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Preface

The stock assessment for Atlantic striped bass was completed in accordance with a
request for review at a meeting of the 26" Northeast Fisheries Science Center Stock Assessment
" Review Committee. The meeting was held December 1-5. 1997 in Woods Hole, Massachusetts.

Terms of reference for the review were:

a. Assess the status of the Atlantic coast striped bass stock complex through 1996 by
‘means of virtual population analysis and characterize the varability of estimates of stock
abundance and fishing mortality rates.

b. Provide projected estimates of catch and spawning stock biomass for 1998 and 1999 at
various levels of fishing mortality incorporating uncertainty in recruitment and stock size
estimates. :

c. Estimate fishing mortality rates for specific components of coastal stock complex
using tagging data.

d. Review the estimation of Fmsy, defined as the overfishing definition by the ASMFC
Striped Bass Management Board. -

. Review the historical SSB model concept and its use in defining stock reconstruction.

f Review the current SSB model methodology for estimating TACs under ASMFC
management.

ASMEC Technical Committee, Stock Assessment Committee, and Tagging Working Group

members involved in development of the assessment were:

Lewis Flagg ME DNR' Tom Baum NJ FGW '
Doug Grout NHFG' Russ Allen NJFGW?
Paul Diodati MA DMF '7*° Peter Himchak NJFGW !

Xi He MA DMF 2 Dick Svnder PA FBC'!
Mark Gibson RI DFW ' Roy Miller DEFW'

Vic Crecco CT DEpP '** Desmond Kahn DEFW '*?
Kim Mckown NY DEP '*? Eileen Setzler-Hamilton PRFC'
Vic Vecchio NY DEP’ Ira Palmer DC Fisheries '
Andy Kahnle NY DEP > Phil Jones MD DNR "7
Kathy Hattala NY DEP’ Cynthia Goshorn MD DNR*



Rob O Reilly VMRC ' Najih Lazar ASMEC '

Harrel Johnson NC DMF! (};‘Lry She_phe[‘d NMES‘ NEFSC 125
Steve Grabowski US FwWS " John Field ASMEC 123
David Smith USGS '’

' Technical Committee member
* Assessment Commitiee member

* Tagging working group member

Introduction

Atlantic striped bass, Morone saxatilis, is an anadromous species distributed from Texas
to the Canadian Maritime Provinces. Striped bass are also present on the west coast of the
United States as the result of stocking in the late 1800's. Spawning occurs in brackish to
freshwater portions of estuaries where juveniles remain for several years before emigrating to
coastal waters. North of Cape Hatteras, striped bass undergo seasonal mi grations between their
estuarine spawning grounds and the Atlantic coast. Coastal migrations generally proceed
northward during the spring and summer, with larger fish moving as far north as the Bay of
Fundy. In the fall, the direction of migration reverses and the fish move south to overwintering
areas. Although overwintering striped bass have been found from the Gulf of Maine to North
Carolina, the major areas of concentration appear to be in the New York Bight and along the
coast of North Carolina. In March to April, mature striped bass migrate to estuarine spawning
grounds where spawning occurs over the course of several weeks. After spawning, they return to
coastal waters and the feeding migration begins again.

Atlantic coastal stocks of striped bass are primarily the product of four distinct spawning
stocks; a Roanoke River/Albermarle Sound stock, a Chesapeake Bay stock, a Delaware River
stock and a Hudson River stock. Historically the Roanoke stock was believed to have
contributed to the mixed coastal group but tagging records over the last several decadcs suggest
emigration during that period has been minimal. The largest producer area is the Chesapeake
Bay and includes most of the rivers and estuaries within the bay. The second largest producer is
the Hudson River followed by the Delaware River (ASMFC 1990)

Striped Bass Management History _
Striped bass have been the focus of fisheries from North Carolina to New England for
several centuries and have 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 20th century
initial attempts at regulation were made by states during the 1940's 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 1970's it became increasingly evident that stronger regulations
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 to increase
restrictions in commercial and recreational fisheries. To strengthen the regulations, a federal law
was passed in 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, Massac‘,husctts, New
Hampshire, and Maine). .

The final version of the ASMFC plan to restore striped bass called for size regulations to
protect the 1982 year class, which was the first modest size 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. 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. Fishing in the EEZ was
closed in 1989 and has remained closed to all recreational and commercial striped bass fishing.

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 1970's due to PCB contamination. There was no indication of any
significant production from the Delaware River stock during the 1970's and early 1980's.

In addition to the restrictions, the management plan 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 to allow state fisheries to reopen in 1990 under
a target fishing mortality of 0.25 which was half the 1990 F,;, estimate of 0.5.

The management plan has been amended several times since 1990 to allow states

increased flexibility in regulating fisheries. Traditionally, estuaries have been considered
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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. Therefore producer arcas had a minimum size of 18" while coastal
states had a 34" standard. |

The management plan (Amendment 4 to the FMP (ASMFC 1989)) implemented to
control the reopening of the fishery in 1990 allowed an increase in the target F once the spawning
stock biomass (SSB) was restored to levels estimated during the late 1960's and early 1970's. 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
(Appendix I), was a life history model which resulted in a relative index of SSB (Rugolo, Crecco
and Gibson 1994). The basis of the model was the relationship between the Maryland juvenile
indices and subsequent stock size. This relationship has been demonstrated by several studies,
most notably Goodyear (1985). Growth coefficients were applied to the juvenile indices and the
cohorts allowed to grow over a 20 year pertod. Fishing mortality rates for Chesapeake Bay
fisheries were applied to each cohort. An emigration rate at age was applied to each cohort
which allowed fish to enter the fishing mortality regime imposed by coastal fisheries. A constant
natural mortality rate at age was used. Maturity at age, by sex, was applied to surviving fish and
the sum of mature striped bass across cohorts resulted in an index of relative spawning stock
biomass. 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 (1995),

target F was increased to 0.31, midway between the initial F (0.25) and F,,, which was revised

15y>
to equal 0.4.

Amendment 5 retained the same size regulations in coastal waters (28" minimum size,
two fish per day and commercial quota) but two fish per day at 20" 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 the size change is
compensated with a change in season length, bag limits, commercial quotas or a combination of
changes. A chronology of commercial and recreational minimum sizes are summarized in tables

1 and 2.

! Size limits on the coast were increased to 34" in 1994, but reduced to 28" in 1995.
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Fishery Data

Commercial Fishery

[.andings reached 5888 mt in 1973 then dropped sharply to alow of 63 mtin 1987.
Since the reopening of the fishery in 1990, landings have been controlled by quota with the
highest landings in 1996 of 2,178 mt (Table 3, Figure 1).

The predominant gear types in the commercial fisheries are gillnets, pound nets and hook
and line. Commercial fisheries operate in § of the 14 jurisdictions regulated by the ASMFEC
management plan. Commercial ﬁ$hing for striped bass is prohibited in New Jersey,
Pennsylvania, Connecticut, New Hampshire, Maine and the District of Columbia. Massachusetts
allows commercial fishing with hook and line gear only, while other areas allow net fisheries.

The largest commercial landings are from Maryland, Virginia, PRFC, New York and
Massachusetts. Since 1990, the Chesapeake Bay jurisdictions have accounted for 64% of the
total followed by Massachusetts (18%) and New York (11%) (Table 4, Figure 2).

Recreational Fishery

Striped bass recreational landings and discards were estimated using the Marine
Recreational Fisheries Statistics Survey (MRFSS). This survey, administered by the National
Marine Fisheries Service (NMFS), combines a telephone survey and field intercept to estimate
catch and effort for the major recreational fisheries along the Atlantic coast. The precision on the
estimated catch, expressed in percent standard error (PSE), is a function of the intensity of the
survey coverage for each state. Most states add field intercepts for striped bass, in addition to the
MRESS allocation, in order to improve the estimates of catch and effort. Overall, the PSEs of
landings and discards ranged from 39% in earlier years (1981-1985) to as low as 6.5% for the
period 1990-1996”.

Recreational landings from Maine to North Carolina have risen steadily since 1990, from
a harvest (A + B1) in 1990 of 1,010 mt to 6,620 mt in 1996 (Table 5, Figure 1). This represents a
30% increase from the 1995 catch estimate of 5,080 mt and a 114% increase from the 1994
estimate of 3,084 mt. According to the MRFSS survey, more fish were caught in the last two
years (1995-1996) than during the 1982-1993 combined. In 1994, the coastal recreational fishery
operated under a one-fish bag limit and a 34 inch minimum size. This was an increase over the

58 inch minimum size in effect in 1993 (Table 2). A number of states, however, opted for the

* Under the FMP, states with substantial recreational fisheries are required to augment the
number of intercepts, if necessary, to produce PSE’s on landings of < 20%.
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larger minimum size of 36 inches. Producer areas, other than Maryland, were permitted a size
limit of 18 inches and a one-fish bag limit, but harvest was capped. Maryland harvest was based
on a harvest control model calculation (Rugolo and Jones, 1989). Since 1995, coastal states have
228 inch minimum size and 2 fish bag limit and producer areas are allowed 2 fish at 20 inches
(Chesapeake Bay jurisdictions opted for an 18 inch minimum with a reduced season length). The
total harvest estimate in numbers in 1996 was 1.29 million fish, representing 63% of the total
landings and the record catch since 1979.

Recreational landings were highcsl in Maryland, followed by New York and Virginia
(Figure 3). Inthe North Atlantic sub-region the majority of the landings occurred in the summer
and fall (wave 3-5), however most of the harvest in the Mid-Atlantic sub-region took place in
waves 5 and 6 (Salz, 1997). Chesapeake Bay states (MD and VA) harvested about 21% of the
total landings by weight and 539 of the total harvest by number in 1996. The private/rental boat
mode accounted for 68% of the total catch and 64% of the total harvest in 1996. Shore mode
angling accounted for 19% of the total striped bass caught, but only 2% of this catch was
harvested. The party-boat/charter mode accounted for 32% of the total harvest in 1996.

Overall, the percent discards (B2/(A+B1+B2)) increased from an average of 71% for the
period 1982-85 to 90% in 1986-96 as the minimum size increased during the mid-1980s. The
aumber of fish released increased significantly when Amendment 5 of the striped bass FMP was
implemented in 1995 and reached a record 12.6 million fish in 1996. Massachusetts accounted
for the greatest proportion of the total discards in 1996 (26%), followed by Maryland (22%) and
New York (13%) (Table 6, Figure 4).

Catch at age

Age data was assembled from commercial, recreational and research samples collected
since 1982. Semi-annual age-length keys were developed on a regional basis. Region 1 was
applied to length frequencies for the area of coastal New Jersey through Massachusetts; region 2
was Hudson River; region 3 was Delaware Bay; region 4 was coastal Delaware to North
Carolina; and region 5 was the Chesapeake Bay. Age-length keys were audited for outliers.
Missing age data at length were interpolated based on the numbers at age of adjacent lengths.
Sample sizes of age-length keys are presented in Table 7.

Data were generally collected in pounds and converted to metric measure in the data

summaries.



Commercial Landings

Development of the striped bass commercial catch data involved expansion oflandings
data, stratified by state, gear and six month periods. The years included in the analysis were
1982-1996. Harvest taken in the EEZ prior to the closure (1989) were included with the state of
landing regardless of the location of capture, since that information was not available. Landings
were compiled from NEFSC landings data by state and gear, for 1982-1989. Landings have been
more closely monitored by state agencies since 1990. Since the reopchin;, of the fishery in 1990,
New York, Delaware, Maryland and Virginia and the Potomac River Fisheries Commnssmn,
North Carolina and Rhode Island have required commercial fishermen to tag individual fish prior
to sale. Massachusetts has a weekly dealer reporting system and fishermen’s logbooks while
Rhode Island and North Carolina also require weekly dealer reports.

Biological samples (total length measured in inches) from striped bass commercial
landings were collected by state agencies for a variety gear types. When length data by strata
were not available, the length frequency most closely associated with the missing strata were
applied. Length-weight equations from the nearest strata were used to expand length frequencjr
to total landings. '

New England

Landings for Maine in 1985 were combined with 1985 Massachusetts landings. No
commercial landings were reported for New Hampshire during 1982-1996. Massachusetts
landings were predominately by hook and line (>98%), with small contributions from other gears
such as trawls. Landings from other gears were assumed to have the same age distribution as the
hook and line landings. Annual length frequencies from 1982-1995, supplied by MA DMF, were
sampled from J uly to December which corresponded with the majority of the landings. Annual
autumn age/length keys were applied to the length data.

Rhode Island landings were primarily from trapnet, glllnet and hook and line
fisheries. Length frequencies from 1982-1986 were available from the spring trapnet fisheries
and were expanded using annual spring age keys. Gillnet and hook and line landings were
expanded, assuming the same age distribution as New York spring landings from the same gear
type. Length data for 1990-1995 were available from RI gillnet and hook/line fisheries and were
expanded using annual spring and autumn age keys, respectively.

Although Connecticut prohibits commercial fishing in state waters, landings of 1-3 mt
were reported between 1982 and 1985. The age composition from New York for the same

year/season/gear combination was used and prorated based on the relative weight of the landings.
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Mid-Atlantic

New York coastal fishery length frequencies, by gear, were available from 1982-1984 and
1990-1995. No length frequencies were available for 1985 or 1989. No landings were reported
for 1986-1988. Lengths were converted to weight using a length-weight equation provided by
New York DEP. Commercial hook and line landings from 1985 accounted for 26% of total
landings and were expanded using the NY volunteer angler length data. The remaining 1985

‘landings, dominated by haul seine, were expanded, assuming the same age distribution as the
hook and line landings. The age distribution of landings from 1990-1995 were based on random
sampling of landings as reported in the annual state fishery reports. Percent at age in the samples
was expanded to total landings in number. The Hudson River commercial fishery has been closed
since the 1970's.

New Jersey/Delaware landings were divided into coastal or Delaware Bay landings.
Landings from northern New Jersey estuaries were assumed to have the same length distribution
as the coastal landings. Delaware landings were combined with New Jersey for the period 1982
to 1986. No commercial length frequencies were available from 1982 to 1985. Gillnet landings
in 1982 and 1983 were divided by age, based on the length/age composition of New York gillnet
landings. Ocean trawl landings for 1982 and 1983 were expanded based on New York pound net
or haul seine length data. For 1984, trawl landings were expanded using trawl length data from
New York. New Jersey had no commercial landings after 1986, and no landings were recorded
for Delaware from 1986 until 1990. In the 1990's, the age composition of Delaware landings
sampled by DE DFW were expanded to total number landed.

Chesapeake Bay

Maryland provided age composition of total landings (combinéd gears) for the period
1982-1984, based on random sampling by gear and expansion to the total catch. A moratorium
occurred from 1985 to 1990 and no landings were reported. For the period 1990 to 1995,
Maryland provided the expanded numbers at age by gear and fishery based on random sampling
of landings. The reported number landed in the commercial fishery were redistributed to
coincide with calendar year rather than fishing year. Fisheries where no age data were available
were divided based on the age composition of all fisheries combined. These represented less
than 5% of the total landings. Catch at age for 1996 was estimated using 1996 length frequencies
and a 1995 age-length key.

Striped bass harvest during the 1980's recorded by the Potomac River Fisheries
Commission were partitioned from landings, by gear, attributed to Virginia and Maryland.

i1



Virginia length frequencies of legal size fish. by gear and season. were applied to PRFC
landings. The extended size structure of landings in 1982 and 1983 was due to spring landings
from anchor gillnets. The associated Virginia age data were applied. In subsequent years,
landings were primarily from fall fisheries which target smaller non-migratory fish. PRFC
landings in the 1990-1996 period were partitioned by age, based on samples collected by the
commission and supplemented with Virginia samples.

Virginia landings at age were based on sampling done by the Virginia Institute of Marine
Sciences (VIMS) during the 1980's and by the Virginia Marine Resources Commission (VMRC)
in the late 1980's and the 1990's. For the period 1982-1988, length frequencies by gear were
applied to seasonal landings. For landings with no associated length data, either the overall age
composition was applied or a gear type with similar characteristics was used. Landings at age
data for the fishery from 1990 to 1996 were supplied by VMRC.

North Carolina

North Carolina landings from Albermarle Sound/Roanoke River were excluded from this
analysis. Coastal landings from 1982 to 1985 were expanded based on length and age data
collected by NC Division of Marine Fisheries. The catch at age for the 1990-1992 and 1994-
1995 landings were expanded based on age data provided by NC DMF. No length frequencies
were available for the landings from 1993, therefore age composition of fisheries independent
samples greater than the minimum commercial size were used. Length data for landings in 1996
were also unavailable, so the age composition for coastal landings was assumed to reflect the age
structure of the mixed stock wintering off North Carolina.

Catch at age of commercial landings are summarized in table 8.

Adequacy of Commercial Length Sampling

Commercial length sampling was evaluated by year and gear type (Table 9). Sampling
generally reflected the fisheries directed at striped bass. Overall, the sampling intensity was
highest for gillnets and pound nets, particularly in recent years. Sampling has ranged from 2.2 mt
per sample (assuming a sample is equivalent to 100 lengths) to 59.2 mt per sample. A subjective
benchmark for samples in the NEFSC has been 200 mt per sample, so striped bass sampling has

been comparatively intensive.

Commercial Discards

Striped bass are not routinely encountered in fisheries sampled by the NEFSC Sea
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Sampling program. Sea sampling by state agencies occurs infrequently and does not provide
adequate samples to estimate discards in the entire coastwide fishery. An alternative procedure
was used involving tag return data, which would allow estimation of discard losses in non-
directed fisheries.

The cooperative striped bass tagging program was developed to provide a database of
releases and recoveries of striped bass integrated across a variety of state and federal programs.
Since 1986, nearly 300,000 striped bass have been released using an internal anchor tag supplied
by the U.S. Fish and wildlife Service (FWS). The FWS maintains the database wh1ch contains
recapture information from researchers, commercial fishermen and recreational fishermen.
Recapture records contain information on the disposition of the catch (killed or released) and the
type of gear used.

The total number of commercial discards was estimated using the ratio of discards
between commercial and recreational fisheries in the tag return data. Equal tag reporting rates
between commercial and recreational fisheries was assumed. The ratio of tag recoveries vﬁas
calculated for 1987 to 1996 for all areas combined. Sample sizes of tag returns from striped
bass discarded in commercial fisheries ranged from 200 in 1987 to 2,064 in 1990 (Table 10).
The 1988 sample size of recoveries was unusually low (n=47), so an average of 1987 and 1989
recoveries was used. The ratio of commercial to recreational by-catch tags ranged from 0.76 in
1990 to 0.09 in 1996. The variation in ratios likely reflects the changes in ratios of commercial
to recreational striped bass effort since 1990.

Recapture data included all size categories, since discards of legal size fish occurred
during closed commercial fishing seasons. Recaptures from pound nets in Virginia were
eliminated because of biased recapture rates (pound net fishermen using nets adjacent to the tag
release area were recapturing fish and reporting tags often within a matter of days). Other trap-
based tag recoveries were restricted to fish at large for longer than 20 days. Since tag return data
began in 1987, ratios for 1982 to 1986 were hindcast using the trend in ratios between 1987 and
1990. Subsequent to 1990 management regulations changed the size structure of discarded
striped bass which biased these ratios relative to the period prior to strict regulations. The
hindcast estimated a declining ratio back through time as would have been expected, given the
lower size limits in the early fishery and lack of commercial quotas. The resulting ratios are
presented in Table 10. |

The tag ratios were multiplied by the MRFSS estimate of total recreational discards to

estimate total commercial discards. Total commercial by-catch per year was estimated as :
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(# tags from commercial discards /# tags from recreational discards) * total B2 estimates

The result of the expansion was total number of fish discarded in the commercial fishery per year
among all areas combined. This total was subdivided by gear, based on the ratio of tag
recoveries among gear types (Table 11). Gear categories included anchor gillnets, drift gillnets,
trap nets (includes pound nets), seines. fyke nets, hook and line, trawls, and other. From 1993 to
1996. the relative contribution of discards from traps, as calculated from tag recaptures, was
considered biased high due to the proximity of the gear to the released fish. Therefore, the
average recapture percentage by gear, for the period 1987 to 1992, was substituted for the 1993-
1996 period. Similarly, discards for 1982 through 1986, by gear type, were calculated using the
average ratio from 1987 to 1992. Total discards by year and gear are presented in table 12.

Various discard mortality rates were applied to each gear type (Table 13). A 42.75%
mortality was applied to anchor gillnet discards (average of 47% ( Seagraves and Miller, 1989)
and 38.5% (MD DNR) ), 8.6% to drift gillnets (Seagraves and Miller, 1989), 8% to hook and
line (Diodati and Richards 1996), 35% for trawls (Crecco 1990), 5% for trap and pound nets,
15% for seines and 5% in other categories (fyke nets, etc.) based on consensus opinion of the
Technical Committee. The MRFSS survey does not cover the Hudson River, so no B2 estimates
were available for expansion. Discard losses from by-catch in the Hudson River shad fishery
were estimated by NY DEC based on weekly at sea sampling of the shad fishery then expansion
to total shad gillnet effort. Total discard losses were the sum of estimates from tag recoveries
and Hudson River estimates.

The sum of the resulting coast-wide estimates ranged from 37,600 fish in 1983 (47.7 mt)
to 511,000 fish in 1995 (1,139.9 mt) (Tables 13 and 14). The partial sum of estimated
commercial by-catch losses reported by states were the same order of magnitude. In 1992, the
year with the most complete estimates. the sum of available state estimates was 163,780 fish
compared to a tag-based estimate of 178,737 fish. From 1986 to 1994, when strict commercial
quotas were implemented, discards exceeded the landings. The highest estimated percentage of
discards was from anchor gillnets.

The age structure of the discards was estimated by year and gear type. Percent at age
from anchor gillnet discards was a composite of Maryland, Virginia, Delaware and Hudson
sampling of commercial catches or fisheries independent surveys, using commercial gear
between 1982 and 1996. An average percent at age was estimated, with equal weighting among
all gillnet samples. Hook and line samples were based on logbook data collected by MA DMF
between 1990 and 1996. Prior to 1990, age composition of hook and line discards was not

14



estimated. Age composition of pound net by-catch was based on sampling of Virginia pound net
catches from 1982-1995. Pound net discards at age for 1996 were assumed the same as 1995.
Hudson River by-catch in the gillnet fisheries was estimated from at-sea sampling of by-catch
during the shad fishery. Total annual discards by gear were expanded by the percent at age.
Discards with no associated age data were assumed to have the same age composition as the

overall estimate. The catch at age of commercial discards are summarized in table 8.

Recreational Fishery .

The recreational catch was determined using the MRFSS landings and discard data. In
addition to the MRFSS, New Hampshire, Rhode Island, Connecticut, New York, and Maryland
conducted volunteer angler survey programs for several years; NH(1993-1996), RI(1990-1996),
CT(1979-1996), MD(1995-1996) and N'Y( 1985-1996). The general purpose of these programs is
to provide basic catch and effort data in addition to length frequency data. In some programs
anglers were asked to fill out log books indicating whether a fish was kept or released . This data
was used to characterize the length distribution of discards (B2). Information from the American
Littoral Society (ALS) tagging program was also used to characterize the lengths of recreational
discards. This program was initiated in the early 1960's to study patterns of seasonal migration
and stock delineation of striped bass. Data from this program were available since 1983 (records
of striped bass tags prior to that were not available). Lengths of taggcd.and recaptured fish from
1983 were used for 1982 length data. The MRFSS length frequencies in fork length were
converted to total length using the following relationship from Vecchio and Greco (1997):

In(TL) = In(FL)*0.985+0.162.
North Carolina landings and discards were from coastal areas only.
The age/length keys from the North Atlantic were used to substitute for missing

age/length keys from the Bay jurisdictions and North Carolina coastal waters.

Recreational Landings
The MRFSS, ALS, and CT volunteer angler survey length distributions were used to

characterize the total harvest of the North Atlantic sub-region for 1982 to 1984. For 1985 to
1990. lengths from NY volunteer angler program were added to the MRFSS, ALS, and CT
volunteer angler program length data. The length samples from RI volunteer program were
combined for 1990 to 1995 to characterize the landings. In 1996 additional samples from New
Hampshire were added to characterize the New Hampshire and Maine landings. Pooled annual

length frequencies were applied to each state's annual harvest taking into account the minimum

15



size in effect of that state (Table 2). Recreational landings were dominated by ages 1-5 from
1982-86. Then as the legal size increased in most states in 1987, these young age classes only
represented about 11% of the total catch.

Pooled MRFSS and ALS length frequencies from Delaware, Maryland and Virginia were
used for 1982 to 1988 to characterize the recreational landings in Chesapeake Bay. Additional
lengths from Maryland's recreational/charter fisheries for fall and spring were used from 1990 to
1995. For the 1995-96 landings, lengths from Maryland's volunteer angler survey wére added
for the spring, summer, and fall harvests. Recreational landings in this area were dominated by
relatively young fish because of the small legal sizes allowed in the Chesapeake Bay. Over the
1982-1996 period, ages 1-5 accounted for over 85% of the landings by number. The recreational

catch at age is summarized in table 15.

Adequacy of Recreational Sampling
Sampling intensity was calculated as metric tons of landings per hundred lengths

measured by sub-region for the portion of the recreational harvest (Table 16). Sampling intensity
since 1990 averaged 102 and 52 mt of landings per 100 lengths in the North Atlantic and the
mid-Atlantic sub-regions, respectively. The subjective criteria of 200 mt per 100 lengths was
used as a benchmark for an adequate sample size. Based on this criterion, length frequency
samples were adequate for both sub-regions, with the excepﬁon of 1982-84 in the Maine-New

Jersey sub-region.

Recreational Discards
A hooking mortality rate of 8% was used for all areas and years (Diodati and Richards

1996). Length data from volunteer angler programs show that a significant portion of the legal
catch is released. However, this varies from state to state. In Connecticut, over 60% of the legal
catch was released during 1996. Similar proportions were observed in Rhode Island. However, in
New York and Maryland, these proportions were as low as 8% in 1995 and 1996. Because of
this variation and the potential bias in the level of experience and conservation ethic of the
participants, lengths below legal size were applied. With the exception of the MRFSS lengths,
the same lengths used to characterize the landings were used for discards (B2) but below legal
sizé by state and season. The sampling intensity was calculated as a ratio of lengths measured to
total discard weight (Table 16). Overall the proportion of fish sampled was less than 10 mt per
sample for the North Atlantic area but 1 to 220 mt per sample in the Bay areas and North

Carolina. Discard catch at age is summarized in table 15.
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Hudson River

The Hudson River has a recreational striped bass fishery which is not sampled under the
MRFSS program. Estimates of catch were supplied by N Y DEC.

Estimates of recreational catch, landings, and discards in number and weight at age from
the Hudson River were made in several steps. The recreational fishery for striped bass in the
Hudson River occurs in the spring and targets pre-spawning and spawning fish. Most fish are
taken from private boats and shore.

Estimates of the number of striped bass caught by boat anglers in 1991- 1995 were made
by multiplying reported catch rates by estimated effort. The estimated catch was then partitioned |
into released fish and creeled fish. Data on catch rates, percent creeled, and length of creeled and
released fish were obtained from volunteer anglers. Effort was estimated by expanding observed
effort during the spring at the center of the fishing reach with reported estuary and season wide
effort from volunteer anglers. Effort estimates were periodically corroborated by areal
overflights of the entire estuary. The 1996 estimate was from an access creel survey of boat and
shore anglers combined with areal overflights for counts of effort. Results from 1996 were then
used to expand the 1991 through 1995 boat estimates to account for catches by both boat and
shore anglers. Catch and landings in 1980 - 1990 were estimated from the relationship between
abundance, as measured in the by-catch of the commercial shad gill net fishery, and catch and
landings in 1991-1996. Discards losses were estimated by applying an 8% release mortality to
B2 estimates.

Age composition of harvested and released fish in 1990 - 1991 was estimated from scale
samples obtained from volunteer anglers. Age composition for 1980 - 1990 and 1992-1996 was
estimated from age frequency of the fall recreational harvest in Connecticut advanced a year to
the following spring. The data showed a positive correlation with empirical data for the 1990-
1991 Hudson spring fishery.

Weight at Age
Commercial Landings
Weight at age (kg) estimated from length frequency data and length-weight equations was
calculated by year, period and state (Table 17). Total weight at age was the average among
states, weighted by number at age.
Weight at age in the landings varied through time depending on the changes in

management. For instance, in 1982 all fisheries were open and minimum sizes were 12-16".
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The weight at age 6 was 4.1 kg. By 1989 Massachusetts was the only commercial fishery and
was operating at a 36" minimum size. Consequently the weight at age 8 was 7.5 kg. When other

fisheries reopened in 1990, weight at age 8 dropped back to 3.3 kg.

Commercial Discards

Weight at age from commercial discards was estimated from several sources. Length
data of tag returns between 1987 and 1996 were subset to include fish captured then discarded in
commercial fisheries. The subset was divided among gear groups. Length frequencies were
expanded and weighted by total discard losses by gear. An age-length key for spririg mixed stock
fisheries were applied and length at age was calculated. The length-weight equation was a
composite equation from MA, RI, NY and VA :

In wt (Ib) = -7.7105 + (In length (in) * 2.9400)
Due to a bias in size of released fish, these weights at age (converted to kg) were only used for
fish less than age 5, from 1987 to 1996, for age 5 from 1990 to 1996 and age 6 from 1991 to
1996. Weight at age in the Hudson River by-catch were applied to fish older than age 8. Weight
at age of recreational catch was used for fish less than age 8 from 1982 to 1986 (Tables 17 and
20).

Recreational Landings and Discards
Length-weight relationships from Massachusetts fall sampling for 3 blocks of years

1982-1986 , 1987-1991, and 1992-1996 were used to calculate annual mean weights at age, from |
the estimated age-length frequency distribution for the North Atlantic (Table 18). Similar
relationships from Virginia and Maryland samples were used for the Bay states and North
Carolina (Tables 19 and 20).

Mean weight at age from striped bass in the Hudson River recréational fishery was
estimated from length, weight, and age data collected from annual surveys of the spring
spawning stock, 1985-1995(Table 18).

Virtual Population Analysis
Catch at Age Development
Striped bass fisheries exploit native stocks within producer areas and mixed stocks along

the coast. Since stock specific catch estimates were not available from the coastal component, a
VPA was developed for a mixed stock. Maximum age in the catch matrix was 23 years, but the

matrix was truncated to a 15+ age group (Table 21). Minimum size along the coast in the late
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1980's was 36 inches, so the Technical Committee felt that estimating a plus group at a younger
age might compromise the ability of the VPA to estimate the age at full recruitment. Less than
1% of the total catch was included in the plus group. The age data used in the analysis were
based on scale readings. Recent evidence suggests that scales may be underestimating the true
age beyond age 12, based on comparison to otolith ages and known age fish (Secor et al 1995).
The catch beyond age 12 comprised only 1-3% of the total catch, so the ageing error would be a
relatively minor problem. It is clear however that further research needs to be done on the age

analysis for striped bass.

Fishery Independent Indices

Fishery independent indices were evaluated for inclusion as tuning indices in the VPA.

Indices (collected prior to 1982) available were :

Maine Division of Marine Fisheries
A young of year index from the Kennebec River was calculated based on a beach seine
survey conducted in late spring 1987-1996. The index was not included as a tuning index

because of the low number of striped bass sampled.

Massachusetts Division of Marine Fisheries
Catch per unit effort from a striped bass tagging program, October 1991-1995, was
evaluated. The index was not included in the VPA due to a suspected bias, resulting from

targeting striped bass.

Rhode Island Division of Fish and Wildlife

A young of ycaf index of striped bass in Narragansett Bay, spring 1986-1995, was
evaluated. The index was excluded from the VPA due to low sample sizes and possible bias in
the index created by sampling young of year in an area not considered a primary spawning

ground.

Connecticut Division of Environmental Protection
~ Anindex of combined age classes was available from a stratified random trawl survey of
Long Island Sound during the summer of 1984-1996. The index was not used for tuning because

of low sample sizes.
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Hudson River Utilities

Indices of striped bass abundance, collected in the Hudson River by the utility industry,
were available and included: an index of post-yolk sac larval abundance from spring 1982-1995,
a young of year index from a beach seine survey, 1982-1995, and an estimate of age 2 and age 3
absolute abundance based on a Hudson River tagging program, 1986-1996. These were not

included due to lack of information to fully evaluate the representativeness of the sampling.

New York Department of Environmental Conservation

An index of young of year striped bass in the Hudson River, 1982-1 996, was included as
a tuning index (Table 22, Figure 5). The directed striped bass survey uses a 200" beach seine with
a 5 mm stretched mesh bag. Sampling is conducted bi-weekly from mid-August to early
November at 25 fixed stations selected from a pool of 33 stations. A GM mean number per tow
of age 0 was calculated. The index has been validated with the abundance of age 1 fish in Long
Island Sound and age 2 estimates from Hudson River Utilities data. An index of age one striped
bass from the beach seine survey was not included. Instead, an index of age one striped bass
sampled in western Long Island Sound using a beach seine during spring/summer 1985-1996 was
included (Table 23, Figure 6).

Each fall since 1987, a survey of coastal migrating striped bass has been conducted from
beaches of southwestern Long Island using a 1800 ocean haul seine. A minimum of 10 fixed
stations are sampled, and 54 to 60 hauls are conducted from September to November. Indices of
abundance at age, calculated as mean number per haul, were included as tuni ng mdices for ages
4-15+ (Table 24, Figure 6).

New Jersey Department of Environmental Protection

An index of young of the year striped bass in the Delaware River is calculated as mean
catch per haul from a beach seine survey conducted since 1982 (Table 22, Figure 7). The survey
samples 16 stations bimonthly within the Delaware River. The design uses both fixed and
random station selection and samples from mid-July to mid-November using a 100" seine with
1/4" mesh. Indices since 1982 were included as tuning indices in the VPA.

A stratified random trawl survey has been conducted within state waters along the coast
of NJ since 1988. The index of abundance was not used as a tuning index because of low sample

sizes of striped bass.
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Delaware Division of Fish and Wildlife

A stratified random trawl survey has been conducted during the spring 1n Delaware Bay
since 1989. An index of young of the year striped bass, calculated as mean number per tow, was
used as a tuning index (Table 22, Figure 7). A separate stratified random trawl survey index
(ages combined), 1982-1984, 1990-1996 was not included. In addition, an index of female
abundance in Delaware River (catch per hour from electrofishing, ages combined) for the spring

1994-1995 was not included due a question about its representativeness and short time series.

Pennsylvania Fish and Boat Commission
An index of female cpue from Delaware River (catch per hour electrofishing, ages
combined), for spring 1994-1995 was not included due a question about the representativeness

and short time series.

Maryland Department of Natural Resources

An index of production based on presence/absence of eggs in Chesapeake Bay tributaries
was available for 1982-1996. The index was not included as a tuning index due to problems
tuning a biomass index in an aged based analysis.

A survey of young of the year striped bass in Maryland waters of the Chesapeake Bay has
resulted in an annual abundance index since 1954. The survey is conducted at fixed stations;
seven stations in the Upper Bay and Potomac River, four stations each in the Nanticoke River
and Choptank River. Sampling is conducted monthly from July through September, using a 30.5
m beach seine. A validation of the index is described in Goodyear (1985). The index, calculated
as geometric mean number per haul, was included as a tuning index (Table 22, Figure 8). In
addition, an index of age one striped bass from the same survey was used in tuning {Table 23,
Figure 8).

A survey of striped bass spawning areas was conducted in the Maryland tributaries of the
Chesapeake Bay (Choptank River, Upper Bay and Potomac River) during April and May of
1985-1997. A multiple mesh gillnet, with mesh sizes (inches) of 3.0, 3.75, 4.5,5.25, 6.0, 6.5,7.0,
8.0, 9.0 and 10.0 was set daily, 10 to 20 times per month at stratified random stations. Catch per
unit effort (number of fish per hour) was adjusted for selectivity differences between mesh sizes
using the method described in Stagg (1996). In 1994 the Potomac River was not sampled and in
1995 the Choptank River was not sampled. A composite bay-wide index was developed using a
weighted sum of the CPUE. The weighting factors were based on nursery area (Hollis 1967);
with a Choptank weighting of 0.04, Potomac River weighting of 0.37, and the Upper Bay
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weighting of 0.59. Combined indices of abundance at ages 2-15+ were used as tuning indices in

the analysis (Table 25, Figure 8).

Virginia Institute of Marine Science

A survey of striped bass young of the year in Virginia waters of the Chesapeake Bay was
done annually since 1980. Eighteen fixed stations on the James, York, and Rappohannock
Rivers were sampled with a 30.5 m beach seine 5 times a year on a bi-weekly basis from mid-
July through September. An index of abundance, number of striped bass per haul, was used as a
tuning index (Table 22, Figure 8).

A trawl survey of Virginia rivers and parts of Chesapeake Bay has been conducted since
1955. A young of year index from this data was not used due to variations in gear over the time
series.

Further details of specific juvenile surveys are available in ASMFC Special Report #48,
‘Report of the Juvenile Abundances Indices Workshop® (Rago et al, 1995).

Fisheries Dependent Indices
MRFSS
An index of abundance based on recreational angler cpue (catch per angler trip) was calculated

for 1982-1996. The committee did not use this index since the recreational catch data was

already a major component of the catch matrix.

New Hampshire Fish and Wildlife
NHFW has conducted a creel survey, independent of the MRFSS survey, in 1982, 1984,
and 1986-1995. The index of abundance was not used as a tuning index because of the low

sample sizes of striped bass.

Massachusetts

CPUE and length frequency data from Massachusetts commercial anglers were available
since 1989. Catch per hour fished (autumn 1989-1996) was subdivided for ages 6 to 14 based on
the associated age/length data. Indices of abundance for ages 7 to 14 were used as VPA tuning
indices (Table 26, Figure 6). Age 6 striped bass were not considered fully recruited to the
fishery.
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Connecticut

Since 1979 CT DEP has collected recreational striped bass CPUE data using volunteer
angler logbooks. The CPUE (catch per trip) was subdivided into ages 1-15+ using the associated
length data applied to an age/length key. The indices of abundance were used as tuning indices
(Table 27, Figure 6). The fishery is prosecuted in summer/fall and was considered as a fall tuning

index.

New York

CPUE of striped bass in the Hudson River commercial shad gillnet fishery (number
caught per yd® x hrs X 107, ages 6-15+) was available for the period 1982-1996. The abundance
was estimated based on CPUE determined from sea sampling trips expanded to total effort in the
shad fishery. Indices of abundance for ages 6-8 were used as tuning indices (Table 28, Figure 5).
Other ages were not considered due to the selectivity of the shad gillnets on larger striped bass.

Data from a New York volunteer angler program on Long Island v;fas available since
1989. CPUE (number caught per hour fished) calculated for ages 1-15+ were not included due to
the length of the time series and changes that have occurred in the program during the time
series. The age and length data were used in expansion of hook and line caught striped bass from

recreational and commercial fisheries in the region.

New Jersey
A fall fishery for large striped bass, using the commercial quota allocated to NJ, has
occurred since 1991. CPUE (number caught per trip) from mandatory catch reports was

available but not included as a tuning index due to sample size.

VPA Input
A VPA for striped bass was run using the software ADAPT (Parrack 1986, Gavaris 1988,

Conser and Powers 1990). The program provides the best estimate for an objective function (the
difference between observed and predicted indices) using non-linear least squares methods. The
model structure assumes the catch at age matrix is determined without error and tuning indices
are representative of population abundance. The time series of the catch at age matrix was 1982
to 1996. Ages used in the VPA estimation were 1 to 14 with 15 as a plus group (all ages equal or
greater than 15). A total of 103 age dis-aggregated indices were input. The VPA indices were
tuned to stock sizes as of January 1 and indices were adjusted to reflect stock size as of January

1. Spring indices were considered indicative of stock size for January | of that year. Fall indices
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were adjusted forward one year to tune to stock size at the beginning of the next year; e.g. indices
of age 1 fish in the fall of 1982 better reflected stock sizes of age 2 fish on January I, 1983 than
January 1. 1982, All young of the year indices in year / were transformed to age 1 indices in
‘year i +/ (1.e. yoy index for 1985 = age 1 index in 1986).

Spawning was assumed to occur in April and 33.3% of the natural mortality occurred

prior to spawning, while 10% of fishing mortality was assumed to occur prior to spawning.
Natural mortality was set at 0.15. Maturity at age was: age 1 (0), age 2 -(0), age 3 (0), age 4
(0.04), age 5 (0.13), age 6 (0.45), age 7 (0.89), age 8 (0.94), age 9 and older (1.0) (Rugolo and
Jones 1989). Sex ratio at age was assumed equal to 50:50. Full recruitment, since 1994, ranged
from ages 5 to 10 but the peak age in the catch varied between ages 2 and 4 (Figure 9).
Therefore fishing mortality of the oldest true age was based on ages 4 - 14. Fishing mortality on
the plus group was equivalent to F at age 14. Partial recruitment was set at 0.005 age 1, 0.05 age
2,0.22 age 3, 0.52 age 4, 0.70 age 5, 0.75 age 6, 1.0 age 7 and greater, based on preliminary runs
of the VPA. -

Initial runs of the VPA included all tuning indices. Following examination of the
adequacy of the tuning indices and evaluation of the diagnostic information, the set of tuning
indices were reduced to 58. An iterative re-weighting of the indices was used due to the mixed

stock nature of the catch at age data and tuning indices.

Diagnostic Evaluation of VPA

The evaluation of the VPA output presented unique problems for striped bass. The input
data consisted of catch from three stocks. Historically population abundance, based on juvenile
indices and landings, has varied among stocks. The Chesapeake stock was severely depleted by
the early 1980's, the Delaware stock was almost completely extirpated by the 1970's, while the
Hudson stock maintained a rélatively stable production during the 1980's and 1990's. As a result,
a stock specific index may not be linearly related to overall population abundance, as indicated
from the catch at age matrix. The residual patterns, as diagnostic indicators, reflect the adequacy
of the indices for tuning as well as the relative contribution of that stock to the overall stock
mixture. For instance, the Delaware River young of the year index has increased exponentially
since the mid 1980's, at a much greater rate than the overall mixed stock growth. As a result, the
residuals have a negative trend in early years and a positive trend in later years. The decision was
made to reject indices based on the overall contribution to the residual sums of squares rather
than time trends in specific indices. In addition, indices were rejected if the index was not

considered representative due to gear bias or other factors.
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VPA Results

The final VPA model resulted in an overall mean square residual of 0.010 (Table 29).
The coefficient of variation on the population estimates ranged from 0.20 for age 4 to 0.33 at age
13, with an overall average of 0.26. The correlation among abundance estimates showed a
moderate positive correlation for ages 8-13. This may be due to ‘smearing’ among age groups,
as a result of increased aging errors in older fish.

Population abundance (January 1 stock sizes) increased steadily from a low of 5.3 million
fish in 1982 to a high of 40.1 million in 1997 (Figure 10). Strong year classes occurred in 1989,
1993 and 1996 (Figure 11). The 1982 year class, which was the focus of early FMP’s, was of
average size coastwide, although juvenile indices in Chesapeake Bay suggested an above average
1982 year class. Abundance increased significantly in 1994 and 1997 due to the large 1993 and
1996 year classes. The strong 1982, 1989, 1993, and 1996 year classes are‘_evidence through the
time series of stock number at age (Figure 12).

Fishing mortality rates decreased in the mid-1980's, probably as the result of management
restrictions. With the reopening of the fisheries in 1990 fishing mortalities increased but were
still at or below the target F (Figure 13). In recent years highest mortality occurred on fish
greater than age 5 which are the age groups susceptible to fisheries in both coastal and producer
area fisheries. Full F in 1996 (ages 5-13) was 0.31 which corresponds with the target F of 0.31.
An approximation of fishing mortality in producer areas is F on ages 3-8, which was 0.26 in
1996. An overall F on ages 4-13 was equal to 0.30.

The VPA estimates of fishing mortality in 1982-1984 were lower than expected.
Historical tagging estimates of F from the Chesapeake Bay during that period indicated an F
possibly approaching 0.9. This uncertainty about F in the converged portion of the VPA may be
the result of several factors. First, there are fewer tuning indices for the early years of the time
series. Consequently, any index which overestimates relative abundance would have a greater
influence in overestimating population abundance and underestimating fishing mortality.
Second, estimates of recreational landing in Chesapeake Bay prior to 1985 may have been
underestimated (Table 5). Although Maryland increased the number of intercepts in the MRFSS
survey during the early 1980's, Virginia landings of 0 fish seems unrealistic. A sensitivity
analysis was made by increasing the recreational catch of ages 2-4, from 1982-1985, proportional
to the commercial landings. The total catches were increased by a factor of 3.6, 3.1, 7.3, and 2.8
times in 1982-1985, respectively. The result was an increase in F for ages 3-8 (approximation of
ages in the producer area fisheries) from 0.22 to 0.36 (1982), 0.25 to 0.28 (1983), 0.21 to 0.91
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(1984) and 0.17 to 0.40 (1985). The changes in catch in 1982-1985 decreased the estimates of
fully recruited F in the terminal year from 0.31 to 0.23. A more modest (and probably realistic)
underestimation of catch (a factor of 2x) in the carly years of the time series had little influence
on the estimates of fishing mortality in 1982-1985 and in the terminal year. Third, the VPA
estimates for the mixed stock may also poorly reflect geographic variation in F. The Chesapeake
stock, as referenced by the MD juvenile index) was at its lowest point in the early 1980's while
production in the Hudson was relatively stable. Since the fishery within the Hudson River was
closed, fishing mortality on that component of the stock may have been low to moderate.
Consequently if the proportion of Hudson fish in the mixed stock was high, the high F in the Bay
would have been diluted relative to the overall mortality estimate.

The trend in partial recruitment has followed the trends in management regulations
(Figure 14). At the beginning of the time series, the minimum size was generally 12 to 16
inches. During this period, full recruitment occurred around ages 3-5. Du}_“ing the mid to late
1980's the minimum sizes in coastal fisheries were steadily increased until reaching a 36 inch
minimum in 1990, at which point full recruitment was reached by age 9. Age at full recruitment
remained between 9 and 12, until 1996. With liberalization of management restrictions in 1996
and increased effort associated with the large 1993 year class, full recruitment was reduced to age
5.

Spawning stock biomass of females increased from a low of 2,400 mt in 1983 to a 1996
level of 13,100 mt (Figure 11). The spawning biomass is expected to increase even further with

the maturation of the 1993 and 1996 year classes.

Precision Estimates of F and SSB

Uncertainty in the results of the terminal year estimates of F and SSB-in the VPA was
evaluated using a bootstrap procedure (Table 30) (Efron 1982). Two hundred iterations were
made to obtain standard errors, coefficient of variations (CVs) and bias estimates for ages 1-13
stock size estimates at the start of 1997 and for ages 4-13 Fs in 1996. Results indicate an 80%
probability that 1996 F was between 0.27 and 0.34 (Figure 15). The estimate of bias was less
than 5% for ages 1-13. The bootstrap mean of the fully recruited F in 1996 was 0.32 with less
than 5% bias and a cv of 0.14. The 1996 SSB of females was between 11,800 mt and 14,300 mt
(Figure 16) with a probability of 80%. The bootstrapped mean SSB in 1996 was 12,918 mt with
a percent bias of 0.4% and a CV of 0.1.
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Tagging Estimates of Mortality

Estimates of 1996 fishing mortality were made using tag recovery data from several
tapging programs. Since the 1980's, striped bass have been tagged on the spawning grounds in
the Delaware River, Hudson River and tributaries of the Chesapeake Bay, during the fall coastal
migration along Long Island, during the fall sport fishery in southern Massachusetts and on the
overwintering grounds of coastal North Carolina. In addition, Maryland has conducted a tagging
program since 1992 and Virginia and PRFC since 1994 to determine fishing mortalily. during the
autumn fisheries. These fisheries have traditionally targeted smaller fish which constitute the
pre-migratory component of the stock. The release and recovery information is maintained by
the Fish and Wildlife Service office in Annapolis, MD.

Survival estimates have been made using the Brownie tag recovery model (Brownie et al.
1985). Recently, new software was developed called MARK (White and Burnham, 1997) which
was used to analysis the tag recovery matrix (Appendix IT). The resulting estimates of fishing
mortality (calculated from survival estimates assuming M=0.15) were 0.31 from the Delaware
tag releases and 0.34 from the Hudson releases. The estimate of F from the 1996 autumn fishing
season in Chesapeake Bay was 0.33.

In 1995 and 1994, the estimated fishing mortality rate calculated from a bootstrap median
of all tag estimates, was equal to 0.25 compared with a VPA estimate of 0.24 and 0.27 in 1994
and 1995, respectively. The 1996 VPA estimate of F for ages 3 to 8 (an approximation of ages
recruited to fisheries in producer areas, which includes the Hudson River, Delaware and
Chesapeake Bays) was 0.26 compared to the tag estimate within the Chesapeake Bay of 0.33.

Biological Reference Points

The Striped Bass Management Board adopted F,, as the definition of overfishing. The
current target fishing mortality is 0.31. The overfishing definition and target apply to all striped
bass stocks under management by ASMFC. An estimate of Fiy (0.40) was made in 1990 when
the fishery was reopened in all jurisdictions. In 1997, the estimate of natural mortality used in
the assessment was changed from 0.20 to 0.15 as a result of new information about the maximum
age of striped bass. Consequently, F,, was re-estimated as 0.38.

The estimation of F,, involves a Shepherd S/R model (Shepherd 1982) and a Thompson-
Bell yield per recruit model (Thompson and Bell 1934). Prior to development of the VPA, stock
recruitment data was not directly available for the coastal migratory stock of striped bass. The
model incorporated information from other stocks of striped bass or related species, and

estimates of potential stock growth based on trends in abundance indices, to define parameters in
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the Shepherd S/R model. The yield model incorporated migratory schedules of fish moving from
the minimum sizes in Chesapeake Bay fisheries to the minimum size in the coastal fisheries. The
resulting estimate of F_, was 0.38.

Short Term Projections

A stochastic projection of total coastwide landings, discards and spawning stock biomass
was made for 1997 to 1999 (Brodziak and Rago 1994). One hundred simulations weré méde
using a target fishing m()rfalily rate of 0.31. A distribution of initial stock sizes (ages 1-15+) was
the results of 200 iterations in the VPA bootstrap procedure. Recruitment in 1996 was the
highest in the time series. Therefore, the bootstrapped recruitment estimates were not used to
characterize age 1 recruitment in 1998 and 1999. The distribution of recruitment was based on
the relationship between the VPA recruitment estimates (age 1) and the Maryland juvenile
indices for 1981-1996. The relationship was defined by the linear regression:

recruits = 2737.66 + 763.37(MD ji) =0.86
The regression was used to estimate recruitment strength from juvenile indices for 1955-1977
and 1989-1996. Recruitment during years when stock size may have been substantially lower
than current conditions (1978-1988) was not included. Recruitment at age 1 for 1998 and 1999
used in the projection model were randomly selected from the 31 values. Recruitment of age 1
striped bass in 1997 was based on bootstrap values from the VPA.

The results of the stochastic projection indicate a steady rise in average female SSB,
reaching 15,297 mt in 1999 (Table 31). Average recruitment (“000s) ranges from 15,760 to
6,400 between 1997 and 1999. Landings would decrease to 7,803 mt in 1997 but increase to
8,515 mt by 1999. Similarly, discards would increase to 3,844 mt by 1999.

Stochastic projections were made under a range of target fishing mortalities for 1998 and
1999. The relationship suggests that an increase in landings beyond 10,000 mt would exceed the
F associated with the over-fishing definition (Figure 17). The rate of increase in F relative to

landings is greater in 1999 than in 1998.

Conclusions
The Atlantic coastal stocks of striped bass are at high level of abundance and are being
exploited at a sustainable level. The estimates of fishing mortality in 1996 were at the target
level (0.31) and below the level of F.(0.38). Record high levels of recruitment from the 1993
and 1996 year classes should approach full recruitment by 1998 and 2001, respectively.

Spawning stock biomass should continue to increase over the short term under current levels of
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exploitation.

6.

Sources of Uncertainty
1. Relative stock contributions to catch from the three major stocks.
2. Migration rates from the three major producer areas.
3. Age estimation using scales rather than otoliths.
4. Age distribution and estimation of commercial discards.
5. Discard mortality rates among various types of commercial gear and various
environmental conditions (e.g. temperature and salinity). |
6. Bias estimators in the tag-recapture models remain poorly defined.

7. Tag reporting differences between commercial and recreational fisheries.

Research Recommendations _
The committee recommends that further study be done on the discrepancy in ages
between scale based ages and otolith based ages. Particular emphasis should be placed on
comparisons with known age fish determined from coded wire tags. Comparisons should
be made among age readers and areas.
An evaluation of the overfishing definition should be made relative to uncertainty in
biological parameters. There is uncertainty in the maximum age, annual repeat spawning

among females, age specific natural mortality, maturity ogives, and migration rates.

* Simulation models should be developed to look at the implications of overfishing

definitions relative to development of a striped bass population which will provide
‘quality’ fishing. Quality fishing must first be defined.

Examination of the tag-recapture models and development of a standard method for
estimating bias. '

Refine quota calculation methods which will allow better estimates among various
components of the fishery.

Increase sea sampling of commercial fisheries, such as the dogfish gillnet fishery, which
may have high levels of discards.

Examine the mechanisms which may contribute to density dependence in striped bass as

modeled in the stock-recruitment relationship.
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Table 10. Commercial by-catch estimated from ratio of recreational a
commercial tag return data.

Ratio of commercial Estimated
Tag Returns  to recreational ~ Recreational Commercial

Year n By-catch B2 By-catch
1982 0.20 783,187 157,421
1983 0.27 387,794 105,480
1984 0.34 426,402 146,256
1985 0.41 392,590 162,532
1986 0.49 993,009 481,609
1987 200 0.55 721,427 - 397,064
1988 47 0.63 990,481 623,733
1989 1,357 . 0.71 1,203,905 853,651
1990 2,064 0.76 1,654,199 1,256,514
1991 1,728 0.31 3,067,385 935,969
1992 1,640 0.17 3,373,883 572,742
1993 1,585 0.22 4,349,278 965,761
1994 1,938 0.13 7,935,579 1,000,593
1995 1,486 0.15 9,645,613 1,432,717
1996 1169 0.09 12554314 1,097,588

* bold & italic forecasts from 1987-1990 values
based on the changes in regulations and no quota
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Table 11. Percent tag return data by gear type and year. Excludes
VA trap recaptures and recaptures at large < 20 days.

Anchor  Drift Hook & Trap/ Haul
Year gillnet  gillnet  Line Trawl poundn Seine  Other

1982 0.79 0.10 0.04 0.01 0.07 0.01 0.01
1983 0.79 0.10 0.04 0.01 0.07 0.01 0.01
1984 0.79 0.10 0.04 0.01 0.07 0.01 0.01
1985 0.79 0.10 0.04 0.01 0.07 0.01 0.01
1986 0.79 0.10 0.04 0.01 0.07 0.01 0.01
1987 0.63 0.19 0.04 0.01 0.11 0.00 0.01
1988 0.87 0.02 0.05 0.01 0.05 0.00 0.00
1989 0.87 0.04 0.03 0.00 0.02 0.02 0.01
1990 0.92 0.01 0.02 0.00 0.04 0.01 0.00
1991 0.75 0.09 0.05 0.02 0.08 0.01 0.01
1992 0.67 0.18 0.03 0.00 0.10 0.01 0.01
1993 0.79 0.10 0.04 0.01 0.07  0.01 0.01
1994 0.79 0.10 0.04 0.01 0.07 0.01 0.01
1995 0.79 0.10 0.04 0.01 0.07 0.01 0.01
1996 0.79 0.10 0.04 0.01 0.07 0.01 0.01
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Table 12. Total number of striped baés commercial discards (000's) by year, gear type.

Anchor Drift  Hook & Trap / Haul
Year Gilinet  Gilinet Line Trawl Pound Net Seine Other
1982 124.7 15.2 57 0.9 10.3 1.3 1.1
1983 83.6 10.2 3.8 06 6.9 0.8 0.8
1984 115.9 14.1 5.3 0.9 9.5 1.2 11
1985 128.7 15.7 59 1.0 10.6 1.3 1.2
1986 381.5 46.5 17.4 29 31.4 3.8 3.5
1987 2517 754 15.9 4.0 447 0.0 56
1988 5426 15.0 29.7 6.2 29.7 0.0 0.0
1989 746.0 334 256 31 19.7 15.2 10.6
1990 1153.1 15.5 251 1.3 440 15.5 0.8
1991 702.0 83.0 46.8 15.9 749 53 8.8
1992 383.7 101.0 17.2 1.4 58.1 6.9 41
1993 765.0 93.3 34.8 58 63.0 7.7 7.0
1994 7926 96.7 36.1 6.0 65.3 8.0 7.3
1995 1134.9 138.4 51.7 8.6 935 114 104
1996 869.4 106.1 39.6 6.6 716 8.8 8.0
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Table 13.

Total number (000's) of striped bass mortalities from commercial discards by
year and gear type

Anchor Drift  Hook & Trap/ Haul
Year Gillnet  Gillnet Line Trawi Pound net Seine Other Total

1982 53.3 1.3 05 0.3 0.5 0.2 0.1 56.2
1983 35.7 0.9 0.3 02 0.3 0.1 0.0 37.6
1984 49.5 1.2 04 0.3 0.5 0.2 0.1 52.2
1985 55.0 1.4 0.5 0.3 0.5 02 - 01 58.0
1986 163.1 4.0 1.4 1.0 1.6 06 0.2 171.8
1987 107.6 6.5 1.3 14 22 0.0 0.3 119.3
1988 232.0 1.3 2.4 2.2 1.5 0.0 0.0 239.3
1989 3189 29 20 11 1.0 2.3 0.5 328.7
1990 493.0 1.3 2.0 04 22 23 0.0 501.3
1991 300.1 71 37 56 3.7 0.8 0.4 3215
1992 164.0 8.7 1.4 05 2.9 1.0 0.2 178.7
1993 327.0 8.0 2.8 2.0 3.2 1.2 0.4 344 .5
1994 338.8 8.3 2.9 2.1 3.3 1.2 04 357.0
1995 485.2 11.9 41 3.0 4.7 1.7 0.5 511.1
1996 3717 9.1 32 23 36 1.3 04

Bycatch loss rates source
Anchor

Drift
Hook
Trawl
Trap
Seine
Other

avg

0.39

0.43 Seagraves and Miller 47%
0.08 Seagraves and Miller
0.08 Diodati and Richards

0.35 Crecco, 1890

0.05 consensus opinion
0.15 NYDEP estimate
0.05 consensus opinion
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Table 14. Commercial and recreational landings and discard total weight (mt), 1982-1996.

Commercial
Proportion

Landings Discard Discarded
1982 991.8 69.2 0.07
1983 639.1 477 0.07
1984 1104.0 99.8 0.08
1985 431.8 97.1 0.18
1986 68.1 359.2 0.84
1987 63.2 283.5 0.82
1988 116.5 703.5 0.86
1989 90.7 905.0 0.91
1990 313.0 1356.6 0.81
1991 460.2 859.3 0.65
1992 638.0 454.0 0.42
1993 777.2 823.5 0.49
1994 805.0 853.5 0.51
1995 1555.4 11399 0.42
1996 21779 807.6 0.27
Recreational

Proportion

Landings Discard Discarded
1982 1144 83.7 0.07
1983 1217 15.4 0.01
1984 579 30.0 0.05
1985 372 30.4 0.08
1986 501 1233 0.20
1987 388 115.1 0.23
1988 570 177.8 0.24
1989 332 235.6 0.42
1990 1010 268.5 0.21
1991 1651 587.5 0.26
1992 1823 634.1 0.26
1993 2563 829.5 0.24
1994 3084 1495.0 0.33
1995 5080 1659.9 0.25
1996 6620 1541.1 0.19
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Table 18. Length weight equations for the striped bass used in calculations of recreational catch.

Maine - New Jersey

1982-1986 Length (in) = 0.0002 * Wt (Ibs) ~ 3.12

1983-1991 Length (in) = 0.0003 * Wt (Ibs) ~ 3.08
1983-1991 Length (in) = 0.0004 * Wt (Ibs) * 2.97

Delaware - North Carolina

1982-1986

Length (in) = 0.00036 * Wt (Ibs) ~ 3.01
1983-1991

Length (in) = 0.00024 * Wt (Ibs) ~ 2.87
1983-1991

Length (in) = 0.00052 * Wt (Ibs) ~ 2.35



Table 19. Striped bass mean weights at age (kg) from the recreational fishery, 1982-1996.

Coastal landings (A+81)

AGE
Year 1 2 3 4 5 6 7 8 9 10 112 13 14 15¢
1982 ) 0.96 147 199 293 554 540 5 BB 771 680 989 1153 1278 1236 1267
1983 033 063 1.00 2.08 302 426 5.48 553 623 801 828 1345 1182 1307 1156
1984 0.85 1.28 242 3.42 444 5.16 525 9.55 5.59 7.70 1151 1327 1485
1985 1.05 2.00 257 334 433 5.92 £27 5.90 6.63 530 5.89 1873
1986 272 292 438 5.18 6.44 756 7.89 777 767 1183 1447 1267 1736
1987 302 3.03 381 478 6.08 711 8.69 9.40 1196 1077 1660 1575 1808
1988 1.93 1.93 2.01 424 595 6.64 757 8.71 913 1122 1136 1331 1295 18.88
1989 131 182 3.16 5.46 779 8.76 988 1096 1374 1654 1830 1557 1827 1841
1990 185 1.91 279 355 439 6.17 793 8.48 943 1159 1285 1428 1741 1885
1991 0.98 130 3.08 388 534 640 752 877 872 9.47 1083 1273 1533 1918
1992 093 129 2.33 362 415 5.90 7.13 832 9.42 975 1237 1372 1565 1922
1933 084 133 2.39 3.60 476 6.00 731 792 8.67 9.50 982 1454 1383 1631
1994 295 342 398 5.18 6.63 776 8.40 9.27 976 1104 1054 1742 1977
1995 1.74 3.26 3.66 452 6.13 7.18 8.03 9.15 885 1097 1467 1770 2031
1996 1.76 292 3.96 525 6.57 782 870 977 1078 1231 1378 1653 1886
Bay tandings { A+B1}
AGE
Year 1 2 3 4 5 & 7 8 9 10 1 12 13 14 15+
1982 022 022 022 .
1983 0.06 0.35 0.69 174 334 495 5.80 764 661 7.83 6.81 9.13
1984 0.48 059 0.75 1.43 1.78 177 B.79
1985 010 042 055 1.43 1.59 151 1.83
1986 007 023 0.68 164 155 223
1987 0.35 0.65 0.87 107 1.14 136 1.36
1988 033 073 145 226 3.06 328 339 341 346 3.86
1989
1990 0.99 1.95 281 350 378 4.06 £20 3193 369 430
1991 0.09 1.05 173 2.43 320 361 397 418 424 439 393 415 600 2040 2040
1992 020 0.54 153 2.32 336 424 488 519 590 642 588 1559 1671 16.71
1993 103 156 232 347 381 4.84 6.04 7.16 7.84 8.30 801 1621 1559 1761
1994 0.29 113 1.56 2.19 285 390 465 572 6.39 714 7.43 733 7.34
1985 1.04 145 222 325 424 5.56 582 728 1041 696 1022 1502 1559
1996 169 2.45 3.30 399 472 525 6.19 671 7.91 990 1231 1426 1564
Coastad discards (B2}
AGE
Year 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15+
1982{ 040 033 068 1.86 3.10 462 5.42 622 685 6.99 768 1183 1384 1583 17.19
1983 oos 025 067 1.20 192 296 361 715 847 1003 535 1066 1066 9.10
1984 0.18 065 0.94 138 203 313 494 570 1034 507 9.08 986 1023 1107 1151
1985 008 075 1.00 .51 2.09 260 3.45 593 7.07 ges 1174 1203 1259 1300 1375
1986 0.10 055 1.14 183 217 2.86 462 511 744 8.28 682 1244 1324 1262 1455
1987 0.23 066 112 187 2.81 332 3.95 a77 529 6.08 6.39 909 1182 1390 1485
1988 022 084 1.50 2.08 2.89 a77 4.20 440 492 5.40 790 1000 1242 1201 1489
1989 021 074 163 293 374 455 483 632 5.00 926 1515 1555 1385 1534 1477
1990 025 068 127 2.18 306 3.69 496 588 548 557 6.91 926 1407 1555 1586
1991 028 078 1.15 191 304 407 466 530 609 567 5.09 620 693 1489 1496
1992 019 061 123 197 294 414 528 574 643 692 634 1045 1273 1514 1602
1993 010 066 1.18 1.98 2.81 367 490 577 649  7.09 7.66 708 1144 1360 1434
1994 042  OT1 115 206 287 376 450 564 619 669 6.87 7.13 692 1858 1570
1995 024 064 1.24 216 2.9 391 5.19 576 7.19 862 6.96 944 1322 1432
1996 022 070 123 200 2.80 366 464 562 651 7.04 8.09
Bay discards {B2)
AGE
Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15+
1982 020 026 034 053 109
1983 0.33 026 031 0.45 125 125
1984 029 0.42 049 030 133 221 2.82 282
" 1985 006 051 055 0.75 1.02 472 7.06 706 706 7.06 7.06
- 1986 009 053 110 133 162 2.03 402 s89 1535 1728 1743
1987 020 072 128 171 1.96 204 202 212 1.98 1535 1535 1535 1535
1988 0.63 0.64 153 1.96 262 287 303 314 3ts 354
1989 0.42 065 1.98 332 398 457 424 497 161 645
1990 0.08 055 104 236 298 3.46 442 565 459 466 395
1991 0.46  O77 105 2.04 3.00 383 444 5.18 599 572 578 576 1286 1432 1432
1992 069 135 2.07 293 3.85 481 518 696 9.03 879 1193 910 1240 1240
1993 0.20 o071 1.2 209 290 3.60 438 2493 6.14 8.06 920 946 1631 1240 1729
1994 0.25 0.80 1.41 1.99 258 326 are 514 574 671 702 637 7.95
1995 031 0.61 130 211 294 3.90 517 579 6.69 768 591 8.18
1996 0.28 0.63 1.30 2.19 2.95 362 424 495 531 643 829
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Table 22. Young of year striped bass indices by system.

Kennebec Hudson Hudson Delaware Delaware Chesapeake Chesapeake
River River River River River Bay Bay
Year (ME) (NY DEP) (NY UTIL) (DE) (NS  (MD) (VA)

1981 8.86 6.61 0.00 0.59 1.57
1982 1417 3.83 0.12 3.54 2.71
1983 16.25 6.58 - 003 0.61 3.40
1984 15.00 5.06 0.29 1.64 447
1985 1.82 1.07 0.02 0.91 - 2.41
1986 2.92 1.62 0.28 1.34 474
1987 0.35 15.90 12.82 0.41 1.46 15.74
1988 0.04 33.46 491 0.35 073 7.64
1989 Q.01 21.35 5.66 042 1.03 4.87 11.23
1990 0.06 19.05 6.41 0.1 1.00 1.03 7.34
1991 0.25 3.60 5.03 0.18 0.47 1.52 3.76
1992 0.01 11.43 3.68 1.13 1.19 2.34 7.32
1993 0.01 12.59 7.50 1.14 1.78 13.97 18.12
1994 0.33 17.64 583 0.19 0.96 6.40 10.48
1995 0.02 16.23 6.04 042 1.98 4.41 5.45
1996 9.30 1.36 1.70 17.56 23.05
1997 3.91

Table 23. Indices of age one striped bass by system.

Hudson Westem Chesapeake

River LI Bay
Year (NY) (NY) (MD)

1981 0.25 0.02
1982 0.84 0.02
1983 0.08 0.32
1984 0.68 0
1985 1.23 0.61 0.15
1986 0.33 0.3 0.03
1987 0.16 0.21 0.05
1988 0.45 0.77 0.06
1989 0.64 1.73 0.15
1990 0.35 0.37 0.33
1991 0.65 1.24 0.19
1992 0.53 1.34 0.11
1993 0.51 0.72 0.19
1994 0.43 1.37 0.76
1995 09 1.26 012
1996 0.17 1.562 - 0.08
1997 0.71
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Table 29. Results of VPA for Atlantic striped bass, 1982-1996.

INPUT PARAMETERS AND OPTIONS SELECTED

Natural mortality is 0.15
Oldest age {not in the plus group} is 14

For all yrs prior to the terminal year (1996), backcalculated stock sizes for the following ages used to
estimate total mortality (Z) for age 14: 45678910 11 12 13 14

This method for estimating F on the oldest age is generally used when a flat-topped partial recruitment
curve is thought to be characteristic of the stack.

f for age 15+ is then calculated from the ratios of Flage 15+1 to Flage 14] = 1.000

Stock size of the 15+ group is then calculated using the following method: CATCH EQUATION
Partial recruitment estimate for 1996

1 0.0050

2 0.0500

3 0.2200

A 0.5200

5 0.7000

& 0.7500 .
7 1.0000 -
8 1.0000

9 1.0000

10 1.0000

11 1.0000

12 1.0000

13 1.0000

14 1.0000

Objective function is SUM w*( LOG(OBS) - LOG(PRED) )**2
Indices normalized (by dividing by mean observed value) before tuning to VPA stocksizes

Biomass estimates (other than S§SB) reflect mean stock sizes. SS8 calculated as in the NEFSC projection
program (see note below S58 table for description of the algorithm).

Initial estimates of parameters for the Marquardt algorithm and lower and upper bounds on the parameter
estimates:

Par. initial Est Lower Bnd Upper Bnd
N1 3.0000000E3 1.0000000EC 1.000000CE7
N2 3.0000000E3 1.0000000€C 1.0000000E7
N3 -8 5.0000000E2 1.0000000£0 1.0000000E6
N9 - 11 5.0000000E2 1.0000000ED 1.0000000E5

N12 - 13 5.0000000E2 1.0000000EQ 1.0000000E4
q indices 1.0000000£-4  0.0000000EQ 1.0000000E0

The following indices of abundance were used:

2 HUD YOY
3 NJ YOY

4 DEL YOY
5 MD YOY

6 VA YOY

9 WLl sv i
10 MD SV 1
12 MD SSB 2
13 MD SSB 3
14 MD SSB 4
15 MD SSB 5
16 MD SSB 6
17 MD SSB 7
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18 MD SSB B

19 MD SSB 9
20 MD SSB 10
21 MD SSB 11
22 MD SSB 12
23 MD SSB 13
24 MD SSB 14
25 MD SSB 15
55 MA COM 7
56 MA COM 8
57 MA COM 9
58 MA COM 10
59 MA coM 11
&0 MA COM 12
61 MA COM 13
62 MA COM 14
63 ctT crue 1
64 CT CPUE 2
65 CT CPUE 3
&6 CT CPUE &
67 CT CPUE 5
&8 CT CPUE &
69 CT CPUE 7
70 CT CPUE 8
Al CT CPUE 9
72 CT CPUE 10
73 CT CPUE 11
T4 CT CPUE 12
75 CT CPUE 13
76 CT CPUE 14
81 HUD SHAD 6
82 HUD SHAD 7
a3 HUD SHAD 8
92 MY OHS &
93 NY OHS 5
94 NY OHS 6
95 HY OHS 7
96 NY OHS 8
o7 NY OHS @
?8 NY OHS 10
99 NY OHS 11
100 HY OHS 12
101 NY OHS 13
102 NY OHS 14
103 NY OHS 15

obs Indices (before transformation) by index & yr; With index means

1 1982 1983 1984 1985 1986 1987 1988
e emtemmmmmmmemmmmmsssasossmmennoo s
20 8.860 14.170 16.250 15.000 1.920 2.920 15.900
30 0.000 0.120 0.030 0.290 0.020 0.280 0.410
40 -999.000 -999.000 -999.000 -999.000 -999.000 -999.000 -999.000
5 01 0.590 3.540 0.610 1.640 0.910 1.340 1.460
6 0 1.570 2.710 3.400 4470 2.410 4.740 15.740
91 -999.000 -999.000 -999.000 0.610 0.300 0.210 0.770
10 0 0.020 0.320 0.001 0.150 0.030 0.050 0.060
120 -999.000 -999.000 -999.000 72.830 62.720 60.930 32.210
13 0 -999.000 -999.000 -999.000 243.050 164.7640 204.100  67.750
14 [ -999.000 -999.000 -999.000 41.790 467.300 128.140 73.470
15 0. -999.000 -999.000 -999.000 19.020 7.100 335.330 72.330
16 0 -999.000 -999.000 -999.000 £.880 4440 3.720 107.360
170 -999.000 -999.000 -999.000 8.250 3.160 2.950 2.160
18 0 -999.000 -999.000 -999.000 1.440 2.630 3_.480 -999.000
19 0 -999.000 -999.000 -999.000 1.830 0.940 0.120 -999.000
200 -999.000 -999.000 -999.000 2.150 0.730 -999.000 0.730
21 0 -999.000 -999.000 -999.000 0.390 -999.000 -999.000 -999.000
22 1 -999.000 -$99.000 -999.000 1.740 -999.000 -999.000 0.020
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