF more vulnerable to predation, or make the tag unrecognizable as such
(Duiiiug et al., 1987; Scott et al., 1990; Nielsen, 1992; Wallin et al., 1997, Bettoli and
Osborne, 1998; Buzby and Deegan, 1999, Henderson-Arzapalo et al., 1999, Patterson,

1999). Ventral placement of tags may have also made the tags less visible to fishers

(Nielsen, 1992; Patterson, 1999).




Monofilament-core tags exhibited higher loss rates than did steel-core tags,
presumably due to increased durability of steel-core tags. Henderson-Arzapalo et al.
(1999) recommended that while monofilament-core tags offer increased flexibility and
reduction in drag, they should only be used in short-term studies due to increased loss
relative to other tag types.

The consequences of tag loss may be important to my results, especially during
the early parts of this study when monofilament tags were used. If tagged GTF were not
recognized as such, under reporting by fishers could have negatively biased estimates of
likelihood and magnitude of movement (Nielsen, 1992; Henderson-Arzapalo et al., 1999,

Patterson, 1999).

2.4.4 Probability of Capture

[ assumed that tagged and untagged fish have the same probability of being
captured by hook and line, and that tagging did not affect the behavior of tagged GTF.
Although no data are available to permit a statistical test of this assumption, 21.9% of
GTF tagged and released were recaptured at least once. This recovery rate is much
higher than those reported for other species. For example, Patterson (1999) reported a
recovery rate of 14.6% for red snapper tagged off Alabama. In addition, Steven. and
Sulak (In review) reported recovery rates of tagged red drum (Sciaenops ocellatus),

spotted seatrout (Cynoscion nebulosus), black drum (Pogonias cromis), and common

snook (Centropomis undecimalis) to be 3.1, 0.7, 2.6, and 16.4%, respectively. Moreover,

Fowler and Stobo (1999) reported recapture rates for groundfish of 20.7 (cod, Gadus
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morhua), 3.5 (haddock, Melanogrammus aegelfinus), 6.4 (pollock, Pollachius spp.), and
9.5% (plaice, Pleuronectes platessa). However, Beaumariage (1964) found that 36.9%
of GTF that were tagged and released in the northeastern Gulf were recaptured, which
may indicate a negative effect of tagging on POC. In addition to a high recovery rate,
20.7% of all GTF recaptured during the NRS were recaptured multiple times, including
one individual that was recaptured five times. Therefore, [ concluded that tagging did

not decrease the probability of capture.

2.4.5 Tagging Effects on Growth

The assumption of that tagging had no effect on growth was not met. The tagging
process negatively affected growth of GTF. The growth rate of tagged fish was
significantly less than that of fish aged through analysis of the first dorsal spine, and this
issue is discussed in more detail in Chapter 3.

Differences in growth due to tagging could bias estimates of movement. If
distance moved and/or velocity is a function of size, then estimates of movement of for
tagged GTF would differ from the untagged population. However, because no significant
relationship was found between movement and size, | reason that estimates of movement
through tagged fish may represent movement in the untagged portion of the population
off the Alabama coast.

GTF tagged during the ARS were found to be significantly larger in FL than in the
NRS. This resuit may be attributable to differences in hook sizes between the ARS and

the NRS. After interviewing a number of local, reputable fishers, it was suggested that
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the larger hook size (3/0) and the resulting larger bait placed on that hook during the ARS
may have biased the size of GTF at capture toward larger GTF. However, it was also
suggested that the smaller hooks (size 1/0) and smaller bait used during the NRS

probably did not reduce the catch of larger GTF. Therefore, the difference in size of GTF
tagged above artificial versus natural reefs may be biologically significant, and resulted
from the availability of larger GTF inhabiting artificial reefs. In addition, mortality may
have been higher on fish sampled during the NRS due to public knowledge of Southeast
Banks in which is located the Inshore Tagging Site (see Chapter 3). This may have led to

the reduction in larger fish on tagging sites of the NRS.

2.4.6 Reporting of Recaptures by Fishers

The assumption that all recaptured GTF were reported was not statistically tested.
However, this may be the most important assumption concerning bias in estimates of
distance moved, velocity and site fidelity. All recaptures made on tagging cruises were
assumed to be recognized and recorded, but reporting rate of fishers was not estimated
for this study. An underreporting of recaptures by fishers results in an under estimation
of distance moved and velocity, and an over estimation of site fidelity of GTF. Results
from other studies suggest this problem is real. The reporting rate of spotted seatrout
tagged in Alabama waters was estimated to be around 50 % (James J. Dufty, per.
comm.')l Similarly, the reporting rate of sciaenids otf Texas was gstimated to be 29 %,

with low reporting rate attributable to lack of recognition of tagged fish (Matlock et al.,

' Alabama Department of Conservation/Marine Resources Division, Dauphin Island, Alabama
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1981: Green et al., 1990). Therefore, tag loss of GTF ﬁlay have likewise contributed to
underreporting of recaptures.

Patterson (1999) speculated that reporting rates of red snapper were probably low
due to resentment by fishers of increases in red snapper regulations. Recent management
actions aimed at GTF may have contributed to underreporting in a similar way. For
example, the Gulf of Mexico Fishery Management Council recently imposed a 12-inch
total length minimum size limit for GTF and GTF are part of the aggregate reef fish bag
Limit in Gulf waters. Thus, fishers may fear that information provided by tags may lead

to a subsequent increase in regulations for GTF and, therefore, hesitate to report them.

2.4.7 CPUE

Higher estimates of CPUE of GTF observed in the fall were initially believed to
result from seasonal stratification of the watet column above tagging stations, as was the
case with red snapper catch-per-tagging-site (CPTS) in the same area by Patterson
(1999), who reported a positive relationship between dissolved oxygen concentration and
CPTS. Due to seasonal heating and subsequent stratification of the water column in the
northern Gulf, oxygen concentrations may become depleted from lack of water column
turnover during summer months (Patterson, 1999). Dissolved oxygen levels increase
during the fall as the water column overturns due to storms (Patterson, 1999).

[ speculate that the increase in CPUE of GTF in the fall is associated with the
spawning cycle of GTF. Spawning of GTF off Alabama peaks in June and July and then

decreases in August, which then is followed by an increase in CPUE (see Chapter 3).

ey




The increase in CPUE may result from relaxation of térritoriality of GTF following

spawning (see Chapter 3). However, if the fall-increase in CPUE is strictly related to the
spawning cycle, CPUE should only be low during summer months. Therefore, increased
CPUE during the fall also may result, in part, from an increase in aggression of GTF due
to a decrease in prey abundance, following the drop in temperature during fall mixing of

the water column, as suggested for red snapper by Patterson (1999).

2.4.8 Site Fidelity and Movement
Estimates of site fidelity of GTF for both the ARS and the NRS obtained using

the software package MARK were found to be uninterpretable due to lack-of-fit. The
joint encounters model (Burnham, 1993) depends on data from both my recaptures over
tagging sites and recaptures made by fishers, and lack-of-fit may have been caused by a
number of violations of assumptions of this model. First, it is assumed that fishing
pressure is the same on both the tagging stations and other areas around the tagging
stations. Because I attempted to tag GTF through the year, regardless of season, there
may have been differences in fishing pressure between tagging stations and the
surrounding area, with fewer recreational fishers participating in the fishery during
winter months. Also, if fishing pressure was the same, but recreational fishers did not

report tags, recovery rate, , would be biased low. Moreover, with a low number of tag

recoveries, maximum likelihood estimates of recovery rate would tend toward 0 or 1,

increasing model lack-of-fit due to the small sample size of recoveries.
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Another assumption of the joint encounter mociel, which is essential in estimating
site fidelity, is the assumption that all recoveries made by fishers were made at sites other
than the tagging stations. Several fishers indicated that they made recaptures of GTF in
close proximity to tagging stations. This could have affected estimation of site fidelity by
biasing it low, and/or increased model lack-of-fit. Finally, tag loss may have biased
estimates of survival high, which would in turn bias estimates of site fidelity low.

When decline in the number of recaptures over time was modeled for GTF during
the NRS, assuming either no fishing mortality of GTF tagged over tagging stations or that
fishing mortality occurred, resulting estimates of site fidelity were relatively high. The
estimate of ¥, (no fishing) was a little more than half that of the estimate of ¥, (with
fishing). [f F occurred, or if M was higher than estimated by using Hoenig’s method,
then the estimate of ¥, would be higher. Because some fishers indicated capturing GTF
in close proximity of tagging stations, the actual value of annual site fidelity probably lies
somewhere between ¥, and # (i.e. between 63 % and 87 %, respectively). Finally,
because of the large number of recaptures during the NRS, [ reasoned that this data
would be sufficient to provide reliable estimates of annual site fidelity without the
possible increase in variation in the decay models resulting from the addition of ARS
data.

Finally, site fidelity of GTF was addressed by analyzing the cumulative frequency
distribution of GTF recaptured within a given distance from the initial point of tagging

and release, during both the ARS and the NRS. Regardless of study or at-large hurricane
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status, GTF exhibited high site fidelity with the majori%:y of fish being recaptured within
only a few kilometers of the site of tagging.

Territorialism is reported as being predominant among balistids, and there have
been many studies on balistid social systems. Territoriality in triggerfishes has been
described by Fricke (1980; Odonus niger and Pseudobalites fuscus), Nellis (1980;
Canthidermis sufflamen), Thresher (1984; Sufflamen verres), Gladstone (1994;
Pseudobalites flavimarginatus), Ishihara and Kuwamura (1996, Sufflamen chrysopterus),
and Kuwamura (1997; Rhinecanthus aculeatus). In all cases both male and female
triggerfishes are territorial, especially during their corresponding spawning seasons.

Although no formal study exists of GTF territoriality, they anecdotally have been
reported as such by many scuba divers and spear fishers, who reported being “attacked™
as they entered the “territory” of a GTF. Also, GTF have been observed on video as
being territorial in nature, defending an area (male GTF) or defending a nest (female
GTF) with a haremic-type social structure (Andrew Strelcheck, per. comm.’; Kevin
Rademacher, per. comm.’). The possible territorial nature of GTF may contribute to high
apparent site fidelity.

The most significant effect on both distance moved and velocity of GTF in both
the ARS and the NRS was that of tropical cyclones. Both «ic uonparametric tests and the
negative binomial regressions developed for combined ARS and NRS data agree in the
effects of hurricanes on distance moved and velocity. Namely, GTF exhibit an increase

In movement during tropical cyclones, with tendencies toward vectored movement

———
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during tropical storms to the west-northwest. For fish not at large during hurricanes,
movement was random in nature. The Hugh Swingle General Reef Permit Area is
located to the west and north of the tagging stations occupied during the NRS, and during
the ARS the stations were actually located within the Hugh Swingle General Reef Permit
Area. GTF may have moved toward this area if the low relief natural reefs they occupied
were altered or covered by sediment during tropical cyclones. However, of the few GTF
tagged above the two stations within the offshore site “lost” during Hurricane Georges,
none were subsequently recaptured. Estimates also indicated that GTF moved little when
not affected by tropical cyclones, reflecting, perhaps, only small-scale movement

between other reefs nearby the tagging stations.

2.4.9 Utility of Marine Reserves
High site fidelity is paramount for management of GTF stock(s) in the Gulf,

because adults may be prone to localized differences in population demographics
(Gulland 1983; Jones, 1991, for review). Also, fishes that exhibit high site fidelity also
may be highly susceptible to localized overexploitation as fishing pressure increases
(Bohnsack, 1989). Yet, despite high site fidelity as adults, GTF mature at an early age,
and "1z.ve larvae and juvenile life history stages that are pelagic through the first year of
life, permitting dispersal of propagules out of the no-take arcas (Harper and McClellan,

1997)(see Chapters 3 and 4). Thus, 1 reason that management of species with similar

‘ M . . . . . . . .
National Marine Fisheries Service, Pascagoula, Mississippt




movement patterns and life history characteristics as GTF may be facilitated by the

implementation of no-take marine reserves.




CHAPTER 3: AGE, GROWTH, REPRODUCTION AND MORTALITY OF
GRAY TRIGGERFISH

3.1 Introduction

3.1.1 Age and Growth

There have been relatively few age and growth studies of gray triggertish and
results from these studies have differed. GTF growth rate based upon annuli of the first
dorsal spine was estimated by Ofori-Danson (1989) off the coast of Ghana in western
Africa following a tremendous increase in standing stock biomass there (from ~ 10 kg ha’
in 1968 to ~ 3000 kg ha!' in 1977; Pease, 1984). Ofori-Danson's estimates of the von
Bertalanffy parameters were L . = 408 mm and K = 0.43 year”. Johnson and Saloman
(1984) conducted a study by sampling the hook and line tishery for GTF off the coast of
Panama City, Florida. They used methods similar to those reported by Ofori-Danson to
estimate size-at-age in the northeastern Gulf, and reported that fish reached a larger
maximum length (L. = 466.0 mm) but grew more slowly (K = 0.382 vear' ) than GTF
off the West African coast. Wilson et al. (1995) and Hood and Johnson (1997) also
studied GTF growth in the northern and eastern Gulf, respectively. Wilson et al. (1993)

found that estimated ages of GTF landed by the commercial fishery in Louisiana ranged

from 1 to 11 years, with the majority of the fish sampled being two to six years old. The




mean age of females (3.9 years) was slightly, but not signiﬁcantly, higher than that of
males (3.3 years). Also, based on length-frequency data, GTF were reported to recruit to
the commercial fishery at age 2, with a decline in age-class strength after age 3. Hood
and Johnson (1997) studied the age and growth of GTF from the eastern Gulf and found
that von Bertalanffy growth model (parameters: females, L . =421 mm, K =0.329 year";
males, L. = 664 mm, K =0.156 year'l; combined sexes, L . =645 mm, K =0.152 year'l)
tended to underestimate growth when compared to empirical estimates of sizes-at-age.
Also, they reported rapid growth in young GTF with an average length of 276 mm FL for
one-year-old specimens. In addition, Escorriola (1991) sampled both the recreational and
the commercial fisheries off the Carolinas on the U.S. east coast and found estimates of
growth parameters that differed from those both of Johnson and Saloman (1984) and
Hood and Johnson (1997). Escorriola (1991) also used methods similar to Ofori-Danson,
and further suggested that GTF have a larger maximum length (L . =571.0 mm) and a
slower approach to that maximum length (K = 0.199 vear™') than fish off the coast of
northwest Florida in the Gulf studied by Johnson and Saloman (1984). All of these
differences could be due to environmental effects on growth rate, or the fish could be

members of different stocks.

3.1.2 Reproduction
S A study of the reproductive ecology of GTF was performed on specimens from
Ghana in West Africa (Ofori-Danson, 1990). Ofori-Danson defined the breeding season

as October to December by assigning each gonad collected to a specific maturity level

based upon five gonad maturity categories. Peak spawning occurred in the warmer




months, which in Ghana are November and December: First time spawners were 133 -
157 mm in FL, 50.0 - 70.5 g, and one year old. Fecundity (F) was correlated with fork
length (FL) and was described by the linear regression log F = 1.176 + 1.642 log FL.

In the Gulf of Mexico, there have been a number of studies concerning the
reproductive biology of GTF. Dooley (1972) estimated the spawning season to be from
July to October in the Gulf based upon the presence of small, recently spawned GTF in
samples. Wilson et al. (1995) reported that ovarian histology indicated that GTF
captured off Louisiana are 1teroparous and spawn during late spring and summer (April
through August), with a peak in the gonosomatic index (GSI) in June for both male and
female fish.

Hood and Johnson (1997) similarly reported iteroparity in GTF and suggested that
ovarian histology indicated that fish captured off west Florida spawn during summer and
early fall (June through September) with a peak in the GSI in August for female fish, and
in September for male fish. Mature females with ovaries containing vitellogenic oocytes
were first observed in June, and were present through September. Spent females were
observed from September through October. From October to March most fish had
developing gonads that contained primary growth oocytes and some atretic bodies.
Finally, maturing gonads first appeared in April and were present through August in fish
from the eastern Gulf (Hood and Johnson, 1997).

Hood and Johnson (1997) also report that 87.5% of the female fish were sexually
mature by age 1, and no immature males were observed. The smallest mature male
observed was 110 mm FL {age 0). Batch fecundities in fish from the eastern Gulf ranged

from 213912 to 1,172,854 oocytes from fish ranging from 267 to 388 mm FL, and
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relative batch fecundity had a mean of 13,809 oocytes \per gram ovary and ranged from

6,318 to 24,188 oocytes per gram (Hood and Johnson, 1997).

3.1.3 Mortality

Jones (1991) reviewed patterns of mortality in reef fishes and reported that data
on mortality are difficult to obtain, and may differ widely among locations. Jones (1986)
provided estimates of mortality for juvenile damselfishes Pomacentrus wardi and P.
amboinensis, and mortality rates were greater on shallow reefs than deeper reefs in the
same reef area. On a larger scale, mortality rates of red snapper, Lutjanus campechanus,
tagged above the same nine artificial reefs as used in the ARS (see Chapter 2) differed
greatly (i.¢. instantaneous fishing mortality ranged from 0.047 to 0.620 year')
(Watterson, 1998). Watterson (1998) also estimated instantaneous fishing mortality of
red snapper inhabiting publicly known reefs off the coast of Alabama and Florida to be
much higher (i.e. 1.12 year“) than the more private artificial reefs off the Alabama coast
during the ARS.

Hood and Johnson (1997) estimated instantaneous total mortality of recreationally
and commercially caught GTF off the west Florida coast to be 0.836 and 0.825 year™,
respectively. Instantaneous total mortality for GTF off the coast of Panama City Beach,

Florida was estimated to be 0.67 year' (Johnson and Saloman, 1984).
3.1.4 Fin Rays and Spines

In fisheries, age and growth information provides a means by which to assess the

environmental and endogenous conditions affecting the well-being of a fish (DeVries and
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Frie, 1996). Estimates of age and growthrate are usefl;l in evaluating prey availability,
habitat suitability, or the affect of specific management actions on target species.
Although age and growth are related and typically used in conjunction in fisheries
science, they describe two different aspects of fish biology. Growth can be defined as the
change in body size (length, weight, etc.) between specific points in time. Ageisa
cumulative, quantitative description of how long a fish has lived (DeVries and Frie,
1996).

There are many ways to determine the age of a fish. First, age can be determined
by direct observation. This is the most accurate way of age determination, but it can be
very costly and labor-intensive. For these reasons, it is usually only used in fisheries as a
validation tool, and generally in an aquaculture setting (DeVries and Frie, 1996).

Second, length-frequency analysis can be used to estimate the age of fish. This procedure
of plotting the frequency of individuals as a function of length may appear simple.
However, the variation of the length of individuals within each age class as fish grow
older generally increases relative to differences between age groups, blurring differences
in lengths among ages. This is just one of many reasons that makes this technique more
difficult than it initially appears (DeVries and Frie, 1996).

Finally, the analysis of hard parts in fish can be used to estimate age. In recent
years, this technique is the most frequently used method for aging fish. Hard parts that
have been used in estimating fish age are scales, otoliths. fin spines and rays, cleithra,
vertebrae, opercal bones, and dentary bones. The use of hard parts to estimate age 1s

based on the presence of countable, annual "marks" or "rings" radiating from the center

of the hard part. The formation of these rings is related to rimes of slow and fast growth,




usually fall-winter and spring-summer, respectively (Casselman, 1983; DeVries and Frie,
1996).

The methods of using fin rays and spines are very similar, and offer several
advantages over otoliths and other bony structures such as scales. Fin rays and spines can
be removed and processed more easily than some scales and most otoliths (Casselman,
1983). When using rays or spines, it is not always necessary to kill the fish or
significantly mutilate the carcass when sampling, which may reduce the market value of a
commercially harvested species (Casselman, 1983). The method of using soft rays is
especially useful because, like scales, rays can be removed from many species of fish at
the time of capture and compared with the corresponding structure at the time of
recapture (Casselman, 1983). Also, because annuli on scales result from a different
process than those on bones, there is no reason to assume that annuli on both structures
will be equally prominent throughout the life of the fish. Annuli in fin rays and spines
can remain prominent in older fish when scale annuli are not identifiable (Beamish,
1981). Finally, fin rays can be used to assess the credibility of ages assigned by other
methods (Beamish, 1981).

Determining age from fin spines and rays requires that they be sectioned near the
base in an exact transverse plane to assure that all annuli present are exposed. The exact
location of the section depends on the species. A dremmel saw, fine jeweler's saw, or
some other thin-sectioning device can be used to section spines and rays (DeVries and
Frie, 1996). The thickness of the section must be adjusted to assure that it is thin enough

for annuli to be visible. Sections may require soaking in solutions containing acetic acid

or bleach to remove unwanted tissue from the spine or ray surface to make observation




and quantification easier (DeVries and Frie, 1996). Séctions are best viewed under a
microscope, although they can be projected with a microfiche projector (similar to scales,
DeVries and Frie, 1996), or viewed using video imaging systems inclusive of
MmICroscopes.

Although fin spines and rays are useful in the estimation of age and growth in
fish, there are disadvantages. In older fish the core can undergo resorption and become
more vascularized, obscuring and even eliminating the first few annuli (Casselman,
1983). This can result in underestimation of age, as has been reported for several oceanic
pelagic fishes: bluefin tuna, Thunnus thvnnus (Compean-Jimenez and Bard, 1983);
albacore, 7. alalunga (Gonzalez-Garcés and Farifia-Perez, 1983); Atlantic skipjack tuna,
Euthynnus pelamis (Antoine et al., 1983); little tunny, £. a/letterarus (Cayre and Diouf,
1983; Johnson, 1983), sailfish, Istiophorus platypterus (Hedgepeth and Jolly, 1983;
Prince et al., 1986); blue marlin, Makaira nigricans (Hill et al., 1989); and swordfish,
Xiphias gladius (Berkeley and Houde, 1983; Ehrhardt, 1992; Tserpes and Tsimenides,
1995). In addition, fin spines and rays in older fish are similar to scales because, like
growth bands on the edge of scales, the distal annuli may be so close together that they
appear to coalesce, making optical resolution and correct age assessment difficult or even
impossible (Casselman, 1983). Finally, fin rays and spines can possess pseudoannuli that
are stmilar to annuli, but which are associated with checks and zones that are somewhat
incomplete and irregular, and are usually found only in one part of the structure, and
often not in all structures. Although they are sometimes prominent, they are not

associated with the growth zone that forms during the principal annual cessation or



reduction in growth rate that produces the annulus (Ca.sselman, 1983). This problem can
be correctly addressed with the validation of the hard part.

Whenever age and growth parameters are estimated from hard parts, it is
necessary to both verify and validate the use of that hard part. Verification can be
accomplished when annuli are counted by more than one scientist, or when the same
scientist counts annuli in each hard part more than once. This can provide some
measurement of the precision of age estimation when using hard parts (Casselman, 1983,
DeVries and Frie, 1996). Validation refers to the accuracy of age estimation when using
hard parts. Usually some type of marginal increment analysis (MIA) and/or comparison
between length- and age-frequencies is used to validate the use of a specific hard part by
confirming that the rings are in fact produced annually (Wilson et al., 1983).

Fin spines and rays have been used in many studies to estimate age and growth of
fish. Table 3.1 lists the species for which age estimation was performed using fin spines
or rays. This table includes how this method of age estimation has been applied, and
whether the estimates were verified or validated.

While otoliths are still the method of choice in aging fish (DeVries and Frie,
1996), some species have small, hard to read otoliths that inhibit age estimation. This 1s
true for GTF, whose otoliths are small and fragile. During preliminary examination of
hard parts of GTF, they were found not to contain annual rings, or rings of any type with
which to estimate age. Therefore, for this study I follow the methods of Johnson and
Saloman (1984), Ofori-Danson (1989), Wilson et al. (1995) and Hood and Johnson

(1997), and use the first dorsal spine of GTT in age estimation.
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Table 3.1. Review table on the use of fin rays and spines as age estimators. Some
species, which were not included in Table 1, primarily utilized fin rays as aging
structures, include Pacific salmon, Oncorhynchus spp. (Bilton and Jenkinson
1969); white sucker, Catostomus commersoni (Beamish and Harvey 1969);
lingcod, Ophiodon elongatus (Beamish and Chilton 1977); walleye pollock,
Theragra chalcogramma (Beamish 1981); and Pacific cod, Gadus macrocephalus
(Beamish 1981).

Species Apphication Venfication / Comments Literature

Validation Cited
dogtish shark, Age estimation in S, In the study pretormed by The fact that many spines Ketchen
Squalus acathias is made Ketchen (1973) of 410 showed irregular spacing 1975
acathias possible by a semi- readable spines, there was between supposed winter

regular series of dark
bands of pigment
associated with ridges
in the spine enamel of
the second dorsal
spine, which may be
indicative of annual
changes 1n growth

complete agreement in the
reading of only 22%.

No firm criteria was
established for recognition
and rejection of false checks
or acceptance of those
thought to be genunely
annual, due to the lack of
some type of validation, such
as MIA.

checks (annuli) was
1gnored, and 1t was
assumed that all complete
bands were annuli.

e enamel on some of the
larger dogfish were
severely worn and annuli
destroved, which could
have led to an
underestimation of age

lake sturgeon,
Acipenser
Sfulvescens

white
sturgeon. 4.
trans-
montants

[n each study, age and
growth mnformation
was estimated from
microscoptcally
examuned annuli
exposed on transverse
sections of first
pectoral fin rays.

Neither study discussed
precision of age estimates,
but validity was discussed
Probst and Cooper (1954) and
assumed m Semakula and
Larkin (1968)

Probst and Cooper (1954)
compared length- and age-
frequencies distributions of
sturgeon caught in several
Wisconsin lakes and found
a strong correlation, which
indicates that the age
estimates in this study are
aceurate.

Probst and
Cooper 1954

Semakula
and Larkin
1968

marine catfish,
Arius
heudeloti, A.
parkii, 4. latis-
curatus

Age and growth
information was
estimated for each
species by
microscopically
examining annuli
exposed on transverse
sections of the first
dorsal spimes

For veritication counts of
annuli were made by two
investigators.

The marginal increment ratio
of individual fish was plotted
on a monthly basis and
indicated that on annulus was
formed per vear for fish
under 3-6 vears of age
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Preliminary observations of
pectoral and dorsal spines
indicated that the best
readings were obtained
from dorsal spines

In thus study, there was a
tugh percentage of 1llegible
spines 1 older fish.

Conand et al,

1995
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Table 3.1, cont.

bluefin tuna, The first dorsal spine
Thunnus was taken to estimate
thynnus age and growth and to
determune i1f a
relationship exists
between the growth
increments exposed on
spine sections and fish
migration patterns.
Atlantic The first dorsal spine
skipjack tuna, was used to estimate
Euthynnus age and growth
pelamis

little tunny, £. The tirst dorsal spine

alletteratus was used to estimate
age and growth.
albacore. The first two dorsal
Thunnus spines were used to
alalunga estunate age and

growth

Verification method not
mentioned.

Back-calculation of fork

lengths indicated that growth
bands are formed twice a year

and the growth curve
calculated for bluefin tuna
closely approximated
previous estimates derived
from other aging methods.

The precision of counts
between eight different
readers was assessed. Only
one specimen produced total
agreement.

The assumption of two
growth bands per year was
not validated

Two readers (Cavre and
Diouf 1983) had good
precision in estimating age
with an index of average
percent error of 10.5%

The assumption of one
doublet or one growth band
per year was not validated in
either study.

There was 85% agreement
between the two readers

The assumption of two
growth bands per vear was
not validated.

The formation of growth
bands in the dorsal spines
of the tuna appeared to be
related to their spring and
fall migration patterns.

Growth bands were
progressively obscured by
the increase in size of the
vascularized core increased
as the size of the fish
increased.

Growth bands were also
obscured by the increase in
size of the vascularized
core

Growth bands were also
obscured by the increase in
size of the vascularized
core

Johnson (1983) found 96%
of the growth bands in the
first dorsal spine agreed
with the number of ridge
groups found on the 33rd
caudal vertbra from the
same fish.

(Growth bands were also
obscured by the increase in
size of the vasculanzed
core.

Compedan-
Jimenez and
Bard 1983

Antoine et al
1983

Cayre and
Diouf 1983:
Johnson
1983

Gonzalez~
(Grarcés and
Fanifa-Perez
1983




Table 3.1, cont.

sailfish, Istio~
phorus platyp-
terus

blue marlin,
Makaira
pigricans

The forth dorsal spine
was used to estimate
age and growth
(Hedgepeth and Jolly
1983).

Comparisons were
made between dorsal
spines and otoliths as
age estimators (Prince
etal. 1986).

Otoliths, vertebrae, and
anal and dorsal fin

spines were evaluated
for legibility and
interpretability of
growth patterns, ease
of collection and
processing, and the
precision of the
resultant annulus
counts for use in
estimating age

Three readings of each spine
by two readers were made
independently (Hedgepeth
and Jolly 1983).

The assumption of one
growth band per year was not
validated (Hedgepeth and
Jolly 1983).

Dorsal and anal fin spine
counts had the best
agreement.

The growth zones were
assumed to be annual and
were not validated.

Prnce etal, (1986) found
that the build up of oil in
the dorsal spines caused
resorption of centermost
growth bands and an
underestimation of age in
older fish. Therefore,
otoliths would probably be
a better source of age and
growth information.

The fin spines were more
practical in terms of case of
collection, processing,
legibihity, and
interpretation. However, in
larger fish the inner growth
zones were resorbed and
had to be replaced
statstically

Hedgepeth
and Jolly
1983; Prince
etal. 1986

Hill et al.
1989

swordfish,
Xiphias
gladius

The second anal fin
spine was used to
estimate age and
growth in all studies.

Sections were read twice by a
single reader (Berkeley and
Houde 1983). The data
collected by Berkeley and
Houde (1983) were validated
to be apnual by Ehrhardt
(1992) by studying the
seasonal growth of relative
marginal increments.

Tserpes and Tsimenides
1995) each read all spines
and used marginal increment
ratio to validate that the
growth bands were annuli.

T

The core of these spines
ofien contains globules of
ot} that may obscure the
focus and the first few
growth bands, causing an
underestimation of age.

Berkeley and
Houde 1983,
Ehrhardt
1992,
Tserpes and
Tsimemides
1995

queen trigger-
fish. Balistes
vetula

gray trigger-
fish, 8.
capriscus

The first dorsal spine
was used to estumate
age and growth.

The first dorsal spine
was used to estimate
age and growth in cach
study

Verificauon was not
addressed in this study

Validation of annull was
accomplished using MIA and
focus to Ting measurements

Johnson and Saloman (1984)
and Otort-Danson (19891 did
not address precision and did
not validate growth bands as
annull

Iscorriola (1991) used two
people to read growth bands
and had good precision. He
also used MIA to validate
growth bands as annuli.

|
|
|
|

|

|

Spines were easily sampled
and eastly processed.

Spines were easily sampled
and easily processed

Manooch and
Drennon
1987

Johnson and
Saloman
1984, Otor-
Danson
1935,

| Escorriola

1991
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3.1.5 Mathematical Representati»ons of Growth

There are many mathematical functions that have been used to describe growth in
fish. Common to these functions is a dependency on parameters that can be easily
determined and then compared between stocks. Since the application of the von
Bertalanfty growth function by Beverton and Holt (1957) to the yield-per-recruit
problem, this function has been used widely in fisheries biology to describe and estimate
growth in fishes. There are two different methods of determining the parameters of the
von Bertalanffy growth function. The first method uses weight- and length-at-age data to
estimate the growth parameters L. (theoretical maximum length), W (theoretical
maximum weight), K (Brody growth coefficient) and to (theoretical age when length or

weight is zero) for both length and weight, using the following equations:

=L (l-e’“"‘”) and/or W, = Wx(l_e«(t-xo))i ’

t ©

where L is the length at time t and W, is the weight at time t. This method of using age
estimates from spines or otoliths, and length and weight measures is well described by
Ricker (1975) and has been used by fisheries scientists to estimate and describe growth in
many fish including those of the genus Balstes (Johnson and Saloman, 1984; Menezes,
1985: Manooch and Drennon, 1987, Ofori-Danson, 1989: Escorriola, 1991; Wilson et al.,
1995; Hood and Johnson, 1997).

Secondly, data obtained from capture-recapture studies has also been used to
estimate growth in fish (e.g. Sutter et al., 1991). Fabens (1965) described a method

which uses capture-recapture data to estimate the parameters of the von Bertalanffy
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growth function. This method uses initial length (y;) and the increment of growth (di)
over time at large (recapture interval = A,) to estimate the growth parameters of L. and K:

d,=(L, -y, i-e ™)

i

In addition, Kirkwood (1983) combined both age-length and length-increment data to
estimate von Bertalanffy growth curve parameters, and presented statistical

measurements to test the adequacy of the curve's fit to both types of data sets.

3.1.6 Goals and Objectives

Age and Growth. The goal of this chapter is to provide insight into stock structure of

GTF by comparing local-scale and large-scale age and growth parameters. Compar isons
of estimates growth rate derived for fish inhabiting individual reefs are made to provide
insight into small-scale stock structure in relation to growth parameters. Likewise,
estimates of the von Bertalanffy growth parameters for GTF from two difterent artificial
reef permit areas in the north-central Gulf off the coast of Alabama (i.e., the Hugh
Swingle General Reef Permit Area and the Don Kelly North General Reef Permit Ar ea)
are compared (Figure 3.1). Differences in growth parameters fish from these two arcas
could be an indication of stock separation (Gulland, 1983} on a relatively local scale.

. Also, the results of this study are compared with those of studies from other areas of the
" Gulf As seen in Chapter 2, GTF exhibit high site fidelity. If growth parameters off

Alabama differ from those from than other regions of the Gulf, this may indicate that
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Figure 3.1. General permit areas off the Alabama coast for artificial reef construction.
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GTF should be managed with respect to differences in discrete management units (MU’s)

within the large or Gulf-wide scale.

Reproduction. Another goal of this chapter is to accurately describe the reproductive
biology of GTF off the Alabama coast (i.e., provide data on size-fecundity relationships,
reproductive seasonality, sex ratios at age, and maturation schedules) and to compare the
reproductive parameters of fish captured in the Hugh Swingle General Reef Permit Area
to those of fish from the Don Kelly General Reef Permit Area. [ reason that if there are
significant differences between the reproductive parameters obtained from fish in one
reef permit area when compared to the other (i.e. localization of reproductive
parameters), then, like differences in growth rates, the need for MU’s within the unit
stock may be indicated. Also, the results of this study are compared with those found in

studies from other areas of the Gulf.

Mortality. The final goal of this chapter was to describe mortality of GTF off the
Alabama coast on multiple scales. Mortality rates were compared between GTF captured
in Don Kelly North and Hugh Swingle General Permit Areas and between tagging sites
of the NRS (see Chapter 2). I reason that differences in mortality rates may indicate
differcaces in fishing pressure between areas. Due to high site fidelity (see Chapter 2), [
reason that differences in fishing pressure and resulting mortality rates between areas
may lead to differences in age structure between areas, and subsequent localization in

growth and reproductive parameters.
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3.2 Materials and Methods

3.2.1 Age and Growth

GTF captured by charter boats off Dauphin Island and Orange Beach, Alabama
were sampled to collect the data with which to estimate growth. In addition, I sampled
fish landed at various local fishing tournaments, and captured in bottom trawls off the
coast of Louisiana during the 1998 Summer Groundfish Survey conducted as part of the
South East Area Monitoring and Assessment Program (SEAMAP) by the National
Marine Fisheries Service. Specimens (n = 1,849) inclusive of all samplings for this
project were collected from July 19, 1996 to October 20, 2000.

Of the 1,849 GTF sampled for hard parts for age and growth analysis, 650 were
harvested from the Hugh Swingle General Permit Area; 909 were harvested from the Don
Kelly North General Permit Area; 80 were collected during SEAMAP trawling cruises;
and 210 were sampled at various local, hook-and-line and spear-fishing tournaments.

Nine-hundred-and-twelve female, 892 male and 45 GTF of undetermined sex
were collected. When sampled, each specimen was measured for fork length (mm), total
length (mm), and total weight (to the nearest 0.01 kg). The gonad from each specimen
was taken to determine the sex of the fish, and the first dorsal spine of each fish was
collected. Finauy, if a charter boat landed the fish, the charter boat captains were
interviewed to determine the permit area in which each fish was captured.

The first dorsal spine was removed by cutting the membrane between the first and
second dorsal spine toward the joint where the condyle articulates with the first basal

~

pterygiophore using a heavy sharp knife (line A, Figure 3.2). After the membrane was
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Figure 3.2. Illustration of removal of the first dorsal spine ot gray triggerfish.
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cut, the knife was inserted anteroventrally into the condyle socket at the posteroventral
base of the first dorsal spine, and any connective tissue holding the spine in place was
removed. Next, the spine was removed from the socket by distally applying pressure to
the posterior surface of the spine, moving it anteriorly until the condyle ‘popped’ out of
" the socket (line B, Figure 3.2). Finally, any remaining tissue still attached to the spine
was cut, separating the spine from the fish.

A modified combination of the methods of Johnson and Saloman (1984),
Manooch and Drennon (1987), and Hood and Johnson (1997) was used to estimate the
age of GTF using the first dorsal spine. The shaft of each dorsal spine was cut about 5-10
mm above the condyle. Figure 3.3 shows the best place to make the transverse section in
the extracted spine. The sectioning plane, illustrated by line B in Figure 3.3, was the best
position to section the spine. The section at line A resulted in more closely spaced
annuli, and a section made at line C would result in annuli which may be obscured by the
convolutions in the condyle of the spine. Therefore, the section made at line B provided
the most widely spaced annuli with the best resolution.

A Hilquist model 800, water-cooled thin sectioning machine with a diamond
blade (Cowan et al., 1995) was used to section GTF spines. This saw allows accurate
cuts at high speed. To make a transverse section, the spine was held horizontally,
perpendicular to the saw blade. Then, while holding the spine as steady as possible, the
first cut was made as illustrated on line B in Figure 3.3. This resulted in two portions of
the spine — the distal portion and the proximal portion containing the condyle. After this
cut was made. the cut surface of the distal portion was polished using the polishing lap of

the Hilquist saw. After the cut surface was ground, the distal portion of the spine was
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Figure 3.3. Positioning of a correct transverse section in the first dorsal spine of gray

triggerfish.
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cemented to the petrographic slide with the plane of thé cut parallel to the plane of the
slide. The spine was cemented to the slide with ultra-violet epoxy (Loctite #349) and
allowed to cure for two to three minutes. After curing, the slide with the mounted distal
portion of the spine was placed into the slide-holding lever-arm associated with the
Hilquist’s cutting blade. The second transverse cut was made using this lever-arm to
guide the spine across the blade. The result was a spine section with an initial thickness
of approximately 0.5 to 1 mm. The final thickness of the section was adjusted using a
dial caliper on the grinding lap, which indicates the distance of the spine section and lever
arm from the grinding lap in units of micrometers (i.e. the thickness of the thin-section).
A microscope set at 40x magnification was used to monitor the clarity of the section, as
the thickness of the section was adjusted by grinding. The thickness of the thin-section
was adjusted to around 400 um to achieve sufficient resolution when examining the
spines at a magnification of 40x.

A generalized spine section was illustrated in Figure 3.4, The areas of summer
and winter growth in a gray triggerfish spine section were translucent and opaque,
respectively, opposite the pattern generally found in otoliths. These annuli radiated
outward from the focus. The focus in a spine section was the main channel of
vascularization for the spine. The spine radius was measured as the distance from the
focus to the margin of one of the posterior lobes, as seen in Figure 3.4.

A section was best viewed with either a compound or dissecting light microscope
set at a magnification of 40x. Illuminated from below, the translucent rings in the section

were relatively clear and well defined. The rings were counted from the focus to the

margin of one of the posterior lobes along the radius (Figure 3.4). In order to insure a
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Figure 3.4. Generalized section of the first dorsal spine of gray triggerfish.
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definitive margin on the posterior lobes, I removed the‘ skin from between the lobes and
covering the lobes. This enabled the production of a section with a smooth, readable, and
measurable margin.

Two readers independently enumerated annuli in the first dorsal spines. If the
spines were deemed either unreadable, or if the readers disagreed in annulus counts, then
those sections were not used for age estimation or included in any further analysis. After
enumeration of the annuli, the biological age of the gray triggerfish was estimated by
adjusting for a June-July spawning date (i.e. July 1 spawning date) in the northern Gulf of
Mexico (Wilson et al., 1995 and see Chapter 4); adjusting for an annulus formation date
between December and February (i.e. January 1 formation date (Wilson et al., 1995 and
see below); and adjusting for the date of capture.

To validate these translucent rings as annuli, I conducted a relative marginal
increment analysis on the spines using a moditied combination of methods used by
Manooch and Drennon (1987) and Ehrhardt (1992). Various measurements (spine
radius, distance of the last annulus to the margin) were obtained for a sub sample of 280
specimens (15 %). 1 plotted the monthly average relative marginal increment. The
relative marginal increment was the distance from the distal edge of the last translucent
band to the edge of the spine (marginal increment) divided by the radius of the spine.
The mean monthly relative marginal increment was calculated and plotted over the
course of a year. Also, I plotted the monthly percent-frequency of the presence of a
translucent margin in GTF spines. If valid, the annuli would indicate the age of each
fish, and with both age and length/weight data, the von Bertalanffy growth parameters

could be derived using a nonlinear regression procedure (SAS for Windows, v.8).
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Sex-specific and overall age-length keys were developed for all GTF collected for
hard-part analysis, and excluding those specimens collected at tournaments and during
SEAMAP cruises. Sex-specific nonlinear length-weight relationships were developed

using the following model:

W =aFL’,

where W is the weight (kg) at fork length (FL) in mm, a is a constant and b is the
exponent of the power function (Ricker, 1975). Finally, a linear regression of fork length
on total length (TL, mm) was developed using length data both from the mark-recapture
study from Chapter 2, and from length data collected during this study.

Von Bertalanfty parameters were estimated for male GTF, female GTF and for
combined sexes, and compared with parameters from other age and growth studies (e.g.
Johnson and Saloman, 1984; Wilson et al., 1995; Hood and Johnson, 1997). Von
Bertalanffy parameters also were estimated for GTF captured within the Hugh Swingle
General Reef Permit Area and were compared (see below) to those estimated for GTF in
the Don Kelly North General Reef Permit Area. In addition, the von Bertalanffy growth
parameters were determined using a nonlinear solution of Faben’s method (1965), which
used mark-recapture data to calculate growth parameters. These data, consisting of
change in length and corresponding time at large, were obtained during the tagging study
described in Chapter 2. The parameters obtained from Faben’s method were compared to
those obtained using age-length data based on analysis of the first dorsal spine to

determine if each method provides a similar biological interpretation. In addition, von
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Bertalanffy parameters estimated for different sexes and for GTF inhabiting different
permit areas were compared.

Von Bertalanffy growth models were compared statistically using the methods of
Bernard (1981). This method employs a Hotelling’s T* statistic (er=0.05), which can
simultaneously compare parameters from multi-parameter models, in which all
parameters are highly correlated. In this case, the statistic is employed to determine a
difference between von Berttalanffy growth models by simultaneously comparing all
model parameters. For Hotelling’s 7%, both sets of parameter estimates (i.e., L., K and to)
are assumed to be drawn from two, trivariate normal, joint probability distributions with a
common variance structure. Asssuming a common variance-covariance matrix allows for
the pooling of variance estimates when the actual variance structure is unknown. If this
assumption 1s violated and the variance-covariance matrices are different, then the
probability of a Type I error (), and correspondingly the power of the 7° test, may
deviate from tabulated values with similar degrees of freedom. However, when sample
sizes are similar, the effects of different variances are trivial. Also, the assumption of a
normal, joint, probability distribution is important to the test. Large sample sizes increase
the robustness of the 7* statistic to non-nermally distributed data; parameters are means
in a trivariate, normal distribution and like all means become normally distributed at large
sample sizes.

Negative binomial regression also was employed to elucidate differences between
growth of female and male GTF, and for differences in growth of GTF harvested from
the Hugh Swingle General Permit Area versus those harvested from the Don Kelly North

General Permit Area. This was accomplished in each scenario by describing the deviance
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in the dependent vanable fork length of GTF with the independent variable of age of each
GTF. Then to test differences in growth between sexes, or between fish harvested from
different permit areas, [ included either a bivariate sex variable (i.e. male versus female)
or a bivariate area variable (i.e. Hugh Swingte versus Don Kelly), respectively, in each
model.

To elucidate differences in growth on a small scale, [ compared differences in
change in fork length over time at large of GTF tagged over each tagging station during
the NRS (see Chapter 2). I developed a negative binomial regression with growth rate
(i.e. change in fork length/time at large) as the dependent variable and tagging stations
(ie. IA, IB1,IB2, IC, ID, IE, OA and OC) as independent class variables. Because all of
the inshore tagging stations were in similar water depths (20 m), and the offshore tagging
stations were in similar water depths (32 m), depth-specific growth rate was also

evaluated using negative binomial regression (SAS v.8).

3.2.2 Reproduction

Gonosomatic Indices (GSD). Gonads were removed from 454 male and 613 female

GTF, and were immediately placed in 4 % formaldehyde solution for at least two weeks
for preservation. Before placement in formaldehyde solution, the gonads were weighed
{to the nearest 0.1 g).

A GSI was calculated for each fish. GSI for female GTF was calculated using the

following equation:

GSIz=100 % [gonad weight(kg)/ total body weight(kg)],
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GSI for males was calculated using the following equation:

GSIm=100{100 % [gonad weight(kg)/total body weight(kg)]}.

Due to the small size of the male gonad, the initial male GSI, which represented the
percent of total body weight that was gonad material, was multiplied by 100 to allow a
more straightforward comparison between spawning periodicity of male and female GTF.
Sex-specific, monthly means of GSI of males and females were examined for changes in

relative gonad size.

Maturation Schedules. Gonad tissue samples were sampled and histologically analyzed

to describe the maturation schedule of male and female GTF. A section of gonad tissue
was taken from a randomly selected area of each ovary and testis. Histological
preparations were made and mounted by the Histology/Pathology Department at the
Loussiana State University, School of Veterinary Medicine using standard techniques
(Hinton, 1990, for review).

Histological sections of gonads were examined microscopically and assigned to
maturation categories described by Hood and Johnson (1997), who used modified
classification schemes developed from West (1990) and Wallace and Selman (1981) for
females, and Hyder (1969) for males. The following developmental stages wére used in

describing ovarian development of in GTF:
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Immature: Only primary growth oocytes are present iﬁ this stage, which is characterized
by little cytoplasm with a centrally located nucleus. The nucleus contain either
one large basophilic nucleous (a chromatin nucleolar oocyte) or several small
nucleoli usually found at the nuclear periphery (a perinucleolar oocyte).

Resting: This stage is similar to immature ovaries except that atretic bodies, which are
indication of past spawning, and an increased number of folds in the ovigerous
lamellae are present.

Maturing: This stage is characterized by the presence of cortical alveoli (volk vesicle)
oocytes, which are recognizable by the appearance of the chorion and yolk
vesicles in the cytoplasm that give rise to the cortical alveoli.

Mature: This stage is characterized by vitellogenic oocytes as the most advanced oocyte
present in the ovary. Vitellogenic oocytes have yolk granules, which are initially
small, but as the oocyte develops, fuse and eventually form a continuous mass of
yolk fluid.

Hydrated: This stage is characterized by the presence of late-stage vitellogenic oocytes
and hydrated oocytes. Hood and Johnson (1997) reported that hydrated oocytes

have an amoeboid shape that results from dehydration of the histological

imbedding process.

Atresia: this stage is characterized by massive atresia of all remaining vitellogenic

oocytes.

The following developmental stages were used in describing testicular development of

GTE:

&9



Immature: This stage is characterized by the presence of spermatogonia and
spermatocytes in the central lobules, but no tailed sperm are observed in the
lumen of the lobule.

Developing: Testes in this stage are similar to the immature stage; however, developing
testes can have tailed sperm in the lumen of the lobule.

Mature: This stage is characterized by the testis having primarily spermatocytes,
spermatids and free spermatozoa in the lumen of the lobule.

Ripe: Testes in this stage is characterized as having only free spermatozoa in the lumen
of the lobule.

Spent: This stage is characterized by the testis having few free spermatozoa in the lumen
of the lobule and early stages of spermatogenesis occurring in the peripheral
lobules.

Percent frequency of GTF in each stage of gonad development per month was plotted for

each sex.

Batch Fecundity, Spawning Frequency and Total Annual Fecundity. Modified

histological techniques of Brown-Peterson et al. (2000) were employed to estimate batch
fecundity. All oocytes undergoing final oocyte maturation (FOM), which precedes
hydration, were enumerated using a light microscope at 100X magnification. Mid- to
late-stage vitellogenic oocytes that were greater than 400 um in diameter were considered
to be undergoing FOM. Six fields of view per slide (i.e. per fish) were inspected, and
only the oocytes undergoing FOM were counted. Each field of view had an area of 2.44

mm®, and this area was multiplied by the average diameter of oocytes counted in that
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field to give the number of oocytes undergoing FOM pér volume. The total number of
oocytes per volume of histological section inspected was then multiplied by the
volumetric displacement of the ovary. Of the 44 females classified as mature with
oocytes undergoing FOM, 39 were used to estimate batch fecundity.

Statistical relationships between batch fecundity and age (years), FL (mm) and
weight (kg) were developed. The relationship between batch fecundity and age was

modeled using the following equation:
f -~ aeb(age)
where a and b are model constants and /is batch fecundity (number of eggs per batch).

The relationship between batch fecundity and fork length was modeled using the

following equation:

where @ and b are model constants, /is batch tfecundity. The relationship between batch

fecundity and weight was modeled using the following equation:

f=a+b(W),

where @ and h are model constants, f'is batch fecundity and W is weight (kg).

91




The incidence of femnales with oocytes undergding FOM provided an estimate of
spawning frequency during the spawning season (Hunter and Macewicz, 1985). The
mean percent-frequency of females with ovaries containing oocytes undergoing FOM per
day was estimated. One hundred percent divided by this rate indicated the mean interval
between spawnings (days)(i.e. spawning frequency). The mean number of spawnings per
spawning season was estimated by dividing the length of the spawning season by the
spawning frequency. Mean total annual fecundity was estimated by multiplying the
mean number of spawnings by mean batch fecundity.

The reproductive parameters of fish captured in the Hugh Swingle General Reef
Permit Area and of those from the Don Kelly North General Reef Permit Area were
compared using ANOVA with month, area and a multiplicative interaction term. In
addition, the reproductive parameters estimated in this study were compared to those
from other studies around the Gulf (i.e., Louisiana, Wilson et al., 1995; West Florida,

Hood and Johnson, 1997).

3.2.3 Mortality
[ used catch curve analysis (Ricker, 1975) of age-trequency distributions to
estimate survival rate of GTF. 1 modeled the exponential decay in numbers with age

{years) with the following model:

_ -2t
N, =Nge

3




where Ny 1s the number of fish at age zero, N, is the nﬁmber of fish at age ¢ (years) and Z
is the instantaneous total mortality rate. Z was estimated by modeling the decay of
number with age, starting with age three. The decay model was started with this bin
since it was the peak in the age-frequency histogram and assumed to be the age at which
all GTF are fully recruited to the recreational fishery off Alabama. Other scientists (i.e.
Johnson and Saloman, 1984; Wilson et al., 1995) also report that GTF are fully recruited
to the hook and line fishery by age 3 years. Once Z was estimated, I estimated annual
survival (8) using the following equation:

. -z
S=e

Also, to estimate natural mortality, [ used Hoenig’s method (1983), where instantaneous

natural mortality rate was estimated using the following equation:
In(M)=144-0.982(¢,..).

where M is the instantaneous natural mortality rate and ¢,,,« was the maximum age of
GTF in the sample. With both estimates of Z and M, I then estimated the instantaneous

fishing mortality rate (/) off the Alabama coast by assuming the following relationship:

Z-M=1F.




I used the above methods to estimate Z, A and 1 based upon age-frequency data
derived from age estimates from first dorsal spines, excluding all tournament fish and all
fish collected by SEAMAP. In addition, I estimated Z, Af and F for fish harvested by
recreational fishermen from the Hugh Swingle General Permit Area versus those
harvested from the Don Kelly North General Permit Area. Finally, I estimated Z, A/ and
F of GTF tagged over inshore versus offshore tagging sites. This was accomplished by
transforming the estimated fork-length-at-tagging to age-at-tagging data using the von

Bertalantfy growth function for combined sexes.
3.3 Results

3.3.1 Age and Growth

Marginal Increment Analysis. Of the 1,849 first dorsal spines collected and analyzed

for age estimation, 4.16 % were deemed unreadable, and readers disagreed on annulus
counts on 4.49 % of the spines. Therefore, 1,690 (91.35 %) spines were used in GTF age
estimation.

The marginal increment analysis indicated that a translucent annual mark forms in
the spine from December to early February, and a secondary mark forms in July (Figure
3.5). The frequeacy of translucent margin of the first dorsal spine indicated that 100 % of
GTF have a translucent margin in the month of January (Figure 3.6). The frequency of
fish having a translucent margin decreased through April and was minimal in May and

June. There was a secondary peak in August, followed by a subsequent decrease in the
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Figure 3.5. Average relative marginal increment of the first dorsal spine of
gray triggerfish. Error bars represent standard error, and numbers above
symbols represent sample size.
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spine of gray triggerfish.
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fall. This pattern suggested that an annulus formed frdm December through February,
and a spawning check or false annulus formed in August.

There were several occurrences of false annuli in GTF spines. Such false annuli
are shown in the image of a spine section of a seven-year-old female gray triggerfish in
Figure 3.7. In Figure 3.7, each annulus is marked with a black dash, and the false annuli
are those marks falling between annuli. These marks were easy to discern in early annuli
because of their high relative width, as as shown for the annuli 3 and 4 in Figure 3.7,
compared to later annuli. Finally, there appeared to be formation of a settlement mark

around the focus in many specimens, which is discussed in Chapter 4.

Sex-Specific Growth. Sex-specific and overall age-length keys and tables of mean fork

length at age were developed for all GTF collected for hard-part analysis (Tables 3.2 —
3.4 and 3.8), and excluding those specimens collected at tournaments and during
SEAMAP cruises (Tables 3.5~ 3.7 and 3.9). The mean age (+standard error) of males
and females collected during this study was estimated to be 3.50 years (+ 0.054) and 3.40
years (+ 0.048), respectively, including all fish in the sample and 3.44 years (+ 0.047)
and 3.44 years (+ 0.039), respectively, excluding all tournament and SEAMAP collected
fish. Differences in mean ages between male and female GTF were not significantly
different (ANOVA; & = 0.05) in both of the above cases. The oldest GTF in the sample
was a female that was estimated to be 8.8 years of age. The oldest male was estimated to
be 8.1 years of age.

The mean fork lengths (+standard error) of males and females collected during

this study were estimated to be 363 mm (= 2.68) and 526 mm (= 2.15), respectively,
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Figure 3.7. Spine section of a seven-year-old, female gray triggerfish.
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including all fish in the sample and 361 mm (¢ 2.17) and 328 mm (= 1.59), respectively,
excluding all tournament and SEAMAP collected fish. Differences in mean fork length
between males and females were significantly different (ANOVA, o= 0.05) in both of

the above cases.

The linear regression between TL (mm) and FL (mm) of GTF is illustrated in
Figure 3.8 (Table 3.10, for model equation). In addition, the nonlinear length-weight
(mm-kg) relationships for both male and female GTF are illustrated in Figure 3.9 (Table
3.10, for model equations).

The von Bertalanffy growth functions for males, females and combined sexes,
including all fish sampled during tournaments and all fish sampled by trawl during
SEAMAP cruises are illustrated in Figure 3. 10 (Table 3.10, for model equations). These
indicate that males attain a larger size than females. Hotelling’s T* statistic indicates a
highly significant difference in von Bertalanffy growth functions between males and
females (77 = 141681.8, p << 0.001). Male GTF attain a larger asymptotic maximum
length. The difference (with 95 o, confidence intervals) in L. parameters between male
and female growth functions is 83.6 mm (80.7 to 86.6 mm). Males approach that length
at a slower rate of growth. The difference (with 95 % confidence intervals) in Brody
growth coefficients, K, between male and female growth functions is -0.0078 ye:ar'1
(-0.0104 to -0.0052 year'l). In addition, males had a highicr theoretical age at O mm fork
length. The difference (with 95 % confidence intervals) in t» parameters between male
and female growth functions 1s 0.2334 year (0.2142 to 0.2527 year).

The negative binomial regression run with FL (mm) as the dependent variable and

age (years) and sex as the independent variables indicated that males attain a larger size
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Figure 3.8. Linear regression of total length versus fork length of gray triggerfish.
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Table 3.10. Morphometric, and 2-, and 3-parameter von Bertalanffy (2- and 3-VB)
growth equations for gray triggerfish.

Equation-Type Equation Intra-model R’
Parameter
Correlations
TL vs. FL TL =-10.5017 +1.1889(FL) - 0.96
Male length- W= 0.0698FL!%7 - 0.97
weight
Female length- W, = 0 0627FLH0" -- 0.96
weight
Combined Sexes L = 533(1 085780 R, =078 0.99
(3-VB) R, =-098
Ry, =0.89
Wlale (3-VB) L, = 598{1 -l 0 7! ) R, , =-0.77 0.99
R, . =-0.98
Ry, =088
Female (3-VB) L, = 5 14(1 G 2075(¢+1 6065))) R, , = 076 0.99
R, ¢ = -0.97
Ry, =0.88
Hugh Swingle (3- L, = 574(1 _ e(—o.zmoynaua))) R, , =-0.73 099
VB) L ady
R, =098
Ry, =0.84
Don Kelly North L, = 579(1 ¢! 015 s R, , =-0.76 099 |
(3‘\’73) R o — 'O 98
Ry, =0.86
Hard Parts (2-VB) L, = 450(1 — el 4“”“”) R, (=-095 0.98
o | L
Tagge! Fish 2-VB | d =(403—y, Y1 -7 ") ‘ R, ,=-096 | 065 \
Faben’s Method) o }
| | ]
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Figure 3.9. Length-weight relationship of male and female gray triggerfish.
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Figure 3.10. Von Bertalanffy growth functions for gray triggerfish.




than females (Table 3.11, for model equations). Due tb the categorical nature of the sex
variable (i.e. M and F), this equation could be broken down into two equations — one for
each sex (Table 3.11). Size at age increased 13.97 % per year of age for both male and
female GTF. However, the equation for females shows a smaller intercept (209 mm)
than for the equation for males (228 mm). Therefore, growth rates may have been the

same for both sexes, but females were consistently smaller in fork length than males.

Area-Specific Growth. Area-specific von Bertalanffy growth functions could not be

estimated without the inclusion of data for larger GTF sampled at tournaments, and those
smaller fish collected during SEAMAP cruises. Otherwise, the area-specific models did
not converge (SAS v.8).

The von Bertalanffy growth functions for GTF harvested by recreational fishers in
the Don Kelly North General Permit Area, and in the Hugh Swingle General Permit Area
differed slightly (Figure 3.11; Table 3.10, for equation). Hotelling’s T* statistic indicated
a significant difference in von Bertalanffy growth functions between GTF captured in
different permit areas (7% =13381.05422, p << 0.0001). Hugh-Swingle harvested fish
attain a smaller asymptotic maximum length. The difference (with 95 % confidence
intervals) in L. parameters between growth functions is —5.4 mm (-8.5t0—2.3 mm}.
Hugh-Swingle harvested fish approach that length at a higher rate of growth. The
difference (with 95 % confidence intervals) in Brody growth coefticients, K, between
growth functions is 0.0187 year‘1 (0.0164 t0 0.0210 year ). Hugh-Swingle harvested

fish have a higher theoretical age at 0 mm fork length. The difference (with 95 %
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Figure 3.11. Von Bertalanffy growth functions for gray triggerfish harvested
from the Hugh Swingle and Don Kelly North General Permit Areas.
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confidence intervals) in to parameters between growth functions is 0.1400 year (0.1248 to
0.1552 year).

The negative binomial regression run with FL as the dependent variable and age
and permit area of harvest (1.e. Hugh Swingle or Don Kelly North General Reef Permit
Areas) as the independent variables indicated that fish harvested in the Hugh Swingle
General Reef Permit Area (Table 3.11, for equation) indicates a slightly larger size-at-age
for Hugh-Swingle harvested fish. Because the area variable was categorical, this
equation could be broken down into two equations — one for each area (Table 3.11, for
equation). Size at age increased 9.42 % per year of age for fish harvested in both areas.
However, the equation for Hugh Swingle harvested fish showed a larger intercept (258

mm) than for the equation for Don Kelly harvested fish (252 mm).

Growth of Tagged and Untagged Fish. A von Bertalanfty growth function was

estimated from analysis of annuli in the first dorsal spines of all GTF collected for hard
parts analysis and compared to the von Bertalanffy growth function estimated using
Faben’s method for those tagged during the study described in Chapter 2 (Figure 3.12).
To directly compare growth functions between methods, a two-parameter von Bertalanffy
growth function was computed for all fish based on hard parts analysis (Table 3.10, for
equations). Hotelling’s T° statistic indicated a highly sigrificant difference in von
Bertalanffy growth functions between the two, aforementioned methods ( It =
105168.2122, p << 0.001), with tagged GTF attaining a smaller asymptotic maximum
length; the difference in L. parameters between growth functions (with 95 % confidence

intervals) is -47.45 mm (-49.20 to -45.71 mm). The tagged fish also approached L. ata
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Figure 3.12. Von Bertalanfty growth functions based on empirical
measurements from tagging and on age estimates from the first
dorsal spines of gray triggerfish.
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lower rate of growth; the difference in Brody growth coefficients, K, between growth

functions (with 95 % confidence interval) is -0.0955 year" (-0.1018 to -0.0893 year ).

Growth of Fish Over Small Spatial Scales. The negative binomial regression

employed to elucidate differences in growth on a small scale showed there were
significant differences in growth rate of GTF tagged above different tagging stations
( [able 3.11, for equation).

Due to trends of lower growth in fish tagged over the inshore stations, the data
were grouped into depth strata (i.e. offshore stations and inshore stations) and growth rate
was estimated as a function of station status (Table 3.11, for equation). Therefore, the
mean growth rate (with a 95 % confidence interval) on the offshore tagging stations was
estimated to be 0.20 mm day™ (0.12 t0 0.33 mm day™'), and the mean growth rate (with a
95 9% confidence interval) on the inshore tagging stations was estimated to be 0.10 mm
day™ (0.08t0 0.12 mm day™). The growth rate of GTF tagged over offshore stations was
significantly greater than that of GTF tagged above inshore stations (negative binomial

regression, p < 0.0001).

3.3.2 Reproduction
Bnth histological condition of maturity, and GSI indicate that spawning activity
for both male and female GTF increases in May, peaks during June and Julv, and then
decreases during August (Figures 3.13 - 3.15). Sex-specific plots of GSI versus age and

fork length provide insight into size and age at maturity for GTF (Figures 3.16 —3.19).
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Figure 3.13. Mean monthly gonosomatic indices for male
[100*(g0nad weight as % body weight)] and female
(gonad weight as % body weight) gray triggerfish. Error
bars represent standard error and numbers represent
monthly sample sizes.
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Figure 3.16. Gonosomatic index (gonad weight as % body weight) versus
age of female gray triggerfish.
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Figure 3.17. Gonosomatic index [100*(gonad weight as % body weight))
versus age of male gray triggerifsh.
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Figure 3.18. Gonosomatic index (gonad weight as % body weight)
versus fork length of female gray triggerfish.
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Figure 3.19. Gonosomatic index [100*(gonad weight as percent body weight)]
versus fork length of male gray triggerfish.




These plots indicate that 1-year-old males (>250 mm fork length) and 2-year-old females
(>250 mm fork length) exhibit seasonal maturation cycles associated with spawning.

No hydrated oocytes were found in histological sections of females. Therefore, 1
enumerated oocytes undergoing FOM to estimate batch fecundity. Mean diameter (+
standard error) of oocytes undergoing FOM was estimated to be 418 um (= 1). Of the
613 females from which gonads were taken, 59 were observed to be at FOM stage. Of
these, 34 were used to estimate batch fecundity. Batch fecundity estimates ranged from
96,379 to 2,649,027 oocytes undergoing FOM per ovary. The mean (= standard error)
number of oocytes undergoing FOM per gram was estimated to be 8,015 (+ 247). The
batch fecundity-fork length relationship (Figure 3.20), batch fecundity-age relationship
(Figure 3.21), and batch fecundity-weight relationship (Figure 3.22) all indicated an
increase in fecundity with size and age.

The mean percent (+ standard error) of females spawning per day during the
spawning season was 27.3 % (= 4.6). The mean interval between (+ standard error)
spawnings was estimated to be 3.7 days (+ 0.6). Females with ovaries containing oocytes
undergoing FOM were observed from late May to late August (~ 50 days). Therefore,
the mean number of spawnings (+ standard error) per spawning season was estimated to
be 24.3 (+ 4.1). Mean total annual fecundity (+ standard error) was estimated to be
17,071,634 eggs vear’ (= 2,010,787).

The area-specific GSI for females per month indicated a month lag in the onset of
ovary development for fish captured in the Hugh Swingle General Reef Permit Area
when compared to those captured in the Don Kelly North General Reef Permit Area

(Figure 3.23). The ANOVA procedure performed for females indicated that permit area
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Figure 3.20. Batch fecundity versus fork length of gray triggerfish.
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Figure 3.21. Batch fecundity versus age of gray triggerfish.
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Figure 3.22. Batch fecundity versus weight of gray triggerfish. i
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Figure 3.23. Mean monthly gonosomatic indices (gonad weight as ¢

body weight) for female gray triggerfish captured in the Don Kelly North
and Hugh Swingle General Permit Areas. Error bars represent standard
eITors, and the numbers on the upper axis represent monthly sample sizes.
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of captured, month and their interaction were all significant effects on GSI (i.e., p=
0.0063, p < 0.0001 and p < 0.0001, respectively) and the resulting model had a
coefficient of determination of 58.4 %.

The area-specific GSI for males per month indicated a decrease in GSI of fish
captured in the Hugh Swingle General Reef Permit Area during the month of May and a
steep decrease in the GSI in August, when compared to those captured in the Don Kelly
North General Reef Permit Area (Figure 3.24). The ANOVA procedure performed for
males indicated that permit area of capture, month and their interaction were all
significant effects on GSI (i.e. p = 0.0273, p < 0.0001 and p = 0.0021, respectively) and

the resulting model had a coefticient of determination of 38.3 %.

3.3.3 Mortality

[nstantaneous total annual mortality rate (Z + standard error) and subsequently
annual survival (S = standard error) for all fish sampled for hard parts was estimated to be
0.82 year” (= 0.08) and 0.44 year (= 0.04), respectively (Figure 3.25). One and two-
year-old GTF were found to be 7.3 % and 41.4 % recruited, respectively, to the
recreational fishery after back calculation. A was estimated to be 0.50 using Hoenig’s
method (1983), and F was estimated to be 0.32.

Instantaneous total annual mortality rate (= standard error) of fish harvested from
Don Kelly North General Permit Area (Zpg) versus those harvested from the Hugh
Swingle General Permit Area (Zy;s) was estimated to be 0.75 vear (£0.12) and 0.97

year | (£0.04), respectively (Figure 3.26). After subtracting A/ as estimated earlier by

Hoenig’s method, and assuming the remaining mortality component of Z could be
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Figure 3.24. Mean monthly gonosomatic indices [100*(gonad weight as
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and Hugh Swingle General Permit Areas. Error bars represent standard
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attributed solely to fishing, estimates of F* were estimafed to be 0.25 year” and 0.47
year‘], for Hugh Swingle harvested fish (Fys) and Don Kelly harvested fish (Fpk),
respectively.

Instantaneous total annual mortality rate (= standard error) of GTF tagged above
inshore stations (Z;) versus those tagged above offshore stations (Zp) was estimated to be
1.59 year™ (£0.02) and 0.86 year'' (= 0.03), respectively (Figure 3.27). After subtracting
M and assuming the remaining mortality component of Z could be attributed solely to
fishing, /- estimates were estimated to be 1.09 year'l and 0.37 vear’, for inshore (/1) and

offshore (Fo) stations, respectively.

3.4 Discussion

3.4.1 Annulus Formation
My interpretation of patterns in GTF growth, catch-per-unit-effort (CPUE),
reproduction, and increment formation in spines, as well as the relatedness of these
patterns, is summarized in Figure 3.28. Both the relative marginal increment analysis,
and the monthly condition of the margin of the first dorsal spines (ndicate that a
translucent annual mark forms in December-February, and that a spawning check frrms
in some fish during July-August. Both of these time periods represent periods of slow

somatic growth and low CPUE. The spring increase in CPUL corresponds with spring

growth as indicated in the first dorsal spine by the formation an opaque band.
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[ reason that changes in CPUE directly correspénd to changes in feeding activity
and not to changes in abundance, and provide a rough index of feeding activity. In
Chapter 2, GTF were reported to have high site fidelity. Therefore, seasonal changes in
abundance due to emigration/immigration should not be the cause of changes in CPUE.

During the summer months, as both male and female gonosomatic indices (GSI’s)
of spawning activity peaked, CPUE dropped to its lowest point during the year. After the
peak in spawning activity and the observed CPUE minimum, CPUE began to increase,
and a spawning check forms as indicated as another translucent band in some spines. The
formation of these spawning checks probably is attributable to reproductive behavior.
During the spawning season, the territorial male GTF prepare a number of nests (see
Chapter 2). Males then coax females to the nests, not allowing them to leave. I suggest
that this haremic spawning behavior, which has been described for many other species of
triggerfishes (e.g., Fricke, 1980; Nellis, 1980; Thresher, 1984, Gladstone, 1994; Ishihara
and Kuwamura, 1996; and Kuwamura, 1997), may affect growth of both males and
females, possibly leading to the formation of false annuli in the spine.

Finally, the annulus is completed when the wide opaque band indicative of fall
growth forms in the spine, which is correlated with sustained high levels of CPUE. The
formation of the next winter annual mark corresponds with the decrease in CPUE during
the winter. With the pattern of annulus formation established. enumeration of annuli and
age estimation was straighttforward.

There also appears to be a settlement mark that forms near the focus in the first

dorsal spine of most GTF sampled (~ 89 %). The settlement mark is a translucent ring

encircling the focus. Due to the mark’s close proximity to the focus, even in small fish




(80 — 100 mm fork length) less than 1 year old, it is assumed to be associated with the
period of transition between pelagic and demersal habitats. The settlement mark was the

only mark in the first dorsal spine resorbed by increased vacularization in larger and older

fish, and thus did not affect estimates of age.

3.4.2 Data Sets

[nitially, it might have been confusing to the reader that I included statistics
describing both the entire sample of GTF, and the sample excluding tournament and
SEAMAP collected fish. Statistics concerning the entire sample were aimed at
characterizing all fish available for analysis, thus representing the largest ranges of size
and age. The statistics concerning only those captured in the Hugh Swingle General and
the Don Kelly North Permit Areas were aimed at characterizing the recreational fishery
oft the Alabama coast. SEAMAP captured fish were the smallest and youngest in the
overall sample. Those sampled at tournaments were the largest and oldest fish that |
encountered. For all mortality estimates, and for estimates of growth derived from
negative binomial regression, no tournament or SEAMAP-captured fish were used. Only
in derivation of estimates of von Bertalanfty growth parameters did [ use data from both
tournament and SEAMAP-captured GTF, because the algorithm used by SAS V.8 did not
converge without the data on large and small GTF. Lack of convergence was probably
due to the sensitivity of the von Bertalanfty growth function to data from large and small
fish. Without these fish in the data set the model was essentially linear. Therefore, some

of the growth functions may have been biased by non-random or selective sampling, such

as bias introduced when sampling tournament fish (Goodyear, 1995). However,




sampling large fish at tournaments, and small fish from SEAMAP trawls was deemed

useful because GTF of these sizes and ages were rarely landed otherwise.

3.4.3 Guli-Wide Growth and Mortality Statistics

The average age of male and female GTF captured off the Alabama coast was
nearly identical, based on data excluding tournament and SEAMAP-captured fish.
However, both von Bertalanffy and negative binomial growth parameters indicated that
males attain a larger size than females. These sex-specific parameters, and the von
Bertalanffy parameters for combined sexes of Alabama GTF, are different from similar
estimates from other regions of the Gulf. For example, Alabama fish apparently attain a
larger asymptotic length, but approach that theoretical maximum length more slowly than
estimated for fish sampled from the hook and line fishery off Panama City Beach, Florida
during the late 1970s and the early 1980°s (Johnson and Saloman, 1984). Johnson and
Saloman also reported that fish off northwest Florida obtain a higher maximum age (i.e.
male = 13 years; female = 12 years) than Alabama GTF. Likewise were the findings of
Wilson et al. (1995), who sampled commercially caught GTF off Louisiana (i.e.
maximum age = 11 years). For fish caught off the west coast of Florida, Hood and
Johnson (1997) reported that females had a smaller asymptotic length than males, and
males approach that asymptote at half the rate of females. “"'hen compared to Alabama
GTF, females from west Florida had a smaller asymptotic length but approach that

asymptote faster; males have a larger asymptotic length and approach it slower; and, for

combined sexes, GTF have a larger asymptotic length and approach it slower.




Differences in estimates of mortality rates of GTF in this study, versus those :
from other regions of the Gulf may, in part, explain differences in von Bertalanffy growth
parameters between those regions, given that the size-age structure of the stock (or MU
within the stock) affects the estimated values of said parameters. Hood and Johnson
(1997) estimated instantaneous total mortality of recreationally and commercially caught
GTF off the west Florida coast to be 0.83 year™' and 0.82 year™, respectively, which was
very similar but slightly higher than the above reported instantaneous total mortality rate
estimated for Alabama GTF (i.e., 0.82 year'l). Instantaneous total mortality estimated for
GTF off the coast of Panama City Beach, Florida was estimated to be 0.67 year by
Johnson and Saloman (1984), which is lower than that estimated 1n this study or by Hood
and Johnson (1997).

On the Gulf-wide scale growth and mortality parameters cannot be directly

compared because differences may be attributable to changes in fishing pressure over
time. Landings (Figure 1.1) and mortality estimates of GTF collected in the late 1970°s
and early 1980°s indicate little exploitation (i.e. probably a lack of targeting of GTF by
fishers during this time)(Johnson and Saloman, 1984). With later studies (1.e. Wilson et
al., 1995 and Hood and Johnson, 1997; Harper and McClellan, 1997, for review), data
were collected after landings had peaked and were on the decline (Figure 1.1). Due to
increases in regulations on other reef fishes and the increased decire of GTT as table fare,
[ reason that GTF were exploited more during the earlier to mid 1990°s than during the
1970°s and 1980°s. This may explain the larger estimates of mortality between studies.
For the current study, data were collected during the late 1990°s and the year 2000.

Currently, GTF may be fully exploited, especially in view of the fact that during the past
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4 years the red snapper fishery has closed in the late sﬁmmer to early fall, and has
reopened in the spring. Fishers target GTF during this time to supplement their catch
(per. obs.), and during the fall CPUE of GTF is higher than in other seasons (see Chapter
7). Moreover, as indicated earlier GTF off Alabama have a higher estimate of fishing
mortality than in previous studies, which may be indicative of increases in fishing
pressure. Therefore, temporal differences in growth and mortality parameters resulting
from different levels of exploitation may preclude any meaningful comparisons of growth

and mortality to gain insight into stock structure at this scale.

3.4.4 Local Growth and Mortality Statistics

Growth of tagged GTF (see Chapter 2) apparently was affected by the tagging
process. The growth rate of tagged fish was significantly less than those aged through
analysis of the first dorsal spine. There are many ways that the tagging process may have
reduced the growth rate. First, the incision, tag insertion and subsequent healing process
associated directly with tagging could have reduced growth rate (Henderson-Arzapalo et
al., 1999). Moreover, if the tag wound became infected during the healing process,
growth rate may have been further reduced (Henderson-Arzapalo et al., 1999). Also,
growth rate may have been affected by the energetic consequences of the increase in drag
caused by the tag, especially if the external portion of the tag became fouled (Henderson-
Arzapalo et al., 1999). In contrast, Patterson (1999) reported no reduction in growth rate
of abdominally tagged red snapper off the Alabama coast.

[t is also possible that observed differences in mortality of GTF are attributable to

differences in growth rates, and subsequently the size-age structure of fish sampled in
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each case. Total mortality was estimated to be relativély high for GTF sampled during
the tagging study, versus those sampled for age estimation. Because growth and
mortality have been shown to be negatively correlated (Houde, 1987), slow growth in
tagged GTF may have directly affected other vital rates. Finally, differences in growth
rate may be due to a difference in fishing mortality between the areas in which GTF were
tagged, and the areas from which fish were collected for hard-part analysis. If fishing
mortality is higher in areas where tagging occurred, then faster growing individuals
which recruit to the fishery first may have been removed more quickly from that area,
leaving slower growing individuals behind, thus lowering the apparent growth rate of
GTF in tagging areas (Ricker, 1975; see below).

Intuitively, one would expect higher fishing pressure closer to shore. The
Southeast Banks Area off the Alabama coast, in which is located the Inshore Site, 1S
publicly known as an excellent place to capture GTF. Both anecdotal evidence, as
indicated by charter boat captains from Dauphin Island, Alabama, and many publications
of the Alabama Department of Conservation and Natural Resources, Marnne Resources
Division, make this case.

Observed differences in growth rate between fish tagged above Inshore and
Offshore Sites could have resulted from the effects of tagging on smaller fish at stations
within the Inshore Site, versus the effects of tagging on larger fish at stations within the
Offshore Site. Small GTF may have suffered greater long-term tagging effects than
larger GTF. Long-term effects of tagging on individual GTF, however, were not the
topic of this research. However, as suggested earlier, tagging did significantly affect

growth rate. Szedlmayer and Shipp (1994) reported that laboratory held red snapper,
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which were tagged with internal anchor tags, showed ﬁo signs of infection or stress and
did not experience significant tagging mortality. GTF are laterally flattened when
compared to red snapper, and Netilsen (1992) suggested that internal anchor tags are
appropriate for more robust species. Insertion of the internal anchor tag may penetrate
farther into the viscera in species like GTF, and thus cause decreases in growth due to
stress of tagging (Henderson-Arzapalo et al. 1999).

The differences in growth rates between Inshore and Offshore Sites may be due to
a combination of individual growth heterogeneity, and size-selective mortality. The more
aggressive and/or faster growing individuals may have been removed more quickly in
areas of higher fishing mortality because they recruit to the fishery earlier than do slower
growing individuals. The selective removal of faster growing individuals may explain
the slower growth rates of GTF in areas of higher fishing mortality (Ricker, 1975), and
has been seen in a number of other species. Reductions in growth of the temperate reef
fishes red porgy (Pagrus pagrus, Harris and McGovern, 1997) and vermilion snapper
(Rhomboplites aurorubens, Zhao et al., 1997) resulted from sustained overexploitation
that has selectively removed individuals predisposed towards rapid growth and larger
size. Moreover, Kristiansen and Svasand (1998) used a combination of mark-recapture
data and an individual-based growth and mortality model to describe selective removal of
faster-growing coastal cod (Gadus morhua) and subsequent depression in mean growth
rates over time.

This decrease in growth rate coupled with an increase in mortality rate seems
counterintuitive to the idea of density-dependent growth (Beverton and Holt, 1957). The

notion that growth rate is correlated to population size (i.e. as mortality increases and
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population size decreases, more resources are availablc;, for those remaining, allowing for
an increase in growth) has been described for many fresh water species (e.g., Donald and
Anderson, 1982; Fox and Flowers, 1990; and Le Cren, 1965, Walters and Post, 1993, for
review). However, in the marine environment, examples of density-dependent growth in
adult fish are few, except for reef fishes. Negative density-dependent effects (i.e. reduced
growth rate and increased mortality) have been evaluated for many species of reef fishes
(e.g. Doherty, 1982, 1983; Thresher, 1983; Jones, 1987). Such density-dependent effects
indicate that competition is occurring probably because of limitation of resources or
behavioral interactions (Jones, 1991, for review). Moreover, Bannister (1977)
summarized density-dependent growth in North Sea plaice (Pleuronectes platessa), a
demersal flatfish and non-reef species, which increased in mean length at age, due to
increases in fishing mortality and subsequent decreases in population size. In the case of
the present study, I reason that differences in growth rates of GTF between Inshore and
Offshore Sites are due to increased size-selective mortality on fish associated with the
Inshore Site, and any density-dependent affects may be eclipsed by increased size-
selective mortality.

GTF mortality off the Alabama coast appears to follow north to south, and east to
west gradients (Figure 3.29) decreasing with distance from shore, and from east to west.
Intuitively, one can understand the decrease in fishing mortality with the increase in
distance from shore, because recreational fishing effort in small boats probably decreases
in the offshore direction. The east-west decrease in fishing mortality also may be
attributable to a decrease in fishing pressure, as the largest charter boat fleet in Alabama

is based in Orange Beach, a town on the Alabama-Florida border. There are
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Figure 3.29. Spatial trends in mortality of gray triggerfish off the
Alabama coast. Estimates of instantaneous fishing mortality (/) and
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approximately 200 vessels in the charter boat fleet in Orange Beach, comparerd to 10
vessels in the charter boat fleet on Dauphin Island (James Duffy, per. comm. "). Orange
Beach is located almost due north of the Don Kelly North General Permit Area, and
Dauphin Island is located due north of the Hugh Swingle General Permit Area. I have no
direct measurements of fishing effort by these two fleets. However, as most charter boat

captains minimize the distance traveled to minimize fuel costs and maximize profit of

each fishing trip, there is probably more fishing pressure in the Don Kelly Area.

3.4.5 Reproductive Dynamics and Statistics

Both histological condition of maturity and GSI indicated that GTF spawn from
May through August. These results are similar to those of Wilson et al. (1995) who
reported that ovarian histology and GSI indicated that gray triggerfish captured off
Louisiana spawn during late spring and summer. In contrast, my samples indicate that
GTF off Alabama begin and cease to spawn earlier in the year than those studied by
Dooley (1972), who estimated the spawning season to be from July to October in the
northern Gulf. Hood and Johnson (1997) reported that ovarian histology indicated that
gray triggerfish captured off west Florida spawn during summer and early fall (June
through September) with a peak in the GSI in August for female fish and in September
for male fish. For Alabama, mature females with ovaries containing vitellogenic oocytes
were first observed in May, and were present through August. Whereas, for west Florida
GTF, mature females with ovaries containing vitellogenic oocvtes were first observed in

June and were present through September. Atretic females were observed from

' Alabama Department of Conservation, Marine Resources Division, Dauphin I[sland, Alabama
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September through October for west Florida GTF and from J uly through October for
Alabama GTF. From October to April most Alabama GTF had developing gonads that
contained primary growth oocytes and some atretic bodies.

GTF off Alabama appear to begin to spawn and cease to spawn one month earlier
than do fish off west Florida. This difference in the temporal position of spawning
season is counterintuitive to that seen in other fishes. For example, gag grouper
(Mycteroperca microlepis) spawn earlier in south Florida than those in north Florida
(Andrew Strelcheck, per. comm.”). Likewise, other serranids (i.e., Epinephelus striatus,
E. guttatus and Cephalopholis fulva) show a pattern of winter spawning at low latitude
and spring-summer spawning at high latitudes (Robertson, 1991). I have no conclusive
explanation for this pattern of earlier spawning in Alabama fish. However, it may have
resulted from the presence of mild winters in the 1998 and 1999 study years (CWRC,
1998, 1999, 2000), especially if warm temperatures are a cue for the initiation of
spawning activity.

Relatively, few studies have been conducted on the duration of balistid spawning
seasons, but results are consist with my and previous studies ot GTF. Monacanthus
hispidus spawns off South Carolina from May to November, with a peak in activity
during July (Hildebrand and Cable, 1930). Odonus niger and Pseudobalistes fuscus from
the Red Sea, and Sufflamen verres from the Gulf of Califor..x similarly spawn only
during the warmer parts of the year (Fricke, 1980; Thresher, 1984). Data for six species
in as many genera in the western Atlantic all suggest long spawning seasons, with peaks

of activity in the spring, the fall or both (Randall, 1964; Munro et al., 1973; Aiken, 1975).

: University of South Alabama. Department of Marine Sciences, Mobile, Alabama
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Overall, estimates of batch fecundity and size-fécundity relationships were similar
between Alabama and west Florida GTF, but estimates of GTF mean egg diameter (418
1um) were slightly smaller with those of other balistids. Triggerfish eggs have been
described for species in five genera, Balistes, Odonus, Pseudobalistes, Balistapus, and
Sufflamen (Garnaud, 1960; Fricke, 1980; Lobel and Johannes, 1980; Thresher, 1984), and
all are spherical, slightly over 500 um in diameter, and translucent. The number of
oocytes undergoing FOM per gram was lower for Alabama fish, which could have
resulted from the differences between methods of oocyte enumeration used in this study,
versus those of Hood and Johnson (1997).

Spawning frequency of GTF appears similar to that of red snapper (approximately
every 3.5 days, Melissa Woods, per. comm.’ ) inhabiting similar areas. In addition, this
estimate seems reasonable when compared to incubation times of demersally deposited
eggs of triggerfishes (12 to 58 hours) as reported by Thresher (1984). I reason that if the
estimated time between spawnings is less than incubation time, then spawning frequency
results are counterintuitive.

The estimates of reproductive seasonality between permit areas were found to be
significantly different. However, the validity of this difference between GSI's in the
Hugh Swingle and the Don Kelly North General Permit Areas were questionable, due to
the small, monthly sample sizes of gonads from fish from the Hugh Swingle General
Permit Area. If the relatively small samples were not truly representative of GTT in that

permit areas than statistical differences may have been invalid.

’ University of South Alabama, Department of Marine Sciences, Mobile, Alabama
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3.4.6 Stock Struéture

In this chapter, growth, mortality, and reproductive parameters in combination
with information on site fidelity presented in Chapter 2 are used to gain insight into stock
structure. On the Gulf-wide scale, insight into stock structure cannot be gained, due to
temporal differences in fishing pressure. In order to compare growth and mortality
estimates from areas throughout the Gulf a comprehensive, Gulf-wide study would need
to be conducted. During the current study, while fishing pressure may have differed in
specific areas off the Alabama coast, it was assumed that temporal changes in fishing
pressure did not occur. Therefore, heterogeneity in stock structure on this local level may
be associated with the combination of distribution of fishing pressure and high site
fidelity, and subsequent localization of growth rates. In addition, if localization of
growth and mortality is actually occurring, then throughout the Gulf sampling may need
to be conducted on local-scales to elucidate stock structure on the Gulf-wide scale. Thus,

determination of Gulf-wide stock structure of GTF may be an arduous task.
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CHAPTER 4: MODELING THE OCCURRENCE AND ABUNDANCE OF GRAY
TRIGGERFISH LARVAE USING GENERALIZED LINEAR MODELS.

4.1 Introduction

Most reef fishes have a pelagic larval stage but are benthic as adults, resulting in a
life history with two distinct and very different phases. Ninety-stx percent of reet fish
families have pelagic early life histories (Leis, 1991). Because many adult reef fish are
relatively sedentary (Sale, 1980) and the pelagic stage may disperse at scales from meters
to thousands of kilometers, the pelagic stage is more likely to determine the geographical
range of population units than the adult stage. Such is the case for GTF. In Chapter 2, 1
concluded that GTF exhibit high site fidelity as adults, but the balistids as a family are
reported to have demersal eggs and pelagic larvae (Leis, 1991).

The early life history of gray triggerfish has been reviewed from Senegal
(Cavertviere et al., 1981, Caveriviere, 1989), and otf Brazil (Matsuura and Katsurage va
1981). Larval developement from Brazil was reviewed by Matsuura and Katsuragawa
(1981). Longley and Hilderbrand (1942) and later Dooley (1972) described fish up to
100 mm to commonly occur in Sargassum spp. and about bits of flotsam. Aiken’s (1983)

study in Jamaica found juveniles among mangroves and in sargassum, and suggested
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larvae are transported by oceanic currents. In addition; the length of GTF pelagic phase
during early life has been described as prolonged and indeterminate (Richards and
Lindeman, 1987). GTF begin colonizing hard bottom habitat at approximately 160-170
mm SL (Vose and Nelson, 1994). Therefore, oceanic circulation, and the associated
hydrography of the circulating water masses, may play a large role with respect to the
distribution of larvae and juveniles, concentrating larvae into “clumps” associated with
specific water masses.

In the U.S. Gulf of Mexico (Gulf), the dominant circulation feature is the Loop
Current, which enters from the Caribbean through the Yucatan Channel and then exits
through the Florida Straights. However, the Loop Current is not the major feature driving
circulation over the continental shelves in the Gulf. The periodic shedding of eddies,
both cyclonic and anti-cyclonic, from the Loop Current can modify circulation patterns
on the west Florida shelf, Mississippi-Alabama shelf and Texas-Louisiana shelf. On the
inner west Florida shelf, the circulation consists of longshore currents caused from wind
stress (Mitchum and Sturges, 1982; Marmorino, 1983), and the mid- to outer-shelf is
dominated by geostrophic flow. This leads to a mean southerly flow to the south in
summer (Mitchum and Sturges, 1982). The circulation on the Mississippi-Alabama inner
shelf is dominated by geostrophic flow or circulation due to wind stress. Both cases
result in a mean westward flow (Chew et al., 1962, Schroeder et al., 1987). On the
Texas-Louisiana shelf, the circulation is dominated by a large cyclonic gyre. Throughout
most of the year the gyre is driven nearshore by wind stress, and near the shelf break an

eastern flow is present throughout most of the year. During late summer (July-August)
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changes in wind direction cause reversals in the nearsh.ore flow and the gyre system
subsequently breaks down (Cochrane and Kelly, 1986).

Gray triggerfish are reported to spawn in the Gulf from late spring through early
fall (Hood and Johnson, 1997; Wilson et al., 1995; and see Chapter 3). Therefore, I
reason that there should have been an increase in larval and juvenile occurrence and
abundance during and after this spawning period in areas corresponding to high
concentrations of adults. If the spatial distribution of larvae and juveniles matches the
distribution of adult fish, the extent of the spawning area for this species in the U.S. Gulf
can be described. If the larval/juvenile distributions do not match the distribution of
adult fish, a distant source of larvae may be indicated. Also, if the pelagic phase during
the early life of GTF is in fact prolonged and indeterminate (Richards and Lindeman,
1987) and larvae/juveniles associate with flotsam, suggesting they could be transported
long distances by oceanic currents (Aiken, 1983), the distribution and occurrence may be
a function of hydrographic parameters associated with specific water masses (1.€.
temperature, salinity and chlorophyll-« concentrations).

This chapter covers three aspects of the early life history of GTE. First, I describe
the temporal and spatial distribution of larval and juvenile GTT in the U.S. Gulf using
data collected during resource surveys of the Southeast Area Monitoring and Assessment
Program (SEAMAP), and compare the distribution of early life history stages with that of
adult GTF. Next, [ describe the degree of association between GTF larval/juvenile

occurrence and abundance and environmental parameters. Finally, [ provide size ranges

of specimens captured in neuston tows, bongo tows and bottom trawls to estimate the




size distributions of larvae and juveniles in both pelagfc and demersal environments to
provide insight into the length of the pelagic phase during the early life history of this
species.

This chapter aims to describe the occurrence (presence/absence) and the
abundance (number of specimens captured per 10 minute neuston tow) of GTF
larvae/juveniles in the northern Gulf using three types of generalized linear models:
logistic, Poisson and negative binomial regressions (see Chapter 1). I describe the
distribution of larvae and juveniles in the U.S. Gulf using data collected during numerous

surveys of the Southeast Area Monitoring and Assessment Program (SEAMAP),

4.2 Materials and Methods

Larval/juvenile GTF collected in bongo and neuston tows during seasonal
SEAMAP resource surveys from 1990 — 1993 were examined to describe their temporal
and spatial distribution in the U.S. Gulf. Collections were taken using standardized
procedures (Richards et al., 1993) during four time periods: Spring, April — May;
Summer 1, June - July; Summer 2, August — early October; and Fall, late October -
November (Table 4.1). During each of these time periods multiple cruises occurred, and
these cruises were combined within each time period to provide temporal categories in
the sampling regime for analysis purposes. During the Spring cruises the majority of the
sampling was conducted off the shelf (> 200 meters water depth). During the Sumumer 1,

Summer 2 and Fall cruises each year the majority of the sampling was conducted on-



Table 4.1. Yearly sampling time periods of gray triggerfish larvae and juveniles.

Sample Time Period

Sample Spring ¥ Summer 1 | Summer 2 Fall
Years
1990 4/20-6/30| 6/9-7/28 | 9/2-10/18 | 10/16 - 11/17
1991 4/17 -5/22|6/15-7/13 | 821 -10/4 | 10/14 - 11/18
1992 4/22 -5/2316/12-7/13 ] 8/30 - 10/19 | 10/18 - 11/10
1993 4/26 - 6/156/12-7/21 | 8/31-10/18 | 10/15 - 11/14
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shelf (< 200 meters water depth). Collection stations \);/ere approximately 30 nautical
miles (~ 56 km) apart, and samples were taken at all times of the day or night.
Measurements of temperature, salinity, and chlorophyll-a concentration were taken
approximately one meter below the surface at collection stations (Donaldson et al., 1993,
1994 and 1996; Sanders et al., 1992).

Larval GTF (< 10 mm) were identified using the larval description of Matsuura
and Katsuragawa (1981). Juvenile GTF between 10 and 25 mm in body length were
identified based on anal and dorsal fin element counts, and larger juvenile specimens (>
25 mm) were identified using pigmentation patterns.

Body length in larvae prior to notochord tip flexion was measured from tip of the
snout to the tip of the notochord. After notochord flexion body length was measured
from the tip of the snout to a vertical line through the posterior edge of the hypural plate.

Body lengths of neuston-collected GTF were statistically compared with those of
bongo-collected individuals. Statistical comparisons were made between gear-types and
between sampling time periods within each gear-type. The comparison of body length
between gear-type was performed using a t-test (&= 0.05) or a nonparametric equivalent
(Mann-Whitney Rank Sum Test, = 0.05) if the data was non-normally distnbuted.
Likewise, tests between time periods within each gear type were performed using a one-
way ANOVA (a=0.05) or the nonparametric equivalent (Kruskall-Wallis One Way
Analysis of Variance on Ranks, @ =0.05) if the data was non-normally distributed.

Logistic regression was used to predict the presence/absence of larvae/juveniles in

neuston tows. The method was deemed most appropriate because of nuMErous zeros n
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the occurrence data for larval/juvenile GTF. First, occilrrence was modeled against the
following variables: surface temperature, surface salinity, surface chlorophyll-a
concentration, depth, time period and year. Next, Poisson and negative binomial
regression-type models were employed to determine which of the aforementioned
variables best describe larval/juvenile abundance in neuston tows.

The reduction in deviance method (McCullagh and Nelder, 1989; see Chapter 1)
was used to build the most parsimonious models. I began the reduction in deviance
method by starting with the one-variable model with the most insignificant lack-of-fit. |
then compared the deviance of the two-variable model with the most insignificant lack-
of-fit and determined if the reduction of model deviance was significant. This process
continued with the addition of new variables until there was no further significant
reduction in deviance. The new models, which had the most insignificant lack-of-fit,
contained all variables that were previously included in the best fitting models of lower
variable count. This method was used to build both the logistic model describing
larval/juvenile occurrence and the Poisson model describing their abundance.

I described spatial distributions of larvae collected during the Summer 2 time
frame to elucidate any patterns of local or upstream larval sources. Position and
larval/juvenile abundance were plotted during the Summer 2 ti~ » frame for each sample
vear. Distributions of larvae/ juveniles were compared among vears.

To gain insight into the size distributions of GTF in the pelagic and demersal
stages of their earlv life, I compared size distributions based upon standard lengths of

specimens collected in both neuston and bongo tows during the SEAMAP surveys to the
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size distribution based on fork lengths of specimens collected from October 28 through
November 11, 1998 during the Fall Groundfish Survey (Figure 4.1). GTF were collected
using a trawl in the northern Gulf during this survey, which is conducted annually by the
National Marine Fisheries Service.

I used data presented in Chapter 3 to estimate size-at-settlement from a pelagic to
a demersal habitat. The sub-sample of 280 specimens used in Chapter 3 to conduct a
marginal increment analysis was used to determine if a relationship existed between fork
length and the corresponding spine radius, and a linear regression was developed. |
estimated fork-length-at-settlement using this linear relationship. The length from the
spine focus to the settlement mark along the spine radius (see Chapter 3) was entered as
the radius to estimate the corresponding fork length of the specimen at settlement. The
settlement mark in the first dorsal spine was a translucent ring encircling the focus of the
spine. Due to this mark’s close proximity to the focus, even in small fish (80 — 100 mm
fork length), the mark was assumed to be associated with the period of ontogenetic
transition between pelagic and demersal habitats. This process was completed for 235 of
the 280 specimens used in Chapter 3, whose first dorsal spines contained a settlement

mark.
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4.3 Results

'4.3.1 Empirical Results

There were 1,940 neuston samples taken during the four years of SEAMAP
surveys included in these analyses (Table 4.2). The highest number of samples was taken
in 1990 and the lowest in 1992. Of the four sampling time periods, the highest number of
samples was taken during Spring and Summer 2 and the lowest during Summer 1 and
Fall. Overall, the total number of stations where GTF were collected was 121, yielding a
percent occurrence (i.e. occurrence/number of neuston samples) of 6.2 ®%. GTF occurred
in 9.8 % and 4.6 % of neuston tows during the 1991 and 1993 sampling years,
respectively, representing the highest and lowest rates of occurrence in any sampling
year. GTF occurred in 12.0 % and 2.1 % of neuston tows during the Summer 2 and
Spring sampling time periods, respectively, representing the highest and lowest percent
occurrence over the time series. Fifty-seven larvae (< 10 mm) and 218 juvenile GTF
were collected during this time series in bongos and neuston tows. Of the 275 specimens
collected, 232 (84.1%) were collected during the Summer 2 sampling period.

GTF occurred predominantly on the continental shelf off the Louisiana-Texas
coast with few occurrences on the west Florida Shelf during the Summer 2 time frame of
each sampling vear (Figure 4.2). Occurrence of GTF off Louisiana-Texas was consistent
throughout the time series during this time period. Occurrence on the west Florida Shelf,

and off Mississippi-Alabama was sporadic in nature, with relatively few occurrences in

these areas.




Table 4. 2. Sample size, occurrence and abundance of gray triggerfish larvae and
juveniles collected in neuston tows.

n JOccurrence | Percent Occurrence Total
100% Abundance
(Occurrence/n)
Overall 1940 121 6.2 276
Year
19903 612 33 54 55
1991§ 439 43 9.8 62
1992} 361 21 5.8 120
1993} 527 24 4.6 39
Time Period
Spring} 868 18 2.1 29
Summer 1§ 175 12 6.9 14
Summer 2§ 748 90 12.0 232
Fall] 149 1 0.7 1
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Gulf of Mexico

Gulf of Mexico

Gulf of Mexico

Figure 4.2. Distribution of gray triggertish larvae and juveniles collected in
neuston tows during Summer 2 of 1990 through 1993,
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Body length measurements were obtained for 250 and 25 larvae/juveniles in
neuston and bongo tows, respectively. The mean (+standard error) and median of body
length (mm) of fish collected in neuston tows was 16.9 mm (+ 0.71) and 13.6 mm, and
by bongo tows was 14.8 mm (+ 2.68) and 10.2 mm, respectively. The difference in the
median values between bongo and neuston-collected GTF is greater than would be
expected by chance (Mann-Whitney Rank Sum Test: p = 0.038).

There were seasonal differences in size of GTF taken in bongo, but not in neuston
tows. Fish collected in Spring bongo collections were significantly larger than those
taken in Summer 1 collections (One Way ANOVA, p = 0.038) (Figure 4.3). There was
no significant difference between median standard lengths of GTF collected by neuston
during the four time frames each year (Figure 4.4) (Kruskall-Wallis One Way Analysis of
Variance on Ranks, p = 0.446).

There were 71 GTF collected by trawl during the 1998 Fall Groundfish Survey,
having a mean fork length (= standard error) of 138 (+ 4.0) mm (Figure 4.5). A
significant linear relationship existed between fork length and the corresponding spine
radius (Figure 4.6), and proportional back calculation based on this relationship provided
a mean estimate of fork length (+ standard error) at settlement to demersal habitats of

81.2 (+ 1.32) mm (Figure 4.7).
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4.3.2 Modeling Résults

Both occurrence and abundance of larvae and juveniles were positively related to
temperature and salinity, and negatively related to chlorophyll-a concentration,
suggesting that GTT larvae associate with warm, high-salinity water containing low
concentrations of phytoplankton. Also, occurrence and abundance both were
significantly lower during 1990, and abundance was significantly higher during 1992,
than in other sampling years. Finally, both occurrence and abundance were significantly
lower in the Spring than in other sampling seasons.

The results of all possible logistic regressions of GTF occurrence and
environmental parameters, and the resulting model-building pathway based on deviance
reduction are summarized in Table 4.3. There was significant (i.e. @=0.05) reduction in
deviance with all parameters except station depth. Therefore, | did not include station
depth in the final five-variable logistic regression model. Also, all logistic models used
in the model building procedure had insignificant lack-of-fit with respect to both
Pearson’s chi-square and deviance lack-of-fit statistics.

The interpretation of the logistic model parameters is best described using the
exponential relationship between the mean and the independent variables, thereby
interpreting the parameters as multiplicative changes in the odds of occurrence (see
Chapter 1). Interpretation of the parameters in the resulting logistic model is
straightforward (Table 4.4).

Among years, 1990 is the only significant parameter (& = 0.05) with a 52 %

reduction in the odds of GTF occurring in a neuston tow in the study area. Among the
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Table 4.3. Logistic model building pathway and lack-of-fit statistics. Note: All stepwise

reductions in deviance significant at ¢=0.05.

Model Variables DF Deviance Pearson’sChi-
Square
One variable model 1940 | 830.4343 1538.1677
temperature (p=1.00000) (p=1.00000)
Two variable model 1755 | 758.1377 | 1534.1493
temperature, chlorophyll (p=1.00000) _(p=0.99995)
Three variable model 1732 | 739.7313 | 1680.4120
temperature, chlorophyll, salinity (p=1.00000) ' (p=0.80895)
Four variable model 1729 | 724.6647 17724627
Temperature, chlorophyll, salinity, (p=1.00000) (p=0.22834)
year t 5
Five variable model 1726  716.8528 - 1600.1566
temperature, chlorophyll, salinity, (p=1.00000) | (p=0.98555)
year, time period |
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Table 4.4. Logistic model parameters.

Parameter Multiplicative  } 95% Confidence Interval | p-value
change in odds

Intercept 1.96x10™" 7.27x10™, 5.27x10” <0.0001

Year
1990 0.4814 0.2554,0.9076 0.0238
1991 0.8778 0.4928,1.5638 0.6585
1992 1.0010 0.5168,1.9389 0.9977
1993 0.0000

Time Period
Fall 0.3033 0.0377,2.4416 0.2622
Spring 0.4031 0.1923, 0.8450 0.0161
Summer [ 0.7342 0.3426, 1.5731 0.4268
Summer [l 0.0000

Environmental

Parameters ‘
Temperature | 1.8239 1.4408, 2.3089 | < 0.0001
Salinity 1078 1.0111,1.2138 ‘ 0.0279
Chlorophyll 537 | 0.4561,0.9368 | 0.0206
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four time periods, Spring is the only significant parame;,ter (a=0.05) with a 60 %
decrease in the occurrence of GTF during this time period. Among environmental
parameters, there is an 82 % increase, an 11 % increase, and a 35 % decrease in the odds
of occurrence for every unit increase of temperature, salinity and chlorophyll,
respectively.

The results of all possible Poisson regressions of GTF abundance and
environmental parameters, and the resulting model-building pathway are summarized in
Table 4.5. There was significant (i.e., « = 0.05) reduction in deviance as each parameter
was added, starting with time period and ending with surface salinity. However, there
was no significant reduction in deviance with the addition of station depth to the model.
Therefore, station depth was not included in the final, five-variable Poisson regression
model.

All Poisson models used in the model building procedure had significant lack-ot-
fit with respect to Pearson’s chi-square (Table 4.5), including the final five-variable
model. Therefore, the five-variable model was built as a Poisson regression model, but
was reevaluated as a negative binomial regression model in order to compensate for
overdispersion in the data and reduce the model’s lack-of-fit. This resultant model had
1726 degrees of freedom and a Pearson’s chi-square statistic equal to 1728.3242 (p =
0.47971),

The interpretation of the negative binomial model parameters is best described
using the exponential relationship between the mean and the independent variables,

thereby interpreting the parameters as multiplicative changes in the mean abundance
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Table 4.5. Poisson model building pathway and lack-of-fit statistics. Note: All stepwise
reductions in deviance significant at «=0.001.

Model Variables DF | Deviance Pearson’s Chi-
Square
One variable model 1940 | 1599.1951 1 9147.6936
time period (p=1.00000) . (p<0.00001)
Two variable model 1773 | 1410.8175 - 6627.3446
time period, chlorophyll (p=1.00000) l (p<0.00001)
Three variable model 1770 | 1294.7012 | 4966.4243
time period, chlorophyll, year (p=1.00000) (<0.00001)
Four variable model 1749 | 1203.7940 - 3811.8173
time period, chlorophyll, (p=1.00000) (»<0.00001)
year, temperature |
Five variable model 1726 1 1160.3224 - 4265.6654
time period, chlorophyll, ' (p=1.00000) - (p<0.00001)
year, temperature, salinity 5
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(Table 4.6). Among the year parameters, 1990 and 19§2 are both significant parameters
(@ =0.05) with a 56 % decrease and a 179% increase in the abundance of GTF larvae in
the study area in 1990 and 1992, respectively. Of the time period parameters, Spring is
the only significant parameter (= 0.05) with a 55 % decrease in GTF larval abundance.
Next, there is a 120 % increase, a 12 % increase, and a 51 % decrease in the abundance

of GTF for every unit increase of temperature, salinity and chlorophyll, respectively.
4.4 Discussion

This two-step modeling approach used to describe both abundance and
occurrence of GTF larvae and juveniles is similar to the approach performed by
Stefansson (1996) and Lyczkowski-Shultz and Link (In review). However, instead of
using a linear regression to describe abundance using only the non-zero responses, |
employed the Poisson and negative binomial regressions to describe abundance and
included all data, thus avoiding the loss of valuable biological and statistical information
contained within the zero data (McCullagh and Nelder, 1989; Agresti, 1996, Mark
Carpenter, per. comm.'). Also, the probability distributions associated with these models
allowed fo. wodeling of dependant variables with both categorical and continuous
dependent variables, whereas point estimates derived from the delta-distribution, which
is also an appropriate probability distribution for modeling zero-inflated data (Aitchison,

1955; Pennington, 1983), would have been insufficient.

" University of South Alabama, Department of Mathematics and Statistics, Mobile, Alabama
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Table 4.6. Negative binomial regression model parameters.

Parameter Multiplicative 95% Confidence Interval | p-value
change in odds

[ntercept 1.38x10™" 1.30x107™, 1.50x10” <0.0001

Year
1990 0.4401 0.2145, 0.9029 0.0252
1991 0.8598 0.4387, 1.6868 0.6605
1992 2.7930 1.3944, 5.5942 0.0038
1993 0.0000

Time Period
Fall 0.2192 ‘ 0.0243, 1.9759 1 0.1761
Spring 0.4545 1 0.2107, 0.9806 0.0444
Summer [ 0.3419 0.1437,0.8134 0.8134
Summer I 0.0000

Environmental

Parameters
Temperature 2.2098 1.6769, 29121 < 0.0001
Salinity 1.1208 1.0205, 1.2308 0.0171 |
Chlorophyll 0.4905 0.2276, 1.0571 0.0690 |
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The occurrence of GTF in the Gulf was best modeled as a rare event; however,

evaluation of lack-of-fit Poisson-type models may be problematic for this type of data
(Figure 4.8, Table 4.2). Therefore, deviance was used only to evaluate significance of
variable addition to the model, and Pearson’s chi-square was used to evaluate lack-of-fit
of the models (McCullagh and Nelder, 1989; Agresti, 1996; Mark Carpenter, per.
comm.).
Although not formally correlated during this study, many scientists (Dooley,
1972, Longley and Hilderbrand, 1942; Aiken, 1983, James Franks and Eric Hoffmayerz,

per. comm.) have reported an association of young GTF with Sargussum spp. In

addition, many similar species (i.e. balistids and monocanthids, Camin, 1997; Kimura et
al, 1998) and many species of reef fishes (i.e. pomacentrids, Low et al., 1997, haemulids,
acanthurids, and sparids, Orellas and Coutinho, 1998; Leis, 1991, for review) have been
reported to associate with Sargassum spp. As Sargassum spp. is commonly associated
with oceanic waters with high salinity and temperature, the distribution of such floating
habitats may in turn control the distribution of reef fish species that associate with
floating habitat during the pelagic phase (Low et al., 1997, Kimura et al., 1998; Ornellas
and Coutinho, 1998). Therefore, I reason that the patchy nature of floating habitats may
contribute to the overdispersed nature of young GTF abundance data.
Increased abundance and occurrence of young GTF in neuston tows during the
Summer 2 time frame mirrored the observed spawning season. [n the Gulf, GTF spawn

from late spring through early fall (Hood and Johnson, 1997; Wilson et al., 1995; and see

* Guif Coast Research Laboratory, Ocean Springs, Mississippi
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Figure 4.8. Distribution of gray triggerfish abundance collected in neuston tows.
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Chapter 3). When the demersal eggs of a species like GTF hatch, it 1s inferred that the
young fish seek the refuge of floating habitats (Lets, 1991).

Reasons for yearly differences in occurrence and abundance were not as easily
discerned. Higher occurrences or higher abundances between sampling years may be due
to increased reproductive success leading to more larvae, or there may have been more
Sargassum spp. or other floating habitat with which larvae and juveniles could associate.
Larvae and juveniles occurred in more neuston tows during the 1991 sampling year.
However, there was a greater abundance of larvae and juveniles during the 1992
sampling year. This indicated that patchiness of larvae and juveniles varies in both space
and time.

The pattern in seasonal distribution and abundance of larvae and juveniles may
reflect the distribution of spawning grounds. Higher occurrences and abundances of
larvae and juveniles during the Summer 2 time period off the Louisiana-Texas coast was
probably due to proximity to the Flower Garden Banks, an extensive natural reef area in
the northern Gulf. GTF have been observed inhabiting this reef area (Kevin Rademacher,
per. comm.’). As mentioned earlier, GTF inhabiting these reefs probably spawned during
the 2-3 months prior to the Summer 2 time period each sampling year. Other areas of
GTF larval concentrations may indicate proximity to other important spawning grounds.

GTF collected in bongo tows were smaller than those collected in neuston tows,
which may indicate that bongo-collected fish were still in the water column and had not

yet associated with floating structure on the surface. Comparison of the size distribution

It .- . . . . o .
National Marine Fisheries Service, Pascagoula, Mississipp
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n bongo and neuston collections suggest that tﬁey begin to associate with
dbjects at about 15mm. Bongo tows sampled the water column from the surface
ottom or 200 m, while neuston tows only sampled surface waters.

Taximum size of GTF collected during this time series was 73 mm, whereas

to 100 mm have been reported to be common in Sargassum spp. (Longley and
ind, 1942; Dooley, 1972; Aiken, 1983). Vose and Nelson (1994) reported that
the Atlantic coast of Florida began colonizing hard bottom habitat at

1ately 160-170 mm standard length. While the length-frequency distribution of
2 trawl-collected GTF in the Gulf certainly contained fish of the settlement size
by Vose and Nelson, the mean size of GTF in the SEAMAP collection indicated
settlement size. The mean back-calculated size at settlement based on

it marks in the first dorsal spine, indicated a size at settiement less than half that
by Vose and Nelson (1994). The length-frequency distribution of back

d size of GTF at settlement to demersal habitat was similar to the size at

it of queen triggerfish (Balistes vetula) in the Caribbean Sea (1.e., 49 — 70 mm
ybertson, 1988).

ettlement marks in otoliths of reef tishes are common and have been validated in
ies for back-calculation and estimation of settlement date and duration of the

ic larvae/juvenile stages (Wilson and McCormick, 1997, 1999, for review). This
ms when the growth rates of reef fishes are lowered due to the transition from

ic to the benthic environment. Likewise, environmental transitions can cause

1arks in fin spines (see Chapter 3). Therefore, due to this mark’s close
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proximity to the focus, even in small fish (30 — 100 mrﬁ tork length), I reason that it isa
settlement mark representing the relatively slower growth during the ontogenetic
transition between pelagic and demersal habitats.

The length of the pelagic phase was characterized for GTF as being prolonged
and indeterminate by Richards and Lindeman (1987). GTF may choose to inhabit
structure in surface waters until suitable demersal habitat is found. GTF may be pelagic
from a few weeks to several months, perhaps up to a vear (Dooley, 1972). This may
place GTF larvae/juveniles at the mercy of not only oceanic currents, but also the
abundance of surface habitat within those currents and the avatilability of suitable
demersal habitat below those currents.

[f GTF larvae become entrained within cyclonic or anti-cyclonic currents that
retain the larvae in the same area from which they were spawned, the result would be a
mostly self-recruiting population or sub-population. Many scientists have described
larval retention of reef fishes by local oceanographic processes. Limouzy-Paris et al.
(1997) described how meanders and spin off eddies of the Florida Current may act to
retain larval reef fishes in coastal areas of the Florida Keys. Likewise, Porch (1998)
simulated settling rates and retention of larvae of southeast Florida fishes. Settling rates
were greatly affected by hydrodynamics. Eddies and gyres associated with the Florida
current front can retain between 0.07 and 41% of the larvae with planktonic life spans on
the order of 1 month, which implies that southeast Florida reef fish populations should be
able to replenish themselves without relying on upstream sources of recruitment.

Moreover, reef fish populations associated with isolated oceanic islands, like Bermuda,
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are primarily replenished by larvae that are spawned lo‘cally and retained in the vicinity
of the island due to local oceanographic processes (Schultz and Cowen, 1994). In the
northern Gulf, the circular currents on the shelf on either side of the Mississippi River
Delta may act to retain GTF larvae in each area. Cross-shelf mixing of larvae, or the
introduction of larvae from the Caribbean Sea may occur with the periodic shedding of

Loop Current eddies.
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CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE
MANAGEMENT

5.1 Dissertation Goals Revisited

The goals of this dissertation, as outlined in Chapter 1, were met. Almost 1,900
GTF were sampled for analysis of age, growth and reproduction, and over 1,200
individuals were tagged to study movement patterns. In addition, four years of SEAMAP
survey data were used to study the distribution of larval and juvenile GTF during the
pelagic phase of their early life. This was the most in-depth study concerning population

dynamics and stock structure of GTF on multiple spatial scales ever conducted.

5.2 Stock Structure

Adult GTF off Alabama exhibit high site fidelity. High site fidelity may result
from the territorial nature of adult fish (see Chapter 2). Bohnsack (1989) infers that
fishes exhibiting high site fidelity may be more easily overexploited. In the case of GTF
in this study, loss of older age classes resulting from increases tn fishing pressure in

publicly known fishing grounds is apparent. In the long term, selective removal of large,
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fast-growing members of the population may be resultihg in decreased growth rates of
survivors (see Chapter 3).

Population parameters of adult GTF are heterogeneous on multiple spatial scales.
Estimates of growth rates on the scale of individual reefs (tagging stations) indicate high
variability, which precludes a finding of stock heterogeneity on this small scale.
However, at a slightly larger scale (i.e. at the reef-complex or reef-permit-area scale),
adult GTF appear to have differences in specific population parameters; differences may
be attributable to differential fishing pressure between reef areas. On a Gulf-wide scale,
temporal differences in growth and mortality parameters may result from different levels
of exploitation, and may preclude any meaningful comparisons of growth and mortality
to gain insight into stock structure (see Chapter 3).

The length of the pelagic phase of young GTF is characterized as being prolonged
and indeterminate by Richards and Lindeman (1987). GTF may choose to inhabit
structure in surface waters until suitable demersal habitat is found, and may be pelagic
from a few weeks to several months. Although not addressed in this study, triggerfishes
associate with Sargassum spp. patches and other flotsom during their pelgic phase (see
Chapter 4). GTF may exhibit homogeneous stock structure in relation to genetic
variability, due to a prolonged pelagic phase and the potential of wide dispersal (Richards
and Lindeman, 1987). i{owever, if voung GTF are entrained within cyclonic or anti-

cyclonic currents that retain them in the same area from which thev were spawned, the

result would be a mostly self-recruiting population or sub-population (see Chapter 4).



5.3 Management Recommendations

With increasing regulations on other reef fishes, and the increased awareness of
the excellent flesh of GTF, a harvest quota will probably need to be set for this species.
This can be accomplished by seasonal closures, size limits and/or bag limits. However,
due to high site fidelity of GTF, this species would probably benefit, and best be
managed by the implementation of no-take marine reserves. GTF may be territorial (see
Chapter 2), have an early age at maturity (see Chapter 3), and have an early life history
stage that may be pelagic through the first year of life (see Chapter 4). By releasing
fishing pressure, a population of GTF may then become structured by natural mortality
instead of fishing mortality (Bohnsack, 1992). Thus, reserves may increase the density,
average size, and spawning stock biomass of species in the reserve (e.g. Plan
Development Team, 1990; Polunin and Roberts, 1993; Roberts, 1995; Russ and Alcala,
1996). Because larger GTF have higher reproductive output, a population now structured
by natural mortality with a greater abundance of larger and older individuals in a marine
reserve will have a much higher reproductive output (Bohnsack, 1992). Due to the
prolonged nature of the pelagic phase in early life, young GTF can be exported from
marine reserves while associating with Sargassum spp. and bits of flotsam on ocean
currents, and serve to restock adjacent and possibly distant reef areas with recruits. In
addition, due to an increase in movement in the presence of tropical cyclones, adult GTF

may emigrate from marine reserves to surrounding areas. Hence, marine reserves may

enhance the GTF fishery by acting as centers of dispersal of young and adults into areas




surrounding the reserves (Plan Development Team, 1990; Bohnsack, 1992; Polunin and

Roberts, 1993; Roberts, 1995; Russ and Alcala, 1996).

184



LITERATURE CITED



LITERATURE CITED

\gresti, A. 1996. 4n Introduction to Categorical Data Analysis. John Wiley & Sons,
New York. 290 pp.

\iken, K.A. 1975. The biology, ecology, and bionomics of Caribbean reef fishes:
Balistidae (Triggerfishes). Res. Rpt. Zool.Dept. Univ. West Indies. 57 pp.

viken, KA. 1983. The biology, ecology, and bionomics of the triggerfishes, Balistidae.
Chapter 15 (pages 191 - 205) in J.L. Munro, ed. Caribbean coral reef fishery
resources. ICLARM Stu. Rev. 7. 276 pp.

\itchison, J. 1955. On the distribution of a positive random variable having a discrete
probability mass at the origin. J. Am. Stat. Asso. 50:901-908.

\ntoine, M.L., J. Mendoza, and P.M. Cayré. 1983. Progress of age and growth
assessment of Atlantic skipjack tuna, Futhynnus pelamis, from dorsal spines.
U.S. Dep. Commer., NOAA Tech. Rep. NMFS 8:91-97.

3agenal, T.B. and E. Braum. 1971. Eggs and early life history. p. 166-198 in W.E.

Ricker, ed. Methods of assessment of fish production in fresh waters. Blackwell
Scientific Publ., Oxford, England.

3annister, R. C.A. 1977. Chapter 11. North Sea Plaice. p. 243-282 in J.A. Gulland, ed.
Fish Population Dynamics. John Wiley & Sons, New York.

3atschelet, E. 1981, Circular Statistics in Biology. Academic Press.

3eamish, R.J. 1981 Use of fin-ray sections to age walleye pollock, Pacific cod, and
albacore, and the importance of this method. rans. Am. IFish. Soc. 110:287-299.

3eamish, R.J., and D. Chilton. 1977 Age determination of lingcod (Uphiodon
elongatus) using dorsal fin rays and scales. J. Fish. Res. Bd. Can. 34:1305-1313.

3eamish, R.J.. and H.H. Harvey. 1969. Age determination of white sucker. /. Fish.
Res. Bd. Can. 26:633-638.

185

”




Beaumariage, D.S. 1964. Returns from the 1963 Schlitz tagging program. Florida
Department of Natural Resources, Marine Research Laboratory, Technical Series
no. 43, 34 p.

Beaumariage, D.S. 1969. Returns from the 1964 Schlitz tagging program including a
cumulative analysis of previous results. Florida Department of Natural Resources,
Marine Research Laboratory, Technical Series no. 59, 38 p.

Berkeley, S.A., and E.D. Houde. 1983. Age determination of broadbill swordfish,
Xiphias gladius, from the Straits of Florida, using anal fin spine sections. U.S.
Dep. Commer., NOAA Tech. Rep. NMFS 8:137-145.

Bernard, D.R. 1981. Multivariate analysis as a means of comparing growth in fish. Can.
J. Fish. Aquat. Sci. 38:233-236.

Bettoli, P.W_, and R.S. Osborne. 1998. Hooking mortality and behavior of striped bass
following catch and release angling. N. Am. J. Fish. Munage. 18:609-615.

Beverton, R.J.H , and S.J. Holt. 1957. On the dynamics of exploited fish populations.
Fish. Invest. Minist. Agric. Fish. Food (G.B.), Ser. I, 19,533 p.

Bilton, H.T., and D.W. Jenkinson. 1969. Age determiration of sockeye (Oncorhychus
nerka) and chum (O. keta) salmon from examination of pectoral fin rays. J. Fish.
Res. Bd. Can. 26:1100-1203.

Bohnsack, J.A. 1989, Are high densities of fishes at artificial reefs the result of habitat
limitation or behavioral preference? Bull. Mar. Sci. 44:631-645.

Bohnsack, J.A. 1992. Reef resource habitat protection: the forgotten factor. Marine
Recreational Fisheries. 14:117-129.

Bohnsack, J.A. 1993. Marine reserves: they enhance fisheries, reduce conflicts, and
protect resources. Oceanus. Fall:63-71.

Breder, C.M., Jr. and D.E. Rosen. 1966. Modes of reproduction in fishes. Natural
History Press, New Jersey. 941 pp.

Brown-Peterson, N.J., R M. Overstreet, J M. Lotz, J.S. Franks, and K.M._Burmns.
2000. Reproductive biology of cobia (Rachycentron canacdim) from
coastal waters of the southern United States. Fish. Bufl. 99:15-28.

Brownie, C, D. R. Anderson, K. P. Burnham, and D. S. Robson. 1985

Statistical inference from band recovery data - a handbook, 2nd ed. U.S.
Fish Wildl. Serv. Res. Publ. Num. 131, Washington, D.C. 305pp.

186



rham, K. P. 1993, A theory for combined analysis of ring recovery and recapture
data. Pages 199-213 in J -D. Lebreton and P. M. North, editors. Marked
individuals in the study of bird population. Birkhauser Verlag, Basel,
Switzerland.

by, K. and L. Deegan. 1999. Retention of anchor and passive intergrated
transponder tags by artic grayling. N. Am. J. Fish. Manag. 19:1147-1150.

in, L.A.Z. 1997. Epipelagic occurrence of Balistidae (teleostet) juveniles and fish
biology aspects of Balistes capriscus in southern and southeastern Brazil.
Atlantica. 19:183-195.

ielman, J M. 1983, Age and growth assessment of fish from their calcified
structures - techniques and tools. U.S. Dep. Commer., NOAA Tech. Rep. NMFS
8:1-17.

ariviere, A., M. Kulbicki, J. Konan, and F. Gerlotto. 1981. Bilan des connaissances
actuelles sur Balistes carolinensis dans le Golfo de Guinée. Doc. Sci. Centre
Rech. Océanogr. Abidjan 12(1):1-78.

sriviere, A. 1989. Le baliste des cotes africaines, (Balistes carolinensis). Biologie,
prolifération et possibilitiés d’exploitation. Oceanologica Acta. 5(4):453-459.

¢, P.M., and T. Diouf. 1983. Estimating age and growth of little tunny, Euthynnus

alletteratus, off the coast of Senegal, using dorsal fin spine sections. U.S. Dep.
Commer., NOAA Tech. Rep. NMFS 8:105-110.

ato, R.M. 1990. Interpretable statistical tests for growth comparisons using
parameters in the von Bertalanffy equation. Can. J. Fish. Aquat. Sci. 47:1416 -
1426.

w, F., K.L. Drennan, and W.J. Demoran. 1962. Some results of drift bottle studies of
the Mississippi Delta. J. Geophys. Res. 67:271-279.

RC (Coastal Weather Research Center). 1998. Mobile Weather and Marine
Almanac. University of South Alabama.

RC (Coastal Weather Research Center). 1990. Mobile Weather and Marine
Almanac. University of South Alabama.

RC (Coastal Weather Research Center). 2000. Mobile Weather and Marine
Almanac. University of South Alabama.

hrane, J.D. and F.J. Kelly. 1986. Low-frequency circulation on the Texas-Louisiana
continental shelf. J.Geophys. Res. 91:10,645-10,659.

187

__’




L.and LE. Clavijo. 1988. Spawning activities of fishes producing pelagic eggs
n a shelf edge coral reef, southwestern Puerto Rico. Bull. Mar. Sci. 43:249-279.

n-Jimenez, G., and F.X. Bard. 1983. Growth increments of dorsal spines of
:astern Atlantic bluefin tuna, Thunnus thynnus, and their possible relation to
nigration patterns. U.S. Dep. Commer., NOAA Tech. Rep. NMFS 877-86.

F., S.B. Camara, and F. Domain. 1995. Age and growth of three species of
sritdae (Siluriformes) in coastal waters of Guinea. Bull. Mar. Sci. 56:58-67.

JH., Jr., R.L. Shipp, HK. Baily, IV, and D.W. Haywick. 1995 Procedure for
apid processing of large otoliths. 7rans. Am. Fish. Soc. 124:280-282.

DR.,and R.V. Frie. 1996. Determination of age and growth. Pages 483-512 in
3.R. Murphy and D.W. Willis, eds. Fisheries Techniques, 2nd edition. American
1sheries Society, Bethesda, Maryland.

P.J. 1982. Some effects of density on the juveniles of two species of tropical,
arritorial damselfishes. J. Exp. Mar. Biol. Ecol. 65:249-261.

P.J. 1983. Tropical territorial damselfishes: Is density limited by aggression or
scruitment? Ecology. 64:176-190.

D.B. and R.S. Anderson. 1982. Importance of environmental and stocking
ensity for growth of rainbow trout in mountain lakes. Trans. Am. Fish. Soc.
11:675-630.

on, D.M.,, N.J. Sanders and P.A. Thompson. 1993. SEAMAP environmental and
iological atlas of the Gulf of Mexico, 1991. Gulf States Marine Fisheries
‘ommission. No. 29. 321 p.

on, D.M., N.J. Sanders and P.A. Thompson. 1994. SEAMAP environmental and
iological atlas of the Gulf of Mexico, 1992, Gulf States Marine Fisheries
‘ommisston. No. 30. 293 p.

on, DML, NUJ. Sanders, P.A. Thompson and R. Minkler. 1996, SEAMAP
nvironmental and biological atlas of the Gulf of Mexico, 1993. Gulf States
Aarine Fisheries Commission. No. 34. 284 p.

J.K. 1972 Fishes associated with the pelagic Sargassum complex, with a
iscussion of the Sargassum community. Contrib. Mar. Sci. 16:1-32.

,DJ., OE. Ross, JR. Waldman, and M.T. Mattson. 1987. Tag retention by,

nd tagging mortality of, Hudson River striped bass. N. Am. J. Fish. Manag.
'535-538.

188



'N.M. 1992. Age and growth of swordfish, Xiphias gladius, in the northwestern
tlantic. Bull. Mar. Sci. 50:292-301.

a,JI 1991. Age and growth of the gray triggerfish, Balistes capriscus, from
e southeastern United States. M.Sc. thesis, University of North Carolina at
’tlmington.

\.J. 1965. Properties and fitting of the von Bertalanffy growth curve. Growth
:265-289.

7.M., and W.T. Stobo. 1999. Effects of release parameters on recovery rates of
gged groundfish species. Can. J. Fish. Aquat. Sci. 56:1732-1751.

,,and D.D. Flowers. 1990. Effect of fish density on growth, survival, and food
msumption by juvenile walleyes in rearing ponds. Trans. Am. Fish. Soc.
9:112-121.

W. 1980. Mating systems, maternal and biparental care in triggerfish
salistidae). Z. Tierpsychol., 53:105-122.

J. 1960. La ponte, I’eclosion, la larve du baliste Balistes capriscus Linné 1758.
Ul Inst. Ocean. Monaco. 1169:1-6.

>, W. 1994, Lek-like spawning, parental care ad mating periodicity of the
ggerfish Pseudobalites flavimarginatus (Balistidae). Environ. Biol. Fishes
:249-257.

-, C.P. 1995. Red snapper in U.S. waters of the Gulf of Mexico. National
arine Fisheries Service, Southeast Fiseries Science Center, Miami Laboratory,
djami MIA-95/96-05.

-Garcés, A., and A.C. Farifia-Perez. 1983. Determining age of young albacore,
wnnus alalunga, using dorsal spines. U.S. Dep. Commer., NOAA Tech. Rep.
MES 8:117-122.

W.. L.W. McEachron, G.C. Matlock and E. Hegen. 1990. Use of abdominal
reamer tags and maximum likelihood techniques to estimate spotted seatrout
irvival and growth. Am. Fish. Soc. Svmp. 7:623-630.

(Gulf of Mexico Fishery Management Council). 1989, Amendment number 1
the reef fish fishery management plan. GMFMC, Tampa, FL.

1A 1983, Fish stock ussessment. FAO / Wiley series on food and agriculture.
ol. 1.223 p.

189



Harper, D.E. and D.B. McClellan. 1997. A review of the biology and fishery for gray
triggerfish, Balistes capriscus, in the Gulf of Mexico. National Marine Fisheries
Service, Miami Laboratory Contribution Report No. MIA-96/97-52.

Harris, P.J. and J.C. McGovern. 1997. Changes in the life history of red porgy, Pagrus
pagrus, from the southeastern United States, 1972-1994. Fish. Bull. 95:732-747.

Hedgepeth, M.H., and J.W. Jolley, Jr. 1983. Age and growth of sailfish, Istiophorus

platypterus, using cross sections from the forth-dorsal fin spine. U.S. Dep.
Commer., NOAA Tech. Rep. NMFS 8:131-135.

Henderson-Arzapalo, A., P. Rago, J. Skjeveland, M. Mangold, P. Washington, J. Howe,
and T. King. 1999. An evaluation of six internal anchor tags for tagging juvenile
striped bass. N. Am. J. Fish. Manag. 19:482-493.

Hildebrand, S.F. and L.E. Cable. 1930. Development and life history of fourteen
teleostean fishes at Beaufort, North Carolina. Bul/l. Bur. Fish. 46:383-488.

Hill, K.T., G.M. Caliet, and R L. Radtke. 1989. A comparative analysis of growth zones

in four calcified structures of Pacific blue marlin, Makaira nigricans. Fish. Bull.
87:829-842.

Hinton, D.E. 1990. Histological techniques. p. 191-212 /n C.B. Schreck and P.B.
Moyle, eds. Methods for fish biology. American Fisheries Society, Bethesda,
Maryland.

Hoenig, J M. 1983. Empirical use of longevity data to estimate mortality rates. Fish.
Bull. 82:898-903.

Hood, P.B. and A K. Johnson. 1997. A study of the age structure, growth, maturity
schedules and fecundity of gray triggerfish (Balistes capriscus), red porgy
(Pagrus pagrus), and vermillion snapper (Rhomboplites aurorubens) from the
eastern Gulf of Mexico. MARFIN Final Report.

Houde, E.D. 1987. Subtleties and episodes in the early life of fishes. ./ Fish Biol.
35:29-38.

Hunter, JR., N.C.H. Lo, and R.J.H. Leong. 1985. Batch fecundity in multiple spawning
fishes. p. 67-77 in R. Lasker, ed. An egg production method for estimating
biomass of pelagic fish: Application to the northern anchovy, Lagraulis mordax.
National Oceanic and Atmospheric Admtinistration Technical Report NMFS 36.

99 pp.

Hunter, J.R. and B.J. Macewicz. 1985. Measurement of spawning frequency in multiple
spawning fishes. p. 79-94 in R. Lasker, ed. An egg production method for
estimating biomass of pelagic fish: Application to the northern anchovy,

190

—




Engraulis mordax. National Oceanic and Atmospﬁeric Administration Technical
Report NMFS 36. 99 pp.

Hyder, M. 1969. Histological studies on the testis of Tilapia leucostricta and other
species of the genus Tilapia (pisces: Teleostei). Trans. Amer. Microsc. Soc.
88:211-231.

Ingram, G.W., Jr. and W.F. Patterson, III. In Press. Movement patterns of red snapper
(Lutjanus campechanus), greater amberjack (Seriola dumerili), and gray
triggerfish (Balistes capriscus) in the Gulf of Mexico and the utility of marine
reserves as management tools. Proceedings of 52™ Gulf and Caribbean Fisheries
Institute, Key West, Florida.

[shihara, M. and T. Kuwamura. 1996. Bigamy or monogamy with maternal egg care in
the triggerfish, Sufflamen chrysopterus. Ichthyol. Res. 43:307-313.

Johnson, A.G. 1983. Comparison of dorsal and vertebrae as aging structures for little
tunny, Futhynnus alletteratus, from the northeast Gulf of Mexico. U.S. Dep.
Commer., NOAA Tech. Rep. NMFS 8:111-115.

Johnson, A.G. and C.H. Saloman. 1984. Age, growth, and mortality of gray triggerfish,
Balistes capriscus, from the northeastern Gulf of Mexico. Fish. Bull. vol. 82, no.
3, p.485-492.

Jones, G.P. 1986. Food availability affects growth in a coral reef fish. Oecologia.
70:136-139.

Jones, G.P. 1987 Competitive interactions among adults and juveniles in a coral reef
fish. Ecology. 68:1534-1547.

Jones, G.P. 1991. Postrecruitment Processes in the Ecology of Coral reef Fish
Populations: A Multifactorial Perspective. Chapter 11 (pages 294-328) in P.F.
Sale, ed. The Ecology of Fishes on Coral Reefs. Academic Press. 754 pp.

Ketchen, K.S. 1975. Age and growth of dogtish, Squalus acanthias, in British Columbia
waters. J. Fish. Res. Bd. Can. 32:44-48.

Kimura, M., Y. Morii, T. Kuno, H. Nishida, H. Yoshimura, Y. Akishige, and T. Senta.
1998. Flotsam ichthyofauna in the tropical waters of the west Pacific Ocean.
Bull. Fac. Fish. Nagasaki Univ. 79:9-20.

Kirkwood, G.P. 1983. Estimation of von Bertalanffy growth curve parameters using both
length-increment and age-length data. Can. J. Fish. Aquat. Sci. vol. 40, p. 1405-
1411

Krebs, C.J. 1989, Fcological Methodology. Harper Collins. NewYork. 634 pp.

191



Kristiansen, T.S. and T. Svasand. 1998. Effect of size-selective mortality on growth of
coastal cod as illustrated by tagging data and an individuai-based growth and
mortality model. J. Fish Biol. 52:688-705.

Kuwamura, T. 1997 Evolution of female egg care in haremic triggerfish, Rhinecanthus
aculeatus. Ethology. 103:1015-1023.

Lauck, T., C.W. Clark, M. Mangel, and G.R. Munro. 1998. Implementing the
precautionary principle in fisheries management through marine reserves. Ecol.
Appl. 8(1):572-S78.

Le Cren, E.D. 1965 Some factors regulating the size of populations of freshwater fish.
Mitteilungen internationale Vereinigung fr theoretische und angewandte

Limnologie. 13:88-105.

Leis, JM. 1991. The Pelagic Stage of Reef Fishes: The Larval Biology of Coral Reef
Fishes. Chapter 8 (pages 183-230) in P.F. Sale, ed. The Ecology of Fishes on
Coral Reefs. Academic Press. 754 pp.

Limouzy-Paris, C.B., H.C. Graber, D.L. Jones, A.W. Roepke and W.J. Richards. 1997.
Translocation of larval coral reef fishes via sub-mesoscale spin-off eddies from
the Florida Current. Bull. Mar. Sci. 60:966-983.

Lobel, P.S. and R.E. Johannes. 1980. Nesting, eggs, and larvae of triggerfishes
(Balistidae). Env. Biol. Fishes. 5:251-252.

Longly and Hildebrand. 1942. Systematic catalogue of the fishes of Tortugas, Florida,
with observations on colour, habits, and local distribution. Pap. Tortugas Lab.
34. 331 pp.

Low, JK.Y., C.B. Leng, and L.M. Chou. 1997. Pomacentrid population dynamics on
Singapore coral reefs. Environmental Monitoring and Assessment. 44:53-66.

Lythgoe, J. And G. Lythgoe. 1975. Fishes of the sea: The coastal waters of the British
Isles, northern Europe, and the Mediterranean. Anchor Press, New York. 320
pPp.

Lyczkowski-Shultz, J. And J. Link. Inreview. Increasing abundance of king mackerel
(Scomberomorus cavalla) larvae in the U.S. Gulf of Mexico: Why? /CES J. Mar.
Sci.

Manooch III, C.S., 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. 6:53-63.




Marmorino, G.O. 1983. Summertime coastal currents in thé Northeastern Gulf of
Mexico. J. Geophys. Res. 13:65-77.

Matlock, G.C., R.L. Colura, A.F. Maciorowski and L.W. McEachron. 1981. Use of on-
going tagging programs to validate scale readings. P. 279-286. /n R.C.
Summerfelt and G.E. Hall, eds. Age and Growth of Fish. Iowa State University
Press. Ames, lowa.

Matsuura, Y. and M. Katsuragawa. 1981. Larvae and juveniles of grey triggerfish,
Balistes capriscus, from southern Brazil. Japanese Journal of Ichthyology. Vol.
28. No. 3.

McCullagh, P. and J.A. Nelder. 1989. Generalized Linear Models. 2™ ed. Chapman and
Hall. London.

Megrey, B.A., and V.G. Wespestad. 1988. A review of biological assumptions
underlying fishery assessment models. p. 31 - 69 in W.S. Wooster, ed. Fishery
Science and Management. Springer-Verlag, New York.

Menezes, M.F. de. 1985. Biologia pesqueira do cangulo, Balistes vetula Linnaeus:
reproducdo e crescimento. Arq. Cién. Mar. 24:53 -59.

Mitchum, G.T. and W. Sturges. 1982, Wind-driven currents of the West Florida shelf. ./
Phys. Oceanogr. 12:1310-1317.

Munro, J.L., V.C. Gaut, R. Thompson, and P.H. Reeson. 1973. The spawning seasons of
Caribbean reef fishes. J. Fish Biol. 5.69-84.

Neilsen, L.A. 1992. Methods of Marking Fish and Shellfish. American Fisheries
Society Special Publication 23. American Fisheries Society. Bethesda,
Maryland. 208 p.

Nellis, D.W. 1980. Reproduction in the ocean triggerfish, Canthidermis sufflamen.
Carib. J. Sci. 16:167.

Ofori-Danson, P.K. 1989. Growth of grey triggerfish, Balistes capriscus, based on checks
of the dorsal spine. Fishbyte. December 1989, p. 11-12.

Ofori-Danson, P.K. 1990. Reproductive ecology of the triggerfish, Bulistes capriscus,
from the Ghanaian coastal waters. 7ropical Ecology. 31:1-11.

Ornellas, A B. and R. Coutinho. 1998. Spatial and temporal patterns of distribution and
abundance of a tropical fish assemblage in a seasonal Sargassum bed, Cabo Frio
Island, Brazil. .J. Fish Biol. 53:198-208.



Overstreet, R M. 1983, Aspects of the biology of the spotted seatrout, Cynoscion
nebulosus, in Mississippi. Gulf. Res. Rep. Suppl. 1:1-43.

Patterson, W.F., III. 1999. Aspects of the population ecology of red snapper, Lutjanus
campechanus, in an artificial reef area off Alabama. Ph.D. Dissertation.
Untiversity of South Alabama, Mobile. 164 pp.

Patterson, W.F_, IIl., G. W. Ingram, Jr., R.L. Shipp, and J.H. Cowan, Jr. In press.
Indirect estimation of red snapper (Lutjanus campechanus) and gray triggerfish

(Balistes capriscus) release mortality. Proceedings of 53™ Gulf and Caribbean
Fisheries Institute, Biloxi, MS.

Pease, N.L. 1984. Triggerfish: A Promising Net Profit. Horizons. Spring 1984, p. 30 -32.

Pennington, M. 1983. Efficient estimators of abundance for fish and plankton surveys.
Biometrics. 39:281-286.

Plan Development Team. 1990. The potential of marine fishery reserves for reef fish
management in the U.S. South Atlantic. NOAA Tech. Mem. NMFS-SEFSC-261.

Polunin, N.V.C., and C.M. Roberts. 1993. Greater biomass and value of target coral-reef
tishes in two small Caribbean marine reserves. Mar. Ecol. Prog. Ser. 100:167-
176.

Porch, C.E. 1998. A numerical study of larval fish retention along the southeast Florida
coast. Ecol. Model. 109:35-59.

Prince, E.D., D.W. Lee, C.A. Wilson, and J.M. Dean. 1986. Longevity and age
validation of a tag-recaptured Atlantic sailfish, Istiophorus platypterus, using
dorsal spines and otoliths. Fish. Bull. 84:493-502.

Probst, R.T., and E.L. Cooper. 1954. Age, growth and production of lake sturgeon
(Acipenser fulvescens) in lake Winnebago region, Wisconsin. [rans. Am. Fish.
Soc. 84:207-227.

Randall, J E. 1964. A revision of the filefish genera Amanses and (untherhines.
Copeia. 1964:331-361.

Rezak, R, T.J. Bright and D.W. McGrail (eds.). 1983. Reefs and banks of the Northern
Gulf of Mexico, their geological, biological and physical dvnamics. Final Report
to U.S. Dept. Interior, Minerals Management Service. Contract No. AA851-CT
1-55. 501 pp.

Richards, W.J. and K.C. Lindeman. 1987. Recruitment dynamics of reef fishes:
planktonic processes, settlement and demersal ecologies, and fishery analysis.
Bull. Mar. Sci. 41:392-410.

194




ichards, W.J. M F McGow.
fish assemblages at th
Sci. 53:475-537,

an, T. Leming, J.T. Lamkin, and S. Ke]

ly. 1993. Larval
e Loop Current boundary in the Gulf o

f Mexico. Bui/ Mar.

cker, WE. 1975. Computation and interpretatio

n of biological statistics of fish
populations. Bull. Fish, Res. Bd. Can. 191. 382 p.

berts, C. M. 1995, Rapid build-up of fish biomass in a Carribean marine reserve.
Conservation Biology. 9:815-826.

dertson, DR,

1988. Extreme variation in sett]
Bdliste,

ement of the Carib
s vefula in Panama. ( ‘opeia.

bean triggerfish
1988, No. 3:698-703

ertson, DR, 1991, The Role of Adult Biology in the Timing
Tropical Reef Fishes. Chapter 13 (pages 356-386)

of Spawning of
of Fishes on Coral Reefs. Academic Press. 754 pp.

inPF. Sale ed. The Leology

,GR,and A.C Alcala. |

996. Marine reserves: rates and patterns of recovery and
decline of large predat

ory fish. Fcol. Appl. 6(3):947-961

PF. 1980. The ecology of fi

shes on coral reefs.
421

Oceanogr. Mar. Bio] 18:367-

215, N.J., D.M. Donaldso
biological atlas of the

nand P.A. Thompson, 1992. SEAMAP environmental and
Commission. No. 27,

Guif of Mexico, 1990. Gulf States Marine Fisheries
31 p.

nstitute, Inc. 1999 SAS Users Guide- Statistics, Version 8 Edition.

sder, WW._ S p. Dinnel, W.J. Wiseman, Jroand W.J Merrell, Jr. 1987 Circulation
patterns inferred from the movement of detached buoys in the Eastern Gulf of
Mexico. Con. Shelf Res. 7(8)-883-894

EL,ED. Prince, and C.p. Goodyear. 1990
tagging program in the Atlantic Ocean, Gul
1987, Am. Fish. Soc. Svmp. 7:841-853.

History of the coo

perative game fish
fof Mexico. an¢ ©

cr'bbean Sea, 1954.-
G.AF. 1982 Thee

stimation of animal ubundance, 2™ ed. Griti n, London.
la, SN and P A Larkin. 1968 Age, growth, food, and vield of the white

sturgeon ( Acipenser transmontanus) of the Fraser River, British Columbia.
Fish. Res. Bd. Can. 25:2589-2602.

E-T and RK. Cowen.

1994 Recruitment of coral
-ocal retention or long-

-reef fishes to Bermuda-
distance transport? Mar. Joe

ol. Prog. Ser. 109:15-28.

195



Smith, G.B. 1976. Ecology and distribution of eastern Gulf of Mexico reef fishes. Fla.
Dep. Nat. Resour., Mar. Res. Publ. 19, 78 p.

Stefasson, G. 1996. Analysis of groundfish survey abundance data: combing the GLM
and delta approaches. /CESJ. Mar. Sci. 53:577-588.

Stevens, P.W_, and K.J. Sulak. Inreview. Egress of adult sport fish from an estuarine
fish replenishment zone within Merritt Island National Wildlife Refuge, Florida.
Gulf. Mex. Sci.

Sutter, F.C., R.O. Williams, and M.F. Godcharles. 1991. Growth and mortality of king
mackerel, Scomberomorus cavalla, tagged in the southeastern United States. Fish.
Bull. 89:733-737.

Szedlmayer, S.T. and R.L. Shipp. 1994. Movement and growth of red snapper, Lutjanus
campechanus, from an artificial reef area in the northeastern Gulf of Mexico.
Bull. Mar. Sci. 55:887-896.

Thresher, R.E. 1983. Habitat effects on reproductive success in the coral reef fish,
Acanthochromis polyacanthus (Pomacentridae). Ecology. 64:1184-1199.

Thresher, R.E. 1984. Reproduction in Reef IFishes. T.F.H. Publications, Inc., Ltd., Hong
Kong. 399 pp.

Tserpes, G., and N. Tsimenides. 1995. Determination of age and growth of swordfish,
Xiphias gladius L., 1758, in the eastern Mediterranean using anal-fin spines.
Fish. Bull. 93:594-602.

Vose, F.E. and W.G. Nelson. 1994. Gray triggerfish (Balistes capriscus Gmelin)
feedings from artificial and natural substrate in shallow Atlantic waters of Florida.
Bull. Mar. Sci. 55(2-3):1316-1323.

Wallace, R.A. and K. Selman. 1981. Cellular and dynamic aspects of oocyte growth in
teleosts. Amer. Zool. 21:325-343.

Wallin, J.E., J.M. Ranster, S. Fox and R.H. McMichael, Jr. 1997 Short-term retention
of coded wire and internal anchor tags in juvenile common snook, Centropomus
undecimalis. Fish. Bull. 95:873-878.

Walters, C.J. and J. R. Post. 1993, Density-dependent growth and competitive

asvmmetries in size-structures fish populations: A theoretical model and
recommendations for field experiments. Irans, Am. Fish. Soc. 122:34-45.

196



watterson, J.C. 1998. Estimates of site fidelity and short-term movements of red
snapper (Lutjanus campechanus) based upon mark/recapture on north-central
Gulf of Mexico artificial reefs. M.S. Thesis. University of South Alabama. 75 p.

Watterson, J.C., W.F. Patterson, III, R.L. Shipp, and J.H. Cowan, Jr. 1998. Movement of
red snapper, Lutjanus campechanus, in the north central Gulf of Mexico. Gulf of

Mex. Sc. 16:92-104).

West, G. 1990. Methods of assessing ovarian development in fishes: A review. Aust. J.
Mar. Freshwater Res. 41:199-222.

Wilson, C.A., E.B. Brothers, J.M. Casselman, C.L. Smith, and A. Wild. 1983. Glossary.
U.S. Dep. Commer., NOAA Tech. Rep. NMFS 8:207-208.

Wilson, C.A., D.L. Nieland, and A_L. Stanley. 1995. Age, growth and reproductive
biology of gray triggerfish (Balistes capriscus) from the northern Gulf of Mexico
commercial harvest. Final Report, Coastal Fisheries Institute, Louisiana State

University.

Wilson, D.T. and M.I. McCormick. 1997. Spatial and temporal validation of settlement-
marks in the otoliths of tropical reef fishes. Mar. Ecol. Prog. Ser. 153:259-271.

Wilson, D.T. and M.I. McCormick. 1999. Micro-structure of settlement-marks in
otoliths of tropical reef fishes. Mar. Biol. 134:29-41.

Zhao, B., J.C. McGovern, and P.J. Harris. 1997. Age, growth, and temporal change in

size at age of the vermilion snapper from the South Atlantic Bight. Trans. Am.
Fish. Soc. 126:181-193.

197



APPENDIX



Appendix. Water column profiles of temperature, salinity and dissolved oxygen taken at

tagging sites. Profiles are in chronological order, and labeled with date of data collection

198




11-19-1997

Temperature (°C)

19 20 21
Salinity (ppt)
33 34 35
0 - -.. ‘
|
) \
5 - a
{ A
E 107 | |
£ % %
! }
20 - 3 }
J {
25 ; :
4 5 6 7

Dissolved Oxygen (mg/l)

—— Dissolved Oxygen
— — Salinity
——— Temperature

199



Depth (m)

11-25-1997

Temperature (°C)

19 20 21
Salinity (ppt)
34 35 36
0 ,
5 _
10 -
15 -
20 -
25 - T
5 6 7

Dissolved Oxygen (mg/l)

——— Dissolved Oxygen
— — Salinity
——— Temperature

200



2-25-1998

Temperature (°C)
13 14 15 16 17 18 19 20

L L I 4 ] i i —

Salinity (ppt)
26 27 28 29 30 31 32 33 34 35 36 37

2l
0 Z e
— J
5 - = ‘
~~ _ /X
_ s
£ 10 - A
E AN
= {
3 L
815 N
20
25 T T T T T T T T 1

4 5 6 7 8 9 10 11 12 13
Dissolved Oxygen (mg/l)

—— Dissolved Oxygen
— — Salinity
——— Temperature

201



3-5-1998

Temperature (°C)

15 16 17 18 19 20

L i { !

Salinity (ppt)
28 29 30 31 32 33 34 35 36 37

T T T T

4 5 6 7 8 9 10 11 12 13
Dissolved Oxygen (mg/l)

—— Dissolved Oxygen
— — Salinity
——~— Temperature




3-26-1998

Temperature (°C)

16 17 18 19 20
Salinity (ppt)
27

28 29 30 31 32 33 34 35 36 37

5 6 7 8 9 10 11 12 13
Dissoived Oxygen (mg/l)

——— Dissolved Oxygen
— — Salinity
——~— Temperature

203



Depth (m)

5-20-1998

Temperature (°C)

18 19 20 21 22 23 24 25 26 27 28 29 30 31
Salinity (ppt)
29 30 31 32 33 34 35 36 37
0 - Ii | | | [ | |
h /%
5 - T~ =
(" N
10 - / <’"/) \
)
18 - / E ¥
[
20 - }
i
25 - {
30 -
35 : : :
4 5 6 7 8

Dissolved Oxygen (mg/l)

—— Dissolved Oxygen
— — Salinity
——— Temperature




6-11-1998
0
—d
5 _
gm ]
.5 T
o
815 1
20 -
25 T T T i T T T T T

20 21 22 23 24 25 26 27 28 29 30

Temperature (°C)



8-4-1998

Temperature (°C)

20 21 22 23 24 25 26 27 28 29 30

{ i 1 1 i f { i J

Salinity (ppt)
28 29 30 31 32 33 34 35 36 37
0 - | T B | | o
|
S - |
|
— J
E10 - L .
5 e
— ~
015 - ;” |
/
’ |
20 - i |
1 |
{ .
25 T T

3 4 5 6 7 8 9 10 11 12 13
Dissolved Oxygen (mg/i)

—— Dissolved Oxygen
— — Salinity
——— Temperature




Depth (m)

10-14-1998

Temperature (°C)

20 21 22 23 24 25 26 27 28 29 30
Salinity (ppt)
28 29 30 31 32 33 34 35 36 37
l l
(
\}
) 5\\\
3\
\\ \
- .\) L\
-
. s
| (
4 % ‘
| ! |
4 5 6 7 8 9 10 11 12 13

Dissolved Oxygen (mg/l)

—— Dissolved Oxygen
— — Salinity
——— Temperature

207



10-19-1998

Depth (m)

20 -

25
22 23 24 25 26 27 28

Temperature (°C)




11-18-1998

Temperature (°C)

23 24

L i

25

Salinity {(ppt)
34 35

36

e i ——— ——

T TS ST T e e e e

5 6 7
Dissolved Oxygen (mg/l)

——— Dissolved Oxvaen
— — Salinity
——— Temperature




11-25-1998

Temperature (°C)

22 23 24
Salinity (ppt)
34 35 36
0- :
|
|
> f
_ |
E10 1 |
= i
o l
8 15 - {
| i
20 - }
| |
25 T 1
5 6 7

Dissolved Oxygen (mg/l)

—— Dissolved Oxygen
— — Salinity
——— Temperature




12-1-1998

Temperature (°C)

21 22 23 24

|

Salinity (ppt)
34 35 36

Dissolved Oxygen (mg/l)

—— Dissolved Oxygen
— — Salinity
——— Temperature

211



Depth (m)

20

25 l ‘ , 1 :

4-28-1999

Temperature (°C)

20 21 22 23 24 25 26 27 28 29 30

i { f 1 1 1 L

Salinity (ppt)
28 29 30 31 32 33 34 35 36 37

i

3 4 5 6 7 8 9
Dissolved Oxygen (mg/i)

—— Dissolved Oxygen
— — Salinity
——=— Temperature




7-21-1999

Temperature (°C)

20 21 22 23 24 25 26 27 28 29 30

I L I I | ]

Salinity (ppt)
28 29 30 31 32 33 34 35 36 37

i

Dissolved Oxygen (mg/l)

—— Dissolved Oxygen
— — Salinity
——— Temperature




8-4-1999

Temperature (°C)

24 25 26 27 28 29 30 31 32

L 1 b 1 [ { 1 1

Salinity (ppt)

28 29 30 31 32 33 34 35 36 37 38
0_

5_

0_

5_
25 T

5 6 7 8

Dissolved Oxygen {mg/l)

——— Dissolved Oxygen
— — Salinity
——— Temperature




10-22-1999

Temperature (°C)

24 25 26
Salinity (ppt)
33 34 35 36
0 h [ J
|
}
51 |
E10 - r
= |
§ l
a15 - j
|
20 - | l
| \
25 T T
5 6 7 8

Dissolved Oxygen (mg/})

Dissolved Oxygen
— — Salinity
——— Temperature

215



11-23-1999

Temperature (°C)

21 22

35 Salinity (ppt) 36

37

Dissolved Oxygen (mg/l)

—— Dissolved Oxygen
— — Salinity
——— Temperature

216



12-7-1999

Temperature (°C)

16 17 18 19

L L 1 [

20

Salinity (ppt)

25 26 27 28 29 30 31 32 33 34 35 36

4 5 6 7 8 9 10 11 12
Dissolved Oxygen (mg/l)

— Dissolved Cxygen
— — Salinity
——— Temperature

217



12-16-1999

Temperature (°C)

17 18 19
Salinity (ppt)
34 35 36
0 | )|
s
|
|
S |
|
E10 - |
< |
& 15 |
&) | |
|
20 - Z |
|
I
25 - :
7 8 9

Dissolved Oxygen (mg/l)

— Dissolved Oxygen
— — Salinity
——— Temperature

218



2-3-2000

Temperature (°C)

14 15 16 17
Salinity (ppt)
35 36 37
‘ !
! |
|
{
] ‘
|
|
:
i |
t
!
i !
| T |
11 12 13

Dissolved Oxygen (mg/l)

— Dissolved Oxygen
— — Salinity
——— Temperature




2-25-2000

Temperature (°C)

17 18 19 20
Salinity (ppt)
35 36 37
O |
J
§
(
5 - /
g
J
/
10 - 1
N
15 1 A
(
// }
20 - ] [
\
25 - {
11 12 13

Dissolved Oxygen (mg/l)

—— Dissolved Oxygen
— — Salinity
——— Temperature

220



3-28-2000

18 19 20 21 22

Temperature (°C)

221



Depth (m)

5-23-2000

Temperature (°C)

21 22 23 24 25 26 27
Salinity (ppt)
30 31 32 33 34 35 36 37
0 : 1
5 4
10 -
15 -
20 -
25 T T
6 7 8 9

Dissolved Oxygen (mg/l)

—— Dissolved Oxygen
— — Salinity
——~— Temperature




5-31-2000

Temperature (°C)

20 21 22 23 24 25 26 27 28 29
Salinity (ppt)
32 33 34 35 36 37

Dissolved Oxygen (mg/l)

— Dissolved Oxygen
— — Salinity
——— Temperature

223



Depth (m)

6-20-2000

Temperature (°C)

20 21 22 23 24 25 26 27 28 29 30

§ i [ i ! 1 1 |

Salinity (ppt)
28 29 30 31 32 33 34 35 36 37
01 | | | | | | | ]
L
5 - \ //
\7
0 - A
/|
5“ ,/‘/ L'\,
/
| |
20 - : |
| |
25 :

4 5 6 7 8 9 10 11 12 13
Dissolved Oxygen (mg/l)

—— Dissolved Oxygen
— — Salinity
——— Temperature

224



6-21-2000

Temperature (°C)

20 21 22 23 24 25 26 27 28 29 30
Salinity (ppt)
28 29 30 31 32 33 34 35 36 37
0 - | | | i | | | /‘
b /
5 | y
10 h 13{/
15 - N
o \
20 - I \
/ \
25 B ) \
30 - ! |
35 ‘ . , 1 : , x r
4 5 6 7 8 9 10 11 12 13

Dissolved Oxygen (mg/l)

— Dissolved Oxygen
— — Salinity
——— Temperature




20

7-27-2000

Temperature (°C)

21 22 23 24 25 26 27 28 29 30

Salinity (ppt)
29 30 31 32 33 34 35 36 37

[ i

5 6 7 8 9 10 M1 12 13
Dissolved Oxygen (mg/l)

—— Dissolved Oxygen
— — Salinity
——— Temperature




Depth (m)

8-3-2000

Temperature (°C)

23 24 25 26 27 28 29 30 31

L { i ! | L 1 | |

34 35 Salinity (ppt) 3¢ 37

20 -

25 -

Dissolved Oxygen {mg/l)

—— Dissolved Oxygen
— — Salinity
——— Temperature

227




ainjeledws| -——
fAues - —
uaBbAxQ panjossi(] ——

(1yB6w) uabAxQ paajossiq
8 L 9

LE 9¢ (1dd) Apues 5¢

3% 0¢ 6¢ 8¢ LC 9¢ g¢ Ve

(Do) @1mesadwa)

0002-8-8



	S41_RD45CoverPage
	Ingram 2001

