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Introduction

Fishery investigations often require information on the
relationship between length and weight of fish. Some studies,
for example, require estimates of the number of fish caught,
and these estimates can be obtained from length samples of the
catch using weight at length data, This report contains the re-
sulis of analysis of available data on length and weight of rediish
caught in the Northwest Atlantic, collected by the United States
Fish and Wildlife Service. Geographical and temporal varia-
tions are discussed, and equalions for estimating weight at length
are presented.
The Data

Lengths in milimeters and weight in grams were record-
ed for redfish sampled from the commercial landings. Redfish
are landed round, but have been siored on ice for varying periods
up to two weeks, A total of 2000 fish, in 22 samples, were ob-
tained from landings caught during the months of April through
Aupust 1951, in 12 gampling areas. In addition 300 more fish
were taken in 6 samples from landings from mixed subareas.

These sampling areas include fishing grounds in ICNAF Subareas
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4 and 5. A two digit code was assigned lo sampling units within
these Subareas, {lig. 1). 'The first digit of the code indicates an
area corresponding to an ICNAJ" Division, Division 4T is con-
sidered as a separate sampling area, 30,
Analysis

An equation of the form - W = clb was assumed. Lengths

and weighis were transformed by natural logarithims:

y=log, w, x-= log, L.

Regressions were fitied by the least square methodto the equation

atbx, .

e
il

where -

o+
It

1 .
Oge c.

Notation for regression and covariance analyses throughout this
report follows that of Snedecore (1956),

Comparisons between sexes

Regressions were firsl computed for each sex within each
sample, (Table 1), The diflerences between regressions of males
and females were tesled by covariance analyses. The F value¢® ob-
tained by pooling all 28 analysis (Table 2) indicated that there was,
on the average, no signilicant difference between the regressions,
Five of the 28 individual comparisons were significantly different,
but the pooled analysis showed that these differences were not con-
sisienl, Therefore, furither analyses in this study were made with

measurements of males and females combined within each sample,
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Table 2. --Pooled analysis of covariance between sexes.

Source of variation DF 55 MS
Total 2244 19. 8526 0.0088
Common 2216 19, 8219 . 0089
Within 2188 19. 5048 0. 0089

Between regression
coefficients 28 0. 3171 0.0113

Between adjusted
means 28 0. 0307 0,0011

B 1l

1.217

0.012
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Comparisons among month and areas

Differences among areas-within- moaths (Tabie 3) and
among months-within-areas (Table 4), were studied by both
separate and pooled covariance analyses. The differences in
adjusted means among areas-within-months were highly signifi-
cant in the pooled analyses, and in all but one of the individual
months., This could well indicate that redfish within each area
comprise independent stock units, It most ceriainly means that
the condition of the lish were different among the various areas
within the same months.

The adjusted means were significantly diiferent for samp-
ling area 30 and for Subarea 4 in the pooled analyses of covari-
ance among months-within-areas, although two of the three indi-
vidual sampling areas did not show such differences, However,
in the pooled analyses for Subarea 5 and Subareas 4 and 5 com-
bined, the regression coefficienls were significantly different.
In this case, the further test of adjusted imeans was superfluous.

Gonadal condition undoubtedly changed throughout the
months studied herein, which include the perviod of extrusion of
the young. As only malure fish would experience these changes,
it was possible that differences in the proportion of mature fish
from sample to sample could have been responsible for the differ-

ences in slopes.

B12
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Table 3. --Redfish lenglh-weight regressions: Analysis of covariance
among Areas within months.

ICNAF
Subarea

Month
N

M. S. for total
regression

M.S. for common
regression

M. S. within
samples

M. S. among
regression
coefficienis

M.S. among
adjusted means

Area
Month
M

M. S. for total
regression

M. S. for common
regression

M.S. within
samples

M. 5. among
regression
coefficients

M. 5. among
adjusted means

4
April

150

0. 0074

0.0074

0.0074

0. 0099

0. 0080

4 pooled,

All months

1250

0.0118

0.0114

0.0114

00,0090

0. 0828%*

* 5% level of significance

¥% 1% level of signilicance

4
May

300

0.0078

0. 0077

0.00717

0,0205

0.0469%*

0. 0058

0. 0057

0. 0058

0.0181

0.074L%

4
June

250

0.0289

0.0287

0.0287

0.0185

0.0697

5

June

150

0. 0060

0. 0059

0.0059

0.0001

0.0327*

B 13

0.0083

0.0078

0. 0078

0.0037

0. 1425%%

5 pooled,

All months

400

0. 0060

0. 0057

0. 0057

0. 0080

4

August

300
0. 0065
0, 0055

0. 0056

0. 0006
0,1083%=
4& 5 pooled,

All months

1650
0.0104
0.0100

0.0100

0. 0080

0. 0770%%



Table 4. --Redfish lenglh-weight regressions:
among mounths within Areas.

Area
N

M. S. for total
regression

M. S. for common

regression

M. S. within
samples

M. S. among
regression

coefficients

M. S. among
adjusted means

Area
M

M. S. for tolal
regression

M.S. for common

regression

M. S. within
samples

M. S. among
regression
coefficients

M. S. among
adjusted means

30

100

0.0083

0. 0070

0. 0089

0, 0070

0.1332%

14

500

0, 0077

0. 0077

0.0074

0. 0536%*

0.0143

* 5% level of signiflicance

#¥* 1% level of signilicance

-13-

42 & 43

550

0.0081

0.0075

0. 0075

0.0152

0.1273%%

21 & 22

150

0.0049

0.0049

0. 0047

0.0165

0.0098

B 14

51

100

0. 0050

0.0049

0.0048

0.0116

0.0151

Pooled sub-

area b

650

0.0071

0.0070

0.0068

0.0387%%

0.0125

63

450

0.0192

0.0191

0.0192

0.0063

0.0390

Pooled sub-
areas 4 & 5

1750

0.0104

0. 0100

0.010%

0.0225%*

0.04%2

Analysis of covariance

Pooled sub-

area 4

1100

0.0124

0.0120

0.0120

0.0108

0.0719%%
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To examine the above hypothesis, ithe samples were divided
into mature and immature fish, and covariance analyses made sep-
arately on these two groups to test differences among months with-
in an area. From data on size at maturity provided by George
Kelly, (U.S. Tish and Wildlife Service, Woods Hole, Massachusetis -
unpublished data), the author decided to use the following approxi-
mate dividing lines between mature and immature fish: Areas 14,
51, and 63, 25 mm,; Areas 21 and 22, 26 mm, ; and Areas 42 and
43, 29 mm. In the pooled covariance analyses (Table 5) the imma-
ture flish did not show signiflicant differences among months., How-
ever, slope differences were still significant for the mature fish,
Therelore, the slope differences observed in ihe original analyses
did not appear to be explainable by differing proportions of mature
and immature fish in the samples, The reason for the apparent
change in relative rate of growth among months is not known,

The assumption that there was no inter-action between
months and areas was made in order to test separately differences
among months-within-areas and among areas-within-months. In-
spection of Table 6 leads to the conclusion that such interactions
are probable, The b values tended to decrease [rom April to
August for each area, and increase [rom Norih to South [or each
month. The values were gencrally lower lor samples from Sub-
arca 4 than for Subarca 5 for corresponding months. [However,
when b values for samples iaken in June and July in Subarea 5

are comparcd with those from Subarea 4 laken in April and May,

cl1
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Table 5. --1951 Redfish lenglh-weight regressions.
Covariaunce analysis.

N
Total A
Common A
Total B
Common I3

M. S. for total
Regression

M. S. for common
Regression

M. S, wilhin
samples

M. 5. among
Repression
Coefficients

‘M. 5. among
adjusted tmeans

* 5% level of signilicance

Pooled Small+
Fish Ouly

488

-10, 952

-11.064

2. 966

2. 986

0,0186

0.0185

0. 0189

0.0030

0.0221

k1% level of significance

Pooled Large+
Fish Only

1255
-12.012
-12. 015

3. 167

3. 167
0.0095
0.0093

0, 0092

0, 01483*

0. 0327

+ Sce text for definition of "Large™and "Small'',

cz
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they are approximately equal. JFurther studies are necessary to
investigate the possibility of interaction. Differences in latitude
beiwecn Subareas 4 and 5 suggest the possibility that changes in
environmental faclors, which may affect condition of fish, occur
at different times in the Subarecas. Such changes could produce an
interaction between months and areas.

Estimators of length-weight conversion

The data examined in this study indicated that in mosi
cases a separate estimaling equation would be desirable for each
month and area, As data was lacking in many cells, such a pro-
cedure would not be practical. In addition, further analysis of
within cell variation is desired, In combining regression equa-
tions where significant differences cxisl, the comrmmon equation
is the least biased estimalor, The parameters of the estimating
equation lo,ge W = ath J_ugel necessary for converting length to
weight are given in Table 6 for each area and month, as well as
the areas and monihs combined.

The error mean square of the pooled analysis of covariance
among areas-within-months for Subareas 4 + 5 (0. 086) was great-
er than that for monlhs-within arcas {0, 070)., This indicated that<
differences beiween arcas were grealer ihan those between months,
When Subareas 4 and 5 weore combined, the pooled wilhin mean

square for monih-within-arcas was cousiderably larger than that

c5



-19-

for Subarea 5 separalely, and only sightly less than the within mean

square for Subarea 4, (Table 4). The b values for Subarea 5 are
also generally higher than those for Subarea 4, and those from
sampling area 30 were lower still. These observations indicated
that a single equation may be used for the Subarea 5, for sampling
area 30, (Division T of Subarea 4} and Division V, W, and X of
Subarea 4, without too much loss in precision, depending, of
course, on the purposes to which the data are put,

Sample size

The (ormula:
(F + 14 05/S§) .- {y - 1. 05 8y) = Sy.x 1/ 05’
. S ,

where t was chosen at (N-2} degrees of frecdom was used lo estimate
requiremenis of sample size for luturce length-weight gsampling, The
pooled estimate of the within mean square (0, 01) for area 21 and area
22 combined (Tables 2 and 3) was used as an estimate of Sy . xz,
Table 7 gives the widths ol lhe confidence intervals for various val-
ues of N, These dala indicale that there is little to be gained by
increasing size above 150 fish, and lbat 100 fish per sample would

be sufficient for most purposes.

(o
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Table T. --Confidence inlervals for various sample sizes.

Numbeyr of fish Confiflence interval
in grams
25 24
50 17
15 14
100 12
150 10
250 8
500 7
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