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Abstract:

A sampling experiment carried out on herring caught
in ICNAF division 4VN in November and December, 1974, and landed
at the ports of Sydney, North Sydney, and Louisbourg, Nova
Scotia, is analysed. The adeguacy of length-weight and age-
length keys is examined. Components of variance of catch
composition within and between landings are estimated.
Trends in catch composition with weight of landings, date
of capture, and area of capture are considered. Two sampling
techniques are compaved for bias. A method of smoothing
age~length keys is suggested.

Sampling-DesiQn:

The ICNAF Div. 4Vn herring fishery was chosen as
site for the experiment because it is one of the best sampled
Canadian herring fisheries on the east coast. As many
catches as possible from the 4VN fishery landed at Sydney,
North Sydney, and Louisbourg in November and December, 1974,
were sampled by taking two five-gallon buckets of fish from
separate locations in the load fov length freguencies and
retaining one fish per 1/2 cm length group per bucket as
a stratified subsample for ageing. Eight special samples
were taken to compare the use of five-gallon buckets with
one-gallon buckets. Before unloading began, one five-gallon
bucket and fOur one-gallon buckets of herring were taken
from the top of the load. Four more one-gallon buckets
of fish were taken, equally spaced through the load during
unloading. A stratified sample of one fish per 1/2 cm length
group was retained from the large bucket and none from the
small buckets. All fish were measured for total length
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to the 1/2 cm below the actual fish length. Stratified samples
were frozen and shipped to St. Andrews for ageing and de-
termination of a wzight-length relationshiop.

At St. Andrews, the fish in the stratified samples

were measured to the nearest millimeter, weighed to the nearest
1/10 gram, and aged by otoliths.

Analysis of covarianca was applied to the lengths
and welghts of fish in the stratified samples to determine
whether an ove-all weight-length kev was adequate to estimate
sample waights for the length freaquency samples. Two models
verae considered:

3
(W/1000) = a + b (L/100) and
1oge (W/1000) = a + b log, (L/100)
TYables 1 and 2 schow tha analyses.

The inclusion of a constant term in the length
cubzd regressions is appronriate since a regression line is
less steep than the corresnonding relation in a bivariate
population. Similarly, if weight were provortional to
langth cubed, then the slorne of the theoretical logarithmic
regression would be 3p when o is the correlation batween
log length and log weight for the stratified samnles., For
the overall regression, r = 0.98 so that a slope of 2.94
would he exnected if the cube law were correct for the bi-
viariate population. The observed slope of 2.877 is significant-
1y less than this so that allometric growth is indicated.

The fitting of individual constant terms and of
individual regressions allows departures of some landings
from th~ overall relationship to be detected., For both
models, reductions in the residual mean square due to in-
dividual constant terms and individual slopeas were statistically
significant. However, the total reduction was 25% of the
overall residual mean sguare for the length cubed regression
and 28% for th~ logarithmic regression so that biases in
applying the overall kev to individual sanples represent
no more than 1% of the total value. :

Determining separate length-weight relationships
for each landing inflates the varianre of the estimated
sample weight for length frequency samples congiderably.

In sampling designs employing length frequency samples

of 100 fish and stratified samples of about 40 £ish, the
variance associgted with estimating the m~an weights is

v2/100 (where o° is the residual variance about the regression)
uging the overall regression, but this variance becomes
44(1/100 + 1/40) using individual regressions. Thus,

the overall regression is to be preferred unless the landings
would be grouped into a few homogeneous groups.
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The L3 regression estimates sample weights to
about *4% (95% confidence), while the log regression is
accurate to *2%. There are slight signs of systematic over-
estimation of weight for very small and very large fish
using the log regreossion, but this should not be important
unless a landing contains a high proportion of very large
or.very small fish,

in general, th~ usual logarithmic length~weight
key was found to be satisfactory. )

Age-length key:

The fourty-four two-bucket samples were used to
construct an age length key (Table 3). This key was divided
into two keys by the landing weights in order to examine
differences between large (greater than 68 metric tons) and
small landings. Differences were visible between the keys
for large and small landinaos at the cross-over lengths
where one age becomes more common than the previous age.
Fig. 1 illustrates the transition in the proportion of
three-year old's and four-year old's. A chi-square test
showed that the differences at the transition of ages 2-3
and 3-4 were statistically significant ({1%). However, the
effects of this bias on estimated age composition is less
than 10%. The presence of trends in age-length keys related
to the size of landings suggests that the contributions
to the key be weighted either by allocating a higher sampling
rate to large landings at the design stage, or by giving
samples from large landings more weight than samples from
small landings when constructing the key. It appears that
the length compositions of large and small landings differ
as well, so that a proportional stratified sample (1 per
every n fish in a lenath group in the length frequency
sample) would be advisable if the weighting bv landings leaves
a significant bias. Further investigation is required to
determine whether area of capture is affecting the key,
since area of capture and weight of catch are related.

The age-length keys were examined to see whether
smoothine over adjacent lengths was possible. Fig. 2 shows
the loga-ithms of the numbers of age 3 & 4 fish at length
in the stratified sample. Some age one fish are included
with the two-year olds. The log numbers well approximate
parabolas, being better behaved than the proportions of
Fig. 1. Fig. 3 shows a parabola fitted to the log numbers
of fovwr-year olds at length in the overall kev. The good
fit of the parabola indicates that smoothing numbers at
age is a promising topic for further investigation. Parabolas
appear to fit well for all ages although close examination
is required., ) : .

In view of the slow growth of herring in Nov.
and Dec., the parabola of Fig. 3 is the theoretical dis-
tribution of log numbers of fish were schooling bv mixing
age groups of fixed length distribution (nommallv distributed)
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in varying proportions. this is contrary to the usual hy-
pothesis of fixed age distribution at length and mixturecs
of lengths.

If smoothing by parabolas is feasible, fewer fish
need be aged to produre a reliable age-length key.

Age Composition in Relation to Landing Weight, Area of Capture
afid Date of Capture:

Age composition of buckets based on the overall age-length
key was - plotted against weight of landing, date of capture,
and area of capture. Age composition was relatively homo-
geneous within days and differences between areas were apparent.
Slight trends in age composition with landing weights were
visible with smaller landings containing fewer old and more
young fish than larger landings. Further study, however,
i3 needed to secparate the joint contributics of day and avea
of canture. 'This preliminary analysis suggests ‘that strati-
fication by date and area of capture would substantially
increase the precision of age composition estimates for the
whole fishery.

Disversion of Ages Given the Overall Age-Length Key:

The use of two buckets of fish from a landing
enabled between and within landings dispersion matrices of
age composition to be estimated. Tables 4 and 5 show the
within landings dispersion and correlation matrices respective-
ly. Tables 6 and 7 show the same quantities betwean landings.
All variances are on a per bucket basis. The positive
correlationS between adjacent ages are largely due to the
corresponding overlap of lengths at age. However, the negative
correlations between young {2+3 vear old) fish and old
(6 & older) fish suggest that schools of different size ,
composition are being fished. It is possible that stratification
of lan“ings by date and area of capture may considerably
reduce the between landings dispersion.

Sampling Rates:

Landings were divided into four categories by
weight: 0-20 metric tons, 20-~75, 75-150, over 150. The
corresponding sampling fractions (no. of landings sampled/
number of landings in the categqgorv) were 0.133, 0.278, 0,345,
and 0.391 respectively. Thus, landings were not chosen
with =gual nrobability. In view of this, the age compositions
of the samples cannot be weighted bv landing weights of sampled
landinas and applied on a pro-rata basis to the total catch.
Instead, a more complex weighting, taking into account the
non-uniformity in choice of vessels is requir~d. Stratification
by date of capturs and area of capture avoids this difficulty.
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Size of Buckets:

Examination of the age compositions of large and
small buckets showed that the small buckets, on the average,
took 10% more fish of age two and three and 10% less fish
of age six and greater than the large buckets. Thus, the
small huckets yield a biased age distribution.

No trends were evident in the age composition
of different marts of the landings., Thus, it does not seem
to matter where a bucket of fish is taken.

Discussion:

Landing weights varied by a factor of fortv,
Thus, if landings were chosen at random, samples from the
largest landings would be given a weighting factor 40 times
that of samples from the smallest landings and would con-
tribute 1600 times the variance of samplr~s from the smallest
landings to the estimated total catch comvosition. Consider-
ing the differences observed between samvles from small and
large landings, even if insignificant, suggest that either
a larger pronortion of large landings should be sampled
(probabilitv proportional to landing weight) or else {if
possible) length freguencies from large and small landings
for homogeneous groups of landines (strata) should be pooled
before weighting takes place. Further studv is needed to
determine whether this pooling is possible for area-dav
strata.

Proportions in the age-length kev are better
estimated near the median length of each age class than
mid-way between the median lengths of two age classes. The
variance in estimations of a key could be reduced by sampling
more heavily the lengths of transition from one age group
to the next. This would require a sequential allocation of
rates of sampling in the stratified samples based on pro-
cessing the stratified samples as they are collected. This
approach is not feasible for the fishery under discussion,
but could possibly be applied elsewhere.

Possible biases in the age length key due to
differences b~tween landings can be reduced by proportional
sampling within a length stratum and the weighting of
contributions from different sizes of landings. This approach
increases the number of fish to be aged for a given pre-
cision in estimation of thre kev.

Smoothing numbers at age and length in the age-
length key by fitting parabolas to their logarithms appears
promising and may permit separate keys for different strata
of landings to be constructed reducing. bias due to poollng
over a heterogeneous set of landings.
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The relative sizes of the within and between land-
ings dispersions of age distributions suggest that one bucket
of fish per landing is adequate with emphasis on increasing
the number of landings sampled. However, there is little
additional cost in taking an additional bucket and strati-
fication, it appears, will reduce the between landings
disp~rsion considerably. Therefore, samples of two buckets
p~r landing are recommended.

In view of the differing sampling fractions for
differing sizes of landings and of the regularity of catch
composition for strata based on date and area of capture,
it appears that samples should be weighted against total
landi~gs in their respective strata.
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Table 1. ANACOVA War/100 = a+b(Lar/100)3

S5 Xp
Df (L?)? LW w2
Landings 43 21650.3 166l1.70 131.861
Error 816 101040 7251.37 547.654
Total 859 122690 8913.07 679.515
Partition of E and 8 into Camponents for R.egression and Deviations
ww ww .
Regression Deviations
Df g8 Df 55 M5 F
Error 1 520.411 815 27.243 0.03343 3.31
(*1%)
Sum 1 647.509 858 32.005
Landings 43 4.762 0.1108
Individual Regressions : SSReg = 523.456 , SSDev = 24,198 ©Df = 772
il . = = = V 2 =
Overall Regression : SSReg 647.5099 , SSDev 32.01 DE=1851 R 0.953
Reduction on SSDev Individual Regressions fram camon slope 3.0446 Df = 43

F = 2.259 (* 0.1%)

Reduction on SSDev Camon slope from overall regression 4.762 2 Df = 43
F = 3.316 (* 0.1%)

Slope : Overall regr 0.072647 , comon slope 0.07177

F8



Table 2. ANACOVA loge3 {(Wgr/100) = atb loge(uTm/IOO)

SS & XP
2 2
Df (log L) (2og L) (1og W) (log W)
Landings 43 3.3880 10.3927 32.9075
Brror 816 14.8110 41.9657 123.516
Total 859 18.1990 52.3582 + . 156.424
Partition of E(log w2 and S‘(1 og w)? into Components for Regression & Dev1at19n
Regr Dev
DEf 58 Df 58 MS F
Exxror 1 118.906 815 4.510 0.00566 4.85 (*1%)
Sum 1 150.632 858 5.792
Landings 43 1.182 0.62748

Individual Regressions : SS

pog = 119-320 , S, = 4.196  DE 772

3 - = = . 2
Overall Regression : ssReg 150.632 , SSDev ‘ 5.792 DEf 851 R 0.963
Reduction on SSDev , Irdividual Regressions from cammon slope 0.41400 Df 43
P =1.77139 (*1%)

Reduction on SSDev , Cammon slope fram overall regression 1.182 Df 43
F = 4.85 (*1%)

Overall Regression W__. = 0.00001541 L 2.877 , Common slope 2.8341

gr
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Ter:le 3. Overall Age-length Key

Length 1-2 3 4 5 [ 7 8 9 10 11+ Total
15.5 1 1
16 0
16.5 0
17 0
17.5 1 1
18 0
18.5 3 3
19 5 5
19.5 2 2
20 0
20.5 9 9
21 7 7
21.5 14 14
22 25 1 26
22.5 26 25
23 43 2 45
23.5 37 1 38
24 39 1 40
24.5 25 11 36
25 16 22 38
25.5 9 36 1 46
26 1 35 1 37
26.5 1 57 2 60
27 0 50 16 66
27.5 0 37 30 67
28 1 20 58 79
28.5 7 57 64
29 4 88 92
29.5 66 3 69
30 98 4 102
30.5 66 6 2 74
31 57 14 2 73
31.5 44 21 6 71
32 14 39 9 4 66
32.5 3 22 23 10 2 60
33 1 12 15 13 2 1 1 45
33.5 1 18 17 8 1 45
34 6 19 20 5 2 52
34.5 1 15 11 12 5 24
35 10 16 17 g 2 54
35.5 2 13 12 13 4 44
36 3 7 9 il 9 39
36.5 4 16 5 11 36
37 1 5 16 19 41
37.5 -2 9 15 26
38 3 3 11 17
38.5 1 8 9
39 5 5
39.5 4 4
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