Special Report No. 82
of the

Atlantic States Marine Fisheries Commission

Healthy, self-sustaining populations for all Atlantic coast fish species
or successful restoration well in progress by the year 2015

American Lobster Stock Assessment Model Technical Review

Terms of Reference & Panel Report

December 2004



American Lobster Stock Assessment Model Technical Review

Terms of Reference & Panel Report

A report of the Atlantic States Marine Fisheries Commission pursuant to U.S. Department of
Commerce, National Oceanic and Atmospheric Administration Award No. NAO3NM F4740078.

ATMOS,
B P!fg%

O\
nsen oF ©

December 2004



Acknowledgments

The Atlantic States Marine Fisheries Commission extends its gratitude to the many individuals
who contributed to the Lobster Model Technical Review. The Commission greatly appreciates
the time and effort expended by the Lobster Model Technical Review Panel (Dr. Ray Hilborn,
Chair, University of Washington; Dr. Louis Botsford, University of California— Davis, Dr. Rick
Deriso, Inter-American Tropical Tuna Commission; Dr. Mike Murphy, Florida Fish and Wildlife
Conservation Commission; and Dr. Mike Sigler, National Marine Fisheries Service — Auke Bay
Laboratory) to conduct the review and complete this report.

The Commission would also like to thank the individuals who developed the models reviewed by
the Panel (Yong Chen, University of Maine; Victor Crecco, Connecticut Marine Fisheries
Division; Penny Howell, Connecticut Marine Fisheries Division; Josef Idoine, National Marine
Fisheries Service, Woods Hole; and Larry Jacobson, National Marine Fisheries Service, Woods
Hole). Thanks are also extended to the Lobster Technical Committee, the Lobster Model
Development Subcommittee and the Lobster Stock Assessment Subcommittee members. The
Commission extends special thanks to Robert Glenn (Massachusetts Division of Marine
Fisheries) for hiswork as Chair of both the Lobster Technical Committee and the L obster Stock
Assessment Subcommittee and to Kim McKown for her work as Chair of the Lobster Model
Development Subcommittee.

Appreciation is given to the Commission staff dedicated to the performance of the Lobster
Model Technical Review and the finalization of this report, specifically — Carrie Selberg and
Patrick Kilduff.



Table of Contents

ACK NOW L ED G M EN T Sttt ettt et et e et e e et aa e st eeeee e e s sasssesesesesssraaesesesesensnnnnn [
T ABLE OF CON T ENT S oot e et ee e e e e e e e e e e e e e e e e eeeeeeeenaaaeeeeeeennnnns 1
NI O 1 1 1 TR 1
LOBSTER M ODEL DEVELOPMENT ..evttttttutsseseeesessssnssssssssessssnsesesesessssnteseeeseessseteeere 1
REPORT ORGANIZATION ..eeeeueeeeeeeeeeeeeeeaaaeeeeeeeeeeeaaaasseeeeeeensnaaasseeeeeeennnnnaassseeeeeennnnaassseeeeeennnnnaanss 1
PURPOSE OF REVIEW & TERMS OF REFERENCE .....uuiiiiiiieeetetiiissesesesessssnassssssssessssnnssesssssessssnns 2
OVERVIEW OF METHODS. HOW THE MODELS AND METHODS RELATE TO EACH OTHER................ 2
MODEL OUTPUTS. WHAT ASSESSMENTS ARE USED FOR & WHAT DO MANAGERS WANT?........... 2
THE ROLE OF DATA IN THE AMERICAN LOBSTER ASSESSMENT vt eeeeeeeeesaaaeeeeeeeemensnaaasseeeseeennns 3
SPATIAL SCALES OF THE ASSESSIMENT ..uuttiteettetsssassssseessssssssnsssesssessssssnneresesesessssmrereeeree 4
COMMENTSON THE LOBSTER FISHERY SSMULATOR FORMULATION AND THE
MODEL TESTING PROCESSUSING SIMULATED DATA oo 5
IMODEL TESTING PROCESS.......cieeeeee e eeee et a e e et e e e e e e e e e e e e e e e e e e e e e e e e e e eeeeenaeeeenaaeeeennaeens 5
USE OF SIMULATOR TO PRODUCE SIMULATED DATA oottt ettt e e e e e eeeaaann e s e e e eeeennnnn s 5
TERMSOF REFERENGCE 1-3... oottt e e ettt s s e e s e s eeeas s s sesesesessnsasseeasenennns 7
REVIEW OF THE COLLIE-SISSENWINE MODEL (CSM) ...cuviiiieiecie ettt 7
REVIEW OF THE TUNED-UP COLLIE-SISSENWINE (TUCS) MODEL .....ecvviiieiieieienieseesiesee e 10
REVIEW OF FISHING INDEPENDENT OF Z (FIZ) MODEL FOR AMERICAN LOBSTER .......cccveueenen. 12
REVIEW OF THE SIZE-STRUCTURED STOCK ASSESSMENT MODEL FOR THE AMERICAN LOBSTER,
HOMARUS AMERICANUS. ...ceetttttessessesessssssasssssssessssssssssssssssessssnnntesesssesssssnnneseeesessssnmnnnsereeeeennns 14
REVIEW OF THE LOBSTER LIFE HISTORY IMODEL ... .ceeeeeeeeeeeee et eeeeeee e e e eeeeeeeeneeens 19

TERM OF REFERENCE 4: RECOMMEND THOSE MODELS OR COMBINATION OF
MODELSMOST APPROPRIATE FOR ASSESSING THE AMERICAN LOBSTER

ST O C K S et e e ettt e e e e e e e e e e e e —aaeeeeeeeeen————aeeeeeeerenn—————aaeeeaerenn—————— 21
RECOMMENDED METHOD FOR THE 2005 ASSESSMENT ...eeeeieeereueeeeeeseeesssnnassssssesessssnnassssssesseennns 21
RECOMMENDATIONS FOR FUTURE ASSESSMENTS . ...uuuuuututassasssssssssnsssssssssnsnsnsnsnsnsnsnssnnsssnsnsnssnns 21
RECOMMENDATIONS ON MODELS AND MANAGEMENT REFERENCE POINTS ....uuueeeeeeenennns 22
RECOMMENDATIONS REGARDING DATA . eeeeesesssssa s s ssssssnsnsnsnsnsnsnnnsnsnsnnnsnnns 22

REFERENGCES...... ..ottt assssssssssssssssss s sssssssssssssssssssssssnsssnnssnsssnnnsnnnnnnnnnnn 24

APPENDICES . ...ttt e e ettt e ettt e eaaeeeeeee e e e e s aaeseeeeeeeaesnnasseseeereresnnnaaeseeesennnnns 26



I ntroduction

The Atlantic States Marine Fisheries Commission, which has the responsibility for managing
American lobsters, is preparing to conduct alobster stock assessment. The Commission has
been exploring and testing several new assessment models to accomplish thistask. The
Commission formed a Review Panel to provide an externa review of thiswork. This report
includes background on this process and the Review Panel’ s recommendations.

L obster Model Development

The American Lobster Management Board has charged the Lobster Technical Committee (TC)
with conducting a stock assessment. Two subcommittees of the TC have been devel oped to
assist with thistask. The Model Development Subcommittee (MDSC) has been charged to
develop and test models to be used in the stock assessment, while the Stock A ssessment
Subcommittee (SASC) will conduct the stock assessment.

The five models devel oped by the MDSC to examine the lobster stocks include a size-structured
Bayesian stock assessment framework, a revised Collie-Sissenwine model with uncertainty
added to input parameters, a“tuned-up” Collie-Sissenwine model that incorporates additional
data and a Bayesian statistical approach, a fishing independent of total mortality model, and a
Lobster Life History model.

Additionally, an individual-based |obster fishery simulator was devel oped and the models have
been tested using simulated data sets with eleven different scenarios. The MDSC did not
evaluate the Life History Harvest Model using the simulated data, since it is an equilibrium
based reference point model. The various simulated scenarios include differing recruitment
patterns, bias in molt increments, observation errorsin survey and catch data, and process errors
in natural mortality estimation. The simulator calculated landings, size composition of landings,
survey indices, and size composition of survey catch.

Report Organization

This Panel Report includes several sections. It provides background information and rationale
for the review. This preliminary information includes the Terms of Reference for the review, an
overview of the models, a discussion on the use of the outputs of the models, areview on the
lobster fishery simulator, comments on the current status of data for lobster, and notes on the
gpatial scale of the assessment.

Next, the Panel comments on the lobster fishery simulator. Although the Panel was not asked to
review the simulator and the use of simulated data, they provided several recommendations on
how to improve this process. The next sections contain reviews of each model presented to the
Panel. The first three Terms of Reference are discussed in a section devoted to each model. The
Panel’s comments on the fourth Term of Reference, outlines their recommendations for the
upcoming assessment and future assessments. The Panel Report closes with a reference section
and Appendices that contain summary figures and tables.



Purpose of Review & Terms of Reference

The Review Panel was asked to evaluate each model in its ability to assess American lobster
stocks and to estimate population benchmarks given the available data and recommend those
model (s) most appropriate for assessing American lobster stocks using the following Terms of
Reference:

1. Evaluate the adequacy, appropriateness, application and uncertainty of models presented to
assess American lobster and to estimate population benchmarks given the availability of the data;
use the model formulation descriptions and lobster simulator results as a basis for this evaluation.

2. Recommend both short and long term changes to each model to improve its approach.

3. Review the pros and cons of each model developed by the Model Development Subcommittee
and provide additional advice.

4. Recommend those models or combination of models most appropriate for assessing the
American lobster stocks.

Overview of methods: How the models and methodsrelate to each other

The Panel was presented with a number of modelsto evaluate, including the Collie-Sissenwine
model (CSM), size-structured Bayesian stock assessment framework, the “tuned up” Collie
Sissenwine (TUCYS), the fishing independent of total mortality (FIZ) model, and the life history
(LH) model. These models are not all designed for the same purpose. The life history model is
not an assessment model, but rather takes estimated fishing and natural mortality rates from an
assessment model, and calculates eggs per recruit (EPR) reference points. The four “ candidate”
assessment models were the CSM, the size-structured model, FIZ and TUCS, although the TUCS
model is not yet considered to be fully working and was not put forward as a candidate for the
2005 assessment. Of the remaining 3 models, the LF model istruly “stand alone” in that it uses
the available data and can calculate the EPR. In contrast the CSM and FIZ models produce F
and M outputs that then are put into the LH model to calculate EPR.

A lobster fishery simulation model was devel oped and used to generate data for testing of the
other models and was not presented as an alternative assessment model.

Model Outputs: What assessmentsare used for & what do managerswant?

The terms of reference ask for recommendations regarding assessment methods without
specifying the specific uses for model outputs. ASMFC staff provided assistance and guidelines;
the models have traditionally been used to calculate fishing mortality rate and egg per recruit, as
well as areference point Figop.

We noted that in practice the fisheries are managed by a combination of size limitsand V-
notching.

We also note that managers have arange of options for decision making and the choice of



appropriate assessment model may depend on the type of decisions. Management decisions
could be based on the following management options:

1. F10% thresholds: much like many marine fisheries, stocks could be declared overfished
and rebuilding plans implemented if limit fishing mortality rate reference points were
exceeded.

2. Biomass limit reference points: managers could choose specific biomass limit reference
points and have harvest strategies depend on status rel ative to biomass reference points

3. Trendsinrelative EPR: management decisions could be based on trendsin EPR or
current EPR relative to recent historical EPR. For instance, management could attempt to
increase EPR by increasing minimum size, reducing effort, or reducing catch without
reference to any absolute level.

4. Trendsinrelative F: management could simply attempt to decrease F without explicit
reference to any EPR or absolute biomass. Thisis similar to option 3 without going
through the steps of calculating EPR.

While recommendations regarding appropriate management action is not within the Terms of
Reference of this Panel, we do note that we found that none of the assessment methods were
demonstrated to estimate absolute EPR or the F10% threshold with any reliability, and we would
have to say that there is no possibility of using the models being considered, given the available
data, to reasonably manage on this basis.

Absolute biomass of vulnerable individuals can be reasonably well estimated in an intense
fishery such as the American lobster fishery simply because the catch is so high that the absolute
biomass of vulnerable individualsisvery similar to the total catch (see Appendix 1). Thisis
based on the observation that few individualsin the catch have been above the size limit for
more than one year. Thus mangers do have the ability to determine if the vulnerable stock was
reaching a specific minimum biomass reference point.

We did find that the methods and data available could provide reasonably robust estimates of
trendsin EPR and F even if the absolute value of these quantities is measured with large
uncertainty.

Thus, because of limitations in the assessment, estimation of Fio IS too difficult and really not a
very robust estimate. A much better benchmark would be quantities based on relative quantities.
A candidate for fishing mortality could be Feyrrent/ Faverage 1983-1987) recognizing the fact that strong
recruitment was generated by the spawners during those years. For the same reason,
Ncurrent/ N (average 1983-1987) could serve as an abundance benchmark, although we recognize
recruitment and natural mortality of adults could be strongly influenced by changesin the
environment and we caution that management actions based on abundance indices may be
inappropriate.

Theroleof datain the American lobster assessment
We found that the data available are woefully inadequate for the management needs of this

fishery, and that the primary limitation on the ability to manage is limited data rather than choice
of models. Throughout the world most well managed fisheries spend at |east 2-5% of the landed
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value on data collection and analysis. For the Gulf of Maine (or GOM) component of this
fishery alone this would suggest an annual investment of $4-10 million. Current estimates are
that the current investment is much less. Our strongest recommendation pertaining to the
lobster stock assessment isthat the quality of data needsto be upgraded significantly.

Thisis particularly important in the spatial distribution of catch and length frequency. The
assessments need to estimate the trends in stock size, fishing mortality and egg production in the
inshore and offshore stocks and at the spatial resolution defined by stock boundaries,
management regulations and size composition and this cannot be done at present due to data
limitations. For example, in some cases catch data are not sufficient to assign catches to
appropriate stock or management boundaries and, while there is concern that size distribution in
offshore stocks has declined significantly, there are no consistent data to evaluate this trend.

The types of data programs that should be implemented include:

e Better effort, catch, and length frequency data especially spatially (see Appendix 2). For
example, within each statistical area, catch, effort and length frequency data should be
broken into an inshore and offshore component, sampling allocation should consider the
historic length variation and historic level of landings within different sampling regions,
and the number of trips and individuals sampled should be sufficient to provide for an
effective sample size of several hundred individuals.

e Experimental validation of selectivity of commercial and survey gear is needed in all of
the models, especially the survey catchabilitiesin the CSM. Thiswould include side-by-
side trawling, using a non-selective gear, cameras, and tangle nets.

e Tagging studies to estimate growth for pre-recruits and protected areas to estimate growth
for fully recruited individuals.

e Anaysisof the trawl survey data could use Generalized Linear Models (GLMs) or
Generalized Additive Models (GAMSs) to standardize for area effects (see Appendix 3 for
fishery independent indices and landings over time). The Panel heard considerable
discussion that certain areas were frequently the source of large catches and the use of
GLM or GAM modelsis standard procedure in analysis of CPUE data.

Spatial scales of the assessment

The scale of the assessments and the scale of management actions are seriously mis-matched. A
kal eidoscope of management regulations takes place on a different scale from the assessments.
The assessments need to be done at the same spatial scale as the regulations, or a spatially
explicit model needsto be used that can consider management regulations at the actual scale they
are implemented. The Panél is quite concerned that reference points are being calculated from
assessments that combine management areas with different size limits or V-notching regulations.
This concern ties directly into the data limitations, where catches cannot be assigned to
management areas. The spatial scale of data, regulations and models needs to be unified.



Commentson the Lobster Fishery Simulator For mulation
and the M odel Testing Process Using Simulated Data

While the testing procedure and simulator were not candidate assessment models, we provide a
review of the process and make recommendations in case similar testing is repeated in the future.

Model Testing Process

We found there were a number of ways the model testing could have been improved. The model
testers were not presented with the same information they would have had in actual estimation,
and as a consequence the test was not actually “blind.” The model testing process would be
greatly improved if the model testers knew less about the data they used. As examples, the
testers apparently knew which case they were testing. The simulator did not generate the data
used by several of the models, but the model testers had to generate their own input data by
adding measurement error. In some cases data that were used as model input to the simulator,
such as the growth transition matrix, were also available as input to amodel. The model testers
should be supplied with a data set for each scenario that incorporates measurement errors, but
has no other information, e.g., they should not know which scenario they are testing. As aresult
of these issues, we relied on the basic formulation of the model and our own experience with
similar models more than the specific simulation testing results to evaluate aternative models.

Use of Simulator to Produce Simulated Data

1. Output Comparisons - Several examples of model output were given, but there were no
comparisonsto actual data. To assure that the simulator is realistically depicting the actual
population characteristics, there needs to be more comparison between a variety of model
outputs and actual data. One recommended example is a comparison of the model size
distribution of the fishery catch with the actual data from the fishery. Given the complex,
uncertain interactions between molting, double molting and maturity, it would be easy to get this
wrong. Another recommended check is acomparison of the model size distribution of ovigerous
females with actual data. These data have a unique distribution of sizes that results from the
combination of molting rates and maturity (e.g., Krouse 1973). Thiswould be atougher test.
These additional comparisons would test whether the modeling of growth and the interaction
with maturity were giving realistic answers. Because molting, maturation and fishing occur
continuously over the time during the year of entry into the fishery, the estimates made from the
simulated data will depend critically on these details.

In addition to comparisons to actual data, there should be comparisons to the same kinds of
“data” from the lobster life history model. Thisis especially important when testing the
combination of the lobster life history model and the Collie-Sissenwine estimator to manage.

2. Simulator Description - The description of the simulator does not provide sufficient detail. It
refers only to functions used, noting that they are the same as used in the lobster life history
model. There needs to be a more complete explanation of how the ssmulator is related to the




dataon which it isbased. For example, molt period is based on observations of fractions molting
from a certain size, but random molting at a constant decay is not necessarily the best way to
represent that. This comment is also relevant to the use of this simulator to generate the growth
matrix for the size-structured model.

Maturation appeared to be modeled incorrectly. The fraction becoming mature at each age was
set to the fraction observed to be mature. This amounts to representing a probability density
function by the associated cumulative distribution function.

The size increments in amolt should vary with size. Molt increment typically increases with
sizein crustaceans (Botsford 1985). It was unclear how was the specified variability in molt size
was determined from data.

3. Variahility - While this model was presented in the context of the advantages of individual
based models, in many respects it became essentially a deterministic model because the
Bernoulli trials are across so many individuals. Individual based models differ from more
conventional distribution based models only when the number of individualsinvolved is
relatively small (Botsford 1992). The Bernoulli trials are actually needed and meaningful in
population processes which have small numbers (i.e., the variability isinsignificant with N in the
100s or greater).

As a consequence, the variability in this model was essentially only demographic stochasticity,
with no environmental stochasticity. Demographic stochasticity is quite small for numbers
greater than 100. It seems reasonable to introduce some level of environmental variability in
recruitment.

Also, there was no phenotypic variation between individuals. Most of the variability was
random among identical individuals (e.g., asin the molt increments), rather than having fast and
slow growers. Thiswill affect the results of estimation because size selective fishing removes
faster growers, in addition to larger individuals.

The known geographic variability in life history was not ssmulated. Life history characteristics
such as growth and reproduction vary over the range of the lobster fishery. It would be
instructive to illustrate the differences between regions.



Terms of Reference 1-3

Review of the Collie-Sissenwine M odel (CSM)
General Model Description

The lobster version of CSM is a 2-stage pool model with pre-recruits and potentially vulnerable
adults. The number of parameters estimated ist+2 (R, P1, g). Assumed values are inputted for
M and g-ratio (®). A least-squares objective function on residuals of process error,
measurement error, and recruitment deviations is minimized to select parameter values.
Measurement error is the difference between predicted model abundance of pre-recruits and
potentially vulnerable adults and survey indices. The model is currently applied separately to
each sex and region.

1. Evaluate the adequacy, appropriateness, application and uncertainty of models presented to
assess American lobster and to estimate population benchmarks given the availability of the
data; use the model formulation descriptions and lobster simulator results as a basis for this
evaluation.

The CSM model has served as the basic stock assessment model for lobsters for several years.

The analyst used the same g-ratio (® ) and range of natural mortality (M) in simulated data asin
estimation. Thus tests of the model estimation ability are optimistic. The accuracy of the model
parameter estimates are substantially affected by minor changes in assumed values for ® and
range of M. For example, the assumed values of ® and M are 0.45 and 0.13 for configuration 1
and 0.5 and 0.15 for configuration 5 (Table 2 in Jacobson 2004a), while the %0RM SE are 20% for
configuration 1 and 95% for configuration 5 (Table 21 in Jacobson 2004a). Results show
estimation of Figis also sensitive to small mismatches in natural mortality, g-ratio, and the
number of moltingsin the pre-recruit size class. Results are stable and robust to relative terms,
SUCh as I:c:urrent/ I:1985 or Ncurrent/ N1985-

2. Recommend both short and long term changes to each model to improve its approach.

The model is currently applied separately to each sex and region but empirical correlations from
at least two surveys show that for the Gulf of Maine and area 514 there is correlation in survey
estimates of recruitment of around 0.70 between regions for both sexes and above 0.90 for
correlation of survey abundance between sexes but within region.

Generalization of CSM to multi-sex and secondly to multi-region is a high priority. Multi-region
generalizations may improve parameter estimation and resolve to alarge extent the uncertainty
associated with g-ratio. The resolution of g-ratio would be achieved in the case of GOM by
assuming that true recruitment in GOM and area 514 are correlated. Such amodel could be
written by modifying the equationsin Appendix | of Jacobson (2004a) as follows:

a Recruitment indices for both females and males could be assumed correlated within each
region (empirical correlations in survey indices for the two sexes show correlations in excess of
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0.90).

b. Recruitment between two regions could be assumed correlated (empirical correlations are
in excess of 0.60).

C. The net result of points (a) and (b) isthat the objective function for a 2-sex, 2-region
model would modify the objective function in Jacobson (2004a; Appendix 1) to read:

R = Z ﬂ“a,s,ggaz,t + Z //La,s,;]nj,t + Z ﬂ“a,s,55az,t

t,a,s t,a,s t,a,s

+Z ﬂ“a,As[In(ra,l,t /r—al) - ln(ra,Z,t /r—a,z,.)]2
t,a

+1Aaz [In(rl,l,t /r—l,l,.) B |n(r2,1,t /r—2,1,.)]2
t,

In the version above, the first three terms are simply a sum of four objective functions like those
in Jacobson’s Appendix | (one for each sex (s) and each region (a)), while the fourth and fifth
terms build correlation between recruitment indices, first between sexes within a given region
then between regions for a given sex (sex 1 is chosen but between sex correlation implies
correlation for sex 2). The correlation structure is built on the logarithm of predicted recruitment
relative to its mean. There are alternative waysto build this kind of structure by choosing other
maodifications of Jacobson’s Appendix I, such as putting in a sample correlation coefficient
formula and fitting it to an assumed correlation value. The modifications for correlation
structure add a weighting term to be specified for each added structure and the analyst would
likely need to try several alternatives to get a reasonable consistency with the empirical
correlations from survey indices.

Note that down-weighting the A,s. penalty weights put less penalty on deviations in annual
natural mortality rate, which is given by M; = M exp(&), because process error in the CSM are
deviationsin natural mortality rate. Below we talk of how this can be used to examine some
alternative hypotheses.

The least-squares objective function, which is minimized to select parameter values, can be made
robust to avoid undue influence of outliers. That could be accomplished by replacing the least-
sguares criterion with equivalent normal density functions then optimizing within AD Model
Builder with its robust modification to a normal density. In such amodel the weighting factors
could be replaced with variances determined by making assumptions about underlying
coefficients of variation as explained in Jacobson (2004b).

Additional penalty terms need to be explored. The FIZ model (Crecco and Howell, 2004)
provides an alternative hypothesis that total mortality has been constant over fixed periods of
years which suggests a penalty term could be the deviations in total mortality from an average
for fixed periods of years. Residual analysis could be used to decide how to partition the year
periods and still obtain homogeneous residual patterns. Such a hypothesis of stable total
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mortality rate could be achieved by adding the penalty term, +Z }LZ[ZHVSYt —Zaysm]2 to the

objective function listed above in point 5(c). The weighting coefficient when set to alarge
number, relative to other weighting coefficients would cause total mortality rate to be constant
over the intervals of years specified by the [t] notation. The resultant annual natural mortality
rate, M; = M exp(&), would change depending on the magnitude of the weighting term above as
well as the magnitude of the weighting term A,s.. Intermediate degrees of stability of Z; and M;
can be achieved by adjusting their penalty weighting termsin the objective function.

For the upcoming stock assessment, a reasonable goal would be to generalize the objective
function to the one given above, at least to include both sexes, with the goal of the full
generalization to multiple regions. The multiple region model likely would make it unnecessary
to pre-specify the g-ratio in one of the regions, aslong as it was specified in the other region.

In the longer term, stock assessments could be made with ADMB, arobust normal type density
function, and arange of hypotheses about stability of total mortality versus stability of natural
mortality over time. The resulting objective function is aform of penalized likelihood function.
Penalized likelihood functions add terms to help avoid undesirable solutions by assigning large
penalties to unfeasible parameter values (NRC 1998). Furthermore, confidence intervals on
important output quantities can be programmed within ADMB and estimated routinely as part of
the stock assessment. More discussion on penalized likelihoods can be found in the TUCS
section.

3. Review the pros and cons of each model developed by the Model Development Subcommittee
and provide additional advice.

Advantages of the CSM model include that it is both easy to use and understand. The model
does not place large demands on computation power which facilitates large numbers of runsin a
relatively short time period and permits the use of such techniques as bootstrapping of
confidence intervals.

The fact that CSM does not utilize size composition is both a strength and weakness of this
approach. The strength derives from the independence of the model from size selectivity of
fishing gear and management regulations as long as the adult pooled classes contain all
exploitation and the pre-recruits adequately describe input into the adult classes. Itsweaknessis
that the model does not utilize size-structured information other than the partitioning of pre-
recruits and adults.



Review of the Tuned-Up Collie-Sissenwine (TUCS) model
General Model Description

The TUCS model is ageneralization of CSM and allows for a Bayesian perspective. The model
differsfrom CSM by using Bayesian and maximum likelihood techniques. It accommodates both
sexes and multiple regions. Model structure is provided for “priors’ on all estimated parameters.
TUCS has many more estimable parameters, as it does not assume that catch is known precisely
—an assumption of the CSM model.

1. Evaluate the adequacy, appropriateness, application and uncertainty of models presented to
assess American lobster and to estimate population benchmarks given the availability of the
data; use the model formulation descriptions and lobster simulator results as a basis for this
evaluation.

At present, the model isin a development stage and its testing has not been completed. Inits
current configuration it has been necessary to rely on the WinBUGS software package to
estimate posterior probabilities of stock characteristics of interest.

Simulation testing showed the TUCS modeling approach performed well compared with CSM,
but some of the comparisons were not between identical scenarios. Some problems were
encountered with some of the “priors.” No firm conclusions of model performance can be drawn
at present except that thisis a promising approach.

The Bayesian perspective may not be necessary for lobster assessments. However, penalized
likelihood functions, such as suggested in the CSM section above are closely related to Bayesian
analysis but avoid the issue of assignment of priors. Furthermore, confidence intervals on
important output quantities can be programmed within ADMB and estimated routinely as part of
the stock assessment. The TUCS model shows many parameters for which penalty terms can be
naturally added to the objective function in the CSM section.

2. Recommend both short and long term changes to each model to improve its approach.

Until efficient numerical algorithms and model testing are completed this model could be viewed
as aworthwhile venture but it is premature to judge its ultimate value. In part that decision
would rely on feedback from management as to whether or not estimates of probabilities are
important to their decision making or if instead they would prefer to stick with point estimates
and accompanying confidence intervals. CSM does provide confidence intervals so thereisa
measure of uncertainty provided by that analysis, but those are not strictly interpretable as
probabilities, such as the probability that the stock is below or above some reference level.

We do not believe it is desirable in general to have priorsthat are truncated. That can easily be
remedied by adding tails to the distributions. Also it isusualy agood ideato estimate
parameters in logarithm space which keeps things positive definite in the back-transformed
Space.
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The necessity of utilizing the WinBUGS software was unfortunate given the generally high
regard given to ADMB software. Apparently the problem with ADMB was caused by poor
solutions to the catch equation. That does not appear to be an insurmountable problem and we
are optimistic that it can be corrected.

3. Review the pros and cons of each model developed by the Model Development Subcommittee
and provide additional advice.

The main advantage to the Bayesian approach is that it provides probabilities associated with
output quantities, such as probability that the stock fishing mortality is below the level from a
reference year. Its disadvantage isthat calculation of those probabilities ultimately relies on
specification of “priors’ for the PDF of parameters.

There are four main disadvantages to the current implementation of TUCS: firstly, difficulty in
finding a“good” set of priorsfor al parameters; secondly, the model isvery computationally
demanding and so it runs quite slowly; thirdly, complexity of the model structure compared to
CSM makes it both difficult for all scientistsin the region to understand and use the model; and
finally it isdifficult to understand the separate effects of assumptions about each of the priors.
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Review of Fishing Independent of Z (F1Z) Model for American lobster
General Model Description

The fishing independent of Z (FIZ) model uses atime series of Z estimates and relative F
estimates to calculate a vector of plausible M estimates, with M restricted to exceed a
predetermined minimum. Estimates of Z require indices of abundance for legal lobsters, recruits,
and pre-recruits, with the latter two groups adjusted for their contribution to legal lobsters using
catchability and growth transition coefficients. Estimates of relative F are calculated from catch
and mean relative abundance. Relative abundance is calculated as the contribution of fall survey
legal and spring survey legal, recruit, and pre-recruit lobsters to legal lobster abundance. Finally
relative F values are scaled to absolute F.

1. Evaluate the adequacy, appropriateness, application and uncertainty of models presented to
assess American lobster and to estimate population benchmarks given the availability of the
data; use the model formulation descriptions and lobster simulator results as a basis for this
evaluation.

The FIZ model is not a statistically based estimator of fishing mortality or natural mortality.
More stable estimates of F and M were cal culated using smoothed relative abundance indices or
mean Z estimates (especially when Z was changing).

The FIZ model appears appropriate for measuring temporal changesin the F and M components
of Z. It can be used to extract mortality rate information from catch and indices of abundance.
The relative changesin M estimated within this model may be useful as the basis for sensitivity
runs for other population dynamics models that may typically assume a constant M.

2. Recommend both short and long term changes to each model to improve its approach.

This approach is closely allied with the two-bin CSM used to assess lobster. This relationship
should be investigated and the model should be put on a stochastic footing, including process
error. The instantaneous mortality rates should be analyzed in log space to eliminate the
occasional negative estimates.

The Panel found the FIZ model introduced an important feature of time varying natural
mortality, and believes this concept is best incorporated by modifying the CSM and that further
development of FIZ should be discontinued. Aswith the other models, the FIZ model's absolute
estimates of F are more subject to biases than are fishing mortality ratios generated from these
estimates. It follows that estimates of the relative changesin M are the most reliable information
about M generated by this model.

3. Review the pros and cons of each model developed by the Model Development Subcommittee
and provide additional advice.

Pros— (a) model concept is simple to explain and understand, (b) in the simulated scenarios its
RMSE for F estimates were generally similar to that of the other models tested.
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Cons — (a) somewhat data intensive (time series of pre-recruit, recruit, and legal lobster
abundance and catchability coefficients for each group; two (2) growth transition coefficients;
and annual catch), (b) ad hoc determination of periods for constant Z, (¢) not stochastic.
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Review of the size-structur ed stock assessment model for the American
lobster, Homarus americanus

General Model Description

The size-structured model developed for American lobster is atype of model, statistical age- or
size-structured model, commonly used in New Zealand and Australia for length-based |obster
assessments and in Alaska for length-based crab assessments; these assessment models have
been successfully reviewed. This model typeisflexible, but also can be data-intensive,
depending on the configuration. We recommend that this model be developed for the American
lobster stock assessment in the long-term.

This model depends on time series of size datato track cohorts. The size data must span several
years (not necessarily sequential) and also must be coherent (i.e. cohort strengths must be
identifiable in successive years data). We do not know if there is sufficient, quality size datafor
amulti-compartment size-structured model to be successful. Catchability varies between years,
so that cohorts are difficult to track through time. Size structure varies spatially, yet fine-scale
data that captures this variation generally is not available.

The size-structured stock assessment model is a stochastic, length-structured, and sex-specific
model describing the dynamics of the lobster population and fishery. Observational models
relate the population dynamics model with observations made in surveys and the fishery. The
model is explicitly size-structured, as organisms advance through size-classes by a size-specific
growth transition matrix. The model iswithin the class of modern population dynamics models
that attempt to mimic the population, surveys, and fishery in detail and as aresult, has alarge
number of parametersto estimate. The modeling approach is flexible and allows incorporation
of prior information and estimation of uncertainty of management parameters by Bayesian
methods.

1. Evaluate the adequacy, appropriateness, application and uncertainty of models presented to
assess American lobster and to estimate population benchmarks given the availability of the
data; use the model formulation descriptions and lobster simulator results as a basis for this
evaluation.

a) Themodel isexplicitly size-structured with a growth transition matrix to advance animals
through size classes. The number of estimated parametersis 122, including 16 for fishery
catchability (q andy), 8 for survey catchability, 8 for selectivity (6 for surveys, 2 for
fishery), 1 for natural mortality, 70 for theinitia size composition, and 19 for annual
recruitments (including an autocorrelation parameter).

b) The model estimates alarge number of parameters. Parameter estimates from large-
parameter models sometimes are poorly defined. One useful diagnostic is scatterplots of
the estimated values (e.g. survey catchability vs. natural mortality).

c) The growth transition matrix in the estimation model matches the matrix in the
simulation model assuming no fishing or natural mortality. In practice, the growth
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d)

f)

Q)

transition matrix provided as input to the estimation model should be based on biological
data and computed so that it is consistent with the way it is represented in the estimation
model.

Selectivity parameters are poorly estimated. For example for scenario A-I, the estimated
value of length of 50% selection (Lso2) is118.7 and the true value is 150; the estimated
value of the slope at 50% selection (by) is 11.26 whereas the true value is 0.10 (Table 7,
Chen et al. 2004).

The estimated value of natural mortality typically islarger than the true value. For
example for scenario A-1, the estimated value is 0.0419 and the true value is 0.0359
(Table 7, Chen et al. 2004). The positively biased value of natural mortality in turn leads
to the positively biased value of Fip, assuming all else (selectivity, growth) equal. This
result may explain why the current fishing mortality estimates were less than Figy, in the
figure shown in the oral presentation.

Fishery regulations have shifted fishery size selectivity over time. Model estimation of
these shiftsis significantly more difficult than estimating time-invariant selectivity.

Choosing the spatial scale of a size-structured model for American lobster is an important
modeling issue. Finer-scale models than the current CSM model may be required
because lobster size structure sometimes varies at small spatial scales. For example, the
Tasmanian lobster fishery is modeled at the scale of one-degree squares because of fine-
scale demographic variation (Punt and Kennedy 1998). Unfortunately, the fine-scale data
that captures this variation for the American lobster fishery generaly is not available and
this lack may prevent successful completion of a multi-compartment size-structured
model for American lobster.

2. Recommend both short and long term changes to each model to improve its approach.

a)

b)

Length sample sizes greater than 350 imply more precision than typically found for real
length data because variation is added by spatial heterogeneity. We recommend that the
analysts estimate effective sample sizes for the lobster size data and weight the size data
with these values during parameter estimation. We also recommend that the analysts test
arange of values of effective sample sizes common to our experience, 10, 50, and 100.

Reduce the number of sizes estimated in the initial size composition. The descending
limb of either age or length compositions typically provides little information on year-
class strength (i.e. they appear similar from year to year). We suggest three alternatives
for reducing the number of sizes estimated in the initial size composition: 1) estimate
abundance of an intermediate size, then compute abundance of larger size classes from
abundance of the intermediate size using an equation like equation 10 on page 9 of Chen
et al. 2004; 2) pool large size classes (Deriso et al. 1985, 1989; Kimura 1989, 1990;
Sigler 1999); 3) fit atwo-parameter function to the initial size composition.

The current configuration of the size-structured model is a multi-size compartment
model. In contrast, the current model used in the stock assessment (CSM) is atwo-size
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d)

f)

Q)

h)

)

compartment model. An intermediate step between the CSM model and a multi-size
compartment model is a compartmental model with afew size groups. We recommend
that the analysts first estimate parameters with the size-structured model configured with
afew size groups. Thisintermediate step will help the analysts better understand the
results of a multi-size compartment model and will help educate managers and the fishing
community.

The size-structured model provides aformal structure for representing growth (i.e.
growth transition matrix), whereas the Collie-Sissenwine model requires external
structuring of the data to account for growth transitions. We recommend the analysts
explore combining the two approaches for the purpose of describing recruitment and
possibly residence time in a second size compartment of a three-compartment model.
The largest pooled size group could be fitted without making assumptions about
selectivity by following the CSM approach. Most importantly, the typical observation of
an ~80-90% drop in abundance from the second to the third size compartment may
encapsulate the depletion effect of the fishery, thus estimating abundance without having
to model the full size structure of the population.

Natural mortality is difficult to estimate. We recommend incorporation of a prior
probability distribution for natural mortality into the estimation model.

We recommend that analysts estimate |obster growth rates from existing mark-recapture
data. The growth transition matrix and size increment per year could be estimated. One
approach isto fit the size-structured model (or aversion of it) to the tagging data.

Scatterplots shown in the oral presentation demonstrate a strong positive correlation
between average recruitment and natural mortality, but not fishery catchability and
natural mortality. Thislikely occurs because fishery catchability is hyperstable
(asymptotic relationship between fishery catch rate and lobster abundance) and the
correlation instead occurs between the exponent parameter and natural mortality. Though
not shown explicitly, survey catchability was not correlated with natural mortality. This
does not make sense, especially given that average recruitment was correlated with
natural mortality. We recommend that the analysts determine why survey catchability
and natural mortality are not correlated, as expected.

Penalty functions typically are used to speed up parameter estimation without affecting
estimated parameter values. We recommend that the analysts check that penalty function
values do not affect parameter estimates.

The analysts model “other” selectivity with anormal distribution. We recommend that
the analysts consider other functions to represent “other” selectivity and justify their final
choice in biological terms. The analysts provided estimates of these values
independently of the report; the parameters were not well-estimated.

Exploitation rate is computed as catch divided by estimated abundance. Thisimplies that
fishing mortality occurs in one instant of time and that catch is estimated without error.
In fact, fishing mortality occurs over several months. The simplifying assumption of
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fishing mortality at one instant of time is reasonably accurate for low fishing mortality
rates. However fishing mortality rate is high for lobster. We recommend that the
analysts explore the sensitivity of parameter estimates to this assumption. The analysts
can choose to assume catch has error with small variance, i.e. close to exact, if it seems
reasonable. We note that parameter estimation likely will be faster if fishing mortality is
estimated in alater “phase” of the estimation.

k) The relationship between fishery catch rate and |obster abundance is modeled as an

exponential function. The function implies that lobster traps can “saturate” at high
lobster abundance such that the catch rate remains unchanged once lobster abundance
reaches a high-enough level. Understanding the catch rate — abundance relationship and,
more generally, the interaction of the target species with the gear is essential for resource
assessment (Gunderson 1993). We recommend that experiments be conducted to
understand this relationship (e.g. Sigler 2000).

3. Review the pros and cons of each model developed by the Model Development Subcommittee
and provide additional advice.

a)

b)

Pros

i) Themodel appears able to estimate abundance, fishing mortality (though negatively
biased), and the power function for fishery catch rate reasonably well aslong as
natural mortality or the growth transition matrix are not misspecified.

i) Statistical catch-at-length (-age) models like this one are very flexible. They can be
configured to use all available data (e.g. add size data) and test hypotheses (e.g.
consider time-varying natural mortality).

iii) The size-structured model is the only estimation model presented that can internally
produce the current reference point of Fig, Whereas reference points must be
developed in a separate model (e.g. the life history model) for the current assessment
model (CSM).

Cons

i) Application of thismodel depends on availability of long time series of size-
structured data. There is enough size-structured data to apply this model to the Gulf
of Maine stock (however see point iii below), but not enough size-structured data for
application to Georges Bank and the offshore stock.

i) The size-structured model is a complicated model that is time-consuming to develop
and difficult for the non-technical community to understand.

iii) The size-structured model assumes fishing mortality is separable into a magnitude
that changes from year-to-year and a size-selectivity function that is constant through
time. This assumption may not be correct given changes in the lobster fishery over
time. In principle, the assumption can be relaxed so that selectivity changes over
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time, but in practice the time-variation is difficult to estimate accurately. One
apparently successful application isthe Bering Sea Pollock stock assessment model
(lanelli et a. 2003), but far more age and relative abundance data are available for the
pollock assessment than the |obster assessment.
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Review of the Lobster Life History Model
General Model Description

The Life History Model is asimulation of the numbers of lobsters at different life history stages
given a complete specification of the recruitment, growth and survival. It does not estimate any
parameters from data, but relies on parameters either estimated from other models are best
guesses from model users. Itisprimarily used to calculate equilibrium values of population size
and EPR, but can also be used to calculate changes over time.

1. Evaluate the adequacy, appropriateness, application and uncertainty of models presented to
assess American lobster and to estimate population benchmarks given the availability of the
data; use the model formulation descriptions and lobster simulator results as a basis for this
evaluation.

The Life History (LH) Model appears to be a generally good description of the lobster
population, incorporating most of the important life history events. It appearsto be well
understood by all concerned that the model can only be used to calculate certain reference points
from pre-specified population parameters, and that this model is not, in any sense, an assessment
model that uses data observed from the populations to make any inference about (1) current
population size, (2) current exploitation rates, or (3) biological reference points. Rather this
model takes output from an assessment model such as the CSM model, as well as extensive
biological parameter inputs (growth, maturity and natural mortality) to produce reference points.
The natural role of the LH model is thus to use the estimated parameters from other models.

2. Recommend both short and long term changes to each model to improve its approach.

The Panel noted several issues of concern regarding dynamics of the model. First, thereisno
provision for handling mortality of lobsters returned from pots, nor is there provision for in-pot
mortality. These two factors are thought to be significant in other lobster fisheries and should be
included in the LH model.

Second, there is a mis-match of the spatial scale the when model is applied: the model isrun for
large areas where there may be different size limitsin place. The fishing mortality estimates
coming from the CSM model should be from a population that has a uniform minimum size,
maximum size and V-notching policy. When the LH model is applied to estimates derived from
areas with heterogeneous policies, we would expect that biases would occur that would carry
through to the LH model.

We are also concerned about the basic data inputsinto the LH model, particularly growth. It
seems likely that the growth rates of |obster have changed as densities have changed, and as
thousands of tons of bait have been put into pots, yet the growth rates used in the LH model are
not recent. We have asimilar concern about the assumptions regarding selectivity of potsto
older lobsters, as the data do not appear to be particularly strong.

3. Review the pros and cons of each model developed by the Model Development Subcommittee
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and provide additional advice.
Pros:
The model capturesthe life history of the lobsters

The model can be used to calculate EPR reference pointsif that reference point is considered
significant.

Cons:

The model does not use the data directly, but needs an F estimate from another model such as
CSM.

The model does not attempt to capture the dynamic history of the fishery and cannot deal with
the clear temporal changes in recruitment that have occurred, or temporal changesin natural
mortality, although those could be easily incorporated.
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Term of Reference 4: Recommend those models or
combination of models most appropriate for assessing the
American Lobster stocks

Recommended method for the 2005 assessment

There are really three options available for the 2005 assessment, continue with the Collie-
Sissenwine model, or switch to the size-structured or the FIZ models. While the Panel felt that
in the long term the size-structured model was likely to be the preferred approach, we found that
for anumber of reasonsit is not yet ready to become the model for all assessments. These
concernsinclude insufficient datato model all three areas, complexity of running the model, and
lack of knowledge and ability to run the model in the regional scientific community. We found
the FIZ model introduced an important feature of time varying natural mortality, but believe this
is best incorporated by modifying the CSM. However, we believe this concept is best
incorporated by modifying the CSM and further development of FIZ should be discontinued.
Thus for the 2005 assessments we recommend the CSM be modified to allow for temporal
changesin F and Z through the process error component (details specified under CSM review),
and that this model be used for assessments in all areas in the 2005 round. The modified CSM
will provide, we believe, reliable estimates of trends in relative F and abundance of potentially
vulnerable individuals. The output of this modified CSM would then provide input to the LH
model, asin the past, to estimate trends in relative EPR.

If time permits, the two sexes should be run simultaneously with the assumption of identical
trends in recruitment for both sexes.

We recommend that years 1983-1987 be used as “reference years’ for comparing relative F, EPR
and potentially vulnerable biomass. Those years are chosen because the stock in those years
produced good recruitments throughout the range of the stock (please see section on
recommendations for reference points for more discussion).

Recommendations for futur e assessments

The size-structured model developed for American lobster is atype of model, statistical age- or
size-structured model, commonly used in New Zealand and Australia for length-based |obster
assessments and in Alaskafor length-based crab assessments; these assessment models have
been successfully reviewed. This model typeisflexible, but also can be data-intensive,
depending on the configuration. We recommend that this model be developed for the American
lobster stock assessment in the long-term.

The size-structured model explicitly incorporates the multiple data sources, and integrates the
parameter estimation with the entire life history, features that are consistent with the trend in
assessment models for other lobsters and crabs around the world and is more appealing than the
current split in function between the CSM and LH models. Based on several Panel members
experience with such modelsin Alaska, New Zealand and Australia we felt that any technical
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difficulties could be overcome and the size-structured model would be appropriate.

We recommend that the full size-structured model should be implemented for the entire lobster
stock once the necessary datais available and if the analysts can demonstrate sufficient
information content in the size data. We suggest testing the full-size structured model by
comparing it with a"few" bin model. The comparison would serve as a measure of the
information content of the size data. Often thereislittle information in the descending limb of a
size composition with the shape changing little between years. If thisistrue for |obster, little
may be gained by the "full" bin model.

Thuswe believe that it is likely the size-structured model is the way to proceed in the future after
the improvements we suggested earlier in this report are implemented and it is clear if the
changesin fishery selectivity can be estimated and accommodated. These limitations may be
more data than model related.

The suggested improvements in the CSM may mean, that if it is believed that the data are not
available for the size-structured model, or that the changes in fishery selectivity are too severe,
that the CSM may be the model to continue to be used.

Regardless of the above decision, it would seem prudent to use the CSM in the next assessment
(after 2005) as a check on the size-structured model if it is adopted.

Recommendations on models and management refer ence points

We found that none of the models using the available data could reliably estimate absolute EPR
reference points. Thus we recommend that management agencies abandon the use of absolute
EPR reference points as guides for the health of the fishery.

We recommend that the relative fishing mortality rate, compared to a base period such as 1983-
1987 be used to track the changesin the fishery. We found that both the CSM and size-
structured models could estimate relative fishing mortality rates reliably (given data at the
appropriate spatial scale) and if management objectives can be formulated in terms of trendsin
fishing mortality, the stock assessment tools could provide the scientific advice on the trendsin
these quantities.

Recommendationsregarding data

One cannot eval uate assessment models without considering the data that go into them. Thus
while our task was to examine the performance of assessment models, we had to consider the
dataused. We recommend that the data system needs to be improved substantially to provide
any form of management advice. We recommend three specific improvements to the data
collection system.

1. Better effort, catch, and size-structured data especialy spatially. For example, within
each statistical area, catch, effort and length frequency data should be broken into an
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inshore and offshore component, sampling allocation should consider the historic length
variation and historic level of landings within different sampling regions, and the number
of trips and individuals sampled should be sufficient to provide for an effective sample
size of severa hundred individuals.

. Experimental validation of selectivity of commercial and survey gear as needed in all of
the models. Thiswould include side by side trawling, use of non-selective gear, cameras,
and tangle nets.

. An ongoing tagging program should be implemented in each management areato
estimate trends in growth. Tagging should be conducted in areas closed to fishing in
order to allow for asignificant number of individuals to grow beyond the legal size limit
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Appendices

Appendix 1. Cumulative carapace length frequency distributions from the Gulf of Maine from
biological sampling of commercial catch from 1985 —2003. The data series for the year 1994,
1995, 1996 and 1999 (in gray) are highlighted as these years had higher sampling in offshore

locations.
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Appendix 2. Ratio of the number of biological samplesto commercial landings for the Gulf
of Maine Stock Unit.

464 465 511 512 513 514 515
1981 0.00E+00 9.62E-05 1.61E-04| 7.68E-05 1.09E-03|] 0.00E+00
1982 0.00E+00 1.56E-04] 1.66E-04| 1.12E-04 9.45E-04| 0.00E+00
1983 0.00E+00| 0.00E+00f 2.14E-04] 1.13E-04| 1.58E-04 1.21E-03| 0.00E+00
1984 0.00E+00| 0.00E+00f 1.63E-04| 1.15E-04| 1.67E-04 1.09E-03| 0.00E+00
1985 0.00E+00 4.92E-04] 1.98E-04| 1.69E-04 0.00E+00
1986 0.00E+00 1.98E-04| 2.17E-04| 4.72E-04 0.00E+00
1987 0.00E+00 6.44E-04| 1.95E-04| 3.92E-04 0.00E+00
1988 0.00E+00 1.65E-04| 2.58E-04| 3.17E-04 0.00E+00
1989 6.52E-04| 1.52E-04| 4.00E-04 0.00E+00
1990 4.32E-05] 2.85E-04| 2.85E-04 0.00E+00
1991 2.87E-04| 2.73E-04| 5.99E-04
1992 0.00E+00| 0.00E+00f 2.08E-04| 1.87E-04| 3.54E-04 0.00E+00
1993 0.00E+00 1.72E-04| 1.14E-04| 2.22E-04 0.00E+00
1994 1.33E-04| 2.99E-04
1995 4.68E-04] 1.53E-04
1996 8.19E-04| 1.30E-04
1997 2.42E-04| 1.44E-04 0.00E+00
1998 1.08E-03| 2.50E-04 0.00E+00
1999 6.08E-04| 3.66E-04 0.00E+00
2000 0.00E+00
2001 0.00E+00
2002
2003

Poor Characterization of the landings

Moderate characterization of the landings
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Appendix 2 (Continued). Ratio of the number of biological samplesto commercial
landings for the Southern New England Unit.

538 539 611
1981 0.00E+00

1982 1.75E-03| 0.00E+00
1983 0.00E+00
1984 0.00E+00

1985
1986
1987
1988
1989

1990 3.99E-04

1991 1.59E-03
1992 1.89E-03
1993

1994

1995 1.00E-03
1996 5.66E-04
1997 4.73E-04
1998 8.34E-04
1999

2000

2001

2002

= Poor Characterization of the landings
= Moderate characterization of the landings
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Appendix 2.(Continued). Ratio of the number of biological samplesto commercia landings for the Georges Bank & South Stock
Unit.

522 525 526 537 561 562 612 613 614 615 616 621 622 623
0.00E+00 0.00E+00| 0.00E+00 0.00E+00] _0.00E+00
0.00E+00] 0.00E+00] 0.00E+00| 0.00E+00 0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00] 0.00E+00| 0.00E+00
0.00E+00] 0.00E+00] _0.00E+00| 0.00E+00 0.00E+00| 0.00E+00| _0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00| _0.00E+00
0.00E+00] 0.00E+00] _0.00E+00| 0.00E+00 0.00E+00| 0.00E+00| _0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00| _0.00E+00
0.00E+00] 0.00E+00] 0.00E+00] 0.00E+00] 0.00E+00] 0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00] 0.00E+00| 0.00E+00| 0.00E+00| _0.00E+00
0.00E+00] 0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00] 0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00| _0.00E+00
0.00E+00] 0.00E+00| _0.00E+00] 0.00E+00] 0.00E+00] 0.00E+00| 0.00E+00| 0.00E+00| _ 0.00E+00 0.00E+00[ 0.00E+00| _0.00E+00| 0.00E+00
0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00] 0.00E+00] 0.00E+00| 0.00E+00| 0.00E+00| _ 0.00E+00 0.00E+00[ 0.00E+00| _0.00E+00
0.00E+00] 0.00E+00| 0.00E+00] 0.00E+00| 0.00E+00] 0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00
0.00E+00] 0.00E+00| 0.00E+00|  6.21E-04] 0.00E+00] 0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00] 0.00E+00| 5.97E-03| 0.00E+00| 0.00E+00| 0.00E+00
0.00E+00| 6.18E-04] 147E:03] 1.73E-03] 0.00E+00] 0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00 0.00E+00| _0.00E+00| 0.00E+00
0.00E+00| 4.45E-04 1.53E-03] 0.00E+00 0.00E+00| 0.00E+00] 0.00E+00| 0.00E+00 0.00E+00| _0.00E+00| 0.00E+00
0.00E+00| 1.19E-04 7.40E-05] 0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00| _0.00E+00| _0.00E+00 0.00E+00| _0.00E+00| 0.00E+00
0.00E+00] 0.00E+00| 0.00E+00] 0.00E+00] 3.04E-05] 0.00E+00| 0.00E+00| 0.00E+00|  0.00E+00 0.00E+00| _0.00E+00| 0.00E+00
5.47E-05] 0.00E+00|  3.67E-04] 0.00E+00| 1.26E-03] 0.00E+00| 0.00E+00| 0.00E+00 0.00E+00| _0.00E+00| 0.00E+00
0.00E+00| 0.00E+00] _ 4.50E-04]  0.00E+00 o.ooaooH 0.00E+00] 0.00E+00] _ 0.00E+00| _0.00E+00 0.00E+00] _0.00E+00| 0.00E+00
2.77E-04] 0.00E+00] 0.00E+00| _ 6.68E-04] 0.00E+00] 0.00E+00] 0.00E+00| 0.00E+00 0.00E+00 0.00E+00] _0.00E+00] 0.00E+00
3.24E-04 1.24E-03| 0.00E+00] 0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00 0.00E+00] _0.00E+00
0.00E+00 0.00E+00| 0.00E+00 0.00E+00 0.00E+00
0.00E+00|  3.14E-04] 0.00E+00] 0.00E+00| 0.00E+00| 0.00E+00 0.00E+00 0.00E+00
0.00E+00| 0.00E+00| 0.00E+00| _ 4.31E-04| 0.00E+00| 0.00E+00| 0.00E+00| 0.00E+00 0.00E+00 0.00E+00
0.00E+00] 5.30E-04] 0.00E+00| _ 2.23E-04] 2.00E-04] L41E04 0.00E+00

= Poor Characterization of the landings
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= Moderate characterization of the landings




Appendix 3. Fishery independent indices vs. landings by area over time.

Fall Trawl Survey Indices (sexes and sizes combined) and
Landings for the ME & NH portion of the Gulf of Maine
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Fall Trawl Survey Indices (sexes and sizes combined) and
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Fall Trawl Survey Indices (sexes and sizes combined) and
Landings for the Georges Bank and South Stock Unit
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South of Cape Cod Lobster Survey Indices and Landings
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Appendix 4. Panel and Committee members and affiliations.

Lobster Model Technical Review Panelists
Louis Botsford

Professor of Wildlife and Fisheries Biology
University of California, Davis

Rick Deriso
Chief Scientist, Tuna Billfish Program
Inter-American Tropical Tuna Commission

Ray Hilborn

Richard C. and Lois M. Worthington Professor of Fisheries Management in the School of
Aquatic and Fishery Sciences

University of Washington

Mike Sigler
Mathematical Statistician
Alaska Fisheries Science Center — Auke Bay Laboratory

Mike Murphy
Senior Research Scientist
Florida Fish and Wildlife Conservation Commission

Model Development Leaders
Yong Chen
University of Maine

Victor Crecco
Penelope Howell
Connecticut Marine Fisheries Division

Josef Idoine
North East Fisheries Science Center

Larry Jacobson
North East Fisheries Science Center

ASMFC Lobster Technical Committee and Subcommittee Chairs
Bob Glenn — Technical Committee and Stock Assessment Subcommittee Chair
M assachusetts Division of Marine Fisheries

Kim McKown —Model Development Subcommittee Chair
New Y ork Department of Environment Conservation — Marine Fisheries

ASMFC Staff
Carrie Selberg
Lobster Fishery Management Plan Coordinator

Patrick Kilduff
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