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Appendix 1 Figure 5. Standardized residuals for aggregate indices from updated run of the 2007 SCA model. 
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Appendix 1 Figure 6. Comparison of observed and predicted values of the survey indices with age data  from updated run of the 2007 
SCA model. 
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Appendix 1 Figure 7. Standardized residuals for survey indices with age data from updated run of the 2007 SCA model. 
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Appendix 1 Figure 8. Standardized residuals for the NYOHS age composition from updated run of the 2007 SCA model. 
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Appendix 1 Figure 9. Standardized residuals for the NJ Trawl age composition from updated run of the 2007 SCA model. 
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Appendix 1 Figure 10. Standardized residuals for the MD SSN age composition from updated run of the 2007 SCA model. 
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Appendix 1 Figure 11. Standardized residuals for the DE SSN age composition from updated run of the 2007 SCA model. 
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Appendix 1 Figure 12.  Estimated selectivity patterns for the surveys with age data from updated run of the 2007 SCA model.
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Appendix 1 Figure 13.  Estimates of catchability coefficients for each survey index. 
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Appendix 1 Figure 14. Comparison of likelihood profile and normal approximation methods for determining confidence intervals of 
estimates of average F of ages 8-11, age 1+ abundance, age 8+ abundance, and spawning stock biomass in 2008 from the SCA model. 
Lower and upper 95% confidence limits are shown in parentheses.  
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Appendix 2.  Figure 1.  Output from new model structure. 
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Appendix 2.  Figure 2.  Standardized residuals for catch age composition. 
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EXECUTIVE SUMMARY 
 

 This report summarizes the results of the eight tagging programs used to estimate the level of 
exploitation and fishing mortality of resident and migratory coastal stocks of striped bass among the 
Atlantic states. The Striped Bass Tagging Subcommittee uses multiple analyses (program MARK, 
catch equation and Instantaneous rates) of the tag recapture results to document the range of results 
under different model assumptions and limitations. Of particular concern to the Tagging 
Subcommittee is whether the estimate of the tag reporting rate is accurate (see Appendix D) and 
evidence that the level of natural mortality is increasing (see Appendix C). Thus, the Tagging 
Subcommittee recommends the results of the catch equation and the two-natural mortality period 
(2M) analyses as the most credible estimates of fishing mortality. 
 
 The tables below summarize the estimates of fishing mortality (F) from the catch equation 
and the 2M instantaneous rates analyses. The producer area average is a weighted mean among the 
four producer area programs (Hudson River 0.13, Delaware River 0.09 and Chesapeake Bay 0.78 
apportioned between Maryland 0.67 and Virginia 0.33). The coastal program average is the 
arithmetic average of the four programs (Massachusetts, New York, New Jersey and North 
Carolina). The analyses are also segregated by size (≥18 inches total length and ≥ 28 inches total 
length). 
 
Table 1. Estimates of F for striped bass greater than or equal to 18”  
 
 striped bass > 18 inches total length 

 catch equation 2M instantaneous rates 
 producer coastal combined producer coastal combined 

year average average mean average average mean 
1987        
1988 0.02 0.03 0.02 0.02 0.02 0.02 
1989 0.01 0.03 0.02 0.04 0.02 0.03 
1990 0.08 0.06 0.07 0.07 0.07 0.07 
1991 0.11 0.07 0.09 0.11 0.07 0.09 
1992 0.14 0.05 0.10 0.14 0.07 0.10 
1993 0.17 0.07 0.12 0.13 0.07 0.10 
1994 0.18 0.06 0.12 0.13 0.06 0.10 
1995 0.21 0.05 0.13 0.19 0.12 0.16 
1996 0.20 0.08 0.14 0.18 0.12 0.15 
1997 0.25 0.12 0.18 0.21 0.13 0.17 
1998 0.24 0.11 0.18 0.23 0.13 0.18 
1999 0.20 0.08 0.14 0.20 0.12 0.16 
2000 0.20 0.08 0.14 0.16 0.11 0.13 
2001 0.18 0.09 0.13 0.15 0.11 0.13 
2001 0.17 0.10 0.13 0.13 0.11 0.12 
2003 0.16 0.10 0.13 0.17 0.12 0.14 
2004 0.15 0.10 0.12 0.15 0.12 0.13 
2005 0.15 0.08 0.12 0.13 0.12 0.13 
2006 0.17 0.09 0.13 0.15 0.12 0.13 
2007 0.13 0.10 0.11 0.12 0.11 0.12 
2008 0.13 0.11 0.12 0.13 0.12 0.12 
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Table 2. Estimates of F for striped bass greater than or equal to 28” 
 
 striped bass > 28 inches total length 

 catch equation 2M instantaneous rates 
 producer coastal combined producer coastal combined 

year average averge mean average average mean 
1987    0.01  0.01 
1988 0.11 0.06 0.09 0.03 0.04 0.03 
1989 0.08 0.03 0.06 0.03 0.03 0.03 
1990 0.16 0.07 0.12 0.13 0.11 0.12 
1991 0.13 0.13 0.13 0.13 0.20 0.16 
1992 0.14 0.07 0.11 0.13 0.11 0.12 
1993 0.15 0.12 0.14 0.15 0.11 0.13 
1994 0.18 0.07 0.13 0.15 0.09 0.12 
1995 0.22 0.11 0.17 0.25 0.17 0.21 
1996 0.23 0.15 0.19 0.25 0.19 0.22 
1997 0.35 0.21 0.28 0.25 0.20 0.22 
1998 0.28 0.20 0.24 0.25 0.23 0.24 
1999 0.27 0.24 0.26 0.25 0.19 0.22 
2000 0.22 0.12 0.17 0.15 0.14 0.14 
2001 0.19 0.14 0.17 0.15 0.16 0.15 
2001 0.16 0.12 0.14 0.15 0.15 0.15 
2003 0.20 0.16 0.18 0.16 0.16 0.16 
2004 0.16 0.17 0.17 0.16 0.16 0.16 
2005 0.19 0.17 0.18 0.16 0.17 0.16 
2006 0.21 0.15 0.18 0.16 0.15 0.15 
2007 0.16 0.15 0.15 0.13 0.17 0.15 
2008 0.16 0.15 0.15 0.14 0.19 0.16 

 
 
 Virginia and Maryland combine their data to produce a fishing mortality estimate for male 
striped bass between 18 and 28 inches total length in Chesapeake Bay. These striped bass are the 
principal target of the extensive commercial and recreational fisheries there. There is strong evidence 
of increased natural mortality, likely attributed to mycobacterial infection, of the resident striped 
bass population (see Appendix C). The catch equation and 2M instantaneous rates estimates of 
fishing mortality (F) and natural mortality (M) are: 
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Table 3. Estimates of F and M for striped bass 18-28” in the Chesapeake Bay 
 

 catch equation 2M IRCR 
year F M F M 
1987 0.01 0.15 0.00 0.27 
1988 0.01 0.27 0.01 0.27 
1989 0.00 0.03 0.00 0.27 
1990 0.05 0.49 0.05 0.27 
1991 0.07 0.28 0.07 0.27 
1992 0.12 0.38 0.13 0.27 
1993 0.10 0.52 0.10 0.27 
1994 0.10 0.37 0.09 0.27 
1995 0.15 0.55 0.11 0.27 
1996 0.11 0.24 0.08 0.27 
1997 0.13 0.62 0.11 0.80 
1998 0.15 0.91 0.15 0.80 
1999 0.11 0.83 0.12 0.80 
2000 0.12 1.11 0.10 0.80 
2001 0.14 0.83 0.10 0.80 
2002 0.10 0.56 0.10 0.80 
2003 0.11 0.41 0.12 0.80 
2004 0.12 1.30 0.11 0.80 
2005 0.12 0.98 0.08 0.80 
2006 0.12 1.11 0.10 0.80 
2007 0.11 1.21 0.06 0.80 
2008 0.08 0.76 0.07 0.80 

 
 
  
 

The estimates of fishing mortality are well below the threshold value of 0.30 regardless of the 
analytical method chosen. The Striped Bass Tagging Subcommittee will attempt to improve the 
validity of the analyses by resolving questions regarding the estimates of the reporting rate, possible 
tag loss and degradation, and changes in natural mortality. 
 
 
 
 

 
 

[PDF pg 72]



 

 
TABLE OF CONTENTS 

 
LIST OF TABLES ......................................................................................................................... i 
LIST OF FIGURES ...................................................................................................................... iv 
INTRODUCTION ..........................................................................................................................1 
METHODS .....................................................................................................................................1 

I. Description of Atlantic Coastwide Striped Bass Tagging Program ..................................1 
II. Data ...................................................................................................................................2 
III. Reporting Rate ...........................................................................................................3 
IV. Modeling ....................................................................................................................3 

A.  Program MARK and Baranov’s Catch Equation ........................................................4 
Model Diagnostics ...........................................................................................................5 
Model Averaging .............................................................................................................5 
Bias Adjustment ...............................................................................................................5 
Estimation of F and M .....................................................................................................6 
Estimation of stock size ...................................................................................................8 

B.  Instantaneous Rates Model .........................................................................................8 
Assumptions and structure of the model ..........................................................................9 
Model diagnostics ..........................................................................................................10 
Estimation of stock size .................................................................................................11 

RESULTS .....................................................................................................................................11 
I. Data .................................................................................................................................11 
II. Model Diagnostics ..........................................................................................................12 

A.  Program MARK ........................................................................................................12 
B.  Baranov’s Catch Equation ........................................................................................12 
C.  Instantaneous Rates Model .......................................................................................12 

III.  Estimates of Exploitation Rates ......................................................................................13 
IV.  Estimates of S .................................................................................................................13 

A.  Program MARK and Bias-Corrected Estimates .......................................................13 
B.  Instantaneous Rates Model .......................................................................................14 

V.  Estimates of F and M ......................................................................................................14 
A.  Program MARK and Constant M .............................................................................14 
B.  Program MARK and Baranov’s catch equation .......................................................15 
C.  Instantaneous Rates Model .......................................................................................15 

VI. Estimates of stock size ....................................................................................................16 
A.  Program MARK and constant M ..............................................................................16 
B.  Program MARK and Baranov’s catch equation .......................................................16 
C.  Instantaneous Rates Model .......................................................................................16 

VII. Chesapeake Bay resident stock .......................................................................................17 
A.  Program MARK and constant M ..............................................................................17 
B.  Program MARK and Baranov’s catch equation .......................................................17 
C.  Instantaneous Rates Model .......................................................................................18 

 
 
 

[PDF pg 73]



 

 
DISCUSSION ..............................................................................................................................18 

I. Data .................................................................................................................................18 
II. Model Diagnostics and Assumptions..............................................................................19 

A.  Program MARK ........................................................................................................19 
B.  Baranov’s Catch Equation ........................................................................................19 
C.  Instantaneous Rates Model .......................................................................................19 

III. Reporting Rate ................................................................................................................20 
IV. Estimates of S .................................................................................................................21 
V. Estimates of F and M ......................................................................................................21 
VI. Estimates of Stock Size ...................................................................................................22 
VII. Chesapeake Bay resident stock .......................................................................................22 
VIII. Sources of Uncertainty ....................................................................................................24 

References ....................................................................................................................................26 
Appendix A ................................................................................................................................109 
Appendix B .................................................................................................................................122 
Appendix C .................................................................................................................................133 
Appendix D ................................................................................................................................174 

 

[PDF pg 74]



 

i 

LIST OF TABLES 
 
Table 1.  Candidate models used in the analyses of striped bass tag recoveries in Program 

MARK. ..........................................................................................................................29 
Table 2.  Justification of modeling periods used in candidate model set. .....................................29 
Table 3.  Candidate models used in the analyses of striped bass tag recoveries in the IRCR.......30 
Table 4a.  Total length frequencies of fish tagged in 2007 by program. .......................................31 
Table 4b.  Total length frequencies of fish tagged in 2008 by program. ......................................32 
Table 5a.  Age frequencies of tagged fish recaptured in 2007 by program...................................33 
Table 5b.  Age frequencies of tagged fish recaptured in 2008 by program. .................................34 
Table 6.  Distribution of tag recaptures by state (program) and month. .......................................35 
Table 7.  R/M estimates of catch rates of >28 inch striped bass from tagging programs.  Catch 

rate is the proportion of tagged striped bass that were caught, but may have been 
released (with reporting rate adjustment of 0.43). .........................................................43 

Table 8.  R/M estimates of catch rates of >18 inch striped bass from tagging programs.  Catch 
rate is the proportion of tagged striped bass that were caught, but may have been 
released (with reporting rate adjustment of 0.43). .........................................................44 

Table 9.  Akaike weights used to derive model averaged parameter estimates using program 
MARK for striped bass ≥ 28 inches ..............................................................................45 

Table 10.  Akaike weights used to derive model averaged parameter estimates using program 
MARK for striped bass ≥ 18 inches ..............................................................................46 

Table 11.  Akaike weights used to derive model averaged parameter estimates using the 
Instantaneous Rates model for striped bass ≥ 28 inches ...............................................47 

Table 12.  Akaike weights used to derive model averaged parameter estimates using the 
Instantaneous Rates model for striped bass ≥ 18 inches ...............................................48 

Table 13.  R/M estimates of exploitation rates of >28 inch striped bass from tagging programs.  
Exploitation rate is the proportion of tagged fish that were harvested or killed (with 
reporting rate adjustment of 0.43, and hooking mortality rate adjustment of 0.08). .....49 

Table 14.  R/M estimates of exploitation rates of >28 inch striped bass from tagging programs.  
Exploitation rate is the proportion of tagged fish that were harvested or killed (with 
reporting rate adjustment of 0.43, and hooking mortality rate adjustment of 0.08). .....50 

Table 15.  Unadjusted (unadj.) and bias-corrected (adj.) estimates of survival (S) and fishing 
mortality (F) for striped bass ≥ 28 inches, from Program MARK and assuming a 
constant natural mortality, for each tagging program. ..................................................51 

Table 16.  Unadjusted (unadj.) and bias-corrected (adj.) estimates of survival (S) and fishing 
mortality (F) for striped bass ≥ 18 inches, from Program MARK and assuming a 
constant natural mortality, for each tagging program. ..................................................59 

Table 17.  Unweighted average of the annual estimates of survival for the coastal programs, and 
a weighted average for producer areas, for striped bass ≥28” using the Instantaneous 
Rates model and assuming constant natural mortality ..................................................67 

Table 18.  Unweighted average of the annual estimates of survival for the coastal programs, and 
a weighted average for producer areas, for striped bass ≥18” using the Instantaneous 
Rates model and assuming constant natural mortality ..................................................69 

Table 19.  Unweighted average of the annual estimates of instantaneous fishing mortality for the 
coastal programs, and a weighted average for producer areas, for striped bass ≥28” 
using program MARK and assuming constant instantaneous natural mortality. ..........71 

[PDF pg 75]



 

ii 

Table 20.  Unweighted average of the annual estimates of instantaneous fishing mortality for the 
coastal programs, and a weighted average for producer areas, for striped bass ≥18” 
using program MARK and assuming constant instantaneous natural mortality. ..........73 

Table 21.  Estimates of fishing mortality for >28 inch striped bass obtained without assuming 
constant natural mortality, based on exploitation rate and Baranov's catch equation, 
using bias-adjusted estimates of survival from Table 11. .............................................75 

Table 22.  Estimates of fishing mortality for >18 inch striped bass obtained without assuming 
constant natural mortality, based on exploitation rate and Baranov's catch equation, 
using bias-adjusted estimates of survival from Table 12. .............................................79 

Table 23.  Unweighted average of the annual estimates of instantaneous fishing mortality for the 
coastal programs, and a weighted average for producer areas, for striped bass ≥28” 
using the catch equation and assuming constant natural mortality ...............................83 

Table 24.  Unweighted average of the annual estimates of instantaneous fishing mortality for the 
coastal programs, and a weighted average for producer areas, for striped bass ≥18” 
using the catch equation and assuming constant natural mortality ...............................85 

Table 25.  Summaries of tag-based estimates of annual instantaneous fishing mortality of striped 
bass ≥28" based on the Instantaneous Rates Model, along with the unweighted average 
for coastal programs, the weighted average for producer areas, and 95% confidence 
intervals. ........................................................................................................................87 

Table 26.  Summaries of tag-based estimates of annual instantaneous fishing mortality of striped 
bass ≥18" based on the Instantaneous Rates Model, along with the unweighted average 
for coastal programs, the weighted average for producer areas, and 95% confidence 
intervals. ........................................................................................................................89 

Table 27.  Coastwide fishing mortality rates, presented as an unweighted average of producer 
and coastal programs’ means, developed assuming a constant M and coastwide stock 
size estimates for age3+  and 7+ obtained via "Kill = F * Stock Size". ........................91 

Table 28.  Coastwide fishing mortality rates, presented as an unweighted average of producer 
and coastal programs’ means, using the catch equation, and coastwide stock size 
estimates for age 3+ and 7+ obtained via "Kill = F * Stock Size". ...............................93 

Table 29. Coastwide fishing mortality rates, presented as an unweighted average of producer and 
coastal programs’ means, using the Instantaneous Rates model, and coastwide stock 
size estimates for age 3+ and 7+ obtained via "Kill = F * Stock Size". ........................95 

Table 30. Akaike weights used to derive model averaged parameter estimates using program 
MARK and the Instantaneous Rates (constant and 2 period M) models for striped bass 
18-28 inches in Chesapeake Bay. ..................................................................................97 

Table 31. Unadjusted (unadj.) and bias-corrected (adj.) estimates of survival (S) and fishing 
mortality (F) for striped bass 18-28 inches, from Program MARK and assuming a 
constant natural mortality, for Chesapeake Bay. ...........................................................98 

Table 32.  R/M estimates of catch rates of 18-28 inch striped bass from tagging programs in 
Chesapeake Bay.  Catch rate is the proportion of tagged striped bass that were caught, 
but may have been released (with reporting rate adjustment of 0.43). .........................99 

Table 33.  Estimates of fishing mortality for 18-28 inch striped bass in Chesapeake Bay obtained 
without assuming constant natural mortality, based on exploitation rate and Baranov's 
catch equation, using bias-adjusted estimates of survival from Table 32.. .................100 

[PDF pg 76]



 

iii 

Table 34.  Estimates of instantaneous fishing mortality (F), instantaneous natural mortality (M), 
survival (S) and tag mortality (F’) of 18-28 inch striped bass in Chesapeake Bay using 
the Instantaneous Rates model and a tag reporting rate of 0.64. .................................101 

Table 35.  Estimates of instantaneous fishing mortality (F), instantaneous natural mortality (M), 
survival (S) and tag mortality (F’) of 18-28 inch striped bass in Chesapeake Bay using 
a two-natural mortality period (1987-1997 and 1998-2008) Instantaneous Rates model 
and a tag reporting rate of 0.64. ...................................................................................102 

 
 

  
 

[PDF pg 77]



 

iv 

LIST OF FIGURES 
 

Figure 1.  Retrospective analysis of catch equation results for fish ≥28”. ..................................103 
Figure 2.  Retrospective analysis of catch equation results for fish ≥18”. ..................................104 
Figure 3.  Comparison of coast program and producer area mean fishing mortality estimates 

from the three methods, for fish ≥ 28 inches. ..............................................................105 
Figure 4.  Comparison of coast program and producer area mean fishing mortality estimates 

from the three methods, for fish ≥ 18 inches. ..............................................................106 
Figure 5.  Comparison of stock size estimates from the three methods, for fish age seven and 

older (comparable to fish ≥ 28 inches). .......................................................................107 
Figure 6.  Comparison of stock size estimates from the three methods, for fish age three and 

older (comparable to fish ≥ 18 inches). .......................................................................108 

 

 

[PDF pg 78]



 

1 

INTRODUCTION 

 
 

This report summarizes the results of the United States Fish and Wildlife 
Service’s (USFWS) Atlantic coastwide striped bass tagging program through the 2008 
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 comprised of members from participating state agencies and 
USFWS. 
 

Two modeling approaches were used for the 2008 assessment.  The SBTS has 
used Program MARK since 1998 to estimate a time series of annual survival rates (S).  
Post modeling, instantaneous mortality (Z as -loge S) was partitioned into instantaneous 
fishing (F) and natural (M) mortalities using a biologically-based constant value of M.  
The use of this method produced estimates of F that were sometimes nonsensical and 
sometimes conflicted with other indicators of stock status.  Therefore, in 2004 the post-
model partitioning of Z was also accomplished using a formulation of Baranov’s catch 
equation (Ricker 1975) proposed by Pollock et al. (1991), in which the value of M is not 
assumed a priori.  However, the catch equation method did not produce completely 
believable results, either.  Therefore, the SBTS started a new approach for the 2006 
assessment – a formulation of Jiang et al.’s (2007) instantaneous (mortality) rates model.   
 

This report presents descriptive statistics and calculations based on the data as 
well as model results.  Data-based results are length structure of tagged striped bass, age 
structure of recaptures, geographic distributions of recaptures by month and state, and 
estimates of catch and exploitation rates by program.  Descriptions of the modeling 
methods, model outputs, and results of post-model calculations are also presented.  Time 
series of several parameters are presented for fish > 28 inches (approximating age 7+ 
fish) and fish > 18 inches (approximating age 3+ fish). 
 

 

METHODS 

 
I. DESCRIPTION OF ATLANTIC COASTWIDE STRIPED BASS TAGGING PROGRAM 
 
 Eight tagging programs have traditionally participated 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:  
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• Hudson River (HUDSON) - fish tagged in May;  
• Delaware and Pennsylvania (DE/PA) - fish tagged in the Delaware River 

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

Chesapeake Bay primarily in April and May; and 
• Virginia spawning stock program (VARAP) - fish tagged in the 

Rappahannock River during April and May.   
 
Coastal programs tag striped bass from mixed stocks during fall, winter, or early 

spring.  Gears include hook & line, seine, gill net, and otter trawl.  The coastal tagging 
programs are:  

• Massachusetts (MADFW)  - fish tagged during fall months;  
• New York ocean haul seine survey (NYOHS) - fish tagged during fall months; 
• New Jersey Delaware Bay (NJ/DEL) - fish tagged in March and April; and 
• North Carolina winter trawl survey (NCCOOP) - fish tagged primarily in 

January. 
 
 
II. DATA 
  

Tag release and recapture data are exchanged between the USFWS office in 
Annapolis, MD, and the cooperating tagging agencies.  The USFWS maintains the tag 
release/recovery database and provides rewards to fishermen who report the recapture of 
tagged fish.  From 1985 through July 2009, a total of 308,479 striped bass have been 
tagged and released, with 58,974 recaptures reported and recorded in the USFWS 
database (Ian Park, personal communication).   
 

Release data, recorded at time of tagging, include:   
• tag number,  
• fish length,  
• sex (if available),  
• release date,  
• location,  
• gear, and 
• other physical data.   

 
Recapture data are obtained directly from fishermen and include: 

• tag number,  
• length,  
• disposition,  
• date,  
• location,  
• gear; and  
• personal information.   
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These data were used to develop the following descriptive statistics of reported 
fish: 

• length frequency distributions of releases, measured as total length (TL); 
• age frequency distributions of recaptures; and  
• annual catch rates.  
 

Annual catch rates were developed for both > 18 inch fish and > 28 inch fish and 
were estimated as follows: 

 
(R / 0.43) / M      Eqn 1. 

 
where: 

R =   number of fish recovered;  
0.43 =   reporting rate; and 
M =  number of fish marked. 

 
The data are used in the models as program-specific matrices of releases and 

recaptures occurring in each year over the time series (Appendix A). 
 
 

III. REPORTING RATE 
 

The reporting rate used throughout these calculations is the proportion of 
recaptured fish whose tag is 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.  In 2007 and 2008, the four producer 
area programs participated in a high reward tagging study to obtain a current value for 
reporting rate. This project is detailed in appendix D.  
 
 
IV. MODELING 
 
 Two approaches were used to analyze the tagging data.  The primary method was 
based on estimates of survival produced by Program MARK (White and Burnham 1999) 
and subsequent use of Baranov’s catch equation to parse Z into F and M.  The second 
method, included in the tagging subcommittee’s methodology for the first time in 2007, 
is an Instantaneous Rates model.  Some results from the previous method (assuming 
constant M) are reported for comparison. 
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Table 17 continued. 
 

Producer Area Programs       
            Weighted 

Year HUDSON DE/PA MDCB VARAP   average* 
1987     0.83    0.83 
1988 0.82   0.83    0.82 
1989 0.80   0.83    0.82 
1990 0.75   0.74 0.64   0.72 
1991 0.75   0.74 0.64   0.71 
1992 0.75 0.82 0.74 0.64   0.72 
1993 0.75 0.82 0.74 0.64   0.72 
1994 0.75 0.82 0.74 0.64   0.72 
1995 0.68 0.74 0.65 0.59   0.65 
1996 0.68 0.74 0.66 0.59   0.65 
1997 0.68 0.74 0.65 0.59   0.65 
1998 0.68 0.74 0.65 0.59   0.65 
1999 0.68 0.74 0.65 0.59   0.65 
2000 0.74 0.78 0.73 0.66   0.72 
2001 0.74 0.78 0.73 0.66   0.72 
2002 0.74 0.78 0.74 0.66   0.72 
2003 0.74 0.80 0.76 0.66   0.74 
2004 0.74 0.80 0.76 0.66   0.74 
2005 0.74 0.80 0.77 0.66   0.74 
2006 0.74 0.80 0.76 0.66   0.74 
2007 0.74 0.82 0.78 0.67   0.75 
2008 0.74 0.82 0.78 0.67   0.75 

 
 

 

 
 

* Weighting Scheme: Hudson (0.13); Delaware (0.09);  
Chesapeake Bay (0.78), where MD (0.67) and VA (0.33). 
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Table 18.  Unweighted average of the annual estimates of survival for the coastal programs, 
and a weighted average for producer areas, for striped bass ≥18 inches using using the 
Instantaneous Rates model.    
 

Coast Programs         
            Unweighted 
Year MADFW NYOHS NJDEL NCCOOP   average 
1987            
1988   0.79  0.74   0.76 
1989   0.79 0.82 0.73   0.78 
1990   0.75 0.79 0.67   0.74 
1991   0.75 0.78 0.67   0.74 
1992 0.82 0.75 0.81 0.67   0.76 
1993 0.82 0.75 0.81 0.67   0.76 
1994 0.82 0.75 0.82 0.67   0.76 
1995 0.76 0.73 0.78 0.63   0.72 
1996 0.76 0.73 0.74 0.64   0.71 
1997 0.75 0.73 0.72 0.63   0.71 
1998 0.75 0.73 0.70 0.63   0.70 
1999 0.75 0.73 0.75 0.63   0.72 
2000 0.78 0.75 0.74 0.67   0.74 
2001 0.79 0.75 0.73 0.67   0.73 
2002 0.79 0.75 0.75 0.67   0.74 
2003 0.79 0.75 0.73 0.68   0.74 
2004 0.80 0.75 0.73 0.68   0.74 
2005 0.80 0.75 0.73 0.68   0.74 
2006 0.80 0.75 0.76 0.68   0.75 
2007 0.82 0.77 0.75 0.68   0.75 
2008 0.81 0.77 0.75 0.68   0.75 
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Table 18 continued. 
 

Producer Area Programs       
            Weighted 

Year HUDSON DE/PA MDCB VARAP   average* 
1987     0.80       
1988 0.81   0.79     0.80 
1989 0.80   0.80     0.80 
1990 0.76   0.74 0.58   0.70 
1991 0.76   0.71 0.57   0.67 
1992 0.76   0.66 0.55   0.64 
1993 0.76 0.67 0.68 0.56   0.66 
1994 0.76 0.67 0.68 0.55   0.65 
1995 0.69 0.66 0.62 0.53   0.61 
1996 0.69 0.66 0.64 0.55   0.63 
1997 0.69 0.66 0.60 0.54   0.60 
1998 0.69 0.66 0.57 0.54   0.59 
1999 0.69 0.66 0.60 0.54   0.60 
2000 0.74 0.65 0.64 0.57   0.64 
2001 0.75 0.65 0.68 0.56   0.66 
2002 0.74 0.65 0.71 0.57   0.67 
2003 0.75 0.67 0.69 0.56   0.66 
2004 0.75 0.67 0.72 0.56   0.68 
2005 0.75 0.67 0.73 0.57   0.69 
2006 0.75 0.67 0.73 0.56   0.68 
2007 0.75 0.70 0.75 0.56   0.70 
2008 0.75 0.70 0.75 0.56   0.70 

 
 

* Weighting Scheme: Hudson (0.13); Delaware (0.09);  
Chesapeake Bay (0.78), where MD (0.67) and VA (0.33).      
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Table 19.  Unweighted average of the annual estimates of instantaneous fishing mortality for 
the coastal programs, and a weighted average for producer areas, for striped bass ≥28 inches 
using program MARK and assuming constant instantaneous natural mortality. 
 

Coast Programs           
            Unweighted  
Year MADFW NYOHS NJDEL NCCOOP   average   
1987          
1988  -0.07  0.03   0.03  
1989  -0.23 -0.04 0.09   0.09  
1990  0.13 -0.02 0.09   0.11  
1991  0.33 -0.17 0.08   0.21  
1992 0.02 -0.21 0.11 0.07   0.07  
1993 0.04 0.41 0.14 0.10   0.17  
1994 0.06 0.06 0.09 0.11   0.08  
1995 0.13 0.00 0.08 0.19   0.11  
1996 0.13 -0.03 0.09 0.26   0.16  
1997 0.13 -0.08 0.18 0.23   0.18  
1998 0.12 0.71 0.20 0.22   0.31  
1999 0.13 0.31 0.08 0.22   0.19  
2000 0.14 -0.16 0.05 0.19   0.13  
2001 0.14 0.07 0.06 0.17   0.11  
2002 0.13 -0.13 0.08 0.17   0.13  
2003 0.13 0.25 0.25 0.32   0.24  
2004 0.13 0.94 0.24 0.31   0.41  
2005 0.12 0.30 0.18 0.34   0.23  
2006 0.10 -0.09 0.24 0.31   0.22  
2007 0.07 -0.15 0.26 0.43   0.25  
2008 0.06 0.45 0.27 0.49   0.32  

 
Values in red excluded from averages.

[PDF pg 149]



 

 72

Table 19 continued. 
 

Producer Area Programs           
            Weighted * negative values 

Year HUDSON DE/PA MDCB VARAP   average* not included in ave. 
1987    -0.05         
1988 0.08  -0.11     0.08   
1989 0.00  -0.15         
1990 0.06  0.17 0.18   0.15   
1991 0.16  0.07 0.17   0.11   
1992 0.09  0.11 0.12   0.11   
1993 0.12 -0.05 0.14 0.21   0.16   
1994 0.12 -0.07 0.15 0.24   0.17   
1995 0.17 0.25 0.21 0.30   0.23   
1996 0.19 0.27 0.23 0.37   0.26   
1997 0.13 0.29 0.23 0.35   0.26   
1998 0.20 0.30 0.24 0.30   0.25   
1999 0.16 0.34 0.23 0.33   0.26   
2000 0.19 0.25 0.27 0.17   0.23   
2001 0.22 0.28 0.27 0.19   0.24   
2002 0.16 0.27 0.26 0.16   0.22   
2003 0.20 0.29 0.25 0.42   0.29   
2004 0.21 0.32 0.27 0.42   0.31   
2005 0.20 0.32 0.26 0.44   0.30   
2006 0.20 0.33 0.25 0.43   0.30   
2007 0.21 0.25 0.23 0.44   0.28   
2008 0.21 0.17 0.23 0.45   0.28   

 
* Weighting Scheme: Hudson (0.13); Delaware (0.09);  
Chesapeake Bay (0.78), where MD (0.67) and VA (0.33). 
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Table 20.  Unweighted average of the annual estimates of instantaneous fishing mortality for 
the coastal programs, and a weighted average for producer areas, for striped bass ≥18 inches 
using program MARK and assuming constant instantaneous natural mortality. 
 

Coast Programs           
            Unweighted  
Year MADFW NYOHS NJDEL NCCOOP   average   
1987           
1988  0.30  -0.24   0.30   
1989  -0.27 -0.28 0.24   0.24   
1990  0.26 -0.28 0.36   0.31   
1991  -0.02 0.07 0.18   0.12   
1992 0.02 -0.21 0.47 -0.03   0.24   
1993 0.05 0.48 0.28 -0.01   0.27   
1994 0.06 0.09 0.11 0.48   0.18   
1995 0.11 -0.09 -0.15 -0.17   0.11   
1996 0.07 -0.06 -0.23 0.36   0.22   
1997 0.11 0.09 0.52 0.46   0.30   
1998 0.10 0.55 0.01 0.15   0.20   
1999 0.13 0.09 0.12 -0.14   0.11   
2000 0.13 0.27 0.05 0.96   0.35   
2001 0.12 0.12 -0.05 0.30   0.18   
2002 0.12 0.21 0.36 0.39   0.27   
2003 0.14 0.14 0.30 0.26   0.21   
2004 0.14 0.40 0.10 -0.14   0.21   
2005 0.13 0.64 0.23 1.15   0.33   
2006 0.12 -0.11 0.27 0.78   0.39   
2007 0.09 0.48 0.11 0.35   0.26   
2008 0.09 0.42 0.25 0.41   0.29   

 
Values in red excluded from averages. 
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Table 20 continued. 
 

Producer Area Programs*            
            Weighted * negative values  

Year HUDSON DE/PA MDCB VARAP   Average not included in ave.  
1987   -0.14         
1988 0.04  -0.06    0.04    
1989 -0.01  -0.05         
1990 0.09  0.23 -0.10   0.20    
1991 0.14  0.20 1.05   0.18    
1992 0.13  0.18 -0.09   0.16    
1993 0.15 0.14 0.22 0.24   0.21    
1994 0.16 0.09 0.19 0.32   0.21    
1995 0.16 0.17 0.29 0.17   0.23    
1996 0.16 0.18 0.30 0.26   0.26    
1997 0.13 0.23 0.32 0.36   0.30    
1998 0.17 0.21 0.31 0.67   0.38    
1999 0.16 0.22 0.34 0.79   0.42    
2000 0.14 0.24 0.44 0.62   0.43    
2001 0.17 0.25 0.47 0.55   0.43    
2002 0.15 0.25 0.48 0.25   0.36    
2003 0.21 0.43 0.41 0.02   0.29    
2004 0.23 0.48 0.43 0.85   0.52    
2005 0.23 0.42 0.43 0.62   0.45    
2006 0.23 0.44 0.41 0.66   0.45    
2007 0.22 0.45 0.43 0.62   0.45    
2008 0.22 0.42 0.43 0.56   0.44    

 
* Weighting Scheme: Hudson (0.13); Delaware (0.09);  
Chesapeake Bay (0.78), where MD (0.67) and VA (0.33).      
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Table 21.  Estimates of fishing mortality for >28 inch striped bass obtained without 
assuming constant natural mortality, based on exploitation rate and Baranov's catch 
equation, using bias-adjusted estimates of survival from Table 11.  Column headings are S: 
bias-corrected survival rate, Z: total instantaneous mortality, A: annual percentage mortality 
expressed as a proportion, U: annual exploitation rate, F: instantaneous fishing mortality rate 
and M: instantaneous natural mortality rate. 
 

Coast Programs                       
Massachusetts Fall Tagging         New York Ocean Haul Seine Fall Tagging   
                          

Year Z A U F M   Year Z A U F M 
1988             1988 0.08 0.08 0.05 0.06 0.03 
1989             1989 -0.08 -0.08 0.04 0.04 -0.12 
1990             1990 0.28 0.25 0.07 0.08 0.20 
1991             1991 0.48 0.38 0.14 0.18 0.30 
1992 0.17 0.16 0.05 0.06 0.11   1992 -0.06 -0.06 0.12 0.12 -0.18 
1993 0.19 0.17 0.07 0.08 0.11   1993 0.56 0.43 0.14 0.18 0.38 
1994 0.21 0.19 0.05 0.05 0.16   1994 0.21 0.19 0.09 0.10 0.12 
1995 0.28 0.24 0.05 0.06 0.22   1995 0.15 0.14 0.22 0.24 -0.08 
1996 0.28 0.24 0.09 0.11 0.17   1996 0.12 0.11 0.14 0.15 -0.03 
1997 0.28 0.24 0.17 0.20 0.08   1997 0.07 0.07 0.31 0.32 -0.25 
1998 0.27 0.24 0.10 0.12 0.16   1998 0.86 0.58 0.17 0.25 0.61 
1999 0.28 0.25 0.13 0.15 0.14   1999 0.46 0.37 0.34 0.43 0.04 
2000 0.29 0.25 0.13 0.15 0.14   2000 -0.01 -0.01 0.14 0.14 -0.15 
2001 0.29 0.25 0.09 0.10 0.19   2001 0.22 0.20 0.11 0.12 0.09 
2002 0.28 0.24 0.08 0.09 0.19   2002 0.02 0.02 0.24 0.24 -0.22 
2003 0.28 0.25 0.11 0.13 0.16   2003 0.40 0.33 0.17 0.20 0.20 
2004 0.28 0.24 0.10 0.11 0.17   2004 1.09 0.66 0.13 0.22 0.88 
2005 0.27 0.23 0.07 0.08 0.19   2005 0.45 0.36 0.26 0.33 0.12 
2006 0.25 0.22 0.10 0.11 0.14   2006 0.06 0.06 0.13 0.13 -0.07 
2007 0.22 0.19 0.04 0.04 0.18   2007 0.00 0.00 0.02 0.02 -0.03 
2008 0.21 0.19 0.07 0.08 0.13   2008 0.60 0.45 0.07 0.09 0.51 

Average 0.26 0.23 0.09 0.10 0.15   Average 0.28 0.21 0.16 0.19 0.10 
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Table 21 continued. 
 

New Jersey Delaware Bay March-April     North Carolina Winter Trawl Survey   
                          

Year Z A U F M   Year Z A U F M 
1988             1988 0.18 0.16 0.06 0.07 0.11 
1989 0.11 0.11 0.02 0.02 0.09   1989 0.24 0.22 0.04 0.05 0.20 
1990 0.13 0.12 0.04 0.04 0.08   1990 0.24 0.21 0.09 0.10 0.14 
1991 -0.02 -0.02 0.17 0.17 -0.18   1991 0.23 0.21 0.07 0.08 0.15 
1992 0.26 0.23 0.02 0.02 0.24   1992 0.22 0.20 0.13 0.14 0.08 
1993 0.29 0.25 0.09 0.10 0.19   1993 0.25 0.22 0.11 0.13 0.12 
1994 0.24 0.21 0.04 0.05 0.19   1994 0.26 0.23 0.08 0.09 0.17 
1995 0.23 0.21 0.10 0.12 0.11   1995 0.34 0.29 0.14 0.17 0.17 
1996 0.24 0.22 0.19 0.22 0.02   1996 0.41 0.33 0.11 0.14 0.27 
1997 0.33 0.28 0.18 0.21 0.12   1997 0.38 0.32 0.18 0.22 0.16 
1998 0.35 0.30 0.35 0.41 -0.06   1998 0.37 0.31 0.20 0.24 0.13 
1999 0.23 0.21 0.08 0.09 0.15   1999 0.37 0.31 0.24 0.28 0.09 
2000 0.20 0.18 0.14 0.15 0.05   2000 0.34 0.29 0.06 0.07 0.27 
2001 0.21 0.19 0.15 0.17 0.04   2001 0.32 0.27 0.15 0.17 0.14 
2002 0.23 0.20 0.11 0.12 0.11   2002 0.32 0.28 0.12 0.14 0.19 
2003 0.40 0.33 0.15 0.18 0.22   2003 0.47 0.38 0.11 0.14 0.33 
2004 0.39 0.32 0.15 0.18 0.21   2004 0.46 0.37 0.12 0.15 0.31 
2005 0.33 0.28 0.15 0.18 0.15   2005 0.49 0.38 0.07 0.09 0.39 
2006 0.39 0.32 0.14 0.17 0.22   2006 0.46 0.37 0.12 0.15 0.31 
2007 0.41 0.34 0.13 0.16 0.25   2007 0.58 0.44 0.19 0.25 0.33 
2008 0.42 0.35 0.14 0.17 0.25   2008 0.64 0.47 0.19 0.26 0.39 

Average 0.25 0.22 0.13 0.14 0.11   Average 0.33 0.28 0.12 0.14 0.20 
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Table 21 continued. 
 

Producer Area Programs                   
                          
Hudson River Spring Spawning Stock     Delaware River - Delaware/Pennsylvania 
              Spring Spawning Stock        
                          

Year Z A U F M   Year Z A U F M 
1988 0.23 0.21 0.10 0.11 0.12   1988           
1989 0.15 0.14 0.07 0.08 0.08   1989           
1990 0.21 0.19 0.11 0.12 0.09   1990           
1991 0.31 0.27 0.10 0.12 0.19   1991           
1992 0.24 0.21 0.13 0.14 0.09   1992           
1993 0.27 0.24 0.17 0.19 0.08   1993 0.10 0.09 0.13 0.14 -0.04 
1994 0.27 0.24 0.12 0.14 0.13   1994 0.08 0.08 0.12 0.13 -0.04 
1995 0.32 0.27 0.15 0.18 0.14   1995 0.40 0.33 0.14 0.17 0.24 
1996 0.34 0.29 0.22 0.26 0.08   1996 0.42 0.34 0.32 0.39 0.03 
1997 0.28 0.25 0.31 0.36 -0.07   1997 0.44 0.36 0.27 0.33 0.11 
1998 0.35 0.29 0.22 0.26 0.08   1998 0.45 0.36 0.28 0.35 0.10 
1999 0.31 0.27 0.21 0.25 0.07   1999 0.49 0.39 0.15 0.19 0.29 
2000 0.34 0.29 0.14 0.17 0.18   2000 0.40 0.33 0.30 0.36 0.03 
2001 0.37 0.31 0.13 0.16 0.21   2001 0.43 0.35 0.27 0.33 0.10 
2002 0.31 0.26 0.19 0.22 0.08   2002 0.42 0.34 0.24 0.29 0.13 
2003 0.35 0.29 0.14 0.17 0.18   2003 0.44 0.35 0.17 0.21 0.23 
2004 0.36 0.30 0.21 0.25 0.11   2004 0.47 0.37 0.24 0.30 0.17 
2005 0.35 0.30 0.17 0.20 0.15   2005 0.47 0.38 0.15 0.19 0.28 
2006 0.35 0.30 0.16 0.18 0.17   2006 0.48 0.38 0.21 0.26 0.22 
2007 0.36 0.30 0.16 0.20 0.17   2007 0.40 0.33 0.20 0.24 0.16 
2008 0.36 0.30 0.15 0.18 0.18   2008 0.32 0.27 0.12 0.14 0.18 

Average 0.31 0.26 0.16 0.19 0.12   Average 0.39 0.32 0.21 0.25 0.14 
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Table 21 continued. 
 

Maryland - Chesapeake Bay Spring Spawning Stock 
Virginia - Rappahannock River Spring 
Spawning Stock 

                          
Year Z A U F M  Year Z A U F M 
1987 0.10 0.10     0.10  1987      
1988 0.04 0.04 0.07 0.08 -0.04   1988           
1989 0.00 0.00 0.04 0.04 -0.03   1989           
1990 0.32 0.27 0.09 0.10 0.22   1990 0.33 0.28 0.25 0.30 0.03 
1991 0.22 0.20 0.12 0.13 0.08   1991 0.32 0.28 0.36 0.43 -0.10 
1992 0.26 0.23 0.12 0.14 0.12   1992 0.27 0.24 0.37 0.42 -0.15 
1993 0.29 0.25 0.12 0.14 0.15   1993 0.36 0.31 0.37 0.44 -0.08 
1994 0.30 0.26 0.12 0.13 0.17   1994 0.39 0.32 0.25 0.31 0.08 
1995 0.36 0.30 0.21 0.25 0.12   1995 0.45 0.36 0.41 0.51 -0.06 
1996 0.38 0.31 0.17 0.20 0.17   1996 0.52 0.41 0.18 0.23 0.29 
1997 0.38 0.32 0.23 0.28 0.10   1997 0.50 0.39 0.38 0.48 0.02 
1998 0.39 0.32 0.23 0.27 0.12   1998 0.45 0.36 0.45 0.56 -0.12 
1999 0.38 0.32 0.21 0.26 0.13   1999 0.48 0.38 0.28 0.35 0.13 
2000 0.42 0.34 0.17 0.21 0.21   2000 0.32 0.27 0.28 0.33 -0.01 
2001 0.42 0.34 0.11 0.13 0.29   2001 0.34 0.29 0.24 0.28 0.06 
2002 0.41 0.34 0.10 0.12 0.29   2002 0.31 0.27 0.35 0.41 -0.10 
2003 0.40 0.33 0.11 0.13 0.27   2003 0.57 0.43 0.27 0.35 0.22 
2004 0.42 0.34 0.08 0.10 0.32   2004 0.57 0.44 0.15 0.20 0.37 
2005 0.41 0.33 0.11 0.14 0.27   2005 0.59 0.45 0.21 0.28 0.31 
2006 0.40 0.33 0.14 0.17 0.23   2006 0.58 0.44 0.22 0.29 0.29 
2007 0.38 0.31 0.09 0.11 0.27   2007 0.59 0.44 0.15 0.20 0.39 
2008 0.38 0.32 0.11 0.13 0.25   2008 0.60 0.45 0.15 0.20 0.40 

Average 0.32 0.26 0.13 0.16 0.16   Average 0.43 0.35 0.30 0.36 0.07 
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Table 22.  Estimates of fishing mortality for >18 inch striped bass obtained without 
assuming constant natural mortality, based on exploitation rate and Baranov's catch 
equation, using bias-adjusted estimates of survival from Table 12.  The tables also present 
annual estimates of instantaneous natural mortality, M. Column headings are S: bias-
corrected survival rate, Z: total instantaneous mortality, A: annual percentage mortality 
expressed as a proportion, U: annual exploitation rate, F: instantaneous fishing mortality rate 
and M: instantaneous natural mortality rate.  
 

Coast 
Programs                       
                         
Massachusetts Fall Tagging       New York Ocean Haul Seine Fall Tagging   
                          

Year Z A U F M   Year Z A U F M 
1988        1988 0.45 0.36 0.02 0.03 0.42 
1989        1989 -0.12 -0.12 0.03 0.03 -0.14 
1990        1990 0.41 0.34 0.04 0.05 0.37 
1991        1991 0.13 0.12 0.07 0.07 0.06 
1992 0.17 0.15 0.05 0.06 0.11   1992 -0.06 -0.06 0.05 0.05 -0.11 
1993 0.20 0.18 0.06 0.06 0.14   1993 0.63 0.47 0.04 0.06 0.57 
1994 0.21 0.19 0.04 0.05 0.16   1994 0.24 0.21 0.03 0.04 0.20 
1995 0.26 0.23 0.04 0.04 0.21   1995 0.06 0.06 0.06 0.06 0.01 
1996 0.22 0.20 0.07 0.08 0.15   1996 0.09 0.08 0.04 0.04 0.04 
1997 0.26 0.23 0.12 0.13 0.13   1997 0.24 0.21 0.05 0.05 0.19 
1998 0.25 0.22 0.10 0.12 0.14   1998 0.70 0.50 0.03 0.04 0.66 
1999 0.28 0.24 0.09 0.10 0.18   1999 0.24 0.21 0.06 0.07 0.17 
2000 0.28 0.25 0.09 0.11 0.18   2000 0.42 0.34 0.03 0.04 0.38 
2001 0.27 0.24 0.06 0.07 0.20   2001 0.27 0.24 0.05 0.06 0.22 
2002 0.27 0.23 0.09 0.10 0.17   2002 0.36 0.30 0.07 0.08 0.28 
2003 0.29 0.25 0.08 0.09 0.20   2003 0.29 0.25 0.06 0.07 0.22 
2004 0.29 0.25 0.09 0.10 0.19   2004 0.55 0.42 0.04 0.06 0.49 
2005 0.28 0.24 0.07 0.08 0.20   2005 0.79 0.55 0.04 0.06 0.73 
2006 0.27 0.24 0.09 0.10 0.17   2006 0.04 0.04 0.04 0.04 0.00 
2007 0.24 0.22 0.03 0.04 0.21   2007 0.63 0.47 0.02 0.03 0.60 
2008 0.24 0.22 0.06 0.07 0.17   2008 0.57 0.43 0.03 0.05 0.52 

Average 0.25 0.22 0.08 0.09 0.17   Average 0.30 0.24 0.04 0.05 0.25 
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Table 22 continued. 
 

New Jersey Delaware Bay March-April     North Carolina Winter Trawl Survey   
                          

Year Z A U F M   Year Z A U F M 
1988             1988 -0.09 -0.10 0.03 0.03 -0.13 
1989 0.10 0.09 0.03 0.03 0.06   1989 0.39 0.32 0.03 0.03 0.35 
1990 -0.13 -0.14 0.07 0.06 -0.19   1990 0.51 0.40 0.06 0.08 0.43 
1991 0.22 0.20 0.03 0.03 0.19   1991 0.33 0.28 0.08 0.10 0.23 
1992 0.62 0.46 0.03 0.04 0.58   1992 0.12 0.12 0.14 0.15 -0.02 
1993 0.43 0.35 0.02 0.03 0.40   1993 0.14 0.13 0.11 0.11 0.02 
1994 0.26 0.23 0.03 0.04 0.22   1994 0.63 0.47 0.08 0.11 0.52 
1995 0.00 0.00 0.06 0.06 -0.07   1995 -0.02 -0.02 0.14 0.13 -0.15 
1996 -0.08 -0.08 0.09 0.08 -0.16   1996 0.51 0.40 0.11 0.13 0.38 
1997 0.67 0.49 0.06 0.09 0.58   1997 0.61 0.46 0.15 0.21 0.41 
1998 0.16 0.14 0.11 0.12 0.03   1998 0.30 0.26 0.14 0.16 0.14 
1999 0.27 0.24 0.05 0.06 0.21   1999 0.01 0.01 0.22 0.22 -0.21 
2000 0.20 0.18 0.07 0.08 0.12   2000 1.11 0.67 0.08 0.13 0.98 
2001 0.10 0.09 0.09 0.10 0.00   2001 0.45 0.36 0.11 0.14 0.31 
2002 0.51 0.40 0.06 0.07 0.43   2002 0.54 0.42 0.12 0.15 0.38 
2003 0.45 0.36 0.08 0.09 0.36   2003 0.41 0.33 0.11 0.13 0.28 
2004 0.25 0.22 0.12 0.13 0.12   2004 0.01 0.01 0.12 0.12 -0.11 
2005 0.38 0.32 0.09 0.11 0.27   2005 1.30 0.73 0.06 0.10 1.20 
2006 0.42 0.34 0.06 0.08 0.34   2006 0.93 0.61 0.10 0.16 0.77 
2007 0.26 0.23 0.11 0.12 0.14   2007 0.50 0.40 0.16 0.20 0.30 
2008 0.40 0.33 0.09 0.11 0.30   2008 0.56 0.43 0.18 0.24 0.32 

Average 0.27 0.22 0.06 0.07 0.19   Average 0.43 0.31 0.10 0.13 0.30 
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Table 22 continued. 
 

Producer Area Programs                   
                         
Hudson River Spring Spawning Stock Survey   Delaware River - DE/PA Spring Spawning Stock 
                          

Year Z A U F M   Year Z A U F M 
1987        1987      
1988 0.19 0.17 0.05 0.05 0.14   1988           
1989 0.14 0.13 0.05 0.05 0.09   1989           
1990 0.24 0.22 0.07 0.08 0.17   1990           
1991 0.29 0.25 0.07 0.08 0.21   1991           
1992 0.28 0.24 0.09 0.10 0.18   1992           
1993 0.30 0.26 0.10 0.12 0.18   1993 0.29 0.25 0.13 0.15 0.14 
1994 0.31 0.26 0.09 0.10 0.21   1994 0.24 0.21 0.12 0.14 0.10 
1995 0.31 0.26 0.12 0.14 0.16   1995 0.32 0.27 0.12 0.15 0.17 
1996 0.31 0.26 0.15 0.18 0.13   1996 0.33 0.28 0.18 0.21 0.12 
1997 0.28 0.25 0.24 0.27 0.01   1997 0.38 0.31 0.11 0.13 0.24 
1998 0.32 0.27 0.18 0.21 0.11   1998 0.36 0.31 0.14 0.16 0.20 
1999 0.31 0.27 0.14 0.17 0.15   1999 0.37 0.31 0.10 0.12 0.25 
2000 0.29 0.25 0.10 0.11 0.17   2000 0.39 0.33 0.15 0.18 0.21 
2001 0.32 0.27 0.09 0.11 0.22   2001 0.40 0.33 0.15 0.18 0.21 
2002 0.30 0.26 0.08 0.10 0.21   2002 0.40 0.33 0.14 0.17 0.24 
2003 0.36 0.31 0.10 0.12 0.25   2003 0.58 0.44 0.15 0.19 0.39 
2004 0.38 0.32 0.13 0.16 0.22   2004 0.63 0.47 0.15 0.20 0.42 
2005 0.38 0.32 0.09 0.11 0.28   2005 0.57 0.43 0.10 0.13 0.44 
2006 0.38 0.32 0.10 0.13 0.25   2006 0.59 0.44 0.11 0.15 0.44 
2007 0.37 0.31 0.10 0.12 0.25   2007 0.60 0.45 0.08 0.10 0.50 
2008 0.37 0.31 0.09 0.10 0.27   2008 0.57 0.44 0.08 0.11 0.46 

Average 0.31 0.26 0.11 0.12 0.18   Average 0.44 0.35 0.13 0.15 0.28 
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Table 22 continued. 
 

Maryland Chesapeake Bay Spring Spawning 
Stock   

Virginia Rappahanock River Spring Spawning 
Stock Survey 

                          
Year Z A U F M   Year Z A U F M 
1987 0.01 0.01 0.01 0.01 0.00   1987      
1988 0.09 0.08 0.01 0.01 0.07   1988      
1989 0.10 0.09 0.01 0.01 0.09   1989      
1990 0.38 0.32 0.07 0.08 0.30   1990 0.05 0.05 0.17 0.18 -0.13 
1991 0.35 0.30 0.10 0.12 0.24   1991 1.20 0.70 0.14 0.24 0.96 
1992 0.33 0.28 0.13 0.15 0.17   1992 0.06 0.06 0.31 0.32 -0.25 
1993 0.37 0.31 0.11 0.13 0.23   1993 0.39 0.32 0.23 0.28 0.12 
1994 0.34 0.29 0.12 0.15 0.20   1994 0.47 0.38 0.25 0.31 0.16 
1995 0.44 0.36 0.19 0.23 0.21   1995 0.32 0.28 0.19 0.22 0.10 
1996 0.45 0.36 0.17 0.21 0.24   1996 0.41 0.33 0.15 0.18 0.23 
1997 0.47 0.38 0.21 0.26 0.21   1997 0.51 0.40 0.20 0.25 0.26 
1998 0.46 0.37 0.22 0.28 0.19   1998 0.82 0.56 0.15 0.22 0.60 
1999 0.49 0.39 0.17 0.22 0.28   1999 0.94 0.61 0.13 0.20 0.74 
2000 0.59 0.45 0.17 0.22 0.37   2000 0.77 0.54 0.14 0.19 0.58 
2001 0.62 0.46 0.12 0.16 0.46   2001 0.70 0.50 0.18 0.25 0.45 
2002 0.63 0.47 0.12 0.16 0.47   2002 0.40 0.33 0.19 0.23 0.17 
2003 0.56 0.43 0.13 0.17 0.39   2003 0.17 0.15 0.18 0.20 -0.03 
2004 0.58 0.44 0.10 0.14 0.44   2004 1.00 0.63 0.12 0.19 0.81 
2005 0.58 0.44 0.11 0.14 0.43   2005 0.77 0.53 0.13 0.19 0.57 
2006 0.56 0.43 0.14 0.18 0.38   2006 0.81 0.55 0.13 0.19 0.61 
2007 0.58 0.44 0.09 0.12 0.46   2007 0.77 0.54 0.12 0.17 0.60 
2008 0.58 0.44 0.11 0.15 0.43   2008 0.71 0.51 0.08 0.11 0.60 

Average 0.42 0.33 0.12 0.15 0.27   Average 0.58 0.41 0.18 0.23 0.35 
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Table 23.  Unweighted average of the annual estimates of instantaneous fishing mortality for 
the coastal programs, and a weighted average for producer areas, for striped bass ≥28” using 
the catch equation. 
 

Coast Programs             
            Unweighted lower upper 
Year MADFW NYOHS NJDEL NCCOOP   average 95% CI 95% CI 
1988  0.06  0.07   0.06 0.04 0.08 
1989  0.04 0.02 0.05   0.03 0.02 0.05 
1990  0.08 0.04 0.10   0.07 0.04 0.10 
1991  0.18 0.17 0.08   0.13 0.10 0.16 
1992 0.06 0.12 0.02 0.14   0.07 0.05 0.10 
1993 0.08 0.18 0.10 0.13   0.12 0.07 0.17 
1994 0.05 0.10 0.05 0.09   0.07 0.04 0.10 
1995 0.06 0.24 0.12 0.17   0.11 0.08 0.15 
1996 0.11 0.15 0.22 0.14   0.15 0.11 0.20 
1997 0.20 0.32 0.21 0.22   0.21 0.14 0.28 
1998 0.12 0.25 0.41 0.24   0.20 0.13 0.28 
1999 0.15 0.43 0.09 0.28   0.24 0.14 0.33 
2000 0.15 0.14 0.15 0.07   0.12 0.08 0.17 
2001 0.10 0.12 0.17 0.17   0.14 0.09 0.19 
2002 0.09 0.24 0.12 0.14   0.12 0.08 0.15 
2003 0.13 0.20 0.18 0.14   0.16 0.10 0.22 
2004 0.11 0.22 0.18 0.15   0.17 0.11 0.22 
2005 0.08 0.33 0.18 0.09   0.17 0.08 0.26 
2006 0.11 0.13 0.17 0.15   0.15 0.10 0.19 
2007 0.04 0.02 0.16 0.25   0.15 0.10 0.20 
2008 0.08 0.09 0.17 0.26   0.15 0.10 0.20 

 
Values in red excluded from averages. 
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Table 23 continued. 
 

Producer Area Programs           
            Weighted lower upper 

Year HUDSON DE/PA MDCB VARAP   average* 95% CI 95% CI 
1987             
1988 0.11  0.08    0.11     
1989 0.08  0.04    0.08     
1990 0.12  0.10 0.30   0.16 0.06 0.25 
1991 0.12  0.13 0.43   0.13 0.05 0.21 
1992 0.14  0.14 0.42   0.14 0.06 0.22 
1993 0.19 0.14 0.14 0.44   0.15 0.07 0.24 
1994 0.14 0.13 0.13 0.31   0.18 0.07 0.29 
1995 0.18 0.17 0.25 0.51   0.22 0.11 0.34 
1996 0.26 0.39 0.20 0.23   0.23 0.10 0.37 
1997 0.36 0.33 0.28 0.48   0.35 0.19 0.50 
1998 0.26 0.35 0.27 0.56   0.28 0.14 0.42 
1999 0.25 0.19 0.26 0.35   0.27 0.11 0.44 
2000 0.17 0.36 0.21 0.33   0.22 0.11 0.34 
2001 0.16 0.33 0.13 0.28   0.19 0.09 0.29 
2002 0.22 0.29 0.12 0.41   0.16 0.06 0.25 
2003 0.17 0.21 0.13 0.35   0.20 0.09 0.31 
2004 0.25 0.30 0.10 0.20   0.16 0.07 0.26 
2005 0.20 0.19 0.14 0.28   0.19 0.08 0.30 
2006 0.18 0.26 0.17 0.29   0.21 0.09 0.33 
2007 0.20 0.24 0.11 0.20   0.16 0.06 0.26 
2008 0.18 0.14 0.13 0.20   0.16 0.03 0.28 

 
* Weighting Scheme: Hudson (0.13); Delaware (0.09);        
Chesapeake Bay (0.78), where MD (0.67) and VA (0.33). 
        

 
Values in red excluded from averages. 
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Table 24.  Unweighted average of the annual estimates of instantaneous fishing mortality for 
the coastal programs, and a weighted average for producer areas, for striped bass ≥18 inches 
using the catch equation. 
 

Coast Programs             
            Unweighted lower upper 
Year MADFW NYOHS NJDEL NCCOOP   average 95% CI 95% CI 
1987             
1988  0.03  0.03   0.03     
1989  0.03 0.03 0.03   0.03 0.03 0.04 
1990  0.05 0.06 0.08   0.06 0.05 0.08 
1991  0.07 0.03 0.10   0.07 0.05 0.08 
1992 0.06 0.05 0.04 0.15   0.05 0.04 0.06 
1993 0.06 0.06 0.03 0.11   0.07 0.04 0.09 
1994 0.05 0.04 0.04 0.11   0.06 0.04 0.08 
1995 0.04 0.06 0.06 0.13   0.05 0.04 0.06 
1996 0.08 0.04 0.08 0.13   0.08 0.06 0.11 
1997 0.13 0.05 0.09 0.21   0.12 0.08 0.16 
1998 0.12 0.04 0.12 0.16   0.11 0.07 0.15 
1999 0.10 0.07 0.06 0.22   0.08 0.05 0.11 
2000 0.11 0.04 0.08 0.13   0.08 0.05 0.10 
2001 0.07 0.06 0.10 0.14   0.09 0.07 0.11 
2002 0.10 0.08 0.07 0.15   0.10 0.07 0.13 
2003 0.09 0.07 0.09 0.13   0.10 0.07 0.13 
2004 0.10 0.06 0.13 0.12   0.10 0.07 0.12 
2005 0.08 0.06 0.11 0.10   0.08 0.06 0.10 
2006 0.10 0.04 0.08 0.16   0.09 0.06 0.12 
2007 0.04 0.03 0.12 0.20   0.10 0.06 0.14 
2008 0.07 0.05 0.11 0.24   0.11 0.08 0.15 
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Table 24 continued. 
 

Producer Area Programs*             
             lower upper 
Year HUDSON DE/PA MDCB VARAP   Average 95% CI 95% CI 
1987   0.01          
1988 0.05  0.01    0.02 0.01 0.03 
1989 0.05  0.01    0.01 0.01 0.02 
1990 0.08  0.08 0.18   0.08 0.05 0.11 
1991 0.08  0.12 0.24   0.11 0.07 0.16 
1992 0.10  0.15 0.32   0.14 0.09 0.20 
1993 0.12 0.15 0.13 0.28   0.17 0.10 0.24 
1994 0.10 0.14 0.15 0.31   0.18 0.09 0.27 
1995 0.14 0.15 0.23 0.22   0.21 0.11 0.31 
1996 0.18 0.21 0.21 0.18   0.20 0.11 0.29 
1997 0.27 0.13 0.26 0.25   0.25 0.14 0.36 
1998 0.21 0.16 0.28 0.22   0.24 0.13 0.36 
1999 0.17 0.12 0.22 0.20   0.20 0.10 0.29 
2000 0.11 0.18 0.22 0.19   0.20 0.11 0.29 
2001 0.11 0.18 0.16 0.25   0.18 0.10 0.26 
2002 0.10 0.17 0.16 0.23   0.17 0.09 0.25 
2003 0.12 0.19 0.17 0.20   0.16 0.10 0.23 
2004 0.16 0.20 0.14 0.19   0.15 0.09 0.21 
2005 0.11 0.13 0.14 0.19   0.15 0.08 0.22 
2006 0.13 0.15 0.18 0.19   0.17 0.09 0.26 
2007 0.12 0.10 0.12 0.17   0.13 0.06 0.20 
2008 0.10 0.11 0.15 0.11   0.13 0.06 0.20 
* Weighting Scheme: Hudson (0.13); Delaware (0.09);  
Chesapeake Bay (0.78), where MD (0.67) and VA (0.33). 

 
Values in red excluded in averages. 
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Table 25.  Summaries of tag-based estimates of annual instantaneous fishing mortality of 
striped bass >28 inches based on the Instantaneous Rates Model, along with the unweighted 
average for coastal programs, the weighted average for producer areas, and 95% confidence 
intervals.   
 

Coast Programs             
            Unweighted lower upper 
Year MADFW NYOHS NJDEL NCCOOP   average 95% CI 95% CI 
1987                 
1988   0.04   0.05   0.04 0.03 0.05 
1989   0.04 0.00 0.04   0.04 0.03 0.05 
1990   0.15 0.11 0.11   0.12 0.08 0.16 
1991   0.15 0.37 0.11   0.21 0.13 0.29 
1992 0.08 0.15 0.00 0.11   0.11 0.10 0.13 
1993 0.08 0.15 0.10 0.11   0.11 0.08 0.14 
1994 0.08 0.15 0.05 0.11   0.10 0.08 0.11 
1995 0.18 0.28 0.10 0.19   0.19 0.17 0.21 
1996 0.19 0.28 0.21 0.19   0.22 0.20 0.24 
1997 0.19 0.28 0.19 0.19   0.21 0.19 0.24 
1998 0.19 0.29 0.32 0.19   0.25 0.22 0.27 
1999 0.19 0.28 0.20 0.19   0.21 0.19 0.24 
2000 0.13 0.22 0.16 0.14   0.16 0.14 0.19 
2001 0.13 0.22 0.19 0.15   0.17 0.15 0.20 
2002 0.13 0.22 0.17 0.14   0.17 0.14 0.19 
2003 0.10 0.22 0.21 0.14   0.17 0.14 0.19 
2004 0.10 0.21 0.19 0.14   0.16 0.14 0.18 
2005 0.10 0.21 0.20 0.14   0.16 0.14 0.19 
2006 0.10 0.21 0.13 0.14   0.15 0.12 0.17 
2007 0.08 0.13 0.15 0.14   0.12 0.10 0.14 
2008 0.08 0.13 0.17 0.15   0.13 0.11 0.15 

 
Values in red excluded from averages. 
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Table 25 continued. 
 

Producer Area Programs           
            Weighted lower upper 

Year HUDSON DE/PA MDCB VARAP   average* 95% CI 95% CI 
1987     0.02     0.02 0.01 0.03 
1988 0.09   0.03     0.03 0.01 0.05 
1989 0.09   0.03     0.03 0.02 0.05 
1990 0.15   0.13 0.14   0.13 0.11 0.16 
1991 0.15   0.13 0.14   0.14 0.11 0.16 
1992 0.15 0.08 0.13 0.14   0.13 0.11 0.16 
1993 0.15 0.08 0.13 0.14   0.13 0.11 0.16 
1994 0.15 0.08 0.13 0.15   0.13 0.11 0.16 
1995 0.26 0.18 0.26 0.23   0.25 0.22 0.28 
1996 0.26 0.19 0.25 0.23   0.24 0.21 0.27 
1997 0.26 0.19 0.26 0.23   0.25 0.22 0.27 
1998 0.26 0.19 0.27 0.23   0.25 0.21 0.28 
1999 0.26 0.19 0.27 0.23   0.25 0.21 0.29 
2000 0.18 0.13 0.15 0.12   0.15 0.12 0.17 
2001 0.18 0.13 0.15 0.12   0.15 0.12 0.17 
2002 0.18 0.13 0.14 0.12   0.14 0.12 0.16 
2003 0.18 0.10 0.11 0.12   0.12 0.10 0.15 
2004 0.18 0.10 0.11 0.11   0.12 0.10 0.14 
2005 0.18 0.10 0.11 0.11   0.12 0.10 0.14 
2006 0.18 0.10 0.11 0.11   0.12 0.10 0.14 
2007 0.18 0.08 0.08 0.11   0.10 0.08 0.12 
2008 0.18 0.08 0.08 0.11   0.10 0.08 0.12 

 
 

* Weighting Scheme: Hudson (0.13); Delaware (0.09);  
Chesapeake Bay (0.78), where MD (0.67) and VA 
(0.33).      
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Table 26.  Summaries of tag-based estimates of annual instantaneous fishing mortality of 
striped bass >18" based on the Instantaneous Rates Model, along with the unweighted 
average for coastal programs, the weighted average for producer areas, and 95% confidence 
intervals.   
 

Coast Programs             
            Unweighted lower upper 
Year MADFW NYOHS NJDEL NCCOOP   average 95% CI 95% CI 
1987                 
1988   0.01   0.02   0.02 0.01 0.02 
1989   0.01 0.02 0.02   0.02 0.01 0.03 
1990   0.06 0.05 0.10   0.07 0.06 0.09 
1991   0.06 0.07 0.10   0.08 0.06 0.10 
1992 0.06 0.06 0.03 0.11   0.07 0.05 0.08 
1993 0.07 0.06 0.03 0.11   0.07 0.06 0.08 
1994 0.07 0.06 0.03 0.10   0.06 0.06 0.07 
1995 0.14 0.10 0.08 0.17   0.12 0.11 0.14 
1996 0.14 0.10 0.13 0.17   0.13 0.12 0.15 
1997 0.15 0.10 0.15 0.17   0.14 0.13 0.16 
1998 0.15 0.10 0.18 0.17   0.15 0.13 0.17 
1999 0.15 0.10 0.12 0.17   0.13 0.12 0.15 
2000 0.11 0.07 0.12 0.11   0.11 0.09 0.12 
2001 0.11 0.07 0.14 0.11   0.11 0.10 0.12 
2002 0.11 0.07 0.12 0.11   0.10 0.09 0.12 
2003 0.10 0.07 0.14 0.10   0.10 0.09 0.11 
2004 0.10 0.07 0.14 0.10   0.10 0.09 0.11 
2005 0.10 0.07 0.15 0.10   0.10 0.09 0.11 
2006 0.10 0.07 0.10 0.10   0.09 0.08 0.10 
2007 0.07 0.05 0.12 0.10   0.09 0.07 0.10 
2008 0.07 0.05 0.12 0.10   0.09 0.07 0.10 

 

[PDF pg 167]



 

 90

Table 26 continued. 
 

Producer Area Programs           
            Weighted lower upper 

Year HUDSON DE/PA MDCB VARAP   average* 95% CI 95% CI 
1987     0.00           
1988 0.04   0.01     0.02 0.01 0.02 
1989 0.04   0.00     0.04     
1990 0.10   0.07 0.06   0.07 0.06 0.08 
1991 0.10   0.12 0.08   0.11 0.10 0.12 
1992 0.10   0.19 0.11   0.15 0.14 0.16 
1993 0.10 0.15 0.17 0.10   0.14 0.13 0.15 
1994 0.10 0.15 0.16 0.12   0.14 0.13 0.16 
1995 0.19 0.16 0.24 0.14   0.20 0.19 0.22 
1996 0.20 0.16 0.22 0.11   0.18 0.17 0.20 
1997 0.20 0.16 0.29 0.13   0.22 0.20 0.25 
1998 0.20 0.16 0.34 0.13   0.25 0.23 0.27 
1999 0.20 0.16 0.28 0.14   0.22 0.20 0.25 
2000 0.13 0.17 0.21 0.08   0.16 0.14 0.18 
2001 0.13 0.17 0.16 0.09   0.14 0.12 0.16 
2002 0.13 0.17 0.12 0.09   0.12 0.10 0.13 
2003 0.12 0.15 0.15 0.10   0.13 0.12 0.15 
2004 0.12 0.15 0.11 0.11   0.11 0.10 0.13 
2005 0.12 0.15 0.09 0.09   0.10 0.09 0.11 
2006 0.12 0.15 0.10 0.10   0.11 0.09 0.12 
2007 0.12 0.11 0.06 0.09   0.08 0.07 0.09 
2008 0.12 0.10 0.07 0.09   0.08 0.07 0.10 

 
 

* Weighting Scheme: Hudson (0.13); Delaware (0.09);  
Chesapeake Bay (0.78), where MD (0.67) and VA (0.33). 
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Table 27.  Coastwide fishing mortality rates, presented as an unweighted average of 
producer and coastal programs’ means, developed assuming a constant M and coastwide 
stock size estimates for age3+  and 7+ obtained via "Kill = F * Stock Size". 
 

             

  Fishing   Age 3+ Kill   
Total  Stock 

Size   

Year 
 

Mortality   
includes 
discards    Thousands   

1988 0.17   411.4   2,432   
1989 0.24   443.2   1,866   
1990 0.25   873   3,443   
1991 0.15   913.8   5,969   
1992 0.20   938.2   4,673   
1993 0.24   1,367.1   5,686   
1994 0.20   1,715.5   8,690   
1995 0.17   2,562.1   15,035   
1996 0.24   3,276.2   13,752   
1997 0.30   4,285.3   14,453   
1998 0.29   3,908.5   13,439   
1999 0.27   3,587.6   13,350   
2000 0.39   4,684.9   11,934   
2001 0.31   4,156   13,462   
2002 0.31   3,667.4   11,746   
2003 0.25   4,561.2   18,353   
2004 0.36   5,031.7   13,805   
2005 0.39   5,126.2   13,088   
2006 0.42   5,834.9   13,806   
2007 0.36   5,674.5   15,953   
2008 0.36   4,249.8   11,674   
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Table 27  continued. 
  

              

 Fishing    Age 7+  Kill   
Total Stock 

Size   

Year Mortality   
includes 
discards   Thousands   

1988 0.05   101.4   1,877   
1989 0.09   95   1,002   
1990 0.13   222.3   1,670   
1991 0.16   296.4   1,880   
1992 0.09   262.7   2,934   
1993 0.17   380.6   2,307   
1994 0.13   475.9   3,770   
1995 0.17   740   4,347   
1996 0.21   965.1   4,594   
1997 0.22   1,371.1   6,282   
1998 0.28   1,080.5   3,802   
1999 0.22   1,146.8   5,129   
2000 0.18   1,481.1   8,231   
2001 0.18   1,591.8   9,095   
2002 0.17   2,085.4   12,035   
2003 0.26   2,169.2   8,232   
2004 0.36   2,440.4   6,852   
2005 0.27   2,131   7,947   
2006 0.26   2,218.2   8,595   
2007 0.27   2,121.5   7,932   
2008 0.30   1,962.3   6,531   
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Table 28.  Coastwide fishing mortality rates, presented as an unweighted average of 
producer and coastal programs’ means, using the catch equation, and coastwide stock size 
estimates for age 3+ and 7+ obtained via "Kill = F * Stock Size". 
 
 

              

  Fishing   Age 3+ Kill   
Total  Stock 

Size   

Year 
 

Mortality   
includes 
discards    Thousands   

1988 0.02   411.4   17,202   
1989 0.02   443.2   17,936   
1990 0.07   873.0   12,309   
1991 0.09   913.8   10,363   
1992 0.10   938.2   9,854   
1993 0.12   1,367.1   11,596   
1994 0.12   1,715.5   14,351   
1995 0.13   2,562.1   19,468   
1996 0.14   3,276.2   23,171   
1997 0.18   4,285.3   23,358   
1998 0.18   3,908.5   22,008   
1999 0.14   3,587.6   26,317   
2000 0.14   4,684.9   34,162   
2001 0.13   4,156.0   30,794   
2002 0.13   3,667.4   27,203   
2003 0.13   4,561.2   34,960   
2004 0.12   5,031.7   41,067   
2005 0.12   5,126.2   44,216   
2006 0.13   5,834.9   43,826   
2007 0.11   5,674.5   49,911   
2008 0.12   4,249.8   34,847   
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Table 28 continued. 
 

            

 Fishing    Age 7+  Kill   
Total Stock 

Size 

Year Mortality   
includes 
discards   Thousands 

1988 0.09   101.4   1,186 
1989 0.06   95   1,669 
1990 0.12   222.3   1,929 
1991 0.13   296.4   2,262 
1992 0.11   262.7   2,480 
1993 0.14   380.6   2,775 
1994 0.13   475.9   3,758 
1995 0.17   740   4,370 
1996 0.19   965.1   4,978 
1997 0.28   1,371.1   4,943 
1998 0.24   1,080.5   4,460 
1999 0.26   1,146.8   4,495 
2000 0.17   1,481.1   8,545 
2001 0.17   1,591.8   9,569 
2002 0.14   2,085.4   15,228 
2003 0.18   2,169.2   12,040 
2004 0.17   2,440.4   14,774 
2005 0.18   2,131   11,885 
2006 0.18   2,218.2   12,470 
2007 0.15   2,121.5   13,878 
2008 0.15   1,962.3   12,686 
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Table 29.  Coastwide fishing mortality rates, presented as an unweighted average of 
producer and coastal programs’ means, using the Instantaneous Rates model, and coastwide 
stock size estimates for age 3+ and 7+ obtained via "Kill = F * Stock Size". 
  
 

Instantaneous Rates Method     
            

  Fishing   Age 3+ Kill   
Total  Stock 

Size 
Year  Mortality   includes discards    Thousands 
1988 0.02   411.4   25,623 
1989 0.03   443.2   15,758 
1990 0.07   873   11,970 
1991 0.09   913.8   9,978 
1992 0.11   938.2   8,749 
1993 0.10   1367.1   13,322 
1994 0.10   1715.5   16,626 
1995 0.16   2562.1   15,735 
1996 0.16   3276.2   20,602 
1997 0.18   4285.3   23,415 
1998 0.20   3908.5   19,628 
1999 0.18   3587.6   20,136 
2000 0.13   4684.9   34,952 
2001 0.12   4156   33,489 
2002 0.11   3667.4   33,323 
2003 0.12   4561.2   38,929 
2004 0.11   5031.7   46,617 
2005 0.10   5126.2   50,967 
2006 0.10   5834.9   58,758 
2007 0.08   5674.5   67,888 
2008 0.09   4249.8   49,853 
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Table 29 continued. 
 

Instantaneous Rates Method       
              

  Fishing    Age 7+  Kill   
Total Stock 

Size   
Year Mortality   includes discards   Thousands   
1988 0.04   101.4   2,709   
1989 0.04   95   2,556   
1990 0.13   222.3   1,733   
1991 0.17   296.4   1,709   
1992 0.13   262.7   2,096   
1993 0.12   380.6   3,114   
1994 0.12   475.9   4,123   
1995 0.22   740   3,395   
1996 0.23   965.1   4,235   
1997 0.23   1371.1   5,979   
1998 0.25   1080.5   4,359   
1999 0.23   1146.8   4,949   
2000 0.15   1481.1   9,593   
2001 0.16   1591.8   10,037   
2002 0.15   2085.4   13,603   
2003 0.14   2169.2   14,973   
2004 0.14   2440.4   17,387   
2005 0.14   2131   15,161   
2006 0.13   2218.2   16,769   
2007 0.11   2121.5   18,794   
2008 0.12   1962.3   16,823   
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Table 30. Akaike weights used to derive model averaged parameter estimates using program 
MARK and the Instantaneous Rates (constant and 2 period M) models for striped bass 18-28 
inches in Chesapeake Bay. 
 

MARK     IRCR (2M)   
          
Model CB 18-28"   Model CB 18-28" 
{S(.)r(.)} 0   {F(t)F'(t)M(.)} 0 
{S(.)r(p)} 0   {F(p)F'(t)M(.)} 0 
{S(.)r(t)} 0   {F(.)F'(t)M(.)} 0 
{S(p)r(p)} 0   {F(t)F'(p)M(.)} 0 
{S(p)r(t)} 0   {F(t)F'(.)M(.)} 0 
{S(d)r(p)} 0   {F(p)F'(p)M(.)} 0 
{S(v)r(p)} 0   {F(.)F'(.)M(.)} 0 
{S(t)r(p)} 0   {F(d)F'(d)M(.)} 0 
{S(t)r(t)} 1   {F(v)F'(v)M(.)} 0 
      {F(t)F'(t)M(p)} 0.635 
IRCR (1M)     {F(p)F'(t)M(p)} 0 
      {F(.)F'(t)M(p)} 0 
Model CB 18-28"   {F(t)F'(p)M(p)} 0.365 
{F(t)F'(t)M(.)} 1   {F(t)F'(.)M(p)} 0 
{F(p)F'(t)M(.)} 0   {F(p)F'(p)M(p)} 0 
{F(.)F'(t)M(.)} 0   {F(.)F'(.)M(p)} 0 
{F(t)F'(p)M(.)} 0   {F(d)F'(d)M(p)} 0 
{F(t)F'(.)M(.)} 0   {F(v)F'(v)M(p)} 0 
{F(p)F'(p)M(.)} 0       
{F(.)F'(.)M(.)} 0       
{F(d)F'(d)M(.)} 0       
{F(v)F'(v)M(.)} 0       
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Table 31. Unadjusted (unadj.) and bias-corrected (adj.) estimates of survival (S) and fishing 
mortality (F) for striped bass 18-28 inches, from Program MARK and assuming a constant 
natural mortality, for Chesapeake Bay. 
 

                    

      Recovery % Live 
Bias 
Live     95%LCL 95%UCL 

Year S(unadj.) F(unadj.) Rate Release Release S(adj.) F(adj.) F(adj) F(adj) 
1987 0.85 0.01 0.07 0.94 -0.10 0.94 -0.09 -0.19 0.14 
1988 0.76 0.13 0.04 0.86 -0.05 0.80 0.08 -0.02 0.22 
1989 0.97 -0.12 0.03 0.93 -0.04 1.01 -0.16 -0.17 -0.15 
1990 0.58 0.39 0.05 0.56 -0.04 0.61 0.35 0.23 0.50 
1991 0.71 0.20 0.07 0.42 -0.05 0.74 0.15 0.02 0.33 
1992 0.61 0.34 0.10 0.40 -0.07 0.65 0.28 0.14 0.45 
1993 0.54 0.47 0.08 0.32 -0.04 0.56 0.43 0.29 0.59 
1994 0.63 0.32 0.10 0.41 -0.06 0.67 0.25 0.11 0.44 
1995 0.50 0.55 0.11 0.38 -0.07 0.53 0.48 0.31 0.67 
1996 0.70 0.20 0.10 0.38 -0.06 0.75 0.14 -0.03 0.40 
1997 0.47 0.60 0.09 0.34 -0.05 0.49 0.55 0.35 0.81 
1998 0.35 0.91 0.09 0.32 -0.05 0.36 0.86 0.62 1.13 
1999 0.39 0.79 0.08 0.29 -0.04 0.40 0.76 0.53 1.02 
2000 0.29 1.07 0.09 0.40 -0.06 0.31 1.01 0.78 1.27 
2001 0.38 0.82 0.09 0.37 -0.05 0.40 0.77 0.52 1.06 
2002 0.51 0.52 0.07 0.34 -0.04 0.53 0.48 0.24 0.79 
2003 0.60 0.37 0.07 0.26 -0.03 0.62 0.34 0.09 0.73 
2004 0.24 1.27 0.06 0.27 -0.02 0.25 1.25 0.90 1.64 
2005 0.33 0.95 0.05 0.31 -0.03 0.34 0.92 0.60 1.31 
2006 0.29 1.08 0.08 0.33 -0.04 0.30 1.04 0.64 1.52 
2007 0.27 1.17 0.06 0.38 -0.03 0.28 1.13 0.68 1.67 
2008 0.43 0.69 0.06 0.31 -0.03 0.44 0.66 0.31 1.15 
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Table 32.  R/M estimates of exploitation (u) and catch rates of 18-28 inch striped bass from 
tagging programs in Chesapeake Bay.  Catch rate is the proportion of tagged striped bass 
that were caught, but may have been released (with reporting rate adjustment of 0.43). 
 
Year u catch rate 

1987 0.01 0.06  
1988 0.01 0.06  
1989 0.00 0.05  
1990 0.04 0.09  
1991 0.06 0.11  
1992 0.09 0.17  
1993 0.07 0.11  
1994 0.08 0.14  
1995 0.11 0.19  
1996 0.10 0.18  
1997 0.09 0.16  
1998 0.09 0.15  
1999 0.07 0.12  
2000 0.07 0.13  
2001 0.09 0.15  
2002 0.07 0.12  
2003 0.08 0.11  
2004 0.06 0.09  
2005 0.07 0.10  
2006 0.07 0.13  
2007 0.06 0.09  
2008 0.05 0.08  
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Table 33.  Estimates of fishing mortality for 18-28 inch striped bass in Chesapeake Bay 
obtained without assuming constant natural mortality, based on exploitation rate and 
Baranov's catch equation, using bias-adjusted estimates of survival from Table 32.  Column 
headings are Z: total instantaneous mortality, A: annual percentage mortality expressed as a 
proportion, U: annual exploitation rate, F: instantaneous fishing mortality rate and M: 
instantaneous natural mortality rate. 
 

Year Z A U F M 
1987 0.16 0.15 0.01 0.01 0.15 
1988 0.28 0.24 0.01 0.01 0.27 
1989 0.03 0.03 0.00 0.00 0.03 
1990 0.54 0.42 0.04 0.05 0.49 
1991 0.35 0.29 0.06 0.07 0.28 
1992 0.49 0.39 0.09 0.12 0.38 
1993 0.62 0.46 0.07 0.10 0.52 
1994 0.47 0.37 0.08 0.10 0.37 
1995 0.70 0.50 0.11 0.15 0.55 
1996 0.35 0.30 0.10 0.11 0.24 
1997 0.75 0.53 0.09 0.13 0.62 
1998 1.06 0.65 0.09 0.15 0.91 
1999 0.94 0.61 0.07 0.11 0.83 
2000 1.22 0.71 0.07 0.12 1.11 
2001 0.97 0.62 0.09 0.14 0.83 
2002 0.67 0.49 0.07 0.10 0.56 
2003 0.52 0.40 0.08 0.11 0.41 
2004 1.42 0.76 0.06 0.12 1.30 
2005 1.10 0.67 0.07 0.12 0.98 
2006 1.23 0.71 0.07 0.12 1.11 
2007 1.32 0.73 0.06 0.11 1.21 
2008 0.84 0.57 0.05 0.08 0.76 

Average 0.69 0.47 0.07 0.10 0.60 
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Table 34.  Estimates of instantaneous fishing mortality (F), instantaneous natural mortality 
(M), survival (S) and tag mortality (F’) of 18-28 inch striped bass in Chesapeake Bay using 
the Instantaneous Rates model and a tag reporting rate of 0.64. 
 
 
Year F M S F' 

1987 0.00 0.37 0.69 0.04 
1988 0.01 0.37 0.69 0.01 
1989 0.00 0.37 0.69 0.04 
1990 0.05 0.37 0.66 0.05 
1991 0.09 0.37 0.63 0.06 
1992 0.15 0.37 0.59 0.08 
1993 0.12 0.37 0.61 0.05 
1994 0.12 0.37 0.61 0.07 
1995 0.14 0.37 0.60 0.07 
1996 0.11 0.37 0.62 0.07 
1997 0.13 0.37 0.61 0.05 
1998 0.12 0.37 0.61 0.05 
1999 0.07 0.37 0.64 0.03 
2000 0.07 0.37 0.65 0.04 
2001 0.05 0.37 0.66 0.03 
2002 0.05 0.37 0.66 0.02 
2003 0.05 0.37 0.65 0.02 
2004 0.05 0.37 0.66 0.02 
2005 0.04 0.37 0.67 0.02 
2006 0.04 0.37 0.66 0.02 
2007 0.03 0.37 0.67 0.02 
2008 0.03 0.37 0.67 0.01 

[PDF pg 179]



 

 102

Table 35.  Estimates of instantaneous fishing mortality (F), instantaneous natural mortality 
(M), survival (S) and tag mortality (F’) of 18-28 inch striped bass in Chesapeake Bay using 
a two-natural mortality period (1987-1996 and 1997-2008) Instantaneous Rates model and a 
tag reporting rate of 0.64. 
 
Year F M S F' 

1987 0.00 0.27 0.76 0.03 
1988 0.01 0.27 0.76 0.02 
1989 0.00 0.27 0.76 0.03 
1990 0.05 0.27 0.73 0.05 
1991 0.07 0.27 0.71 0.05 
1992 0.13 0.27 0.67 0.06 
1993 0.10 0.27 0.69 0.05 
1994 0.09 0.27 0.69 0.06 
1995 0.11 0.27 0.68 0.06 
1996 0.08 0.27 0.70 0.05 
1997 0.11 0.80 0.40 0.05 
1998 0.15 0.80 0.38 0.06 
1999 0.12 0.80 0.40 0.05 
2000 0.10 0.80 0.40 0.06 
2001 0.10 0.80 0.41 0.05 
2002 0.10 0.80 0.40 0.05 
2003 0.12 0.80 0.40 0.04 
2004 0.11 0.80 0.40 0.04 
2005 0.08 0.80 0.41 0.03 
2006 0.10 0.80 0.40 0.04 
2007 0.06 0.80 0.42 0.04 
2008 0.07 0.80 0.42 0.03 
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Figure 1.  Retrospective analysis of catch equation results for fish >28”.  Data shown are 
from the previous stock assessment in 2004 and in 2006. 
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Figure 2.  Retrospective analysis of catch equation results for fish >18”.  Data shown are 
from the previous stock assessment in 2004 and in 2006. 
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Figure 3.  Comparison of coast program and producer area mean fishing mortality estimates 
from the three methods, for fish > 28 inches.   95% confidence intervals are shown for the 
catch equation and IRCR methods. 
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Figure 4.  Comparison of coast program and producer area mean fishing mortality estimates 
from the three methods, for fish > 18 inches.   95% confidence intervals are shown for the 
catch equation and IRCR methods. 
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Figure 5.  Comparison of stock size estimates from the three methods, for fish age seven and 
older (comparable to fish ≥ 28 inches).  Stock size obtained via "Kill = F * Stock Size". 
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Figure 6.  Comparison of stock size estimates from the three methods, for fish age three and 
older (comparable to fish ≥ 18 inches).  Stock size obtained via "Kill = F * Stock Size". 
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APPENDIX A 
 
 

Input Tagging Matrices for Program MARK/Catch Equation Method and Instantaneous 
Rates - Catch and Release Model, by Tagging Program. 
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Table 1.  Program MARK input matrices for the coastal tagging programs, for fish > 28”. 
 
Massachusetts 

 
                      

Release  recapture year      
Number Year 92 93 94 95 96 97 98 99 "00" 01 02 03 04 05 06 07 08      

329 1992 21 22 12 12 8 4 0 4 3 1 0 0 0 0 0 0 0      
611 1993  35 32 26 29 17 17 11 2 2 2 2 1 0 0 0 0      
462 1994     21 28 27 19 17 7 2 1 2 2 0 1 0 0 1      
218 1995       15 12 10 4 5 3 1 1 1 0 0 1 0 1      
274 1996         22 15 13 11 9 1 3 1 1 1 0 0 0      
118 1997           17 6 3 3 1 2 0 1 0 1 1 0      
219 1998            16 16 9 8 2 4 1 1 0 0 0      
59 1999               6 3 1 1 0 0 0 0 0 0      

163 2000                 10 6 7 3 4 0 1 1 0      
411 2001                   21 23 16 9 11 3 2 2      
353 2002                    23 13 14 9 8 4 2      
172 2003                      9 3 6 6 0 0      
615 2004                         31 24 13 15 7      
542 2005                           25 25 11 13      
510 2006                             33 15 14      
480 2007                10 20      
385 2008                 17      

 
New York – Ocean Haul Seine 
 

Release recapture year  
Number Year 88 89 90 91 92 93 94 95 96 97 98 99 "00" 01 02 03 04 05 06 07 08  

209 1988 25 12 14 9 5 6 2 2 1 0 0 2 0 0 0 0 0 0 0 0 0  
339 1989  35 28 25 13 13 7 4 1 1 2 0 0 2 0 0 0 0 0 0 0  
244 1990   23 17 10 6 3 0 2 1 2 0 0 0 0 0 0 0 0 0 0  
281 1991    32 23 10 6 5 2 6 3 0 1 1 0 0 0 0 0 0 0  
287 1992     41 24 14 17 6 3 6 0 1 1 0 0 1 0 1 0 0  
235 1993      28 13 13 7 6 0 1 0 0 0 0 0 0 0 0 0  
252 1994       25 18 20 20 6 5 1 3 2 1 0 0 0 0 0  
349 1995        53 37 22 18 6 4 3 1 4 3 0 0 0 0  
110 1996         15 5 14 5 1 0 0 1 1 1 0 0 0  
69 1997          12 5 4 0 2 2 1 1 1 1 0 0  
82 1998           6 4 3 1 1 1 0 0 0 0 0  
83 1999            13 7 3 1 1 4 1 0 0 0  
56 2000             8 6 2 4 2 0 0 0 0  
90 2001              8 6 5 7 1 0 0 0  

176 2002               29 11 5 0 3 0 3  
144 2003                13 5 7 1 0 1  
153 2004                 17 4 3 1 1  
63 2005                  9 3 1 4  
56 2006                   5 5 5  
24 2007                    3 0  

142 2008                     8  
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New Jersey – Delaware Bay 
 

Release recapture year   
Number Year 89 90 91 92 93 94 95 96 97 98 99 "00" 01 02 03 04 05 06 07 08   

38 1989 4 3 7 2 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0   
9 1990  2 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0   

15 1991   3 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0   
76 1992    7 6 5 1 0 1 0 0 0 0 0 0 0 0 0 0 0   
91 1993     8 4 5 2 3 0 1 0 0 1 0 0 0 0 0 0   

308 1994      27 24 17 16 11 4 3 2 1 2 0 0 0 0 0   
552 1995       55 51 32 27 14 5 6 3 4 3 1 2 1 1   
589 1996        82 35 45 13 9 6 4 5 6 2 0 1 0   
68 1997         12 2 1 1 0 3 0 0 0 0 0 0   

126 1998          21 10 6 3 0 4 1 1 0 0 0   
101 1999           9 6 6 5 2 1 3 1 0 0   
233 2000            22 18 12 12 7 5 0 1 1   
522 2001             52 38 24 16 8 5 2 4   
359 2002              27 23 14 11 2 3 2   
564 2003               58 28 27 9 8 5   
847 2004                94 48 21 19 15   
180 2005                 23 10 11 3   
225 2006                  25 10 11   
434 2007                   38 26   
518 2008                    47   

 
North Carolina – Cooperative Trawl Cruise 

 
Release recapture year  

Number Year 88 89 90 91 92 93 94 95 96 97 98 99 "00" 01 02 03 04 05 06 07 08  
191 1988 18 11 9 3 10 4 5 0 0 1 0 1 0 0 0 0 0 0 0 0 0  
411 1989  24 20 18 14 7 3 2 1 1 0 0 1 1 0 0 0 0 0 0 0  
322 1990   25 19 16 8 3 2 2 3 2 1 0 0 0 0 0 0 0 0 0  
856 1991    74 39 48 34 18 7 12 8 1 1 1 1 0 0 0 0 0 0  
433 1992     46 29 14 14 8 8 10 6 3 0 0 0 0 0 0 0 0  
142 1993      17 5 5 3 3 1 0 0 1 0 0 0 0 0 0 0  
480 1994       41 25 9 10 6 6 1 3 1 2 2 0 0 0 0  
372 1995        43 16 17 14 5 3 2 5 1 1 2 0 0 1  
557 1996         35 20 15 6 5 4 4 0 3 1 1 0 0  
869 1997          88 44 25 14 13 0 3 4 1 0 1 2  
106 1998           12 11 0 2 1 1 0 0 1 0 1  
179 1999            21 8 5 2 0 3 2 1 1 1  
164 2000             9 6 2 3 3 2 1 0 0  
515 2001              46 23 15 5 11 9 1 2  
789 2002               51 43 22 18 10 4 2  

1578 2003                107 65 38 25 15 7  
784 2004                 58 26 26 17 6  
557 2005                  25 21 11 7  

2113 2006                   153 105 57  
305 2007                    31 22  
923 2008                     99  
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Table 2.  Program MARK input matrices for the producer area tagging programs, for fish > 
28”. 
 
New York – Hudson River 
 

Release recapture year  
Number Year 88 89 90 91 92 93 94 95 96 97 98 99 "00" 01 02 03 04 05 06 07 08  

277 1988 25 31 18 11 10 5 4 1 4 1 1 1 0 0 1 0 0 0 0 0 0  
387 1989  42 29 17 9 6 9 4 0 0 0 0 1 0 0 1 0 0 0 0 0  
445 1990   62 31 27 14 9 4 1 3 1 0 0 1 0 0 0 0 0 0 0  
364 1991    38 31 13 10 9 5 5 2 0 1 0 0 1 0 1 1 0 0  
699 1992     90 58 35 21 14 13 10 5 2 1 0 0 1 0 0 0 0  
536 1993      77 36 24 20 15 7 8 0 1 0 0 0 1 0 0 0  
381 1994       44 33 27 10 6 6 5 4 2 0 2 1 0 0 0  
461 1995        52 34 30 21 11 4 1 2 1 1 1 0 0 0  
681 1996         91 68 33 18 3 9 4 3 4 3 1 1 0  
184 1997          29 11 12 6 3 2 2 0 1 1 0 0  
530 1998           67 45 18 9 20 6 0 1 2 0 1  
503 1999            65 22 27 12 14 7 3 4 1 3  
485 2000             46 24 23 18 13 6 3 3 0  
576 2001              49 39 14 7 6 10 2 3  
196 2002               20 11 9 4 7 4 2  
677 2003                64 44 35 17 13 3  
649 2004                 76 34 34 18 7  
574 2005                  59 44 21 14  
707 2006                   62 40 38  
399 2007                    35 27  
540 2008                     50  

 
Delaware/Pennsylvania – Delaware River 
 

Release recapture year       
Number Year 93 94 95 96 97 98 99 "00" 01 02 03 04 05 06 07 08       
 1993                       
 1994                       
 1995                       
 1996                       
 1997                       
 1998                       
 1999                       
 2000                       
 2001                       
 2002                       
 2003                       
 2004                       
 2005                       
 2006                       
 2007                       
 2008                       
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Maryland – Chesapeake Bay 
 

Release  recapture year 

Total Year 87 88 89 90 91 92 93 94 95 96 97 98 99 "00" 01 02 03 04 05 06 07 08 

 1987 1 0 2 0 1 2 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

 1988  6 8 7 14 6 1 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

 1989   9 17 17 6 4 3 5 2 0 0 0 0 0 0 0 0 0 0 0 0 

 1990    23 16 12 5 2 4 0 3 1 0 0 0 0 0 0 0 0 0 0 

 1991     46 22 20 5 9 3 5 1 0 2 0 0 0 0 0 0 0 0 

 1992      45 30 19 17 7 10 6 5 2 1 0 0 0 0 0 0 0 

 1993       59 44 42 15 16 8 9 1 3 2 0 0 0 0 0 0 

 1994        52 43 26 14 15 10 4 3 0 1 1 1 0 0 0 

 1995         63 32 23 16 7 6 2 2 3 0 0 2 0 1 

 1996          97 54 44 18 9 7 2 1 1 0 0 0 0 

 1997           41 26 18 2 2 1 1 0 1 0 0 0 

 1998            29 16 3 5 2 0 0 1 0 1 0 

 1999             19 8 8 3 1 2 1 0 1 1 

 2000              21 16 4 5 4 1 0 2 1 

 2001               31 19 11 6 3 3 0 1 

 2002                18 20 6 7 2 3 0 

 2003                 22 11 9 8 4 3 

 2004                  17 9 11 3 4 

 2005                   21 15 7 4 

 2006                    17 6 6 

 2007                     8 5 

 2008                      7 

 
Virginia – Rappahannock River 
 

Release recapture year    
Number Year 90 91 92 93 94 95 96 97 98 99 "00" 01 02 03 04 05 06 07 08    

301 1990 26 9 15 2 4 6 1 0 2 1 1 0 0 1 0 0 0 0 0    
390 1991  41 24 16 11 3 2 2 1 2 0 0 0 1 0 0 0 0 0    
40 1992   4 3 2 2 0 0 0 1 0 0 0 0 0 0 0 0 0    

212 1993    22 18 7 4 7 0 0 1 0 0 0 0 0 0 0 0    
123 1994     9 7 5 1 2 0 0 0 0 0 0 0 0 0 0    
210 1995      29 11 8 3 3 2 3 0 1 0 1 0 0 0    
67 1996       1 3 1 0 0 1 0 0 0 0 0 0 0    

212 1997        15 13 8 3 0 1 2 1 0 0 0 0    
158 1998         24 13 2 3 2 0 0 0 0 0 0    
162 1999          17 6 2 3 2 0 0 0 0 0    
365 2000           28 19 14 9 4 3 0 1 0    
269 2001            19 14 4 6 2 1 1 0    
122 2002             10 6 7 1 0 2 1    
400 2003              35 24 7 1 3 3    
686 2004               39 12 13 5 4    
284 2005                16 11 8 1    
175 2006                 13 4 4    
840 2007                  54 30    
76 2008                   6    
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Table 3.  Instantaneous Rates – Catch and Release Model input matrices for the coastal 
tagging programs, for fish > 28”.  The first matrix contains all harvested recaptures and the 
second matrix contains released fish with their tag removed. 
 
Massachusetts 
 

Release  Harvested recaptures      
Total Year 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08      

329 1992 6 10 7 11 8 4 0 3 3 1 0 0 0 0 0 0 0      
611 1993   17 18 15 25 16 14 9 1 2 2 2 1 0 0 0 0      
462 1994     8 23 23 15 13 7 2 0 2 2 0 1 0 0 1      
218 1995       4 8 9 3 3 1 1 1 1 0 0 1 0 1      
274 1996         10 10 11 9 7 0 3 1 1 1 0 0 0      
118 1997           8 4 2 3 1 1 0 1 0 1 1 0      
219 1998             9 11 6 6 2 3 1 0 0 0 0      
59 1999               3 3 1 1 0 0 0 0 0 0      

163 2000                 9 4 4 3 3 0 1 1 0      
411 2001                   15 18 10 7 10 3 0 1      
353 2002                     11 11 11 5 5 3 2      
172 2003                       8 2 5 4 0 0      
615 2004                         25 17 9 12 6      
542 2005                           16 20 9 12      
510 2006                             20 11 13      
480 2007                7 16      
385 2008                 12      

                      
Release  Released with tag removed      

Total Year 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08      
329 1992 15 12 5 1 0 0 0 1 0 0 0 0 0 0 0 0 0      
611 1993  18 14 11 4 1 3 2 1 0 0 0 0 0 0 0 0      
462 1994   13 5 4 4 4 0 0 1 0 0 0 0 0 0 0      
218 1995    11 4 1 1 2 2 0 0 0 0 0 0 0 0      
274 1996     12 5 2 2 2 1 0 0 0 0 0 0 0      
118 1997      9 2 1 0 0 1 0 0 0 0 0 0      
219 1998       7 5 3 2 0 1 0 1 0 0 0      
59 1999        3 0 0 0 0 0 0 0 0 0      

163 2000         1 2 3 0 1 0 0 0 0      
411 2001          6 5 6 2 2 0 2 1      
353 2002           12 2 3 3 3 1 0      
172 2003            1 1 1 2 0 0      
615 2004             6 7 4 3 1      
542 2005              9 5 2 1      
510 2006               13 4 1      
480 2007                3 4      
385 2008                 5      
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New York – Ocean Haul Seine 
 
 

Release Harvested recaptures 

Total Year 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 

209 1988 3 3 5 7 3 3 1 1 1 0 0 2 0 0 0 0 0 0 0 0 0 

339 1989  4 10 10 8 10 3 4 1 1 2 0 0 2 0 0 0 0 0 0 0 

244 1990   6 8 6 3 3  1 1 2 0 0 0 0 0 0 0 0 0 0 

281 1991    14 11 6 3 4 1 4 2 0 1 1 0 0 0 0 0 0 0 

287 1992     12 12 6 13 4 3 4 0 1 1 0 0 1 0 1 0 0 

235 1993      13 9 10 5 5 0 1 0 0 0 0 0 0 0 0 0 

252 1994       9 12 17 15 5 4 1 3 1 1 0 0 0 0 0 

349 1995        30 26 16 16 5 4 3 1 4 1 0 0 0 0 

110 1996         6 5 7 5 1 0 0 0 1 1 0 0 0 

69 1997          9 5 4 0 2 1 1 0 1 1 0 0 

82 1998           6 4 3 0 0 1 0 0 0 0 0 

83 1999            11 6 2 1 0 4 1 0 0 0 

56 2000             4 5 2 3 1 0 0 0 0 

90 2001              4 5 4 5 1 0 0 0 

176 2002               16 10 3 0 3 0 3 

144 2003                9 4 7 1 0 1 

153 2004                 9 2 2 1 1 

63 2005                  7 3 1 4 

56 2006                   3 0 0 

24 2007                    5 5 

142 2008                     4 

 
Release Released with tag removed  

Total Year 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08  
209 1988 22 9 9 2 2 3 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0  
339 1989  30 17 15 5 2 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
244 1990   16 9 4 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
281 1991    17 12 4 3 1 1 2 1 0 0 0 0 0 0 0 0 0 0  
287 1992     27 11 8 4 2 0 2 0 0 0 0 0 0 0 0 0 0  
235 1993      15 4 3 2 0 0 0 0 0 0 0 0 0 0 0 0  
252 1994       16 6 3 5 1 1 0 0 1 0 0 0 0 0 0  
349 1995        22 11 6 2 1 0 0 0 0 2 0 0 0 0  
110 1996         9 0 6 0 0 0 0 1 0 0 0 0 0  
69 1997          3 0 0 0 0 1 0 1 0 0 0 0  
82 1998           0 0 0 1 1 0 0 0 0 0 0  
83 1999            2 1 1 0 1 0 0 0 0 0  
56 2000             4 1 0 1 1 0 0 0 0  
90 2001              4 1 1 2 0 0 0 0  

176 2002               13 1 2 0 0 0 0  
144 2003                4 1 0 0 0 0  
153 2004                 8 2 1 0 0  
63 2005                  2 0 0 0  
56 2006                   2 0 0  
24 2007                    3 0  

142 2008                     4  
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New Jersey – Delaware Bay 
 

Release Harvested recaptures  
Total Year 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08   

38 1989 0 2 4 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0   
9 1990  0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0   

15 1991   1 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0   
76 1992    0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0   
91 1993     3 1 2 2 3 0 1 0 0 0 0 0 0 0 0 0   

308 1994      5 9 10 11 8 4 3 2 1 1 0 0 0 0 0   
552 1995       22 30 18 16 10 5 3 3 4 2 1 2 1 1   
589 1996        47 18 30 12 6 5 3 3 6 2 0 1 0   
68 1997         7 2 1 1 0 3 0 0 0 0 0 0   

126 1998          19 5 5 2 0 4 1 1 0 0 0   
101 1999           3 3 5 1 0 1 3 1 0 0   
233 2000            13 15 8 9 6 4 0 1 1   
522 2001             32 26 21 14 6 5 1 4   
359 2002              16 12 11 9 2 3 2   
564 2003               34 13 19 5 7 4   
847 2004                52 30 17 17 15   
180 2005                 12 5 6 3   
225 2006                  13 7 9   
434 2007                   23 22   
518 2008                    30   

 
Release Released with tag removed  

Total Year 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08   
38 1989 3 1 3 2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0   
9 1990  2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0   

15 1991   2 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0   
76 1992    7 5 5 0 0 1 0 0 0 0 0 0 0 0 0 0 0   
91 1993     5 3 3 0 0 0 0 0 0 1 0 0 0 0 0 0   

308 1994      22 15 7 5 2 0 0 0 0 1 0 0 0 0 0   
552 1995       29 21 13 11 4 0 2 0 0 1 0 0 0 0   
589 1996        33 17 15 1 3 1 1 2 0 0 0 0 0   
68 1997         5 0 0 0 0 0 0 0 0 0 0 0   

126 1998          2 5 1 1 0 0 0 0 0 0 0   
101 1999           5 3 1 4 2 0 0 0 0 0   
233 2000            9 3 3 2 1 1 0 0 0   
522 2001             19 9 2 2 2 0 1 0   
359 2002              9 10 3 2 0 0 0   
564 2003               23 12 5 4 1 0   
847 2004                40 17 4 2 0   
180 2005                 10 5 4 0   
225 2006                  11 3 2   
434 2007                   15 3   
518 2008                    16   
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North Carolina – Cooperative Trawl Cruise 
 

Release Harvested recaptures  
Total Year 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08  

191 1988 4 3 4 0 6 3 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0  
411 1989  6 7 7 11 4 2 2 1 1 0 0 1 0 0 0 0 0 0 0 0  
322 1990   11 6 11 5 1 2 2 2 2 1 0 0 0 0 0 0 0 0 0  
856 1991    23 19 23 20 16 5 11 7 1 1 1 1 0 0 0 0 0 0  
433 1992     22 11 7 10 7 6 7 5 2 0 0 0 0 0 0 0 0  
142 1993      6 3 5 3 2 1 0 0 1 0 0 0 0 0 0 0  
480 1994       14 16 7 6 5 6 1 3 1 2 2 0 0 0 0  
372 1995        21 13 16 11 5 2 2 5 1 1 2 0 0 1  
557 1996         26 17 12 3 3 3 4 0 3 1 1 0 0  
869 1997          67 31 16 9 11 0 3 3 1 0 1 0  
106 1998           9 7 0 2 1 1 0 0 0 0 1  
179 1999            18 5 5 2 0 2 2 1 1 0  
164 2000             4 6 1 2 3 2 1 0 0  
515 2001              32 18 11 3 9 6 1 0  
789 2002               39 31 20 13 7 3 1  

1578 2003                75 53 29 16 12 7  
784 2004                 40 18 15 11 5  
557 2005                  17 16 9 5  

2113 2006                   107 80 46  
305 2007                    24 20  
923 2008                     73  

 
Release Released with tag removed  

Total Year 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08  
191 1988 0 8 5 2 3 1 3 0 0 0 0 1 0 0 0 0 0 0 0 0 0  
411 1989  17 13 11 3 3 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0  
322 1990   14 11 5 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
856 1991    45 18 23 14 2 2 1 1 0 0 0 0 0 0 0 0 0 0  
433 1992     23 17 7 4 1 2 3 0 1 0 0 0 0 0 0 0 0  
142 1993      8 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0  
480 1994       26 8 1 4 1 0 0 0 0 0 0 0 0 0 0  
372 1995        22 2 1 3 0 1 0 0 0 0 0 0 0 0  
557 1996         8 3 3 2 2 1 0 0 0 0 0 0 0  
869 1997          18 13 9 5 1 0 0 1 0 0 0 2  
106 1998           3 4 0 0 0 0 0 0 1 0 0  
179 1999            3 3 0 0 0 1 0 0 0 1  
164 2000             4 0 1 1 0 0 0 0 0  
515 2001              11 3 4 1 2 2 0 2  
789 2002               12 11 1 5 3 1 1  

1578 2003                27 12 8 9 3 0  
784 2004                 17 8 10 5 1  
557 2005                  8 5 1 2  

2113 2006                   44 23 11  
305 2007                    7 2  
923 2008                     23  
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Table 4.  Instantaneous Rates – Catch and Release Model input matrices for the producer 
area tagging programs, for fish > 28”. 

 
Delaware/Pennsylvania – Delaware River 
 

Release Harvested recaptures       
Total Year 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08       
 1993                       
 1994                       
 1995                       
 1996                       
 1997                       
 1998                       
 1999                       
 2000                       
 2001                       
 2002                       
 2003                       
 2004                       
 2005                       
 2006                       
 2007                       
 2008                       

 
Release Harvested recaptures       

Total Year 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08       
 1993                       
 1994                       
 1995                       
 1996                       
 1997                       
 1998                       
 1999                       
 2000                       
 2001                       
 2002                       
 2003                       
 2004                       
 2005                       
 2006                       
 2007                       
 2008                       
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New York – Hudson River 

Release Harvested recaptures 

Total Year 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 

826 1988 11 9 7 9 6 3 2 1 4 0 1 1 0 0 0 0 0 0 0 0 0 

669 1989   9 13 9 4 5 7 4 0 0 0 0 1 0 0 1 0 0 0 0 0 

783 1990     17 14 11 8 4 4 1 3 1 0 0 0 0 0 0 0 0 0 0 

546 1991       14 14 8 5 9 5 2 1 0 0 0 0 1 0 1 1 0 0 

1135 1992         34 27 16 11 12 10 7 3 2 1 0 0 1 0 0 0 0 

940 1993           34 16 11 16 10 5 5 0 1 0 0 0 1 0 0 0 

643 1994             18 24 21 8 6 4 4 4 2 0 2 0 0 0 0 

628 1995               27 23 20 18 10 1 1 1 1 1 1 0 0 0 

1069 1996                 63 44 27 12 2 7 2 3 3 1 1 0 0 

241 1997                   22 7 8 5 3 2 1 0 1 1 0 0 

698 1998                     47 29 13 7 13 5 0 1 2 0 1 

798 1999                       43 13 21 9 12 4 2 3 1 3 

846 2000                         28 17 13 8 8 6 3 3 0 

1069 2001                           32 23 12 6 5 8 1 3 

597 2002                             16 8 7 2 5 3 1 

1379 2003                               39 35 25 10 11 3 

1273 2004                                 56 25 24 14 5 

1325 2005                                   40 29 16 8 

1130 2006                                     44 30 28 

755 2007                                       26 20 

1236 2008                                         34 

                       

Release released with tag removed  
Total Year 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08  
 1988 0 21 11 1 4 2 2 0 0 0 0 0 0 0 1 0 0 0 0 0 0  
 1989   30 14 7 4 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0  
 1990     43 15 14 4 3 0 0 0 0 0 0 1 0 0 0 0 0 0 0  
 1991       22 16 5 3 0 0 3 0 0 1 0 0 0 0 0 0 0 0  
 1992         48 30 19 10 2 3 3 2 0 0 0 0 0 0 0 0 0  
 1993           35 20 12 2 5 2 2 0 0 0 0 0 0 0 0 0  
 1994             24 8 5 2 0 2 1 0 0 0 0 0 0 0 0  
 1995               21 8 10 3 1 3 0 1 0 0 0 0 0 0  
 1996                 23 24 5 5 1 2 2 0 1 2 0 1 0  
 1997                   7 3 4 1 0 0 1 0 0 0 0 0  
 1998                     17 13 2 2 7 1 0 0 0 0 0  
 1999                       20 8 6 3 1 3 0 1 0 0  
 2000                         17 6 8 9 2 0 0 0 0  
 2001                           14 11 2 1 1 2 1 0  
 2002                             3 3 1 1 0 1 1  
 2003                               22 6 9 4 1 0  
 2004                                 18 8 9 4 1  
 2005                                   18 13 4 6  
 2006                                     12 9 6  
 2007                                       6 5  
 2008                                         13  
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Maryland – Chesapeake Bay 

Release  Harvested recaptures 

Total Year 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 

 1987 0 0 0 0 0 2 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 

 1988  2 1 3 7 2 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

 1989   3 7 3 3 2 1 5 2 0 0 0 0 0 0 0 0 0 0 0 0 

 1990    10 8 5 3 1 3 0 3 1 0 0 0 0 0 0 0 0 0 0 

 1991     18 10 13 3 7 3 4 1 0 2 0 0 0 0 0 0 0 0 

 1992      21 15 11 14 4 8 6 3 2 1 0 0 0 0 0 0 0 

 1993       31 25 30 13 14 7 8 1 3 2 0 0 0 0 0 0 

 1994        25 27 20 14 10 8 4 2 0 0 1 0 0 0 0 

 1995         45 24 17 12 4 5 2 2 3 0 0 2 0 1 

 1996          60 35 36 14 6 7 2 1 1 0 0 0 0 

 1997           33 19 15 1 2 1 1 0 0 0 0 0 

 1998            23 13 2 3 2 0 0 1 0 1 0 

 1999             16 5 6 2 1 2 1 0 1 1 

 2000              18 12 0 4 4 1 0 2 1 

 2001               21 10 10 5 2 3 0 1 

 2002                13 18 5 6 0 3 0 

 2003                 14 9 8 6 2 3 

 2004                  13 7 9 2 3 

 2005                   16 11 6 4 

 2006                    14 4 4 

 2007                     6 4 

 2008                      6 

Release  Released with tag removed 

Total Year 87 88 89 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 

 1987 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 1988  0 7 4 5 1 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 1989   5 9 13 2 2 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

 1990    13 7 6 2 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

 1991     25 9 7 0 2 0 1 0 0 0 0 0 0 0 0 0 0 0 

 1992      22 12 6 2 3 2 0 2 0 0 0 0 0 0 0 0 0 

 1993       24 16 9 2 2 1 1 0 0 0 0 0 0 0 0 0 

 1994        25 15 4 0 4 1 0 1 0 0 0 1 0 0 0 

 1995         18 6 6 3 3 1 0 0 0 0 0 0 0 0 

 1996          33 19 7 3 2 0 0 0 0 0 0 0 0 

 1997           7 7 2 1 0 0 0 0 1 0 0 0 

 1998            6 3 0 2 0 0 0 0 0 0 0 

 1999             3 3 2 1 0 0 0 0 0 0 

 2000              3 4 4 1 0 0 0 0 0 

 2001               8 9 1 1 1 0 0 0 

 2002                5 1 1 1 2 0 0 

 2003                 6 1 1 2 2 0 

 2004                  4 2 1 1 1 

 2005                   4 4 1 0 

 2006                    2 2 2 

 2007                     2 1 

 2008                      1 
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Virginia – Rappahannock River 
 

Release Harvested recaptures    
Total Year 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08    

297 1990 10 1 6 1 3 5 1 0 0 1 1 0 0 1 0 0 0 0 0    
386 1991  19 10 12 9 2 1 2 0 2 0 0 0 1 0 0 0 0 0    
40 1992   2 1 1 1 0 0 0 1 0 0 0 0 0 0 0 0 0    

209 1993    11 11 5 2 3 0 0 0 0 0 0 0 0 0 0 0    
123 1994     4 4 4 1 0 0 0 0 0 0 0 0 0 0 0    
205 1995      18 6 5 2 1 1 2 0 1 0 0 0 0 0    
67 1996       0 3 1 0 0 1 0 0 0 0 0 0 0    

210 1997        11 12 6 2 0 1 1 1 0 0 0 0    
156 1998         16 9 1 3 1 0 0 0 0 0 0    
159 1999          13 2 1 2 1 0 0 0 0 0    
362 2000           13 11 6 5 3 3 0 1 0    
268 2001            9 8 2 6 1 0 0 0    
122 2002             7 3 5 1 0 1 1    
392 2003              23 13 3 1 2 2    
680 2004               21 8 8 3 3    
281 2005                12 7 5 1    
175 2006                 10 3 3    
836 2007                  32 22    
76 2008                   5    

 
Release Released with  tag removed    

Total Year 90 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08    
297 1990 14 6 7 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0    
386 1991  19 10 4 2 1 0 0 0 0 0 0 0 0 0 0 0 0 0    
40 1992   2 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0    

209 1993    10 7 1 0 0 0 0 0 0 0 0 0 0 0 0 0    
123 1994     4 1 0 0 1 0 0 0 0 0 0 0 0 0 0    
205 1995      5 2 2 1 0 0 0 0 0 0 0 0 0 0    
67 1996       1 0 0 0 0 0 0 0 0 0 0 0 0    

210 1997        2 1 1 0 0 0 0 0 0 0 0 0    
156 1998         6 3 0 0 1 0 0 0 0 0 0    
159 1999          2 1 0 1 0 0 0 0 0 0    
362 2000           9 6 4 2 0 0 0 0 0    
268 2001            7 4 2 0 0 0 1 0    
122 2002             2 2 0 0 0 1 0    
392 2003              8 6 2 0 0 0    
680 2004               11 2 5 1 0    
281 2005                3 4 1 0    
175 2006                 2 1 1    
836 2007                  11 5    
76 2008                   0    
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APPENDIX B 
 
 

AD Model Builder Code for the Instantaneous Rates Catch/Release Model (IRCR) 
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//--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--
><>-- 
//                                                                                             
// 
//  Jiang et. al (2007) Age-independent instantaneous rates model for catch and release        
// 
//                                                                                             
// 
//  Gary Nelson                                                                                
// 
//  Massachusetts Division of Marine Fisheries                                                 
// 
//  Gloucester, MA 01930                                                                       
// 
//  gary.nelson@state.ma.us                                                                    
// 
//  Version 1.2                                                                                
// 
//--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>--><>><>--><>--
><>// 
 
DATA_SECTION 
 
// Starting and ending year of the release year  
 init_int styrR; 
 init_int endyrR; 
 
//Starting and ending year of recovery years 
 init_int styr; 
 init_int endyr; 
 
 //Total Releases by Year 
 init_vector N(styrR,endyrR); 
 
//Recapture Matrix for harvest fish 
 init_imatrix rh(styrR,endyrR,styr,endyr); 
 
//Recapture Matrix for releases fish 
 init_imatrix rr(styrR,endyrR,styr,endyr); 
  
//---Reporting Rate for harvested fish---------- 
 init_number lh; 
 
 //---Initial probability of tag shedding and tag-induced mortality for harvested fish-- 
 init_number phih; 
 
 //---Reporting Rate for released fish---------- 
 init_number lr; 
 
 //---Initial probability of tag shedding and tag-induced mortality for released fish-- 
 init_number phir; 
  
//Hooking Mortality 
 init_number h; 
 
//Number of Natural Mortality Periods and Beginnng Years 
 init_int mp; 
 init_ivector mp_int(1,mp); 
 int pp; 
 
//Number of Fishing  Mortality Periods and Beginning Years 
 init_int fp; 
 init_ivector fp_int(1,fp); 
 int qq; 
 
//Number of Tag Mortality Periods 
 init_int fap; 
 init_ivector fap_int(1,fap); 
 int ss; 
 int tp; 
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 LOCAL_CALCS 
  pp=mp+1; 
  qq=fp+1; 
  ss=fap+1; 
  tp=mp+fp+fap+(4*(endyr-styr+1)); 
 END_CALCS 
 matrix sigma(1,tp,1,tp+1);  
 !! set_covariance_matrix(sigma);  
 //looping variables 
 int y; 
 int t; 
 int a; 
 int d; 
 int cnt; 
 int total; 
 int Ntags; 
 int looper; 
 int df_r; 
 int df_h; 
 int hless; 
 int rless; 
 
PARAMETER_SECTION 
 number dodo; 
 number dodo1; 
 number probs; 
 number AIC; 
 number AICc; 
 number K; 
 number up_df; 
 number up_count; 
 number up_chi; 
 number up_chat; 
 number p_chi; 
 number p_df; 
 number p_chat; 
  
 //-------------F estimates------------------------------- 
 init_bounded_vector e_F(1,fp,-30.,1.6,1); 
 vector F(styr,endyr); 
 vector fp_yr(1,qq); 
 
  //-------------M estimates------------------------------- 
 init_bounded_vector e_M(1,mp,-30,1.6,1); 
 vector M(styr,endyr); 
 vector mp_yr(1,pp); 
 
 //--------------Tag Mortality---------------------------- 
 init_bounded_vector e_FA(1,fap,-30.,1.6,1); 
 vector FA(styr,endyr); 
 vector fap_yr(1,ss); 
 
 //------------------Tag Number of Tags------------------- 
 vector tags(styrR,endyrR); 
 
 //----------------Mortality Calculations------------ 
 matrix s(styrR,endyrR,styr,endyr); 
 matrix u_h(styrR,endyrR,styr,endyr); 
 matrix u_r(styrR,endyrR,styr,endyr); 
 vector S_fish(styr,endyr); 
 
 //---------Predicted Cell recoveries------------- 
 vector sum_prob_h(styrR,endyrR); 
 vector sum_prob_r(styrR,endyrR); 
 matrix s_prob(styrR,endyrR,styr,endyr); 
 matrix exp_prob_h(styrR,endyrR,styr,endyr); 
 matrix ll_h(styrR,endyrR,styr,endyr); 
 matrix exp_prob_r(styrR,endyrR,styr,endyr); 
 matrix ll_r(styrR,endyrR,styr,endyr); 
 vector ll_ns(styrR,endyrR); 
 matrix exp_r_h(styrR,endyrR,styr,endyr); 

[PDF pg 202]



 

 125

 matrix exp_r_r(styrR,endyrR,styr,endyr); 
 matrix pool_r(styrR,endyrR,styr,endyr); 
 matrix pool_h(styrR,endyrR,styr,endyr); 
 matrix pool_r_e(styrR,endyrR,styr,endyr); 
 matrix pool_h_e(styrR,endyrR,styr,endyr); 
 matrix chi_r(styrR,endyrR,styr,endyr); 
 matrix chi_h(styrR,endyrR,styr,endyr); 
 matrix p_chi_r(styrR,endyrR,styr,endyr); 
 matrix p_chi_h(styrR,endyrR,styr,endyr); 
 matrix pear_r(styrR,endyrR,styr,endyr); 
 matrix pear_h(styrR,endyrR,styr,endyr); 
 vector exp_ns(styrR,endyrR); 
 vector chi_ns(styrR,endyrR); 
 vector pear_ns(styrR,endyrR); 
 sdreport_vector S(styr,endyr); 
 sdreport_vector FM(styr,endyr); 
 sdreport_vector FT(styr,endyr); 
 sdreport_vector NM(styr,endyr); 
 
 //----------Likelihood Values------------------------------------------ 
 number f_tag; 
 objective_function_value f; 
  
INITIALIZATION_SECTION 
 e_F -1.6; 
 e_FA -1.6; 
 e_M -1.6; 
  
RUNTIME_SECTION 
 maximum_function_evaluations 100, 500, 5000; 
 convergence_criteria 1e-5, 1e-7, 1e-16; 
 
PRELIMINARY_CALCS_SECTION 
 F.initialize(); 
 FA.initialize(); 
 M.initialize(); 
PROCEDURE_SECTION 
 calc_number_tags(); 
 calc_M_vector(); 
 calc_F_vector(); 
 calc_FA_vector(); 
 calc_fish_surv(); 
 calc_s(); 
 calc_s_prob(); 
 calc_u_h(); 
 calc_u_r(); 
 calc_exp_prob_h(); 
 calc_exp_prob_r(); 
 calc_LL(); 
 calc_Chisquare(); 
 calc_pooled_cells(); 
 evaluate_the_objective_function(); 
  
FUNCTION calc_number_tags 
  cnt=0; 
  for(t=styrR;t<=endyrR;t++){ 
    Ntags=0; 
    for(y=styr+cnt;y<=endyr;y++){ 
      Ntags+=rh(t,y)+rr(t,y); 
      } 
      tags(t)=Ntags; 
      cnt+=1; 
   } 
 
FUNCTION calc_M_vector 
 for(t=1;t<=mp;t++){ 
 mp_yr(t)=mp_int(t); 
   } 
   mp_yr(pp)=endyr+1; 
 
 for(t=styr;t<=endyr;t++){ 
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     for(d=1;d<=mp;d++){  
         if(t>=mp_yr(d) && t<mp_yr(d+1)){  
           M(t)=mfexp(e_M(d)); 
           NM(t)=M(t); 
          } 
      } 
   } 
 
FUNCTION calc_F_vector 
 for(t=1;t<=fp;t++){ 
   fp_yr(t)=fp_int(t);    
   } 
   fp_yr(qq)=endyr+1; 
 
 for(t=styr;t<=endyr;t++){ 
     for(d=1;d<=fp;d++){ 
         if(t>=fp_yr(d) && t<fp_yr(d+1)){ 
           F(t)=mfexp(e_F(d)); 
           FM(t)=F(t);   
          } 
       } 
   } 
 
FUNCTION calc_FA_vector 
  for(t=1;t<=fap;t++){ 
    fap_yr(t)=fap_int(t); 
   } 
    fap_yr(ss)=endyr+1; 
 
 for(t=styr;t<=endyr;t++){ 
   for(d=1;d<=fap;d++){    
     if(t>=fap_yr(d) && t<fap_yr(d+1)){ 
       FA(t)=mfexp(e_FA(d)); 
       FT(t)=FA(t); 
      } 
    } 
  } 
 
FUNCTION calc_fish_surv 
  for (t=styr;t<=endyr;t++){ 
     S_fish(t)=mfexp(-1*(F(t)+h*FA(t)+M(t))); 
     S(t)=S_fish(t); 
   } 
 
FUNCTION calc_s 
 cnt=0; 
 for(t=styrR;t<=endyrR;t++){ 
    for(y=styr+cnt;y<=endyr;y++) { 
       if(t==y){s(t,y)=1;} 
       if(t!=y){s(t,y)=mfexp(-F(y-1)-FA(y-1)-M(y-1));} 
      }      
      cnt+=1; 
   } 
 
FUNCTION calc_u_h 
  cnt=0; 
  for(t=styrR;t<=endyrR;t++){ 
    for(y=styr+cnt;y<=endyr;y++) { 
       u_h(t,y)=(F(y)/(F(y)+FA(y)+M(y)))*(1-mfexp(-F(y)-FA(y)-M(y))); 
      }      
      cnt+=1; 
   } 
    
FUNCTION calc_u_r 
 cnt=0; 
 for (t=styrR;t<=endyrR;t++){ 
    for (y=styr+cnt;y<=endyr;y++) { 
       u_r(t,y)=(FA(y)/(F(y)+FA(y)+M(y)))*(1-mfexp(-F(y)-FA(y)-M(y))); 
      }      
      cnt+=1; 
   } 
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FUNCTION calc_s_prob 
 cnt=0; 
 for(t=styrR;t<=endyrR;t++){ 
    looper=0; 
    for(y=styr+cnt;y<=endyr;y++){ 
 probs=1; 
 for(a=y-looper;a<=y;a++){ 
           probs=probs*s(t,a); 
        } 
        s_prob(t,y)=probs; 
        looper+=1; 
     }      
     cnt+=1; 
   } 
 
FUNCTION calc_exp_prob_h 
 cnt=0; 
 for(t=styrR;t<=endyrR;t++){ 
    dodo=0; 
    for(y=styr+cnt;y<=endyr;y++){ 
       exp_prob_h(t,y)=lh*phih*s_prob(t,y)*u_h(t,y); 
  dodo+=exp_prob_h(t,y); 
      }  
    sum_prob_h(t)=dodo;    
    cnt+=1; 
  } 
    
FUNCTION calc_exp_prob_r 
 cnt=0; 
 for(t=styrR;t<=endyrR;t++){ 
    dodo=0; 
    for(y=styr+cnt;y<=endyr;y++) { 
      exp_prob_r(t,y)=lr*phir*s_prob(t,y)*u_r(t,y); 
 dodo+=exp_prob_r(t,y); 
      }  
    sum_prob_r(t)=dodo;    
    cnt+=1; 
  } 
 
FUNCTION calc_LL 
 cnt=0; 
 for(t=styrR;t<=endyrR;t++){ 
   for(y=styr+cnt;y<=endyr;y++) { 
      ll_h(t,y)=0; 
      ll_r(t,y)=0; 
      if(rh(t,y)!=0){ 
        ll_h(t,y)=rh(t,y)*log(exp_prob_h(t,y)); 
       } 
      if(rr(t,y)!=0){ 
        ll_r(t,y)=rr(t,y)*log(exp_prob_r(t,y)); 
       } 
    }      
    cnt+=1; 
  } 
 for (t=styrR;t<=endyrR;t++){ 
     ll_ns(t)=(N(t)-tags(t))*log(1-(sum_prob_h(t)+sum_prob_r(t))); 
   } 
 
FUNCTION evaluate_the_objective_function 
 f_tag=0; 
 cnt=0; 
 for(t=styrR;t<=endyrR;t++){ 
    for(y=styr+cnt;y<=endyr;y++){ 
       f_tag+=ll_h(t,y)+ll_r(t,y);   
      }    
      cnt+=1; 
   } 
 
   for(t=styrR;t<=endyrR;t++){ 
      f_tag+=ll_ns(t); 
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      } 
   f=f_tag*-1.; 
 
FUNCTION calc_Chisquare 
 cnt=0; 
 up_count=0; 
 for(t=styrR;t<=endyrR;t++){ 
    for(y=styr+cnt;y<=endyr;y++){ 
       up_count+=1;  
      }  
      cnt+=1; 
   } 
  
 cnt=0; 
 for(t=styrR;t<=endyrR;t++) { 
    for(y=styr+cnt;y<=endyr;y++) { 
       exp_r_r(t,y)=exp_prob_r(t,y)*N(t); 
       exp_r_h(t,y)=exp_prob_h(t,y)*N(t); 
      }  
    cnt+=1; 
   } 
 
  cnt=0; 
  for(t=styrR;t<=endyrR;t++) { 
    for(y=styr+cnt;y<=endyr;y++){ 
        chi_r(t,y)=square(rr(t,y)-exp_r_r(t,y))/exp_r_r(t,y); 
        chi_h(t,y)=square(rh(t,y)-exp_r_h(t,y))/exp_r_h(t,y); 
        pear_r(t,y)=(rr(t,y)-exp_r_r(t,y))/sqrt(exp_r_r(t,y)); 
        pear_h(t,y)=(rh(t,y)-exp_r_h(t,y))/sqrt(exp_r_h(t,y)); 
      }  
      cnt+=1; 
    } 
  for (t=styrR;t<=endyrR;t++){ 
        exp_ns(t)=N(t)*(1-(sum_prob_h(t)+sum_prob_r(t))); 
   } 
   
  //Not seen chi 
  for(t=styrR;t<=endyrR;t++){ 
      chi_ns(t)=0; 
      chi_ns(t)=square((N(t)-tags(t))-exp_ns(t))/exp_ns(t); 
      pear_ns(t)=((N(t)-tags(t))-exp_ns(t))/sqrt(exp_ns(t)); 
   } 
  
 //total chi square 
 up_chi=sum(chi_r)+sum(chi_h)+sum(chi_ns);  
 K=fap+mp+fp; 
 up_df=up_count*2-K; 
 up_chat=up_chi/up_df; 
 AIC=-1.*2*f_tag+2*K; 
 AICc=AIC+(2*K*(K+1))/(sum(N)-K-1); 
 
FUNCTION calc_pooled_cells 
// Pool harvested cells 
  cnt=0; 
  for(t=styrR;t<=endyrR;t++){  
     for(y=styr+cnt;y<=endyr;y++) { 
       pool_h_e(t,y)=0; 
       pool_h(t,y)=0; 
       pool_h_e(t,y)=exp_r_h(t,y); 
       pool_h(t,y)=rh(t,y);  
       } 
      cnt+=1; 
   }  
  cnt=0; 
  hless=0; 
  for(t=styrR;t<=endyrR;t++){     
    for(y=endyr;y>=styr+cnt;y--){ 
          if(pool_h_e(t,y)>=1){ 
             pool_h(t,y)=pool_h(t,y); 
             pool_h_e(t,y)=pool_h_e(t,y); 
            } 
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          if(pool_h_e(t,y)>=0 && pool_h_e(t,y)<1){  
             if(y!=styr+cnt) 
               { 
                hless+=1; 
                pool_h_e(t,y-1)=pool_h_e(t,y-1)+pool_h_e(t,y); 
                pool_h(t,y-1)=pool_h(t,y-1)+pool_h(t,y); 
                pool_h(t,y)=0; 
                pool_h_e(t,y)=0; 
               } 
               if (y==styr+cnt) break; 
            } 
         }//for 
         cnt+=1; 
     }//for 
  
// Pool released cells 
  cnt=0; 
  for(t=styrR;t<=endyrR;t++){  
      for(y=styr+cnt;y<=endyr;y++){ 
            pool_r_e(t,y)=0; 
            pool_r(t,y)=0; 
            pool_r_e(t,y)=exp_r_r(t,y); 
            pool_r(t,y)=rr(t,y); 
        } 
      cnt+=1; 
   } 
  cnt=0; 
  rless=0; 
  for(t=styrR;t<=endyrR;t++){     
    for(y=endyr;y>=styr+cnt;y--){ 
          if(pool_r_e(t,y)>=1){ 
             pool_r(t,y)=pool_r(t,y); 
             pool_r_e(t,y)=pool_r_e(t,y); 
            } 
          if(pool_r_e(t,y)>=0 && pool_r_e(t,y)<1){  
            if (y!=styr+cnt){ 
                rless+=1; 
                pool_r_e(t,y-1)=pool_r_e(t,y-1)+pool_r_e(t,y); 
                pool_r(t,y-1)=pool_r(t,y-1)+pool_r(t,y); 
                pool_r(t,y)=0; 
                pool_r_e(t,y)=0; 
               } 
               if (y==styr+cnt) break; 
            } 
         }//for 
         cnt+=1; 
     }//for 
  p_df=up_count*2-hless-rless-K;  
 
 //Pooled Chi-square 
  cnt=0; 
  for(t=styrR;t<=endyrR;t++) { 
    for(y=styr+cnt;y<=endyr;y++) { 
        p_chi_h(t,y)=0; 
        p_chi_r(t,y)=0; 
        if(pool_h_e(t,y)!=0){ 
          p_chi_h(t,y)=square(pool_h(t,y)-pool_h_e(t,y))/pool_h_e(t,y); 
         } 
        if(pool_r_e(t,y)!=0){ 
          p_chi_r(t,y)=square(pool_r(t,y)-pool_r_e(t,y))/pool_r_e(t,y); 
         } 
      }  
      cnt+=1; 
   } 
  p_chi=sum(p_chi_h)+sum(p_chi_r)+sum(chi_ns); 
  p_chat=p_chi/p_df; 
  
REPORT_SECTION 
 report<<"Log-L"<<"  "<<"\t"<<"K"<<"\t"<<"AIC"<<"         "<<"AICc"<<"       "<<"Eff. Sample 
Size"<<endl; 
 report<<f_tag<<"   "<<"\t"<<K<<"\t"<<AIC<<"\t"<<AICc<<"\t"<<sum(N)<<endl; 
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 report<<" "<<endl; 
 report<<" "<<endl; 
 report<<"*******Model Statistics*******************"<<endl; 
 report<<"Unpooled Chi-square     "<<"  "<<up_chi<<endl; 
 report<<"Upooled df              "<<"  "<<up_df<<endl; 
 report<<"Unpooled c-hat          "<<"  "<<up_chat<<endl; 
 report<<"Pooled Chi-square       "<<"  "<<p_chi<<endl; 
 report<<"Pooled df               "<<"  "<<p_df<<endl; 
 report<<"Pooled c-hat            "<<"  "<<p_chat<<endl; 
 report <<"*****************************************"<<endl; 
 report<<"  "<<endl; 
 report<<"  "<<endl; 
 report << "S for fish" << endl; 
 report << S_fish << endl; 
 report<<" "<<endl; 
 report<<"*******************Observed and Calculated 
Data************************************"<<endl; 
 report << "Obs Recoveries of harvest fish "<< endl; 
 report<<rh<<endl; 
 report <<" "<<endl; 
 report << "Obs Recoveries of release fish "<< endl; 
 report<<rr<<endl; 
 report <<" "<<endl; 
 
 report << "Total Released "<< endl; 
 report<<N<<endl; 
 report <<" "<<endl; 
 
 report <<"Total Recovered Tags"<<endl; 
 report <<tags<<endl; 
 report<<" "<<endl; 
 
 report << "s matrix" << endl; 
 report <<s<<endl; 
 report<<" "<<endl; 
 
 report << "S_prob matrix" << endl; 
 report <<s_prob<<endl; 
 report<<" "<<endl; 
 
 report << "Exploitation Rate of harvested fish" << endl; 
 report <<u_h<<endl; 
 report<<" "<<endl; 
 
 report << "Exploitation Rate of released fish" << endl; 
 report <<u_r<<endl; 
 report<<" "<<endl; 
 
 report <<"Expected Probability of harvested fish"<<endl; 
 report<<exp_prob_h<<endl; 
 report <<" "<<endl; 
  
 report <<"Expected Probability of released fish"<<endl; 
 report<<exp_prob_r<<endl; 
 report <<" "<<endl; 
 
 report<<"Not Seen Probability"<<endl; 
 report<<1-(sum_prob_h+sum_prob_r)<<endl; 
 report<<" "<<endl; 
 
 report <<"Expected Number of harvested fish"<<endl; 
 report<<exp_r_h<<endl; 
 report <<" "<<endl; 
  
 report <<"Expected Number of released fish"<<endl; 
 report<<exp_r_r<<endl; 
 report <<" "<<endl; 
 
 report <<"Expected Number of not seen"<<endl; 
 report<<exp_ns<<endl; 
 report <<" "<<endl; 
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 report <<"Cell Likelihoods of harvested fish"<<endl; 
 report<<ll_h<<endl; 
 report <<" "<<endl; 
  
 report <<"Cell Likelihoods of released fish"<<endl; 
 report<<ll_r<<endl; 
 report <<" "<<endl; 
 
 report <<"Cell Likelihoods of unseen"<<endl; 
 report<<ll_ns<<endl; 
 report <<" "<<endl; 
 
 report <<"Unpooled Chi-squares of Harvested Fish"<<endl; 
 report<<chi_h<<endl; 
 report <<" "<<endl; 
 
 report <<"Unpooled Chi-squares of Released Fish"<<endl; 
 report<<chi_r<<endl; 
 report <<" "<<endl; 
 
 report <<"Chi-squares of Not Seen"<<endl; 
 report<<chi_ns<<endl; 
 report <<" "<<endl; 
  
 report <<"Pooled Cells of Harvested Fish"<<endl; 
 report<<pool_h<<endl; 
 report <<" "<<endl; 
 
 report <<"Pooled Expected Cells of Harvested Fish"<<endl; 
 report<<pool_h_e<<endl; 
 report <<" "<<endl; 
 
 report <<"Pooled Cells of Released Fish"<<endl; 
 report<<pool_r<<endl; 
 report <<" "<<endl; 
 report <<"Pooled Expected Cells of Harvested Fish"<<endl; 
 report<<pool_r_e<<endl; 
 report <<" "<<endl; 
 
 report <<"Pooled Chi-squares of Harvested Fish"<<endl; 
 report<<p_chi_h<<endl; 
 report <<" "<<endl; 
 
 report <<"Pooled Chi-squares of Released Fish"<<endl; 
 report<<p_chi_r<<endl; 
 report <<" "<<endl; 
 report <<"Pearson Residuals for released fish"<<endl; 
 report<<pear_r<<endl; 
 report <<" "<<endl; 
 
 report <<"Pearson Residuals for harvested fish"<<endl; 
 report<<pear_h<<endl; 
 report <<" "<<endl; 
  
 report <<"Pearson Residuals for not seen"<<endl; 
 report<<pear_ns<<endl; 
 report <<" "<<endl; 
 
FINAL_SECTION 
 //Ouput F and sd 
  ofstream ofs1("F.std"); 
   d=mp+fp+fap+(endyr-styr+1); 
   for(y=styr;y<=endyr;y++){  
  d+=1; 
       ofs1<<FM(y)<<"\t"<<sigma(d,1)<<endl; 
     } 
 //Output FA and sd 
   ofstream ofs2("FA.std"); 
   for(y=styr;y<=endyr;y++){  
  d+=1; 
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       ofs2<<FT(y)<<"\t"<<sigma(d,1)<<endl; 
     } 
     
 //Output M and Sd 
  ofstream ofs3("M.std"); 
 for(y=styr;y<=endyr;y++){  
  d+=1; 
       ofs3<<NM(y)<<"\t"<<sigma(d,1)<<endl; 
     } 
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APPENDIX C 
 
 

Evidence of an increase in natural mortality and its potential impact on the models currently 
used to estimate population parameters. 
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Abstract 
 
 
 There is increasing evidence that natural mortality has increased within striped bass 
stocks in Chesapeake Bay. In recent years four different analyses have been published 
(Crecco 2003, Kahn 2004, Jang 2007 and Sadler et al 2008) that conclude that natural 
mortality has measurably increased , and possibly doubled, since 1997 in Virginia and 1998 
in Maryland. The increase in natural mortality has been linked to mycobacterial infections, 
but declining forage fish populations and water quality may also contribute. 
 
 The tagging Subcommittee developed an approach for adapting the instantaneous 
rates model to determine if a time scenario of two natural mortality periods would better fit 
the data for each of the coastal and producer area programs. When the constant M and two-
M suite of models were run concurrently, the suite of two-M models were consistently given 
the highest weights while the constant M models almost unanimously received zero 
weighting. A comparison of the parameter estimates of the two approaches showed that the 
two-M approach produced slightly higher annual estimated of fishing mortality than the 
constant M approach. This multiple natural mortality approach was also explored using the 
MARK analysis of Virginia’s data for striped bass greater than 18 inches and also found to 
give superior results. 
 
 A four year retrospective analysis of the two-M instantaneous rates model found that 
the results were very consistent for the analyses of fish greater than 18 inches and only 
slightly more variable for fish greater than 28 inches. 
 
 

Introduction 
 

 There is increasing evidence that rather than being invariant, natural mortality has 
increased within striped bass stocks, most evidently in the Chesapeake Bay resident 
population. Jiang et al. (2007) analyzed striped bass tagging data from Maryland and found 
a significant increase in natural mortality rate at about the time when mycobacteriosis was 
first being detected in Chesapeake Bay striped bass. A similar analysis of Rappahannock 
River, Virginia, striped bass tagging data from this project also reveals an increase in natural 
mortality rate in recent years: natural mortality rate for fish age 2 and above was estimated 
to increase from M = .231 during the period 1990 – 1996 to M=.407 during the period 1997-
2004 (Sadler et al. 2008).  
 

At a recent symposium entitled “Management Issues of the Restored Stock of Striped 
Bass in the Chesapeake Bay: Diseases, Nutrition, Forage Base and Survival”, Kahn (2004) 
reported that both Maryland and Virginia striped bass tag-recaptures have declined in recent 
years. This suggests that survival has declined significantly, from 60-70% in the early-mid 
1990’s to 40-50% during the late 1990’s and early 2000’s.  Kahn (2004) and Crecco (2003) 
both concluded that the 20% decline in striped bass survival was not caused by fishing 
mortality, but by an increase in natural mortality.  These analyses, however, are predicated 
on the assumption that tag reporting rate has not changed over time 
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 Mycobacteriosis was first reported from Chesapeake Bay striped bass in 1997 
(Vogelbein et al. 1999; Rhodes et al. 2002, 2003, 2004). Since then, the disease has spread 
throughout the Bay and the prevalence has risen to as high as 70 – 80% (Cardinal 2001; 
Vogelbein et al. 1999). Several species of Mycobacterium have been isolated from 
Chesapeake Bay striped bass, including several new species, but it is not yet clear which 
species are involved in disease processes. Indeed, there may be more than one pathogenic 
species.  
 
 Mycobacteriosis in fish is a chronic disease caused by various species of bacteria in 
the genus Mycobacterium. Mycobacterial disease occurs in a wide range of species of fish 
worldwide and is an important problem in aquacultural operations. The disease appears as 
grey granulomatous nodules in internal organs, especially the spleen and kidney, and can 
also manifest itself as ulcerous skin lesions. Fish with ulcerous dermal lesions in the wild 
sometimes have an extremely emaciated appearance.  
 
 Since 2005, the Virginia Institute of Marine Science (VIMS) and the Maryland 
Department of Natural Resources (MDNR) have conducted a tagging program on resident 
Chesapeake Bay (≥18 inches total length) fish. Striped bass are assessed for external 
evidence and severity of mycobacterial infection (classified as condition 0, clean; condition 
1, light infection; condition 2, moderate infection; and condition 3, heavy infection) and the 
recapture results are used to estimate disease progression and differential survival rates. This 
program is described in detail in Hoenig et al. 2009 and Sadler et al. 2008. In addition, R. 
Latour and D. Gauthier used force-of-infection models to examine the epizootiology of 
mycobacteriosis in Chesapeake Bay striped bass from 2003-2005.  The results of this 
analysis indicated that the probability a disease-negative fish becomes disease positive 
depends on age; the inclusion of sex and season as covariates significantly improved model 
fit; and that there is evidence of mortality associated with the disease (Gauthier et al. 2008). 

 
Methods 

 
  If mycobacteriosis has no impact on the fate of fish, and if tag return rate is not 
affected by the presence of lesions, then we would expect to recover equal proportions of 
tags from fish with and without external lesions. In contrast, if externally ulcerous fish have 
higher mortality, we might expect to see a lower tag return rate in this group. (We discuss 
the necessary assumptions below.) Thus, we may estimate the impact of the condition 
associated with lesions in terms of the relative survival (or relative risk) or in terms of the 
odds ratio. The results of the tagging experiment can be displayed in a 2x2 contingency 
table, as follows: 
 
               recovered    not recovered 
       lesions 

     no lesions 
        

 
 

       a        b 
       c        d 
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The relative survival (with lesions : without lesions) is computed as 
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=  

 
Thus, if 8% of the tags are recovered from fish with lesions while 16% are recovered from 
fish without external lesions, the relative survival is 0.5, i.e., fish with external lesions 
survive half as well as fish without. The odds ratio is computed as  
 

odds ratio = ad/(bc)  
 
( Rosner 1990). The odds of obtaining a tag return from a fish with lesions is a/b; the odds 
ratio is simply the ratio of the odds for the two groups (fish with and without external 
lesions). Thus, odds ratio = (a/b)/(c/d) = ad/bc. The odds ratio can take on values between 0 
and infinity. In the above example, the odds ratio would be 0.46. A value less than one 
indicates that fish with lesions have lower survival than fish without lesions.   
 

It is of interest to examine whether the ratio of survival changes over time. If the 
ratio of survival is constant over time, then a plot of log(ratio of recaptures in a time 
interval) versus time at liberty will reveal a linear function of time with slope equal to the 
difference in instantaneous mortality rates (i.e., exp(slope) estimates the ratio of survival 
rates). Note, for this analysis to be valid, it is necessary to assume that the ratio of tag 
reporting rates for the two groups remains constant over time but not that the reporting rates 
for the two groups are equal nor that the rates are unchanging. Departures from a linear 
relationship indicate that the ratio of survival rates or the ratio of reporting rates is changing 
over time (or both are changing). This model is a logistic model; consequently, standard 
methods are available for fitting and examining the model (Hoenig et al. 1990, Hueter et al. 
2006). 
 
 Here, we develop a logistic model of relative survival as a linear model because this 
approach is intuitive and provides a graphical means to see how the model performs. Better 
estimates can be obtained using the method of maximum likelihood (e.g., by fitting a 
generalized linear model). 
 
 Suppose the survival rate of “clean” fish is So and the survival rate of fish in disease 
condition x is Sx. We tag and release some fish in each category and the ratio of fish in 
condition x to condition 0 is R in the releases. We then obtain recaptures at time t, for t = 1, 
2, … Under the assumption of the model, the ratio among the recaptures at time t, Rt, should 
be 
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Taking natural logarithms of both sides leads to the linear model 
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where loge(R) is the y-axis intercept and loge(Sx/So) is the slope. Thus, exponentiating the 
estimated slope provides an estimate of the relative survival (ratio of survival rates). Also, 
letting the survival rate of fish in disease category x be expressed as Sx = exp(-Zx) and So = 
exp(-Zo), we have 
 

 slope = xo
o

x
e ZZ

Z
Z

−=⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−
−

)exp(
)exp(

log  

 
which is the difference in the instantaneous total mortality rates. Assuming both groups of 
fish experience the same fishing mortality, we have 
 
 slope = Mo – Mx 
 
where Mo is the natural mortality rate of “clean” fish and Mx is the natural mortality rate of 
fish in disease condition x. That is, the slope estimates how much additional natural 
mortality is caused by mycobacteriosis. 
 
 In theory, the intercept of the linear regression line can estimate the initial ratio of 
fish in the two condition categories. However, if there is differential stress or mortality 
associated with the tagging process then an artificial situation can be created where the ratio 
changes substantially over the first few days after release and then stabilizes and is then 
subject to just differential mortality associated with the disease (and not the tagging 
process). Thus, it may be necessary to disregard the initial ratio at the time of tagging and 
the recaptures over the first few days of recapture. 
 
  It should be noted that the odds ratio approach is a special case of the logistic 
regression described above in which observations are obtained at just two points in time. 
That is, the data for intermediate time steps is not used. Consequently, the results presented 
are only the results for the logistic regression. 

 
The Tagging Subcommittee developed an approach for adapting the Instantaneous 

Rates model to determine what time scenario with two natural mortality rates best fitted 
each tagging program’s data. Each program used an iterative approach that tested all 
possible 2-M combinations (eg. M(1)=1987, M(2)=1988-2008, M(1)=1987-1988, 
M(2)=1989-2008…M(1)=1987-2007, M(2)=2008) and used the minimum QAIC (value 
after bootstrap and c-hat adjustment) as the determinant. Unlike the fishing regulatory 
periods that were consistent among all the programs, there is no evidence, or reason, to 
suspect that changes in Natural Mortality occur simultaneously and to the same degree 
among all the evaluated coastal and producer stocks. Thus the 18 models were: 
 

[PDF pg 215]



 

 138

model  
number model 

1 F(t), Ft(t), M(.) 
2 F((5p), Ft(t), M(.) 
3 F(.), Ft(t), M(.) 
4 F(t), Ft(5p), M(.) 
5 F(t), Ft(.), M(.) 
6 F(5p), Ft(5p), M(.) 
7 F(.). Ft(.), M(,) 
8 F(des), Ft(des), M(.) 
9 F(vic), Ft(vic), M(.) 

10 F(t), Ft(t), M(2p) 
11 F(5p), Ft(t), M(2p) 
12 F(.), Ft(t), M(2p) 
13 F(t), Ft(5p), M(2p) 
14 F(t), Ft(.), M(2p) 
15 F(5p), Ft(5p), M(2p) 
16 F(.), t'(.), M(2p) 
17 F(d), Ft(d), M(2p) 
18 F(v), t'(v), M(2p) 

 
where F is fishing mortality, Ft is the “mortality” of recaptured tags, M is natural mortality, 
(t) is time saturated, (.) is constant, (5p) are 1987-1989, 1990-1994, 1995-1999, 2000-2002 
and 2003-2008, des is (5P) but with a separate terminal year, vic is (5p) but a separate two-
year terminal period and M(2p) is the program-specific two natural mortality periods. The 
reporting rate was assumed to be constant at 0.43 and tag loss over time was assumed to be 
zero. A c-hat adjustment was applied to the models and the models were ranked by their 
respective QAICs and weighted for overall model averaging of parameters.  
 
 Since myco has been linked to increased natural mortality in Virginia, a re-
examination of the MARK modeling was investigated to determine if the use of myco-based 
mortality periods rather than the fishery regulation-based would produce superior results. 
All years up to 1997 were considered the pre-myco period and 1998-2008 were considered 
the myco period. 
 
 

Results 
Instantaneous rates analyses: 
 
 The results from the rate of return of tags from diseased fish were clearly lower than 
that for “clean” fish (showing no overt signs of disease). If the rate of return were equal for 
the two groups, a plot of the ratio of returns (or the log of the ratio) versus time would be a 
horizontal line. But, it can be seen in Figures 1A-D that the slope is negative indicating that 
diseased fish are not surviving as well as clean fish or that diseased fish are less catchable 
than clean fish. The slope of the regression lines in Figures 1A-D provide estimates of the 
difference in instantaneous natural mortality rates, i.e., of the additional mortality caused by 
mycobacteriosis (Table 1). Estimates of the ratio of annual survival rates can be obtained by 
exponentiating the slope of the regression line. In computing the linear regression lines, the 
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initial tagging ratio and the recaptures during the first seven days at liberty have not been 
used because of concerns that they represent an artificial situation associated with the stress 
of tagging (see methods section for an explanation). 
 
 The instantaneous rates model results indicate that natural mortality of 18 inch fish 
increased first in the two Chesapeake Bay programs (1997 in Virginia and 1998 in 
Maryland) and later among the coastal programs (Table 2).  For fish greater than 28 inches, 
the temporal and spatial patters are less clear, perhaps because the sample sizes are smaller 
than for the 18 inch fish. 
 
 When the instantaneous rates model was run with both the one and two M suites, the 
models with two natural mortality periods had lower QAICs than their respective constant 
natural mortality counterparts for every tagging program for both the greater than 18” (Table 
3) and the greater than 28” analyses (Table 4), although Massachusetts used the vic 1M 
model as a component of analysis for both the 18 and the 28 inch fish.. 
 
 The coastal programs all showed a decrease in survival and an increase in natural 
mortality with time for striped bass greater than 18” (Table 5). The New York, New Jersey 
and North Carolina programs estimated that natural mortality doubled from the first to the 
second period. The producer area programs had the same pattern of decreasing survival and 
increasing natural mortality, but had lower survival estimates and higher natural mortality 
estimates than the coastal programs, especially the Virginia Rappahannock River program. 
The estimates of natural mortality exceeded the estimates of fishing mortality for all 
programs and for most years.  
 
 When the analyses are restricted to striped bass greater than 28”, the pattern of 
decreasing survival and increasing natural mortality remains consistent among the coastal 
and the producer programs (Table 6) but with higher estimates of survival and lower 
estimates of natural mortality. However, there was no temporal pattern between the 
estimates of natural and fishing mortality among the coastal or the producer programs. 
 
 The Massachusetts and New York programs consistently had lower annual estimate 
of fishing mortality than the New Jersey coastal programs (Table 7) for striped bass greater 
than 18”. The averaged annual estimates of fishing mortality among the coastal programs 
varied from only 0.10-0.13 from 1995-2008. The Virginia program consistently had the 
lowest annual estimate of fishing mortality among the producer programs (Table 7). The 
weighted average annual fishing mortality estimate among the producer programs peaked at 
0.21 in 1998 but decreased and has been 0.11-0.14 from 2004-2008. 
 
 The Massachusetts program consistently had the lowest annual estimate of fishing 
mortality among the coastal programs (Table 8) for striped bass greater than 28”. The 
average estimate of fishing mortality from the coastal programs peaked at 0.24 in 1998 but 
has varied from 0.15-0.17 from 2000-2008. Prior to 2000, there was little difference in the 
annual estimates of fishing mortality among the producer programs for striped bass greater 
than 28” (Table 8). From 2001-2008 the two Chesapeake Bay programs had similar, lower 
fishing mortality estimates than the Hudson River program. The weighted average of fishing 
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mortality from the producer programs peaked at 0.25 from 1995-1999, but has varied from 
0.13-0.16 from 2000-2008 (the weighting is described in Table 8). 
 
 When the two natural mortality period analyses are compared to the constant natural 
mortality analyses, the weighted (producer areas) and unweighted (coastal areas) estimates 
of fishing mortality tended to be higher in the most recent years for both the greater than 18” 
(Table 9) and the greater than 28” (Table 10) striped bass. 
 
Myco-based period MARK models in Virginia: 
 
 The results from program MARK for striped bass greater than 18” in Virginia have 
been problematic, often producing results that were rejected as unreliable. An examination 
of the annual MARK estimates of survival showed erratic estimates from 1990-1992 (Fig. 
2). The result of this variation is for MARK to default to the S(t)r(t) fully parameterized 
model for 100% of the weighting with a poor goodness of fit (< 0.10). In the 2007 Tagging 
Subcommittee workshop it was demonstrated that eliminating these years resulted in a 
drastically different hiarchy and weighting of the suite of models, with the fishery-based 
period models becoming prevalent (Table 11) and the goodness of fit increasing to a 
moderate 0.15. 
 
 There was also a one year spike in the survival estimate in 2003 (Fig 2). Hurricane 
Isabelle wrecked havoc in Virginia in 2003, less than two weeks prior to the recreational 
fishing season. Most marinas, boat tamps and private docks were damaged and many did not 
reopen during the fall striped bass season. Commercial watermen were negatively impacted 
as well, thus the catch of striped bass was greatly reduced for that year and the high survival 
estimate resulted. 
 
 Based on the many analyses that indicated that myco-induced increases in natural 
mortality have occurred and could be confounding analyses where natural mortality was 
assumed to be constant, the MARK analyses were redone with a second suite of models with 
myco-based periods (pre-myco 1993-1997 and myco 1998-2008) replacing the fishery 
regulation-based periods. However, noting the effect that the erratic 1990-1992 results had 
on program MARK, the myco period was refined to pre-Isabelle myco (1998-2002, Isabelle 
(2003) and post Isabelle myco (2004-2008). The Vic and Des variants for the terminal years 
were also included. The myco period-based models were all ranked higher than the original 
suite of fishery regulation-based models (Table 11). 
 
 The estimates of survival are slightly lower from the myco-based periods than from 
either of the fishery-based period analyses in the most recent years (Fig. 3). It should also be 
noted that the myco period analysis indicates that there is a downward trend in the final two 
years which could be an indication that the effects of myco on the Virginia striped bass 
stocks is continuing to increase. 
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Retrospective analyses 
 
 The sequential results of the 2M instantaneous rates analyses from 2005-2008 for 
each program is illustrated in Figures 4 (18 inch fish) and 5 (28 inch fish) for each program. 
The annual estimates of fishing mortality of 18 inch fish for North Carolina had the most 
variation among the four different time ranges (Figure 4). The 1988-2005 analysis had more 
temporal amplitude and generally higher F estimates than the other runs. The other coastal 
and producer programs had very consistent results among the four time ranges. 
 
 When the analyses are restricted to fish greater than 28 inches, the results are 
somewhat different. The temporal patterns among both the coastal and producer programs 
are somewhat more variable, most notably for North Carolina and Virginia (Figure 5). 
However, the 1988-2005 analysis produced consistently higher (though often small) annual 
estimates of F than the 1988-2008 analysis among the coastal programs but consistently 
lower annual estimates of F among the producer programs. The differences were small for 
the Hudson River and Maryland programs, but seem to be increasingly divergent in the 
Virginia analysis.   

 
 

Discussion 
 
  There is evidence from multiple programs and analytical methods that natural 
mortality has increased for striped bass throughout the mid Atlantic and Northeastern 
jurisdictions. This elevation in the natural mortality of striped bass became evident in 
Chesapeake Bay as early as 1997 and seems to have progressed to all areas. While myco-
infected striped bass have become prevalent in Chesapeake Bay, it is not the case for the 
Delaware and Hudson rivers and has not been tested for in the mixed coastal stocks. This 
could mean that there are multiple causes for the change in the natural mortality rate. It must 
be noted that all the analyses have assumed a constant reporting rate throughout their times 
series. If the reporting rate is changing, then the parameter estimates will be affected. 
Generally, a negative change in reporting rate will result in increased estimates of survival 
and fishing mortality and a decreased estimate of natural mortality when compared to a 
constant reporting rate. Conversely, a positive change in reporting rate will produce the 
opposite effect on parameter estimates. 
 
 The results of our investigations indicate that multiple mortality models should 
replace the constant M models currently used and that efforts must continue to evaluate the 
value of natural mortality, whether it is increasing, and evaluate its impact on the stocks of 
striped bass. 
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Table 1. Estimates of mortality associated with mycobacterial disease and estimated relative 
survival rates. The slope of the regression line of log(ratio of recaptures) versus time 
estimates the difference in natural mortality rate (M for clean fish - M for diseased fish). The 
exponentiated slope estimates the ratio of finite (annual) survival rates (S for diseased fish/ S 
for clean fish). 
 

Comparison slope SE p-value 
exp-
slope adjusted 

          R² 
heavy vs clean -1.31 0.69 0.10 0.27 0.22 
moderate vs clean -1.49 0.47 0.01 0.23 0.45 
light vs clean -0.71 0.44 0.14 0.49 0.14 
moderate+ heavy vs clean -1.46 0.46 0.01 0.23 0.45 
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Table 2. Definition of the two natural mortality periods used by each program in their 
Instantaneous Rates analysis. 
 

striped bass ≥ 18" 
   
Coast programs 
  M1 M2 
Massachusetts 1992-1998 1999-2008 
New York Ocean Haul Seine 1988-1997 1998-2008 
New Jersey/ Delaware 1989-2001 2002-2008 
North Carolina 1988-1999 2000-2008 
   
Producer programs 
   
Hudson River 1988-2001 2002-2008 
Delaware River   
Maryland Chesapeake Bay 1987-1998 1999-2008 
Virginia Rappahannock River 1990-1997 1998-2008 
   
   
   

striped bass ≥ 28" 
   
Coast programs 
  M1 M2 
Massachusetts 1992-1998 1999-2008 
New York Ocean Haul Seine 1988-2003 2004-2008 
New Jersey/ Delaware 1989-2002 2003-2008 
North Carolina 1988-1999 2000-2008 
   
Producer programs 
   
Hudson River 1988-2000 2001-2008 
Delaware River   
Maryland Chesapeake Bay 1987-2000 2001-2008 
Virginia Rappahannock River 1990-2003 2004-2008 
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Table 3. Resultant model weighting of the Instantaneous rates model analyses by program 
for striped bass greater than 18 inches total length. 
 

 Coastal Programs     
      
model      
number model MADFW NYOHS NJ/DEL NCCOOP 
1 F(t), Ft(t), M(.) 0 0 0 0 
2 F((5p), Ft(t), M(.) 0 0 0 0 
3 F(.), Ft(t), M(.) 0 0 0 0 
4 F(t), Ft(5p), M(.) 0.009 0 0 0 
5 F(t), Ft(.), M(.) 0 0 0 0 
6 F(5p), Ft(5p), M(.) 0 0 0 0 
7 F(.). Ft(.), M(,) 0 0 0 0 
8 F(des), Ft(des), M(,) 0 0 0 0 
9 F(vic), Ft(vic), M(.) 0.150 0 0 0 
10 F(t), Ft(t), M(2p) 0 0 0.033 0.149 
11 F(5p), Ft(t), M(2p) 0 0 0.025 0.777 
12 F(.), Ft(t), M(2p) 0 0 0 0 
13 F(t), Ft(5p), M(2p) 0.017 0 0.376 0.003 
14 F(t), Ft(.), M(2p) 0 0 0 0 
15 F(5p), Ft(5p), M(2p) 0.107 0.252 0.234 0.011 
16 F(.), Ft(.), M(2p) 0 0 0 0 
17 F(d), Ft(d), M(2p) 0.036 0.182 0.148 0.022 
18 F(v), Ft(v), M(2p) 0.675 0.566 0.183 0.039 
Producer Programs     
      
model      
number model HUDSON DE/PA MDCB VARAP 
1 F(t), Ft(t), M(.) 0  0 0 
2 F((5p), Ft(t), M(.) 0  0 0 
3 F(.), Ft(t), M(.) 0  0 0 
4 F(t), Ft(5p), M(.) 0  0 0 
5 F(t), Ft(.), M(.) 0  0 0 
6 F(5p), Ft(5p), M(.) 0  0 0 
7 F(.). Ft(.), M(,) 0  0 0 
8 F(des), Ft(des), M(,) 0  0 0 
9 F(vic), Ft(vic), M(.) 0  0 0 
10 F(t), Ft(t), M(2p) 0.002  1.000 0 
11 F(5p), Ft(t), M(2p) 0.998  0 0 
12 F(.), Ft(t), M(2p) 0  0 0 
13 F(t), Ft(5p), M(2p) 0  0 0.294 
14 F(t), Ft(.), M(2p) 0  0 0 
15 F(5p), Ft(5p), M(2p) 0  0 0.421 
16 F(.), Ft(.), M(2p) 0  0 0 
17 F(d), Ft(d), M(2p) 0  0 0.208 
18 F(v), Ft(v), M(2p) 0  0 0.077 
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Table 4. Resultant model weighting of the Instantaneous rates model analyses by program 
for striped bass greater than 28 inches total length. 
 

 

 

Coastal Programs     
      
model      
number model MADFW NYOHS NJ/DEL NCCOOP 
1 F(t), Ft(t), M(.) 0 0 0 0 
2 F((5p), Ft(t), M(.) 0 0 0 0 
3 F(.), Ft(t), M(.) 0 0 0 0 
4 F(t), Ft(5p), M(.) 0 0 0 0 
5 F(t), Ft(.), M(.) 0 0 0 0 
6 F(5p), Ft(5p), M(.) 0 0 0 0 
7 F(.). Ft(.), M(,) 0 0 0 0 
8 F(des), Ft(des), M(,) 0 0 0 0 
9 F(vic), Ft(vic), M(.) 0.306 0 0 0 
10 F(t), Ft(t), M(2p) 0 0 0.001 0.623 
11 F(5p), Ft(t), M(2p) 0 0.002 0 0.035 
12 F(.), Ft(t), M(2p) 0 0 0 0 
13 F(t), Ft(5p), M(2p) 0.004 0 0.999 0.076 
14 F(t), Ft(.), M(2p) 0 0 0 0 
15 F(5p), Ft(5p), M(2p) 0.030 0.531 0 0.006 
16 F(.), Ft(.), M(2p) 0 0 0 0 
17 F(d), Ft(d), M(2p) 0.019 0.271 0 0.199 
18 F(v), Ft(v), M(2p) 0.633 0.196 0 0.060 
Producer Programs     
      
model      
number model HUDSON DE/PA MDCB VARAP 
1 F(t), Ft(t), M(.) 0  0 0 
2 F((5p), Ft(t), M(.) 0.001  0 0 
3 F(.), Ft(t), M(.) 0  0 0 
4 F(t), Ft(5p), M(.) 0  0 0 
5 F(t), Ft(.), M(.) 0  0 0 
6 F(5p), Ft(5p), M(.) 0  0 0 
7 F(.). Ft(.), M(,) 0  0 0 
8 F(des), Ft(des), M(,) 0  0 0 
9 F(vic), Ft(vic), M(.) 0  0 0 
10 F(t), Ft(t), M(2p) 0.001  0 0 
11 F(5p), Ft(t), M(2p) 0.999  0.149 0 
12 F(.), Ft(t), M(2p) 0  0 0 
13 F(t), Ft(5p), M(2p) 0  0.002 0.006 
14 F(t), Ft(.), M(2p) 0  0 0 
15 F(5p), Ft(5p), M(2p) 0  0.454 0.405 
16 F(.), Ft(.), M(2p) 0  0 0 
17 F(d), Ft(d), M(2p) 0  0.172 0.488 
18 F(v), Ft(v), M(2p) 0  0.223 0.101 

[PDF pg 225]



 

 148

Table 5. Parameter estimates of survival (S), instantaneous fishing mortality (F) and 
instantaneous natural mortality (M), by program, for striped bass greater than 18 inches total 
length. 
 
Coast Programs 
 

 Massachusetts  New York Ocean Haul Seine 
         
Year S F M  Year S F M 

1987     1987    
1988     1988 0.83 0.01 0.15 
1989     1989 0.83 0.01 0.15 
1990     1990 0.80 0.06 0.15 
1991     1991 0.80 0.06 0.15 
1992 0.83 0.07 0.11  1992 0.80 0.06 0.15 
1993 0.83 0.07 0.11  1993 0.80 0.06 0.15 
1994 0.83 0.07 0.11  1994 0.80 0.06 0.15 
1995 0.78 0.14 0.11  1995 0.78 0.09 0.15 
1996 0.77 0.14 0.11  1996 0.78 0.09 0.15 
1997 0.77 0.14 0.11  1997 0.78 0.09 0.15 
1998 0.77 0.14 0.11  1998 0.65 0.09 0.33 
1999 0.73 0.14 0.16  1999 0.65 0.09 0.33 
2000 0.76 0.11 0.16  2000 0.66 0.08 0.33 
2001 0.76 0.11 0.16  2001 0.66 0.08 0.33 
2002 0.76 0.11 0.16  2002 0.66 0.08 0.33 
2003 0.76 0.10 0.16  2003 0.65 0.09 0.33 
2004 0.77 0.10 0.16  2004 0.65 0.09 0.33 
2005 0.77 0.10 0.16  2005 0.65 0.09 0.33 
2006 0.77 0.10 0.16  2006 0.65 0.09 0.33 
2007 0.78 0.08 0.16  2007 0.67 0.07 0.33 
2008 0.78 0.08 0.16  2008 0.67 0.07 0.33 
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Table 5 continued. 
 
New Jersey/Delaware  North Carolina 
         
Year S F M  Year S F M 

1987     1987    
1988     1988 0.79 0.02 0.21 
1989 0.85 0.02 0.13  1989 0.79 0.02 0.21 
1990 0.83 0.04 0.13  1990 0.73 0.10 0.21 
1991 0.82 0.05 0.13  1991 0.72 0.10 0.21 
1992 0.84 0.03 0.13  1992 0.72 0.10 0.21 
1993 0.84 0.03 0.13  1993 0.72 0.11 0.21 
1994 0.84 0.03 0.13  1994 0.72 0.10 0.21 
1995 0.78 0.10 0.13  1995 0.69 0.14 0.21 
1996 0.77 0.12 0.13  1996 0.70 0.14 0.21 
1997 0.76 0.13 0.13  1997 0.69 0.15 0.21 
1998 0.75 0.14 0.13  1998 0.69 0.15 0.21 
1999 0.77 0.12 0.13  1999 0.70 0.14 0.21 
2000 0.77 0.12 0.13  2000 0.56 0.12 0.45 
2001 0.77 0.12 0.13  2001 0.56 0.12 0.45 
2002 0.67 0.12 0.27  2002 0.56 0.12 0.45 
2003 0.65 0.15 0.27  2003 0.55 0.14 0.45 
2004 0.65 0.15 0.27  2004 0.55 0.14 0.45 
2005 0.64 0.16 0.27  2005 0.56 0.13 0.45 
2006 0.65 0.14 0.27  2006 0.56 0.14 0.45 
2007 0.64 0.16 0.27  2007 0.55 0.14 0.45 
2008 0.63 0.17 0.27  2008 0.55 0.15 0.45 
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Table 5 continued. 
 
Producer Area Programs 
 

Hudson River  Delaware River 
         

Year S F M  Year S F M 
1987     1987    
1988 0.83 0.04 0.14  1988    
1989 0.81 0.04 0.14  1989    
1990 0.77 0.10 0.14  1990    
1991 0.77 0.10 0.14  1991    
1992 0.77 0.10 0.14  1992    
1993 0.77 0.10 0.14  1993    
1994 0.77 0.10 0.14  1994    
1995 0.71 0.19 0.14  1995    
1996 0.71 0.19 0.14  1996    
1997 0.71 0.19 0.14  1997    
1998 0.71 0.19 0.14  1998    
1999 0.71 0.19 0.14  1999    
2000 0.76 0.12 0.14  2000    
2001 0.76 0.12 0.14  2001    
2002 0.70 0.12 0.23  2002    
2003 0.68 0.14 0.23  2003    
2004 0.68 0.14 0.23  2004    
2005 0.68 0.14 0.23  2005    
2006 0.69 0.14 0.23  2006    
2007 0.69 0.14 0.23  2007    
2008 0.69 0.14 0.23  2008    
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Table 5 continued. 
 

Maryland Chesapeake Bay  Virginia Rappahannock River 
         
Year S F M  Year S F M 

1987 0.82 0.00 0.20  1987    
1988 0.81 0.01 0.20  1988    
1989 0.82 0.00 0.20  1989    
1990 0.76 0.07 0.20  1990 0.62 0.07 0.40 
1991 0.72 0.12 0.20  1991 0.62 0.08 0.40 
1992 0.68 0.18 0.20  1992 0.61 0.09 0.40 
1993 0.69 0.16 0.20  1993 0.61 0.09 0.40 
1994 0.70 0.16 0.20  1994 0.61 0.10 0.40 
1995 0.65 0.23 0.20  1995 0.59 0.12 0.40 
1996 0.66 0.21 0.20  1996 0.60 0.11 0.40 
1997 0.63 0.26 0.20  1997 0.59 0.12 0.40 
1998 0.61 0.29 0.20  1998 0.49 0.12 0.59 
1999 0.52 0.25 0.40  1999 0.49 0.13 0.59 
2000 0.54 0.21 0.40  2000 0.51 0.09 0.59 
2001 0.56 0.18 0.40  2001 0.50 0.10 0.59 
2002 0.58 0.14 0.40  2002 0.50 0.10 0.59 
2003 0.55 0.20 0.40  2003 0.49 0.11 0.59 
2004 0.57 0.16 0.40  2004 0.49 0.12 0.59 
2005 0.58 0.14 0.40  2005 0.50 0.11 0.59 
2006 0.57 0.17 0.40  2006 0.49 0.11 0.59 
2007 0.60 0.12 0.40  2007 0.50 0.11 0.59 
2008 0.59 0.13 0.40  2008 0.49 0.11 0.59 
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Table 6. Parameter estimates of survival (S), instantaneous fishing mortality (F) and 
instantaneous natural mortality (M), by program, for striped bass greater than 28 inches total 
length. 
 
Coast Programs 
 

Massachusetts  New York Ocean Haul Seine 
         
Year S F M  Year S F M 

1987     1987    
1988     1988 0.84 0.03 0.13 
1989     1989 0.84 0.03 0.13 
1990     1990 0.76 0.13 0.13 
1991     1991 0.76 0.13 0.13 
1992 0.83 0.08 0.10  1992 0.76 0.13 0.13 
1993 0.83 0.08 0.10  1993 0.76 0.13 0.13 
1994 0.83 0.08 0.10  1994 0.76 0.13 0.13 
1995 0.75 0.18 0.10  1995 0.69 0.24 0.13 
1996 0.75 0.18 0.10  1996 0.69 0.24 0.13 
1997 0.75 0.18 0.10  1997 0.69 0.24 0.13 
1998 0.75 0.18 0.10  1998 0.69 0.24 0.13 
1999 0.72 0.18 0.14  1999 0.69 0.24 0.13 
2000 0.76 0.13 0.14  2000 0.73 0.17 0.13 
2001 0.76 0.13 0.14  2001 0.73 0.17 0.13 
2002 0.76 0.13 0.14  2002 0.73 0.17 0.13 
2003 0.78 0.11 0.14  2003 0.72 0.19 0.13 
2004 0.78 0.11 0.14  2004 0.52 0.19 0.46 
2005 0.78 0.11 0.14  2005 0.52 0.19 0.46 
2006 0.78 0.11 0.14  2006 0.52 0.19 0.46 
2007 0.80 0.08 0.14  2007 0.52 0.19 0.46 
2008 0.80 0.08 0.14  2008 0.51 0.21 0.46 
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Table 6 continued. 
 
New Jersey/Delaware  North Carolina 
         
Year S F M  Year S F M 

1987     1987    
1988     1988 0.81 0.05 0.15 
1989 0.92 0.00 0.07  1989 0.81 0.0 0.15 
1990 0.82 0.11 0.07  1990 0.77 0.09 0.15 
1991 0.63 0.38 0.07  1991 0.78 0.08 0.15 
1992 0.92 0.00 0.07  1992 0.75 0.13 0.15 
1993 0.83 0.10 0.07  1993 0.75 0.13 0.15 
1994 0.88 0.05 0.07  1994 0.76 0.11 0.15 
1995 0.83 0.11 0.07  1995 0.72 0.17 0.15 
1996 0.75 0.21 0.07  1996 0.74 0.15 0.15 
1997 0.76 0.19 0.07  1997 0.70 0.20 0.15 
1998 0.67 0.32 0.07  1998 0.71 0.18 0.15 
1999 0.76 0.19 0.07  1999 0.72 0.17 0.15 
2000 0.80 0.16 0.07  2000 0.67 0.10 0.29 
2001 0.78 0.18 0.07  2001 0.63 0.16 0.29 
2002 0.80 0.15 0.07  2002 0.65 0.14 0.29 
2003 0.65 0.19 0.23  2003 0.64 0.15 0.29 
2004 0.65 0.19 0.23  2004 0.63 0.16 0.29 
2005 0.63 0.22 0.23  2005 0.64 0.15 0.29 
2006 0.67 0.16 0.23  2006 0.64 0.16 0.29 
2007 0.64 0.20 0.23  2007 0.62 0.19 0.29 
2008 0.61 0.25 0.23  2008 0.60 0.21 0.29 
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Table 6 continued. 
 
Producer Area Programs 
 

Hudson River  Delaware River 
         

Year S F M  Year S F M 
1987     1987    
1988 0.83 0.09 0.09  1988    
1989 0.82 0.09 0.09  1989    
1990 0.76 0.16 0.09  1990    
1991 0.77 0.16 0.09  1991    
1992 0.77 0.16 0.09  1992    
1993 0.77 0.16 0.09  1993    
1994 0.77 0.16 0.09  1994    
1995 0.70 0.25 0.09  1995    
1996 0.70 0.25 0.09  1996    
1997 0.70 0.25 0.09  1997    
1998 0.70 0.25 0.09  1998    
1999 0.70 0.25 0.09  1999    
2000 0.77 0.17 0.09  2000    
2001 0.71 0.17 0.17  2001    
2002 0.71 0.17 0.17  2002    
2003 0.68 0.20 0.17  2003    
2004 0.69 0.20 0.17  2004    
2005 0.68 0.20 0.17  2005    
2006 0.68 0.20 0.17  2006    
2007 0.69 0.20 0.17  2007    
2008 0.69 0.20 0.17  2008    
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Table 6 continued. 
 

Maryland Chesapeake Bay  Virginia Rappahannock River 
         
Year S F M  Year S F M 

1987 0.84 0.03 0.14  1987    
1988 0.84 0.03 0.14  1988    
1989 0.84 0.03 0.14  1989    
1990 0.75 0.13 0.14  1990 0.66 0.14 0.26 
1991 0.75 0.13 0.14  1991 0.66 0.14 0.26 
1992 0.75 0.13 0.14  1992 0.66 0.14 0.26 
1993 0.75 0.13 0.14  1993 0.66 0.14 0.26 
1994 0.75 0.13 0.14  1994 0.66 0.14 0.26 
1995 0.67 0.25 0.14  1995 0.62 0.22 0.26 
1996 0.67 0.25 0.14  1996 0.62 0.22 0.26 
1997 0.67 0.25 0.14  1997 0.62 0.22 0.26 
1998 0.67 0.25 0.14  1998 0.62 0.22 0.26 
1999 0.67 0.25 0.14  1999 0.62 0.22 0.26 
2000 0.75 0.14 0.14  2000 0.69 0.12 0.26 
2001 0.65 0.14 0.28  2001 0.69 0.12 0.26 
2002 0.65 0.14 0.28  2002 0.69 0.12 0.26 
2003 0.66 0.14 0.28  2003 0.67 0.13 0.26 
2004 0.66 0.14 0.28  2004 0.52 0.13 0.52 
2005 0.66 0.14 0.28  2005 0.52 0.13 0.52 
2006 0.66 0.14 0.28  2006 0.52 0.13 0.52 
2007 0.66 0.13 0.28  2007 0.52 0.14 0.52 
2008 0.66 0.13 0.28  2008 0.50 0.17 0.52 
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Table 7. Summaries of tag-based estimates of annual instantaneous fishing mortality of 
striped bass ≥ 18 inches based on the 2M instantaneous rates model, along with the 
unweighted average for coastal programs, the weighted average for producer areas, and 95% 
confidence intervals. 
 

Coast Programs             
            Unweighted lower upper 
Year MADFW NYOHS NJDEL NCCOOP   average 95% CI 95% CI 
1987                
1988   0.01  0.02   0.02 0.01 0.02 
1989   0.01 0.02 0.02   0.02 0.01 0.03 
1990   0.06 0.04 0.10   0.07 0.06 0.07 
1991   0.06 0.05 0.10   0.07 0.06 0.08 
1992 0.07 0.06 0.03 0.10   0.07 0.06 0.07 
1993 0.07 0.06 0.03 0.11   0.07 0.06 0.07 
1994 0.07 0.06 0.03 0.10   0.06 0.06 0.07 
1995 0.14 0.09 0.10 0.14   0.12 0.11 0.13 
1996 0.14 0.09 0.12 0.14   0.12 0.11 0.13 
1997 0.14 0.09 0.13 0.15   0.13 0.12 0.14 
1998 0.14 0.09 0.14 0.15   0.13 0.12 0.14 
1999 0.14 0.09 0.12 0.14   0.12 0.11 0.13 
2000 0.11 0.08 0.12 0.12   0.11 0.10 0.12 
2001 0.11 0.08 0.12 0.12   0.11 0.10 0.12 
2002 0.11 0.08 0.12 0.12   0.11 0.10 0.12 
2003 0.10 0.09 0.15 0.14   0.12 0.11 0.13 
2004 0.10 0.09 0.15 0.14   0.12 0.11 0.13 
2005 0.10 0.09 0.16 0.13   0.12 0.11 0.13 
2006 0.10 0.09 0.14 0.14   0.12 0.11 0.13 
2007 0.08 0.07 0.16 0.14   0.11     
2008 0.08 0.07 0.17 0.15   0.12     
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Table 7 continued. 
 

Producer Area Programs           
            Weighted lower upper 

Year HUDSON DE/PA MDCB VARAP   average* 95% CI 95% CI 
1987     0.00    0.00 0.00 0.00 
1988 0.04   0.01    0.01 0.01 0.02 
1989 0.04   0.00    0.01 0.00 0.01 
1990 0.10   0.07 0.07   0.07 0.05 0.08 
1991 0.10   0.12 0.08   0.10 0.08 0.12 
1992 0.10   0.18 0.09   0.13 0.11 0.16 
1993 0.10   0.16 0.09   0.12 0.10 0.14 
1994 0.10   0.16 0.10   0.12 0.10 0.15 
1995 0.18   0.23 0.12   0.18 0.15 0.21 
1996 0.19   0.21 0.11   0.16 0.13 0.19 
1997 0.20   0.26 0.12   0.19 0.15 0.23 
1998 0.20   0.29 0.12   0.21 0.16 0.25 
1999 0.19   0.25 0.13   0.19 0.14 0.24 
2000 0.13   0.21 0.09   0.15 0.11 0.19 
2001 0.13   0.18 0.10   0.13 0.10 0.17 
2002 0.14   0.14 0.10   0.12 0.09 0.14 
2003 0.17   0.20 0.11   0.16 0.13 0.19 
2004 0.18   0.16 0.12   0.14 0.11 0.16 
2005 0.18   0.14 0.11   0.12 0.10 0.14 
2006 0.18   0.17 0.11   0.14 0.12 0.16 
2007 0.18   0.12 0.11   0.11     
2008 0.17   0.13 0.11   0.12     

 
 * Weighting Scheme: Hudson (0.13); Delaware (0.09);  

Chesapeake Bay (0.78), where MD (0.67) and VA (0.33).      
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Table 8. Summaries of tag-based estimates of fishing mortality of striped bass ≥ 28 inches 
based on the 2M instantaneous rates model, along with the unweighted average for coastal 
programs, the weighted average for producer areas, and 95% confidence intervals. 
 

Coast Programs             
            Unweighted lower upper 
Year MADFW NYOHS NJDEL NCCOOP   average 95% CI 95% CI 
1987                
1988   0.03  0.05   0.04 0.03 0.05 
1989   0.03 0.00 0.0   0.03 0.00 0.05 
1990   0.13 0.11 0.09   0.11 0.09 0.13 
1991   0.13 0.38 0.08   0.20 0.17 0.22 
1992 0.08 0.13 0.00 0.13   0.08 0.06 0.11 
1993 0.08 0.13 0.10 0.13   0.11 0.08 0.13 
1994 0.08 0.13 0.05 0.11   0.09 0.08 0.11 
1995 0.18 0.24 0.11 0.17   0.17 0.16 0.19 
1996 0.18 0.24 0.21 0.15   0.19 0.17 0.21 
1997 0.18 0.24 0.19 0.20   0.20 0.18 0.22 
1998 0.18 0.24 0.32 0.18   0.23 0.20 0.25 
1999 0.18 0.24 0.19 0.17   0.19 0.17 0.22 
2000 0.13 0.17 0.16 0.10   0.14 0.11 0.16 
2001 0.13 0.17 0.18 0.16   0.16 0.14 0.18 
2002 0.13 0.17 0.15 0.14   0.15 0.12 0.17 
2003 0.11 0.19 0.19 0.15   0.16 0.14 0.18 
2004 0.11 0.19 0.19 0.16   0.16 0.14 0.18 
2005 0.11 0.19 0.22 0.15   0.17 0.15 0.19 
2006 0.11 0.19 0.16 0.16   0.15 0.13 0.17 
2007 0.08 0.19 0.20 0.19   0.17     
2008 0.08 0.21 0.25 0.21   0.19     

 

[PDF pg 236]



 

 159

Table 8 continued. 
 

Producer Area Programs           
            Weighted lower upper 

Year HUDSON DE/PA MDCB VARAP   average* 95% CI 95% CI 
1987     0.03    0.01 0.00 0.03 
1988 0.09   0.03    0.03 0.01 0.04 
1989 0.09   0.03    0.03 0.01 0.04 
1990 0.16   0.13 0.14   0.13 0.11 0.15 
1991 0.16   0.13 0.14   0.13 0.11 0.15 
1992 0.16   0.13 0.14   0.13 0.11 0.15 
1993 0.16 0.23 0.13 0.14   0.15 0.13 0.17 
1994 0.16 0.23 0.13 0.14   0.15 0.13 0.17 
1995 0.25 0.27 0.25 0.22   0.25 0.22 0.27 
1996 0.25 0.27 0.25 0.22   0.25 0.22 0.27 
1997 0.25 0.27 0.25 0.22   0.25 0.22 0.27 
1998 0.25 0.27 0.25 0.22   0.25 0.22 0.27 
1999 0.25 0.27 0.25 0.22   0.25 0.22 0.27 
2000 0.17 0.28 0.14 0.12   0.15 0.13 0.18 
2001 0.17 0.28 0.14 0.12   0.15 0.13 0.18 
2002 0.17 0.28 0.14 0.12   0.15 0.13 0.18 
2003 0.20 0.26 0.14 0.13   0.16 0.14 0.17 
2004 0.20 0.26 0.14 0.13   0.16 0.14 0.17 
2005 0.20 0.26 0.14 0.13   0.16 0.14 0.17 
2006 0.20 0.26 0.14 0.13   0.16 0.14 0.17 
2007 0.20   0.13 0.14   0.13     
2008 0.20   0.13 0.17   0.14     

 
* Weighting Scheme: Hudson (0.13); Delaware (0.09);  
Chesapeake Bay (0.78), where MD (0.67) and VA (0.33).      
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Table 9. Comparison in the estimates of instantaneous fishing mortality (F) between the one 
and two natural mortality instantaneous rates analyses for striped bass greater than 18 inches 
total length (unweighted average of the coastal programs and weighted average of the 
producer programs). 
 

Coast Programs       
 1M analyses  2M analyses 
 Unweighted lower upper  Unweighted lower upper 
Year F 95% CI 95% CI   F 95% CI 95% CI 
1987        
1988 0.02 0.01 0.02  0.02 0.01 0.02 
1989 0.02 0.01 0.03  0.02 0.01 0.03 
1990 0.07 0.06 0.08  0.07 0.06 0.07 
1991 0.08 0.07 0.08  0.07 0.06 0.08 
1992 0.06 0.06 0.07  0.07 0.06 0.07 
1993 0.07 0.06 0.07  0.07 0.06 0.07 
1994 0.06 0.06 0.07  0.06 0.06 0.07 
1995 0.12 0.11 0.13  0.12 0.11 0.13 
1996 0.13 0.12 0.14  0.12 0.11 0.13 
1997 0.14 0.12 0.15  0.13 0.12 0.14 
1998 0.14 0.13 0.15  0.13 0.12 0.14 
1999 0.13 0.12 0.14  0.12 0.11 0.13 
2000 0.10 0.09 0.11  0.11 0.10 0.12 
2001 0.11 0.10 0.12  0.11 0.10 0.12 
2002 0.10 0.09 0.11  0.11 0.10 0.12 
2003 0.10 0.09 0.11  0.12 0.11 0.13 
2004 0.10 0.09 0.11  0.12 0.11 0.13 
2005 0.10 0.09 0.11  0.12 0.11 0.13 
2006 0.09 0.08 0.10  0.12 0.11 0.13 
2007 0.10    0.11   
2008 0.10    0.12   
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Table 9 continued. 
 
Producer programs      
 1M analyses  2M analyses 
 Weighted lower upper  Weighted lower upper 
Year F 95% CI 95% CI   F 95% CI 95% CI 
1987 0.00 0.00 0.00  0.00 0.00 0.00 
1988 0.01 0.01 0.02  0.01 0.01 0.02 
1989 0.01 0.00 0.01  0.01 0.00 0.01 
1990 0.07 0.05 0.08  0.07 0.05 0.08 
1991 0.10 0.08 0.12  0.10 0.08 0.12 
1992 0.14 0.11 0.16  0.13 0.11 0.16 
1993 0.13 0.10 0.15  0.12 0.10 0.14 
1994 0.13 0.10 0.15  0.12 0.10 0.15 
1995 0.19 0.16 0.22  0.18 0.15 0.21 
1996 0.17 0.14 0.20  0.16 0.13 0.19 
1997 0.21 0.17 0.25  0.19 0.15 0.23 
1998 0.24 0.19 0.28  0.21 0.16 0.25 
1999 0.21 0.16 0.26  0.19 0.14 0.24 
2000 0.15 0.11 0.19  0.15 0.11 0.19 
2001 0.12 0.09 0.16  0.13 0.10 0.17 
2002 0.10 0.07 0.13  0.12 0.09 0.14 
2003 0.12 0.09 0.15  0.16 0.13 0.19 
2004 0.10 0.08 0.13  0.14 0.11 0.16 
2005 0.09 0.06 0.11  0.12 0.10 0.14 
2006 0.09 0.07 0.12  0.14 0.12 0.16 
2007 0.07    0.11   
2008 0.08    0.12   

 
* Weighting Scheme: Hudson (0.13); Delaware (0.09);  
Chesapeake Bay (0.78), where MD (0.67) and VA (0.33). 
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Table 10. Comparison in the estimates of instantaneous fishing mortality (F) between the 
one and two natural mortality instantaneous rates analyses for striped bass greater than 28 
inches total length (unweighted average of the coastal programs and weighted average of the 
producer programs). 
 

Coast Programs       
 1M analyses  2M analyses 
 Unweighted lower upper  Unweighted lower upper 
Year F 95% CI 95% CI   F 95% CI 95% CI 
1987        
1988 0.04 0.03 0.05  0.04 0.03 0.05 
1989 0.03 0.01 0.05  0.03 0.00 0.05 
1990 0.12 0.10 0.14  0.11 0.09 0.13 
1991 0.21 0.18 0.23  0.20 0.17 0.22 
1992 0.08 0.06 0.11  0.08 0.06 0.11 
1993 0.11 0.08 0.13  0.11 0.08 0.13 
1994 0.09 0.08 0.11  0.09 0.08 0.11 
1995 0.19 0.17 0.21  0.17 0.16 0.19 
1996 0.21 0.19 0.23  0.19 0.17 0.21 
1997 0.21 0.19 0.23  0.20 0.18 0.22 
1998 0.24 0.22 0.27  0.23 0.20 0.25 
1999 0.21 0.19 0.24  0.19 0.17 0.22 
2000 0.16 0.13 0.18  0.14 0.11 0.16 
2001 0.17 0.14 0.19  0.16 0.14 0.18 
2002 0.16 0.14 0.18  0.15 0.12 0.17 
2003 0.16 0.14 0.18  0.16 0.14 0.18 
2004 0.15 0.14 0.17  0.16 0.14 0.18 
2005 0.16 0.14 0.18  0.17 0.15 0.19 
2006 0.14 0.12 0.16  0.15 0.13 0.17 
2007 0.12    0.17   
2008 0.13    0.19   
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Table 10 continued. 
 
Producer programs      
 1M analyses  2M analyses 
 Weighted lower upper  Weighted lower upper 
Year F 95% CI 95% CI   F 95% CI 95% CI 
1987 0.01 -0.01 0.03  0.01 0.00 0.03 
1988 0.03 0.01 0.04  0.03 0.01 0.04 
1989 0.03 0.01 0.04  0.03 0.01 0.04 
1990 0.12 0.10 0.14  0.13 0.11 0.15 
1991 0.13 0.11 0.15  0.13 0.11 0.15 
1992 0.13 0.11 0.15  0.13 0.11 0.15 
1993 0.15 0.13 0.17  0.15 0.13 0.17 
1994 0.15 0.13 0.17  0.15 0.13 0.17 
1995 0.25 0.23 0.28  0.25 0.22 0.27 
1996 0.25 0.22 0.28  0.25 0.22 0.27 
1997 0.25 0.23 0.28  0.25 0.22 0.27 
1998 0.26 0.23 0.28  0.25 0.22 0.27 
1999 0.26 0.23 0.28  0.25 0.22 0.27 
2000 0.16 0.13 0.18  0.15 0.13 0.18 
2001 0.16 0.13 0.18  0.15 0.13 0.18 
2002 0.15 0.13 0.18  0.15 0.13 0.18 
2003 0.14 0.12 0.15  0.16 0.14 0.17 
2004 0.13 0.12 0.15  0.16 0.14 0.17 
2005 0.13 0.11 0.15  0.16 0.14 0.17 
2006 0.13 0.12 0.15  0.16 0.14 0.17 
2007 0.10    0.13   
2008 0.10    0.14   

 
* Weighting Scheme: Hudson (0.13); Delaware (0.09);  
Chesapeake Bay (0.78), where MD (0.67) and VA (0.33). 
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Table 11. MARK model weighting results, 1990-2008 fishery period, 1993-2008 fishery 
period and 1993-2008 myco period, for striped bass greater than 18 inches total length 
tagged in the Rappahannock River, Virginia. 
 

1990-2008  1993-2008  1993-2008 
fishery periods   fishery periods   myco periods plus Isabelle 

                
{S(t)r(t)} 1  {S(p)r(p)} 0.326  {S(myco p)r(myco p)} 0.524 
{S(p)r(t)} 0  {S(t)r(t)} 0.263  {S(d myco p)r(myco p)} 0.237 
{S(p)r(p)} 0  {S(t)r(p)} 0.144  {S(v myco p)r(myco p)} 0.234 
{S(t)r(p)} 0  {S(d)r(p)} 0.138  {S(t)r(myco p)} 0.004 
{S(.)r(t)} 0  {S(v)r(p)} 0.120  {S(myco p)r(t)} 0.001 
{S(d)r(p)} 0  {S(.)r(p)} 0.009  {S(t)r(t)} 0 
{S(v)r(p)} 0  {S(p)r(t)} 0.001  {S(p)r(p)} 0 
{S(.)r(p)} 0  {S(.)r(t)} 0  {S(t)r(p)} 0 
{S(.)r(.)} 0  {S(.)r(.)} 0  {S(d)r(p)} 0 
      {S(v)r(p)} 0 
      {S(.)r(myco p)} 0 
      {S(.)r(p)} 0 
      {S(p)r(t)} 0 
      {S(.)r(t)} 0 
      {S(.)r(.)} 0 
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Table 12.  Retrospective summary of tag-based estimates of annual instantaneous fishing 
mortality of striped bass >18 inches based on the Instantaneous Rates Model, with the 
unweighted average for coastal programs, the weighted average for producer areas, and 95% 
confidence intervals for the years 2005-2008. 
 

Coastal programs    Producer programs 
 F  F 

  2005 2006 2007 2008   2005 2006 2007 2008 
1987      0.03 0.03 0.03 0.03 
1988 0.02 0.02 0.02 0.02  0.02 0.02 0.02 0.02 
1989 0.02 0.02 0.02 0.02  0.01 0.01 0.01 0.01 
1990 0.06 0.06 0.07 0.07  0.07 0.07 0.08 0.08 
1991 0.07 0.07 0.07 0.08  0.10 0.10 0.11 0.11 
1992 0.07 0.07 0.06 0.06  0.15 0.14 0.15 0.15 
1993 0.07 0.07 0.07 0.07  0.13 0.13 0.13 0.13 
1994 0.06 0.06 0.06 0.06  0.14 0.13 0.13 0.13 
1995 0.11 0.11 0.11 0.11  0.20 0.20 0.20 0.20 
1996 0.12 0.12 0.12 0.12  0.17 0.17 0.18 0.18 
1997 0.14 0.13 0.13 0.13  0.21 0.21 0.21 0.21 
1998 0.14 0.14 0.14 0.14  0.23 0.22 0.23 0.23 
1999 0.12 0.12 0.12 0.12  0.21 0.21 0.21 0.21 
2000 0.10 0.11 0.11 0.11  0.17 0.16 0.17 0.16 
2001 0.11 0.11 0.11 0.11  0.15 0.15 0.15 0.15 
2002 0.11 0.11 0.11 0.11  0.13 0.12 0.13 0.13 
2003 0.12 0.12 0.12 0.12  0.17 0.16 0.17 0.17 
2004 0.12 0.12 0.12 0.12  0.15 0.14 0.15 0.14 
2005 0.11 0.11 0.11 0.12  0.13 0.13 0.13 0.13 
2006  0.10 0.10 0.11   0.15 0.15 0.15 
2007   0.10 0.10    0.12 0.12 
2008    0.11     0.13 

 
* Weighting Scheme: Hudson (0.13); Delaware (0.09);  
Chesapeake Bay (0.78), where MD (0.67) and VA (0.33). 
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Table 13.  Retrospective summary of tag-based estimates of annual instantaneous fishing 
mortality of striped bass >28 inches based on the Instantaneous Rates Model, with the 
unweighted average for coastal programs, the weighted average for producer areas, and 95% 
confidence intervals for the years 2005-2008. 
 

Coastal programs   Producer programs 
 F  F 

  2005 2006 2007 2008   2005 2006 2007 2008 
1987      0.03 0.03 0.03 0.03 
1988 0.04 0.04 0.04 0.04  0.04 0.04 0.04 0.04 
1989 0.03 0.03 0.03 0.03  0.04 0.04 0.04 0.04 
1990 0.12 0.12 0.12 0.11  0.14 0.14 0.14 0.14 
1991 0.20 0.20 0.20 0.19  0.14 0.14 0.14 0.14 
1992 0.09 0.09 0.09 0.08  0.14 0.14 0.14 0.14 
1993 0.12 0.12 0.12 0.11  0.14 0.14 0.14 0.14 
1994 0.10 0.10 0.10 0.09  0.14 0.14 0.14 0.14 
1995 0.19 0.19 0.19 0.17  0.24 0.24 0.24 0.24 
1996 0.21 0.20 0.20 0.19  0.24 0.24 0.24 0.24 
1997 0.22 0.22 0.22 0.20  0.24 0.24 0.24 0.24 
1998 0.25 0.24 0.24 0.23  0.24 0.24 0.24 0.24 
1999 0.21 0.21 0.21 0.19  0.24 0.24 0.24 0.24 
2000 0.15 0.15 0.15 0.14  0.14 0.14 0.14 0.14 
2001 0.17 0.17 0.17 0.16  0.14 0.14 0.14 0.14 
2002 0.15 0.16 0.16 0.15  0.14 0.14 0.14 0.14 
2003 0.17 0.17 0.18 0.16  0.16 0.15 0.15 0.15 
2004 0.16 0.17 0.18 0.16  0.16 0.15 0.15 0.15 
2005 0.16 0.17 0.17 0.16  0.16 0.15 0.15 0.15 
2006  0.16 0.18 0.14   0.15 0.15 0.15 
2007   0.19 0.16    0.14 0.14 
2008       0.20         0.15 

 
 

* Weighting Scheme: Hudson (0.13); Delaware (0.09);  
Chesapeake Bay (0.78), where MD (0.67) and VA 
(0.33).      
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Figure 1.  Logarithm of the ratio of returns of fish tagged in disease condition x and  
disease condition 0 (fish in condition 0 are “clean”, showing no signs of the disease) as a 
function of time at liberty. Numbers next to the data points are the number of tag returns. 
The slope of the weighted regression estimates the difference in instantaneous total mortality 
rates, Zo – Zx, which is equivalent to the difference in instantaneous natural mortality rates 
(because the F component of Z is assumed to be the same for both groups of fish). A) 
Condition 3 versus condition 0. Estimated slope = -1.31. The exponentiated slope, which is 
an estimate of the relative survival rate, is 0.27 indicating that fish in condition 3 have 27% 
of the survival rate of clean fish. B) Condition 2 versus condition 0. Estimated slope = -1.49. 
The exponentiated slope, which is an estimate of the relative survival rate, is 0.23. C) 
Condition 1 versus condition 0. Estimated slope = -0.71. The exponentiated slope, which is 
an estimate of the relative survival rate, is 0.49. D) Conditions 2 and 3 combined versus 
condition 0. Estimated slope = -1.46. The exponentiated slope, which is an estimate of the 
relative survival rate, is 0.23. 

[PDF pg 245]



 

 168

 
Figure 2. Annual estimates of Survival (S), from program MARK, of striped bass greater 
than 18” total length tagged in the Rappahannock River, Virginia, 1990-2008. 
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Figure 3. Comparison of the MARK annual adjusted survival (S) estimates for the fishery-
based (1990-2008 and 1993-2008) and the myco-based periods (1993-2008). 
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Figure 4. Retrospective comparison in the estimates of fishing mortality (F), by program, for 
2005-2008 for striped bass greater than 18 inches. 
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Figure 4 continued. 
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Figure 5. Retrospective comparison in the estimates of fishing mortality (F), by program, for 
2005-2008 for striped bass greater than 28 inches. 
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Figure 5 continued. 
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APPENDIX D 
 
 

Recommendations for striped bass tag reporting rate obtained from high reward study 
conducted in 2007 and 2008; preliminary findings of the Striped Bass Tagging 

Subcommittee. 
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Abstract 
 

 In mathematical models for tagging data, tag reporting rate is largely confounded 
with fishing mortality and natural mortality rates.  As tag reporting rate decreases more of 
the estimated total mortality is attributed to fishing mortality and, conversely, as tag 
reporting rate increases more total mortality is attributed to natural mortality.  In the context 
of the striped bass stock assessment, where tag reporting rate has been obtained external to 
the analysis of the tagging data and held constant through time in the tagging models, a 
decline in the actual tag reporting rate that is not accounted for in the model will cause 
estimates of natural mortality to increase.  Similarly, if the reporting rate in the model has 
been held constant while the actual tag reporting rate has been increasing, the model will 
estimate declines in natural mortality rate.  This model behavior is of concern because many 
regional managers believe that their tag reporting rate has dropped in recent years while at 
the same time the tagging models are estimating an increase in natural mortality rate.  
Determining whether this estimated change in natural mortality rate is real or an artifact of 
the tagging models is difficult without an updated estimate of tag reporting rate.   
 

A high reward tagging study was conducted in order to determine if the natural 
mortality rate has indeed risen or if the estimated increase is simply an artifact of the 
continued use of a constant value (0.43) in the model as the tag reporting rate.  This study 
was conducted by the state agencies in Delaware, Maryland, New York, and Virginia during 
the 2007 and 2008 tagging seasons.  For all the regions combined, 5,943 standard tags were 
released and 1,245 high reward tags were released. Tags were recaptured for two years 
resulting in the return of 476 standard tags and 121 high reward tags across all regions.  
Three separate lines of analysis were conducted in order to explore regional differences in 
tag reporting rate as well as determine a range of potential overall tag reporting rates. 

   
Commercial fishers appear to have a much lower reporting rate than sport fishers. 

Estimates for commercial fishers for all states combined (i.e., “overall” estimates) range 
from 13% to 31% depending on method of analysis. Eliminating the original model from 
consideration because of concerns about the behavior of the commercial fishery results in a 
range of estimates from13% to 24%. Recreational anglers appear to have a high reporting 
rate, with estimates ranging from 77% to 99% for all states combined.  

 
Estimates of overall tag reporting rate (commercial and recreational fishers 

combined) for all states range from 58% to 82%. Eliminating the original method results in a 
range of 58% to 71%, a rather narrow range. However, there is some concern that not all 
high reward tags are reported resulting in a violation of a prime assumption. Thus, the above 
estimates may be biased high. Because a consensus was not achieved on the reporting rate, 
the Subcommittee recommended that member states should conduct sensitivity analysis to 
explore the effects of tag reporting rate decreasing from 0.43 to 0.33 and increasing from 
0.43 to 0.53. 
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Introduction 
 

 The purpose of this project is to obtain estimates of the tag reporting rate in the 
coastal striped bass fishery. Tag reporting rate is defined to be the probability a fisher 
returns a tag to the US Fish and Wildlife Service given that the fisher has captured a tagged 
fish. This information is needed to apportion estimates of total mortality into its fishing and 
“natural” components, where natural mortality is mortality due to all causes other than 
fishing. 
 
 Tag reporting rate can be estimated from high reward tagging studies (Henny and 
Burnham 1976). Two kinds of tags are released: those with the standard reward, and those 
with a special marking and a high value reward. A comparison of the rates of return provides 
an estimate of the tag reporting rate for the standard tags, on the assumption that all high 
reward tags encountered by the fishers are returned. The method has been evaluated by 
Henny and Burnham (1976), Conroy and Blandin (1984), Pollock et al. (1991) and Pollock 
et al. (2001, 2002). 
 

Previously, tag reporting rate for striped bass has been estimated using the high 
reward tagging method to be 75% in Chesapeake Bay (Rugolo et al. 1994), 64% in 
Chesapeake Bay (Hornick et al. 2000), and 43% in the coastal fishery (Kahn and Shirey 
2000). The current study is the first high reward tagging study for striped bass since 2000. 

 
 Conroy and Williams (1981) studied what happens in cases where the assumption of 
100% reporting rate of high reward tags is violated. They found that the percent error in the 
estimate of reporting rate for standard tags is a function of the true reporting rate, α, for high 
reward tags and that estimates are positively biased if the 100% reporting rate assumption is 
violated. Therefore, as part of the current study, it was important to explore the sensitivity of 
the results to violations of the assumption of 100% reporting of high reward tags. 
 

There was some reason to believe that commercial fishers might behave differently 
than recreational fishers with respect to returning tags to the state agencies. In particular, 
commercial fishers may have a lower reporting rate of both standard and high reward tags 
because: 1) in the rush to harvest large numbers of fish for commercial purposes, some tags 
might be overlooked, 2) commercial fishers may not want to take the time to handle tags, 
and 3) commercial fishers may not wish to cooperate with government agencies because of 
conflict between the fishing industry and government agencies. Because the two fishery 
sectors behave differently, it was decided to explore the use of multi-component fishery 
tagging models, as described by Pollock et al. (2002). 

 
 

 Methods 
 
Representatives from Delaware, Maryland, New York, and Virginia tagged and 

released fish in the spring of 2007 and 2008.  These fish were tagged with either a standard 
Fish and Wildlife Service tag or a high reward tag.  Fishers who captured a tag were able to 
report the tag to the Fish and Wildlife Service and receive a hat or t-shirt for reporting a 
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standard tag or $125 for reporting a high reward tag.  Prior to the release of tagged striped 
bass, participating regions undertook extensive advertising campaigns at boat ramps, tackle 
shops, and angling clubs in order to increase awareness of the high reward tagging study.  
Table 1 summarizes the total regional tagging efforts and Table 2 summarizes the recaptures 
by region of release.  Tables 1 and 2 show total numbers of tags released and recaptured; 
however these values had to be modified prior to analysis because of deviations from the 
tagging protocol and special recapture circumstances.    

 
Any fish released less than 457mm total length was removed from the data set 

because the original proposal called for the tagging of fish greater than or equal to 457mm 
total length.  Any fish released by Virginia that was recaptured within the first week at large 
was removed from the data set.  This was done because Virginia releases fish in close 
proximity to cooperative commercial fishermen who regularly recapture tagged fish and are 
believed to report tags at a rate exceeding that of the general commercial population.  
Finally, recaptures occurring after April 15th 2009 were removed so that the analysis would 
be conducted on two complete tagging years running from April 15th 2007 to April 14th 2008 
and from April 15th 2008 to April 14th 2009.  These exclusions resulted in significant 
changes to the release and recapture matrices (Tables 3 and 4).  The modified release and 
recapture data were used for all analyses.  We conducted a chi-square test of independence 
on the tag recovery rates between the years and between the tag types and found little 
difference, and thus felt confident pooling years, in order to increase sample size. 
 
Method 1: Original model 

 
Originally we proposed to estimate tag reporting rate by comparing the rate of return 

of standard tags and high reward tags (equation 1) under the assumption that 100% of high 
reward tags encountered were returned (see Henny and Burnham 1976; Pollock et al. 2002).   

 
    λ

hat
= (R

std
/ N

std
) / (R

high 
/ N

high
)    Equation 1. 

 
λ

hat
 is the estimated tag reporting rate for standard tags, R

std 
is the number of standard-

reward tags returned, N
std 

is the number of fish marked with standard reward tags, R
high 

is the 
number of high-reward tags returned and N

high 
is the number of fish tagged with high-reward 

tags.  Method 1 was brought into question because the regional estimates of tag reporting 
rate obtained were high, exceeding 100% for New York, and it was believed that the key 
assumption of 100% high reward tag return rate was being violated.  These issues are of 
legitimate concern because it is theoretically impossible for tag reporting rate to exceed 
100% and less than 100% high reward tag return rate can result in a positive bias of the 
estimate of tag reporting rate. 
 
Method 2:  Weighted landings model 
 
 Fishery specific estimates of tag reporting rate as well as anecdotal evidence 
suggested that the commercial fishery was largely responsible for the violation of 100% high 
reward tag reporting rate.  As a result a method was proposed to estimate tag reporting rate 
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which would only require one to assume that the tag reporting rate of recreationally caught 
high reward tags was 100% and would not require any assumption about the tag reporting 
rate of commercially caught high reward tags.  The basic idea for this method dates to Paulik 
(1961), Kimura (1976), and Hearn et al. (1999). It is discussed in Pollock et al. (2002). 
Landings information obtained from the regional striped bass compliance reports and the 
Marine Recreational Fisheries Statistics Survey (MRFSS) provided estimates of commercial 
and recreational landings respectively.  These values were used to calculate a tag reporting 
rate for each region as well as an overall rate for all regions combined.  A second overall 
rate was calculated using the same methodology as before with the inclusion of all striped 
bass landings information rather than just the sum of the study participant regions.  Data 
used in this line of analysis are presented in Table 5.  
 
1).  We calculated a recreational reporting rate for standard tags using equation 2 

 
  λrechat= (Rrecstd/ Nstd) / (Rrechigh / Nhigh)    Equation 2. 

 
where Rrecstd is the number of standard-reward tags returned, Nstd is the number of fish 
marked with standard reward tags, Rrechigh is the number of high-reward tags returned and 
Nhigh is the number of fish tagged with high-reward tags.   
 
2).  By assuming a high reward tag reporting rate of 100% then the expected number of 
standard tags that should have been recovered and reported by the commercial sector is 
represented by equation 3.  Here Lrec refers to the fraction of the total landings obtained from 
the recreational fishery and Lcomm refers to the fraction of the total landings obtained from 
the commercial fishery.  Lrec and Lcomm are calculated using landings information obtained 
from the striped bass compliance reports and MRFSS. 

 Expected λcomhat= (λrechat * Rcomstd / Rrecstd) * (Lrec  / Lcomm)  Equation 3. 
 
3).  Equation 4 calculates the number of standard tags that should have been recovered in the 
recreational sector. 

 Expected Rrecstd = Rrecstd  /  λrechat     Equation 4.   
 
4).  Equation 5 calculates the number of standard tags that should have been recovered in the 
commercial sector. 

 Expected Rcomstd = Rcomstd / Expected λcomhat    Equation 5.   
 
5).  The sum of equation 4 and 5 is the number of standard tags that should have been 
reported.  The sum of Rrecstd and Rcomstd is the number of standard tags that were actually 
reported.  Then the overall standard reporting rate is the number of standard tags that were 
actually reported divided by the number of standard tags that should have been reported. 
  
Additional questions were raised as to the validity of assuming 100% recreational high 
reward tag returns.  To explore the ramifications of less than 100% recreational high reward 
tag return rate on Method 2, two runs of the analysis were done using 100% and 90% 
assumptions of recreational high reward tag return rate.  
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Method 3:  Harvest only model 
 
Uncertainty over what landings information to use for each region led to a 

modification of the above method.  The modifications include only using recaptures 
obtained from recreationally and commercially harvested striped bass, combining all regions 
recaptures and releases, and using all available striped bass harvest information not just the 
harvest data from the regions participating in the high reward tagging study.  Method 3 
follows the procedure of method 2 using the modified data presented in Table 6. 

 
 

Results 
 
Original model: Estimated values of the reporting rate ranged from 0.56 in Virginia to 1.12 
in New York (Table 7). The estimates for Maryland and Delaware were 0.85 and 1.02, 
respectively.  The New York and Delaware estimates are obviously impossible and likely 
indicate a violation in the assumption of 100% reporting of the high reward tags.  The 
estimates from all four programs exceeded the presently accepted value of 0.43 for the 
reporting rate.  Fishery specific estimates of tag reporting rate produced using the original 
model are higher than expected in the commercial fishery for all regions except Virginia 
(0.18) (Table 8).  The estimates of 0.77, 0.63, and 0.67 obtained for Delaware, Maryland and 
New York respectively, are likely an artifact of the low commercial tag returns rather than 
the true tag reporting rate.  The overall estimate of commercial tag reporting rate obtained 
using the original method is 0.31.  Estimates of the recreational fishery tag reporting rate are 
1.03, 0.90, 1.17, and 0.83 for Delaware, Maryland, New York, and Virginia, and 0.99 
overall (Table 9).  Again the Delaware and New York estimates are impossible and indicate 
that a violation of the assumption of 100% high reward tag return rate by recreational 
fisherman is likely.  Despite this violation, estimated reporting rates are consistently high by 
region suggesting that the recreational fisheries participation in the study is high.  The 
disparity between the commercial and recreational results provide evidence in support of the 
use of the multi component fishery tagging models described by Pollock et al. (2002).  
 
Weighted landings model: This methodology produced estimates that were lower for every 
program except Virginia (with the Virginia estimate increasing only slightly, by 0.03) (Table 
7) and the overall reporting rate dropped from 0.82 to 0.64.  Under the assumption of 100% 
recreational high reward tag return rate regional estimates of 0.33, 0.50, 1.05, and 0.59 were 
obtained for Delaware, Maryland, New York, and Virginia, respectively.  The estimated 
reporting rate of the Hudson River program was again in excess of 1.00 suggesting that the 
assumption of 100% recreational high reward tag return rate was being violated.  By 
assuming a reporting rate of 90% of the high reward tags, the estimates of reporting rate 
ranged dropped to 0.30, 0.45, 0.94, and 0.53 for Delaware, Maryland, New York, and 
Virginia, and 0.58 overall (Table 7).  The use of the weighted landings model produced 
significant changes in the estimates of commercial tag reporting rate.  Assuming 100% 
reporting rate of recreationally caught high reward tags, estimates of 0.03, 0.13, 0.42, and 
0.20 were obtained for Delaware, Maryland, New York, and Virginia, and 0.14 overall 
(Table 8).  These estimates are significantly lower for Delaware and Maryland, lower for 
New York and slightly higher (0.02) for Virginia.  Relaxing the assumption of 100% 
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recreational high reward tag reporting rate to 90% recreational high reward tag reporting rate 
slightly reduced all the regional and overall estimates of commercial tag reporting rate to 
0.02, 0.12, 0.37, and 0.18 for Delaware, Maryland, New York, and Virginia, and 0.13 
overall (Table 8).  Under the assumption of 100% recreational high reward tag reporting rate 
the weighted landings model produces recreational tag reporting rate estimates identical to 
that of the original model (Table 9).  Relaxing the assumption to 90% recreational high 
reward tag reporting rate produces estimates of 0.93, 0.81, 1.05, 0.74, and 0.89 for 
Delaware, Maryland, New York, Virginia, and overall, respectively (Table 9).  
  

Weighted landings model (A) differs from the previous method in that it uses all 
available striped bass landings information rather than just the landings information for the 
study participant regions.  As a result only the overall estimates of 0.71, 0.19, and 0.99 can 
be generated for the combined, commercial, and recreational fisheries, respectively (Tables 
7, 8, and 9).  The previous estimates are obtained under the assumption of 100% recreational 
high reward tag reporting rate and as before the estimates of tag reporting rate declined to 
0.64, 0.17, and 0.89 for the combined, commercial, and recreational fisheries when the 
assumption was relaxed to 90% (Table 7, 8, and 9). 

   
Harvest only model:  The harvest only model produced overall estimates of 0.67, 0.24, and 
0.86 for the combined, commercial, and recreational fisheries, respectively, when assuming 
100% recreational high reward tag reporting rate (Tables 7, 8, and 9).  Relaxation of this 
assumption to 90% recreational high reward tag reporting rate reduced the estimates to 0.60, 
0.21, and 0.77 for the combined, commercial, and recreational fisheries, respectively (Tables 
7, 8, and 9).  
     
 

Discussion 
 
The progression of models used in this study developed as a result of questions and 

concerns raised by the members of the striped bass tagging sub-committee.  The original 
model produced estimates of overall and fishery-specific tag reporting rates that were 
deemed to be unrealistically high.  Multiple estimates of overall and recreational reporting 
rates in excess of 100% and commercial reporting rates well above what is believed 
plausible caused the sub-committee to reject the original model results and consider models 
with less restrictive assumptions about commercial fishery participation.  The resulting 
models, referred to as the weighted landings model, weighted landings model (A), and the 
harvest only model, are modifications of multi-component fishery tagging models and allow 
for estimation of standard tag reporting rate without requiring strong assumptions about the 
commercial fisheries.  Switching to this suite of models resulted in significant changes in the 
estimates for several regions.  The Delaware estimates were the most sensitive to the use of 
landings data to correct for low cooperation in tag reporting by commercial watermen. 
Delaware landings data are commercial-dominated but had very few returns when compared 
to the recreational fishers. This inflates the expected number of returns in the weighted 
landings and harvest-only models and results in a much lower estimate of reporting rate.  
While this suite of models appears to be a major advancement over the original model, it 
still requires the assumption of 100% high reward tag reporting rate by recreational fishers.   
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Again, the sub-committee decided that, while the recreational fishery may be highly 
cooperative with this study, it is unlikely that 100% of the high reward tags were reported.  
As a result the suite of multi-component fishery tagging models was modified to assume 
90% recreational high reward tag reporting rate.  This suite of models produced overall 
estimates of standard tag reporting rate ranging from 0.58 – 0.64, well above the previously 
used 0.43, commercial estimates between 0.13 and 0.21, and recreational estimates between 
0.77 and 0.89.  It is noted that the range of the estimates across tagging programs is rather 
low.  Furthermore, three of the programs produce very similar results, with New York 
estimates standing out as different from the others.  These recreational estimates are higher 
than what has been found in earlier studies: 

   
source    estimated reporting rate location  
Rugolo et al. (1994)   0.75   Chesapeake 
Hornick et al. (2000)   0.64   Chesapeake 
Kahn and Shirey (2000)  0.43   coastal fishery 
  

 These results suggest, nominally, that the overall tag reporting rate has risen from 
0.43 in 2000 to about 0.61 in 2009.   However, when one explores the regional estimates and 
the influence of each region’s contribution it becomes clear that the high estimates obtained 
from New York and the large contribution of New York tags to the overall study act to 
inflate the overall estimate of tag reporting rate to levels in excess of what is believed to 
occur in producer regions like the Chesapeake Bay.  The high estimates obtained for New 
York are likely the result of the dominant regional recreational fishery and the high level of 
tagging study cooperation believed to occur with recreational fishermen.  It is of interest to 
note that the previously estimated reporting rate of 0.43 was generated in the absence of data 
from New York and may be lower than the current overall estimate of ~0.61 as a result of 
this omission.  If this is the case, it is possible that the difference observed between the 2000 
estimate and 2009 estimate is a result of the data used and not a change in tag reporting rate. 
  
 As a result, the tagging sub-committee could not recommend the use of any of the 
overall estimates.  Instead, it was proposed to study the effects of different values of tag 
reporting rate on the estimation of fishing and natural mortality.  Member states were asked 
to evaluate a constant 0.43 tag reporting rate as a baseline and then explore the effects of 
decreasing tag reporting in the model from 0.43 to 0.33 over time and increasing tag 
reporting rate from 0.43 to 0.53 over time.  This sensitivity analysis was conducted for bass 
18 inches and greater (Table 10) and 28 inches and greater (Table 11). The result of a 
decrease in reporting rate from the currently used value is to increase the relative amount of 
total mortality attributed to fishing and decrease the estimate of natural mortality. 
Conversely, increasing the reporting rate reallocates mortality in favor of natural mortality. 
Thus an underestimation of reporting rate will lead to an overestimation of fishing mortality.  
 

This study suggests that tag reporting rate can vary widely by region and fishery and 
that a single value of tag reporting rate is inappropriate when better regional and fishing 
sector information is available.  The use of regional tag reporting rates is important to 
consider given the confounded nature of tag reporting rate with fishing and natural mortality 
rate estimation and the regional effects of mycobacterial disease on striped bass.  Imposing a 
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single tag reporting rate to all regions is sacrificing information pertinent to managing the 
fishery for convenience and should be revaluated given the findings of this study.  Similarly, 
use of a single number instead of separate values for recreational and commercial fishers is a 
problem because commercial fishers have a lower reporting rate than recreational fishers 
and the ratio of landings taken by the two sectors varies over time; thus, the overall reporting 
rate will vary over time with the overall rate being high in years when the recreational 
fishery takes a high proportion of the landings. For this reason, use of separate reporting 
rates for each sector should be considered.  
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Table 1. Standard and high reward tags released by region for the striped bass tag reporting 
rate study conducted in the spring of 2007 and 2008 
 
Year Tag Type Delaware/Pennsylvania Maryland New 

York 
Virginia 

2007 Standard 465 681 843 1961 
High Reward 83 91 186 393 

2008 Standard 535 545 1236 524 
High Reward 65 83 263 104 

 
 
 
 
 
Table 2. Standard and high reward tag recaptures by region and year for the striped bass tag 
reporting rate study conducted in 2007 and 2008.  2009 recaptures include recaptures 
occurring before April 15 2009 

 
 
 
 
 
Table 3. Standard and high reward tag numbers released by region with fish less than 
457mm total length, and fish recaptured in Virginia within 7 days of release removed  
 
Year Tag Type Delaware/Pennsylvania Maryland New 

York 
Virginia 

2007 Standard 313 382 756 1950 
High Reward 78 90 186 380 

2008 Standard 421 360 1240 521 
High Reward 63 83 262 103 

 
 
 
 

              2007 recaptures          2008 recaptures 2009 recaptures  
Release year  Standard High reward Standard High reward Standard High reward 
2007 DE 36 6 13 6 4 0 
 MD 32 7 16 1 1 2 
 NY 47 13 51 9 3 0 
 VA 96 39 40 16 0 3 
2008 DE - - 41 5 5 0 
 MD - - 25 6 2 0 
 NY - - 85 17 5 0 
 VA - - 21 7 3 1 
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Table 4. Standard and high reward tag recaptures by region and year with fish released less 
than 457mm total length, fish recaptured in Virginia within 7 days of release, and fish 
recaptured after April 15, 2009 removed 

 
 
Table 5. Regional releases and recaptures of striped bass pooled over year by fishery and tag 
type.  Landings information is supplied by ASMFC compliance reports and MRFSS, and is 
used as a weighting factor in the analysis.  Landings data includes both harvest and catch 
and release.  Overall landings values are for all regions with striped bass fisheries not just 
for the study participant regions 
 

 
Table 6.  Releases and recaptures of striped bass pooled over year and region by fishery and 
tag type.  Landings information is supplied by ASMFC compliance reports and MRFSS and 
is used as a weighting factor in the analysis.  Landings values are for harvested fish only and 
represent landings from all regions with striped bass fisheries not just for the study 
participant regions 
 

Releases Commercial 
Recaptures 

Recreational 
Recaptures 

Landings by Fishery 
(numbers of fish) 

Standard High 
reward 

Standard High 
reward

Standard High 
reward

Commercial Recreational

5943 1245 29 16 238 58 2,026,302 4,559,478 
 
 

              2007 recaptures          2008 recaptures 2009 recaptures  
Release year  Standard High reward Standard High reward Standard High reward 
2007 DE 24 3 9 6 2 0 
 MD 21 7 12 1 1 2 
 NY 47 13 50 9 3 0 
 VA 87 26 40 16 0 3 
2008 DE - - 34 5 5 0 
 MD - - 22 6 2 0 
 NY - - 89 17 5 0 
 VA - - 20 6 3 1 

 Releases Commercial 
Recaptures 

Recreational 
Recaptures 

Landings by Fishery 
(numbers of fish) 

Region Standard High 
reward 

Standard High 
reward 

Standard High 
reward 

Commercial Recreational 

DE 734 141 4 1 70 13 62,956 27,089 
MD 742 173 8 3 50 13 1,193,150 1,121,304 
NY 1996 448 12 4 182 35 151,550 818,993 
VA 2471 483 19 21 131 31 274,230 452,488 

Overall 5943 1245 43 29 433 92 3,561,188 6,874,810 
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Table 7.  Overall and regional results for all lines of analysis.  For models where 
assumptions had to be made about recreational high reward tag return rate, assumed value is 
provided in brackets following the model name.  Weighted landings model A is an overall 
method 2 estimate of tag reporting rate generated using all striped bass landings information, 
not just the landings information of the study participant states. 
 

  Regional Estimates of Tag Reporting Rate  
  Delaware Maryland New York Virginia Overall 

Original model 1.02 .85 1.12 .56 .82 
Weighted landings model (100%) .33 .50 1.05 .59 .64 
Weighted landings model (90%) .30 .45 .94 .53 .58 
Weighted landings model A (100%) NA NA NA NA .71 

Weighted landings model A (90%) NA NA NA NA .64 
Harvest only model (100%) NA NA NA NA .67 
Harvest only model (90%) NA NA NA NA .60 

   
 
 
 
Table 8.  Overall and regional results for the commercial fishery utilizing all lines of 
analysis.  For models where assumptions had to be made about recreational high reward tag 
return rate, assumed value is provided in brackets following the model name.  Weighted 
landings model A is an overall method 2 estimate of tag reporting rate generated using all 
striped bass landings information, not just the landings information of the study participant 
states. 
 

 Regional Estimates of Commercial Tag Reporting Rate  
  Delaware Maryland New York Virginia Overall 

Original model .77 .62 .67 .18 .31 
Weighted landings model (100%) .03 .13 .42 .20 .14 
Weighted landings model (90%) .02 .12 .37 .18 .13 
Weighted landings model A (100%) NA NA NA NA .19 

Weighted landings model A (90%) NA NA NA NA .17 
Harvest only model (100%) NA NA NA NA .24 
Harvest only model (90%) NA NA NA NA .21 
 
 
 
 
 
 
 
 

[PDF pg 264]



 

 187

Table 9.  Overall and regional results for the recreational fishery utilizing all lines of 
analysis.  For models where assumptions had to be made about recreational high reward tag 
return rate, assumed value is provided in brackets following the model name.  Weighted 
landings model A is an overall method 2 estimate of tag reporting rate generated using all 
striped bass landings information, not just the landings information of the study participant 
states. 
 

 Regional Estimates of Recreational Tag Reporting Rate  
  Delaware Maryland New York Virginia Overall 

Original model 1.03 .90 1.17 .83 .99 
Weighted landings model (100%) 1.03 .90 1.17 .83 .99 
Weighted landings model (90%) .93 .81 1.05 .74 .89 
Weighted landings model A (100%) NA NA NA NA .99 

Weighted landings model A (90%) NA NA NA NA .89 
Harvest only model (100%) NA NA NA NA .86 
Harvest only model (90%) NA NA NA NA .77 
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Table 10.  Comparison in the effect of three temporal reporting rate scenarios, constant at 
0.43, declining from 0.43 to 0.33 and rising from 0.43 to 0.53, on survival (S), fishing 
mortality (F) and natural mortality (M) for striped bass greater than 18 inches. 
 

Coastal programs       
          

Massachusetts        
 lambda = 0.43 lambda 0.43 →0.33 lambda 0.43→0.53 

Year S F M S F M S F M 

1987             
1988            
1989            
1990            
1991            
1992 0.83 0.07 0.11 0.84 0.06 0.11 0.83 0.07 0.11 
1993 0.83 0.07 0.11 0.83 0.07 0.11 0.83 0.07 0.11 
1994 0.83 0.07 0.11 0.83 0.07 0.11 0.83 0.07 0.11 
1995 0.78 0.14 0.11 0.78 0.13 0.11 0.78 0.13 0.11 
1996 0.77 0.14 0.11 0.77 0.14 0.11 0.78 0.14 0.11 
1997 0.77 0.14 0.11 0.77 0.15 0.11 0.78 0.14 0.11 
1998 0.77 0.14 0.11 0.77 0.14 0.11 0.78 0.14 0.11 
1999 0.73 0.14 0.16 0.75 0.16 0.12 0.71 0.14 0.20 
2000 0.76 0.11 0.16 0.76 0.15 0.12 0.75 0.09 0.20 
2001 0.76 0.11 0.16 0.78 0.13 0.12 0.75 0.09 0.20 
2002 0.76 0.11 0.16 0.77 0.14 0.12 0.75 0.09 0.20 
2003 0.76 0.10 0.16 0.77 0.14 0.12 0.75 0.08 0.20 
2004 0.77 0.10 0.16 0.78 0.13 0.12 0.75 0.08 0.20 
2005 0.77 0.10 0.16 0.78 0.13 0.12 0.75 0.08 0.20 
2006 0.77 0.10 0.16 0.78 0.13 0.12 0.75 0.08 0.20 
2007 0.78 0.08 0.16 0.80 0.10 0.12 0.77 0.07 0.20 
2008 0.78 0.08 0.16 0.80 0.11 0.12 0.77 0.07 0.20 
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Table 10 continued. 
 

New Jersey        
 lambda = 0.43 lambda 0.43 →0.33 lambda 0.43→0.53 

Year S F M S F M S F M 

1987             
1988            
1989 0.85 0.02 0.13 0.85 0.02 0.13 0.85 0.02 0.13 
1990 0.83 0.04 0.13 0.82 0.05 0.13 0.82 0.05 0.13 
1991 0.82 0.05 0.13 0.81 0.06 0.13 0.81 0.06 0.13 
1992 0.84 0.03 0.13 0.84 0.03 0.13 0.84 0.03 0.13 
1993 0.84 0.03 0.13 0.84 0.03 0.13 0.84 0.03 0.13 
1994 0.84 0.03 0.13 0.84 0.03 0.13 0.84 0.03 0.13 
1995 0.78 0.10 0.13 0.80 0.08 0.13 0.79 0.09 0.13 
1996 0.77 0.12 0.13 0.76 0.12 0.13 0.76 0.12 0.13 
1997 0.76 0.13 0.13 0.75 0.14 0.13 0.75 0.14 0.13 
1998 0.75 0.14 0.13 0.73 0.17 0.13 0.74 0.16 0.13 
1999 0.77 0.12 0.13 0.77 0.11 0.13 0.78 0.11 0.13 
2000 0.77 0.12 0.13 0.77 0.12 0.13 0.78 0.11 0.13 
2001 0.77 0.12 0.13 0.76 0.13 0.13 0.77 0.12 0.13 
2002 0.67 0.12 0.27 0.70 0.14 0.20 0.66 0.10 0.32 
2003 0.65 0.15 0.27 0.68 0.18 0.20 0.64 0.12 0.32 
2004 0.65 0.15 0.27 0.66 0.20 0.20 0.64 0.13 0.32 
2005 0.64 0.16 0.27 0.65 0.22 0.20 0.63 0.14 0.32 
2006 0.65 0.14 0.27 0.68 0.18 0.20 0.65 0.11 0.32 
2007 0.64 0.16 0.27 0.65 0.22 0.20 0.64 0.13 0.32 
2008 0.63 0.17 0.27 0.64 0.23 0.20 0.63 0.14 0.32 
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Table 10 continued. 
 

New York OHS        
 lambda = 0.43 lambda 0.43 →0.33 lambda 0.43→0.53 

Year S F M S F M S F M 

1987          
1988 0.83 0.01 0.15 0.83 0.02 0.15 0.83 0.01 0.15 
1989 0.83 0.01 0.15 0.83 0.02 0.15 0.83 0.01 0.15 
1990 0.80 0.06 0.15 0.80 0.06 0.15 0.80 0.06 0.15 
1991 0.80 0.06 0.15 0.80 0.06 0.15 0.80 0.06 0.15 
1992 0.80 0.06 0.15 0.80 0.06 0.15 0.80 0.06 0.15 
1993 0.80 0.06 0.15 0.80 0.06 0.15 0.80 0.06 0.15 
1994 0.80 0.06 0.15 0.80 0.06 0.15 0.80 0.06 0.15 
1995 0.78 0.09 0.15 0.77 0.10 0.15 0.79 0.08 0.15 
1996 0.78 0.09 0.15 0.77 0.10 0.15 0.79 0.08 0.15 
1997 0.78 0.09 0.15 0.77 0.10 0.15 0.79 0.08 0.15 
1998 0.65 0.09 0.33 0.68 0.10 0.28 0.63 0.08 0.37 
1999 0.65 0.09 0.33 0.68 0.10 0.28 0.63 0.08 0.37 
2000 0.66 0.08 0.33 0.68 0.10 0.28 0.64 0.07 0.37 
2001 0.66 0.08 0.33 0.68 0.10 0.28 0.64 0.07 0.37 
2002 0.66 0.08 0.33 0.68 0.10 0.28 0.64 0.07 0.37 
2003 0.65 0.09 0.33 0.67 0.12 0.28 0.64 0.07 0.37 
2004 0.65 0.09 0.33 0.67 0.12 0.28 0.64 0.07 0.37 
2005 0.65 0.09 0.33 0.67 0.12 0.28 0.64 0.07 0.37 
2006 0.65 0.09 0.33 0.67 0.12 0.28 0.64 0.07 0.37 
2007 0.67 0.07 0.33 0.69 0.09 0.28 0.65 0.06 0.37 
2008 0.67 0.07 0.33 0.69 0.09 0.28 0.65 0.06 0.37 
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Table 10 continued. 
 

North Carolina        
 lambda = 0.43 lambda 0.43 →0.33 lambda 0.43→0.53 

Year S F M S F M S F M 

1987          
1988 0.79 0.02 0.21 0.79 0.02 0.21 0.79 0.02 0.21 
1989 0.79 0.02 0.21 0.79 0.02 0.21 0.79 0.02 0.21 
1990 0.73 0.10 0.21 0.72 0.10 0.21 0.73 0.09 0.21 
1991 0.72 0.10 0.21 0.72 0.10 0.21 0.72 0.10 0.21 
1992 0.72 0.10 0.21 0.72 0.10 0.21 0.72 0.11 0.21 
1993 0.72 0.11 0.21 0.72 0.10 0.21 0.72 0.11 0.21 
1994 0.72 0.10 0.21 0.72 0.10 0.21 0.72 0.10 0.21 
1995 0.69 0.14 0.21 0.69 0.14 0.21 0.70 0.14 0.21 
1996 0.70 0.14 0.21 0.70 0.14 0.21 0.70 0.14 0.21 
1997 0.69 0.15 0.21 0.69 0.15 0.21 0.69 0.15 0.21 
1998 0.69 0.15 0.21 0.69 0.15 0.21 0.69 0.15 0.21 
1999 0.70 0.14 0.21 0.70 0.14 0.21 0.70 0.14 0.21 
2000 0.56 0.12 0.45 0.58 0.16 0.39 0.56 0.09 0.48 
2001 0.56 0.12 0.45 0.58 0.16 0.39 0.56 0.10 0.48 
2002 0.56 0.12 0.45 0.58 0.16 0.39 0.56 0.10 0.48 
2003 0.55 0.14 0.45 0.56 0.18 0.39 0.55 0.11 0.48 
2004 0.55 0.14 0.45 0.56 0.18 0.39 0.55 0.12 0.48 
2005 0.56 0.13 0.45 0.57 0.18 0.39 0.55 0.11 0.48 
2006 0.56 0.14 0.45 0.56 0.18 0.39 0.55 0.11 0.48 
2007 0.55 0.14 0.45 0.56 0.18 0.39 0.55 0.11 0.48 
2008 0.55 0.15 0.45 0.56 0.19 0.39 0.54 0.12 0.48 
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Table 10 continued. 
 

Producer programs       
          

Hudson River        
 lambda = 0.43 lambda 0.43 →0.33 lambda 0.43→0.53 

Year S F M S F M S F M 

1987          
1988 0.83 0.04 0.14 0.83 0.04 0.15 0.83 0.04 0.14 
1989 0.81 0.04 0.14 0.81 0.04 0.15 0.81 0.04 0.14 
1990 0.77 0.10 0.14 0.77 0.10 0.15 0.77 0.10 0.14 
1991 0.77 0.10 0.14 0.77 0.10 0.15 0.77 0.10 0.14 
1992 0.77 0.10 0.14 0.77 0.10 0.15 0.77 0.10 0.14 
1993 0.77 0.10 0.14 0.77 0.10 0.15 0.77 0.10 0.14 
1994 0.77 0.10 0.14 0.77 0.10 0.15 0.77 0.10 0.14 
1995 0.71 0.19 0.14 0.71 0.18 0.15 0.71 0.19 0.14 
1996 0.71 0.19 0.14 0.71 0.19 0.15 0.71 0.19 0.14 
1997 0.71 0.19 0.14 0.70 0.20 0.15 0.71 0.19 0.14 
1998 0.71 0.19 0.14 0.70 0.20 0.15 0.71 0.19 0.14 
1999 0.71 0.19 0.14 0.71 0.19 0.15 0.71 0.19 0.14 
2000 0.76 0.12 0.14 0.76 0.13 0.15 0.77 0.11 0.14 
2001 0.76 0.12 0.14 0.75 0.13 0.15 0.77 0.11 0.14 
2002 0.70 0.12 0.23 0.74 0.14 0.16 0.67 0.11 0.28 
2003 0.68 0.14 0.23 0.71 0.17 0.16 0.67 0.11 0.28 
2004 0.68 0.14 0.23 0.71 0.18 0.16 0.67 0.11 0.28 
2005 0.68 0.14 0.23 0.71 0.18 0.16 0.67 0.11 0.28 
2006 0.69 0.14 0.23 0.71 0.18 0.16 0.67 0.11 0.28 
2007 0.69 0.14 0.23 0.71 0.18 0.16 0.67 0.11 0.28 
2008 0.69 0.14 0.23 0.71 0.17 0.16 0.67 0.11 0.28 
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Table 10 continued. 
 

Delaware River        
 lambda = 0.43 lambda 0.43 →0.33 lambda 0.43→0.53 

Year S F M S F M S F M 

1987          
1988          
1989          
1990          
1991          
1992          
1993          
1994          
1995          
1996          
1997          
1998          
1999          
2000          
2001          
2002          
2003          
2004          
2005          
2006          
2007          
2008          
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Table 10 continued. 
 

Maryland Ches. Bay        
 lambda = 0.43 lambda 0.43 →0.33 lambda 0.43→0.53 

Year S F M S F M S F M 

1987 0.82 0.00 0.20 0.82 0.00 0.20 0.82 0.00 0.20 
1988 0.81 0.01 0.20 0.81 0.01 0.20 0.81 0.01 0.20 
1989 0.82 0.00 0.20 0.82 0.00 0.20 0.82 0.00 0.20 
1990 0.76 0.07 0.20 0.76 0.07 0.20 0.76 0.07 0.20 
1991 0.72 0.12 0.20 0.72 0.12 0.20 0.72 0.12 0.20 
1992 0.68 0.18 0.20 0.68 0.18 0.20 0.68 0.18 0.20 
1993 0.69 0.16 0.20 0.69 0.16 0.20 0.69 0.16 0.20 
1994 0.70 0.16 0.20 0.70 0.16 0.20 0.70 0.16 0.20 
1995 0.65 0.23 0.20 0.65 0.23 0.20 0.64 0.23 0.20 
1996 0.66 0.21 0.20 0.66 0.21 0.20 0.66 0.21 0.20 
1997 0.63 0.26 0.20 0.63 0.26 0.20 0.63 0.26 0.20 
1998 0.61 0.29 0.20 0.61 0.29 0.20 0.61 0.29 0.20 
1999 0.52 0.25 0.40 0.52 0.32 0.33 0.52 0.20 0.45 
2000 0.54 0.21 0.40 0.54 0.28 0.33 0.54 0.17 0.45 
2001 0.56 0.18 0.40 0.57 0.23 0.33 0.55 0.14 0.45 
2002 0.58 0.14 0.40 0.60 0.18 0.33 0.57 0.11 0.45 
2003 0.55 0.20 0.40 0.56 0.26 0.33 0.54 0.16 0.45 
2004 0.57 0.16 0.40 0.58 0.21 0.33 0.56 0.13 0.45 
2005 0.58 0.14 0.40 0.60 0.18 0.33 0.57 0.11 0.45 
2006 0.57 0.17 0.40 0.58 0.21 0.33 0.56 0.14 0.45 
2007 0.60 0.12 0.40 0.62 0.15 0.33 0.58 0.10 0.45 
2008 0.59 0.13 0.40 0.61 0.17 0.33 0.57 0.11 0.45 
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Table 10 continued. 
 

Virginia Rap. River        
 lambda = 0.43 lambda 0.43 →0.33 lambda 0.43→0.53 

Year S F M S F M S F M 

1987          
1988          
1989          
1990 0.62 0.07 0.40 0.63 0.04 0.41 0.62 0.08 0.39 
1991 0.62 0.08 0.40 0.62 0.07 0.41 0.62 0.08 0.39 
1992 0.61 0.09 0.40 0.59 0.11 0.41 0.62 0.08 0.39 
1993 0.61 0.09 0.40 0.60 0.10 0.41 0.62 0.08 0.39 
1994 0.61 0.10 0.40 0.58 0.13 0.41 0.62 0.09 0.39 
1995 0.59 0.12 0.40 0.58 0.14 0.41 0.60 0.11 0.39 
1996 0.60 0.11 0.40 0.61 0.08 0.41 0.61 0.10 0.39 
1997 0.59 0.12 0.40 0.59 0.12 0.41 0.61 0.11 0.39 
1998 0.49 0.12 0.59 0.49 0.16 0.54 0.48 0.11 0.62 
1999 0.49 0.13 0.59 0.48 0.19 0.54 0.48 0.11 0.62 
2000 0.51 0.09 0.59 0.52 0.10 0.54 0.50 0.08 0.62 
2001 0.50 0.10 0.59 0.50 0.14 0.54 0.49 0.08 0.62 
2002 0.50 0.10 0.59 0.51 0.13 0.54 0.49 0.08 0.62 
2003 0.49 0.11 0.59 0.50 0.15 0.54 0.49 0.09 0.62 
2004 0.49 0.12 0.59 0.49 0.17 0.54 0.49 0.09 0.62 
2005 0.50 0.11 0.59 0.51 0.12 0.54 0.49 0.09 0.62 
2006 0.49 0.11 0.59 0.50 0.16 0.54 0.49 0.09 0.62 
2007 0.50 0.11 0.59 0.51 0.13 0.54 0.49 0.09 0.62 
2008 0.49 0.11 0.59 0.50 0.15 0.54 0.49 0.09 0.62 
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Table 11.  Comparison in the effect of three temporal reporting rate scenarios, constant at 
0.43, declining from 0.43 to 0.33 and rising from 0.43 to 0.53, on survival (S), fishing 
mortality (F) and natural mortality (M) for striped bass greater than 28 inches. 
 

Coastal programs       
          

Massachusetts        
 lambda = 0.43 lambda 0.43 →0.33 lambda 0.43→0.53 

Year S F M S F M S F M 

1987          
1988          
1989          
1990          
1991          
1992 0.83 0.08 0.10 0.84 0.07 0.10 0.83 0.08 0.10 
1993 0.83 0.08 0.10 0.84 0.08 0.10 0.83 0.08 0.10 
1994 0.83 0.08 0.10 0.84 0.08 0.10 0.83 0.08 0.10 
1995 0.75 0.18 0.10 0.75 0.18 0.10 0.75 0.17 0.10 
1996 0.75 0.18 0.10 0.75 0.18 0.10 0.75 0.18 0.10 
1997 0.75 0.18 0.10 0.75 0.18 0.10 0.75 0.18 0.10 
1998 0.75 0.18 0.10 0.75 0.18 0.10 0.75 0.18 0.10 
1999 0.72 0.18 0.14 0.75 0.19 0.10 0.70 0.18 0.18 
2000 0.76 0.13 0.14 0.76 0.17 0.10 0.75 0.10 0.18 
2001 0.76 0.13 0.14 0.77 0.16 0.10 0.75 0.10 0.18 
2002 0.76 0.13 0.14 0.76 0.16 0.10 0.75 0.10 0.18 
2003 0.78 0.11 0.14 0.78 0.14 0.10 0.76 0.09 0.18 
2004 0.78 0.11 0.14 0.78 0.14 0.10 0.76 0.09 0.18 
2005 0.78 0.11 0.14 0.78 0.14 0.10 0.76 0.09 0.18 
2006 0.78 0.11 0.14 0.78 0.14 0.10 0.76 0.09 0.18 
2007 0.80 0.08 0.14 0.81 0.11 0.10 0.78 0.07 0.18 
2008 0.80 0.08 0.14 0.81 0.11 0.10 0.78 0.07 0.18 

 

[PDF pg 274]



 

 197

Table 11 continued. 
 

New Jersey        
 lambda = 0.43 lambda 0.43 →0.33 lambda 0.43→0.53 

Year S F M S F M S F M 

1987          
1988          
1989 0.92 0.00 0.07 0.92 0.00 0.07 0.92 0.00 0.07 
1990 0.82 0.11 0.07 0.82 0.11 0.07 0.82 0.11 0.07 
1991 0.63 0.38 0.07 0.63 0.38 0.07 0.63 0.38 0.07 
1992 0.92 0.00 0.07 0.92 0.00 0.07 0.92 0.00 0.07 
1993 0.83 0.10 0.07 0.83 0.10 0.07 0.83 0.10 0.07 
1994 0.88 0.05 0.07 0.87 0.05 0.07 0.88 0.05 0.07 
1995 0.83 0.11 0.07 0.83 0.11 0.07 0.83 0.11 0.07 
1996 0.75 0.21 0.07 0.75 0.21 0.07 0.75 0.21 0.07 
1997 0.76 0.19 0.07 0.76 0.19 0.07 0.76 0.19 0.07 
1998 0.67 0.32 0.07 0.67 0.32 0.07 0.67 0.32 0.07 
1999 0.76 0.19 0.07 0.76 0.19 0.07 0.76 0.19 0.07 
2000 0.80 0.16 0.07 0.80 0.16 0.07 0.80 0.16 0.07 
2001 0.78 0.18 0.07 0.78 0.18 0.07 0.78 0.18 0.07 
2002 0.80 0.15 0.07 0.80 0.15 0.07 0.80 0.15 0.07 
2003 0.65 0.19 0.23 0.66 0.25 0.15 0.64 0.16 0.29 
2004 0.65 0.19 0.23 0.67 0.25 0.15 0.64 0.15 0.29 
2005 0.63 0.22 0.23 0.64 0.29 0.15 0.62 0.18 0.29 
2006 0.67 0.16 0.23 0.69 0.21 0.15 0.65 0.13 0.29 
2007 0.64 0.20 0.23 0.66 0.26 0.15 0.63 0.16 0.29 
2008 0.61 0.25 0.23 0.61 0.33 0.15 0.61 0.20 0.29 
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Table 11 continued. 
 

New York OHS        
 lambda = 0.43 lambda 0.43 →0.33 lambda 0.43→0.53 

Year S F M S F M S F M 

1987          
1988 0.84 0.03 0.13 0.88 0.04 0.07 0.88 0.04 0.07 
1989 0.84 0.03 0.13 0.88 0.04 0.07 0.88 0.04 0.07 
1990 0.76 0.13 0.13 0.79 0.16 0.07 0.79 0.16 0.07 
1991 0.76 0.13 0.13 0.79 0.16 0.07 0.79 0.16 0.07 
1992 0.76 0.13 0.13 0.79 0.16 0.07 0.79 0.16 0.07 
1993 0.76 0.13 0.13 0.79 0.16 0.07 0.79 0.16 0.07 
1994 0.76 0.13 0.13 0.79 0.16 0.07 0.79 0.16 0.07 
1995 0.69 0.24 0.13 0.70 0.28 0.07 0.70 0.28 0.07 
1996 0.69 0.24 0.13 0.70 0.28 0.07 0.70 0.28 0.07 
1997 0.69 0.24 0.13 0.70 0.28 0.07 0.70 0.28 0.07 
1998 0.69 0.24 0.13 0.70 0.28 0.07 0.70 0.28 0.07 
1999 0.69 0.24 0.13 0.70 0.28 0.07 0.70 0.28 0.07 
2000 0.73 0.17 0.13 0.75 0.21 0.07 0.76 0.20 0.07 
2001 0.73 0.17 0.13 0.75 0.21 0.07 0.76 0.20 0.07 
2002 0.73 0.17 0.13 0.75 0.21 0.07 0.76 0.20 0.07 
2003 0.72 0.19 0.13 0.71 0.27 0.07 0.76 0.20 0.07 
2004 0.52 0.19 0.46 0.57 0.27 0.28 0.50 0.20 0.49 
2005 0.52 0.19 0.46 0.57 0.27 0.28 0.50 0.20 0.49 
2006 0.52 0.19 0.46 0.57 0.27 0.28 0.50 0.20 0.49 
2007 0.52 0.19 0.46 0.57 0.27 0.28 0.50 0.21 0.49 
2008 0.51 0.21 0.46 0.55 0.30 0.28 0.49 0.22 0.49 
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Table 11 continued. 
 

North Carolina        
 lambda = 0.43 lambda 0.43 →0.33 lambda 0.43→0.53 

Year S F M S F M S F M 

1987          
1988 0.81 0.05 0.15 0.81 0.05 0.16 0.81 0.05 0.15 
1989 0.81 0.0 0.15 0.81 0.04 0.16 0.81 0.05 0.15 
1990 0.77 0.09 0.15 0.77 0.09 0.16 0.77 0.10 0.15 
1991 0.78 0.08 0.15 0.78 0.07 0.16 0.78 0.09 0.15 
1992 0.75 0.13 0.15 0.74 0.13 0.16 0.75 0.12 0.15 
1993 0.75 0.13 0.15 0.74 0.13 0.16 0.75 0.12 0.15 
1994 0.76 0.11 0.15 0.75 0.12 0.16 0.76 0.11 0.15 
1995 0.72 0.17 0.15 0.71 0.17 0.16 0.72 0.17 0.15 
1996 0.74 0.15 0.15 0.74 0.14 0.16 0.73 0.15 0.15 
1997 0.70 0.20 0.15 0.69 0.21 0.16 0.71 0.19 0.15 
1998 0.71 0.18 0.15 0.70 0.19 0.16 0.72 0.18 0.15 
1999 0.72 0.17 0.15 0.72 0.17 0.16 0.72 0.17 0.15 
2000 0.67 0.10 0.29 0.71 0.09 0.25 0.65 0.11 0.32 
2001 0.63 0.16 0.29 0.66 0.17 0.25 0.62 0.16 0.32 
2002 0.65 0.14 0.29 0.68 0.13 0.25 0.63 0.14 0.32 
2003 0.64 0.15 0.29 0.64 0.19 0.25 0.64 0.12 0.32 
2004 0.63 0.16 0.29 0.63 0.21 0.25 0.64 0.13 0.32 
2005 0.64 0.15 0.29 0.64 0.19 0.25 0.64 0.12 0.32 
2006 0.64 0.16 0.29 0.63 0.21 0.25 0.64 0.12 0.32 
2007 0.62 0.19 0.29 0.59 0.26 0.25 0.63 0.15 0.32 
2008 0.60 0.21 0.29 0.57 0.30 0.25 0.62 0.16 0.32 
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Table 11 continued. 
 

Producer programs       
          

Hudson River        
 lambda = 0.43 lambda 0.43 →0.33 lambda 0.43→0.53 

Year S F M S F M S F M 

1987          
1988 0.83 0.09 0.09 0.83 0.09 0.09 0.83 0.09 0.09 
1989 0.82 0.09 0.09 0.82 0.09 0.09 0.82 0.09 0.09 
1990 0.76 0.16 0.09 0.77 0.15 0.09 0.76 0.16 0.09 
1991 0.77 0.16 0.09 0.77 0.16 0.09 0.77 0.16 0.09 
1992 0.77 0.16 0.09 0.77 0.16 0.09 0.77 0.16 0.09 
1993 0.77 0.16 0.09 0.76 0.16 0.09 0.77 0.16 0.09 
1994 0.77 0.16 0.09 0.77 0.16 0.09 0.77 0.16 0.09 
1995 0.70 0.25 0.09 0.71 0.25 0.09 0.70 0.25 0.09 
1996 0.70 0.25 0.09 0.70 0.26 0.09 0.70 0.25 0.09 
1997 0.70 0.25 0.09 0.69 0.26 0.09 0.70 0.25 0.09 
1998 0.70 0.25 0.09 0.70 0.26 0.09 0.70 0.25 0.09 
1999 0.70 0.25 0.09 0.70 0.26 0.09 0.70 0.25 0.09 
2000 0.77 0.17 0.09 0.75 0.19 0.09 0.78 0.15 0.09 
2001 0.71 0.17 0.17 0.74 0.21 0.09 0.69 0.15 0.22 
2002 0.71 0.17 0.17 0.73 0.21 0.09 0.69 0.15 0.22 
2003 0.68 0.20 0.17 0.70 0.26 0.09 0.68 0.16 0.22 
2004 0.69 0.20 0.17 0.69 0.27 0.09 0.68 0.16 0.22 
2005 0.68 0.20 0.17 0.70 0.26 0.09 0.68 0.16 0.22 
2006 0.68 0.20 0.17 0.69 0.27 0.09 0.68 0.16 0.22 
2007 0.69 0.20 0.17 0.70 0.26 0.09 0.68 0.16 0.22 
2008 0.69 0.20 0.17 0.70 0.26 0.09 0.68 0.16 0.22 
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Table 11 continued. 
 

Delaware River        
          
 lambda = 0.43 lambda 0.43 →0.33 lambda 0.43→0.53 

Year S F M S F M S F M 

1987             
1988            
1989            
1990            
1991            
1992            
1993            
1994            
1995            
1996            
1997            
1998            
1999            
2000            
2001            
2002            
2003            
2004            
2005            
2006            
2007            
2008            
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Table 11 continued. 
 

Maryland Ches. Bay        
          
 lambda = 0.43 lambda 0.43 →0.33 lambda 0.43→0.53 

Year S F M S F M S F M 

1987 0.84 0.03 0.14 0.84 0.03 0.14 0.84 0.03 0.14 
1988 0.84 0.03 0.14 0.84 0.03 0.14 0.84 0.03 0.14 
1989 0.84 0.03 0.14 0.84 0.03 0.14 0.84 0.03 0.14 
1990 0.75 0.13 0.14 0.75 0.13 0.14 0.75 0.13 0.14 
1991 0.75 0.13 0.14 0.75 0.13 0.14 0.75 0.13 0.14 
1992 0.75 0.13 0.14 0.75 0.13 0.14 0.75 0.13 0.14 
1993 0.75 0.13 0.14 0.75 0.13 0.14 0.75 0.13 0.14 
1994 0.75 0.13 0.14 0.75 0.13 0.14 0.75 0.13 0.14 
1995 0.67 0.25 0.14 0.67 0.25 0.14 0.67 0.25 0.14 
1996 0.67 0.25 0.14 0.67 0.25 0.14 0.67 0.25 0.14 
1997 0.67 0.25 0.14 0.67 0.25 0.14 0.67 0.25 0.14 
1998 0.67 0.25 0.14 0.67 0.25 0.14 0.67 0.25 0.14 
1999 0.67 0.25 0.14 0.67 0.25 0.14 0.67 0.25 0.14 
2000 0.75 0.14 0.14 0.73 0.17 0.14 0.77 0.12 0.14 
2001 0.65 0.14 0.28 0.67 0.17 0.22 0.64 0.12 0.32 
2002 0.65 0.14 0.28 0.67 0.17 0.22 0.64 0.12 0.32 
2003 0.66 0.14 0.28 0.67 0.18 0.22 0.65 0.11 0.32 
2004 0.66 0.14 0.28 0.67 0.18 0.22 0.65 0.11 0.32 
2005 0.66 0.14 0.28 0.67 0.18 0.22 0.65 0.11 0.32 
2006 0.66 0.14 0.28 0.67 0.18 0.22 0.65 0.11 0.32 
2007 0.66 0.13 0.28 0.67 0.17 0.22 0.65 0.11 0.32 
2008 0.66 0.13 0.28 0.67 0.17 0.22 0.65 0.11 0.32 
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Table 11 continued. 
 

Virginia Rap. River        
          
 lambda = 0.43 lambda 0.43 →0.33 lambda 0.43→0.53 

Year S F M S F M S F M 

1987          
1988          
1989          
1990 0.66 0.14 0.26 0.66 0.14 0.26 0.67 0.14 0.25 
1991 0.66 0.14 0.26 0.66 0.14 0.26 0.67 0.14 0.25 
1992 0.66 0.14 0.26 0.66 0.14 0.26 0.67 0.14 0.25 
1993 0.66 0.14 0.26 0.66 0.14 0.26 0.67 0.14 0.25 
1994 0.66 0.14 0.26 0.66 0.14 0.26 0.66 0.14 0.25 
1995 0.62 0.22 0.26 0.61 0.22 0.26 0.62 0.22 0.25 
1996 0.62 0.22 0.26 0.61 0.22 0.26 0.62 0.22 0.25 
1997 0.62 0.22 0.26 0.61 0.22 0.26 0.62 0.22 0.25 
1998 0.62 0.22 0.26 0.61 0.22 0.26 0.62 0.22 0.25 
1999 0.62 0.22 0.26 0.61 0.22 0.26 0.62 0.22 0.25 
2000 0.69 0.12 0.26 0.68 0.12 0.26 0.69 0.11 0.25 
2001 0.69 0.12 0.26 0.68 0.12 0.26 0.69 0.11 0.25 
2002 0.69 0.12 0.26 0.68 0.12 0.26 0.69 0.12 0.25 
2003 0.67 0.13 0.26 0.65 0.16 0.26 0.69 0.12 0.25 
2004 0.52 0.13 0.52 0.55 0.16 0.43 0.50 0.11 0.57 
2005 0.52 0.13 0.52 0.55 0.16 0.43 0.50 0.11 0.57 
2006 0.52 0.13 0.52 0.55 0.16 0.43 0.50 0.11 0.57 
2007 0.52 0.14 0.52 0.55 0.17 0.43 0.50 0.12 0.57 
2008 0.50 0.17 0.52 0.53 0.20 0.43 0.49 0.14 0.57 
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