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Needs

Weakdish (Cynoscion regalis) has formed the basis of one of the most important fisheries
on the Atlantic coast for centuries, which are critical to the local economy and society. There is
no current estimate of fishing mortality or spawning stock biomass because the stock assessment
done by the weakfish subcommittee and Technical Committee (TC) didn’t pass the peer review
(ASMEC 2006, SARC 40). The stock assessment approaches used in the past appear inadequate
to model the population dynamics of the weakfish and insufficient in providing the information
required for proper fishery management (ASMFC 2006). There is a compelling need for an
improved stock assessment given the findings of the most recent peer review.

There is a definite relationship between a stock assessment of Atlantic coast weakfish and
Virginia weakfish. Right now there are no solid, scientific indicators of the status of the
weakfish stock. There 1s no way of knowing whether the relatively small recreational and
commercial fisheries coast-wide or Virginia 15 harming the stock. There has not been a
comprehensive assessment of weakfish in many years. Weakfish is an inter-jurisdictional,
migratory species. Any benefit gained from a coast-wide assessment directly benefits Virginia.
Without a comprehensive stock assessment, the ASMFC will not have the ability to effectively
manage the states' fisheries but will be forced (in the face of continuing declines in landings) to
further restrict fishermen (a moratorium is favored by 2 states, already). Right now, the ASMFC
recognizes that natural mortality is a factor, but the ASMFC does not know fishing mortality and
spawning stock biomass without an improved comprehensive stock assessment. The direction of
management, without an assessment, is moving towards a much reduced amount of fishing or a
moratortum.

We propose to (1) conduct a detailed geospatial analysis to survey catch rates at age for
consistent year-class signals; (2) explore applicability of a flexible statistical catch-at-age model
to weakfish assessment; (3) develop a catch-data-free population growth model to supplement
our understanding of the stock status.

Issues in the current stock assessment, such as the individual growth difference and their
geospatial pattern, and the geospatial pattern of the catch rate surveys, are the top two priorities
of the weakfish stock assessment recognized by the weakfish stock assessment technical
committee. The analysis of the two issues will also help to understand the stock structure by
analyzing the growth and morphological variation over spatial scale, which is the third research
priority recognized by the TC. Wealfish stock structure has been discussed regularly in the past
decade. The TC notes that difficulty in defining stocks and implementing stock-specific
assessments in a mixed stock fishery would be major obstacles (ASMFC 2006). To better
understanding the stock structure and the stock mixing, a further analysis on the geospatial
difference of the weakfish individual growth and the meristics difference should help through a
stock composition analysis (Fournier et al. 1984; Millar 1986; Millar 1990). The analysis will
help us to justify the data sets in the following stock assessment model. Other issues such as the
use of the ADAPT-VPA model, variation in natural mortality, the use of “borrowed” age-length
key information, the discrepancy between observed Young-of-Year (YOY) trend and the stock
assessment result from the VPA model, etc., were questioned by the SARC 40 peer review, and
were listed as the important research needs by the TC and the peer review cominittee.



New approaches must be developed for stock assessment of weakfish to overcome many
problems associated with the current stock assessment methods for weakfish, to improve the
quality of the weakfish stock assessment, to improve the understanding, utilization, and
management of this important resource in the Atlantic (e.g. ASMFC 2006, NEFSC 2004). We
will address the above issues and suggestions in our proposed work through further geospatial
data synthesis, and the development of new alternative approaches to assessing the weakfish
fishery. A detailed analysis of the current available fishery dependent and independent surveys
with specific focus on spatial and sample size justification is needed too improve the current
weakfish stock assessment (ASMFC 2006). GIS mapping is needed to synthesize the data from
different surveys and locations. The catch rate pattern of the catch rate over the whole geospatial
distribution of the weakfish will help to better understand and quantify different data quality used
in the stock assessment. The synthesized data can further be used to develop catch rate models.

Some flexible statistical models for weakfish fishery stock assessment are needed to
avoid the borrowed age-length key in the ADAPT-VPA analysis and to better answer the
question of “is the weakfish stock declining” (ASMFC 2006). Models under our consideration
are a flexible statistical catch-at-age model, and a catch-data-free population growth model. The
flexible statistical catch-at-age model can avoid the borrowed age-length key needed in the
current ADAPT-VPA analysis; the catch-data-free population growth model detects the
population trends over time without the use of the catch data (Hilborn 2002), which avoids the
uncertainty in the catch report.

The prior assessments lack a systematic framework for the incorporation of data from
different sources, lack a systematic algorithms in estimation of uncertainty and for estimating
risk of overfishing and the stock being overfished. A risk-based decision-making framework for
the weakfish needs to be developed. Risks of overfishing and the stock being overfished needs
to be estimated with full consideration of uncertainty.

Background information

The weakfish supports one of the most valuable commercial and recreational fisheries in
the western Atlantic. The fishery is critical to the local economy. Consistent landing records
from the commercial fishery started in 1950, while the record from recreational fishery started in
1981. Landings have increased steadily since the early 1950s, peaked in 1981, and then declined
in the mid-1990s and 2000s (ASMFC 2006).

The weakfish is distributed mainly across the northern and western part of the Atlantic
but can be observed from Nova Scotia to Florida. It is a migratory population under Atlantic
State Marine Fisheries Commission (ASMFC) management. Weakfish may live as long as 17
years and are known to reach 12 ponds in body weight (Goodson 1976). Age is mainly
determined by observation of otoliths in current stock assessment (ASMFC 2006).

Mature weakfish spawn in riverine areas in the spring and larvae and post-larvae nurse in
bays, coastal sounds, and estuaries for 1 to 2 years (90% by age 1 and 100% by age 2). Adult
wealkdfish migrate into the ocean and migrate north in the summer and south in the winter. The
continental shelf from Chesapeake Bay to Cape Lookout, North Carolina is the main wintering
grounds for weakfish, Some weakfish may remain in inshore water from North Carolina
sonthward (ASMFEFC 2004).

ADAPT-VPA was used in wealdish stock assessment but was criticized by the most
recent peer review committee because of the ignorance of the uncertainty in the catch data. It
requires catch-at-age matrix, which is derived from the age-length key sampling. The spatial
variation of weakfish individual growth brings problems of using borrowed age-length key



where sampling surveys were not conducted. The spatial coverage and the possible spatial
correlation of the catch rate survey bring discussions about their quality among the SARC 40
peer review committee and the TC. The new geospatial analysis of the individual growth and the
catch rate surveys will help to understand the geospatial pattern and the spatial correlation of
these variables which provides insight of spatial dynamics of the weakfish population. The new
stock assessment framework developed in this study will include a flexible stochastic age-based
model which applies more realistic assumptions of the stock’s population dynamics, better
incorporates the model’s statistical errors and provides a Bayesian estimator. The flexible age-
based model can incorporate catch-at-age error, incorporate catch-per-unit of effort (CPUE)
indices without aging information (so we do not need to borrow the age-length key as required
by the ADAPT-VPA). The flexible age-based model can be further extended to spatially explicit
model to incorporate stock structure. So, CPUE indices from different locations can be used
with different stocks of weakfish. We also will develop a catch data-free population growth
model based on fishery-independent and fishery-dependent surveys. This model will be used to
evaluate population overall growth without separating natural mortality, fishing mortality and
population intrinsic growth rate. It will help us to understand the overall trend of the population.
After that, a multi-species predator-prey-environmental recruitment model will be constructed.
This model will be used to evaluate the influence from other biotic and abiotic factors beyond the
weakfish population itself.

Bayesian estimators have been increasingly used in assessing fisheries resources because
of their abilities to provide a systematic approach for incorporating prior knowledge and data
from different sources into assessments, as well as the ability to produce results that can be used
directly for risk analyses of alternative management strategies. Risk will be estimated using a
composite risk assessment approach based on the posterior distributions of the reference points
that we will explore in this study (Jiao et al. 2005). The composite risk assessment approach fully
considers uncertainty from indicator reference values (e.g., F and B) and biological reference
points (e.g., Frsy and By.,) when estimating risk of overfishing and risk of a fishery being
overfished. The uncertainty of the F and B, and F,, and B, will be their posterior distributions
from the Bayesian stock assessment model. The current control rule used for the weakfish
fishery status evaluation uses Fiager » Fihreshoid a0d SSBuyeshoe. We will look at the fishery status
based on the control announced in Amendment 4 to the weakfish management plan (ASMFC
2002). B will be estimated and the difference between SSB,, and S5Breshors Will be
compared to investigate the space of further stock rebuilding. Other reference points from age-
structured models will be also evaluated. This will greatly improve our understanding, utilization,
and management of this important resource in the western Atlantic.

Objectives and goals

The objectives of this study are to synthesize the geospatial data of the weakfish growth
and the catch rate; to develop a stock assessment and risk-based decision making framework to
assess the weakfish fishery in the Western Atlantic; to develop a set of stock assessment models
(flexible statistical catch-at-age models, catch data-free population growth raie models) to better
capture the population dynamics of the weakfish; to improve our understanding, utilization, and
management of the weakfish fishery; and to provide a training opportunity and research
experience to a postdoctoral researcher in using quantitative modeling skills to address complex
management problems in fisheries.

More specifically, we will:

I: collect, request and synthesize data



(1) obtain both biological and management-related information through literature
review, meeting with relevant scientists and agencies, and by organizing a research
advisory workshop in which the current weakfish stock assessment subcommittee will
be mvited;
(2) further evaluate and identify problems associated with the approaches currently
used in the weakfish stock assessment after step (1);
(3) synthesize the growth and the catch rate data, using GIS to map them;

I1: develop effective stock assessment models
(4) develop models for the geospatial data of the growth and the catch rate; evaluate
the possible ways of incorporating spatial structure into the stock assessment models;
(5) develop a flexible statistical catch-at-age model to describe the population
dynamics of the weakfish;
(6) develop a catch-data-free population growth rate model;
(7) develop a multi-species predator-prey-environmental recruitment model;

IIX: develop estimator for parameters estimation in the above models
(8) develop a Bayesian approach for estimating vital fishery parameters by
incorporating both data collected from different sources and prior knowledge of the
fishery derived from previous studies (ecological studies, scientists” and fishermen’s
experience and observations);

IV: validate models through simulation study
(9) conduct an extensive simulation study to investigate model performance with
respect to model hypotheses on data quantity and quality, especially the aging data and
the natural mortality assumption, and catchability assumption;

V: explain the population dynamics characteristics and analyze the stock status
(10) evaluate the population dynamics and current status of the weakfish stock; and
(11) develop a decision-making framework for risk analyses of alternative
management strategies for providing management advice to government agencies and
local fishing industries. This framework will consider uncertainty from different
sources and identify an optimal management plan for sustainable exploitation of this
important resource.

Project impacts/ Resulis or Benefit Expected

We are proposing some traditional and some novel approaches to assess the weakfish
stock because the current methodology is failing to allow effective management of the fisheries.

Mapping and analyzing the spatial structure of the growth and the catch rate will help us
to understand the stock structure, and explore the possibility of incorporating the stock structure
into our stock assessment. Constructing a flexible catch-at-age model will avoid many
shortcomings in the currently used weakfish age-structured model, e.g., the uncertainty of the
catch will be incorporated, the length-at-age key will not need to be borrowed, and recruitment
over time, fishing mortality and spawning stock biomass will be estimated as well. Developing
catch-free models will help us to understand the population status, such as, is the population
decreasing or not? This will complement the result from the age-structured model. Eight
formulations of stock-recruitment models will be used to explore the relationship between
spawning stock size and recruitment. Assuming one model is the “true model” is dangerous,
which ignores model selection uncertainty and may lead to overconfidence of inferences (Jiao
2007). The finalized stock-recruitment relationship will help us to understand the productivity
changes over times attribute to climate ocean oscillation or food chain dynamics. These



questions will be further investigated through the stock recruitment models. The stock
recruitment relationship is important and is crucial in estimating biological reference points. For
example, if M is changing following high-low regimes, the productivity should follow high-low
regimes also, and these should be incorporated in the F estimation and the F-based biological
reference point estimation.

The project will enable us to construct an operational stock assessment model for weakfish,
better understand the dynamics of weakfish in the western Atlantic and greatly improve the
management of Atlantic weakfish. The new stock assessment approach to be developed in this
study can overcome many problems associated with traditional methods, which will improve the
quality of the weakfish stock assessment over previous assessments. This will benefit fisheries
scientists, managers, and stakeholders and greatly improve the understanding, utilization, and
management of this important resource in the western Atlantic.

The PI will also present this project as a case study to Ph.D. students taking the graduate
course “Fisheries Population Dynamics and Modeling”, which the PI will teach regularly. This
will teach students updated quantitative approaches in assessing fisheries resources in the context
of a current, important, U.S. Atlantic fishery issue and will help students better understand how a
stock assessment can be done to address management issues in the real world.

The results will be communicated to the NMFS, ASMFC, and state management agencies
through seminars, workshops and meetings. A webpage will be developed to update the progress
made in the project and to receive feedback from people with different interests. Information
and methods developed in the study will be downloadable for anyone who is interested in this
study. Upon the completion of this project, the results will be presented to the ASMFC and
NMFS for their consideration for implementing the proposed method in the management of the
fisheries. Talks will also be presented at national and international conferences (e.g., American
Fishery Society annual meetings), and manuscripts will be submitied to peer-reviewed journals
in fisheries.

Research plan and methodology

Spatial structure analysis of the weakfish growth

GIS will be used to map the survey location, sample size and the age-specific growth
difference. This will enhance our understanding of the spatial difference of the weakfish growth.
Spatial difference of the individual growth (both age specific difference and the von Bertalanffy
growth curve difference) of the weakfish will be analyzed through a likelihood ratio test (Cerrato
1990). No significant differences (P>0.05) in the likelihood of weakfish from different locations
could be detected after fitting the model, the simplified formula for the likelihood ratio could be
used

: ‘e residuals|H
(H -2 Ln(Likelihood r‘atio):nl,n(mm of square residua SI °

sum of square residuals]Hd ’
Where n is the total number of fish, Ho is the null hypothesis, and Ha is the alternative
hypothesis. To reject Ho, ~2Ln(Likelihood ratio) should be larger than i , where k is the

number of degrees of freedom and equals the extra number of parameters estimated under Ha
compared with Ho.

Stock mixing will be analyzed through stock composition analysis using maximum
likelihood method (Fournier et al. 1984; Millar 1986; Millar 1990).



Spatial structure analysis of the weakfish CPUE

GIS will be used to map the survey location, sample size and the CPUE difference. This
will enhance our understanding of the spatial difference of the weakfish catch rate and their
sample size and spatial coverage. How factors such as, spatial factors and environmental factors,
influence CPUE will be analyzed through Generalized Linear Mixed Model (GLMM) (Bishop et
al. 2004). Other approaches currently used will also be used for comparison of the model
performance.

After this analysis, we will get a conclusion on CPUE standardization and the weighting
of different CPUESs based on their sample size, spatial coverage. If strong spatial correlation
were detected a spatial-structured CPUE model can be developed and used in the following
population dynamics models.

Development of catch-data-free model

A set of catch-data-free models will be constructed to represent the dynamics of the
weakfish stock. The models will capture the overall frend of the population changes over time
instead of the “true” population size. This study will help to answer the question of “is the
population declining”. Models such as random-walk and the kalman-filter autoregressive models
have been used to analyze the trend of the population or productivity over time (Peterman et al.
2000, 2003).

The first model will be used is

L =1 A", or
Ln(l,,;)=TLn(A)+Ln(l)+¢
where A is the population growth rate; /, is the density of the population (CPUE) at the survey

(2

year £, T, is the time interval between year ¢ and #+7}; error &, is independent and normally
distributed with mean 0 and variance cr;l - This model assurned constant population growth rate

over time and locations, and density dependency was not considered, This 1s an exponential
growth model, so we called 1t the EG model.
The second model will be used is
Lu(I1, ) =T La(A)+ Ln(l ) +u,
3 i
G U = QU +E
In this model, residual error #, is modeled as a first-order autoregressive (AR(1)) process. ¢ is
the autocorrelation coefficient, and error &, is independent and normally distributed with mean 0
and variance o, . This is a residual autoregressive model.
The third model will be used is
Lo(l, V=T Ln(A)+Ln(l)+&
(4) '
2‘”7} = ‘:{‘r + 54
where population growth rate A, 1s modeled as a random walk process; and errors ¢, and &, are
independent and normally distributed with mean 0 and variances o, and o*i - This is a random

walk model.
The fourth model will be used 1s



Ln(l, ) =T Ln(A)+ Ln(l,)+ &
LA, )= Ln(A)+g[Ln(A) ~ Ln(1)]+ &

where population growth rate 4, is modeled as a first-order autoregressive process, and ¢ is the

(5)

autocorrelation coefficient. This is a Kalman-Filter antoregressive model.
The fifth model will be used is
Ln(,;)= TLn(A)+Lo(l}+&,

(6) A, € N(a,b)
ael(c,d)
where error £, is independent and normally distributed with mean 0 and variance o*i . A, is

modeled to follow a hierarchical distribution, i.e., 2, the mean of A follows a uniform
distribution between ¢ and d, and N(a,b) is truncated to make sure that A has posttive values.
This is a Bayesian hierarchical exponential growth model.
The sixth model will be used is
. Ln(l,;}= T Li(AY+ Ln(I )+ &
0 Ln(1)=Ln(I ) +&,

where error &, and g, are independent and normally distributed with mean 0 and variance ofﬁ

i

and afq . I is modeled as a measurement error model (Tiao et al. 2006).

All the CPUE data will be analyzed using the models described above. These models will
be compared based on Deviance Information Criteria (DIC). If the DICs differ greatly, one of
the models with lowest DIC will be used for population projection; if the DICs are close, a model

averaging approach may be used to sumimarize the population trends using all the models by
incorporating model selection uncertainty (Jiao 2007).

Development of flexible statistical catch-at-age stock assessment model

A flexible stochastic age-based model will be constructed to represent the dynamics of
the weakfish stock. The model will consist of five sub-models including: (1) a stock-recruitment
model (not built in the general mode here because of the dramatic changes of weakfish
recruitment and the huge impact of model assumptions); (2) a number-at-age model; (3) a series
of observational models that describes the relationship between stock abundance and the
abundance indices observed in the fishery and/or fisheries-independent surveys (age structured
or not, “borrowed” age-length data will not be used); (4) a series of observational models that
describe the relationship between observed and predicted size composition data collected in the
fishery and/or fisheries-independent surveys; and (5) a series of observational models that
describe the relationship between observed and predicted catch. A model stock will be generated
and driven by observed catches and fine-tuned with the data observed from the fishery using a
Bayesian estimator described in the statistical estimation section.

(8) R=f (spawner) R is the predicted recruitment
(9) Nyuar_,nge = f(N_ymr—l.agu—l’ Mymr—l.agc—l’F_‘)'mr—l,ugc—l) Nymr,agc iS the predicted p{)pulation Size at

certain year and age; M and F are natural mortality and fishing mortality separately. M is often
assumed to be constant among ages and years.



(10) i = f(N } if age composition information is available for the CPUE data;

year.age year.age

I, =f(N o) i age composition information is not available for the CPUE data.

year

7 is the predicted CPUE. In this equation, a constant catchbility model and a time-varying
catchability model will both be used. We will justify which one works better for the weakfish
fishery based on the goodness of fit.

-

(1 1) ﬁyuar,ugc = f (Nyear.ngc’ Yeear.age? Myea.ugt.')

F" is the fishing mortality from the survey; is the predicted proportion at certain age and

.tfJ year,oge
year. If the survey is from the fishery, then F* = F from the fishery; if not F" # F .
(12) Catch| = [ (F oy apes M

predicied ™ year.aye? _vmr.agc)
As in equation (3), catch can be age-structured if age-structured information is avatlable; it can
be non age-structured if no age information available.

A modeled stock will be generated and driven by observed catches and fine-tuned with
the data observed from the fishery using a frequentist method and a Bayesian estimator described
in the statistical estimation section. When some model equations, such as a time-varying auto-
correlated catchability model, are used, a Bayesian estimator will have to be used (De Valpine
and Hasting 2002).

The dynamics of the weakfish stock will be described by the stock-recruitment model,
together with a number-at-age model, which can be derived from two commonly used models in
fisheries, the catch equation and the exponential survival equation (Ricker 1975, Hilborn and
Walters 1992). The predicted numbers-at-age, catch-at-age, and stock abundance will be related
to observed catch and CPUE data in the fishery and to observed numbers-at-age and abundance
index observed in the fishery-independent survey by formulating an appropriate objective
function, which will be decided in the section of the statistical estimator. By optimizing the
objective function, we can estimate the model parameters, and thus the dynamics of the wealfish
stock.

Development of stock recruitment model

The stock-recruitment relationship is always one of the most difficult and controversial
relationships to be identified or assumed in stock assessment. It will be done separately after the
flexible age-structured stock assessment model. Eight mathematical models will be developed to
simulate the recruitment dynamics, which include a Ricker model, a Beverton-Holt model, a
hierarchical Ricker model, an auto-regressive residual model, a random walk Kalman filter
model, an auto-regressive Kalman filter model, a measurement error Ricker model, and a
predator-prey-environmental recruitment model (Quinn and Deriso 1999; Peterman et al. 2003),
The implications of using the different recruitment estimation approaches will be evaluated.
Other approaches identified in the study will also be considered. These models will be compared
based on Deviance Information Criteria (DIC). If the DICs differ greatly, one of the models with
lowest DIC will be used for population projection; if the DICs are close, a model averaging
approach may be used (Jiao 2007).

Development of catch data free population growth model

We will also develop a set of catch data-free population growth models. Models include:
an exponential growth model, an auto-regressive residual model, a random walk population
growth model, an auto-regressive population growth model, and a hierarchical exponential
population growth model. The models will be used to estimate the overall trends of the



population based on cpue survey data only. These models will be compared based on DIC. If the
DICs differ greatly, one of the models with lowest DIC will be used for population projection; if
the DICs are close, a model averaging approach may be used (Jiao 2007). By doing this,
assumptions regarding natural mortality, fishing mortality, aging, and catchability will be
avoided. It will help us to understand the overall trend of the population.

Statsitical estimator

We will mainly use a Bayesian approach to fit the model to data collected from different
sources because of the use of state-space time-series models (such as the process error in the
equation 2 and the time varying catchability model in equation 3). A Bayesian estimator will
have to be used for these time-series models (De Valpine and Hasting 2002). We will also use
the frequentist method when only the observation errors are considered. A main difference
between Bayesian approaches and frequentist methods is in the interpretation of uncertainty
associated with modeling (Berger 1985). Bayesians believe that model parameters are random
and uncertainties in the parameter estimation reflect the likelihood of a hypothesis that a
parameter has a certain value (Hilborn et al. 1993). This enables the results of Bayesian stock
assessment, the posterior distributions of model parameters, to be used directly in risk analyses
of alternative management strategies. The Bayesian approach has been increasingly used in stock
assessment because of this (McAllister and Kirkwood 1998, Chen et al. 2004).

The Bayesian approach uses a probability rule (Bayes’ theorem) to calculate a “posterior
distribution” from the observed data and a “prior distribution”, which summarizes the prior
knowledge of the parameters (McAllister and Kirkwood 1998, Gelman et al 2004). A normal
distribution function

(13) PO, X|p,0) = W

J—Ge p(- )

will be used for log-transformed catch, CPUE data and the predicted stock abundance. The ¢
distribution has been shown to be robust to atypical errors (Hilborn and Walters 1992, Quinn and
Deriso 1999, Chen et al. 2000). We will move to the 7 distribution if the resuits are sensitive to the
normal distribution assumed. For numbers-at-age/length and catch-at-age/length data, the above
distribution is inappropriate. A modified multinomial function (Fournier et al. 1990), weighted by
the effective sample size, r,(i.e., independent samples actually measured for estimating age/length

compositions), will be used to describe the differences between observed and predicted numbers-
at-age/length and catch-at-age/length:

_ P()bs _PPrm’ 2
(14) P(X|f)= ! 0, (B~ Pi™)

exp tA L
J2rPo (- PO 100/ | AR A=F)+0.1/n]

where X is the catch-at-length or catch-at-age composition data from the fishery or from a
fishery-independent survey, » is the number of age/length classes. The term 0.01 increases the size
of the distribution’s tails, and reduces the influence of outliers. The term 0.1/n prevents the
variance from tending to zero as the observed value tends to zero, reducing the influence of
observed outliers with small probability (Fournter et al. 1990).

The normal distribution function will also be used for log-transformed CPUE data in the
catch data-free population growth models and in the log-transformed recruit data in the
recruitment models. We will move to the ¢ distribution if the results are sensitive to the normal
distribution assumed.

+0.01




Data required in the assessment and their availability

Information relating to weakfish and its fishery has been collected by the NEFSC, ASMFC,
local agencies and research institutes of the coastal states of the northwestern Atlantic (e.g., Rhode
Island, Connecticut, New York, New Jersey, Delaware, Maryland, Virginia and North Carolina).
The information required by the stock assessment model described above comes from two types of
sources: fishery-dependent and fishery-independent. The above information has been discussed in
ASMEC (2006) and NEFSC (2003) stock assessment documents and is available to this project.
Original data will be requested through Rob O'Reilly, who is working at the Virginia Marine
Resources Commission and has been involved in weakfish stock assessment for many years.

Other information required by the proposed stock assessment framework includes data
describing the relationship between length and maturation, age/length-specific fishing vulnerability,
length-weight relationship, age/length-specific fecundity, and maximum and minimum legal sizes,
release mortality etc. These data have been collected by ASMFC, NMES, state agencies of the
northwestern Atlantic, and by academics, and will be available to this project.

Two types of prior distribution are commonly used in a Bayesian stock assessment: non-
informative and informative priors (Scheweder 1998, Gelman et al 2004). A uniform distribution
is usually used for a non-informative prior, the lower and upper boundaries of which are based on
biological theories or knowledge of fish stocks (Hilbom et al. 1993). An informative prior is
usually defined by a normal or log-normal distribution function with mean and variance
determined based on existing knowledge of fisheries.

Whether a parameter will have a non-informative or informative prior will be determined
by the reliability and details of our prior knowledge about the parameter. Prior knowledge will
come from different sources, including weakfish fishermen’s experience, results derived fiom
previous studies of the weakfish fishery, and knowledge of the parameters for similar species and
fisheries.

Harvest control rule and fishery status evalnation

Amendment 4 of the management plan for weakfish uses an overfishing definition with a
fishing mortality target of F, = Fyy, = 0.31, a fishing mortality threshold of
F, o = Fanes = 0.5, and a spawning stock biomass threshold of SSB,,;..; = S5Byg, = 31.8
million pounds. An F greater than 0.5 equals overfishing and a SSB less than 31.8 million
pounds equals overfished (Figure 1).

The current stock status evaluation approach did not consider uncertainty involved in the
indicator reference values (e.g., F, B) and biological reference values (e g., F,,, 55B 995} that are

compared. Stock status will also be evaluated by a risk assessment in this study. Risk in statistics
is determined as the probability that the observed value will be larger or smaller than some
reference value. In this study, risk is determined to be the probability of fishing mortality (F ) in
a certain year (f) being larger than an F based reference point, such asF,, ... Risk is

P(F > Ehresfim'd) When F

thireshuld

is used (here) as a reference point; P(SSB < 8SB,,,...) When
SSB,....a (spawner population abundance of a certain year) is used as a reference value. A

previously described estimation algorithm (Jiao et al. 2005) will be used to calculate the
composite risk in the proposed study. This method will let uncertainty involved in decision-
making full considered.

Other F and B based reference points will be considered to decide the fishery status on
overfishing (F-based) and overfished (B-based) except threshold above for further improvement of
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the current status evaluation of the weakfish fishery. Other F-based reference points include F,,,
F__and F, , Fe; other B-based reference points include SSB

max 41 myy "
those of Amendment 4) are necessary and are important for helping us better understand the
fishery status. The biological reference point estimation will be linked to the natural mortality
variation regimes and the productivity changes overtime. Our management will be improved by
linking the management with the natural variation of the population itself even though the
variation may be caused by the climate ocean oscillation or because of food chain dynamics.

New reference points (beyond

Simulation and sensitivity study

This study involves using the proposed model to fit different sets of weakfish observation
data and the estimate model parameters that characterize the weakfish population dynamics. The
parameters will be compared with the default parameters which are estimated when all the data are
used. We will have specific focus on the influence of MRESS data since they have been treated as
very uninformative but was regarded as one of the better data sources because of its wider spatial
coverage in the weakfish stock assessment (NRC 2006, ASMFC 2006), and the aging error,
natural mortality assumption, and catchability assumption (ASMEFC 2006). Impacts of having
assumptions of random errors and autocorrelated errors on the formulation of likelihood functions
and subsequent parameter estimation will be compared. Other important factors identified during
the study will also be investigated. We will evaluate the management consequences with respect
to the above factors to inform fisheries managers the relative risks associated with any choice.

Uncertainty caused by aging error will be analyzed through a simulation study.
Generated “true” length-age key data based on the statistical catch-at-age model will be added
with random error of different levels. We will then use the generated data with error to estimate
important parameters and population size to investigate the influence of the aging error in the
weakfish stock. At the same time, we will investigate the performance of using the non-age-
structured catch-at-age data and CPUE and survey indices data when deriving the estimator in
the flexible statistical catch-at-age model. The aim of this comparison is to explore whether
using non-age structured catch and CPUE data can decrease the impact of the aging error when a
statistical catch-at-age model is used.

The model and statistical approach will be modified based on the simulation and sensitivity
analysis results to ensure that the modelling results can capture the weakfish stock dynamics and
are not too sensitive to errors in the data and some subjective hypotheses. Possible modification
methods include considering both data quality (variance from survey and fishermen’s and
scientists’ experience) and model fit if one data set shows a contrary trend or causes a moderate to
highly different result (Polacheck et al. 1997, Richards 1991). Robustness of the reference points
and robustness of the estimated risks when different reference points are used will be both
investigated. The assessment model and statistical approach fine-tuned in the study will be
suggested to the weakfish stock assessment panel.

We expect to complete the work in 3 years (see the timeline in Table 1).

Location of the project

The project will be done in the Department of Fisheries and Wildlife Sciences, College of
Natural Resources, Virginia Polytechnic Institute and State University.

Monitoring of project performance
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Dr. Yan Jiao will oversee the completion of this project and will supervise the
postdoctoral and the Ph.D. student and all program coding and modeling analyses. Dr. Jiao will
monitor the progress of the project and will oversee the preparation of the semiannual project
status reports and the final project report. Dr. Donald Orth and Rob O’Reilly will work with the
research team on a regular basis, both reviewing ongoing work and discussing future steps. All
members of this team will be involved in the planning of model approaches, data analyses, the
interpretation of results, and the preparation and editing of manuscripts and the final report.

Please see the timetable (Table 1) for detailed information on duty and timelines.

Participation by persons or groups other than the applicant

We will collaborate with the Virginia Marine Resources Commission to discuss our
project progress and results. Scientists who have previously worked on weakfish at the state
agencies have been contacted for comments regarding this proposal and will be regularly contacted
to review the project’s progress. Weakfish stock assessment subcommittee members, e.g.,
Desmond M. Kahn, Jim Uphoff, Victor Crecco, etc., will be invited to attend a weakfish stock
assessment workshop in Blacksburg, VA. We expect 6 of them can attend it each year. Their
experience and knowledge about Atlantic fisheries, the fishing industry, and the data will help
ensure the success and quality of the project. This project will also involve the Leader of the
National Marine Fisheries Services Recruiting Training and Research Unit at the Virginia Tech
for student training purposes.
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Figure 1: Fishery status shown as overfishing risk and overfished risk using the weakfish

Amendment 4 (2002) control rule.

1k
2 08} -
B Threshold
Q
£ 06 / :
2 ¥
G
i 0.4-
ok
02t . Target
' no target control on SSB
O ] : 1 : il
0 0.5 1 1.5 2 25 3

SsB/ SSB:hreshold



L1

: GIERD |
: : B (1) :
! v SHOYARINS
i = - Jyrcey lpranay eoang) )
i ; e EnBay]
! ' wmtw_mnm.u nowam.m-m%k& (P340I00 YHO-TUASIOIC) TINTIRIS 3Avd ToHINS
122 CZbS JOC6IS | POV OPES . BJE0ZS | | GLBGLIS - 5egzEs . SFP'EELS oee'9zs _¥6L°/8S S1SODIVLOL !
T186'ts  {zzz'tyis) T eeo‘0cs £e2'zes dzzi‘mas)|  Ueolets 33 hmwu; LIIHION ASAIYM
08 16Z'pes | i . BABUIS P i ....:.:.uE, Y6t @ 10041pU) pamAily JAJHSA
GEVVELS-ESYILS . 2L6TTLS RS R0 2R ST g6 BV 81800 LOSHIGNI
(E6V'6LS 6L LS 0OE'BLS GBS T 08 T EB S %eg'0s ® SLSOD LoauIaN!
ou'lers ovo'vs eol'zizs ozEs T iap'ses 0zzs CO56'LLES oz'Es 5gr'eos T gigesisatidviol
: : ; . o i _ - | _ ((B0L5Y TNV FA¥ (20718) AV LVID :
00z'zS  00ETS 0% e 0% o ‘0% iooges s - SIJIAY3S TYNLOVYULNGD :
: i : e {1aindwiod)
ovFZs oyres 0% ‘pEes 0% - ozes 108 006'25 5 $317ddNS ¥ STVINILVN
000'es 000'es C 008'Ls ”Bm.rm o 83uREUBD Sy - AL
000'9gs 1 08 g00'08 85 Hcmc_ww £ 108 03 | 000'28 [ sSWn ¢ UGRNY { QWA THAVEL
000'GES 000518 . dog'ss : Jboo'ss | oum | uosied g Banasyaeig - IAVML
S29'€CS | 0% craezs o8 VIGES Coos S Ble'ss AV -334°QvOV 3 NOLLINL
gey'azes: 0% “B8y'6cEs . - 05 8L LIS 0§ ALY gs fev'ags SHONRI % STRVIVS iDL
B5Z'6YS 08 peTevs 08 Tear'els L ge2'ues 08 L eveTls SLIJENIS IONRK TYLOL
os ..0% 05 L0 108 : R : .08 - pamsseln [
012’95 05 8iz'es 0s _mir'es 03 ; yog'Ls vEO
0s es oS 08 Lo 08 .08 - o8 SIOVMRNS |
BEG'ZHS . 08 | BR6'CYS 03 : 9g1'e L8 s . e'GLS | ‘0¥ 'S9H ‘084S % ALINOVL
) : : : e _ sLifanNag IoNib:
0£Z'0BlS 05 oEgosls | 68 [T ST V1 R T - R . 6B0'GYS STV VS TANNOSHId WLOL
pe0'6LE 03 ARGy 08 0 TEvGTZs %09 08 %0 IIYIES (%00l 0% %0 GBGZLS %O0G {NEL) 965 1804
fop'288 08 T166'265 T o8 %o icee'lzd %00k, 0% %o TGREEE %00l 0 (%0 LI0°CES [%ao EdSE VES,
+os0zs | 08 iee'0zs -8 %O LEP'LS %G 0% %0 T ele'es %S 08 %0 2E5'9% %S tavlwio
Zveees 05 TEYETES TS W0 OvEes  %0L 1108 WD JELUS %O 05 (%0 - §02uS %0l {aD) onir A
WLOL IR HOSNGds IR . HOSNOdJS IR HOSNOdS IR HOSNDJS NOILISOJENYN
§WLOL . £ ¥VIA THYIA FTETN
TOULEZE - BO/L/L 1OOIMSd SONVINHOAUEd
: : : { ORIF A THOLVOILSBAN! IVdIONIEd e
. . J04HSA THOSNOdS ) P

m:.ﬁaumuws_ 55PN puE }PSpng



BUDGET NARRATIVE (YEAR 1)—IJiao
(Budget is based on a start date of | Jan. 2008)

1) Personnel:
Salaries; § 45,089

Note: Virginia Tech accounting for salaried personnel on the basis of percentage-of-effort,
not on a per-hour basis; this method of accounting is in according with OMB Circular A-21, Cost
Principle for Education Institutions. Any hours reflected in the proposal for these personnel have
been shown for the convenience of the Sponsor. These hourly rates are not auditable either as
proposed or as incurred hours. The conversion has been made by applying a standard 2,080 hour
year to the cost estimated by using percentage-of-effort to determine the total salary cost.

Dr. Jiao 10% year time salary; Dr. Orth 5% year time salary; and Ph.D. 66% (2
semesters research associate support) and Postdoc 50% year salary.

Dr. Jiao will oversee the project progress, management the budget; both Dr. Jiao and Dr.
Orth will help the postdoctoral fellow and the Ph.D. student to construct the model.

Fringe Benefits (Includes FICA, workers compensation, unemployment compensation,
medical insurance, group life insurance, employee retirement compensation, faculty and staff
fee waivers, and educational leave): $12,347

Postdoc Research Associate: fringe rate = 36.5%

Tenure faculty: fringe rate = 32%

Graduate student: fringe rate = 11%

2) Travel: $7.0600
VT and VMRC around trip 1 persons 3 times =32,000
Weakfish workshop, 6 people from the weakfish subcommittee travel to Blacksburg, =$5,000

3) Equipment and Furniture: $2,000 (cost share from Virginia Tech)
1 new computer $2,000

4) Material and Supplies: $2,200 (cost share from Virginia Tech)
1 individual license of MATLAB ($1,500)
1 individual license of ADMB ($700)

5) Other Costs: $5,318 (student tuition)

Total Direct Costs = $69,755 (VMRC) + $4,200 (Virginia Tech cost share)

6) Indirect Costs: $17,439 (VMRC) + $19,709 + $2,422 (Virginia Tech cost share)
VMRC Indirect Rate @ 25%
Virginia Tech Indirect Rate @ 56.8% (before July 2008) and 58.5% (after July 2008)

Total Costs: $87,194 (VMRC) + $26,330 (Virginia Tech cost share)
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BUDGET NARRATIVE (YEAR 2)}—Iiao
(From Jan I, 2009 to December 31, 2009)

1) Personnel:

Salaries: $ 73,537

Dr. Jiao 10% year time salary; Dr. Orth 5% year time salary; and Ph.D. 100% and
Postdoc 100% year salary.

Dr. Jiao will oversee the project progress, management the budget; both Dr. Jiao and Dr.
Orth will help the postdoctoral fellow and the Ph.D. student to construct the model.

Fringe Benefits: $20,736
Postdoc Research Associate: fringe rate = 36.5%
Tenure faculty: fringe rate = 32%
Graduate student: fringe rate = 11%

2) Travel: $8,500
VT - VMRC -ASMEC around trip 2 persons 2 times =$2,000
AFS annual conference meeting 2 person I trip = $1,500
Weakfish workshop, 6 people from the weakfish subcommittee travel to Blacksburg, =$5,000

3) Equipment and Furniture: $0
4) Material and Supplies: $220 (Virginia Tech cost share)
Software maintenance
5) Other Costs: $8,783 (student tuition)
Total Direct Costs = $111,556 (VMRC) + $220 (Virginia Tech cost share)
6) Indirect Costs: $27,889 (VMRC) + $32,233 + $112 (Virginia Tech cost share)
VMRC Indirect Rate @ 25%
Virginia Tech Indirect Rate @ 58.5%

Total Costs: $139,445 (VMRC) + $32,565 (Virginia Tech cost share)
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BUDGET NARRATIVE (YEAR 3)—1Jiao
(From Jan 1, 2010 to December 31, 2010)

1) Personnel:

Salaries; $ 61,604

Dr. Jiao 10% year time salary; Dr. Orth 5% year time salary; and Ph.D. 100% and
Postdoc 60% year salary.

Dr. Jiao will oversee the project progress, management the budget; both Dr. Jiao and Dr.
Orth will help the postdoctoral fellow and the Ph.D. student to construct the model.

Fringe Benefits: $16,174
Postdoc Research Associate: fringe rate = 36.5%
Tenure faculty: fringe rate = 32%
Graduate student: fringe rate=11%

2) Travel: $8,500
VT - VMRC -ASMFC around trip 2 persons 2 times =$2,000
AFS annual conference meeting 2 person 1 frip = $1,500
Weakfish workshop, 6 people from the weakfish subcommittee travel to Blacksburg, =$5,000

3) Equipment and Furniture: $0

4) Material and Supplies: $220 (Virginia Tech cost share)
Software maintenance

5) Other Costs: $9,574 (student tuition fee)

Total Direct Costs = $95,852 (VMRC) + $220 (Virginia Tech cost share)
6) Indirect Costs: $23,963 (VMRC) + $20,039 +$112 (Virginia Tech cost share)
VMRC Indirect Rate @ 25%

Virginia Tech Indirect Rate @ 58.5%
Total Costs: $119,815 (VMRC) + $20,371 (Virginia Tech cost share)
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