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Introduction 

Clark and Brown (ICNAF Res.Doc. 75/65, 1975) evaluated changes in biomass 
of finfish plus squid in ICNAF Subarea 5 and Statistical Area 6 (Fig. 1) from 
United States RV ALBATROSS IV autumn bottom trawl survey data. Indices of total 
biomass were computed by multiplying yearly abundance indices fo·r species and 
speci es groups by vlei ghting factors deri ved from thei r catchabil ity coeffi ci ents 
and summing these products by year. Estimates of catchabi1ity coefficients used 
in that document have since been refined, and additional indices and catchabi1ity 
coefficients have been calculated by transfomling original survey data to log 
(catch + 1) values. Yearly estimates of finfish and squid biomass in SA 5 and 6 
have been computed for the 1963-1974 period using both sets of data. 

This working paper reviews the methodology used to estimate stratified mean 
catch per tow indices from ALBATROSS IV research surveys, describes the calculations 
of the catchabil ity coeffi ci ents, and presents current yearly estimates of bi omass 
during the period 1963-1974 for finfish and squid in SA 5 and 6. 

Methods 

Autumn bottom trawl survey data have been collected by the US National Marine 
Fisheries Service RV ALBATROSS IV since 1963; the RV DELAWARE II has also participated 
infrequently. In all of these surveys, both vessels have used the standard "36 Yankee" 
trawl with a 1.25 cm stretched mesh cod end liner; this trawl measures 10-12 M along 
the footrope and 2 M in height at the center of the headrope, and is equipped vlith 
rollers to make it suitable for use on rough bottom (Edwards, 1968). 

The area sampled in these cruises extends from Nova Scotia to Cape Hatteras. 
The basic sampling design used is the stratified random design as given by Cochran 
(1953); thus, the survey area has been apportioned into strata (Fig. 1) with 
boundaries determined primarily on the basis of depth (Gross1ein, 1968). 
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During the 1963-1966 period, only strata from the Nel'i Jersey coast nort/Wlard 0-42, Fig. 1) were sampled; in autumn, 1967, additional strata (61-76, Fig. 1) were added to cover the mid-Atlantic region. An additional section covering part of the Scotian Shelf was also added in 1968 but is not considered in this study. 

The field and laboratory procedures follO\~ed in the bottom tra~/l survey program, and the statist"ical principles involved, have been discussed in detail by Grosslein (1968, 1971) and will only be mentioned briefly here. It should be noted, however, that sampling stations are allocated to strata roughly in proportion to the area of each stratum and areassigned to specific locations ~lithin strata at random. In all cases, one 30-minute tow is taken at each station at an average speed of 3.5 knots. After each tow, numbers captured and total weight al'e recorded for each species. At the completion of each cruise, data are summarized, audited, and transferred to magnetic tape. Thus, a cons"iderable volume of data relative to biomass levels (numbers and weight) is available for evaluation of trends in biomass levels in recent years. 

Following procedures given by Cochran (1953, p. 66), the stl'atified mean catch per tow in tenns of numbers or wei ght is cal cul ated by 

where Yst = stratifi ed mean catch per to\~, 

N = total area of all strata in the set, 

Nh = area of the hth stratum, and 

Yh = mean catch per haul in the hth stratum. 

We used stratified mean weight per to\~ in preference to numbers as an index of biomass decline due to its convenience when working with different species groups and the high degree of variability in numbers associated with fluctuations in recruitment. Indices were calculated both as stratified mean weight per tow and as log (mean weight per tow + 1) values. Estimates10f stratified mean catch per tow in ori gi na 1 uni ts ~Iere then computed from the re 1 at; on Ey = anti 1 0.9. (y + 1.1513s 2 ) (Bliss, 1963), where Ey represents the expected mean vallie and y and s2 represent the sample mean and variance in logarithmic units, respectively. 

To compensate for catchability differences we developed "catchability coefficients" for the species and species groups in Tables 1-4 for use as weighting factors. To compute these values, annual estimates of stock size (~Ieig/lt at beginning of year i) were required o In the case of silver hake, herring, and mackerel these were available from virtual population analyses in previous assessments (ICNAF 1974, 1975; Anderson, 1975a and b), while annual estimates for haddock and red hake /lad also been computed in previous studies (Hennemuth, 1969; Anderson, 1974; Clark, 1975) from average weight or mean weight at age data and the relationship 

(1) 

IFor transformed data. 
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where Ci -- lundings (number) in year ; ; 

Ni = stock size (number) at the beginning of year i; 

Fi = instantaneous rate of fishing mortality in year i , ilnd 

Zi = instantaneous total mortality rate in year i. 

In the case of yellowtail, we assumed an F of 1.0 for the southern Ne~/ [n(Jland 
stock in 1967-1963 (M = 0.2 in all cases) based on earlier assessment I'.'ol'k (BI'o\:n and 
Hennemuth, 1971), and calculated stock size using (1); 1964-1966 values I-/el'e as~;un:eu 
to be similar to the 1967-1968 average as commercial abunde_nce indices were stiJ.lJle 
throughout this period. I'le then obtained values for succeeding years by adjust-ing 
the 1967-1968 average by stock abundance indices based on pre-I'ecruit survey ciltclles 
(BrO\;n and Hennemuth, 1971; Parrack, 1974). For an estimate of SA 6 stock size, I,e 
obtained an average figure for the 1963-1966 period by multiplying avcI'age stock 
size for southern New England by the ratio of mean survey abundance indices betllcen 
the SA 6 and southern New England stock areas and the ratio of the ilctual bottom 
areas considered; the remaining values were obtained using stock abundance values 
(Parrack, 1974) as above. Values for each stock \'Jere then combined by year to 
permit computation of a combined catchability coefficient for these areas. FOI' the 
Georges Bank stock, we assumed an F of 0.8 in 1964 and 1965 (Bro~m and Hennemuth, 1971), 
calculated stock sizes by (1), and projected stock size values for later years by 
regressing commercial abundance values for this stock (Brown and Hennemuth, 1971; 
Parrack, 1974) on time (years) and using the ~lpirical values so-obtained to adjust 
the initial 1964-1965 average, The Cape Cod stock \las considered to have been 
relatively stable in recent years; ~/e computed an average value by assuming an F of 
0.8 (simi lar to Georges Bank) and added the resulting estimate to each Georges B&nk 
stock estimate to permit computation of combined coefficients as above. 

Analytical assessments for the remaining species and stocks have yet to b2 
completed and we therefore obtained average stock size estimates from equation (1) 
using estimates of F and M and historical catch data. In the case of "other finfish" 
we computed a value for 1967 (chosen to be in the middle of the period) using (1) 
assuming F = 0.4 and M = 0,2; we then calculated commercial abundance estimates from 
historical catch data and total effort estimates (adjusted for learning) for SA 5 and 
6 (Brown et d., 1975) and predicted stock size from a regression of these abundance 
indices against time, as above. He then computed "catchab-il ity coefficients" for 
each species or species group in Tables 1 through 4 (and in the case of silver hake, 
red hake, yellowtail, and herri ng, for each i ndi vi dua 1 stock for whi ch Tr,C' s are 
established LTCNAF, 1972]) by dividing both untransformed and transformed estimates 
of stratified mean catch per tow values in year i by stock size at the beginning of 
year i + 1 (or by the computed average stock size value). For species for \;hich 
catchability coefficients had been calculated for individual stocks (herring, silver 
and red hake, and yellowtail) analyses of variance revealed differences (P<.10) in 
the computed coefficients between stocks in all cases. I,e therefore considered 
individual stocks separately in computing biomass declines, 
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For each of the sets of catchability coefficients obtained above, deviations 
from the arithmetic mean ~Iere plotted against time; in cases in which trends appeared 
to exist, linear reg)'cssions tlere fitted to the data to evaluate the degree of rela
tionship. In the case of haddock, a significant (PeO.Ol) negative trend was obtained 
for both untransformed and transformed data, which could have resulted from: 1) 
underestirnutes of stock size in later years, or 2) actual differences in catcllilbility 
associated ,lith changing availability as stock size decreased. A plot of numbers 
captured per tO~1 by yetir during the period of study suggested that actual differences 
in catchability may have occurred; accordingly, \'Ie divided the period into two units 
(1963-1968 and 1969-1974) for the purpose of calculating weighting factors. The 
dividing line was arbitrarily taken as the point in which the percentage of tows 
containing five haddock or less reached 90%. 

After obtaining the desired sets of catchability coefficients for the species 
and stocks described above, vie obtained \;eighting coefficients by calculating the 
arithmetic means for both transformed and untransformed data i 

E Ci 
i = 1 ,n rS-'-j±-,-

n 

where Ci represents stratified mean catch per tow in year i, Si+l represents stock 
size in yeari+l (note t.hat yeari+l was used here as surveys vlere taken in autumn of 
year i), and n = number of years. Results are pl'esented in Tables 5 and 6. Estimat.es 
of finfish and squid biomass for SA 5 and 6 were then obtained by dividing yearly 
abundance indices for the species and species groups in Tables 1-4 by their respective 
weighting coefficients (note that we obtained values by stock in the case of yellow
tail, silver and red hake, and herring) and summing over all species by year. 

Results and Discussion 

Estimates of finfish and squid biomass for SA 5 and 6 as described under r1ethods 
are given in Tables 7 and 8. Downward trends are evident in all sets examined; for tile 
data of Table 7 (1967-1974, middle Atlantic, southern Netl England, Georges Bank, and 
Gulf of Maine strata, Fig. 1) comparisons between averages for "all data" for 1967-1968 
and 1973-1974 reveal a 67% decline fa)' both linear and retransformed values, \;hile for 
"herring and mackerel excluded data" the corresponding figures were 18% and 21%, 
respectivelyo For the data of Table 8 (1963-1974, southern New England, Georges Bank, 
and Gulf of Maine strata, Fig. 1) comparisons betvleen averages for "all data" for 1963-
1965 and 1972-1974 reveal declines of 47% and 46% for linear and retransformed values, 
respecti ve ly, whil e for va 1 ues in whi ch herri ng and mackerel were exc 1 uded the corres
ponding values were 32~~ and 35%. By combining the data of Tables 7 and 8 (Figs. 2 and 
3) and taking averages for 1963-1965 and 1972-1974, declines of 51% and 36% are obtained 
for all data and data for herring and mackerel excluded (linear scale, Fig. 2), while 
for retransformed values the corresponding figures are 44% and 43% (Fig. 3). 

To examine short-term changes in abundance, linear regressions of biomass 
against time were calculated for each successive three-year period, i.e. 1963-1965, 
1964-1966, ••• 1972-1974, for the data in Figs. 2 and 3 (Table 9). The yearly ratio 
of change was estimated from the difference between the expected values estimated at 
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successive midpoints in these regressions (these values are equivalent to that 
obtained by moving averages of three of x-I, x, x+1) except for 1963 and 1974 when 
the e>:pected values Vlere estimilted by the first and last regressions, respectively. 
Values I'lith mackerel and herring catches excluded decline rapidly in the first part 
of the period, but tend to level off in the latter 1960's. However, a 21-22% 
decline occurred between 1973 and 1974. Vlhen mackerel and herr'ing are included 
(all data), biomass increased in the early 1960's, but declined rapidly in the 
latter 1960's. Tile pattern of changes is erratic during this pet'iod fat" linear 
values, giving major declines between certain years and minimum declines between 
others. The retransformed values are more consistent, shOl,ing large declines 
(18-29% per year) in the period 1968-1970, with lesser declines (2-13%) from 1971-
1973. In both cases, however, the rate of decline 'increased in 1974, being 28% for 
the 1 inca r data and 33% for the retrans formed da ta, respecti ve ly. 

The overall estimates of average percent decline per year ranged from 4.8-
5.9% for all species combined, and 6.0-6.5% for data excluding herring and mackerel. 
A 6% decline per year is equivalent to a total decline of 49% for the period 1963-
1974. 
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Table 5. Weighting coefficients calculated by stock from linear and transformed data, 
1967-1974, t1iddle I\tlClntic, southern NeVI England, Georges Bank, and Gulf of 
Maine area (strata 61-76, 1-30, and 36-40). 

Species Linear Scale Logarithmic l Scale 
and I-lei ghti ng Coeffi ci ent4' Weighting Coefficient4 

Stock 2 Coefficient3 of Variation Coefficient3 of Vari ati on 

Cod 4.26 0.23 0.55 0.23 
Haddock 5 7.03, 5.01 0.05, 0.37 0.98, 0.74 0.04, 0.41 
Redfish 13.30 0.27 1.09 0.07 
Silver hake 

5Y 8.72 0.80 4.45 >1.00 
5Ze 0.73 0.29 0.66 0.80 
5ZVI-n 1.35 0.29 0.45 0.38 

Red hake 
5Ze 6.65 0.65 2.45 0.76 
5ZVI-6 2.35 0.73 0.49 0.69 

Po llock 3.42 0.28 0.42 0.33 
Yellowtail 

5Ze 15.46 0.24 3.63 0.19 
5Zw-6 21.18 0.82 2.64 0.23 

Other flounders 11.10 0.18 4.37 0.12 
Herring 

5Y 0.13 >1.00 0.02 0.57 
5Z-6 0.01 >1.C~ 0.006 0.69 

Mackerel 0.02 >1.00 0.006 0.53 
Other finfish 12.81 0.32 4.12 0.23 
Short-finned squid 0.30 0.36 0.12 0.33 
Long-finned squid 5.25 0.46 1.09 0.51 

lExpected stratifi~d mean catch.Jler tow values compu!ed from transformed data according 
to the relation Ey = antilog (y + 1.1513s 2), where y and s2 represent the mean and 
variance, respectively, on the transformed scale. 

2f1eighting coefficients calculated by individual stock for silver hake, red hake, 
yellowtail, and herring. 

i=l,n 

31'eighting coefficients calculated as 
1: Ci / s 
i "i+l where Ci = stratified mean catch 

n 
per tow in yeari and Si+l = stock size at the beginning of the following year. All 
values x 108 • 

4Coefficient of variation calculated over all years. 
Sfleighting coefficients computed separately for 1967-1968 and 1969-1974 data due to 
apparent changes in catchability. 

GLess than 0.005. 

012 
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Table 6. Hdghting to2fficients calculated by stock from linear and transformed data, 
southern r:evi England, Georges Bank, and Gulf of I·raine area (strata 1-30 and 
36-40) 0 

Species Linear Scale Logarithmic! Scale 
and Weighting Coeffi ci ent4 vlei ghti ng Cacffi ci en t 4 

Stock2 Coefficient3 of Variation Coefficient 3 of Variation 

Cod S049 0022 0071 0033 
Haddock 5 10067, 6.31 0033, 0038 1072, 0.89 0.37, 0.53 
Redf'i sh 17066 0040 1053 OolS 
Silver hake 

5Y 7.95 0079 3069 >1000 
5Ze 0082 0049 0033 0032 
SZw-6 2014 0.30 1000 0.44 

Red hake 
5Ze 60S6 0069 2022 0074 
SZw-6 3044 0073 1002 0057 

Pollock 5015 0042 0064 0036 
Yellowtail 

5Ze 15044 0.29 3073 0.32 
5Zw-6 28.50 >1000 S.43 0.51 

Other flounders 12.70 0022 5069 0.27 
Herring 

5Y 0018 >1.00 0005 >1.00 
5Z-6 0003 >1000 0001 1.00 

Mackerel 0001 >1.00 0.006 0.59 
Other finfish 12056 0.31 4093 0024 
Short-finned squid 0026 0062 0.10 0060 
Long-finned squid 3013 0081 0.57 0.73 

lExpected stratifi~d mean catchyer to\~ values compu!ed from transformed data according 
to the relation Ey = antilog (y + 10151352), ~Ihere y and 52 represent the mean and 
variance, respectively, on the transformed scale. 

2Weighting coefficients calculated.by individual stock for silver hake. red hake. 
yello\'ltail. and herringo 

;=l.n 

3Weighting coefficients calculated as 
1: C;/S 
; i+1 where Ci = stratified mean catch 

n 
per tow in yeari and 5i+1 = stock size at the beginning of the following yearo All 
values x 10llo 

"Coefficient of variation c'alculated over all yearso 
SWeighting coefficients computed separately for 1963-1968 and 1969-1974 data due to 
apparent changes in catchabilityo 

GLess than OoOOSo 

013 
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