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N.  Gulf of Maine/Georges Bank Acadian Redfish by  R.K. Mayo, J. Brodziak,  
       M. Traver and L. Col 

1.0 Background 
 
The most recent stock assessment of Acadian redfish in Subarea 5 was completed in 2001 (Mayo 
et al. 2002), and the results were reviewed at the 33rd Northeast Regional Stock Assessment 
Workshop in June, 2001 (NEFSC 2001a, 2001b).  The assessment was based on several analyses 
including trends in catch/survey biomass exploitation ratios; a yield and biomass per recruit 
analysis; an age-structured dynamics model which incorporates information on the age 
composition of the landings, size and age composition of the population, and trends in relative 
abundance derived from commercial CPUE and research vessel survey biomass indices; and an 
age-aggregated biomass dynamics model.  Surplus production estimates were derived from the 
age-structured dynamics model. Estimates of current biomass and fishing mortality relative to 
MSY-based reference points were also provided by the biomass dynamics model. 
 
Based on the most recent assessment, redfish biomass has been increasing in recent years. The 
NEFSC autumn survey biomass index had increased substantially during the mid-1990s and had 
remained relatively high through 2000.   The rapid increase in abundance and biomass was 
attributed to recruitment and growth of the 1992 and other early-1990s year classes.   The state of 
this stock was reviewed at the 2002 Groundfish Assessment Review Meeting (Mayo and Col 
2002) by examining trends in relative biomass and exploitation ratios based on the NEFSC 
autumn bottom trawl surveys.  At that time exploitation ratios (catch/total survey biomass) 
suggested that fishing mortality has remained very low since the mid-1980s compared to previous 
periods. Estimates of fishing mortality derived from the age-structured dynamics model (Mayo et
al. 2002) also indicated that then current fishing mortality (0.003) was low relative to past decades 
and less than 10% of FMSY.   Stock biomass in 2000 was then estimated to be 119,600 mt or about 
33% of BMSY due, in large part, to strong recruitment from the early 1990s 
 
2.0 The Fishery 
 
Exploitation of redfish has changed substantially since the 1930s.  During the early development 
phase of the Gulf of Maine redfish fishery, USA landings increased rapidly to a peak level of 
about 56,000 mt in 1942 followed by a steep decline through the early 1950s (Table N1; Figure 
N1).  Nominal catches then declined at a more gradual rate to less than 10,000 mt during the 
1960s.  During the 1970s, USA landings increased again, peaking at 16,000 mt in 1971 and again 
at 15,000 mt in 1979.   During the1970s, additional catches by Canadian and distant water fleets 
increased the total redfish catch to a maximum of about 17,000 to 20,000 mt per year from 1970 
through 1973; catches of redfish by these fleets declined to negligible levels after1976.  Landings 
of redfish declined steadily throughout the1980s, remaining below 1,000 mt per year since1989, 
and at less than 500 mt per year since 1994.  Total redfish landings in 2004 were 398 mt compared 
to 360 mt in 2003.  Although population biomass has increased sharply since the mid-1990s, most 
of fish are below the retention size of the current otter trawl regulated minimum mesh size (6.5 in). 
 
The redfish fishery in the Gulf of Maine has traditionally taken very low bycatch of other species.  
For example, over 70% of the redfish landed during 1964-1978 were taken on trips comprising 
over 85% redfish (Mayo 1980).  Commercial catch per unit effort (CPUE) indices from these trips 
were considered representative of trends in stock biomass.  These indices are available from the 
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early 1940s through the late1980s but have since been discontinued (Table N1, Figure N2).  These 
indices declined sharply during the 1940s and 1950 as the large accumulated virgin biomass was 
fished down.  The CPUE indices increased during the 1960 following recruitment of several 
strong year classes from the 1950 (Mayo 1980) but have since shown a steady decline (Figure 
N2). 
 
As a consequence of the relatively low landings of redfish after the mid 1980s, the level of 
biological sampling declined and is now extremely low (Table N2).  Estimates of catch and mean 
weight at age were derived up to 1985 (Table N3), but these calculations have since been 
discontinued. 

3.0 Research Survey Indices 
 
Total Biomass Indices 
 
Indices of relative biomass, derived from NEFSC spring (Table N4, Figure N3) and autumn 
(Table N5, Figure N4) research vessel bottom trawl surveys, although variable, exhibited a rather 
steady decline between 1963 and 1982.  On average, the autumn biomass index appears to have 
declined by about 90% over a 20 year period.   During this time, only two year classes of any 
significance were produced, 1971 and 1978.  Between 1983 and 1993, the biomass index 
approximately doubled, reflecting the relatively low rate of removals by the fishery and the very 
slow growth rate of the species.   
 
No substantial year classes were detected by the research vessel surveys until autumn 1995 when a 
substantial number of fish in the 15-19 cm range were noted, suggesting the possibility of above 
average reproduction in 1990 and/or 1991.    This was followed by a very large increase in the 
abundance index in the autumn of 1996.  The autumn biomass index has fluctuated between 20 
and 65 kg per tow since then, a magnitude comparable to the period between 1963 and the mid-
1970s.  Indices from both surveys are used as relative biomass indices in the age-structured model. 
 
Exploitable Biomass Indices 
 
Indices of exploitable biomass (Table N6) were computed by adjusting the total biomass indices 
by length-specific retention rates obtained by first fitting mesh selectivity data to a logistic model.  
Selectivity studies are available for redfish for a range of mesh sizes from 60 to 134 mm (2.36 – 
5.28 in) (Clark 1963, Clay 1979, McKone 1979 Nikeshin et al. 1981).   As the regulated mesh size 
in the groundfish fishery increased to the present 6-6.5 inches, redfish retention rates declined.  At 
present the portion of the total biomass stock that can be exploited is very small compared to the 
earlier periods.
 
Survey Age Composition 
 
Age samples from the NEFSC autumn bottom trawl survey are available from 1975 through 2004.  
As illustrated in Figure Nx abundance estimates at age reveal a series of dominant year classes 
followed by periods of poor year classes between 1975 and the early 1990s.  Several strong year 
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classes began to appear in the early 1990s and additional year classes have continued to appear in 
the survey, the annual growth of these fish accounts for the sharp increases in the total biomass 
indices beginning in the mid-1990s.  Both surveys provide age composition information for the 
age-structured model. 

4.0 Assessment Results 

The age structured model (RED) employed at the last peer review of this assessment in 2001 
(SAW 33) was updated with NEFSC spring and autumn bottom trawl survey biomass indices and 
NEFSC autumn bottom trawl survey age compositions through 2004.  A full description of the 
age-structured model is provided in Mayo et al. 2002.   
 
The age-structured model is based on forward projection of population numbers at age. This 
modeling approach is based on the principle that population numbers through time are determined 
by recruitment and total mortality at age through time. The population numbers at age matrix 
N=(Ny,a)YxA has dimensions Y by A, where Y is the number of years in the assessment time 
horizon and A is the number of age classes modeled. The oldest age (A) comprises a plus-group 
consisting of all fish age-A and older. The time horizon for redfish is 1934-2004 (Y=71). The 
number of age classes is 26, representing ages 1 through 26+. 

Input data to the model includes the total catch 1934-2004), commercial CPUE index (1942-
1989), commercial catch at age (1969-1985), NEFSC spring and autumn total biomass indices and 
the autumn survey age composition (1975-1984). 
 
Based on results from RED, fishing mortality in 2004 is estimated at 0.00239, a substantial decline 
from 2001.  Spawning stock biomass increased from 124,400 mt in 2001 to 175,800 mt in 2004.  
The estimate of the 2000 spawning stock biomass based on the present assessment is within 5% of 
the estimate obtained from the 2001 assessment. 
 
Sensitivity Analyses 
 
The initial version of the age structured forward projection model (RED) was refined after 2001, 
and is now a component of the NOAA Fisheries Toolbox (NFT) stock assessment software named 
STATCAM.  This version, while identical to RED in most approaches, provides for additional 
weighting of input data, depending on the length of the time series.  Comparative runs of both 
models were conducted on data sets available at the previous peer review meeting (1934-2000) 
and at the present meeting (1934-2004) to determine whether differences in modeling approaches 
produced different estimates of spawning biomass and F. 
 
While both models produce very similar estimates of spawning stock biomass and fishing 
mortality over time (Figures N6 and N7), the STATCAM model is generating a higher rate of 
increase in SSB during the past decade than the biomass produced by the original RED model.  
Although both models produce the same status determination for this stock, because the results 
from the original RED model were used to derive the biomass reference point, the update from 
this model is used for current status determination.   
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5.0 Biological Reference Points
 
Estimates of recruitment obtained from the age-structured biomass dynamics model reviewed at 
the 33rd SAW were used to imply the probable recruitment that could be produced by a rebuilt 
stock as described in NEFSC (2002).  Recruitment estimates derived by the model from the1952-
1999 year classes served as the basis for evaluating trends and patterns in recruitment.  The stock-
recruitment data suggest an increase in the frequency of larger year classes (> 50 million fish) at 
higher biomass levels.  Therefore recruitment estimates corresponding to the upper quartile of the 
SSB range served as the basis for deriving mean and median recruitment estimates.  In accordance 
with the recommendation of the Stock Assessment Review Committee of the 33rd SAW, the 
estimate of F50% (0.04) is taken as a proxy for FMSY. This fishing mortality rate produces 4.1073 kg 
of spawning stock biomass per recruit and 0.1429 kg of yield per recruit.  The resulting mean 
recruitment of 57.63 million fish results in an SSBMSY estimate of 236,700 mt when multiplied by 
the SSB per recruit, and an MSY estimate of 8,235 mt when multiplied by the yield per recruit. 
 
Reference points derived from the non parametric approach are: 
 
MSY  8,235mt 
BMSY  236,700 mt 
FMSY  0.04 = F50% MSP 
 
It was determined (NEFSC 2002) that the stock could not be rebuilt to BMSY by 2009 even at 
F=0.0.  Therefore, the rebuilding scenario invoked a 10 year plus 1 mean generation time (31 
years for Acadian redfish) to achieve rebuilding.  This results in an Frebuild = 0.013.  Based on 
the results from the present assessment, F in 2004 (0.002) is below Fmsy (and Frebuild), and 
spawning stock biomass is above ½ Bmsy.  Thus overfishing is not occurring and the stock is not 
in an overfished condition. 
 
6.0 Summary 
 
Spawning stock biomass in 2004 is estimated at 175,800 mt, 74% of Bmsy and F in 2004 is 
estimated at 0.002, well below Fmsy.  Thus, the stock is not overfished and overfishing is not 
occurring.  

7.0 GARM Panel Comments 
 
Exploitable biomass was estimated based on approximate mesh size changes through time. Mesh 
selection ogives were generated for a set of 5 discrete time periods. These curves were used to 
estimate exploitable biomass using the NEFSC survey length frequency data. The Panel concluded 
that this analysis satisfied the research recommendation to evaluate the consequence of changing 
mesh size on exploitable redfish biomass. 
 
The Panel reviewed results of the updated redfish model (RED) and an alternative statistical catch-
at-age mode (STATCAM) applied to provide a sensitivity analysis. The Panel noted that the 
STATCAM and RED models produce similar results in terms of recent trends in biomass and 
fishing mortality but had some differences in estimates of the magnitude of strong year classes and 
survey selectivity. The Panel accepted the updated redfish model (RED). 
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� The sharp increase in the survey biomass index in 1996 is inconsistent with the life history 
characteristics of this species.  

� Given the pelagic diurnal movement and general distribution of redfish, swept area 
estimates of stock biomass derived from bottom trawl survey data will tend to under-
estimate absolute stock size. 
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Table N1. Nominal redfish catches (metric tons), actual and standardized catch per unit effort, and calculated standardized USA and 
total effort for the Gulf of Maine-Georges Bank redfish fishery. 

 USA Catch per Unit Calculated Standard 
 Nominal Catch (Metric tons)   Effort (tons/day) Effort (days fished) 
Year   USA Others   Total Actual Standard   USA   Total 
 
1934 519  519       
1935 7549  7549     
1936 23162  23162       
1937 14823   14823       
1938 20640  20640       
1939 25406   25406       
1940 26762  26762       
1941 50796  50796       
1942 55892  55892 6.9 6.9 8100 8100 
1943 48348  48348 6.7 6.7 7216 7216 
1944 50439  50439 5.4 5.4 9341 9341 
1945 37912  37912 4.5 4.5 8425 8425 
1946 42423   42423 4.7 4.7 9026 9026 
1947 40160  40160 4.9 4.9 8196 8196 
1948 43631  43631 5.4 5.4 8080 8080 
1949 30743  30743 3.3 3.3 9316 9316 
1950 34307  34307 4.1 4.1 8368 8368 
1951 30077  30077 4.1 4.1 7336 7336 
1952 21377  21377 3.5 3.4 6287 6287 
1953 16791  16791 3.8 3.6 4664 4664 
1954 12988  12988 3.4 3.1 4190 4190 
1955 13914  13914 4.5 4.0 3479 3479 
1956 14388  14388 4.4 3.8 3786 3786 
1957 18490  18490 4.3 3.6 5136 5136 
1958 16043 4 16047 4.4 3.6 4456 4458 
1959 15521  15521 4.3 3.5 4435 4435 
1960 11373 2 11375 3.8 3.0 3791 3792 
1961 14040 61 14101 4.6 3.5 4011 4029 
1962 12541 1593 14134 5.4 4.0 3135 3534 
1963 8871 1175 10046 4.1 3.0 2957 3349 
1964 7812 501 8313 4.3 2.9 2694 2867 
1965 6986 1071 8057 7.0 4.4 1588 1831 
1966 7204 1365 8569 11.7 6.4 1126 1339 
1967 10442 422 10864 12.4 5.6 1865 1940 
1968 6578 199 6777 14.7 6.1 1078 1111 
1969 12041 414 12455 11.4 4.9 2457 2542 
1970 15534 1207 16741 9.0 4.0 3884 4185 
1971 16267 3767 20034 7.0 3.2 5083 6261 
1972 13157 5938 19095 5.7 2.9 4537 6584 
1973 11954 5406 17360 5.3 2.9 4122 5986 
1974 8677 1794 10471 5.0 2.6 3337 4027 
1975 9075 1497 10572 4.0 2.2 4125 4805 
1976 10131 565 10696 4.6 2.3 4405 4650 
1977 13012 211 13223 4.9 2.5 5205 5289 
1978 13991 92 14083 4.8 2.4 5830 5868 
1979 14722 33 14755 3.6 1.9 7748 7766 
1980 10085 98 10183 3.2 1.6 6303 6364 
1981 7896 19 7915 2.7 1.4 5640 5654 
1982 6735 168 6903 2.7 1.5 4490 4602 
1983 5215 113 5328 2.1 1.2 4346 4440 
1984 4722 71 4793 1.9 1.1 4293 4357 
1985 4164 118 4282 1.4 0.9 4627 4758 
1986 2790 139 2929 1.0 0.6 4650 4882 
1987 1859 35 1894 1.1 0.7 2656 2706 
1988 1076 101 1177 0.9 0.5 2152 2354 
1989 628 9 637 1.1 0.6 1047 1062 
1990 588 13 601             **             **   
1991 525  525             **             **   
1992 849  849 **             **   
1993 800  800 **             **   
1994* 440  440 **             **   
1995* 440  440 **             **   
1996* 322  322 **             **   
1997* 251  251 **             **   
1998* 320  320 **             **   
1999* 353  353             **             **  
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Table N1 - continued 
 
2000* 319  319             **             ** 
2001* 360  360 ** ** 
2002* 368  368 ** ** 
2003* 361  361 ** ** 
2004* 398  398 ** ** 
 
* Preliminary                                                                                                            **    CPUE  and effort not calculated due to sharp reduction in directed redfish trips 
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Table N2.  Commercial length and age sampling summary for Gulf of Maine - Georges Bank Redfish,
           1969-2000. 

Year    Landings    Number of    Number of     Number of Length    Number of Ages  Number of Ages
    (tons)    Samples  tons/sample   Measurements     Collected Available

1969     12455          14          890             3,200                   ?               616 
1970     16741          18          930             2,300                 600               461 
1971     20034          34          589             7,796                 963               963 
1972     19095          16         1193             5,085                   ?             1,066 
1973     17360          23          755             6,246               1,120             1,027 
1974     10471          34          308             7,945               2,170             1,011 
1975     10572          27          392             6,761               2,912             1,147 
1976     10696          24          446             8,094               3,700             1,028 
1977     13223          31          427             8,495               3,688               863 
1978     14083          30          469             5,493               2,352             1,012 
1979     14755          35          422             8,975               3,866             1,122 
1980     10183          21          485             4,858               2,210             1,110 
1981      7915          21          377             3,718               1,718               851 
1982      6903          27          256             4,216               1,734               849 
1983      5328          31          172             5,100               2,416               995 
1984      4793          26          184             4,603               2,275             1,018 
1985      4282          37          116             5,775               2,962             1,464 
1986      2929          38           77             6,063               3,102               N/A 
1987      1894          29           65             4,633               2,290               N/A 
1988      1177          21           56             2,487               1,258               N/A 
1989       637          17           37             1,921                 958               N/A 
1990       601          12           51             1,338                 692               N/A 
1991       525          10           52             1,136                ?225               N/A 
1992       849          11           77             1,354                   ?               N/A 
1993       800           5          160               528                   ?               N/A 
1994       440           2          220               226                   ?               N/A 
1995       440           3          147               303                   ?               N/A 
1996       322           1          322               113                   ?               N/A 
1997       251           3           84               343                   ?               N/A 
1998       320           0 B                  0                   ?               N/A 
1999       353           1          353               111                   ?               N/A 
2000       319           1          319               110                   ?               N/A 
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Commercial landings (mt), NEFSC autumn survey biomass indexTable N6.
(kg/tow), and index of exploitation for Gulf of Maine redfish.

---------------------------------------------------------------------------------------------------------------
ExploitationExp BiomassExploitationBiomassCommercial
RatioIndexRatioIndexlandings (mt)Year

0.042123.8410.041724.1100461963
0.015354.4870.015254.683131964
0.063412.7080.061513.180571965
0.030028.5530.029429.185691966
0.045623.8260.044724.3108641967
0.016940.050.016840.467771968
0.053323.3610.053023.5124551969
0.051032.8070.050932.9167411970
0.090722.0980.085623.4200341971
0.082723.0770.077624.6190951972
0.107116.2090.102117.0173601973
0.045922.8330.043324.2104711974
0.027937.8280.026539.9105721975
0.074214.420.069915.3106961976
0.085315.4940.076417.3132231977
0.073219.2310.068020.7140831978
0.096215.3410.092216.0147551979
0.083512.1950.080812.6101831980
0.066211.9530.064912.279151981
0.33482.0620.20303.469031982
0.23232.2940.13004.153281983
0.18862.5420.12293.947931984
0.13723.1210.07515.742821985
0.09932.9510.03668.029291986
0.07282.60.03445.518941987
0.04062.8960.01876.311771988
0.02382.6760.00946.86371989
0.01334.5350.004912.26011990
0.01493.5210.00638.45251991
0.02763.0710.01058.18491992
0.02143.7420.007111.28001993
0.03071.4320.00745.94401994
0.07770.5660.00954.74401995
0.00953.3870.001130.63221996
0.00574.3930.001318.92511997
0.00734.370.001031.73201998
0.00943.7530.001522.93531999
0.00813.9380.001226.23192000
0.00655.5540.001328.23602001
0.00635.8480.000941.93682002
0.003611.6880.000665.54162003
0.00576.9540.001136.63982004

---------------------------------------------------------------------------------------------------------------
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                                         Figure N1
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                                        Figure N4 
 

Redfish Stratified M ean Catch per Tow
NM FS Spring Bottom  Traw l Survey
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Figure N5 
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Figure N6 

 

Figure N7 
Redfish Red2005 and Stat2005 Models
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Figure N8   
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