A. ASSESSMENT OF ATLANTIC STRIPED BASS

A1.0 CONTRIBUTORS

See Table 3 in the Introduction.

A2.0 TERMS OF REFERENCE (TOR) FOR STRIPED BASS

1. Characterize the commercial and recreational catch including landings and discards.
2. Characterize the fisheries independent and dependent indices of abundance.

3. Evaluate the Statistical Catch at Age (SCA) model and its estimates of F, spawning stock
biomass, and total abundance of Atlantic striped bass, along with the uncertainty of those
estimates.

4. Evaluate the Baranov’s catch equation method and associated model components applied to
the Atlantic striped bass tagging data. Evaluate estimates of F and abundance from
coastwide and Chesapeake Bay-specific tag programs along with the uncertainty of those
estimates.

5. Review the Instantaneous Rates Tag Return Model Incorporating Catch-Release Data (IRCR)
and estimates of F on Atlantic striped bass. Provide suggestions for further development of
this model for future use in striped bass stock assessments.

6. Review the Forward-Projecting Statistical Catch-At-Age Model Incorporating the Age-
Independent Instantaneous Rates Tag Return Model and estimates of F, spawning stock
biomass, and total abundance of striped bass. Provide suggestions for further development of
this model for future use in striped bass stock assessments.

7. Evaluate the current biological reference points for Atlantic striped bass from Amendment 6
and determine stock status based on those reference points*.

*EDITOR’S NOTE: In this striped bass assessment report, the meaning of TOR 7 was
clarified during the independent peer review. In addition to determining stock status, the
purpose of TOR 7 was to review the methods used to determine the current biological
reference points, and to get the reviewer’s opinion on whether the BRPs were developed
appropriately and whether those approached should be continued.
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A3.0 EXECUTIVE SUMMARY

A3.1 MAJOR FINDINGS FOR TOR 1 - COMMERCIAL AND RECREATIONAL
CATCH INCLUDING LANDINGS AND DISCARDS

Commercial landings in the Atlantic striped bass fishery increased from roughly 313 mt
(800,000 pounds) in 1990 to 3,073 mt (7.6 million pounds) in 2006. In 2005 and 2006, the
commercial coastwide harvest was composed primarily of ages 4-10 striped bass, while harvest
in Chesapeake Bay fisheries (Maryland, Virginia, and the PRFC) was composed mostly of ages
3-6.

The estimates of dead commercial discards were 776,951 and 216,753 fish for 2005 and
2006, respectively. The highest discard losses occurred in anchor gill net, pounds net, and hook-
and-line fisheries. Most commercial dead discards since 2004 were fish aged 3-8. Total
commercial striped bass removals (harvest and dead discards) were 1.7 million and 1.2 million
fish in 2005 and 2006, respectively. Removals in 2005 exceeded the peak observed in 2000.
Commercial harvest has generally exceeded dead discards since the mid 1990s.

Recreational harvest increased from 1,010 mt (2.2 million pounds) in 1990 to 13,814 mt
(29.1 million pounds) in 2006. In numbers of fish, recreational harvest of striped bass was
greater than 1.3 million fish from 1997 through 2006, and more than 2 million striped bass
during 2003-2006. Coastwide recreational harvest was dominated by the 2000 (age 5) and 1996
(age 9) year-classes in 2005, and by the 2001 (age 5) and 1996 (age 10) year-classes in 2006.
Ages 4-10 made up >77% of the coastwide harvest, and ages 8+ made up about 50% in both
years. Recreational harvest from the coast (includes Delaware Bay) was composed mostly of
ages 5—11, while harvest in Chesapeake Bay was dominated by ages 4-8.

The number of striped bass that die due to catch and release increased from 132 thousand
fish in 1990 to 1.2 million fish in 1997. Releases have remained around 1.2 million fish through
2003, but increased to the series maximum of 2 million fish in 2006. Ages of coastwide
recreational dead releases ranged from 0—13+, but most dead releases were ages 2—6. The dead
releases were dominated by the 2001 and 2003 year-classes in both years. Recreational dead
releases from the coast (includes Delaware Bay) were made up of fish ages 2—5 and ages 3—6 in
2005 and 2006, respectively, but the 2001 and 2003 year-classes dominated. In Chesapeake Bay,
dead releases were composed of ages 2—4 and were dominated by the 2003 year-class in both
years (ages 2 and 3). Total recreational striped bass removals (harvest and dead discards) in 2005
and 2006 were 3.9 million and 4.8 million fish, respectively. See Section A5 for details.

A3.2 MAJOR FINDINGS FOR TOR 2 - FISHERIES-DEPENDENT AND FISHERIES-
INDEPENDENT INDICES

States provided age-specific and aggregate indices from fisheries-dependent and fisheries-
independent sources that were assumed to reflect trends in striped bass relative abundance. A
formal review of age-2+ abundance indices was conducted by ASMFC at a workshop in July of
2004. The 2004 workshop developed a set of evaluation criteria and tasked states with a review
of indices. Both the Striped Bass Technical Committee and the Management Board approved of
the criteria and of the review. The resulting review led to revisions and elimination of some
indices used in previous stock assessments. All indices were given equal lambda weight.
However, each survey’s annual coefficients of variation (CV) were incorporated into the
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likelihood function, so if a survey produced poor estimates, the estimates were down-weighted
by the CVs. See Section A6 for details. The following sources were used as tuning indices in
the current stock assessment:

Massachusetts Commercial Total Catch Rate Index
Connecticut Recreational CPUE

MREFSS Total Catch Rate Index

Maryland Gillnet Survey

New York Ocean Haul Seine Survey

Northeast Fisheries Science Center Bottom Trawl Survey
All Young-of-the-Year and Age 1 Indices

Connecticut Bottom Trawl Survey

New Jersey Bottom Trawl Survey

Delaware Electrofishing Spawning Stock Survey

A3.3 MAJOR FINDINGS FOR TOR 3 - STATISTICAL CATCH AT AGE MODEL AND
ITS ESTIMATES OF FISHING MORTALITY, SPAWNING STOCK BIOMASS,
AND TOTAL ABUNDANCE OF ATLANTIC STRIPED BASS

The estimate of fully-recruited (age 10) fishing mortality from the SCA model (preferred
catch-at-age model method) in 2006 was 0.32 and its CV was 0.13. The 2006 average fishing
mortality rate (F) for ages 8 through 11, which is compared to target and threshold reference
points, equaled 0.31. Annual estimates for 1982 to 2005 range from 0.08 to 0.28. Average F on
ages 3-8, which are generally targeted in producer areas (Chesapeake Bay, Delaware Bay, and
Hudson River), was 0.23. Among the individual age groups, the highest values of F in 2006
(0.31-0.32) were estimated for ages 9—13+. Striped bass total abundance (1+) increased steadily
from 1982 through 1997 when it peaked around 65 million fish. Total abundance declined
thereafter and has averaged 57 million fish since 2000. The 2003 cohort remained strong at 16
million fish at age 3 in 2006 and exceeded the sizes of the strong 1993 and 2001 year classes at
the same age. Abundance of striped bass age 8+ increased steadily through 2004 to 8.5 million,
but has since declined to 6.2 million fish in 2006. Female SSB grew steadily from 1982 through
2003 when it peaked at about 33 thousand mt. Female SSB has declined since then and was
estimated at 25 thousand mt in 2006. Retrospective bias was evident in estimates of fully-
recruited F, SSB, and age 8+ abundance of SCA suggesting F is overestimated and abundance
estimates were underestimated. ADAPT and ASAP modeling confirms the general trend and
magnitudes of fishing mortalities. See Section A7 for details.

A3.4 MAJOR FINDINGS FOR TOR 4 - BARANOV’S CATCH EQUATION METHOD
APPLIED TO THE ATLANTIC STRIPED BASS TAGGING DATA AND
ESTIMATES OF F AND ABUNDANCE FROM COASTWIDE AND CHESAPEAKE
BAY SPECIFIC TAG PROGRAMS

Estimates of F obtained via Baranov’s catch equation (the preferred tag-based model
method) in 2006 for the fully-recruited fish (>28 inches) were 0.15 £ 0.06 (95% CI) in the
coastal areas and 0.17 + 0.08 in the producer areas (Chesapeake Bay, Delaware Bay, and Hudson
River), resulting in a coastwide mean of 0.16. The 2006 estimate of F for fish > 18 inches was
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0.16 £ 0.07 in producer area programs and 0.09 + 0.03 for the coastal programs, resulting in a
coastwide mean of 0.12. F estimates peaked for both size groups in the late 1990’s and were at
or below the target (0.30) for all years of the time series. Retrospective analyses for the MARK
estimates were not attempted because reducing the tag recovery matrices and models was very
laborious. Abundance of striped bass age 7+ (comparable to fish > 28 inches) exhibited fair
stability with a period of rapid stock growth around 2000. The 2006 estimate of 13 million fish
has been approximately stable since 2002. Stock size estimates for fish age 3+ (comparable to
fish >18 inches) showed fairly consistent growth and the 2006 value is the highest in the time
series at 47.9 million fish.

In the Chesapeake Bay specific analysis, F in 2006 for both Maryland and Virginia
individually and bay-wide were all below the target value of 0.27. The 2006 estimate for
Maryland was 0.14; Virginia was 0.16. F estimates in Maryland steadily increased to a peak in
1998 (0.19), then declined and have fluctuated between 0.11-0.14 without trend since that time.
Estimates of F from Virginia data vary without trend between 0.06-0.16 over the time series.
The bay-wide F, calculated as a weighted mean, shows a trend similar to Maryland with a 2006
value of 0.14 + 0.12. See Section A8 for additional details.

A3.5 MAJOR FINDINGS FOR TOR 5 — REVIEW INSTANTANEOUS RATES TAG
RETURN MODEL INCORPORATING CATCH-RELEASE DATA AND
ESTIMATES OF F

In the first year of using the Instantaneous Rates - Catch and Release (IRCR) model,
estimates of F were at or below the target (0.30) for all years of the time series. The 2006
estimate for the fully-recruited fish (> 28 inches) was 0.13 = 0.015 (95% CI) in both the coastal
areas and producer areas, which resulted in a coastwide mean F of 0.13. The 2006 estimate of F
for fish >18 inches was 0.10 £ 0.03 in producer area programs and 0.09 = 0.015 for the coastal
programs, resulting in a coastwide mean of 0.09. Estimates from the IRCR model showed the
same trends as those from the catch equation. Stock size estimates for fish age 7+ (>28 inches)
exhibited fair stability with a period of rapid stock growth around 2000. The 2006 estimate for
fish >28 inches (16.6 million fish) has been approximately stable since 2003. Stock size
estimates for fish age 3+ (=18 inches) have shown fairly consistent growth and the 2006 value is
the highest in the time series at 60.8 million fish.

In the Chesapeake Bay specific analysis, F estimates obtained using the IRCR model varied
depending on model structure. F estimates produced when natural mortality (M) is assumed
constant over the time series are lower in more recent years than those produced when the model
allows for two or three periods of M. However, in all scenarios, the estimates of F for Maryland
and Virginia and bay-wide were all below the target value of 0.27. Bay-wide average F values
were as follows: 0.05 + 0.015 for one period of M, 0.11 + 0.02 for two periods of M and 0.12 +
0.03 for three periods of M. See section A9 for additional details.

A3.6 MAJOR FINDINGS FOR TOR 6 - REVIEW FORWARD-PROJECTING
STATISTICAL CATCH-AT-AGE MODEL INCORPORATING AGE-
INDEPENDENT INSTANTANEOUS RATES TAG RETURN MODEL

An age-structured statistical catch-at-age model incorporating tag return data for the Atlantic
coast migratory stocks of striped bass was constructed as an alternative to separate catch-at-age
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model and tag return analyses. The same structure as the SCA model was used and the age-
independent model of Jiang et al. (2007) is used as a bridge between the catch-at-age and tag
return data. The link between the two models is fully-recruited F. The benefits of this
instantaneous rates model are that data from tagged fish that are recaptured and released alive are
directly incorporated in the estimation of fishing mortality. The 2006 average F for ages 8—11
equaled 0.14, much lower than the value obtained in the SCA model. The assumption that fish
>28 inches are fully-recruited may be violated in early years of the time series and it is
recommended that a fully age-structured tag model be used in the future.

A3.7 MAJOR FINDINGS FOR TOR 7 - EVALUATE THE CURRENT BIOLOGICAL
REFERENCE POINTS FOR ATLANTIC STRIPED BASS FROM AMENDMENT 6
AND DETERMINE STOCK STATUS BASED ON THOSE REFERENCE POINTS

The existing reference points for striped bass, as defined in Amendment 6 to the FMP
(ASMFC 2003) are:

Female Spawning Stock Biomass Threshold (SSBrhreshold) = 14,000 mt

Female Spawning Stock Biomass Target (SSBrarget) = 17,500 mt
Fishing Mortality Rate Threshold (Fysy) = 0.41

Fishing Mortality Rate Target (Frarget) = 0.30%*

*The target fishing mortality rate for Chesapeake Bay is Frarger = 0.27.

Estimates of fully recruited F in 2006 from the catch equation method (F for fish >28 inches
= 0.16) and the SCA model (Fag s-11 = 0.31) are both below the Amendment 6 threshold.
Therefore, overfishing is not occurring on the coastal migratory stocks of Atlantic striped bass.
The 2006 estimate of spawning stock biomass is above both the SSBrpreshold and SSBraree and
therefore striped bass are not overfished.

The assessment covers the entire stock of the Atlantic coast migratory striped bass. The
EEZ is managed under Federal authority and is closed to fishing for striped bass whereas
fisheries in state waters are managed under the authority of the ASMFC. Although the EEZ is
managed separately, striped bass present in these waters are still considered part of the coastal
migratory stock. The estimates of fishing mortality and biomass obtained from the stock
assessment are intended to represent the status of the entire stock of striped bass.

A4.0 INTRODUCTION
A4.1 MANAGEMENT HISTORY

Striped bass (Morone saxatilis) has been the focus of fisheries from North Carolina to New
England for several centuries and has played an integral role in the development of numerous
coastal communities. Striped bass regulations in the United States date to pre-Colonial times,
when striped bass were prohibited from being used as fertilizer (circa 1640). During the 20"
century, initial attempts at regulation were made by states during the 1940s, when size limits
were imposed. Minimum size limits ranged from 16 inches for many coastal states to 10 inches
in some southern states. By the 1970s it became increasingly evident that stronger regulations
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would be needed to maintain stocks at a sustainable level. Recruitment in the Chesapeake Bay
stock had reached an all time low, as determined by a juvenile survey conducted by Maryland
Department of Natural Resources since 1954. In response to the decline, the Atlantic States
Marine Fisheries Commission (ASMFC) developed a fisheries management plan (FMP) in 1981
to increase restrictions in commercial and recreational fisheries. Two amendments were passed
in 1984 recommending management measures to reduce fishing mortality. To strengthen the
regulations, a federal law was passed in late 1984, which mandated that coast wide regulations
already implemented would be adhered to by Atlantic states between North Carolina and Maine
(for striped bass management, the areas under the jurisdiction of ASMFC include coastal waters
of North Carolina, Virginia, the Potomac River Fisheries Commission, the District of Columbia,
Maryland, Delaware, Pennsylvania, New Jersey, New York, Connecticut, Rhode Island,
Massachusetts, New Hampshire, and Maine).

The first enforceable version of the ASMFC plan to restore striped bass (Amendment 3 in
1985) called for size regulations to protect the 1982 year class, which was the first modest-sized
cohort since the previous decade. The objective was to increase size limits to allow at least 95%
of the females in the cohort to spawn at least once. This required an increase in the size limit as
the cohort grew, and resulted in a 36-inch size limit by 1990. However, estuaries have
traditionally been considered producer areas and have been managed under different minimum
sizes than coastal waters. The rationale is that the migration of fish out of the producer areas after
spawning reduces the availability of larger fish. Several states, beginning with Maryland in 1985,
opted for a more conservative approach and imposed a total moratorium on striped bass landings.
By 1989, Massachusetts was the only state with an active commercial fishery.

Most of the restrictive regulations were intended to restore production in Chesapeake Bay.
The Hudson stock did not suffer the same decline in production, in part because the fishery in the
river was closed in the 1970s due to PCB contamination.

In addition to the restrictions, Amendment 3 contained a trigger mechanism to reopen the
fisheries when the 3-year moving average of the Maryland juvenile index exceeded an arithmetic
mean of 8.0. That level was attained with the recruitment of the 1989 year class. Consequently
the management plan was amended for the fourth time to allow state fisheries to reopen in 1990
under a target F of 0.25, which was half the 1990 F, estimate of 0.5.

Amendment 4 to the FMP would allow an increase in the target F once the spawning stock
biomass (SSB) was restored to levels estimated during the late 1960s and early 1970s. The dual
size limit concept was maintained with a 28-inch minimum size limit in coastal jurisdictions and
18 inches in producer areas. In 1995, striped bass were declared restored by the ASMFC. The
basis was the results of a model simulation of the increase in spawning stock biomass. The
model, known as the SSB model, was a life history model resulting in a relative index of SSB
(Rugolo et al. 1994). When the time series of SSB crossed the level comparable to the 1960—
1972 average, the stock reached the criteria for a restored stock. Consequently, under
Amendment 5 (adopted in 1995), target F was increased to 0.31, midway between the initial F
(0.25) and Fy,y, which was revised to equal 0.4.

Amendment 5 retained the same size regulations in coastal waters (28-inch minimum size,
two fish per day, and commercial quota) but allowed two fish per day at 20 inches and
commercial quota in producer areas. Commercial fisheries have operated under quotas based
on state allocations during the period 1972-1979 (with the exception of Maryland, which
calculated quotas based on estimated biomass). States may adjust the minimum size as long as

! Size limits on the coast were increased to 34” in 1994, but reduced to 28” in 1995.
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the size change is compensated with a change in season length, bag limits, commercial quota, or
a combination of changes. However, no size limit could be less than 18 inches.

Amendment 6 was approved in 2003. It addressed five limitations within the previous
management program: potential inability of the management program contained in Amendment
5 to prevent the exploitation target in Amendment 5 from being exceeded; perceived decrease in
availability or abundance of large striped bass in the coastal migratory population; a lack of
management direction with respect to target and threshold biomass levels; inequitable impacts of
regulations on the recreational, commercial, coastal, and producer area sectors of the striped bass
fisheries; and excessively frequent changes to the management program.

Amendment 6 established a control rule that sets both a target and a threshold for the F rate
and female spawning stock biomass. Based on the targets and threshold, as well as juvenile
abundance indices, Amendment 6 implemented a list of management triggers, which if any (or
all) are reached in any year will require the Management Board to alter the management program
to ensure achievement of the Amendment 6 objectives. A planning horizon established the
beginning of 2006 as a time at which any management measures established by the Management
Board would be maintained by the states for three years, unless a target or threshold is violated.

FISHING MORTALITY RATE | FEMALE SPAWNING STOCK BIOMASS
TARGET F=0.30* 17,500 mt  (38.6 million pounds)

THRESHOLD F=041 14,000 mt  (30.9 million pounds)
*The target fishing mortality rate for the Chesapeake Bay and Albemarle-Roanoke stock is F=0.27

The assessment covers the entire stock of the Atlantic coast migratory striped bass. The EEZ
is managed under federal authority and is closed to fishing for striped bass whereas fisheries in
state waters are managed under the authority of the ASMFC. Although the EEZ is managed
separately, striped bass present in these waters are still considered part of the coastal migratory
stock. The estimates of F and biomass obtained from the stock assessment are intended to
represent the status of the entire stock of striped bass.

The recreational striped bass fisheries are constrained by minimum size limits meant to
achieve target fishing mortalities, rather than annual harvest quotas or caps. Most recreational
fisheries are constrained by a two fish creel limit, a 365-day fishing season, and a 28-inch
minimum size limit. Through Management Program Equivalency, Albemarle Sound/Roanoke
River, and Chesapeake Bay are granted the ability to employ different creel limits and smaller
minimum size limits (18 inches) with the penalty of a target F rate of 0.27.

The commercial striped bass fisheries are constrained by minimum size limits and state-by-
state quotas. The same size standards regulate the commercial fisheries as the recreational
fishery, except for a 20 inch size limit in the Delaware Bay shad gillnet fishery. Amendment 6
restores the coastal commercial quotas to the average reported landings from 1972-1979, except
for Delaware’s coastal commercial quota, which remains at the level allocated in 2002. The
Chesapeake Bay and Albemarle Sound/Roanoke River commercial fisheries are managed to not
exceed the 0.27 F target.

States are granted the flexibility to deviate from these standards by submitting proposals for
review by the Striped Bass Technical Committee and Advisory Panel and contingent upon the
approval of the Management Board. Alternative proposals must be “conservationally equivalent”
to the management standards, which has resulted in some variety of regulations among states
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(Table A4.1). These management measures were intended to maintain the fishing mortality at or
below the target F (0.30).

Fishing in the Exclusive Economic Zone (EEZ) was closed in 1990 and has remained closed
to the harvest and possession of striped bass by both commercial and recreational fishermen.

A4.2 MANAGEMENT UNIT DEFINITION

The management unit includes all coastal migratory striped bass stocks on the East Coast of
the United States, excluding the EEZ (3-200 nautical miles offshore), which is managed
separately by NOAA Fisheries. The coastal migratory striped bass stocks occur in the coastal and
estuarine areas of all states and jurisdictions from Maine through North Carolina. Inclusion of
these states in the management unit is also congressionally mandated in the Atlantic Striped Bass
Conservation Act (PL 98—613; Figure A4.1).

The Chesapeake Bay management area is defined as the striped bass residing between the
baseline from which the territorial sea is measured as it extends from Cape Henry to Cape
Charles to the upstream boundary of the fall line. The striped bass in the Chesapeake Bay are
part of the coastal migratory stock and are part of the coastal migratory striped bass management
unit. Amendment 6 implements a separate management program for the Chesapeake Bay due to
the size availability of striped bass in this area.

The Albemarle-Roanoke stock is currently managed as a non-coastal migratory stock by the
state of North Carolina under the auspices of ASMFC. The Albemarle-Roanoke management
unit is defined as the striped bass inhabiting the Albemarle, Currituck, Croatan, and Roanoke
Sounds and their tributaries, including the Roanoke River. The Virginia/North Carolina line
bound these areas to the north and a line from Roanoke Marshes Point to the Eagle Nest Bay
bounds the area to the south. The Bonner Bridge at Oregon Inlet defines the ocean boundary of
the Albemarle-Roanoke management area.

There has been some debate in recent years whether to continue to include the Albemarle-
Roanoke stock of striped bass in the management unit based on the argument that historical and
recent tagging studies have suggested very limited migration of this stock into the Atlantic
Coastal area. With such little mixing of Albemarle-Roanoke fish with other coastal migratory
stocks, it is difficult to include the Albemarle-Roanoke stock in current coastwide stock
assessment because methods used assume that fish from various stocks are equally mixed on the
coast. On the other hand, fish tagged on the spawning grounds of Chesapeake Bay, Hudson
River, and Delaware River have been recovered in the Albemarle Sound-Roanoke River area.’
This indicates that coastal migratory fish from other stocks mix with Albemarle-Roanoke fish in
North Carolina waters, which argues for having the stock remain within the management unit.

A4.3 ASSESSMENT HISTORY

A4.3.1 Past Assessments

The first analytical assessment of Atlantic striped bass stocks using virtual population
analysis (VPA) was conducted in 1997 for years 1982-1996 and reviewed by the 26™ Stock
Assessment Review Committee at the Northeast Fisheries Science Center. The results of the
review were reported in the proceedings of the 26" Northeast Regional Stock Assessment
Workshop (NEFSC 1998). Subsequent to this peer review, annual updates were made to the

2 USFWS tagging data
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VPA-based assessment, and in 2001 estimates of F and exploitation rates using coastwide
tagging data were incorporated into the assessment. The tagging data analysis protocol was based
on assumptions described in Brownie et al. (1985) and the tag recovery data was analyzed in
program MARK (White and Burnham 1999). Adjusted R/M ratios (recovered tags/total number
of tags released) were used to calculate exploitation rates.

The stock status and assessment procedures were reviewed once again at the 36™ SAW in
December 2002 and this time included review of the tag-based portion of the assessment in
addition to the ADAPT VPA portion of the assessment. Since then, annual updates to the
assessment were conducted from 2003 through 2005.

In the 2005 assessment, Baranov’s catch equation was used with the tagging data to develop
estimates of F. By using the Z values from the Brownie models and p from R/M (recovered
tags/total number of tags released), F estimates could be developed for the first time without the
assumption of constant natural mortality. In addition, two changes were made to the VPA input
data. Modifications were made to the suite of tuning indices used in the VPA following a
comprehensive review of the various indices. In addition, current and historical estimates of
recreational harvest during January and February in North Carolina and Virginia were added to
the catch at age matrix.

A4.3.2 Current Assessment and Changes from Past Assessments

In the 2004 and 2005 ASMFC assessments of striped bass, the ADAPT VPA model produced
high estimates of terminal-year fishing mortality. The consensus of the Technical Committee
members was that the ADAPT estimates were likely overestimated given the uncertainty and
retrospective bias in the terminal year estimate, especially the F on the older ages which are
compared to the overfishing reference point. A recent run with data updated through 2006 showed
even worse overestimation of terminal F (at age 10, F =2.2).

As an alternative to ADAPT, an age-structured forward projecting statistical catch-at-age
(SCA) model for the Atlantic coast migratory stocks of striped bass was constructed and is used to
estimate fishing mortality, abundance, and spawning stock biomass during 1982-2006. This is
considered the preferred model over ADAPT and ASAP. See Section A7 for discussion

In addition, the Baranov’s catch equation method applied to tagging data was considered
appropriate for estimating fishing mortality because natural mortality is allowed to change over
time. This approach is used because of high and increasing estimates of F from the tag analysis
when M was assumed constant. This conflicted with other estimates of exploitation and F in the
bay from tag programs, and it coincided with the development of an epidemic of mycobacteriosis
in the Bay. Also, estimates of abundance could be made.

A4.4 LIFE HISTORY AND BIOLOGY

A4.4.1 Geographic Range

Atlantic coast migratory striped bass live along the eastern coast of North America from the
St. Lawrence River in Canada to the Roanoke River and other tributaries of Albemarle Sound in
North Carolina (ASMFC 1990). Stocks which occupy coastal rivers from the Tar-Pamlico River
in North Carolina south to the St. Johns River in Florida are believed primarily endemic and
riverine and apparently do not presently undertake extensive Atlantic Ocean migrations as do
stocks from the Roanoke River north (ASMFC 1990), although at least one individual tagged in
the Cape Fear River recently did so, being recaptured at Montauk Lighthouse, New York.
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Striped bass are also naturally found in the Gulf of Mexico from the western coast of Florida to
Louisiana (Musick et al. 1997). Striped bass were introduced to the Pacific Coast using
transplants from the Atlantic Coast in 1879. Striped bass also were introduced into rivers, lakes,
and reservoirs throughout the US, and to foreign countries such as Russia, France and Portugal
(Hill et al. 1989). The following life history information applies to the Atlantic coast migratory
population.

A4.4.2 Age

The age of a fish is frequently used as a milestone in characterizing many aspects of the
fish’s life history such as age of maturity. Scales of striped bass collected in North Carolina show
annulus formation taking place from late October through early January, with the peak occurring
in early December. Annuli form on scales of striped bass caught in Virginia between April and
June, or during the spawning season (Grant 1974).

Age data has also been fundamental to VPA-based stock assessments of striped bass. Since
1996, catch-at-age models have used scale age, principally because the time series of catch data
extends back to 1982 and scales have been the only consistent collected age structure, even in
more recent years. In the near future, the ASMFC plans an otolith collection program for 800
mm striped bass or larger as the state ageing programs have shown high precision in scale ageing
striped bass up to age 10.

Generally, longevity of striped bass has been estimated as 30 years, although in recent years,
a striped bass was aged as 31 years based on otoliths (Secor 2000). This longevity suggests that
striped bass populations can persist during long periods of poor recruitment due to a long
reproductive lifespan, and may have also conferred resiliency against an extended period of
recruitment overfishing in the Chesapeake Bay (Secor 2000). Based on VPA estimates, young
fish dominate the age composition of striped bass, but recent estimates of older striped bass (age-
8 or older) indicate this grouping averaged 10% of striped bass age-1 or older, since 2000. This
amount represents nearly a doubling of the proportion of age-8 and older striped bass during the
decade of the 1990s.

A4.4.3 Growth

As a relatively long-lived species, striped bass are capable of attaining moderately large size,
reaching as much as 125 Ibs (Tresselt 1952). Fish weighing 50 or 60 Ibs are not exceptional, and
several fish harvested in North Carolina and Massachusetts, recorded in excess of 100 pounds,
were estimated to have been at least 6 feet long (Smith and Wells 1977). Females do grow to a
considerably larger size than males; striped bass over about 30 lbs are almost exclusively female
(Bigelow and Schroeder 1953). Both sexes grow at the same rate until 3 years old; beginning at
age 4, females grow faster and larger than males.

Growth occurs during the seven-month period between April and October. Within this time
frame, striped bass stop feeding for a brief period just before and during spawning, but feeding
continues during the upriver spawning migration and begins again soon after spawning (Trent
and Hassler 1966). From November—March, growth is negligible.

Growth rates of striped bass are variable, depending on a combination of the season,
location, age, sex, and competition. For example, a 35 inch striped bass can be anywhere from 7—
15 years of age and a 10-1b striped bass can be from 6 to 16 years old (ODU CQFE 2006).
Growth (in length) is more rapid during the second and third years of life, before reaching sexual
maturity, than during later years. Merriman (1941) observed that striped bass of the 1934 year-
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class showed their greatest growth during the 3 year, at which age migratory movements begin.
Thereafter the rate dropped sharply at age 4 and remained nearly constant at 6.5-8.0 cm per year
up to about age 8. The growth rate probably decreases even further after the 8" year.

Compensatory growth, in which the smaller fish in a year-class, growing at an accelerated
pace, reduce or eliminate the size differences between themselves and other larger members of
that age group, has been shown to occur in age 2 striped bass in Chesapeake Bay (Tiller 1942)
and in age 2 and 3 fish from Albemarle Sound (Nicholson 1964).

A4.4.4 Reproduction

Striped bass are anadromous, ascending coastal streams in early spring to spawn, afterward
returning to ocean waters. Spawning takes place in the shallow stretches of larger rivers and
streams, generally within about the first 40 km of freshwater in rivers flowing into estuaries
(Figures A4.2—A4.4) (Tresselt 1952). The actual distance upstream of the center of spawning
varies from river to river and even within the same river from year to year. Striped bass
spawning areas characteristically are turbid and fresh, with significant current velocities due to
normal fluvial transport or tidal action. Tributaries of Chesapeake Bay, most notably the
Potomac River, and also the James, York, and most of the smaller rivers on the eastern shore of
Maryland, are collectively considered the major spawning grounds of striped bass, but other
rivers (Hudson and Delaware) make substantial contributions to the population along the middle
Atlantic coast. The spawning population is made up of males 2 years or older and females 4 or
more years old.

The spawning season along the Atlantic coast usually extends from April to June, but it
begins as early as January or February in Florida, and is governed largely by water temperature
(Smith and Wells 1977). Striped bass spawn at temperatures between 10 and 23° C, but seldom
at temperatures below 13-14°C. Peak spawning activity occurs at about 18° C and declines
rapidly thereafter (Smith and Wells 1977).

The number of mature ova in female striped bass varies by age, weight, and fork length.
Jackson and Tiller (1952) found that fish from Chesapeake Bay produced from 62,000-112,000
eggs/pound of body weight, with older fish producing more eggs than younger fish. Raney
(1952) observed egg production varying with size, with a 3-pound female producing 14,000 eggs
and a 50-pound specimen producing nearly 5,000,000. When ripe, the ovaries are greenish-
yellow in color (Scofield 1931). After fertilization, the semi-buoyant eggs of striped bass are
transported downstream or, if spawned in slightly brackish water, back and forth by tidal
circulation. Hatching occurs in about 70—74h at 14—15°C, in 48h at 18—19°C, and in about 30h at
21-22°C (Bigelow and Schroeder 1953).

Newly hatched bass larvae remain in fresh or slightly brackish water until they are about 12—
15mm long. At that time, they move in small schools toward shallow protected shorelines, where
they remain until fall. Over the winter, the young concentrate in deep water of rivers. These
nursery grounds appear to include that part of the estuarine zone with salinities less than 3.2%,
(Smith 1970).

Maryland data suggest that full maturity of females is not achieved until age 8. Maryland
data were accepted as valid and were used to guide changes in size limits needed to meet the
management requirements of Amendment 3 to the FMP (i.e., to protect 95% of females of the
1982 and subsequent year-classes until they had an opportunity to spawn at least once).
Maryland maturity data were also incorporated into modeling work performed in order to
develop management regimes specified in Amendment 4 to the FMP (ASMFC 1990).
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There are indications that some older striped bass may not spawn every year (Raney 1952).
Merriman (1941) reported that large, ripe females are regularly taken from Connecticut waters in
late spring and early summer, during the regular spawning period. Jackson and Tiller (1952)
reported curtailment of spawning in about 1/3 of the fish age 10 and older taken from
Chesapeake Bay, though they also found striped bass up to age 14 in spawning condition.

A4.4.5 Movements and Migration

Migration of striped bass may occur at both juvenile and adult stages, although migratory
patterns for all life stages vary by location. In general, juveniles migrate downstream in summer
and fall, while adults migrate upriver to spawn in spring, afterwards returning to the ocean and
moving north along the coast in summer and fall, and south during the winter (Shepherd 2007).
As young and as adults, striped bass move in schools, except for larger fish, which either travel
alone or with a few others of similar size.

Juvenile striped bass move down river in schools from their parent stream to low salinity
bays or sounds when a year old (Richards and Rago 1999; Smith and Wells 1977). The timing of
this juvenile migration varies by location. In Virginia, Setzler-Hamilton et al. (1980) observed
the movement downstream during summer. In the Hudson River, striped bass begin migrating in
July, as documented through an increase in the number of juvenile striped bass caught along the
beaches and a subsequent decline in the numbers in the channel areas after mid-July.
Downstream migration continues through late summer, and by the fall, juveniles start to move
offshore into Long Island Sound (Raney 1952). Juveniles infrequently complete coastal
migrations, but even though fish that are under the age of two are largely non-migratory, many
do leave their birthplaces when they are two or more years old.

Most adult striped bass along the Atlantic coast are involved in two types of migrations: an
upriver spawning migration from late winter to early spring, and coastal migrations that are
apparently not associated with spawning activity. Not all fish take part in the coastal migrations.
Otolith microchemical analysis of striped bass from the Hudson River and from the Roanoke
River, indicate that individuals in these populations exhibited multiple life history strategies
(Morris et al. 2003; Zlokovitz et al. 2003). In both populations, some individuals were
permanent residents of the river, while others exhibited varying degrees of migratory behavior
beginning at varying ages.

From Cape Hatteras NC to New England, striped bass coastal migrations are generally
northward in summer and southward in winter. Results from tagging 6,679 fish from New
Brunswick, Canada, to the Chesapeake Bay during 1959-1963, suggest that substantial numbers
of striped bass leave their birthplaces when they are 3+ years old and thereafter migrate in groups
along the open coast (Nichols and Miller 1967). These fish are often referred to collectively as
the “coastal migratory stock,” suggesting they form one homogeneous group, but this group is
probably, in itself, heterogeneous, consisting of many migratory contingents of diverse origin
(Clark 1968).

Coastal migrations may be quite extensive; striped bass tagged in Chesapeake Bay have
been recaptured in the Bay of Fundy. They are also quite variable, with the extent of the
migration varying between sexes and populations (Hill et al. 1989). Larger bass, typically the
females, tend to migrate farther distances. However, striped bass are not usually found more than
6-8 km offshore (Bain and Bain 1982). Recently, Welsh et al. (2007) determined from tag
recovery locations that striped bass tagged off North Carolina and Virginia in winter migrated
northward during summer as far as Maine, although the largest numbers were recovered from
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New York to Massachusetts, as well as waters of Maryland. During spring months (April, May,
and June), the largest numbers of tagged striped bass were caught within waters of Maryland
(Chesapeake Bay) and New York (Hudson River). Although usually beginning in early spring,
the time period of migration can be prolonged by the migration of bass that are late-spawning.

Some areas along the coast are used as wintering grounds for adult striped bass. The inshore
zones between Cape Henry, Virginia, and Cape Lookout, North Carolina, serve as the wintering
grounds for the migratory segment of the Atlantic coast striped bass population (Setzler-
Hamilton et al. 1980). There are three groups of fish found in nearshore ocean waters of Virginia
and North Carolina between the months of November and March, the wintering period. These
three groups are bass from Albemarle and Pamlico Sounds, North Carolina, fish from the
Chesapeake Bay, and large bass that spend the summer in New Jersey and north (Holland and
Yelverton 1973). Based on tagging studies conducted under the auspices of the ASMFC and
Southeast Area Monitoring and Assessment Program (SEAMAP; Welsh et al. 2007) each winter
since 1988, striped bass wintering off Virginia and North Carolina range widely up and down the
Atlantic Coast, at least as far north as Nova Scotia, and represent all major migratory stocks
(Welsh et al. 2007, Appendix Al).

A4.4.6 Stock Definitions

The anadromous populations of the Atlantic coast are primarily the product of four distinct
spawning stocks: a Roanoke River/Albemarle Sound stock, a Chesapeake Bay stock, a Delaware
River stock, and a Hudson River stock (ASMFC 1998). The Atlantic coast fisheries, however,
rely primarily on production from the spawning populations in the Hudson and Delaware rivers
and in tributaries of Chesapeake Bay. Therefore, the inside fisheries of the Albemarle Sound and
Roanoke River are managed separately from the Atlantic coastal migratory population, which
includes all other migratory stocks occurring in coastal and estuarine areas of all states and
jurisdictions from Maine through North Carolina. The Atlantic coast management unit,
excluding the fisheries on the Roanoke River/Albemarle Sound stock, is the basis of this stock
assessment.

The Chesapeake Bay stock of striped bass is widely regarded as the largest of the four major
spawning stocks (Goodyear et al. 1985; Kohlenstein 1980; Fabrizio 1987). However, during
most of the 1970s and 1980s, juvenile production in the Chesapeake Bay was extremely poor,
causing a severe decline in commercial and recreational landings. The poor recruitment was
probably due primarily to overfishing; but poor water quality in spawning and nursery habitats
likely also contributed (Richards and Rago 1999).

Recent tag-recovery studies in the Rappahannock River and upper Chesapeake Bay show
that larger and older (ages 7+) female striped bass, after spawning, move more extensively along
the Atlantic coast than stripers from the Hudson River stock (ASMFC 2004). Tag recoveries of
Chesapeake stripers from July—November have occurred as far south as Virginia to as far north
as Nova Scotia, Canada. Like the Hudson River stock, nearly all tag recoveries from mature
female stripers from the Chesapeake Bay stock have taken place during winter (December and
February) off Virginia and North Carolina (Crecco 2005).

Following extensive pollution abatement during the mid 1980s, striped bass abundance in
the Delaware River, as measured by juvenile seine surveys, rose steadily thereafter to peak
abundance in 2003 and 2004.” Like the Chesapeake Bay and Hudson stocks, spawning migration
in the Delaware River begins during early April and extends through mid June (ASMFC 1990).

* Tom Baum, NJ BMF, pers. comm.
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Recent tagging studies in the Delaware River show that larger and older (ages 7+) female striped
bass undergo extensive migration northward into New England from July to November that
spatially overlap the migratory range of Chesapeake striped bass (ASMFC 2004). Like the
Hudson River and Chesapeake Bay stocks, many tag recoveries from mature female stripers
from the Delaware River have taken place between December and February off Virginia, North
Carolina, New England, and Long Island (Crecco 2005). The Delaware River stock was
officially declared restored in 1998 (Kahn et al. 1998).

A4.4.7 Disease

A rise in Mycobacterium disease in Chesapeake Bay could be causing increases in natural
mortality (Pieper 2006; Ottinger and Jacobs 2006). Two primary hypotheses have emerged
regarding the mechanism for increased natural mortality (Vogelbein et al. 2006). One is that
elevated nutrient inputs to the Bay, with associated eutrophication, results in loss of thermal
refugia for striped bass, forcing them into suboptimal and stressful habitat during the summer. A
second is that alternations in trophic structure and starvation have resulted due to over-harvest of
key prey species such as Atlantic menhaden (Brevoortia tyrannus) and reductions in the forage
base in Chesapeake Bay. More studies are necessary in order to determine linkages between
these factors and mortality of older juvenile and adult striped bass (Ottinger and Jacobs 2006).

A4.4.8 Predators and Prey

Bluefish, weakfish, and other piscivores prey on juvenile striped bass (Hartman and Brandt
1995b; Buckel et al. 1999). Adult striped bass consume of a variety of fish (e.g., Brevoortia
tyrannus, Anchoa mitchilli, Mendia spp.) and invertebrates (e.g., Callinectes sapidus, Cancer
irroratus, Homarus americanus), but the species consumed depends upon predator size, time of
year, and foraging habitat (Schaefer 1970; Hartman and Brandt 1995a; Nelson et al. 2003).

A4.5 FISHERY DESCRIPTIONS

Commercial fisheries operate in eight of the 14 jurisdictions regulated by the Commission’s
FMP (Massachusetts, Rhode Island, New York, Delaware, Maryland, Virginia, Potomac River,
and North Carolina; Table A4.1). Commercial fishing for striped bass is prohibited in New
Jersey, Pennsylvania, Connecticut, New Hampshire, Maine and the District of Columbia. The
predominant gear types in the commercial fisheries are gillnets, pound nets, and hook and line. In
a few states, the trap gear is an important part of this fishery. Massachusetts allows commercial
fishing with hook-and-line gear only, while other areas allow net fisheries. Most commercial
fisheries are seasonal in nature because of bass movements and management regulations.
Following the reopening of striped bass fisheries in 1990, a rebuilding management strategy
remained in effect until 1995, when the stock was considered recovered. Subsequently,
management constraints were relaxed to the extent that states were afforded increases in
commercial quotas (Table A4.1)

Recreational fisheries operate in all 14 jurisdictions regulated by the Commission’s FMP.
The predominant gear type is hook and line (Table A4.1). Following the reopening of striped
bass fisheries in 1990, state fisheries were limited to a 2-fish possession limit, 28-inch minimum
size limit (except “producer” areas, such as the Chesapeake jurisdictions, were allowed to
implement 18-inch minimum size limits) and modest open fishing seasons. By 1995, coincident
with the recovered status of striped bass, open fishing seasons were extended, with some states
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establishing year-round open seasons (Table A4.1). In Chesapeake Bay, recreational caps have
been established for specific seasonal fisheries.

AS.0 CHARACTERIZE COMMERCIAL AND RECREATIONAL CATCH
INCLUDING LANDINGS AND DISCARDS. (TOR #1)

AS5.1 COMMERCIAL DATA SOURCES

Strict quota monitoring is conducted by states through various state and federal dealer and
fishermen reporting systems, and landings are compiled annually from those sources by state
biologists (Appendix A2). Commercial harvest in some states is recorded in pounds and is
converted to number of fish using conversion methods (Appendix A2). Biological data (e.g.,
length, weight, etc.) and age structures (scales) from commercial harvest are collected from a
variety of gear types through state-specific port sampling programs (Appendix A2). Harvest
numbers are apportioned to age classes using length frequencies and age-length keys derived
from biological sampling. Sample sizes for lengths and age structures are summarized by state
for 2000-2006 in Table AS5.1.

AS5.2 COMMERCIAL LANDINGS

AS.2.1 Commercial Total Landings

Historically, annual commercial harvest of striped bass peaked at almost 6,804 mt (15
million pounds) in 1973, but through management actions, it declined by 99 percent to 63 mt
(140,000 pounds) in 1986. Commercial landings have increased from 313 mt (800,000 pounds)
in 1990 to 3,073 mt (7.6 million pounds) in 2006 (Table A5.2) following liberalization of fishery
regulations.

AS5.2.2 Commercial Landings in Numbers

Commercial harvest of striped bass was over one million fish from 1997-2000 and near one
million fish through 2006 (Table AS5.2). In 2006, landings increased 8.4% in numbers (81
thousand fish) but decreased 5.1% in weight (167 MT) compared to 2005. The Chesapeake Bay
jurisdictions (Maryland, Virginia, and the Potomac River Fisheries Commission) usually account
for a major portion of the coastwide commercial harvest. In 2006, Chesapeake Bay jurisdictions
accounted for 65% of the striped bass harvest, by weight, and 81.7% of the number of striped
bass harvested (Table AS5.3).

AS.2.3 Commercial Landings Age Composition

The age structure of commercial harvest varies by state due to size regulations and season of
the fisheries. In 2005 and 2006, the commercial harvest was composed primarily of ages 4-10
striped bass (Table A5.4). Harvest in Chesapeake Bay fisheries (Maryland, Virginia, and the
PRFC) was composed mostly of ages 3—6 (Table A5.4; Figure AS5.1).
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AS5.3 COMMERCIAL DISCARDS

AS.3.1 Estimation of Discards

Few states collect reliable information on the discarding of striped bass in commercial
fisheries. Direct measurements of commercial discards of striped bass are generally only
available for fisheries in the Hudson River Estuary and were available from Delaware Bay
during 2001-2003 (Clark and Kahn, MS). Discard estimates for fisheries in Chesapeake Bay,
and coastal locations since 1982 are based on the ratio of tags reported from discarded fish in the
commercial fishery to tags reported from discarded fish in the recreational fishery, scaled by
total recreational discards:

CD =RD*(CT/RT)

where:

CD = unadjusted estimate of the number of fish discarded by commercial fishery,

RD = number of fish discarded by recreational fishery, estimates provided by the NOAA
Marine Recreational Fisheries Survey (MRFSS),

CT = number of tags returned from discarded fish by commercial fishermen,

RT = number of tags returned from discarded fish by recreational fishermen.

Tag return data by gear for 2005 and 2006 are given in Table AS.5. Starting in 1998, the
Technical Committee attempted to improve the estimate of commercial discards by calculating
tag return ratios and discards separately for Chesapeake Bay and the coast. A separate estimate
for Delaware Bay was added in 2004. The ratios of tags from fish discarded by commercial
fishermen to tags returned from fish discarded by recreational fishermen are shown in Table
AS5.6 for 2005 and 2006.

Expanding recreational discards to commercial discards based on reported tag returns
assumes equal reporting tag rates in commercial and recreational fisheries but in fact this is not
true. To correct for this bias, a correction factor is calculated by dividing the three-year mean of
ratios of commercial to recreational landings by the three-year mean of ratios of tags returned by
the two fisheries (Tables A5.6 and A5.7). The adjusted correction factors and estimates of total
discards for 2005 and 2006 are shown in Table AS5.7. Total discards in 2005 and 2006 were
estimated to be 6.0 million and 1.8 million fish, respectively.

AS.3.2 Estimation of Dead Discards

Total discards are allocated to fishing gears based on the relative number of tags recovered
by each gear (Tables AS5.5 and A5.8). Discards by fishing gear were multiplied by gear specific
release mortalities and summed to estimate total number of dead discards in a given year (Table
A5.8). The estimates of dead discards are 776,951 and 216,753 fish for 2005 and 2006,
respectively. The highest discard losses occurred in anchor gill net, pound net, and hook-and-
line fisheries (Table A5.8).

AS5.3.3 Age Composition of Commercial Dead Discards

Commercial discard proportions at age were obtained by applying age distributions from
fishery dependent sampling or independent surveys that used comparable gear types (Table
A5.9). Gear specific proportions at age were applied to discard estimates by gear and expanded
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estimates summed across all gears. Most commercial discards since 2004 were fish of ages 3—7
(Table A5.10; Figure AS.2).

AS5.4. TOTAL REMOVALS BY COMMERCIAL FISHERIES

Total commercial striped bass removals (harvest and discards) were 1.7 million and 1.2
million fish in 2005 and 2006, respectively (Figure A5.3). Removals in 2005 exceeded the peak
observed in 2000 (Figure A5.3). Harvest has generally exceeded dead discards since the mid
1990s (Figure A5.3). Commercial losses in 2005 and 2006 were dominated by the 2001 year
class (ages 4 and 5, respectively; Figure A5.4).

AS5.5 RECREATIONAL DATA SOURCES

Data on harvest and release numbers, harvest weight, and sizes of harvested striped bass
come from the National Marine Fisheries Service’s Marine Recreational Fisheries Statistics
Survey (MRFSS). The MRFSS data collection consists of a stratified intercept survey of anglers
at fishing access sites that obtains numbers of fish harvested and released per angler trip, and a
telephone survey that derives numbers of angler trips. Estimates of harvest and release numbers
of striped bass for the Atlantic coast are derived on a bi-monthly basis beginning in March (wave
2). For detailed descriptions of the MRFSS program, see the MRFSS website
(http://www.st.nmfs.gov/stl/recreational/overview/overview.html). Total number of interviews,
total number of striped bass interviews, numbers of harvested striped bass measured, estimates of
numbers harvested and released with proportional standard errors by state and years 20002006
are listed in Table A5.11.

Anecdotal evidence had suggested that North Carolina, Virginia, and possibly other states
had sizeable wave-1 fisheries beginning in 1996 (wave-1 sampling that began in 2004 in North
Carolina waters and large wave-1 tag return data for North Carolina and Virginia supported this
contention). However, MRFSS did not sample in January and February (wave-1) prior to 2004;
therefore, there was little information for the winter fishery (Jan, Feb) that had developed off of
North Carolina and Virginia. Harvest in wave 1 for these fisheries was estimated back to 1996
using observed relationships between landings and tag returns (Appendix A3). For North
Carolina, the ratio of estimated landings to tag returns in wave-1 of 2004 and annual tag returns
in wave-1 were used to estimate annual landings from tag returns in January and February of
1996-2003. For Virginia waters, the 1996-2004 mean ratio of landings and tag returns in wave-6
and annual tag returns in wave-1 were used to estimate landings from tag returns in January and
February of 1996-2004. Estimates of wave-1 harvest for both Virginia and North Carolina in
19962004 are listed in Appendix A3. For 2005 and 2006, MRFSS wave-1 estimates of harvest
for the winter fishery in Virginia waters were still unavailable; therefore, they were estimated.
The approach used to estimate wave-1 harvest in prior years was abandoned because correlation
between wave 6 harvest and tag returns off Virginia weakened significantly. A new method was
developed in which the ratio of wave-1 harvest to wave-1 tag returns from North Carolina were
multiplied by the wave-1 tag returns in Virginia to estimate Virginia wave-1 harvest (Appendix
A3). Dead releases for the winter recreational fishery in North Carolina or Virginia were not
estimated.

Most states use the length frequency distributions of harvested striped bass measured by the
MRFSS. The MRFSS measurements are converted from fork length (inches) to total length
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(inches) using conversion equations. Proportions-at-length are calculated and multiplied by the
MRFSS harvest numbers to obtain total number harvested-at-length. The sample sizes of
harvested bass measured by MRFSS may be inadequate for estimation of length frequencies;
therefore, some states use harvest length data collected from other sources (e.g., volunteer angler
programs) to increase sample sizes (Table AS5.11). Full descriptions of state-specific programs
are presented in Appendix A4.

Data on sizes of released striped bass come mostly from state-specific sampling or volunteer
angling programs (Table AS5.11). Proportions-at-length are calculated and multiplied by the
MRFSS dead releases numbers to obtain total number dead releases-at-length. For those
programs that do not collect data on released fishes, the lengths of tagged fish released by
anglers participating in the American Littoral Society’s striped bass tagging program or from
state-sponsored tagging programs are used. Details on calculations are given in Appendix A4.

Many states collect scale samples during state sampling programs designed to collect
information on harvest and released striped bass from the recreational fishery (Table AS5.11).
Age-length keys are usually constructed and applied to harvest and dead release numbers-at-
length. When sampling of the recreational fishery does not occur, age-length keys are
constructed by using data on age-length from commercial sampling, fisheries-independent
sampling or striped bass tagging programs. For those states that do not collect scale samples,
age-length keys are usually borrowed from neighboring states. Detailed descriptions of how age
samples are collected, processed, and aged are given in Appendix A4.

Age composition of the January/February recreational fishery in North Carolina and Virginia
was estimated from length-frequency data collected by MRFSS and appropriate state age-length
keys. Length-frequencies for the North Carolina winter harvest of 2004 came from data in wave-
6 of 2003 and wave-1 of 2004. Length-frequencies for the winter harvests of 1996-2003 came
from wave-6 of year t-1. Lengths were converted to age for North Carolina with a combined
age-length key from New York and North Carolina. Length-frequencies for the Virginia winter
harvest in 1996-2006 came from MRFSS data in wave-6 of year t-1. We converted the Virginia
lengths to age with a Virginia age-length key. Estimates of wave-1 harvest at age for North
Carolina and Virginia were added to the existing CAA matrix for 1996 through 2006.

AS5.6 RECREATIONAL LANDINGS

AS.6.1 Recreational Total Landings

Figure AS.5 traces the impressive growth of the Atlantic coast recreational fisheries from
1982 through 2006. Harvest increased from 1,010 mt (2.2 million pounds) in 1990 to 13,814 mt
(29.1 million pounds) in 2006 (Table AS5.2).

AS.6.2 Recreational Landings in Numbers

In numbers of fish, recreational harvest of striped bass was greater than 1.4 million fish from
1997 through 2006, and more than two million striped bass during 2003—2006 (Table AS5.2).
Harvest was generally highest in Virginia, Maryland, New Jersey, and Massachusetts (Table
A5.12). The annual Atlantic coast harvest (in numbers) has been a small fraction of the catch
(harvest and releases, combined) since the 1980s because the releases (B2s) have accounted for
85 to 90% of the annual catch in most years (see Section AS5.6).
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AS5.6.3 Age Composition of Recreational Landings

Coastwide recreational harvest was dominated by the 2000 (age 5) and 1996 (age 9) year-
classes in 2005, and by the 2001 (age 5) and 1996 (age 10) year-classes in 2006 (Table A5.13;
Figure A5.6). Ages 4-10 made up >77% of the coastwide harvest, and ages 8+ made up about
50% in both years (Table A5.13). Recreational harvest from the coast (includes Delaware Bay)
was composed mostly of ages 511, while harvest in Chesapeake Bay was dominated by ages 4—
8 (Figure A5.7).

AS.7 RECREATIONAL RELEASES

AS.7.1. Estimation of Releases

The number of striped bass that are caught and released (B2) is estimated by MRFSS (Table
A5.14). The releases have accounted for 85 to 90% of the annual catch in most years (Figure
AS.8).

AS5.7.2 Estimation of Dead Releases

The number of releases that die due to the capture and release process is estimated by
multiplying the total release numbers (B2) by an estimate of hooking mortality (0.08) derived by
Diodati and Richards (1996) prior to publication. Estimates of the number of dead releases are
presented in Table A5.15. The numbers of fish released dead increased from 132 thousand fish in
1990 to 1.2 million fish in 1997. Releases remained around 1.2 million through 2003, but have
increased to the series maximum of 2 million fish in 2006. The numbers of fish released dead are
generally highest in Massachusetts and Maryland (Table A5.15).

AS.7.3 Age Composition of Dead Releases

Ages of coastwide recreational dead releases ranged from 0 to 13+, but most dead releases
were ages 2—6 (Table A5.16; Figure A5.6). The dead releases were dominated by the 2001 and
2003 year-classes in both years (Table A5.16; Figure A5.6). Recreational dead releases from the
coast (includes Delaware Bay) were composed of fish ages 2—5 and ages 3—6 in 2005 and 2006,
respectively, but the 2001 and 2003 year-classes dominated (Table AS5.16; Figure A5.7). In
Chesapeake Bay, dead releases were composed of ages 2—4 and were dominated by the 2003
year-class in both years (ages 2 and 3; Figure A5.7).

AS5.8 TOTAL REMOVALS BY RECREATIONAL FISHERIES

Total recreational striped bass removals (harvest and dead discards) in 2005 and 2006 were
3.9 million and 4.8 million fish, respectively (Table A5.17; Figure A5.9). Total removals were
highest in Massachusetts, New Jersey, Maryland, and Virginia (Table A5.17). The harvest and
dead releases combined were dominated by ages 2, 4-6, and 9 in 2005, and ages 3, 5-6, and 10
in 2006 (Figure A5.10). Total recreational dead releases and harvest losses have generally
increased since 1982, with intermittent declines in 1998-1999 and 2001-2002 (Figure AS5.9).
Recreational removals in 2006 were the highest of the time series (Figure A5.9).
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AS5.9 TOTAL REMOVALS BY COMMERCIAL AND RECREATIONAL FISHERIES

Combined losses showed that the recreational fishery removed the largest number of striped
bass in 2005 and 2006 (Figure AS5.11). Historically, the recreational fishery has been the
dominant source of fishing removals since 1991 (Figure A5.12). The above components were
totaled by year to produce the overall catch at age matrix (Table AS5.18). The total removals of
striped bass in 2006 (6.11 million fish) were the highest in the time series and reflect an 8% and
a 14% increase from 2005 and 2004, respectively. More importantly, removals of fish age 8+
increased in 2006 by 7% compared to 2005 (Figure A5.13). Ages 3 (2003 year-class) and 5
(2001 year-class) sustained the highest losses in 2006 (Table A5.18).

AS5.10 CATCH WEIGHT AT AGE

Catch mean-weight-at-age data, which is used to calculate total biomass and spawning stock
biomass, was calculated for the period 1998-2002 using all available weight data from MA, NY,
MD, VA, NH, and CT (1998-2001) and adding data from RI and DE in 2002 (Appendix AS5).
For 2003-2006, mean weights at age for the 2003-2006 striped bass catches were determined as
a result of the expansion of catch and weight at age. Data came from Maine and New Hampshire
recreational harvest and discards; Massachusetts recreational and commercial catch; Rhode
Island recreational and commercial catch; Connecticut recreational catch; New York recreational
catch and commercial landings; New Jersey recreational catch; and Delaware, Maryland,
Virginia, and North Carolina recreational and commercial catch (Appendix AS). Weighted mean
weights at age were calculated as the sum of weight at age multiplied by the catch at age in
numbers, divided by the sum of catch at age in numbers. Details of developing weights at age for
1982-1996 can be found in the SAW-26 consensus summary (Northeast Fisheries Science
Center 1998). Weights at age for 1982-2006 are presented in Table AS5.19.

A6.0 CHARACTERIZE THE FISHERIES-INDEPENDENT AND -DEPENDENT
INDICES OF RELATIVE ABUNDANCE. (TOR#2)

A6.1 DATA SOURCES

States provide age-specific and aggregate indices from fisheries-dependent and fisheries-
independent sources that are assumed to reflect trends in striped bass relative abundance. A
formal review of age-2+ abundance indices was conducted by ASMFC at a workshop in July of
2004 (Appendix A6). Young of-the-year and age-1 indices had been reviewed and validated
(ASMFC 1996). The 2004 workshop developed a set of evaluation criteria and tasked states
with a review of indices. Both the Striped Bass Technical Committee and the Management
Board approved the criteria and the review. The resulting review led to revisions and elimination
of some indices formerly used in ADAPT (Appendix A6).

Based on the review of survey programs and technical committee recommendations (see
Section 6.0), major changes were made to the suite of indices used in the ADAPT model. The
NEFSC spring inshore survey, originally age-specific, was reduced to an aggregate index (ages
2-9) and was truncated at 1991 due to missed sampling of inshore survey strata prior to 1991.
The Massachusetts commercial CPUE, originally age-specific harvest-per-trip indices, were
redeveloped as age-specific (ages 2—13+) total catch-per-hour indices. The New Jersey trawl,
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originally an aggregate index, was further apportioned into age-specific mean indices for ages 2—
13+. The New York ocean haul seine survey indices for ages 8—13+ were aggregated into an 8+
index. Connecticut age-specific recreational catch indices for ages 10-13+ were aggregated to
10+. The Virginia pound net survey, a single fixed station, commercial pound net index, was
eliminated from the input because few analyses conducted could support its continued use as an
index that reflected striped bass abundance. Two new surveys were added: age-specific (ages 2—
13+) Delaware River electrofishing spawning stock indices and the coastwide MRFSS aggregate
(2—-13+) total catch rate index.

Descriptions of the current survey indices are given below and reflect changes to surveys
following the formal review. A summary of index information is provided in Table A6.1.

A6.1.1 Fisheries-Dependent Catch Rates

A.6.1.1.1 Massachusetts Commercial Total Rate Index (MACOMM)

Age-specific (2—-13+) indices of relative abundance for 1991 to present are generated from
commercial catch data. All fishermen who sell striped bass are required to report the total hours
fished, number and pounds of fish caught by disposition category (i.e., released sub-legal,
released legal, sold, and consumed), area fished, and the fishing method (Surf, Boat, Both) by
month. A generalized linear model (GLM) is used to generate a standardized CPUE aggregate
index (Hilborn and Walters 1992). Each record is the summarization of a fisher’s monthly
number and pounds of fish caught and hours fished by year, month, area fished (reduced to 4
regions: Cape Cod Canal, Southern MA, Cape Cod Bay, North MA), and fishing mode. The
catch rate for each record is calculated by dividing the total numbers caught by the total number
of hours fished. The catch rate is standardized using PROC GLM in SAS. To partition the annual
aggregate index into age-specific indices, annual length frequencies of all fish caught reported by
fishers on voluntary logsheets are applied to age-length keys derived for each year to estimate
proportions-at-age. The proportions-at-age are then multiplied by the annual aggregate index to
obtain age-specific indices.

A6.1.1.2 Connecticut Recreational CPUE (CTCPUE)

An aggregate Connecticut CPUE index (CPUE) for striped bass (1981-2006) is derived as a
ratio of annual Connecticut recreational catches (A, B1, B2) from the MRFSS to annual directed
fishing effort (DE in trips) on striped bass:

CPUE =C/DE

Directed fishing effort is estimated annually as the product of the total fishing trips made
annually in Connecticut based on MRFSS times the fraction of positive striped bass intercepts
(fracp) from MRFSS. This quantity (E*fracp) is then divided by the fraction of successful
striped bass trips (fracs) recorded annually in logbooks from the Connecticut Volunteer Angler
Survey (CVAS):

DE = (E*fracp)/ fracs)
To disaggregate the time series (1981-2006) of indices by age, the annual index (CPUE) is

first apportioned into length frequencies reported from logbooks in the CVAS. Each year,
between 70 and 95 volunteer anglers record a total of 2,800 to 4,000 length measurements
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(length range: 6 to 51 inches TL) of striped bass in their catches. Once the length frequencies is
established, an age frequency of the annual index is derived as a product of the annual length
frequency and an annual age-length key for Long Island Sound stripers derived by biologists
from the NY DEC.

A6.1.1.3 MRFSS Total Catch Rate Index (MRFSS)

An aggregate index of relative abundance for 1988 to present is generated from MRFSS
intercept data. Generalized linear modeling (McCullagh and Nelder 1989) is used to derive
annual mean catch-per-hour estimates by adjusting the number of caught fish per trip for the
classification variables of state, year, two-month sampling wave, number of days fished in the
past 12 months (as a measure of avidity), and number of hours fished. In the analyses, only data
from anglers who reported that they targeted striped bass is used to insure methods used among
anglers are as consistent as possible and to identify those targeting anglers that did not catch
striped bass (zero catches). Also, only data from private boats fishing in the Ocean during waves
3—6 is used.

A delta-lognormal model (Lo et al. 1992) was selected as the best approach to estimate year
effects after examination of model dispersion (Terceiro 2003) and standardized residual deviance
versus linear predictor plots (McCullagh and Nelder 1989). In the delta-lognormal model, catch
data is decomposed into catch success/failure and positive catch components. Each component
is analyzed separately using appropriate statistical techniques and then the statistical models are
recombined to obtain estimates of the variable of interest. =~ The catch success/failure was
modeled as a binary response to the categorical variables using multiple logistic regression:

logit(p) =log(p/1-p)=a+ 3 p.X, +¢
i=1

where p is the probability of catching a fish, a is the intercept, B; is the slope coefficient of the
ith factor, X; is the ith categorical variable (coded as 0 or 1), and ¢ is the error term. PROC
LOGISTIC in SAS is used to estimate parameters, and goodness-of-fit was assessed using
concordance measures and the Hosmer-Lemeshow test.

Positive catches, transformed using the natural logarithm, is modeled assuming a normal
error distribution using PROC GLM:

log(y)=a+ ¥ BX, +&
i=1

where y is the observed positive catch, f3; ,and X; are the same symbols as defined earlier, and ¢
is the normal error term. Any variable not significant at a=0.05 with type-III (partial) sum of
squares is dropped from the initial GLM model and the analysis is repeated. First-order
interactions were considered in the initial analyses but it was not always possible to generate
annual means by the least-square methods with some interactions included (Searle et al. 1980);
therefore, only main effects are considered.

The annual index of striped bass total catch is estimated by combining the two component
models. The estimate in year i from the models is given by

I; = pi* 3

where p; and y; are the predicted annual responses from the logistic and GLM. p; is calculated as
__exp(a+ ﬁ,}
" l+exp(@ +5)
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and y; is calculated as

9 = exp(LSM; + 62 /2)

where LSM,, is the least squares mean for year i and o is the mean square error.
A6.1.2 Fisheries-Independent Survey Data

A6.1.2.1 Connecticut Trawl Survey (CTTRL)

Connecticut provides an aggregate (ages 2—4) index of relative abundance from a bottom
trawl survey. The Long Island Sound Trawl Survey (LISTS) began in 1984 to provide fishery
independent monitoring of important recreational species in Long Island Sound. Length data for
these species are collected from every tow. All species are identified and counted. No
information on the sizes of striped bass released is collected. Sampling is conducted monthly
from April through November to establish seasonal patterns of abundance and distribution.
LISTS is conducted from longitude 72° 03' (New London, Connecticut) to longitude 73° 39'
(Greenwich, Connecticut). The sampling area includes Connecticut and New York waters from 5
to 46 m in depth and over mud, sand, and transitional (mud/sand) sediment types. Sampling is
divided into spring (April-June) and fall (September—October) periods, with 40 sites sampled
monthly for a total of 200 sites annually. The sampling gear employed is a 14 m otter trawl with
a 51 mm codend. To reduce the bias associated with day-night changes in catchability of some
species, sampling is conducted during daylight hours (Sissenwine and Bowman 1978).

LISTS employs a stratified-random sampling design. The sampling area is divided into 1.85
x 3.7 km (1x2 nautical miles) sites, with each site assigned to one of 12 strata defined by depth
interval (0-9.0 m, 9.1-18.2 m, 18.3-27.3 m or, 27.4+ m) and bottom type (mud, sand, or
transitional). For each monthly sampling cruise, sites are selected randomly from within each
stratum. The number of sites sampled in each stratum is determined by dividing the total stratum
area by 68 km” (20 square nautical miles), with a minimum of two sites sampled per stratum.
Discrete stratum areas smaller than a sample site are not sampled. The CTTRL index is
computed as the stratified geometric mean number per tow.

A6.1.2.2 Northeast Fisheries Science Center Bottom Trawl Survey (NEFSC)

The Northeast Fisheries Science Center provides an aggregate (2-9) index of relative
abundance from the spring stratified-random bottom trawl survey. The survey covers waters
from the Gulf of Maine to Cape Hatteras, NC. Only data from inshore strata from 1991-2006
are used.

A6.1.2.3 New Jersey Bottom Trawl Survey (NJTRL)

New Jersey provides age-specific (2-9+) geometric mean indices of relative abundance for
striped bass from a stratified-random bottom trawl initiated in 1989. The survey area consists of
NJ coastal waters from Ambrose Channel, or the entrance to New York harbor, south to Cape
Henlopen Channel, or the entrance to Delaware Bay, and from about the 3 fathom isobath
inshore to approximately the 15 fathom isobath offshore. This area is divided into 15 sampling
strata. Latitudinal boundaries are identical to those which define the sampling strata of the
National Marine Fisheries Service (NMFS) Northwest Atlantic groundfish survey. Exceptions
are those strata at the extreme northern and southern ends of NJ. Where NMFS strata are
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extended into NY or DE waters, truncated boundaries were drawn which included only waters
adjacent to NJ, except for the ocean waters off the mouth of Delaware Bay, which are also
included. Samples are collected with a three-in-one trawl, so named because all the tapers are
three to one. The net is a two seam trawl with forward netting of 12 cm (4.7 inches) stretch mesh
and rear netting of 8 cm (3.1 inches) stretch mesh. The codend is 7.6 c¢cm stretch mesh (3.0
inches) and is lined with a 6.4 mm (0.25 inch) bar mesh liner. The headrope is 25 m (82 feet)
long and the footrope is 30.5 m (100 feet) long. Trawl samples are collected by towing the net
for 20 minutes. The total weight of each species is measured with hanging metric scales and the
length of all individuals comprising each species caught, or a representative sample by weight
for large catches, is measured to the nearest cm. Total length is measured and only data from
April are used for striped bass.

A6.1.2.4 New York Ocean Haul Seine Survey (NYOHS)

New York provides age-specific geometric mean indices of relative abundance for striped
bass generated from an ocean haul seine survey. Since 1987, NY DEC has been sampling the
mixed coastal stocks of striped bass by ocean haul seine. Sampling is conducted annually during
the Fall migration on the Atlantic Ocean facing beaches off the east end of Long Island. A crew
of commercial haul seine fishermen is contracted to set and retrieve the gear, and assist
department biologists in handling the catch. The survey seine measures approximately 1,800 feet
long and is composed of two wings attached to a centrally located bunt and cod end. The area
swept is approximately ten acres. The seine is fifteen feet deep in the wings and twenty feet deep
in the bunt.

Under the original design, sampling dates were selected at random to create a schedule of
thirty dates. For each date selected, two of ten fixed stations were chosen at random, without
replacement, as the sampling locations for that day. Since this design was difficult to implement
due to weather-related delays, the sampling design was altered in 1990. Instead of randomly
selecting thirty days, sixty consecutive working days were identified during the fall. One station
was randomly selected, without replacement, for each working day until six "rounds" of ten
hauls had been scheduled. Hauls that were missed due to bad weather or equipment failure were
added to the next scheduled sampling day. No more than three hauls were attempted for any
given day so that sampling was evenly distributed over time. Sixty hauls were scheduled for each
year.

Since 1995, the survey team has been prohibited from gaining access to several of the fixed
stations. Instead of the original ten stations, two of the original stations plus three alternate sites
have been used to complete the annual survey. These alternate stations occur within the
geographic range of the original standard stations. Also since 1995, funding delays have resulted
in a one-month delay in the commencement of field sampling activities. Between 1987 and 1994
field sampling began in early September. Since 1995, sampling has begun in late September to
early October. In addition, decreases in funding have led to reductions in annual sampling effort
from sixty seine hauls to forty-five seine hauls per season since 1997. The time series of catch
and catch-at-age has been standardized by date for the entire time series.

A6.1.2.5 Maryland Spawning Stock Survey (MDSSN)

Maryland provides spawning stock age-specific (2—13+) mean indices of relative abundance
for striped bass in Chesapeake Bay from a gillnet survey initiated in 1985. Multi-panel
experimental drift gill nets are deployed in spawning areas in the Potomac River and in the

46th SAW Assessment Report 34



Upper Chesapeake Bay during the spring spawning season in April and May. There are generally
20-25 sampling days in a season. Ten mesh panels 150 feet long that range from 8 to 11.5 feet
deep are used. The panels are constructed of multifilament nylon webbing in 3.00-10.00-inch
stretch-mesh. In the Upper Bay, the entire suite of 10 meshes is fished simultaneously. In the
Potomac River, two suites of 5 panels are fished simultaneously. Overall, soak times for each
mesh panel range from 15 to 65 minutes. In both systems, all 10 meshes are fished twice daily
(20 sets) unless weather or other circumstances prohibit a second soak. Sampling locations are
assigned using a stratified random survey design. Each sampled spawning area is considered a
stratum. One randomly chosen site per day is fished in each spawning area. The Potomac River
sampling area consists of 40 0.5-square-mile quadrants and the Upper Bay sampling area
consists of 31 1-square-mile quadrants. The Choptank River was also sampled between 1985—
1996. A sub-sample of striped bass captured in the nets is aged. Scales are removed from two-
three randomly chosen male striped bass per one cm length group, per week, for a maximum of
ten scales per length group over the entire season. Scales are taken from all males over 700 mm
TL and all females regardless of total length.

CPUE:s for individual mesh sizes and length groups are calculated for each spawning area.
Mesh-specific CPUEs (CPUE;)) are calculated by summing the catch in each length group across
days and sets, and dividing the result by the total effort for each mesh. Sex-specific mesh
selectivity coefficients are then used to correct the mesh-specific length group CPUE estimates.
Sex-specific models are used to develop selectivity coefficients for fish sampled from the
Potomac River and Upper Bay. Model building and hypothesis testing has determined that male
and female striped bass possess unique selectivity characteristics, but no differences are evident
between the Upper Bay and the Potomac River. Therefore, sex-specific selectivity coefficients
for each mesh and length group are estimated by fitting a skew-normal model to spring data from
1990 to 2000 following the procedure presented in Helser et al. (1998). Model residuals are re-
sampled 1,000 times to generate a population of 1,000 mesh- and size class-specific selectivity
coefficients for each year, sample area, and sex. The CPUE for each size class and mesh are then
divided by the appropriate selectivity coefficient to generate 1,000 replicate matrices of mesh-
and length-specific corrected catch frequencies. A vector of selectivity-corrected length-group
CPUE:s for each spawning area and sex is then developed. The selectivity-corrected CPUEs are
averaged across meshes, using a mean that is weighted by the capture efficiency of the mesh.
Finally, area- and sex-specific estimates of relative abundance are pooled to develop bay-wide
estimates of relative abundance.

A6.1.2.6 Delaware Spawning Stock Electrofishing Survey (DESSN)

Delaware provides spawning stock age-specific (2—13+) mean indices of relative abundance
for striped bass in the Delaware River from an electroshock survey initiated in 1996. Striped bass
are sampled in the Delaware River from the vicinity of Big Timber Creek and League Island near
river kilometer 152 located between Central Philadelphia downstream to the Delaware Memorial
Bridge below Wilmington, DE at river kilometer 110. A stratified-random sampling design is
used and a Smith-Root model 18-E boat electrofisher is used to collect striped bass. Typically,
sampling is conducted with the boat moving in the direction of the tidal flow and in a zigzag
pattern. Only striped bass approximately >200 mm total length are collected. Sampling is
conducted weekly during mid-April to May (two days per week) and seven 12-minute timed
samples are made per day. Length, weight, and sex are recorded and scales are collected from
each fish.
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A6.1.2.7 New York Young-of-the-Year and Yearling Survey (NYYOY and NY Age 1)

New York provides an index of relative abundance for young-of-the year striped bass in the
Hudson River for years 1980 to present. The beach seine survey samples fixed stations between
Tappan Zee to Haverstraw Bay area using a 61-m, 5-mm stretched mesh bag and 6 mm stretched
mesh wing. A total of 33 fixed stations are sampled. Twenty-five stations are sampled biweekly
from mid-July through early November. The arithmetic mean is used as the relative index.

New York also provides an index of relative abundance for yearling striped bass in western
Long Island sound. The beach seine (61-m) survey samples fixed stations during May—October.
The arithmetic mean is used as the relative index.

A6.1.2.8 New Jersey Young-of-the-Year Survey (NJYOY)

New Jersey provides an index of relative abundance for young-of-the year striped bass in the
Delaware River for years 1980 to present. A bagged beach seine is used at fixed and random
stations, which are sampled biweekly from August—October. About 256 samples are taken per
year. Relative abundance index for striped bass is calculated as the mean geometric number of
young-of-the-year captured per seine haul.

A6.1.2.9 Virginia Young-of-the-Year Survey (VAYOY)

Virginia provides an index of relative abundance for young-of-the-year bass in the Virginia
portion of Chesapeake Bay. Begun in 1980, the fixed station survey is conducted in the James,
York, and Rappahannock river systems. Eighteen index stations are sampled five times a year on
a biweekly basis from mid-July through September. Twenty auxiliary stations provide
geographically expanded coverage during years of unusual precipitation or drought when the
normal index stations do not yield samples. A bagged beach seine (30.5 m long) is set by hand
with one end fixed on the beach and the other fully extended perpendicular to the beach. The
seine is swept with the current. Two hauls are made at each site. Abundance indices are
computed as the geometric mean number of young-of-the-year or yearling bass per haul.

A6.1.2.10 Maryland Young-of-the-Year and Yearlings Surveys (MDYOY and MD Agel)

Maryland provides an index of relative abundance for young-of-the-year and yearling striped
bass in the Maryland portion of Chesapeake Bay. Begun in 1954, the fixed station survey is
conducted in the Upper Bay, Choptank, Nanticoke, and Potomac Rivers. Each station is sampled
once during each monthly round performed during July, August, and September. A bagless
beach seine (30.5 m long) is set by hand with one end fixed on the beach and the other fully
extended perpendicular to the beach. The seine is swept with the current. Two hauls are made at
each site. Abundance indices are computed as the geometric mean number of young-of-the-year
or yearling bass per haul.

A6.2 COMPARISON OF FISHERIES-DEPENDENT AND FISHERIES-INDEPENDENT
INDICES

Time series of each index used in 2005 and current assessments before aggregating and
tuning adjustments were done are shown in Table A6.2. The original indices are a mixture of
geometric and arithmetic mean estimates. For comparative purposes, the indices of presented in
both forms where possible.

46th SAW Assessment Report 36



Among the fisheries-dependent indices, trends in the aggregated MA Commercial index
suggests a steady abundance since the mid 90s, the CT Recreational CPUE suggests steady
population levels from 1996 to 2004, but abundance increased in 2005 and 2006, while the
coastwide MRFSS index suggests a decline in abundance from 1998 to 2003 and a steady rise
through 2006 (Figure A6.1).

The fishery-independent indices for combined ages generally indicate an increase in
population abundance from the early 1990s through the mid 1990s, and relatively stable levels
thereafter (Figure A6.2). The exception is the Maryland gillnet survey which shows a relatively
stable population since the mid 1980s (Figure A6.2).

Indices of young-of-the-year abundance show some pattern of decline since 2003.
Recruitment in 2006 was close to lows of the time series since 1990 in Chesapeake Bay
(Maryland index), Delaware Bay, and the Hudson River in 2006 (Figure A6.3). Strong year-
classes were evident in 1993, 1996, 2001, and 2003 in Chesapeake Bay (Maryland and Virginia),
and in 1993, 1995, 1999, and 2003 in Delaware Bay, in 1997, 1999, and 2001 in Hudson River
(Figure A6.3).

A7.0 EVALUATE THE STATISTICAL CATCH AT AGE (SCA) MODEL AND ITS
ESTIMATES OF F, SPAWNING STOCK BIOMASS, AND TOTAL ABUNDANCE OF
ATLANTIC STRIPED BASS, ALONG WITH THE UNCERTAINTY OF THOSE
ESTIMATES. (TOR #3)

A7.1 SCA MODEL

A forward-projecting age-structured statistical catch-at-age (SCA) model for the Atlantic
coast migratory stocks of striped bass was constructed and is used to estimate fishing mortality,
abundance, and spawning stock biomass during 1982-2006 from total removals-at-age and
fisheries-dependent and fisheries-independent survey indices.

A7.2 MODEL STRUCTURE

The structure of the population model is aged-based and projects the population numbers-at-
age forward through time given model estimates of recruitment and age-specific total mortality.
The population numbers-at-age matrix has dimensions Y x A, where Y is the number of years
and A is the oldest age group. The time horizon for striped bass is 1982-2006 since complete
catch data are only available back to 1982. However, there are relative abundance data
(Maryland young-of-the-year indices) available for earlier years. To use those earlier data, the
dimensions of population numbers-at-age are expanded to (Y+A-1) x (A) matrix (Figure A7.1).
The number of year classes in the model was 13, representing ages 1 through 13+.

Population numbers-at-age (a<4) are calculated through time by using the exponential
cohort survival model

- - “F, o -M
Ny,a = Ny—l,a—l exp 7 bat (D)

where Ny,a is abundance of age a in year y, Ny_ 1.a-1 1s abundance of age a-1 in year y-1, Fy.j 41 1s
the instantaneous fishing mortality rate for age a-/ in year y-1, and M is the instantaneous natural
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mortality (assumed constant across years and ages). For the plus group (4), numbers-at-age are
the sum of survivors of A-/ in year y-/ and survivors from the plus group in year y-1:

Y v ~F a1 —M F a—M
Nya=Nyjg1exp 70 T+ Ny g gexp 27 )

Recruitment (numbers of age-1 bass) in year y (J,,; ) is estimated and it is modeled as a log-
normal deviation from average recruitment:

A A
A

= e
Nyi1=Ny-exp” (3)

where N, ; is the number of age 1 fish in year y, N; is the average recruitment parameter, and e,
are independent and identically distributed normal random variables with zero mean and constant
variance and are constrained to sum to zero over all years. A penalty function is used to help
constrain the recruitment deviations and is included in the total likelihood:

_ 2
Prdey = AR %ey (4)
where Ag is a user-specified weight. The initial population abundance-at-age for 2-13+ in 1970
is calculated by using N;979,; and assuming Fgs5 ,.;:

- - ~Frogy a1 —M
N1970.a = N1970.a—1€xp %!

S))
Estimation of fishing mortality-at-age is accomplished by assuming that fishing mortality
can be decomposed into yearly and age-specific components (separability):

Fya=Fy-sq 6)

where F), 1s the fully-recruited fishing mortality in year y and s, is the average selectivity value of
fish of age a. The dimensions of the F-at-age matrix are Y x A. Similar to recruitment, F), is
modeled as a log-normal deviation from average fishing mortality:

A el d
Fy=F -exp” (7)

where F), is the fishing mortality in year y, F is the average recruitment parameter, and d, are
independent and identically distributed normal random variables with zero mean and constant
variance and are constrained to sum to zero over all years. For years earlier than 1982, the
fishing mortality-at-age is assumed equal to the values for 1982. A penalty function is used to
help constrain the fishing mortality deviations and is included in the likelihood function:

2
Pfdev = AF§dy (8)
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where A is a user-specified weight. Following Brodziak (2002), a fishing mortality penalty is
imposed to ensure that extremely small Fs are not produced during the early phases of the
estimation process:
phase<3, Ap -10-(F, —0.15)
y
phase>3, A -0.001- 3 (F, ~0.15) 9)
y

Pfadd -

Selectivity for ages a<4 is modeled by using the Gompertz equation, and to ensure at least
one age had a maximum selectivity of 1, s, is calculated as
e )
sa = Ty (10)

max, (exp(_ ep

where o and B are estimates. Based on historical changes in size and catch regulations and
model comparisons (see Exploratory Analyses below), selectivity patterns are estimated for 4
periods: 1982-1984, 1985-1989, 1990-1995, and 1996-2006. s, for the plus group (4) is
assumed equal to s, of age A4-1.

For ease of computation, total mortality-at-age (Z) is calculated as

Zya=Fpa+M (11)

and fills a matrix of dimension Yx A. For years earlier than 1982, Z is assumed equal to the Z
values of 1982.

For total catch and survey indices data, lognormal errors are assumed throughout and the
concentrated likelihood, weighted for variation in each observation, was calculated. The
generalized concentrated negative log-likelihood (-L;) (Parma 2002; Deriso et al. 2007) is

> RSS;
—L;=05%Yn, *¥ln| L—
=0 S, (12)
i

where #; is the total number of observations and RSS; is the weighted residual sum-of-squares
from dataset i. Equations for the weighted residual sum-of-squares are shown following the
description (given below) of each dataset.

For the catch and survey age compositions, multinomial error distributions are assumed
throughout and the negative log-likelihoods are calculated using the general equation

—Lzz—nyzpy,a'ln(ﬁyﬂ) (13)
y a
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Specific equations for each dataset are shown following the description of each dataset.

Total catch (recreational and commercial harvest numbers plus number of discards that die
due to handling and release) and the proportions of catch-at-age of striped bass fisheries are the
primary data from which fishing mortalities, selectivities, and recruitment numbers are
estimated. Given estimates of F, M, and population numbers, predicted catch-at-age is computed
from Baranov’s catch equation (Ricker 1975):

A

. F -F,,-M _ ¢
Coyo=—22 (l—exp 7% " ).N
y.a Fy,a M y.a (14)

where Cy, is the predicted removals of age a during year y and other variables are as defined
above. All predictions are stored in a matrix of dimension Y x 4. Predicted catch-at-age data
are then compared to the observed total catch and proportions of catch-at-age through the
equations:

Predicted Total Catch
Cy= Z Cya (15)
a
Predicted Proportions of Catch-At-Age
R
PNCL, (16)

a
where C’y is the predicted total catch in year y and P, , is the predicted proportions of age a in the

catch during year y.
The weighted lognormal residual sum-of-squares (RSS,) for total catch is calculated as

In\C,, +1e ~ |-In|C, +1e
RSS, :lcz > s (17)
y v,

where C, is the observed catch in year y, C, is the predicted catch in year y, CV) is the CV for
observed catch in year y, and /. is the relative weight (Parma 2002; Deriso et al. 2007). Total
catch CVs are assumed equal to the PSEs of MRFSS total catch estimates for the entire Atlantic
coast (less South Carolina, Georgia and East Florida records) since it is assumed that only the
estimates of recreational kill and dead discards have error.

In addition, the predicted proportions of catch-at-age are compared to the observed
proportions of catch-at-age through a multinomial probability model. The proportions of catch-
at-age negative log-likelihood (L)) is

—LPZZPZ—nyZPy’aln(];y’a +1€—7) (18)
y a
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where n, is the effective number of fish aged in year y and P, , is the observed proportion of
catch-at-age. The multinomial probability assumes that the number of aged fish used to apportion
the catch into age classes are sampled randomly and independently of each other. This is truly
not the case because gear and fishing practices collect fish in groups or clusters; thus, the
effective sample size is much smaller than the actual number of fish aged. Therefore, the
effective sample size was estimated by using the manual, iterative method of McAllister and
lanelli (1997). The effective sample size for each year is the average over all years and it is set
to 380 fish in this model.

The observed total catch and catch age compositions were generated from all state reported
landings-at-age, recreational dead discards-at-age, and commercial dead discards-at-age. Total
catch by year was calculated by summing catch across age classes. The catch age composition
was calculated by dividing the catch-at-age for a given year by yearly total catch.

Young-of-the-year (YOY) and yearlings indices from New York (Hudson River YOY:
1980-2006; West Long Island Sound Age 1: 1986-2006), New Jersey (Delaware Bay YOY:
1981-2006), Maryland (Chesapeake Bay YOY and Age 1: 1970-2006), and Virginia
(Chesapeake Bay YOY: 1983-2006) were incorporated into the model by linking them to
corresponding age abundances and time of year:

A

Z
It,ya Prtva

:‘}t'Ny,a'eXp_ (19)

where /,,,, 1s the predicted index of survey ¢ for age a in year y, ¢, 1s the catchability coefficient
of index 7, N, , is the abundance of age a in year y, p is the fraction of total mortality that occurs
prior to the survey, and Z,, is the total instantaneous mortality rate. All gs are estimated as free
parameters. Because age 0 striped bass are not modeled, the YOY and yearling indices were
advanced one year and are linked to age 1 and age 2 abundances, respectively, and are tuned to
January 1% (p=0;Table A7.1). All YOY and yearling indices are arithmetic means and
corresponding CVs. More information on these surveys can be found in ASMFC (1996).

The aggregate indices (no or borrowed age data or other reasons) from the Marine
Recreational Fisheries Statistics Survey (MRFSS: 1988-2006), Connecticut (Recreational
CPUE: 1982-2006; bottom trawl survey: 1984-2006), Northeast Fisheries Science Center
(NEFSC spring bottom trawl survey: 1991-2006) and Massachusetts (commercial total catch
rates: 1991-2006) are incorporated into the model by linking them to aggregate age abundances
and the time of year (Table A7.1):

Inysa=di 2 Nya-exp P (20)
a

All aggregate indices are arithmetic means of the survey estimate. The annual CVs for the
MREFSS index were calculated by dividing model estimates of standard errors by the index. The
CVs for the Connecticut Recreational CPUE index were assumed equal to the CVs of the total
recreational catch values for Connecticut generated by MRFSS. CVs for the remaining surveys
were estimated from survey data.

The age-aggregated indices and age composition data from New York (ocean haul seine:
1987-2006), New Jersey (bottom trawl: 1989-2006), Maryland (gillnet: 1985-2006), and
Delaware (electrofishing: 1996-2006) surveys are incorporated into the model by linking them to
age abundances and the time of year:
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where s,, 1s the selectivity coefficient for age a in survey z. The fraction of the year and ages to
which each survey is linked is listed in Table A7.1. The weighted residual sum of squares for
survey ¢ is given by:
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The Gompertz equation is used to estimate the selectivity pattern for the Delaware
spawning stock survey because theory indicates that vulnerability to electric fields increases with
surface area of the fish (Reynolds 1983). Because MD survey estimates are corrected for mesh-
size selectivity, it was determined by trial-and-error that only the selectivity value for age 2 had
to be estimated; for ages > 3, selectivity was set to 1. For the New York ocean haul survey, the
Thompson’s exponential-logistic model (Thompson 1994) is used to estimate the selectivity
pattern

s 1 .[1_7,J7 expaﬂf(ﬂ—a)
-y Ly 1+exp?(F=a) (23)

For the New Jersey survey, a gamma function is used to estimate the selectivity pattern:
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Total aggregate index by year is calculated by summing age-specific indices across age
classes. The survey age composition is calculated by dividing the age-specific indices by the
total aggregate index for a given year. The predicted age composition (proportions-at-age) of
each survey is modeled and compared to the observed proportions-at-age through a multinomial
probability model. The predicted survey indices-at-age are calculated as

A
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and predicted age composition is calculated as
U _ [t,y,a
t,y,a I" (26)
pRA
a

The age composition negative log-likelihood for survey # is
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where n,, 1s the effective sample size of fish aged in year y from survey ¢, and U,,, and U,,, are
the observed and predicted proportions of age a in year y from survey 7. Used as starting values,
the average effective sample size for each survey was calculated by using methods in Pennington
and Volstad (1994) and Pennington et al. (2002). In essence, effective sample size was estimated
by first calculating the length sample variance using the simple random sampling equation and
dividing into it the cluster sampling variance of mean length derived through bootstrapping,
assuming each seine/trawl haul, gillnet set, or electrofishing run was the sampling unit. The
average of the annual effective sample sizes was used as starting values in each survey
multinomial error distribution (Table A7.2).

Model fit for all components was checked by using residual plots. In addition, predicted
average effective sample size for the catch and survey age composition data were compared to
the observed starting values used in the model. Predicted average effective sample size (7) is
calculated following McAllister and Ianelli (1997):

(28)
and 2y is defined as
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where c,, is the predicted proportion-at-age a in year y from the catch or survey, o,, is the
observed proportion-at-age, and d, is the number of years of data for catch or survey series. The
effective sample sizes for catch and survey proportions were repeatedly adjusted until the
predicted sample sizes stabilized under equal weighting of all components. The effective
sample sizes for NJ trawl and NY ocean haul survey did not change from the starting values, but
those for the MD gillet and DE electrofishing surveys increased from 68 to 77, and 68 to 87,
respectively. The average effective sample size for the catch proportions was estimated to be
380.
The total log-likelihood of the model is

U U U U
J ==Ly =Ly, = LNyoHS = Lytyawi — LNYOHS = LMDSSN + Brdev + Priev + Pradd (29)

The total log-likelihood is used by the autodifferentiation routine in AD Model Builder to
search for the “best” selectivity parameters, average recruitment, recruitment deviations, average
F, fishing mortality deviations, and catchability coefficients that minimize the total log-
likelihood. AD Model Builder allows the minimization process to occur in phases. During each
phase, a subset of parameters is held fixed and minimization is done over another subset of
parameters until eventually all parameters have been included. In this model, the following
parameters were solved over ten phases:
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Phase

1 average recruitment

2 average fishing mortality and fishing mortality deviations

3 recruitment deviations

4  catch selectivity parameters

5 catchability coefficients of YOY/Yearling and aggregate survey indices
6 catchability coefficients of survey indices with age composition data
7 NY survey selectivity parameters

8 NI survey selectivity parameters

9 DE survey selectivity parameters

10 MD survey selectivity parameters

The estimation proceeds by first calculating F,, using initial starting values for Fy and s,
(initial parameters estimates are used for the selectivity equations) and, with M (which is fixed at
0.15) and initial values of average recruitment by year, the abundance matrix is filled (Figure
A7.1). Note that recruitment is actually estimated back to 1970 in order to provide more realistic
estimates of N in the first year of data (1982). Also, this allowed the incorporation of indices
(e.g., Maryland young-of-the-year index) back to 1970 unlike the ADAPT model. All predicted
values were calculated using the equations described above. Initial starting values for all
parameters are given in Table A7.3 and were selected based on trial-and-error.

A7.2.1 Code Checking

To check accuracy of model code (Appendix A7), a virtual population of striped bass was
simulated in EXCEL and catch numbers, catch age composition, one age-1 index, one aggregate
index and one survey index with age composition data were generated using the above model
equations and known values of fishing mortality, natural mortality, recruitment, catch and survey
selectivities, and catchability coefficients. The catch and survey data and known parameters were
then input into the model and the model was run without minimization to check if the code
produced the exact values of the simulated population. The model was then run with
minimization to check estimation. Both trials showed that the model duplicated the simulated
population quantities.

A7.3 EXPLORATORY ANALYSES

A7.3.1 Catch Selectivity Functions

In the initial development of the model, four catch selectivity functions were examined:
logistic (flat-top), Gompertz (flat-top), double logistic (dome-shaped), and gamma (dome-
shaped). Through run comparisons, the Gompertz and gamma functions were shown to produce
better predictions of catch age composition than the remaining two functions. Also, the model
was slightly unstable using the double logistic (because four-parameters are estimated instead of
two). To evaluate the “best” number of periods and most appropriate function to use, the number
and type of function was varied over model runs with the striped bass data through 2006 and
equal weighting across all components. Periods were >1982 (1 selectivity equation); 1982—-1984
and >1985 (2 equations); 1982—-1984, 1985-1989, and >1990 (3 equations); 1982—1984, 1985—
1989, 1990-1995, and >1996 (4 equations); 1982-1984, 1985-1989, 1990-1995, 19962002,
>2003 (5 equations). Each period designates a major change in management regulations. The
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Akaike’s Information Criterion (AIC; Burnham and Anderson 2002) for each run was calculated
and the likelihood ratio test (LRT) was used to determine if the addition of a selectivity period
significantly accounted for more variation than the previous run. Under equal weighting of all
components, the values for AIC and LRT indicated that the best configuration was the model
with 4 catch selectivity periods using the Gompertz function (Figure A7.2).

A7.3.2 Total Catch Lambda Weights

The model runs under the variable selectivity periods (see above) showed that the total catch
was not predicted well in early years of the time series and large, unreasonable estimates of
fully-recruited fishing mortality resulted (Figure A7.3). When the lambda weight of total catch
was increased to 5 or 10, improved fit between observed and predicted and more reasonable
estimates of fully-recruited fishing mortality occurred (Figure A7.4). However, as the lambda
weight increased, the AIC values and fully-recruited F in 2006 estimates increased (Figure
A7.5); regardless, the improved fit near the start of the time series warranted the use of the total
catch lambda weight = 10.

A7.3.3 Component Contribution

The sensitivity of each data source under equal weighting of all components and the four
period selectivity configuration was investigated by de-emphasizing each index one-at-a-time
using a lambda of 0.5 and re-running the model. Relative changes between the base 2006 F and
the 2006 F of de-emphasized cases were minor (<5% change), indicating that no single
component had a major influence on model results (Table A7.4).

A7.3.4 Retrospective Analysis

Additional model runs were made to examine the effect of changing the number of
selectivity periods (Gompertz functions) and total catch lambda weights on the retrospective
pattern of the model. A retrospective index (the average of the differences between the 2004 and
2005 terminal F estimates and the same yearly estimate from the 2006 run) was calculated to
compare retrospective patterns across levels. Retrospective plots (Figure A7.6) and comparison
of the retrospective index (Figure A7.7) among model runs indicated that the retrospective bias
was lowest at equal weights across all components and when 4 or less selectivity periods were
used. Retrospective bias increased when larger total catch lambda weights were used and five
selectivity periods were assumed (Figure A7.7).

A7.4 FINAL MODEL CONFIGURATION AND RESULTS

Based on the above analyses and recommendations from the ASMFC’s striped bass stock
assessment and technical committees, the final model contained four catch selectivity periods
(using the Gompertz function), the total catch lambda weight=10, and all indices (except
Massachusetts commercial index) and all survey selectivity functions. In addition, the aggregate
age values for the Connecticut trawl survey were changed from ages 4-6 to ages 2—4 to reflect
current opinion on the ages of trawl-caught striped bass, and aggregate age values for the
MRFSS index were changed from ages 2—13 to ages 3—13 to reflect the age structure of larger
fish found in offshore waters. The data used for the final model run configuration were updated
and are different from those used in Section A7.3 because changes in the 2004 MRFSS harvest
and release numbers occurred, and estimates of wave 1 harvest from Virginia waters in 2005 and
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2006 were added. Initial starting values for all parameters are given in Table A7.3; there were
94 parameters estimated in the model.

A7.4.1 Results

Resulting contributions to total likelihood are listed in Table A7.5. The converged total
likelihood was 28,809.5 (Table A7.5). Estimates of fully-recruited fishing mortality, recruitment,
parameters of the Gompertz functions for the four selectivity periods, catchability coefficients
for all surveys, and parameters of the survey selectivity functions are given in Table A7.6 and are
shown graphically in Figure A7.8. Graphs depicting the observed and predicted values, as well
as residuals for the catch age composition, survey indices, and survey compositions are given in
Appendix AS8. The model fit the observed total catch (Figure A7.8) and catch age composition
well (Appendix AS8), and the YOY, age 1, MRFSS, CTCPUE, CTTrawl, NEFSC indices
reasonably well (Appendix A8). Except for MD SSN, the predicted trends matched the observed
trends in survey indices, and predicted the survey age composition reasonably well (Appendix
A8). The predicted values of effective sample size for the catch and survey age compositions
using total catch lambda=10 were close to values derived under equal weighting of all
components (Figure A7.9).

A7.4.1.1 Fishing Mortality

Fully-recruited fishing mortality in 2006 was 0.32 (ages 10-12; Table A7.6). The 2006
average fishing mortality rate (F) for ages 8 through 11 equaled 0.31 (95% CI: 0.233-0.404) and
is slightly above the current target (0.30) but is not over the threshold (0.41)(Table A7.7; Figures
A7.10 and A7.11). Average fishing mortality on ages 3-8, which are generally targeted in
producer areas, was 0.22 (Table A7.7; Figure A7.10). Among the individual age groups, the
highest values of F in 2006 (0.31-0.32) were estimated for ages 9-13+ (Table A7.8). An
average F weighted by N was calculated for comparison to tagging results since the tag releases
and recaptures are weighted by abundance as part of the experimental design. The 2006 F
weighted by N for ages 7—11 (age 7 to compare with tagged fish >28”) was 0.31 (Table A7.7;
Figure A7.10). An F weighted by N for ages 3—8, comparable to the direct enumeration estimate
for Chesapeake Bay, was equal to 0.16 (Table A7.7; Figure A7.10).

Fishing mortality-at-age in 2005 and 2006 was partitioned into various components of the
recreational and commercial fisheries using ratios of component catch-at-age to total catch-at-
age. Results showed that, although the recreational fishery induced the highest mortality, the
contribution of the recreational release and harvest components to the total fishing mortality
changed with fish age (Figure A7.11).

A7.4.1.2 Population Abundance (January 1)

Striped bass abundance (1+) increased steadily from 1982 through 1997, when it had around
65 million fish (Table A7.9, Figure A7.8). Total abundance declined thereafter and has average
around 57 million fish since 2000. Total abundance in 2006 was 55.8 million (95% CI:
44,339,600-68,642,300; Figure A7.12). The 2003 cohort remained strong at 16 million fish in
2006 (ages 3) and exceeded the sizes of the strong 1993, 1996, and 2001 year classes at the same
age (Table A7.9). Abundance of striped bass age 8+ increased steadily through 2004 to 8.5
million, but has since declined to 6.2 million fish (95% CI: 4,587,450—7,932,800) in 2006 (Table
A7.9, Figures A7.8 and A7.12).
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A7.4.1.3 Spawning Stock Biomass

Weights-at-age used to calculate spawning stock biomass were generated from catch
weights-at-age and the Rivard algorithm described in the NEFSC’s VPA/ADAPT program. Sex
ratio at age was assumed 50:50. Female SSB grew steadily from 1982 through 2003 when it
peaked at about 33 thousand mt (Table A7.10, Figure A7.13). Female SSB has declined since
then and was estimated at 25 thousand metric tons (95% CI: 18,563-32,169) in 2006 (Table
A7.10; Figure A7.12). The estimated SSB in 2006 remained above the threshold level of 14
thousand metric tons and indicates that the striped bass are not overfished.

A7.4.1.4 Retrospective Analysis

Retrospective bias was evident in the estimates of fully-recruited F, SSB, and age 8+
abundance of SCA (Figure A7.14). The retrospective pattern suggests that fishing mortality is
likely over-estimated and could decrease with the addition of future years of data. Similar
retrospective trends have been observed in the previous assessment of striped bass using the
ADAPT VPA (ASMFC 2005) and in the supporting ASAP and ADAPT models presented in the
current assessment. Experiences from other assessments indicate that it is possible for the
magnitude and direction of the retrospective pattern to change in subsequent assessments. For
example, the retrospective analysis from the 2003 assessment of striped bass showed an
underestimation of the terminal year estimation of fully recruited F while the retrospective
analysis from the 2005 assessment showed an over estimation of F (ASMFC 2003b; ASMFC
2005).

A7.4.2 Sensitivity Analyses

A7.4.2.1 Starting Values

Starting values for the minimization routine are important to achieve proper convergence at
the global minimum. The starting values were selected based on trial-and-error. Many runs were
conducted to find values that appeared to be reliable and for which the global minimum was
reached consistently. To further check the convergence properties of the model, 100 model runs
using total catch lambda weight=10 were made, and for each run, starting values were randomly
permuted by +50%. A plot of fully-recruited Fs in 2006 and corresponding total log-likelihoods
assessed convergence stability. The model demonstrated excellent convergence properties
because 100 out of 100 trials converged at the same likelihood and estimated the same 2006
fishing mortality rate (Figure A7.15). Examples of randomized +50% starting values are shown
in Table A7.11.

A7.4.2.2 Natural Mortality

The effects of varying M above or below the assumed M of 0.15 are shown in Figure A7.16.
Higher fully-recruited fishing mortality estimates were generated when M was decreased, and
lower fully-recruited fishing mortality estimates were generated when M was increased.

The effects of increasing M to 1.0, 0.5, and 0.35 for ages 1-3, respectively, were also
investigated. The time series of fully-recruited F estimates changed little when the higher natural
mortality rates were used, but the recruit abundance estimates quadrupled in magnitude (Figure
AT7.17).

The effects of increasing M for all ages after 1996 was also investigated to determine if the
retrospective pattern observed in fully-recruited F may be attributed to changes in M (due to the
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Mycobacterium outbreak in Chesapeake Bay). M was set to 0.30 for years 1997-2006.
Increasing M had a negative impact on the retrospective pattern because the retrospective bias

increased (Figure A7.18) compared to the retrospective pattern assuming constant M=0.15 across
all ages (Figure A7.14).

A7.4.2.3 Effects of Deleting Survey Datasets

The contribution of each survey data source to the results of the final model configuration
was investigated by removing each dataset one-at-a-time and re-running the model. Changes in
the time series of F estimates for 1982-2006 between base run (all indices) and each one
removed one-at-a-time were minor (Figure A7.19). The removal of the NY YOY survey index
had the largest impact on F estimates near the terminal year, and the removal of the MD gillnet
survey had the largest impact on F estimates at the beginning of the time series (Figure A7.19)
A7.4.2.4 Effects of Changing Estimation Phases

The influence of the assigned estimation phases on the results (fishing mortality and total
log-likelihood) of the final model configuration was investigated by changing the phase during
which each parameter set was estimated. There were no differences between fully-recruited
fishing mortality and total log-likelihoods of the three runs made (Table A7.12).

A7.4.2.5 Effects of Decreasing Effective Sample Sizes of Catch and Survey Multinomials

The influence of the magnitude of average effective sample sizes of the catch and survey
multinomial likelihoods on the estimates of fully-recruited fishing mortality were investigated.
When the average effective sample sizes were decreased to 10% of the original values, fully-
recruited F estimates for years 1982—1989 varied from the original estimates but F estimates after
1989 changed little (Figure A7.20). In addition, when data from selected surveys were also
deleted one-at-a-time, only slight differences in fully-recruited fishing mortality from 1990 to
2006 occurred (Figure A7.20).

A7.5 COMPARISON OF SCA MODEL RESULTS TO ADAPT AND ASAP MODELS
RESULTS

The ADAPT Virtual Population (Appendix A9) and the ASAP statistical catch-at-age
(Appendix A10) models were applied to the catch-at-age data and relative abundance indices
(the same complement of indices used in 2005) and estimates of F were compared to the SCA
model estimates. The ADAPT model produced the highest Fs for 19861999, while the SCA
produced the highest Fs for 2001-2005 (Figure A7.21). All estimates of F were <0.34 in 2006.
Although the SCA model did show slightly more retrospective bias in the estimates of fishing
mortality and abundance than the ADAPT and ASAP models, the SCA was selected as the
primary analytical model for several reasons. For the ADAPT model to get realistic fishing
mortality estimates, many indices had to be removed (Appendix A9); therefore, the results may
not be best at capturing all the information among all stock components. In the SCA model, all
indices (except MA COMM) were used and the estimates of F were robust to the
inclusion/exclusion of indices. Although the ASAP works well in predicting catch at age in
recent years, it was necessary to fix the selectivity pattern (Appendix A10) based on the
selectivity pattern from ADAPT which may perpetuate any errors from that model. Also, the
indices in the ASAP were not fit well in many cases. In the SCA model, the number and form of
the selectivity patterns were chosen based on analytical methods and were estimated in the
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model. Although the SCA model did not predict every index well, the results were not affected
by the deletion of an index.

A7.6 COMPARISON OF SCA RESULTS TO CATCH CURVE ANALYSIS AND
RELATIVE F ESTIMATES

Cohort catch curves and a year specific total mortality estimate derived from the cohort
specific catch curve data were calculated by using the total catch-at-age matrix and linear
regression (Appendix All). In addition, relative F (Sinclair 1998) was derived as a ratio of
landings to several selected tuning indices that were considered informative about changes in
fully recruited (ages 8+) stock size (Appendix 12). The trend in relative F was similar (except
for the decline in 2005 and 2006) to the trend in the average F for ages 8—11 from the SCA,
ASAP and ADAPT (Figure A7.21). However, average total mortality (Z) from the catch curve
analysis showed a declining trend after 2000 while Z from the SCA, ADAPT, and ASAP models
showed increasing trend. Note that if M of 0.15 was subtracted from the catch curve Z, most
estimate of F would be below 0.10 after 2002.

A7.7 SOURCES OF UNCERTAINTY IN SCA

Accurate estimates of catch at age require that we know the total loss in numbers and that we
apportion this loss correctly to age. The best data on loss comes from the directed recreational
and commercial fisheries. In this year’s assessment, we had to estimate wave 1 recreational
harvest of the winter fishery off Virginia by using North Carolina harvest and tag returns, along
with Virginia tag returns, because MRFSS sampling is not conducted during this time. There is
less confidence in estimates of discards in commercial and recreational fisheries because little of
the data is measured directly. Moreover, gear specific discard/release mortalities are assumed to
be constant even though mortalities may vary with season and with changes in gear specifics
such as increased use of circle hooks. The quality of data on age composition varies among
fisheries and region. In most cases, fish in catches or discards are measured and length
frequencies are converted to age frequencies with age length keys. States with large harvests
usually sample fisheries directly and develop age length keys from the fishery and time of year
of the fishery. However, states with small fisheries must often rely on length data from small
samples or fishery independent collections or use age length keys developed by neighboring
jurisdictions. Finally, the assignment of age to scales samples becomes less certain with
increasing fish age (> age 10).

The abundance indices used in the SCA models were the suite of available indices approved
through a reasoned and objective evaluation process. The review reduced the number of indices
and the number of indices at age, especially for fish age eight and older. The CTCPUE indices
were aggregated into separate indices because age-length data from New York were used to
partition the CTCPUE into age-specific indices.

Estimates of F and population size from the catch at age analyses at the beginning of the
time series, not the terminal year, are the most uncertain estimates. However, retrospective
analysis indicated that the terminal year estimates are positively biased and may decrease
somewhat with an additional year of data.
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A8.0 EVALUATE THE BARANOV’S CATCH EQUATION METHOD AND
ASSOCIATED MODEL COMPONENTS APPLIED TO THE ATLANTIC STRIPED
BASS TAGGING DATA. EVALUATE ESTIMATES OF F AND ABUNDANCE FROM
COASTWIDE AND CHESAPEAKE BAY SPECIFIC PROGRAMS ALONG WITH THE
UNCERTAINTY OF THOSE ESTIMATES. (TOR #4)

A8.1 INTRODUCTION

This report summarizes the results of the United States Fish and Wildlife Service’s
(USFWS) Atlantic coastwide cooperative striped bass tagging program through the 2006 tagging
year. The Striped Bass Tagging Subcommittee (SBTS) of the Striped Bass Technical Committee
of ASMFC analyzes the data gathered by the tagging program. The subcommittee is composed
of members from participating state agencies and USFWS.

Two modeling approaches were used for the 2006 assessment. Previously, the SBTS had
used Program MARK to estimate a time series of annual survival rates (S) (Smith et al. 2000).
Post modeling, instantaneous total mortality (Z as -log. S) was partitioned into instantaneous
fishing (F) and natural (M) mortalities using a biologically-based constant value of M (0.15).
The use of this method produced estimates of F that were sometimes nonsensical and conflicted
with other indicators of stock status. In an attempt to move away from an assumed M, the SBTS
changed to a method based on estimates of survival estimates produced by Program MARK
(White and Burnham 1999) and subsequent use of Baranov’s catch equation (Ricker 1975)
proposed by Pollock et al. (1991), to parse Z into F and M. Additionally, the SBTS is also
presenting a new approach for the 2006 assessment — a formulation of Jiang et al. (2007)
instantaneous (mortality) rates model. While additional assessment of this method needs to be
performed, the committee would like to move towards this as the primary tag-based model in the
future.

A8.2 DESCRIPTION OF ATLANTIC COASTWIDE STRIPED BASS TAGGING
PROGRAM

Eight tagging programs participate in the USFWS Atlantic coastwide striped bass tagging
program, and have been in progress for at least 14 years. As striped bass are a highly migratory
anadromous species, the tagging programs are divided into two categories, producer area
programs and coastal programs. Most programs tag striped bass (primarily fish > 18 inches total
length (TL)) during routine state monitoring programs.

Producer area tagging programs primarily operate during spring spawning on the spawning
grounds. Several capture methods are used, such as pound nets, gill nets, seines and
electroshocking. The producer area programs are:

e Delaware and Pennsylvania (DE/PA) - fish tagged in the Delaware River primarily in
April and May;

e Hudson River (HUDSON) - fish tagged in May;

e Maryland (MDCB) - fish tagged in the Potomac River and the upper Chesapeake Bay
primarily in April and May; and

e Virginia spawning stock program (VARAP) - fish tagged in the Rappahannock River
during April and May.
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Coastal programs tag striped bass from mixed stocks during fall, winter, or early spring.
Gears include hook and line, seine, gill net, and otter trawl. The coastal tagging programs are:

Massachusetts (MADFW) - fish tagged during September—October months;
North Carolina winter trawl survey (NCCOOP) - fish tagged primarily in January;
New Jersey Delaware Bay (NJDEL) - fish tagged in March and April; and

New York ocean haul seine survey (NYOHS) - fish tagged during October—
November months.

Tag recovery matrices for each program used in the current assessment are presented in
Appendix A13.

A8.3 ASSUMPTIONS AND STRUCTURE OF THE MODEL

Survival estimates are generated from Program MARK using analysis protocol based on
assumptions described in Brownie et al. (1985) and elaborated for striped bass in Smith et al.
(2000). Important assumptions (Brownie et al. 1985) are:

1. the sample is representative of the target population;

2. there is no tag loss;

3. survival rates are not affected by the tagging itself;

4. the year of tag recoveries is correctly tabulated;

5. the fate of each tagged fish is independent of the fate of other tagged fish;

6. the fate of a given tagged fish is a multinomial random variable; and

7. all tagged individuals of an identifiable class (age, sex) in the sample have the same
annual survival and recovery rates.

In this method, Program MARK (White and Burnham 1999) was used to develop estimates
of survival. Program MARK is based on Kullback-Leibler information theory and Akaike’s
information criterion (AICc; Akaike 1973; Burnham and Anderson 1992, 2003). Maximum
likelihood estimates of the multinomial parameters of survival and recovery are calculated based
on the observed matrix of recaptures. Candidate models are fit to the tag recovery data and
arranged in order of goodness-of-fit by a second-order adjustment to the Akaike’s information
criterion.

Candidate models were selected before analysis and were based on biologically-reasonable
hypotheses. Parameters of the models define various patterns of survival and recovery as
follows (model formulas are explained more fully in Table A8.1):

o the global model {S(t) r(t), i.e., fully parameterized model} is a time-saturated model and

was used to estimate over-dispersion and model fit statistics (see Model Diagnostics);

e models {S(p)r(p), S(p)r(t), S(d)r(p) and S(v)r(p)} parameterize survival as constant
within time periods that are based on regulatory changes between 1987 and 2006
(regulatory periods are explained in Table AS8.2);

e one model estimates the terminal year separately {S(d)r(p)} and another estimates the
most recent two years separately {S(v)r(p)} in order to provide more exact estimates of
recent years for management; and

e constant models {S(.)r(.), S()r(p), S()r(t)} that hold survival and/or recovery constant
over time are also reasonable and was included. Selection of a constant model does not
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mean ‘“‘no” variation in survival across the time series, but suggests that year-to-year
variation in annual survival is “...relatively small in relation to the information contained
in the sample data” (Burnham and Anderson 2003).

Models with time as a covariate within regulatory periods {S(Tp)r(Tp), S(Tp)r(t),
S(Tp)r(p)}, designed to indicate increasing or decreasing monotonic trends in survival within
regulatory periods, were removed from the suite of models this year. Analyses of simulated data
showed trend models tended to underestimate the terminal year estimate of survival
(overestimate F) by forcing a monotonic trend, when the true trend may not be linear through the
entire period (Welsh 2004). Given that fisheries management emphasizes terminal year
estimates, along with the use of a more comprehensive suite of models that can evaluate changes
in latter years, the SBTS concluded there was no biological reason to continue using the trend
models.

A8.4 MODEL DIAGNOSTICS

Model adequacy is a major concern when deriving inference from a model or a suite of
models. Over-dispersion, inadequate data (such as low sample size) or poor model structure may
cause a lack of model fit. Over-dispersion is expected in striped bass tagging data, given that a
lack of independence may result from schooling behavior.

After running the suite of models in Program MARK, an estimate of the variance inflation
factor (“c-hat”) was used to adjust for over-dispersion, if detected (Anderson et al. 1994). Over-
dispersion was examined through the goodness-of-fit of the global model. The goodness-of-fit
probability of the global model was quantified as a bootstrap-derived p-value based on model
deviance (Burnham and Anderson 2003). A low p-value (<0.15) and a large estimate of c-hat (>
4) imply inappropriate model structure (Burnham and Anderson 2003). A low bootstrap-derived
p-value (<0.15) and a moderate estimate of c-hat (>1 and <4) support over-dispersion, with
appropriate model structure. C-hat was estimated by dividing the observed Pearson chi-square
value (goodness-of-fit statistic of the global model) by the expected Pearson chi-square value
(derived from a bootstrap analysis of the global model).

A8.5 MODEL AVERAGING

After model diagnostics were performed, model averaging was performed to estimate
program-specific annual survival rates. Survival rates were estimated for two size groups (fish >
18 inches TL and fish > 28 inches TL). These estimates were calculated as weighted averages
across all models, where weight was a function of model fit (Buckland et al. 1997). Model
averaging eliminated the need to select the single “best” model, and allowed the uncertainty of
model selection to be incorporated into the variance of parameter estimates (Burnham and
Anderson 2003). Survival is inestimable for the terminal year in the fully time-saturated
{S(®)r(t)} model, so this model was excluded from the model-averaged survival estimate for the
terminal year. A weighted average of unconditional variances was estimated for the model-
averaged estimates of survival (Buckland et al. 1997).
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A8.6 BIAS ADJUSTMENT

Because only harvested recoveries are modeled in Program MARK, the practice of catch-
and-release fishing causes bias in the survival estimates. Therefore, an adjustment was made to
the survival estimates according to the method of Smith et al. (2000).

Live release bias is defined as:

0.t
bias = — A 7 Eqn. 1
(1=(1-0-£)~

where:
0 = release survival rate (0.92), based on the 8% hook-and-release mortality rate
estimated by Diodati and Richards (1996);
P, = annual proportion of tagged striped bass released alive;
f = annual recovery rate, estimated by a separate MARK run, using a Brownie

recovery model (Brownie et al. 1985); and
A = reporting rate.

Bias-corrected estimates of survival are then obtained by:
bias-corrected S = uncorrected S/(1+bias) Eqn.2

Accurate adjustment for live-release bias should also include estimates of tagging mortality
and tag loss. Gear-specific tagging mortality was not included in bias adjustment because
estimates were unavailable for most gear types. However, reported rates of general tag-induced
mortality are low (0%, Goshorn et al. 1998; 1.3% Rugolo and Lange 1993), so tag-induced
mortality was excluded from the bias adjustment. Reported rates of tag loss are also quite low
(0% by Goshorn et al. 1998, 2% by Dunning et al. 1987, and 2.6% by Sprankle et al. 1996), so
tag loss was also excluded from the bias adjustment.

A8.7 COASTWIDE TAGGING ASSESSMENT

A8.7.1 Methods for Estimation of F and M
In prior years’ assessments, F was estimated by converting the adjusted survival (S) to Z as
follows:

Z = -log.S) Egn. 3

and parsing Z into F and M by subtracting a constant value for M. A value of M = 0.15 was
assumed (ASMFC 1987). Using this technique, natural mortality was held fixed, and any change
in Z resulted in an equal change in F.

There is general agreement among the SBTS that the use of an assumed constant value for
M to estimate F is a weakness. Unreasonably high estimates of F seemed to contradict stable
high harvests and continued high reproduction. Additionally, there has been concern that

46th SAW Assessment Report 53



Chesapeake Bay may have been experiencing higher natural mortality during the past decade due
to an increase in the prevalence of mycobacteriosis.

Therefore, beginning in 2004, the bias-adjusted value of S has been used with a form of
Baranov’s catch equation to estimate program-specific values of F and M. Ricker (1975, p. 11)
presented a formulation to solve for the exploitation rate (u). He cautioned that it is applicable
only for Type 2 fisheries, in which fishing and natural mortalities occur concurrently. This is the
case for striped bass, where the fishery operates over much of the year. Pollock et al. (1991)
used the same formula to solve for F as follows:

F=wA*Z Eqgn. 4

where:
pu = exploitation rate;
A = annual total mortality rate (1 — S); and
Z= -log.S)

and p is calculated as follows:
p=(Rg+R(1-0))/ 1)/M Egn. 5

where:
Rk = the number of killed recaptures;
Ry = the number of recaptures released alive;
6 = release survival rate (0.92)
M = the number of fish tagged or marked at the beginning of the year; and
A = reporting rate (0.43).

Once F is estimated, M is estimated by subtracting F from Z (Crecco 2003).

Variances associated with the estimates of F were calculated using the formulas in Pollock et
al. (1991). These estimates were developed without inclusion of the covariance terms (because
covariance terms could not be estimated from these data, they were assumed to be negligible).
95% confidence intervals were subsequently developed for each program’s F.

Area fishing mortalities were calculated as mean values among the coastal and producer
areas. Coastal F was calculated as the arithmetic mean of the coastal programs’ values. The
producer area F was calculated as a weighted mean of the producer area programs’ values. The
weights were based on each program area’s proportional contribution to the coastwide stock.
The values are:

e Hudson (0.13);
e Delaware (0.09); and
e Chesapeake Bay (0.78), with MD (0.67) and VA (0.33).

Variance associated with the area mean F estimates was calculated as additive variances.
The additive variance for the unweighted coastal mean F was calculated as:

Var(;coast) = Z 1/1/’1-2 Var(;state) qu’l 6
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where:
w;= (1 / number of coastal programs; will be equal);

var( xsare ) = individual state’s variance of mean F.

The additive variance for the weighted producer area mean F was calculated as:

Var(;producer) = z Wiz Var()_fstate) Eq}’l 7

where:
w;= 0.09 for Delaware;
w;= 0.13 for Hudson;
w;= 0.78 for Chesapeake Bay; with 0.67 for Maryland and 0.33 for Virginia;

var( xsae ) = individual state’s variance of the mean F.

95% confidence intervals were subsequently developed for each area’s F.
The annual coastwide fishing mortality was calculated as the arithmetic mean of the coastal
and producer area means. No associated variance was calculated.

A8.7.2 Methods for Estimation of Stock Size

Stock size was estimated for fish > 18 inches TL, corresponding roughly to 3-year-old and
older striped bass, and for fish > 28 inches TL, corresponding to 7-year-old and older fish. A
form of Baranov’s catch equation was used:

average stock size = catch / F Egn. 8

Since F was based on an exploitation rate that included discard mortality from released fish, total
catch was used.

A8.7.3 Reporting Rate

The reporting rate used throughout these calculations is the proportion of recaptured fish
whose tags are reported to the USFWS. Currently, a constant value of 0.43 is used, based on a
high-reward tag study conducted on the Delaware River stock but employing tag returns from the
whole Atlantic coast (Kahn and Shirey 2000). This estimate was substantiated by Smith et al.
(2000). However, the subcommittee recognizes that a constant reporting rate is unlikely.

A sensitivity analysis was performed to quantify the effect of inaccuracy in reporting rate on
estimates of exploitation rate and fishing mortality. Four values of reporting rate were used with
Program MARK, the catch equation and the IRCR model to estimate a time series of values for
exploitation rate and fishing mortality. The values of reporting rate used in the sensitivity
analysis were:

0.23 (a lower bound to show significant effect);

0.43 (the estimate currently used in the assessment);

0.63 (a middle value); and

0.83 (an upper bound from the 2006 Maryland pilot study using recreational returns, see
section A8.7.4.7).
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A8.7.4 Coastwide Results and Discussion

A8.7.4.1 Model Diagnostics

The Akaike weights assigned to the candidate models are presented in Table A8.3 (fish > 28
inches) and Table A8.4 (fish > 18 inches). For fish > 28 inches, multiple models are used by all
programs. The period models received the majority of the weight for the producer area
programs. For fish > 18 inches, one model received essentially all weight for all programs
except DE/PA. For the coastal programs, all but MADFW use the global model.

Retrospective analyses of catch equation fishing mortality results are presented in Figure
A8.1 (fish > 28 inches) and Figure A8.2 (fish > 18 inches). Because this method has only been
in use for the last two stock assessments, the analysis was limited to 2 years of results.
Retrospective bias was evident for some programs, while others showed no change.

As each year of data is added to the time series, Program MARK is run again on the entire
matrix. For many of the tagging programs, MARK selects and assigns different weights to a
different group of models every year. The cause of this is not clearly understood, but raises
questions about the legitimacy of comparing results among years.

The catch equation method uses both the recovery matrix for the entire time series
(calculation of S) and the most recent year’s recovery vector (calculation of exploitation). Some
concern has been expressed about the use of two different time scales of the recovery data in the
same equation, but the effect has not been investigated.

A8.7.4.2 Exploitation Rates

The exploitation rates for fish > 28 inches are presented by program and as an unweighted
coastwide mean (Table A8.5). 2006 estimates of exploitation ranged from a maximum of 0.21
(DE/PA) to 0.10 (MADFW). The 2006 overall coastwide mean exploitation rate was 0.14,
which continued a decline since a peak value of 0.26 in 1997.

The exploitation rates for fish > 18 inches (Table A8.6) were lower than those for fish > 28
inches. The 2006 mean exploitation rate of 0.09 was a continuation of a decline similar to that
seen for the larger fish.

As input to the catch equation, estimates of exploitation impact the estimates of fishing
mortality. Most programs have had relatively low exploitation rates in recent years, resulting in
low fishing mortality estimates. The mean exploitation rates for both size groups of fish peaked
in the late 1990s and have been declining since.

A8.7.4.3 Survival Rates

Program MARK produces estimates of survival that are biased low due to the practice of
catch-and-release fishing (uncorrected S). These uncorrected and the bias-corrected estimates of
survival are presented by program in Table A8.7 (fish > 28 inches) and Table AS8.8 (fish > 18
inches). The 2006 bias-corrected estimates of S for fish > 28 inches ranged from 0.54 (NJDEL)
to 0.77 (MADFW). The Chesapeake Bay states of MD and VA had estimates in the middle of
this range (0.63 and 0.66, respectively).

The 2006 bias-corrected estimates of S for fish > 18 inches ranged from 0.55 (MDCB and
VARAP) to 0.77 (MADFW). The Chesapeake Bay states of MD and VA, NYOHS and DE/PA
had estimates in the lower part of this range.
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A8.7.4.4 Fishing Mortality

Results for each program are presented in Table A8.9 (fish > 28 inches) and Table A8.10
(fish > 18 inches), which provide the catch equation input values of A, Z and u, as well as
estimates of F and M. Figure A8.3 presents the coastal and producer area mean fishing mortality
estimates and their 95% confidence intervals.

The 2006 estimates of F for the fully-recruited fish were lower than the target value of 0.30
for all programs, and produced a coastwide mean of 0.16 (Table A8.11). The 2006 catch
equation estimates of F for fish > 28 inches among the producer area programs were 0.18 for
HUDSON, 0.16 for MDDNR, 0.17 for VARAP, and 0.26 for DE/PA, producing a mean value of
0.17 + 0.08 (95% CI, Table A8.12). The 2006 estimates of F for fish > 28 inches among the
coastal programs were 0.11 for MADFW, 0.17 for NYOHS, 0.19 for NJDEL, and 0.15 for
NCCOOP, producing a low mean coastal area F of 0.15 + 0.06 (95% CI, Table A8.12).

The 2006 estimates of F for fish > 18 inches were also lower than the target value of 0.30 for
all programs, and produced a coastwide mean of 0.12, the lowest in a continuing decline since
the peak estimate of 0.18 in 1997 (Table A8.11). The 2006 mean fishing mortalities for fish > 18
inches for the producer area programs was 0.16 + 0.07 (95% CI) and was 0.09 + 0.03 (95% CI)
for the coastal programs (Table A8.13).

In general, use of the catch equation produces biologically reasonable F estimates. Because
M is not held constant, there is not a set amount partitioned into natural mortality. F estimates
reflect exploitation rate, which is generally low for fish between 18 and 28 inches (Tables A8.5
and A8.6).

A8.7.4.5 Natural Mortality

The mean natural mortality values for fish > 28 inches were not significantly different
between the producer area programs and coastal programs, and these mean values were
approximately twice that of the previously assumed value of 0.15 (Table A8.14). The 2006 catch
equation estimates of M for fish > 28 inches among the producer area programs were 0.16 for
HUDSON, 0.19 for DE/PA, and slightly higher for the Chesapeake Bay states (0.25 for VARAP
and 0.33 for MDDNR), resulting in a producer area mean of 0.28 + 0.20 (95% CI). The 2006
estimates of M for fish > 28 inches among the coastal programs were 0.16 for MADFW, 0.42 for
NYOHS, 0.43 for NJDEL, and 0.22 for NCCOOP, producing a coastal mean of 0.31 + 0.12
(95% CI) (Table A8.14).

The 2006 mean natural mortality estimates for fish > 18 inches followed the same pattern
(Table A8.15). The 2006 estimates of natural mortality for fish > 18 inches in the producer areas
were 0.21 for HUDSON, 0.42 for DE/PA, 0.46 for VARAP and 0.48 for MDCB, resulting in a
producer area mean of 0.43 + 0.13 (95% CI). Estimates of M in the coastal programs covered a
wide range, from 0.17 for MADFW to 0.52 for NYOHS, resulting in a coastal mean of 0.34 +
0.08 (95% CI).

While the catch equation produced reasonable estimates of fishing mortality, natural
mortality estimates were fairly high for most programs and lacked precision (Figure AS8.4).
Nonsensical, negative values appear throughout the time series for several programs in both size
groups. The highest estimates were observed for fish > 18 inches in DE/PA, MDCB and
VARAP. The recent increases in estimates of M from these tagging programs are consistent
with the increased incidence of mycobacteria in Chesapeake Bay and Delaware Bay which likely
is resulting an increase in natural mortality of striped bass in these areas (Kahn and Crecco
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2006). High values were also observed in NYOHS, and values in that program were very erratic
over the time series.

A8.7.4.6 Stock Size

The time series of stock size estimates based on the catch equation are presented in Table
A8.11 and Figure A8.5 (fish > 28 inches approximating age 7+, and fish > 18 inches
approximating age 3+). The stock size estimates for fish > 28 inches exhibit fair stability with a
period of rapid stock growth around 2000. The 2006 estimate for fish > 28 inches (13 million
fish) has been approximately stable since 2002. Stock size estimates for fish > 18 inches show
fairly consistent growth and the 2006 value is the highest in the time series at 47.9 million fish.

A8.7.4.7 Reporting Rate

The results of the sensitivity analysis of reporting rate on the estimates of exploitation and
fishing mortality are shown in Figure A8.6. Results from Program MARK, the catch equation
and the IRCR model are similar. Reporting rate acts as a non-linear scalar, with lesser effect on
F estimates at higher values. For the catch equation and IRCR methods, an increase in reporting
rate results in a decrease in F. However, for the constant M method, the opposite effect is seen.
This is because an increase in reporting rate causes an increase in bias (Equation 1), with a
consequent decrease in S.

A constant reporting rate of 0.43 is used throughout these calculations, based on a high-
reward tag study conducted on the Delaware River stock in 1999. The Delaware Division of Fish
and Wildlife and the Pennsylvania Fish and Boat Commission conduct a cooperative survey of
the Delaware River spawning stock of striped bass every spring (Kahn and Shirey 2000). Both
agencies tag fish at that time as part of the USFWS cooperative striped bass tagging program. In
1999, a high reward tagging study was conducted in conjunction with the standard tagging
program releasing 159 high reward tags on fish greater than 20 inches in length and 411 standard
tags on fish greater than 18 inches in length. The reward for reporting a high reward tag was
$100, a monetary reward believed to be high enough to precipitate a reporting rate response of
100% (Nichols et al. 1991). Total recoveries from the 1999 recovery year were 27 high reward
tags and 37 standard tags. Only one high reward tag and 6 standard tags were recovered from
the commercial fishery, so the 0.43 estimate of tag reporting rate was based on only the
recreational fishery.

However, there is evidence that this estimate may be low. The most recent information for
reporting rate is from a high reward tagging study implemented by Maryland Department of
Natural Resources in the spring of 2006. In April and May of 2006 tagging efforts were
increased to include marking striped bass with high reward tags concurrently with standard tags
from the USFWS Cooperative Coastal Striped Bass Tagging Program. Fish were tagged in the
upper Chesapeake Bay and the upper Potomac River. High reward tags were applied to every
sixth fish resulting in approximately 20% of all fish tagged having high reward tags. Returns of
tags with a $125 reward were used to estimate the tag-reporting rate. This value represented a
25% increase over the $100 high reward used by Nichols et al. (1991) and a considerable
increase from their estimate of $70 to elicit 100% reporting. All tags reported within the 13-
month period following tag deployment were included in analysis, so the reporting period was
April 2006 through May 2007. A total of 772 striped bass were tagged with standard tags and
153 with high reward tags. Recoveries were used from both Chesapeake Bay and Atlantic coast
fisheries for a total of 61 standard tag recoveries and 16 high reward tag recoveries. Tag
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reporting rate was estimated to be 0.756 (£0.045 SE) from all fisheries dependent sources and all
areas of recovery. The recreational reporting rate was 0.826 (£0.070) and the commercial
reporting rate was 0.545 (+0.101).

The Maryland results are from one release area, and will complement expanded high reward
tagging studies initiated in 2007. The expansion of the high reward study to additionally include
the Delaware and Hudson Rivers for tagging in 2007 will help address further precision and
accuracy of tag reporting rates, both from an increased sample size perspective, and an
assessment of possible geographic differences. Results from the first year of this study will be
available in 2008 for use in assessment of the 2007 data.

For the 2006 assessment, the SBTS chose to continue with current convention and use the
0.43 reporting rate estimate from Kahn and Shirey (2000) for several reasons. Primarily, the
work conducted by Maryland DNR in 2006 is considered a pilot study and will be complemented
in subsequent years with the addition of Virginia’s Chesapeake Bay, Delaware and Hudson
River’s high reward tagging projects. Additionally, the 43% reporting rate is considered
conservative in terms of producing F estimates. Finally, use of the 43% reporting rate in the
current assessment provided continuity with previous assessments.

A8.8 CHESAPEAKE BAY TAGGING ASSESSMENT

Amendment 6 implemented a separate management program for the Chesapeake Bay due to
the size availability of striped bass in this area. It also specified a separate fishing mortality
target of 0.27 (ASMFC 2003). Therefore, a separate estimate of fishing mortality is produced.
The striped bass fishery in Chesapeake Bay exploits the pre-migratory/resident striped bass
population that consists of smaller fish (TL < 28 inches), mostly ages 3 through 6. Fishing
mortality in Chesapeake Bay was calculated using data from the same Maryland and Virginia
tagging programs described above. The migratory rates reported by Dorazio et al. (1994) suggest
that striped bass between 18 and 28 inches TL are predominantly resident fish. MDDNR data
have shown that males make up 80-90% of the resident fish population. Therefore, the data
were limited to male striped bass in this size range to estimate fishing mortality on resident fish.

A8.8.1 Methods for Estimation of F and M
Fishing mortality for resident striped bass in Chesapeake Bay was estimated using the catch
equation method described in section A8.5.1.

A8.8.2 Reporting Rate

Two high-reward tagging studies have been conducted in the Chesapeake Bay to determine a
Bay-specific reporting rate. In 1993, a rate of 0.75 was estimated by Rugolo et al. (1994). The
study was repeated in 1999 and resulted in a slightly lower estimate of 0.64 (Hornick et al.
2000). Although the current coastwide assessment uses a value of 0.43 (section A8.7.4.7), a
value of 0.64 is used for the Chesapeake Bay analysis because it is the most recent area-specific
value. A current Chesapeake-Bay-specific value is anticipated to be available in 2008.

A8.8.3 Chesapeake Bay Results and Discussion
A8.8.3.1 Model Diagnostics

The Akaike weights assigned to the candidate models from Program MARK for Maryland
and Virginia are presented in Table A8.16. For Maryland, model S(t) r(p), in which survival
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varies over time and reporting varies by regulatory period, received the majority of weight. The
global model received all the weight for Virginia fish.

A8.8.3.2 Exploitation Rates
Exploitation rates estimated for the Chesapeake Bay resident fish are presented in Table
A8.17.

A8.8.3.3 Survival Rates

Program MARK produces estimates of survival that are biased low due to the practice of
catch-and-release fishing (uncorrected S). These uncorrected and the bias-corrected estimates of
Chesapeake Bay survival are presented in Table A8.18. Maryland estimates of survival show a
general decline over the time series, but have been fairly stable since 2000. The 2006 bias-
corrected estimate of S for Maryland fish was 0.43. The Virginia estimates also show an overall
decline, but mimic the erratic values observed in the coastwide analysis for the VARAP > 18
inch fish. The 2006 bias-corrected estimate of S for Virginia fish is biologically unreasonable at
0.05.

A8.8.3.4 Fishing Mortality

Estimates of F for both states and bay-wide were all below the target value of 0.27. Results
are presented in Table A8.19 (catch equation input values of A, Z and u, and estimates of F and
M for the programs). Fishing mortality in MD steadily increased from near zero values in the
early 1990s (when the fishery reopened) to a peak in 1998 (0.19 year™), then declined and have
fluctuated between 0.11 — 0.14 year”' without trend since that time (Figure A8.7). The 2006
estimate for MD was 0.14 year'. In general, estimates of F from VA data vary without trend
between 0.06 and 0.16 year', with a few higher values in 1991, 1992 and 1994. These values
are likely the consequence of few fish in the size range of 18-28 inches tagged in these years.
When these years are removed from the VA data set, the overall range of estimated Fs for MD
and VA are very similar. The 2006 F estimate for VA was 0.16 year'. The bay-wide F,
calculated as a weighted mean, shows a trend similar to MD with a 2006 value of 0.14 (Table
A8.20).

A8.8.3.5 Natural Mortality

Estimates of natural mortality for VA varied from near-zero values to 2.8 year . (Figure
A8.8, Table A8.19). Very large inter-annual variation and large estimates of M are not
biologically reasonable and should be viewed with caution. The natural mortality estimates for
MD seem to be steadily increasing from 0.15 — 0.2 in the early 1990s to 0.4 by the middle of the
1990s to between 0.6—1.0 year ' since 1998 (Figure A8.8, Table A8.19). Although the values of
M for recent years seem excessively high (between 0.8—1.0), the overall trend of increasing M is
supported by some field observations. A number of studies in recent years have indicated a
development of mycobacteriosis, a bacterial disease in Chesapeake Bay striped bass beginning
around 1997 (Ottinger 2006, Panek and Bobo 2006, Pieper 2006). The disease is believed to
have spread significantly thereafter. It has been suggested that mycobacteriosis might lead to an
increase in striped bass mortality. Kahn and Crecco (2006) analyzed MD and VA spring tagging
data for two groups of fish (fish > 18 inches TL and fish > 28 inches TL) using Program MARK
and the catch equation. They reported high natural mortality rates similar to those estimated in
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the present analysis and suggested that their high estimates of natural mortality were related to
mycobacteriosis.

A8.9 SOURCES OF UNCERTAINTY IN CATCH EQUATION METHOD

« The reporting rate is used in the bias adjustment and in the calculation of exploitation
rate, which is used to estimate F in the catch equation method. Based on the most recent
information, 0.43 is low. A current estimate is needed, and will be available in 2008.

« Potential violations of Program MARK assumptions. There is a general consensus in the
SBTC that effects are minor.

o The sample is representative of the target population;
= Geographic distributions of recaptures, by tagging program, indicate most
tagged fish follow the same movement patterns and are exposed to the
same fisheries.
o There is no tag loss;
=  Dunning et al. (1987) and Sprankle et al. (1996) report tag loss to be low.
o Survival rates are not affected by the tagging itself;
=  Goshorn et al. (1998) and Rugolo and Lange (1993) found tag-induced
mortality to be low, however, it can vary with experience of the tagger.
o The year of tag recoveries is correctly tabulated;
* Quality control checks are performed on the data, and vary by each
individual program.
o The fate of each tagged fish is independent of the fate of other tagged fish;
= Striped bass are a schooling fish, but the overdispersion adjustment of c-
hat is an attempt to correct for a violation of this assumption.
= Examination of the spatial and temporal distributions of recaptures has
shown that tagged fish from each program exhibit the same basic patterns
(Appendix 14).
o The fate of a given tagged fish is a multinomial random variable; and
o All tagged individuals of an identifiable class (age, sex) in the sample have the
same annual survival and recovery rates.

« Model averaging incorporates the uncertainty of model selection into the variance of
parameter estimates (Burnham and Anderson 2003).

« Bias adjustment is affected by release survival rate. A constant value of 0.92 is used, but
studies have shown that survival varies by age, type of hook, and temperature.

« 95% confidence intervals for the area F estimates were calculated without inclusion of
the covariance terms (because covariance terms could not be estimated from these data,
they were assumed to be negligible). The magnitude of those terms is unknown.

o The catch equation method uses both the recovery matrix for the entire time series
(calculation of S) and the most recent year’s recovery vector (calculation of exploitation).
Some concern has been expressed about the use of two different time scales of the
recovery data in the same equation.

« Program MARK may choose and weight the models differently each year as that year’s
data are added to the recovery matrix.

o While the catch equation provides reasonable estimates of F, there is considerable
variation and some nonsensical values in the estimates of M.
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A9.0 REVIEW THE INSTANTANEOUS RATES TAG RETURN MODEL
INCORPORATING CATCH-RELEASE DATA (IRCR) AND ESTIMATES OF F ON
ATLANTIC STRIPED BASS. PROVIDE SUGGESTIONS FOR FURTHER
DEVELOPMENT OF THIS MODEL FOR FUTURE USE IN STRIPED BASS STOCK
ASSESSMENTS (TOR #5)

A9.1 INSTANTANEOUS RATES MODEL

Use of the catch equation with Program MARK was intended to provide more reasonable
estimates of instantaneous mortality than were seen with the use of Program MARK and a pre-
determined value for M. However, like the use of a constant M, the catch equation method uses
the survival estimate produced by MARK and parses Z into its component parts. Therefore, the
values of F and M are not independent. Several tagging programs have continued to produce
occasional unreasonable values (negative values for M) with the use of the catch equation.

The committee is now exploring the use of an instantaneous rates model. Hoenig et al.
published a basic instantaneous rates model in 1998. In this model, observed recovery matrices
from harvested fish were compared to expected recovery matrices to estimate model parameters.
Jiang et al. published an expanded version of the instantaneous rates model in 2007 that accounts
for the release of caught, tagged fish. Since many of the tagging programs do not age all tagged
fish, the subcommittee elected to use an age-independent form of the “instantaneous rates — catch
and release” (IRCR) model by Jiang et al. (2007). The model was programmed in AD Model
Builder by Gary Nelson (MA DFW) and tested using data provided in Jiang (2005). Details of
model algorithms are provided in Jiang et al. (2007) and can be found in Appendix Al5. Tag
return data for each program used in the IRCR model are presented in Appendix Al14. Like
Program MARK, several biologically-reasonable candidate models were formulated based on
historical changes in striped bass management (Table A9.1). These models are analogous in
structure to the models used in program MARK, but estimate instantaneous mortality rates
instead of S. The output from the IRCR model consists of estimates of S, F, F’ (tag mortality),
M and associated standard errors for each of the candidate models.

A9.2 ASSUMPTIONS AND STRUCTURE OF THE MODEL

Similar to Hoenig et al. (1998), observed recovery matrices from the harvested and caught
and released fish with tags removed before release are compared to expected recovery matrices
to estimate model parameters. The expected number of tag returns from harvested fish (R;,) and
caught-and-released fish (R’;y) follow a multinomial distribution so that the full likelihood is the
product multinomial of the cells (Hoenig et al. 1998). Tagged fish are assumed to be fully
recruited to the fishery.

The expected number of tag returns from fish tagged and released in year i and harvested
In year y is:

A

R =NP

iy — Vil Egn. 1
where:
N = the number of fish tagged and released in year i; and
P;, = the probability that a fish tagged and released in year i will be harvested and its

tag reported in year y.
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P;, 1is defined as:

113 16-3) B3 henysi
- # wneny >1
il g +Fy+M 4

A v
B, = :
(-8)— 2 J (when y = i)
- N —— wnen y =1
YEAF+M
Eqgn. 2
where: L Egn. 3
§ = hfim
y s
and:
F; = instantaneous rate of fishing mortality on fish in year;
M= instantaneous rate of natural mortality;
A= tagreporting given that a tagged fish is harvested; and
S, = annual survival rate in year y for tags on fish alive at the beginning of year
V.

The expected number of tag returns from fish tagged and released in year i and recaptured and
released without a tag in year y is:

Eqgn. 4
where N; = number of fish tagged and released in year i; and
P’j,= probability that a fish tagged and released in year i will be caught and released
and its tag reported in year y.

P’;, is defined as:

(ﬁ VJ( )ﬁLﬁ:' (When y > 1)

' F+M Egn.5
Y - n FA" A
(I—Sy)+/1' (When y =1)
F+F +M
where: § = hhm Egn. 6
y

and:

F’; = instantaneous rate of fishing mortality in year y on the tags taken from

fish that are caught and released and
}\‘, j—

tag reporting given that a tagged fish is recaptured, the tag is clipped
off, and the fish is released alive.
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A9.3 MODEL DIAGNOSTICS

The post-model calculations of F and M for each program followed the same procedures
used in the MARK modeling. Over-dispersion was corrected with a c-hat adjustment. The
pooled Pearson chi-square statistic was used in the c-hat estimate, and was calculated by pooling
expected cells (observed cells were pooled to match the expected cells) until the value was >1.

A9.4 COASTWIDE TAGGING ASSESSMENT

A9.4.1 Methods for Estimation of S, F and M

Estimates of survival and fishing and natural mortality and associated standard errors from
each IRCR run were imported into an EXCEL spreadsheet where the final estimates were
calculated as weighted averages across all models. The corresponding variances were calculated
as weighted averages of unconditional variances (conditional on the set of models).

A9.4.2 Methods for Estimation of Stock Size
Stock size was estimated using the IRCR model results for F and the same methodology
used with Program MARK and the catch equation.

A9.4.3 Coastwide Results and Discussion

A9.4.3.1 Model Diagnostics

In general, the period models were weighted most heavily for both size groups of fish. For
fish >28 inches, the period models received the majority of the weight for all programs. For fish
>18 inches, the period models received the majority of the weight for all coastal programs, while
various models were chosen in the producer areas. The Akaike weights assigned to the candidate
models are presented in Table A9.2 (fish > 28 inches) and Table A9.3 (fish > 18 inches).

Model choice and weighting were fairly consistent among the majority of programs. For
coastal programs, models in which F was constant during regulatory periods tended to receive
the majority of weight in both size groups of fish. In the producer areas, the period models and
models in which F varied each year tended to receive the majority of weight, with the exception
of DE/PA where a constant F model received the most weight.

A9.4.3.2 Survival Rates

Model averaged estimates of S produced from the IRCR model are presented in Table A9.4
(fish > 28 inches) and Table A9.5 (fish > 18 inches). The 2006 estimates of S for fish > 28
inches ranged from 0.65 (DE/PA) to 0.79 (MDCB) for the producer areas, and 0.74 (NCCOOP)
to 0.81 (MADFW) for the coastal programs. The producer area weighted average for 2006 was
95% CI=0.74 £+ 0.03 and the coastal program mean was 95% CI = 0.79 + 0.03 (Table A9.4).

The 2006 estimates of S for fish > 18 inches ranged from 0.57 (VARAP) to 0.78
(HUDSON) in the producer areas and 0.70 (NCCOOP) to 0.80 (MADFW) in the coastal
programs. The producer area weighted average for 2006 was 95% CI = 0.70 + 0.02 and the
coastal program mean was 95% CI = 0.76 + 0.02 (Table A9.5).
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A9.4.3.3 Fishing Mortality

The time series of program F estimates, along with the 2006 producer area and coastal area
mean F’s are presented in Table A9.6 (fish > 28 inches) and Table A9.7 (fish > 18 inches).

The 2006 IRCR estimates of F for fish > 28 inches were quite low and were not significantly
different between the producer and coastal areas. Producer area F estimates were all below the
target value of 0.30 and were fairly evenly distributed throughout the range of values (0.18 for
HUDSON, 0.26 for DE/PA, 0.10 for MDDNR and 0.11 for VARAP). The resulting 2006
producer area F was quite low (95% CI = 0.13 + 0.015). The 2006 estimates of F for fish > 28
inches among the coastal programs showed a bimodal distribution, with very low values for three
of the programs (0.10 for MADFW, 0.12 for NJDEL and 0.12 for NCCOOP) and 0.19 for
NYOHS. The 2006 coastal mean F was therefore low (95% CI = 0.13 + 0.015) and was the
same value as for the producer area programs.

The 2006 IRCR estimates of F for fish > 18 inches were also low and were not significantly
different between the producer and coastal areas. Producer area F estimates among the producer
area programs were all low (0.12 for HUDSON, 0.16 for DE/PA, 0.08 for MDDNR and 0.09 for
VARAP). The subsequent value for the 2006 weighted mean producer area F was also quite low
(95% CI = 0.10 + 0.03). The 2006 estimates of F for fish > 18 inches among the coastal
programs were also very low (0.09 for MADFW, 0.05 for NYOHS, 0.12 for NJDEL, and 0.09
for NCCOOP). The 2006 coastal mean F was therefore low as well (95% CI =0.09 + 0.015).

A9.4.3.4 Natural Mortality

Whereas there was considerable variation among programs, the combined M estimates based
on the IRCR model were very close to the value of 0.15 used in the previous method (the IRCR
model estimates one M value over the entire time series for each program). For fish > 28 inches,
the natural mortality estimates for producer area programs were 0.09 for HUDSON, 0.16 for
DE/PA, 0.14 for MDDNR and 0.28 for VARAP (Table A9.8). The weighted mean M for
producer areas was 0.17 + 0.02 (95% CI). Coastal program M values for fish > 28 inches were
0.11 for MADFW, 0.09 for NYOHS, 0.09 for NJDEL, and 0.18 for NCCOOP. The mean M for
coastal programs was 0.12 + 0.01 (95% CI).

IRCR estimates of natural mortality for both producer and coastal areas were higher for fish
> 18 inches than for fish > 28 inches (Table A9.9). Producer area values were 0.12 for
HUDSON, 0.25 for DE/PA, 0.20 for MDDNR and 0.47 for VARAP, producing a weighted mean
M of 0.26 + 0.02 (95% CI). Coastal program M values for fish > 18 inches were 0.12 for
MADFW, 0.24 for NYOHS, 0.15 for NJDEL, and 0.26 for NCCOOP, producing a mean of 0.19
+0.01 (95% CI).

A9.4.3.5 Stock Size

The time series of stock size estimates from the IRCR model are also presented in Table
A9.10 (fish > 28 inches, approximating age 7+ and fish > 18 inches, approximating age 3+). The
stock size estimates for fish > 28 inches also exhibit fair stability with a period of rapid stock
growth around 2000. The 2006 estimate for fish > 28 inches (16.6 million fish) has been
approximately stable since 2003. Stock size estimates for fish > 18 inches has shown fairly
consistent growth and the 2006 value is the highest in the time series at 60.8 million fish.

A9.5 CHESAPEAKE BAY TAGGING ASSESSMENT
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The instantaneous rates model can be structured to estimate natural mortality as a constant
for the entire period of the study or estimate different natural mortality values within time
periods. Some studies have suggested that natural mortality of striped bass in Chesapeake Bay
has increased since 1997 due to disease (mycobacteriosis) and reduced forage base (Ottinger
2006, Panek and Bobo 2006, Pieper 2006). Following these assumptions, estimates of fishing
mortality for both Maryland and Virginia data sets were calculated using the IRCR model for
three natural mortality scenarios — constant natural mortality for the entire period, separate
estimates of natural mortality for two periods (1987—1997 and 1998-2006), and for three periods
(1987-1997, 1998-2000 and 2001- 2006).

A9.5.1 Methods for Estimation of F and M
The model and the software used in Chesapeake data analysis are identical to those
described in section A9.2.

A9.5.2 Reporting Rate
See section A8.6.2

A9.5.3 Chesapeake Bay Results and Discussion

A9.5.3.1 Fishing Mortality

IRCR estimates of F for both states and bay-wide were all below the target value of 0.27
(Tables A9.11, 12 and 13).

Under the assumption of constant natural mortality, fishing mortality estimated from MD
data increased from near-zero values during the moratorium period to 0.15 year' in 1992,
fluctuated upward to a maximum of 0.17 year in 1998, then declined to 0.05 year” in 2005—
2006 (Table A9.11, Figure A9.1). When two and three different periods of M were considered,
similar trends and values were observed up to 1997, but there was no declining trend for the
1998-2006 period (Tables A9.12, 13).

Analysis of Virginia data indicated that regardless of model structure for estimating M,
fishing mortality was low and relatively stable, fluctuating between 0.04 and 0.09 year (Tables
A9.11, 12, 13 and Figure A9.2). A single peak in 1992 is likely to be an artifact caused by the
very low number of fish marked in that year.

A9.5.3.2 Natural Mortality

Using MD data, the IRCR model estimated levels of natural mortality that were up to four
times the previously assumed value of 0.15 year' and suggested that most of total mortality is
due to natural causes (Figure A9.3). For the constant M scenario natural mortality was estimated
at 0.33 year™, for two periods M was 0.27 year' for 1987-96 and 0.68 year™ for 1997-2006, for
three periods M was 0.28 year' for 1987-96, 0.65 year” for 1997-2000, and 0.74 year for
2001-2006. When a constant M was considered, total mortality seemed to have two stable
periods, with mortality around 0.45 year” during 1992-1998 and a slightly lower value (0.40
year) in the more recent period (1999-2006). When two or three periods of M were assumed,
there were also two periods of Z, but their values were drastically different. During 1990-1996
total mortality was 0.3-0.4 year' and from 1997-2006 it was 0.8 — 0.9 year". These results
suggest a substantial increase in natural mortality during the last decade.

46th SAW Assessment Report 66



Similar to the MD analysis, the estimated M values from VA data were very high in all
scenarios. Natural mortality was estimated at 0.6 year for constant M, for two periods M was
0.85 year ' during 1988-1996 and 0.9 year” for 1997-2006, and for three periods M was 0.35
year™ for 1988-96, 0.99 year' for 1997-2000, and 0.81 year for 2001-2006 (Figure A9.4).

A significant advantage of the catch equation method and the IRCR model is the ability to
estimate natural mortality in addition to fishing mortality, either through the use of external
model results (the catch equation uses survival estimates from Program MARK) or internally
(IRCR model). As reported above, estimated values of natural mortality from both methods
were substantially higher than the life-history-based fixed level of natural mortality traditionally
used in the analyses (0.15 year). A significant increase in natural mortality of striped bass in
Chesapeake Bay may have a significant effect on population dynamics and serious implications
for management. An obvious effect of increase in M is a faster decay of individual cohort size
(increase in the catch curve slope) and overall decline of population abundance. Using these
levels of natural mortality, the IRCR model estimates total mortality for striped bass in the Bay
of 0.9 — 1.1 year" since 1997. Such levels of mortality are not sustainable and a significant
decline in population should have been observed. Figure A9.5 provides an illustration of the
Chesapeake Bay striped bass exploitable biomass using constant M of 0.15 year” and the IRCR
model with variable M. These calculations were completed with the Harvest Control Model
(Rugolo and Jones 1989), which projects the age-0 index forward using year-specific estimates
of fishing and natural mortality. A significant decline in population size should in turn affect
fish availability and lead to a decline in CPUE and total harvest. However, the actual landings
increased, reaching record harvest values in 2006. This lack of agreement between model results
and observed fishery data suggests a need for careful evaluation of the tagging analysis
assumptions (full mixing and equal probability of marked fish to be recovered) and interpretation
of the results. What is currently interpreted in the model as total mortality can be more generally
described as a rate of disappearance, where disappearance includes total mortality and
emigration. Striped bass emigrate from Chesapeake Bay as they age and if the fish are moving
to areas that are not fished or very lightly fished (for example, the EEZ) the probability of tagged
fish being recovered becomes extremely low. In this case the decline in the number of recovered
tags is interpreted in the model as a decline in survival and increase in natural mortality. A
simulation analysis is recommended to investigate the ability of the instantaneous rates model to
differentiate natural mortality from emigration to areas with different or no fishing activity / tag
return.

A9.6 SOURCES OF UNCERTAINTY IN IRCR MODEL

« The reporting rate is used in the bias adjustment and in the calculation of exploitation
rate, which is used to estimate F in the IRCR model. Based on the most recent
information, 0.43 is low. A current estimate is needed, and will be available in 2008.

« Due to the relatively short time the committee has been working with the IRCR model, it

is not presented as the primary model. Additional assessment of the suite of candidate
models and diagnostic tests are recommended.
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A9.7 COMPARISON OF IRCR MODEL AND CATCH EQUATION METHOD

A9.7.1 Coastwide

The two methods produced similar estimates of F for both size groups of fish, however the
catch equation estimates were much less precise. Coastal and producer area mean F estimates
generated from these methods are compared for fish > 28 inches (Figure A9.6) and fish > 18
inches (Figure A9.7). For fish > 18 inches, the erratic values produced by the previous method
assuming constant M are also shown for comparison.

In general the M estimates generated from the IRCR model were slightly lower than the
catch equation estimates in the most recent years and more precise. Coastal and producer area
mean M estimates generated from the IRCR model and catch equation method are compared for
fish > 28 inches (Figure A9.8) and fish > 18 inches (Figure A9.9). The candidate models for the
IRCR model held M constant over the time series. Additional candidate models will be explored
which allow M to vary over time and/or regulatory periods.

The bias-corrected mean S estimates from Program MARK and the IRCR model are
compared for fish > 28 inches in Figure A9.10 and for fish> 18 inches in Figure A9.11. For fish
> 28 inches, the IRCR model estimates were stable and similar to those from Program MARK
until 2003, when the MARK estimates declined. For fish > 18 inches, the IRCR estimates were
fairly stable throughout the time series, whereas estimates from Program MARK were erratic
throughout the time series and dropped in more recent years.

Stock size estimates from these methods are compared in Figure A9.12. Estimates for age
7+ fish are fairly similar for all methods through 2002. After 2002, the method assuming
constant M shows decreasing stock size but the catch equation and IRCR model show continuing
increase. Estimates for age 3+ fish from the method assuming constant M show stable
abundance while estimates from the catch equation and IRCR show continued growth. Estimates
of stock size for both groups of fish computed from the catch equation F’s are lower than those
obtained with the IRCR model (because estimates of F based on the catch equation are higher,
lower stock size is estimated for the same harvest).

A9.7.2 Chesapeake Bay

All models showed the same trend for Maryland data — a stable increase in fishing mortality
from near-zero values during the moratorium period to a peak of 0.15-0.2 year" in 1998,
followed by fluctuation without trend in a narrow range of 0.08 — 0.17 year thereafter. An
instantaneous rates model formulation that estimated a constant M for the entire period of
analysis differed slightly and showed a decline in F after 1998. This trend and the range of
variation were similar to the fishing mortality estimates based on the summer-fall tagging study,
which was an independent source of data (Figure A9.13). Despite slight differences in fishing
mortality estimates among the models, all annual estimates of fishing mortality were below the
Bay F target of 0.27 year”' (Figure A9.13).

The general trend of fishing mortality of fish tagged in Maryland is consistent with
additional information on the status of the coastwide stock. Since the reopening of the fishery,
landings have consistently risen both in Chesapeake Bay and coastwide. The stock has been
increasing in size, based on the VPA assessment (ASMFC 2005). The F estimates in Maryland
are also comparable to F’s for ages 3-8, weighted by numbers from the 2005 VPA assessment
(Figure A9.13). The weighted-by-numbers fishing mortality for ages 3—8 has been used by the
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Technical Committee in the past to characterize F in producer areas, of which Chesapeake Bay is
dominant.

Fishing mortality estimates for the Virginia component of the resident stock were generally
flat and low in values. With the exception of the catch equation results, F ranged between 0.03 —
0.1 year' (Figure A9.14). High values of F for 1992 and 1994 are most likely an artifact
resulting from small sampling size (number of fish marked). Low fishing mortality for VA is
somewhat surprising, considering the total striped bass harvest in Virginia’s portion of
Chesapeake Bay. Lack of spatial coverage could potentially explain VA’s low estimated fishing
mortality values. Tagging in Virginia is conducted in one location (the Rappahannock River)
using one pound net. Consequently, tags could have been applied to the specific strain of fish
from a Rappahannock spawning population, which are not necessarily representative of the
entire group of resident striped bass in Virginia waters. This hypothesis is supported in part by
the results presented in Hoenig et al. (2004), in which the Virginia tagging dataset showed a non-
mixing effect. Although non-mixing can be accounted for by using a non-mixing model, this
would not guarantee that corrected fishing mortality estimates would be representative of the
Bay population and not of the Rappahannock River population itself. An expansion of
geographical coverage would be the best solution for the problem.

The analyses of Maryland and Virginia data have been presented separately in this report to
account for differences in tagging methodology and geographical coverage. A bay-wide average
estimate of F weighted by the number of fish landed in each state shows no trend within the
entire time series, varying between 0.05 and 0.15 year ' (Figure A9.15). The 1992 and 1994
estimates of F in VA are suspected to be due to low sampling size. Based on the results of the
spring tagging data analysis, the fishing mortality in Chesapeake Bay has been low in general
since the late 1980s and never exceeded the target threshold for Chesapeake Bay established by
Amendment 6 (0.27 year™). These conclusions are corroborated by other sources such as the
summer—fall tagging program and the age structured analysis (VPA) from the 2005 assessment.

The IRCR model and the catch equation method both indicated high levels of natural
mortality for striped bass since 1997, ranging between 0.64 and 1.0 year”. These estimates are
inconsistent with trends in harvest and projected population size. A careful review of the tagging
model assumptions is recommended. A test of the IRCR model’s ability to estimate natural
mortality in the presence of emigration and refuge from the fishery is also recommended. Care
should be exercised in interpreting natural mortality estimates until such analyses are completed.

A10.0 REVIEW THE FORWARD-PROJECTING STATISTICAL CATCH-AT-AGE
MODEL INCORPORATING THE AGE-INDEPENDENT INSTANTANEOUS RATES
TAG RETURN MODEL (SCATAG) AND ESTIMATES OF F, SPAWNING STOCK
BIOMASS, AND TOTAL ABUNDANCE OF STRIPED BASS. PROVIDE
SUGGESTIONS FOR FURTHER DEVELOPMENT OF THIS MODEL FOR FUTURE
USE IN STRIPED BASS STOCK ASSESSMENTS (TOR #6)

A10.1 SCATAG MODEL
The 36™ SARC reviewers recommended that an assessment model incorporating tag returns

and catch-at-age data for striped bass should be constructed to provide only one estimate of
fishing mortality. In response, the committee constructed a forward-projecting age-structured

46th SAW Assessment Report 69



statistical catch-at-age model incorporating tag return data for the Atlantic coast migratory stocks
of striped bass during 1982—-2006.

A10.2 MODEL STRUCTURE

A10.2.1 Catch-at-Age Structure (same as SCA model)

The structure of the population model is aged-based and projects the population numbers-at-
age forward through time given model estimates of recruitment and age-specific total mortality,
and is the same structure as the SCA model. The population numbers-at-age matrix has
dimensions Y x A, where Y is the number of years and A is the oldest age group. The time
horizon for striped bass is 1982—-2004 since complete catch data are only available back to 1982.
However, there are relative abundance data (Maryland young-of-the-year indices) available for
earlier years. To use those earlier data, the dimensions of population numbers-at-age were
expanded to Y+A-1 x A matrix (Figure A10.1). The number of year classes in the model was
13, representing ages 1 through 13+.

Population numbers-at-age (a<A4) are calculated through time by using the exponential
cohort survival model

Nya=Ny-1a-1 exp et (1)

where N, , is abundance of age a in year y, N,.;..; is abundance of age a-/ in year y-1, F}.; 4. is
the instantaneous fishing mortality rate for age a-/ in year y-1, and M is the instantaneous natural
mortality (assumed constant across years and ages). For the plus group (4), numbers-at-age are
the sum of survivors of 4-/ in year y-/ and survivors from the plus group in year y-1:

~F M —F a—M
y +Ny_qexp T )

A

Ny a=Ny_y4-10xp

Recruitment (numbers of age-1 bass) in year y (N,,; ) is estimated and it is modeled as a log-
normal deviation from average recruitment:

A A
A

X7 e
Ny,l =Nj-exp” (3)
where N, ; is the number of age 1 fish in year y, N; is the average recruitment parameter, and e,
are independent and identically distributed normal random variables with zero mean and constant

variance and are constrained to sum to zero over all years. A function is used to help constrain
the recruitment deviations and is included in the total likelihood:

_ 2
Prdey = AR %ey (4)
where g is a user-specified weight. The initial population abundance-at-age for 2—13+ in 1970
is calculated by using the N;¢7,; and assuming F'9s2.4.;:

A

_E 982,a-1 " M

N1970,a = N1970,a—1 €xP (5)
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Estimation of fishing mortality-at-age is accomplished by assuming that fishing mortality
can be decomposed into yearly and age-specific components (separability):

Fy,a:Fy'ga (6)

where F), is the fully-recruited fishing mortality in year y and s, is the average selectivity pattern
of fish of age a. The dimensions of the F-at-age matrix are Y x A. Similar to recruitment, F), is
modeled as a log-normal deviation from average fishing mortality:

A~ el d
Fy:F -exp 7 (7)

where F) is the fishing mortality in year y, F' is the average recruitment parameter, and d, are
independent and identically distributed normal random variables with zero mean and constant
variance and are constrained to sum to zero over all years. For years earlier than 1982, the
fishing mortality-at-age is assumed equal to the values for 1982. A function is used to help
constrain the fishing mortality deviations and is included in the likelihood function:

2
Pfdev = /1F§:dy (8)

where A is a user-specified weight. Following Brodziak (2002), a fishing mortality penalty is
imposed to ensure that the observed catch could not produce extremely small Fs during the early
phases of the estimation process:

phase<3, Ap -10-> (F, —0.15)
_ y
phase>3, A -0.001-3 (F, ~0.15) 9)
y

Selectivity for a<4 is modeled by using the Gompertz equation, and to ensure at least one
age had a maximum selectivity of 1, s, is calculated as
*/}(H*OA!))

Py add

(—exp
_ exp
ta = e, (10)
)

max, (exp(_ “p

where o and  are estimates. Based on historical changes in size and catch regulations and
model comparisons (see Exploratory Analyses below), selectivity patterns are estimated for 4
periods: 1982-1984, 1985-1989, 1990-1995, and 1996-2006. s, for the plus group (4) is
assumed equal to s, for age 4-1.

For ease of computation, total mortality-at-age (Z) is calculated as

Zya=Fpa+M (11)

and fills a matrix of dimension Y x A. For years earlier than 1982, Z is assumed equal to the
values for 1982.
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For total catch and survey indices data, lognormal errors were assumed throughout and the
concentrated likelihood weighted for variation in each observation was calculated. The
generalized concentrated negative log-likelihood (Z;) (Parma 2002; Deriso et al. 2007) is

D RSS;
L;=0.5%>"n; *In| —n
(=0 S, (12)

where #; is the total number of observations and RSS; is the weighted residual sum-of-squares
from dataset i. Equations for the weighted residual sum-of-squares are shown following the
description (given below) of the estimation of predicted values for each data type.

For the catch and survey age compositions, multinomial error distributions were assumed
throughout and the negative log-likelihoods were calculated using the general equation,

L=Z—nyzpy,a'ln(ﬁy,a) (13)
y a

Specific equations for each dataset are shown following the description of the estimation of
predicted values.

Total catch (recreational and commercial harvest numbers plus number of discards that die
due to handling and release) and the proportions of catch-at-age of striped bass fisheries are
primary data from which fishing mortalities, selectivities, and recruitment numbers are
estimated. Given estimates of F, M, and population numbers, predicted catch-at-age is computed
from Baranov’s catch equation (Ricker, 1975):

A
A~

S YA oy My
Cra=F o (T (14)

where Cy, is the predicted removals of age a during year y and other variables are as defined
above. All predictions are stored in a matrix of dimension ¥ x A. Predicted catch-at-age data
are then compared to the observed total catch and proportions of catch-at-age through the
equations:

Predicted Total Catch
C,=YC
y % y.a (15)
Predicted Proportions of Catch-At-Age
. c
Py g =
> Cha (16)
a
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where Cy,a is the predicted total catch in year y and P, is the predicted proportions of age a in
the catch during year y. The weighted lognormal residual sum-of-squares (RSS,) is calculated as

R 2
n(Cy +1e_5 )— ln(Cy +le_5)

v, (17)

1
RSS. =2.).
y

where C, is the observed catch in year y, C,, is the predicted catch in year y, CV), is the CV for
observed catch in year y, and /. is the relative weight (Parma 2002; Deriso et al. 2007). Total
catch CVs were assumed equal to the PSEs of the MRFSS total catch estimates for the entire
Atlantic coast (less South Carolina, Georgia and East Florida records) since it is assumed that
only the estimates of recreational kill and dead discards have error.

In addition, the predicted proportions of catch-at-age are compared to the observed
proportions of catch-at-age through a multinomial probability model. The proportions of catch-
at-age negative log-likelihood (L)) is

Lp :ﬂ,pz—nyzpy,a'ln(ﬁy,a +le—7) (18)
¥ a

where n, is the effective number of fish aged in year y and P, is the observed proportion of
catch-at-age. The multinomial probability assumes that the numbers of aged fish used to
apportion the catch into age classes are sampled randomly and independently of each other. This
is truly not the case because gear and fishing practices collected fish in groups or clusters, so the
effective sample size is much smaller than the actual number of fish aged. Therefore, the
effective sample size was estimated by using the manual, iterative method of McAllister and
lanelli (1997). The effective sample size for each year is the average over all years and it is set
to 380 fish in this model.

The observed total catch and catch age composition data were generated from all state
reported landings-at-age, recreational dead discards-at-age, and commercial dead discards-at-
age. Total catch by year was calculated by summing catch across age classes. The catch age
composition was calculated by dividing the catch-at-age for a given year by yearly total catch.

Young-of-the-year (YOY) and yearlings indices from New York (Hudson River), New
Jersey (Delaware Bay), Maryland (Chesapeake Bay), and Virginia (Chesapeake Bay) were
incorporated into the model by linking them to corresponding age abundances depending on the
time of year the survey was conducted:

Itysa=di-Nya-exp Zra (19)

where 1,,,, 1s the predicted index of survey ¢ for age a in year y, g, is the catchability coefficient
of index 7, N, , is the abundance of age a in year y, p is the fraction of total mortality that occurs
prior to the survey, and Z, , is the total instantaneous mortality rate. All gs were estimated as
free parameters. The YOY and yearling indices were advanced one year and were linked to age 1
and age 2 abundances, respectively and were tuned to January 1% (p=0;Table A10.1). All YOY
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and yearling indices are arithmetic means and corresponding CVs. More information on these
surveys can be found in ASMFC (1995).

The aggregate indices (no or borrowed age data or other reasons) from the Marine
Recreational Fisheries Statistics Survey (MRFSS), Connecticut (Recreational CPUE and bottom
trawl survey), Northeast Fisheries Science Center (NEFSC: spring bottom trawl survey) and
Massachusetts (commercial total catch rates) were incorporated into the model by linking them
to summed age abundances depending on the time of year of the survey and the ages included in
the index (Table A10.1). The predicted index equation is:

7 ~ \ WIRAY
Itysa=dr 2 Nya-exp 77" (20)

a

All aggregate indices are arithmetic means of the survey estimate. The CVs for the MRFSS
index were calculated by dividing model estimates of standard errors by the index. The CVs for
the Connecticut Recreational CPUE index were assumed equal to the CVs of the total
recreational catch values for Connecticut generated by MRFSS.

The age-aggregated indices and age composition data from New York (ocean haul seine),
New Jersey (bottom trawl), Maryland (gillnet spawning stock survey), and Delaware
(electrofishing spawning stock survey) surveys are incorporated into the model by linking them
to age abundances depending on the time of year the survey and the ages included in the index:

_pr'Zy,a

It,y = thZ §t,a ) Ny,a - EXp (21)

where s,, is the selectivity coefficient for age a in survey . The fraction of the year and ages to
which each survey is linked is listed in Table A10.1. The weighted residual sum of squares for
survey index ¢ is given by:

2

ln(I,’ yHle™ )— 1n(1,, yHle™ )

1
RSS; =4
’ ’% cv 22)

Ly

The Gompertz equation is used to estimate the selectivity pattern for the Delaware
spawning stock surveys because the survey is an electrofishing survey and theory indicates that
vulnerability increases with surface area of the fish. Because MD survey estimates are corrected
mesh-size selection, by trial-and-error, it was determined that only the selectivity value for age 2
had to be estimated; for ages > 3, selectivity was set to 1. For the New York ocean haul survey,
the Thompson’s exponential-logistic model (Thompson 1994) is used to estimate the selectivity
pattern

. 1 . 1—y y expa}/(ﬂ_a)
“a-y Uy 1+ exp®(B=9) (23)

For the New Jersey survey, a gamma function is used to estimate the selectivity pattern:
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The predicted age composition (proportions-at-age) of each survey is modeled and compared
to the observed proportions-at-age through a multinomial probability model. The survey indices-
at-age are calculated as

_Pt.Z

A

It,a,y = th ) §t,a ) Ny,a ) eXp o (25)
and predicted age composition is calculated as
~ i
Uiya = ZtTy (26)
[,y,ll
The age composition negative log-likelihood for survey ¢ is
U _ $ =7

Li =2 =1y 2 Uty 'ln(Ut,y,a +le ) (27)

y a

where 7, 1s the effective sample size of fish aged in year y from survey ¢, and U,,, and U,,, are
the observed and predicted proportions of age a in year y from survey 7. Used as starting values,
the average effective sample size for each survey was calculated by using methods in Pennington
and Volstad (1994) and Pennington et al. (2002). In essence, effective sample size was estimated
by first calculating the length sample variance using the simple random sampling equation and
dividing into it the cluster sampling variance of mean length derived through bootstrapping,
assuming each seine/trawl haul, gillnet set, or electrofishing run was the sampling unit. The
average over the years of data received was used as the effective sample size for all years (Table
A10.2).

Model fit for all components was checked by using residual plots. In addition, predicted
average effective sample size for the catch and survey age composition data were compared to
the observed average values used in the model. Predicted average effective sample size () is
calculated following McAllister and Ianelli (1997):

>

P

(28)

and t is defined as
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where cA'a,y is the predicted proportion-at-age a in year y from the catch or survey, o,, is the
observed proportion-at-age, and d,, is the number of years of data for catch or survey series.

A10.2.2 Tag Returns Model Structure

The age-independent model of Jiang et al. (2007) is used to bridge the catch-at-age and tag
return data. The benefits of this instantaneous rates model are that data from tagged fish that are
recaptured and released alive are directly incorporated in the estimation of fishing mortality.
This model assumes that tagged fish are fully-recruited to the fishery. Similar to Hoenig et al.
(1998), observed recovery matrices from the harvest and catch/release fish with removed tags are
compared to expected recovery matrices to estimate model parameters.

The expected number of tag returns (R;,)from fish tagged and released in year i and
harvested in year y is

2 5 2
Ri,yzNiPi,y ( 9)

where N; is the number of fish tagged and released in year i, P;, is the probability that a fish
tagged and released in year i will be harvested and its tag reported in year y and is defined as

where F), is the instantaneous rate of fishing mortality on fish in year y, F’, is the instantaneous
rate of fishing mortality in year y on the tags taken from fish that are caught and released, A is
the tag reporting given that a tagged fish is harvested, and S, is the annual survival rate in year y
for tags on fish alive at the beginning of year y,

The expected number of tag returns (R’;,)from fish tagged and released in year i and
recaptured and released without a tag in year y is

R’l-’y =N,~P',~’y (30)
hi A R F, .
[1s, (1—Sy)f,1 (when y > i)
- V=i Fy+F,+M
lsy . F",y .
(I—Sy)#/’i (Wheny:i)
Fy +F, +M
S’y :e—F‘ —Fy—M’

where N; is the number of fish tagged and released in year i, P’;, is the probability that a fish
tagged and released in year i will be caught and released and its tag reported in year y and is
defined as

1 ) F, .
S, (I—Sy)fl/l' (when y > 1)
/ y

n v=i ﬁy+ +M
P'i,y— R
A F'y A
1—Sy)fﬂ' (Whenyzi)
Fy +F), +M
5 ~F,~F,-M
Sy =e y y
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where F”, is the instantaneous rate of fishing mortality in year y on the tags taken from fish that
are caught and released and A’ is the tag reporting given that a tagged fish is recaptured, the tag is
clipped off, and the fish is released alive. Rj; and R’;, follow a multinomial distribution so that
the full likelihood is the product multinomial of the cells (see Hoenig et al. 1998). See Jiang et al.
(2007) for more details of the model.

A10.2.3 Link Between Catch-at-Age and Tag Return Models

The link between the two models is fully-recruited fishing mortality (/). Both component
models assume a Type 2 fishery (Ricker, 1975). Only data from tagged striped bass >28 inches
were used to represent fish that are fully-recruited to the fisheries. There are eight tagging
programs along the Atlantic coast and they are described in the “Tagging Data Analyses”. Data
from all programs are used in this model.

The log-likelihood for tagging program r is:

A 1 Y Y Y
- Lr = j'r ZZ(Ni,a - ZRi,v,a +Ri,v,a) . ln(l - ZPi,v,a +Pi,v,a) + ZRi,y,a ln(Pi,y,a) + Ri,y,a 1n(Pi,y,a) (3 l)

a=li=1 v=i v=i y=1
The current total log-likelihood of the full model is

f ==L~ Ly~ Lyors — Lygpee — Lvors — Limssy — MAtag — NYtag — Hudsontag — NJtag ~ MDtag —
VAtag — NCtag — DEtag + B4, + Pfdev + Pfadd

The total log-likelihood is used by the autodifferentiation routine in AD Model Builder to
search for the “best” selectivity parameters, average recruitment, recruitment deviations, average
F, fishing mortality deviations, annual tag mortality, and catchability coefficients that minimize
the total log-likelihood. AD Model Builder allows the minimization process to occur in phases.
During each phase, a subset of parameters is held fixed and minimization is done over another
subset over parameter until eventually all parameters are included in the estimation. In this
model, the following parameters were solved over eleven phases:

-0
=
)
[72]
(¢]

average recruitment

average fishing mortality and fishing mortality deviations
recruitment deviations

catch selectivity parameters

catchability coefficients of YOY/Yearling and aggregate survey indices
catchability coefficients of survey indices with age composition data
NY survey selectivity parameters

NIJ survey selectivity parameters

DE survey selectivity parameters

MD survey selectivity parameters

fishing mortality on tags for each year
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The estimation procedure proceeds by first calculating F,, using initial starting values for
average F, F’y, average R, and parameters estimates for the selectivity equations, and M (which
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is fixed at 0.15), and then the abundance matrix is filled (Figure A10.1). Note that in this model
recruitment is actually estimated back to 1970 in order to provide more realistic estimates of N in
the first year of data (1982). Also, this allowed the incorporation of data (e.g., Maryland young-
of-the-year index) back to 1970 which cannot done in the ADAPT model. All predicted values
were calculated using the equations described above. A constant reporting rate of 0.43 and a
constant phi of 1 were used for all harvest and released tag returns.

A10.2.4 Code Checking

As described in the SCA document, the SCA code was checked for accuracy by inputting
catch and survey index data from a simulated population with known parameters and the model
estimated the parameters exactly (see SCA document). The tag model code was checked using
data provided in Jiang (2005) and Hoenig et al. (1998).

A10.3 RESULTS

A10.3.1 Initial Analyses

The initial model run was based on all current data, aforementioned model equations, initial
starting values (Table A10.3), equal weighting of all components in the total log-likelihood, and
the final model configuration of the SCA. Equal weighting of all components provided poor
estimates of total catch at the beginning and end of the time series, but provided reasonably
precise estimates of fully-recruited Fs (Figure A10.2). Fishing mortality on the tags (F’) had
moderate variances (Figure A10.2).

A10.3.2 Final Model Configuration

To improve the fit of total catch, the total catch lambda was increased to 50 (Figure A10.3).
Comparisons of the equal and 50 weight for total catch suggested that the higher lambda weight
had little effect on fishing mortality estimates post-1985 (Figure A10.4). Therefore, the
remaining analyses were completed with total catch lambda weight=50. Resulting contributions
to total likelihood are listed in Table A10.4. Estimates of fully-recruited fishing mortality,
recruitment, parameters of the Gompertz functions for the four selectivity periods, catchability
coefficients for all surveys, and parameters of the survey selectivity functions are given in Table
A10.5 and are shown graphically in Figure A10.3. Graphs depicting the observed and predicted
values, and residuals for the catch age composition, survey indices, survey compositions and tag
return residuals are given in Appendix A16.

The model fit the observed total catch (Figure A10.3), catch age composition, and the YOY
and age 1 indices reasonable well (Appendix A16). The model did less well at predicting
MREFSS, CTTrawl, and NEFSC, aggregate indices, and the survey indices with age composition
data (NYOHS, NJ Trawl, MDSSN and DESSN). The observed age composition for each survey
(NYOHS, NJ Trawl, MDSSN and DESSN) was predicted with some accuracy (Appendix A16).
The patterns in residuals of the harvest and catch/release observed and predicted tag recoveries
varied depending on the tagging program. In general, the model under-estimated tag returns
from the Hudson River, NYOHS, and New Jersey programs (positive residuals) and it over-
estimated tag returns from Virginia, Massachusetts, and North Carolina (negative residuals), but
results were mixed for Delaware and Maryland (Appendix A16).
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A10.3.2.1 Fishing Mortality

The converged total likelihood was 77,162.7 and the fully-recruited fishing mortality in
2006 was 0.15 (Table A10.5). The 2006 average fishing mortality rate (F) for ages 8 through 11
equaled 0.14 and is below the current target (0.30) and threshold (0.41)(Table A10.6; Figure
A10.5). Average fishing mortality on ages 3—8, which are generally targeted in producer areas,
was 0.09 (Table A10.6; Figure A10.5). An average F weighted by N was calculated for
comparison to tagging results since the tag releases and recaptures are weighted by abundance as
part of the experimental design. The 2006 F weighted by N for ages 7-11 (age 7 to compare with
tagged fish >28”) was 0.14 (Table A10.6; Figure A10.5). An F weighted by N for ages 3-8,
comparable to the direct enumeration estimate for Chesapeake Bay, was equal to 0.08 (Table
A10.6; Figure A10.5). Among the individual age groups, the highest values of F in 2006 (0.14—
0.15) were estimated for ages 9—12 (Table A10.7).

A10.3.2.2 Population Abundance (January 1)

Striped bass abundance (1+) increased steadily from 1982 through 2004 when it peaked
around 131 million fish (Table A10.8; Figure A10.6). Total abundance declined to 115 million
through 2006. The 2003 cohort remained strong at 38 million fish in 2006 and exceeded the size
of the strong 1993 and 2001 year classes the same age (Table A10.8). Abundance of striped bass
age 8+ increased steadily through 2004 and averaged around 11.9 million through 2006 (Table
A10.8, Figure A10.6).

A10.3.2.3 Spawning Stock Biomass

Female spawning stock biomass (SSB) is higher than those produced by the SCA model
because higher abundances were estimated in the SCATAG model. Female SSB grew steadily
from 1982 through 2006 when it peaked at about 49 thousand metric tons (Table A10.9, Figure
A10.7). The estimated SSB in 2006 remained above the threshold level of 14.6 metric tons and
indicates the stock is not overfished.

A10.3.2.4 Retrospective Analysis

Only slight retrospective bias was evident in estimates of fully-recruited F and age 8+
abundance (Figure A10.8); therefore, the 2006 fishing mortality estimate may decrease slightly
when another year of data in added in the future.

A10.3.2.5 Influence of Reporting Rate

The effects of varying reporting rate on estimates of fully-recruited fishing mortality above
and below the assumed A=0.43 were explored. Fishing mortality rates over the entire time series
declined rapidly as reporting rate was increased from 0.23 to 0.73, particularly in the most recent
years, indicating the results of the SCATAG model are highly dependent on the reporting rate
(Figure A10.9).

A10.3.2.6 Tagging Program Influence

The influence that the tag return data from each program had on the estimation of fully-
recruited fishing mortality was investigated by removing each dataset one-at-a-time and re-
running the model. Changes in the time series of F estimates for 1982-2006 when each dataset
was removed one-at-a-time were minor (Figure A10.10). No single tagging program had a major
influence.
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The effects of using tagging data from only coastal programs whose releases are believed to
be subjected to the full coastwide fishing mortality was explored. Only minor changes in the time
series of F estimates for 1982-2006 occurred when data from NYOHS, NJ, and NCCOOP
programs were used (Figure A10.11).

A10.4 SOURCES OF UNCERTAINTY

The same sources of uncertainty discussed for the SCA model apply to the SCATAG model.
The unique source of uncertainty that has a large impact on SCATAG results is the reporting
rate. The current estimate of 0.43 is assumed constant across all years and 1s outdated; luckily,
John Hoenig of VIMS is currently conducting a coastwide high reward tag return study which
will provide a more up-to-date estimate. It is possible to estimate reporting rate in the model, but
the estimate is not an independent one because it is very highly correlated with other parameters
(natural mortality, some F deviations) in the model.

The model as implemented assumes that tagged fish 28 inches and greater are fully recruited
to the fishery over time, but this may not have been entirely true during 1980s when large
minimum size regulations were in place. A better model configuration would be the age-
dependent model of Jiang et al. (2007), and when incorporated in SCA, common selectivity
functions could be estimated for both the catch and tag data.

A10.5 FUTURE OF THE SCATAG MODEL

To date, the age-dependent tag return model of Jiang et al. (2007) has been incorporated into
the SCATAG, but results can not be obtained because decisions have to be made on how to
assign ages to tagged fish for which ages were not determined, what programs to use, and how to
group data because sample sizes drop dramatically when two recapture matrices per age are
produced. Although Jiang et al. (2007) assumes similar age selectivity patterns among harvest
and released tag returns, selectivity functions can be estimated for each disposition separately by
making slight changes to the code. These selectivity patterns can be linked to the catch data, but
the proportions-at-age matrix and total catch will have to be split into harvest and dead releases
matrices and it will take considerable work to do so.

A11.0 EVALUATE THE CURRENT BIOLOGICAL REFERENCE POINTS
FOR ATLANTIC STRIPED BASS FROM AMENDMENT 6 AND DETERMINE
STOCK STATUS BASED ON THOSE REFERENCE POINTS. (TOR #7)*

*EDITOR’S NOTE: In this striped bass assessment report, the meaning of TOR 7 was
clarified during the independent peer review. In addition to determining stock status, the
purpose of TOR 7 was to review the methods used to determine the current biological
reference points, and to get the reviewer’s opinion on whether the BRPs were developed
appropriately and whether those approached should be continued.

Al11.1 HISTORY OF STRIPED BASS REFERENCE POINTS AND AGE AT FULL F

In the early 1990s, the status of Atlantic striped bass stocks was determined using annual tag
based estimates of survival and the associated fishing mortality. Fishing mortalities that
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produced a sustainable population were estimated in simulation models developed by Rago and
Dorazio, as well as Crecco, and described in the Amendment 4 source document (ASMFC
1990). Subsequent to Amendment 4, a relative index of spawning stock biomass was developed
using a forward projecting model of age-0 recruits as determined by the time series of MD
juvenile indices (ASMFC 1998). The SSB index served as the basis for developing a biomass
threshold for evaluation of the stock rebuilding status. The SSB index increased to a level
comparable to historic abundance in the 1960s and consequently, in 1995 striped bass was
declared restored. The modeling approach used for the SSB index also served as the basis for the
Crecco model for biological reference points, specifically Fng, (ASMFC 1998). The model
applied a combination of minimum sizes (20 in producer areas and 28” on the coast) to define
full recruitment to the fisheries. The biological reference point of Fps, = 0.40 was adopted in
Amendment 5 and a target F of 0.31 was established with a subsequent addendum to the FMP.
A lower target F of 0.28 for the producer areas was derived based on equivalent SSB/R when the
jurisdictions requested a reduction in their minimum size limit from 20 to 18 inches. These
values were compared against annual tag based estimates of F for determination of stock status.

In 1997, the ASMFC Technical Committee adopted the results of a VPA model as the
method for determination of stock status. Average F was calculated for the ages at full
recruitment with age at full F based on the distributions of ages in the catch. The fully recruited F
was defined as ages 4-13. Comparisons were made to target F (and Fy,s,) which were products
of the Crecco model.

In 2003, the ASMFC adopted Amendment 6 to the Striped Bass FMP. As part of the
amendment, new biological reference points (SSBiarget, SSBihresholds Frarget, and Finreshold) were
established. Fyy, estimated using a Shepherd/Sissenwine model, was adopted as Fireshold. An
exploitation rate of 24%, or F=0.30 was chosen as Fi:. Target F for the producer area,
Chesapeake Bay, was reduced proportionately to 0.27. SSBinreshoid (14,000 mt) was chosen to be
slightly greater than the female spawning stock biomass in 1995 when the population was
declared recovered. SSBiurget (17,500 mt) was 25% greater than SSBinreshold. NO biomass targets
were chosen specifically for Chesapeake Bay.

Striped bass present a particularly difficult species for estimating biological reference points
because of the differences in fisheries among areas and sexes. Under current management,
striped bass fisheries are managed under one suite of regulations along the coast and alternative
regulations within Chesapeake Bay. The Bay fisheries are generally understood to be primarily
male bass which mature younger (age 2) and have a shorter life-span than females. Coastal
fisheries with larger size limits target primarily females which mature at ages 5—8 and have a
potential life span of 30+ years. Reference points were developed as a compromise between
maximizing yield on males and conserving spawning biomass in females.

A Thompson-Bell yield per recruit model was fitted with natural mortality equal to 0.15 and
a maximum age of 25 (Figure A11.1). A maturity ogive was developed for combined sexes: age
2 - 25%, age 3 - 38%, age 4 - 52%, age 5 — 57%, age 6 — 73%, age 7 — 95% and ages 8 to 25 at
100% mature. Weight at age were averages from VPA input for years 1982-2000 up to age 13,
and ages 14-25 from growth equations developed from fishery independent and dependent
sources. The same weights at age were applied to catch and stock weights. Partial recruitment
values in the YPR model came from the VPA output average for the period 1995-2000. Full
recruitment occurred at age 9 and remained flat-topped through age 25. Age specific partial
recruitments are presented in Figure A11.2. Sex ratios at age were assumed 50:50.

46th SAW Assessment Report 81



Annual spawning stock biomass (male and female maturity ogives applied to a 50:50 split of
total biomass) and age one abundance for 1982-2000 were fitted to a Shepherd stock-recruitment
model with parameter estimates: a = 0.53, b = 1.87, and k = 41,500 (Figure A11.3). The S/R
parameters were used in conjunction with the YPR results (Sissenwine and Shepherd 1987) to
estimate an Fpgy = 0.41.

A11.2 CURRENT STOCK STATUS IN RELATIONSHIP TO REFERENCE POINTS.

The existing reference points for striped bass, as defined in Amendment 6 to the FMP
(ASMFC 2003) are:

Female Spawning Stock Biomass Threshold (SSBrhyreshold) = 14,000 mt
Female Spawning Stock Biomass Target (SSBrareet) = 17,500 mt
Fishing Mortality Rate Threshold (Fysy) = 0.41

*The target fishing mortality rate for Chesapeake Bay is Frarger = 0.27.

The assessment covers the entire stock of the Atlantic coast migratory striped bass. The
EEZ is managed under Federal authority and is closed to fishing for striped bass whereas
fisheries in state waters are managed under the authority of the ASMFC. Although the EEZ is
managed separately, striped bass present in these waters are still considered part of the coastal
migratory stock. The estimates of F and biomass obtained from the stock assessment are
intended to represent the status of the entire stock of striped bass.

Estimates of fully recruited F in 2006 from the CEM (F for fish > 28 inches = 0.16) and the
SCA model (Fage .11 = 0.31) are both below the Amendment 6 threshold (Tables A7.7 and
A8.11). Therefore, overfishing is not occurring on the coastal migratory stocks of Atlantic
striped bass.

Time series F estimates from the CEM and SCA model (as well as the IRCS, SCATAG and
other supporting models) show similar trends through 2002 (Figure A11.4). After this point, the
F estimates from SCA (and the supporting ASAP and ADAPT models) continued to increase
while trends from the other models and methods were flat or declining. Only the terminal
estimate of F from the SCA model (and the supporting ADAPT model) exceed the target F of
0.30. However, retrospective bias was evident in estimates of fully-recruited F from SCA
(Figure A7.12). The pattern suggests that the 2006 F estimate is likely over-estimated and could
decrease with the addition of future years’ data. For example, the 2002 estimate of fully
recruited F from the SCA base model run is 23% lower than the estimate from a run with 2002 as
the terminal year. Similar retrospective trends have been observed in the previous assessment of
striped bass using the ADAPT VPA (ASMFC 2005) and in the supporting ASAP and ADAPT
models presented in the current assessment. However, experiences from other assessments
indicate that it is possible for the magnitude and direction of the retrospective pattern to change
in subsequent assessments.

A lower target F of 0.27 is used to assess the striped bass fishery on resident fish in
Chesapeake Bay because of the 18 inch minimum size limit that is below the 20 inch standard in
Amendment 6 for producer areas. F estimates from the CEM (as well as the IRCS model) are
continuously below Frqre: throughout the time series (Figure A9.15).

Estimates of female SSB from the SCA model show a steady increase through 2003 before
declining somewhat to the 2006 estimate of 25,000 mt (Table A7.10). The 2006 estimate is
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above both the SSBrhreshola and SSBrarger and therefore striped bass are not overfished.
Retrospective bias was evident in estimates of SSB from SCA (Figure A7.12). This pattern
suggests that the 2006 SSB estimate is likely under-estimated and could increase with the
addition of future years of data. For example, the 2002 estimate of SSB from the SCA base
model run is 33% higher than the estimate from a run with 2002 as the terminal year. Similar
retrospective trends have been observed in the supporting ADAPT model presented in the
current assessment and in previous assessments of striped bass using the ADAPT VPA (ASMFC
2005). However, experiences from other assessments indicate that it is possible for the
magnitude and direction of the retrospective pattern to change in subsequent assessments.

Trends in SSB from the SCA, ADAPT, and SCATAG models show an increasing trend
through 2002 or 2003 (Figures A7.11 & A10.7; Appendix 8). After this point, the SCATAG
SSB continues to increase through 2006 while SCA and ADAPT show a modest decline.
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