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Introduction 

Sompl ea of 1 ength ami we igh t measurements of haddock in 
commercial landings of United States otter trawlers were collec
ted in several of the years from 1931 to 1935. A large part of 
these data were examined by Clark and Dietsch (1959), who repor
ted that seasonal trends were evident in the length-weight re
lationships, and presented sets of weight at length tables for 
each month by special sampling areas (Figure 1). It was- desirable, 
however, to conduct a more critical and comprehensive analysis 
of all available length-weight data for haddock, particularly 
since studies of the past history of the haddock fishery depend 
on the use of these data. In the present study variation among 
si2.e category, year, area, and month strata was estimated, and 
statistical tests were applied to determine the degree of homo
geneity and the most appropriate length-weight equations to be 
used in the study of popUlation dynamics of haddock. 

Collection of Data and Methods of Analysis 

All measurements were taken from fish landed at the port 
of Boston. Fork lengths were recorded to the nearest centimeter 
and weights to the nearest 0.1 pound. Haddock were generally 
landed either gutted, or gutted and gilled. From April to No
vember the fish were required to be gutted and gilled, and they 
were frequently gilled in the winter months also. Only the data 
from the gutted and gilled category were sufficient for analysis. 
Commercial landings were sorted into scrod (those fish under 
approximately 2.5 pounds) and large size categories. Fish of 
each size category were unloaded from the vessels into carts 
of about 500 pound capacity. A sample was composed of varying 
numbers of fish taken from one or mdre of these carts from a 
single vessel's trip. There were 82 samples for a total of 
7,774 measurements. The distribution of these samples among 
the various strata is presented in Table 1. The areas consi
dered are outlined in Figure 1. 

Sampling done under existing port conditions was of necessity 
irregular, and the samples were not taken in strictly random 
fashion. In order to treat these data statistically, we must 
assume the samples taken from each boat's catch to be represen
tative of the total catch and that the boats sampled were re
presentative of all boats fishing in a given stratum. 
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. . K'H" tal" :ellgth-weight regressions, an equation of the form 
\t = ~l ~ assumed, wllare: 

W = weight in tenths of pounds 
1 t fork length in centimeters 
C and b are constants 

Data were trandformed bT natural logarithms and regressions 
were fitted by the least squares method to the equation Y = a + 
bX, where: 

Y = log W 
e 

X = log 1 e 
a = log C e 

The r~gression equations for each length weight sample are given 
in Table 2. Covariance analyses were used to test significance 
of differences between various strata. Notations for regression 
and covariance analyses throughout this report follow Snedecor 
(1956). 

Inadequate distribution of samples prevented the use of a 
factorial analysis to determine the existence and significance 
Gf interactions among the strata. Therefore, a separate analysis 
of covariance among the elements of a given type of stratum (e.g., 
among years) was run within each of the other strata, and the 
series of analyses thus obtained were pooled to yield a single 
result. Strata were combined only where between-strata differen
ces were shown to be nonsignificant. 

Analyses of Sampling Variation 

Subsamples (within trips) 

In April 1942, five trips from eastern Georges Bank were 
sampled in an attempt to measure variation within trips, i.e., 
among subsamples. These samples were taken over a 10 day period 
from catches of boats fishing in the same section of eastern 
Georges Dank in depths of 45 to 55 fathoms. Each subsample was 
composed of 25 fish taken from a single cart and from four to 
eight carts were sampled from each trip. All of these fish were 
in the large size-category, 

The analysis of covariance for these data is presented in 
Table 3. There was a significant difference among the adjusted 
means of the subsamples. The mean square among samples (trips) 
was not significant. 

The differences found between subsamples could have been 
the result of varying lengths of time or the position that the 
fish were kept in the hold. In addition, each cart may have 
contained fish caught in different sections of the general area 
that the boat fished in. 
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In :1 ""1. ,r illRtallf.'.e-s :.evf'l'nl t.rips were sampled within the 
same sir:'·am (c.f., tralda,; 1). Covul'iaJlce analyses were computed 
for each coell (~acb single comuinalioli of year, area, month, and 
;~jze rategnr::) contaJllillg more than one sample. The pooled ana
lysis of co,,",u'lnnce for both large c1ud scrod showed signifieant 
udjtlFted mean differellces arnOl!g sHmples, or trips (Table 4). The 
among RBwl']e mean squal's for this flooled analysis was greater 
t~an that among the five samples used in the analysis of sub
sample variation. This probably occurred because the five spe
cial samples came from a more restricted time and area than the 
general samples. 

T;'" samples used in the pooled analysis above were known 
to con~ist of fish from 8ever~11 carts for each trip. However, 
the data were not recorded separately for each cart (subsample). 
An approximate F test was used to talle subsample variation into 
account. The mean square for the differences in regression 
coefficients and adjusted means amoug samples were divided by 
the corresponding mean square for differences among subsamples 
taken from Table 3 (see Table 4). The difference among adjusted 
means was still significant; however, the difference among re
gression coefficients was not significant. In the following seC
tions of this paper the term Approximate F Test, refers to the 
ratio of the mean square for differences among strata to the 
corresponding mean square for either among sample (from Table 4) 
or among subs~lI)ple (from Table 3) differences, whichever is 
appropriate. Y 

Comparison Among Strata 

SiZ1? Categories 

'1'0 determine whether separate length-weight efluations 
should be used for scrod and large haddock, covariance analyses 
were computed for 16 trips from which both size categories were 
sampled. The pooled analysis is presented in Table 5, and sig
nificant differences were found both for adjusted means and 
regression coefficients. Only subsample variation need be accoun
ted for in this analysis as both the large and scrod samples 
were from the SQme boat. The subsample variation was taken into 
consideration by using the Approximate F Test described earlier 
and using the mean sf/uare amollg slibsampies taken from 1'able 3. 
The highly significant differences in adjusted means remained, 
but the difference amoug regression coefficients was not judged 
significant in this test (Table 5). 

11 -- The use of tlds approximate test was suggested by Richard C. 

Hennemuth, Bureau of Commercial Fisheries Biological Lauoratory, 

Woods Hole, Massachusetts. 
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TI", ".ljus t.el mcans were cal culated and compared for each 
of th~2A ,.airs of regreBsion equations. In all cases the adjusted 
mean was gr.~ter for large than for scrod haddock (Table 6). 
The observed JifferE~ces are to be expected if the fish were 
sorted p~i~9rily on the basis of heavy appearance, i.e., the 
short, plump fish would be considere,\ large whereas the longer, 
slender individnals would be classed as scrod. 

Yeul'[,; 

An analysis of covariance among years was computed within 
each month, area, and size category classification containing 
two Dr more years. For example, comparisons between 1931 and 
19)2 w@ra mode for the Western Georges Bank area in the months 
January, June, and July. A single regression equation was used 
for each year, combining several samples where required. The 
several analyses were then pooled ond significant differences 
were found; however, these did not hold up when the differences 
among samples were taken into consideration in the Approximate 
F Test (Table 7). As the years tested contained time differen
tials from 1 to 22 years, both short and long term changes appear 
non-significant. 

Areas 

Comparisons were made between samples from eastern an!l 
western Georges Bank (both regions in ICNAF Division 5 Z) within 
year, month, and size category strata in the same manner as 
described above. No significant differences were found when the 
Approximate F Test using sample to sample differences was ap
plied (Table 8). 

The same procedure was followed to test differences be
tween samples from Browns Bank (ICNAF Division ItX) and the 
Western Banks of Nova Scotia (ICNAF Division It W). No significant 
differences were found between these areas (Table 9). However, 
comparisons were only possible between the samples for each 
size category. 

A further series of covariance analyses were made between 
samples from Georges Bank and those for the Nova Scotian area 
within year and month and size category strata. The pooled 
analysis for large haddock showed a significant difference in 
adjusted means in the Approximate F Test (Table 10). Although 
the adjusted means were significantly different for scrod had
dock in the original test, this was not true for the Approximate 
F Test. However, the degrees of freedom in the latter case (3,5) 
wert! very small. 
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!Lonths 

T~ ~o.estlgate the variation between months, all samples 
of large haddock from Georges Bank were utilized for each month 
af yearly and area differences had been shown to be non-signi
ficant. Only for tllis size category and area strata were there 
enough deta for a meaningful comparison. These monthly regres
sions were tested by covariance analyses and significant dif
lerences were found among adjusted means (Table 11). The ad
justed monthly means of the loge weights were then computed and 
c.ompared using the multiple range test of Duncan (1955) with 
Kramer's (1956, 1957) adjustment for unequal sized samples and 
FinnEY's (i9~6) approximation for the variance term. There were 
no seasonal trends evident (Table 12), e.g., non-significant 
groupings such as January and July existed while the adjusted 
means for January and February were different. The lack of a 
seasonal trend is contrary to the conclusion of Clark and 
Dietsch (1959). 

Conclusions 

Several conclusions were evident from these analyses: 

1. Subsample differences were significant, 

2. Large differences existed among samples (trips) 
within strata, 

3. The sorting of fish into scrod and large categories 
produced significantly offset regression lines, 

~. Year to year changes were not significant, 

5. Samples within Georges Bank and the Nova Scotian 
regions were homogenous, 

6. Differences were found between the Georges Bank 
and the Nova Scotian region, 

7. Seasonal trends were not present. 

ECluations and standard errors for scrod and large haddock 
from Georges Bank and for the Nova Scotian area are set forth 
in Table 13. There was a loss of precision in three of the four 
total cquations over using the separate equations for each trip 
sampled. The highest of these ratios of respective mean squares 
was 1.~3 (Table 1~). However, it would be impractical to try 
and obtain a regression equation for each trip landed and for 
past data, this, of course, is impossible. There is no apparent 
statistical justification for using finer breakdowns into year 
or area s tra ta, and sampl e s for each month are no t avail abl e. 
Such differences that may actually be present between these ca
tegories were obscured by the large variation among samples. 
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'f1:!-= .-dl'f~-rences fouud in the length-weight regressions 

i,,.' ",,-" :)' U. l(I-I'~e~~ Hank «nil thG areas off Nova Scotia consid.ered 
in ~: . .t:,; .:,)Hlh';;:' agree wi i-h. f}t.her evideuce all the separation of 
the"e 8tt)~ld or had,lock. <},'ossl..,in (1962) reported that tag 
l'Bturns i d 'S<d,l:;r~ a Slllf\..~_l ciegree of movement between these two 
regions. llellnemuLlI at al. (in press) found growth rates of had
dock colleciuJ from southern and central Nova Scotia to be si
milar to each other, but differing from those on Georges Dank. 

I~ view of tho 18r~e sampling error, the use of length
weight regressions to compute the numbers of fish in the catch 
is inefficient. Sine,e r(}J' this purpose what is needed is the 
average weight per fish of the given lcngth frequency samples, 
R better procedurc would l,e to obtain the total weight of all 
fish measured and divide by the number of fish to calculate the 
av~'ra:;p weight of each oampl e .. 
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Table 1. Number' of trips sampled for haddock length-weight study 

Large Market Category 

Area Year Jan. Feb. Mar. Apr. May June July Sept. Dec. 

Western 1931 1 3 2 3 
Georges 
Bank 1932 2 5 1 

1933 1 

Eastern 1931 5 4 3 
Georges 
Bank 1932 1 1 1 

1941 = 2 

1942 3 5 

Browns 1931 1 
Bank 
and 1932 1 
La Have 

1933 2 

1942 2 1 

1955 1 1 

Western 1931 1 2 
Bank of 
Nova 1941 1 
Scotia 

1942 1 

F9 
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Table 1. (cont'd) 

Scrod Market Category 

Area Year Jan. Feb. Mar. Apr. May June July Sept. Dec. 

Western 1931 1 1 1 1 1 
Georges 
Bank 1932 2 1 1 

1942 1 

Eastern 1931 3 1 
Georges 
Bank 1932 1 1 

1941 1 

1942 3 

Browns 1942 1 
Bank 
and 1955 1 1 
La Have 

Western 1931 1 
Bank of 
Nova 1942 1 
Scotia 

--
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Table 3. --Pooled analysis of covariance for subsample and sample variation for 
five selected trips. 

Source of variation DF SS 

Total 848 6.908 

Among samples 8 0.052 

Amorg subsamples 58 0.707 

Regression coefficients 29 0.236 

Adjusted means 29 0.471 

Within subsamples 782 6.149 

(2) Common subsample variation 811 6.385 

(1) * = significant at 50/0 level 

** = significant at 1 % level 

(2) For testing adjusted means among subsamples 

Gl 

MS 

0.0081 

0.0065 

0.0081 

0.0162 

0.0079 

0.0079 

F 

(1 NS 

1. 02 NS 

2.05 **(1) 
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Table 4. - -Pooled analysis of covariance among samples. 

Large Haddock 

Source of variation DF SS MS F 

Total 4708 35.497 .0075 
Common 4679 33.696 .0072 
Within 4650 33.384 .0072 

Between regression 
coefficients 29 0.312 0.0108 1. 50 NS 

Between adjusted means 29 1. 801 0.0624 8.67 ** 
Among samples 58 2.113 0.0364 

Approximate test 

. Samples 0.0624 (df ; 29) F; 3.85 ** AdJusted meanS 
Subsamples O. 016~ (df ; 29) 

Scrod Haddock 

Total 615 4.688 0.0076 
Common 610 4.422 0.0072 
Within 605 4.319 0.0071 

Between regression 
coefficient s 5 0.103 0.0206 2.90 * 

Between adjusted means 5 0.266 0.0532 7.39 ** 
Approximate test 

Regression coefficients 
Samples .0206 (df ; 5) 

F;2.54NS 
Subsamples .0081 (df ; 29) 

Adjusted means Samples .0532 (df ; 5) 
F ; 3.28 * 

Subsamples .0162 (df ; 29) 

G2 
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Table 5. - - Pooled analysis of covariance between size categories. 

Source of variaticn DF SS MS F 

Total 2573 20.439 0.0079 

Common 2557 18. 146 O. 0071 

Within 2541 17. 915 0.0070 

Between regression 
coefficients 16 0.231 0.0144 2.06** 

Between adjusted means 16 2.293 0.1433 20. 18 ** 
Approximate test 

Regression coefficients 
Size categories 0.0144 (df = 16) 

F = 1. 78 NS 
Subsamples 0.0081 (df = 29) 

Adjusted means 
Size categories 0.1433 (df = 16) 

F = 8 84 ** Subsamples 0.0162 (df = 29) . 

Table 6. - -Adjusted mean weights (natural logarithms) for samples of 
large and scrod haddock. 

Pair 
Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

Adjusted means 
for scrod haddock 

0.7597 
1. 2221 
0.8359 
0.9788 
0.7378 
1.0240 
0.9438 
0.7952 
O. 9705 
1. 1261 
1.1171 
0.9996 
0.9983 
0.9674 
0.6228 
1. 0369 

G3 

Adjusted means 
for large haddock 

0.8117 
1. 2468 
0.8384 
1. 0587 
0.7705 
1. 0844 
0.9742 
0.8334 
1. 0232 
1. 1383 
1. 1332 
1. 0552 
1.1713 
1. 0661 
0.6554 
1.1104 
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Table 7. -- Pooled analysis of covariance between years for identical months and areas. 

Source of variation 

Total 
Common 
Within 

Between regression 
coefficients 

Large Haddock 
DF SS 

2992 
2984 
2976 

23.928 
23.241 
23.061 

MS 

0.0080 
0.0078 
0.0077 

Between adjusted means 
8 
8 

O. 180 
0.687 

0.0225 
0.0859 

Regression coefficients 

Adjusted means 

Total 
Common 
Within 

Between regression 
coefficients 

Between adjusted means 

Regression coefficients 

Adjusted means 

Approximate test 

Years 0.0225 (df = 8) F = 2.08 NS 
Samples 0.0108 (df = 29) 

Years 0.0859 (df = 8) F = 1. 38 NS 
Samples 0.0624 (df = 29) 

Scrod Haddock 

600 3.521 
595 3.431 
590 3.362 

5 0.069 
5 0.090 

Approximate test 

Years .0138 (df = 5) 

Samples.0206 (df = 5) 

0.0059 
0.0058 
0.0057 

0.0138 
0.0180 

F =(1 NS 

Years 0.0180 (df = 5) F =<1 NS 
Samples 0.0532 (df = 5) 

G4 

F 

2.92 ** 
11.01 ** 

2.42 * 
3.10 ** 
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Table 8. --Pooled analysis of covariance between eastern and western Georges Bank 
for identical months and years. 

Large Haddock 

Soun:e of variation DF SS 

Total 
Comn,on 
Within 

Between regression 

2541 
2537 
2533 

coefficients 4 
Between adjusted means 4 

Approximate te st 

19.647 
19.224 
19.207 

0.017 
0.423 

MS 

0.0077 
0.0076 
0.0076 

O. 0042 
O. 1058 

Adjusted me ans 
Areas 0.1058 (df; 4) 

Samples O. 0624 (df ; 29) 
F ; 1. 70 NS 

Total 
Common 
Within 

Between regression 

725 
721 
717 

Scrod Haddock 

5.125 
4.679 
4. 645 

0.0071 
0.0065 
0.0065 

coefficient s 4 0.034 
0.446 

0.0085 
0.1115 Between adjusted means 4 

Adjusted means 

Approximat" test 

Areas 0.1115 (df ; 4) F; 2.10 NS 
Samples 0.0532 (df; 5) 

G 5 

F 

o NS 
13.92 ** 

1. 31 NS 
17. 15 ** 
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Table 9. --Analysis of covariance between Browns Bank and LaHave and the 
Western Bank of Nova Scotia 

Large Haddock 
Source of variation DF SS MS 

Total 149 1.108 .0074 
Common 148 0.972 .0066 
Within 147 0.945 .0064 

Between regression 
coefficients 1 0.027 0.0270 

Between adjusted means 1 0.136 0,1360 

Regression coeffictents 

Adjusted means 

Total 
Common 
Within 

Between regression 
coefficients 

Approximate test 

Areas 0.0270 (df = 1) F = 3.33 NS 
Samples O. 0081 (df = 29) 

Areas 0.1360 (df = 1) F = 2.18 NS 
Samples 0.0624 (df = 29) 

Scrod Haddock 

99 0.606 0.0061 
98 0.526 0.0054 
97 0.526 0.0054 

1 0.000 0.0000 
Between adjusted means 1 0.080 0.0800 

Adjusted means 

Approximate test 

Areas 0.0800 (df = 1) 
SampEs O. 0532 (df = 29) 

G6 

F = 1. 50 NS 

F 

4.22 * 
20.61 ** 

,(1 NS 
14.81 ** 
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Table 10. --Pooled analyses of covariance between Georges Bank and the 
Western Bank of Nova Scotia for identical months and years. 

Large Haddock 
Sources of variation DF SS 

Total 
Common 
Within 

Between regression 

1219 
1215 
1211 

coefficients 4 
Between adjusted means 4 

9.276 
8.266 
8.229 

0.037 
1. 010 

Approximate test 

MS 

0.0076 
0.0068 
0.0068 

0.0092 
0.2525 

Adjusted means Areas 0.2525 (df = 4) F = 4.05** 
Samples O. 0624 (df = 29) 

Total 577 
Common 574 
Within 571 

Between regression 
coefficient s 3 

Between adjusted means 3 

Scrod Haddock 

4.785 
4.069 
3.996 

0.073 
0.716 

Approximate test 

0.0083 
0.0071 
0.0070 

0.0243 
0.2386 

Regression coefficient Areas 0.0243 (df = 3) F = 1. 18NS 
Samples 0.0206 (df = 5) 

Adjusted means Areas 0.2386 (df = 3) Ii' = 4.49 NS 
Samples 0.0532 (df = 5) 

G7 

F 

1. 35 NS 
37.13 "'''' 

3.47 '" 
33.60 "'''' 
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Table 11. --Analysis of covariance between months for large haddock from 
Georges Bank. 

Source of variation DF SS MS 

Total 4957 50.996 0.0103 
Common 4950 38.230 0.0077 
Within 4943 38.090 0.0077 

Between regression 
coefficients 7 0.140 0.0200 

Between adjusted means 7 12.766 1. 8237 

Approximate test 

Regression coefficietWonths 0.0200 (df = 7) 
Samples 0.0108 (df = 29) 

F = 1. 85 NS 

Adjusted means Months. 1. 8237 (df = 7) 
Samples O. 0624 (df = 29) F = 29.22 ** 

F 

2.60 * 
236 .. 84 ** 

Table 12. - -Duncan multiple range test between months for large haddock from 
Georges Bank (Underlined values are homogenous groups). 

Months Jan. July March Feb. Sept. June April Dec. 

Adjusted 
means 1.4893 1. 4154 1. 2744 1. 2149 1. 2053 1. 1572 1. 1336 1. 0874 

Individual 
comparisons 
of adjusted 
means 

GB 
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Table 13. ·-·flegl-cssio,l "i;atistics for haddock length-weight estimating equations. 

Stand. error of Stand. error of -

Y at the mean Y at the mean 
Description .\!:quation of X of X 

Large haddock from 
Georges Bank Y=-10. 0580+2. 8053X +0.0014 +0.1015 

Scrod haddock from 
Georges Bank Y=-9. 2184+2. 5864X +0.0027 +0.0949 

Large haddock from 
A 

Nova Scotia area Y=-10.6191+2.9389X +0.0027 +0.0943 

Scrod haddock from 
Nova Scotia area Y=-9. 4570+2. 6362X +0.0043 +0.0255 

Table 14. --Loss of precision in using total regression equations. 

Mean square Ratio: 
Within mean square for the total total Number of 

Category for all trips samples regression samples samples 

Georges Bank 
large haddock 0.0072 0.0103 1. 43 43 

Georges Bank 
scrod haddock 0.0070 0.0090 1. 28 20 

Nova Scotia 
large haddock 0.0080 0.0089 1.11 14 

Nova Scotia 
scrod haddock 0.0065 0.0065 1. 00 -5 

G9 


