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ABSTRACT

Healey, M, C., R. V. Schmidt, F. P. Jordan, and R. M. Hungar. 1977, Juvenile
Salmon in the Nanaimo Area 1975: 2, Length, weight, and growth.
Fish, Mar, Serv, MS Rep, 1438: 147 p,

This report documents the size and seasonal changes in size of chum
and chinook fry captured in the Nanaimo area in 1975. Chum fry, migrating
downstream in the Nanaimo River averaged 36 mm fork length (0.41 g). Fry
captured on the Nanaimo River mud flat and on beaches some distance from the
river mouth averaged only slightly larger than downstream migrants in size,
however, there were more large fish among the catches away from the river
mouth than in catches on the mud flat. Fry captured in 4-10 m of water or in
>20 m were progressively larger on average, although catches still contained
a significant number of small fish. Average size of fry captured in shallow
water increased only slightly with season, but the size of fry captured away
from shore increased rapidly in size after mid May, and fry captured over deep
water during the first week of July (the last’ week of sampling) averaged
88.8 mm fork length (7.54 g).

Chinook fry migratlng downstream in the Nanaimo River averaged 38 mm
fork length (0.57 g). Chinook fry remained on the Nanaimo River mud flat
until they reached a length of about 70 mm when they apparently moved seaward
and contributed to catches in June and July.

Length frequency histograms for chum captured by different gear each
week were often asymetrical or multimodal. A possible explanation for this is
that sampling was inadequate and did not truly represent population structure
each week.

Growth rate of marked chum fry averaged greater than 5% of body
weight per day for 5 different mark series. Fry migrating midway through the
run grew most rapidly, but differences between marked groups were small.

RESUME

Healey, M. C.,R, V, Schmidt, F, P, Jordan, and R, M, Hungar, 1977, Juvenile
.salmon in the Nanaimo Area 1975: 2, Length, weight, and growth,
Fish, Mar, Serv, MS Rep, 1438: 147 p,

Le présent rapport porte sur la taille des alevins et sur ses.
variations saisonnilres chez les saumons kéta et quinnat capturés dans la
reglon de Nanaimo, en 1975. La longueur moyenne 3 la fourche des alevins
kéta d'avalaison dans la rivi2re Nanaimo est de 36 mm (0, 41 g). Les alevins
capturés sur la vasjere littorale de cette rividre, ainsi que sur les plages
3 quelque distance de 1'embouchure sont, en moyenne, légerement plus gros.



- jiv -

Toutefois, il y a plus de gros poissons parmi les prises effectuées loin de
1'embouchure que parmi celles qui proviennent de la vasiére. Les alevins
capturés dans 4 3 10 m d'eau ou 3 des profondeurs de plus de 20 m ont une
taille progressivement plus élevée, en moyenne, méme si les prises
contiennent toujours un nombre significatif de petits poissons. La taille
moyenne des alevins capturés dans les eaux peu profondes n'augmente que
trés légdrement 3 mesure que la saison avance. Par contre, la taille des
alevins capturés loin de la céte augmente rapidement aprés la mi-mai: les
captures en eau profonde, effectuées durant la premidre semaine de juillet

(derniere semaine d'échantillonnage), ont une longueur moyenne 3 fourche
de 88,8 mm (7,54 g).

En moyenne, les alevins quinnat d'avalaison, dans la riviére
Nanaimo, mesurent 38 mm (0,57 g) & la fourche. 1Ils restent sur la vasiére
littorale de la rividre jusqu'd ce qu'ils atteignent une longueur de 70 mm,
aprés quoi il semble qu'ils migrent vers la mer pour apparaitre dans les
prises de juin et de juillet.

Les histogrammes de fréquence de la longueur des saumons kéta
capturés chaque semaine au moyen de divers engins de péche étaient souvent
assymetriques ou multimodaux. Un échantillonnage inadéquat, ne représentant
pas fideélement la structure de la population & chaque semaine, constitute une
explication possible de ce phénomeéne.

Le taux de croissance journalidre des alevins kéta marqués s'éléve
a plus de 5 % du poids total et ce, pour cinq séries marquées. La taille
des alevins qui ont migré au milieu de 1l'expérience a augmenté plus
rapidement, mais les differences observées entre les groupes marqués sont
minimes.



INTRODUCTION

In 1975 we began research on the population ecology of juvenile
Pacific salmon (Oncorhynchus spp.) during the first few months after they
enter the sea. Our research is part of a collaborative research project
on the ecology of young salmon in the seg which is emphasizing interactions
among young salmon, the1r food competitors snd their predators (Healey et al.
19764a) .

In 1975 our research centered on young salmon in the Nanaimo area,
particularly chum (0. keta) fry from the Nanaimo River. Our objectives were
to estimate the daily emigration of chum fry from the Nanaimo River, their
distribution and abundance in the local area and the contribution of Nanaimo
fry to the local population, their size and rate of growth, and their feeding
habits. A previous report dealt with the distribution and abundance of young
salmon in the Nanaimo area (Healey. et al. 1977). This report presents
information on size, condition, and growth of chum and chinook (0. tshawytscha)
fry in the Nanaimo area in 1975,

METHODS

We described capture techniques, marking technique, sampling
locations, and sample treatment in detail in the previous report (Healey et al.
1977), so we shall give only brief descriptions here. We captured chum and
chinook fry during their downstream migration in the Nanaimo River by inclined
plane traps set near the mouth of the river (Fig. 1). We operated the traps
from early March to late May and collected daily samples of chum for measure-
ment of length and weight. Chinook were much less abundant than chum and we
took only occasional samples between the end of March and the beginning of
May. We marked about 1% of the downstream migrants with fluorescent grit
(Healey et al, 1976b), applying six different colours of grit to different
segments of the run (Healey et al. 1977).

We sampled 23 different locations in the Nanaimo area for juvenile
salmon from April until July (Fig. 1). We sampled by beach seine on the
-estuary (Areas 18, 19) and on beaches in other locations. We sampled water
4-10 m deep near shore with a 50-fm X 4-fm purse seine and deeper water
(20 m) with both a 120-fm X 14-fm purse seine and a 4-m two-boat trawl.

We fished Areas 18 snd 19 each week from early March until the end of May.
We sampled Areas 1, 2, 4, 5, 8, 9, 15, and 16 (Fig. 1) by beach seine during
May. We sampled Areas 1 17 by purse seine each week from April to July.

We sampled Areas 2, 3, 5, 6, 7, 8, 9, 10, 12, and 13 monthly by trawl. We
sampled Areas 21-24 by purse seine every 2 wk from late May to early July.

Each time we captured young chum we preserved a sample of 30-50
unmarked fry plus any recaptured marks. We sampled chinook catches less
consistently snd usyally preserved no more than 15-20 per sample,

We measyred the fork length of each fish to the nearest millimeter
and the weight (preserved fish blotted to ‘remove excess moisture) to the
nearest 0.01 g.
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RESULTS

LENGTH AND WEIGHT OF FRY IN THE DOWNSTREAM RUN

Chum fry captured during the first 2 wk of the run were significantly
(P < 0.05) larger than those captured during the remainder of the run (Table 1,
Fig. 2). After Week 3 average lengths varied less than 1 mm and weight 0.02 g
or less. These variations were not significant. The smallest and largest
chum fry captured were 28 m, 0.22 g and 44 mm, 0.75 g, respectively. The
range in the length and weight of chum fry captured each week declined
throughout the run (Fig. 3). The average length and weight of chum fry was
36 mm and 0.41 g. '

Chinook fry averaged 38.3 mm fork length and 0.57 g, slightly larger
than chum fry. Chinook migrating during April were of constant size, but
those migrating in early May were slightly smaller (Table 1). The range in
length and weight of chinook each week did not decline as it did in chum.

The smallest and largest chinook fry captured were 33 mm, 0.33 g, and 45 mm,
1.02 g, respectively. .

Length and weight were significantly correlated in both chum and
chinook migrants. For chum, the slope of the log length/log weight regression
was 1.41 and for chinook the slope was 2.69 (Fig. 4, 5). The slope for chum
is considerably less than the slope of approximately three expected for fishes,
and suggests that the fry were growing on their yolk and body reserves and
probably not feeding significantly in fresh water. The more usual length-
weight relationship for chinook possibly indicates that feeding was initiated
in fresh water before migration, although many of the fry captured were
either recently buttoned or still had visible yolk.

Condition coefficient of chum fry (K = 100L® (c,,/w %) ranged from
0.81 to 0.93 in weekly samples. Weekly variations were not statlstlcally
significant, nor was condition related to the size of fry. This last
observation is inconsistent with the low slope of the length-waeight regression
for chum. If fry were in fact growing longer by burning body reserves and
yolk, then the larger fry should have had a lower condition factor (Table 2).

We marked successive segments of the run with different colours of
fluorescent grit (Healey et al. 1977). The next to last mark (blue/orange)
tended to lose its blue component. These fish were only distinguishable from
the last mark (green/orange) in recaptures from the mudflat (Areas 18, 19).

We combined recaptures from this mark with the last series unless clearly
blue/orange.

We released the first marked fry on Julian day 70 (March 11) and
the last on Julian day 144 (May 24). The release of different marks
extended over as many as 30 days (green/orange) and as few as 4 days
(blue/orange) (Table 3). Further discussion of the different mark releases
may be found in Healey et al.(1977). Fry marked at the start of the run
(blue) were larger than average but the size of fry varied little among the
remaining mark releases (Table 3).
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We calculated the weighted average day of release for each mark
as:

where: d 1is average day of release. _
N; is the number of marked fry released on day d; (days are Julian day).

We shall use this weighted mean day of release in calculating average
days at large for mark recaptures, and when calculating growth rate. For marks
recaptured before the last release of the mark to which the recapture belongs,
we calculated average day of release in the above manner using only releases
up to the day prior to the recapture. In the case of green/orange marked fry
the probable error in estimating days at large by comparing average release
date and recapture date is large because marks were released over a long
period of time (30 days).

LENGTH AND WEIGHT OF FRY CAPTURED ON THE MUD FIAT

We captured chum fry on the mud flat (Areas 18, 19) from the first
week of sampling (March 9-16) until the 12th week of sampling (June 3-10)
(Table 4). During the first week fry on the mud f£lat were of similar size to
those in the downstream run (37.3 mm), but in all subsequent weeks the average
size of fry captured on the mud flat was larger than the downstream migrants.
The presence of larger fry on the mud flat after the first week indicates
that at least some fry were residing and growing on the mud flat. Also,
although fry were moving in the river when we began trapping in early March,
substantial numbers had not yet moved downstream, since only small fry were
present during the first week of sampling.

The smallest fry that we captured on the mud flat were always well
below the average size of downstream migrants, and the average size of fry
on the mud flat was never more than 12 mm longer and 0.65 g heavier than the
average size of downstream migrants (Tables 1, 4)., These observations
indicate that, throughout our sampling, most of the fry on the mud f£lat were
recent migrants.

The average size of fry on the mud flat increased slightly between
March and June (Table 4), but the increase was considerably less than one
would expect from the observed growth rate of fry. We interpret this to be
further evidence for the preponderance of recent migrants in the mud-flat
population throughout the sampling period.

Slopes of length-weight regressions for each weekly sample varied
from 2.65-3.58 (Fig. 6-16). Slopes for Weeks 1 and 12 were significantly
less than most other weeks, while those for Weeks 4, 5, and 11 were
significantly greater than most other weeks. Slope and intercept were
negatively correlated indicating rotation of the length-weight regression
about some mean value rather than about the origin. For weeks with high
slope, longer fish were heavier and shorter fish lighter than weeks with low
slope.



Length-frequency histograms of weekly catches were either
symmetrical (8 wk), skewed to the right (2 wk) or bimodal (1l wk) (Fig. 6-16). o .
Fry from the early part of the run tended to reside on the mud flat while
those from the latter part of the run spent little time on the mud flat
(Healey et al. 1977). From this pattern of residence we would expect lengths -
in the first samples to be symmetrically distributed, those from the middle
of the run skewed to the right and, in the latter part of the run, symmetrical
again. In general this was the pattern; however, there was less skew than
expected and the presence of a bimodal distribution was surprising.

Condition factor for chum fry on the mud flat ranged from 0.79-0.96
(Table 2). Condition did not vary significantly from week to week, nor was
average condition related to the size of fry.

All six marks were represented in the catches from the mud flat
(Table 4). The average length and weight of marked fry captured in successive
weeks indicate rapid growth. When first recaptured marked fry were only
slightly larger than the average size at release (36.5-39 mm, 0.40-0.51 g)
while the last recapture of each mark ranged 41.8-53.8 mm and 0.68-1.79 g.
Apart from the first mark (blue) the average size of fry from each mark series
when last captured on the mud flat became progressively smaller with each
succeeding mark. These results are consistent with shorter average residence
time for later run fry noted in our previous report (Healey et al. 1977).

The first chinook fry that we captured on the mud flat were also
of similar size to the downstream migrants (Table 5). The average size of
chinook on the mud flat remained small until Week 8, after which chinook
increased in size, averaging 58.4 mm and 2.47 g when sampling terminated in
June (Table 5). The relative increase in weight of chinook fry on the
mud flat was 3 times that of chums, suggesting a much longer residence of
chinook on the mud flat. Mark returns for chinook suggested a similar
residence time to chum (Healey et al. 1977), but we recovered only 11 marked
chinook from the mud flat. The 11 marked chinook were generally of comparable
size to the unmarked (Table 5).

LENGTH AND WEIGHT OF FRY CAPTURED BY BEACH SEINE IN THE NEARSHORE

Chum fry captured by beach seine in the nearshore during Weeks
10-12 ranged in size from 30-84 mm and 0.20-6.08 g (Table 6). In average
length and weight they were comparable in size to fry captured on the mud flat
at the same time. No fry from the mud flat exceeded 64 mm and 2.30 g; however,
while fry larger than this were about 3% of beach seine catches in the near-
shore.

In two of the nearshore beach seine samples (Area 5 - Week 12,
Area 9 - Week 10) fry were significantly larger than those captured elsewhere
at the same time (Table 6). These two areas are among the most distant
sampling areas from the river; however, fry captured in these locations were
not consistently larger than those captured closer to the river. As we shall
show later, fry captured in these locations by other gear were, at times, also
larger than average.
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Slopes of length-weight regressions for these beach-seine samples
ranged 3.28-2.91 (Fig. 17-19). Between Weeks 11 and 12 the change in slope
(3.21-2.91) was significant and mimics a similar change in slope in gamples
from the mud flat (Fig. 15-16). Length-weight regressions for fry captured
by beach seine in the nearshore were not significantly different from those
for fry captured on the mud flat at the same time.

Length-frequency histograms for the beach-seine samples were all
skewed to the right (Fig. 17-19), with modal size 36-38 mm, indicating a
preponderance of recent downstream migrants in the catches together with a
few fish that had been at sea for some time. Most of the recaptures in
these samples were green/orange, a mark that was poorly represented on the
mud flat. It seems likely that the fry in the shallow water nearshore
at this time were chiefly later run fry which bypassed the mud flat to
occupy nursery areas more distant from the river. The larger fish in the
samples could be large emigrants from the mud flat or early migrants that
also bypassed the mud flat area in favour of other nearshore nursery sites.

Green/orange marks occurred in all our nearshore beach-seine

samples, and some red and green/orange marks recaptured by Mr. John Keyes

in Area 17 were turned over to us. The green/orange marked fry captured in
the nearshore beach seines were of similar size to those captured on the
.mud flat during the preceding weeks. We recaptured no marks from the

mud flat during Weeks 11 and 12, so direct comparison cannot be made. The
single red mark recaptured in Area 17 on Week 9 was of similar size to those
recaptured from the mud flat at the same time.

LENGTH AND WEIGHT OF FRY CAPTURED BY 50-FM SEINE IN THE NEARSHORE

Chum fry first occurred in the 50-fm seine catches in the 8th
week of sampling (April 27-May 3) in Mark Bay (Area 17) and Descanso Bay
(Area 6), near to the mud flat, and in Locke Bay (Area 5), one of the areas
most distant from the river. Fry captured during Week 8 were 33-57 mm in
fork length and 0.3-1.66 g in weight (Table 7). By Week 11 chum fry were.
available to the 50-fm seine in most sampling areas, and at this time ranged
in size from 32-84 mm fork length and 0.32-6.38 g. We continued to capture
fry with the 50-fm seine until Week 18, by which time catches were small
and sampling was terminated. On Week 18 the fry ranged in size from 53-111 mm
fork length and 1.31-14.46 g (mean 64 mm, 3.79 g). The average size of fry
captured in the 50-fm seine increased almost continuously throughout sampling
(Table 7).

Fry captured by the 50-fm seine in the different locations were
generally comparable in size except for those captured in False Narrows and
Boat Harbour (Areas 8 and 9). The fry captured in these locations were
generally significantly larger than those captured at the other locatioms,
particularly early in the season (Table 7).

Length-weight regressions for weekly samples had slopes ranging

- from 3.01-3,36. 1In spite of this small variation all weekly regressions
differed significantly from most other weeks. As with the weekly beach-seine
samples, slope and intercept were negatively correlated, indicating rotation
of the regression about some mean length-weight value, rather than rotation
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about a fixed origin (Fig. 20-30). Length-frequency histograms for each
weekly catch were bimodal or multimodal (5 wk), or skewed to the right (4 wk),
seldom symmetrical (2 wk). Bimodal or multimodal length-frequency distribu-
tions were not simply a result of overlapping different individual distribu-
tions from particular areas. Most areas contributed to the mode at small
size, while several areas contributed to modes at larger size.

Condition factor for fry captured by the 50-fm seine ranged from
0.87-1.00. week-to-week changes in condition were not significant, nor were
weekly values of condition for the 50-fm seine samples significantly different _
from values for flsh captured by beach seine (Table 2)

: We recovered mainly blue/orange and green/orange marks from the 50-fm
seine samples. We recovered other marks mainly in Mark Bay (Area 17). When
first recaptured the green/orange marks were consistently smaller than the
unmarked fish, but as the season progressed they caught up to and surpassed

the unmarked fish in size (Table 7). This suggests that significant recruit-
ment of small fish occurred in the population after marking stopped on the
Nanaimo River.

Chinook were abundant in the 50-fm seine catches mainly in June and
July. They ranged in size from 68-175 mm fork length and 3.67-73.2 g,
considerably larger than those captured on the mud flat a few weeks earlier. )
The average size of chinook in the seine catches did not show any consistent
trend with time. Examination of a few scales from these fish indicated that
the larger fish were yearlings, while the smallest were underyearlings, *
possibly from the Nanaimo estuary (Table 8).

LENGTH AND WEIGHT OF CHUM CAPTURED IN THE NEARSHORE BY 120-FM SEINE

Sma11 numbers of fry were available to the 120-fm seine early in the
season (Week 4). There was an early peak in catch by this gear in Week 8 that
was not present in the 50-fm seine catch (Table 9). Chum fry captured in '
the 120-fm seine were small and constant in size, from Week 4 until Week 10
(37.7-42.5 mm average fork length, 0.45-0.79 g average weight, Table 9).

After Week 10 the fry increased in size rapidly, and by Week 18 averaged
88.8 mm and 7.54 g.

: Fry captured in the different sampling areas were generally of
comparable size, although those from Snake Island (Area 4), False Narrows
and Boat Harbour were often significantly larger than those. captured elsewhere-
- (Table 9).

Slopes of length-weight regressions for weekly samples taken by the
120 fm seine ranged from 2.97-3.5. Early catches were small so that the
regressions are based on relatively few points. Most week -to-week differences v
were significant, although there were fewer differences among the early catches ‘-
(Fig. 31-43).

Length-frequency histograms for weekly catches again show strong
positive skew (8 wk), while distributions with obviously more than one mode
were less common than in 50-fm seine catches (2 wk). Of the 13 weeks when
we captured sufficient fish to plot a frequency distribution, only 2 wk had



symmetrical distributions, and 1 wk (Week 18) had a distribution skewed to
the left (Fig. 31-43).

Comparing the frequency distributions from the data sets for each
gear (Fig. 6-43) it is clear that distribution shapes do not correlate among
the data sets. The proportion of symmetrical distributions declines from
mud- flat beach seine to nearshore beach seine to 50-fm seine to 120-fm seine
samples, while evidence of skew and bimodality (or multimodality) increases.
The occurrence of pogitive skew is not surprising considering the skewed
pattern of downstream migration and rapid growth in the sea. The range of
sizes of fish in the samples also increases away from the river mouth and
away from the beaches. It appears that small fish may occur anywhere, but
large fish are found only in samples from deeper water. The movement of
large fish into deeper water would tend to reduce the possibility of skew
in samples from shallow water while increasing it in deeper water as observed.

Condition of chum captured each week by 120-fm seine ranged 0.81-1.03.
Week-to-week changes were not significant, nor did fish captured in the 120-fm
seine differ in condition from fish captured by some other method in the same
week (Table 2). Although there were no apparent differences in condition
of fry between gear types or between weeks within a gear type, overall the
condition coefficients of fry from the mud flat and nearshore were significantly
positively correlated with time. It seems doubtful that these changes can be a
result of allometric growth since there were no systematic changes in the length-
weight relationship with time. Fry appeared genuinely to improve in condition
as the season progressed.

As with the 50-fm seine catches, most recaptures in the 120-fm seine
catches were green/orange. Recaptured fry were of comparable size to unmarked
fry, however, unlike the situation in the 50-fm seine catches.

Chinook captured in the 120-fm seine ranged from 72-330-mm fork
length., Some of the largest fish captured returned to the water after measur-
ing fork length, so we do not have weights for the larger fish (Table 10).
Average size of chinook in the catches decreased with time. Size distributions
suggest that fish captured up to Week 14 (mid-June) were mainly yearlings
while those captured later included young-of-the-year also.

Chum fry captured by two-boat trawl were of comparable size to
downstream migrants in Week 5 (the first week of sampling with this gear), but
increased in size progressively until the last sampling period when they
averaged 82.6 mm fork length and 6.26 g weight (Table 1l1).

CHANGES IN LENGTH AND WEIGHT WITH TIME AND LOCATION

Comparison of mean length and weight of fry captured on the mud flat
and in various depth zones nearshore shows that early in the sampling there
was no difference in the size of fry captured in the various locations
(Fig. 44-45). Nor was there any obvious change in the average length or
weight of fry in the catches until Week 9. After Week 9 fry from the mud flat
and shallow nearshore waters remained small but those captured further offshore
by the two purse seines and the trawl became rapidly larger in size. Those
captured by the 50-fm seine were the first to show a rapid increase in size;
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however, they were overtaken by the fry captured by the 120-fm seine and
trawl in Week 13. After Week 13 fry captured by the 50-fm seine were always
smaller than those captured by the 120-fm seine and the trawl.

The average length and weight of unmarked fry captured in different
depths of water and distances from shore provide no clear picture of the
possible influence of size in directing offshore movement. Recruitment of
fry to the local population over several weeks and possible immigration of
chum from adjacent rivers are likely to confound the picture. The green/orange
marks, however, are a known subpopulation of Nanaimo River fish which were
recruited over a relatively short time. Comparison of their size in different
areas should provide a clearer indication of any relationship between size and
movement away from shore. Green/orange marked fry captured in different depth
zones by different gear types were all of comparable size, and none of the
differences were statistically significant, although there was a tendency for
those captured in the 50-fm seine to be larger than those captured in the 120-fm
seine and trawl early in the season, and smaller later in the season (Fig. 46-
47, Table 12).

GROWTIH OF CHUM FRY

Apparent growth rates may be estimated in two ways. A crude,
overall growth may be estimated from changes in the average size of fish in
the population as a whole after recruitment of new fry has ended. Regressing
length and log, mean weight against time for the fry captured after Week 12
(the end of the Nanaimo River fry run) yields an estimate of growth of 0.56 mm
per day or 2.4% of body weight per day. This estimate will be influenced by
any continued recruitment of small fish to the area or emigration of large
fish (resulting in an understanding of growth) and any mortality biased
toward the small fish (resulting in an overestimate of growth). From the
raw data it is not clear whether any of these biases dominate the data.

A second approach to the calculation of growth rates is to examine
changes in the size of marked fish with time. The marked cohorts are of
known age, within the error introduced by the time spent marking, and should
provide a picture of the growth of different segments of the run., The marked
cohorts also provide a preliminary comparison of the growth of fish captured .
in different parts of the study area.

All six mark series were represented in recaptures from the mud flat
(Table 13). The average estimated number of days at large for the recaptures
ranged from less than 1 day to more than 29 days. For the individual marked
cohorts, the range of days at large was from less than 5 for green/orange
marks to more than 24 for green. Returns were 30 or more fish from all the
mark series except blue and blue/orange. All of the mark series were
represented in the nearshore returns except for blue. Returns of series
other than green/orange were few, however, (Table 14). Average days at large
ranged from less than 3 to more than 52, The range of days at large is not
less than 20 for any mark series, so that significant growth should be evident.

Blue/orange marks tended to lose their blue component and then
appeared to be marked only with orange. Green/orange marks also sometimes
lost their green component and then appeared only to be.marked orange, but
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to a much lesser extent than the blue/orange. Green/orange marks far
outnumbered the blue/orange however. Recaptures marked with orange only
and too small to be from the original orange only mark we classed as green/
orange, but some of these could have been blue/orange. For these recaptures
we calculated an average release date based on the combined blue/orange and
green/orange releases.

We calculated separate regressions of log, weight on days at large
for each mark and for up to seven subdivisions within each series of recaptures
(mud-flat recaptures; nearshore beach seine recaptures; 50-fm seine recaptures;
120-fm seine recaptures; two-boat trawl recaptures; nearshore recaptures
combined; and nearshore and mud-flat recaptures combined) (Table 15). The
average weight of downstream migrants was included as a data point in the
regressions. The slowest rate of growth was shown by fry marked blue
(2.73% per day) and the most rapid by green/orange returns from the mud flat
(9.25%). Both curves are based on comparatively few points, however. For
those curves based on 10 or more points the rates of growth range 4.7-6.43%
per day.

The slopes of the regressions for the different areas do not present
any clear picture of differences between sampling areas. From the apparent
movement pattern of fry from mud flat to shallow nearshore to offshore we
would expect the mud flat and shallow nearshore data to indicate slower
growth than the offshore data. Although this pattern did occur it was not
consistent. Alsa, although differences in the regression slope between
areas were substantial, the differences were not statistically significant.

It appears, therefore, that the best representation of growth for each group
of marked fry is the regression using all the recaptures of that mark. All

the marked groups apart from the first (blue) appear to have grown at a rate

in excess of 57 per day. The data also suggest that the fish from the middle
part of the run had the best growth (Table 15). The growth rates estimated
from the mark returns may still be biased by emigration of large fish from

the sample area (resulting in an underestimate of growth) and mortality

biased toward the smaller fish (resulting in an overestimate). Unless size
selective mortality is a dominant factor in the population, the results suggest
that growth of chum fry is very rapid.

We also calculated regressions of length against time. For each
mark we calculated separate regressions for recaptures from the mud flat,
from the nearshore and for the combined recaptures (Table 16). Slopes for
the mud flat recaptures were always less than slopes for the nearshore
recaptures, in agreement with the observation that the larger fish move
offgshore, The regression slopes indicate that growth of the different marks
ranged 0.43-1.07 mm per day, and, excluding the slow-growing blue marks,
growth ranged 0.75-1.07 mm per day (Table 16). The slopes for growth in
length differ significantly between marks, and again indicate better growth
among the fry from the mid-part of the run.
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DISCUSSION

The data on length and weight of chum fry corroborate our earlier
conclusions about the migration pattern of the fry (Healey et al. 1977).
The mud flat population of fry appears dominated by recent migrants, although
some fry obviously spend long enough there to grow significantly. The same
is probably true of the shallow nearshore, although our data are not sufficient
to demonstrate this unequivocally.

Movement offshore was not restricted to large fish. Early in the
season there was an offshore movement of a small group of recent migrants,
and later on, when chum became generally available offshore, small fish were
common in the catches. Large fish were, however, most common offshore. That
movement offshore was related to size is also apparent in the comparison of
average sizes in the catches by different gear in different depth zones.
Early in the season, when recruitment from the river was still going on, fry
were of similar average size in all depth zones. Later, although the fry in
shallow water remained small, those captured offshore increased in size.

Fry in the intermediate depth zone were largest at first but later those in
the deepest zones were largest. The slower increase in size of fry captured
in the intermediate depth zone relative to those captured offshore has two

~ possible explanations: larger chum left the intermediate depth water and
moved into deeper water, or small fry were continually recruited to the
intermediate depth zone from shallow water but did not move into deeper
water until they had grown significantly. Probably both these mechanisms
are operating.

One point of inconsistency in this explanation is the presence of
small fry both onshore and offshore in mid-season when the fry captured in
the intermediate depths were first showing an increase in size. This could
be further indication that certain fry from the Nanaimo system do not occupy
the beaches but move offshore at once. This group appears to be a small
component of the population and would be quickly swamped by the greater
numbers of fish moving away from the beaches in early June.

The occurrence of larger than average fry in False Narrows,
Boat Harbour, and Locke Bay could be interpreted as a gradual emigration of
fish along shore as well as offshore. There was a slight tendency for fish
captured further from the river mouth to be larger in size for both the
50~fm seine and 120~fm seine catches, but this was not sufficient to explain
the presence of such large fish in Areas 8 and 9. Marked fish recaptured
in these two areas were not larger than those captured at other locations.
It is possible that the large fish were early migrants from some other
system.

Apart from the downstream migrants, the slopes of length-weight
regressions for all samples were in the range expected for salmonids. Most
slopes were greater than three and many were significantly greater.
Significant variations in slope from week to week, uncorrelated among gear
types, are difficult to explain. These may have no biological meaning but
may merely be differences in the response of samples to formaldehyde, or
they may indicate that our sampling was not representative.
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Variations in length-frequency distributions from week to week are
both interesting and perplexing. They suggest considerable heterogeneity
in the local population which was inadequately sampled by the gear we employed.
A possible explanation for the fluctuating number of modes in the frequency
distributions is that gchools of chum in the local area were relatively large
and size segregated, and that the purse seines sampled only a fraction of the
selection of schools each week. The interpretation here, as with the length-
weight regressions,is that our samples may not have been truly representative
of the local population.

Growth rates calculated from the marked fish indicate that the
differences in degree of utilization of the river delta by different segments
of the run did not result in markedly different growth rates. Fry from the
mid-part of the run appeared to have the best growth rates.

Growth in length and weight of chum fry were comparable with _
published growth rates for pink salmon during early sea life (LeBrasseur and
Parker 1964), and within the observed capacity for growth of chum-fed natural
foods (LeBrasseur 1969). The achievement of these growth rates implies
excellent feeding conditions and a daily ration on the order of 187 body
weight per day (LeBrasseur 1969).

The limited data on chinook indicate that some growth took place
among the fry residing on the mud flat. We recaptured too few tagged chinook
to permit an estimate of growth from marked fish. Away from the mud flat the
population of chinook was dominated by large yearlings early in the season,
but there was an influx of small fish in June and July which resulted in a
marked increase in catch per set and a drop in the average size of the fish.
Presumably the small fish entering the population at this time were 90-day
wonders from the Nanaimo River or were the survivors from the mud flat
population.

REFERENCES

Healey, M. C., R. LeBrasseur, J. Sibert, W. E. Barraclough, and J. C. Mason.
1976a. Ecology of young salmon in Georgia Strait, p. 201-209, In
G. 6unstrum [ed.] Proc. 1976 Northeast Pacific Pink and Chum Salmen Workshop.

Healey, M. C., F. P. Jordan, and R. M. Hungar. 1976b. Laboratery and field
evaluating of fluorescent grit as a marking material for juenile
salmonids. Fish. Res. Board Can. MS Rep. 1392: 1-17.

Healey, M. C., R. Schmidt, F. P. Jordan, and R. M. Hungar. 1977. Juvenile
salmon in the Nanaimo area 1975: 1. Distribution and abundance.
Fish. Res. Board Can. MS Rep. 1369: 1-161.

LeBrasseur, R. J., and R. R. Parker. 1964. Growth rate of Central British
Columbia pink salmon, (Oncorhynchus gorbuscha). J. Fish. Res. Board
Can. 21: 1101-1128.

LeBrasseur, R. J. 1969. Growth of juvenile 'chum salmon (QOncorhynchus keta)
under different feeding regimes. J. Fish. Res. Board Can. 26; 1631~1645.



- 12 -

TABLE |

LENGTH AND wEIGHT OF CHUM FRY SAMPLED DURING
THE DOWNSTREAM RUN TN THE NANAIMO RIVER

»

LENGTH (MM) * WETGHT (G)
N MIN, MAX, AVEW, S.E, * MIN, MAX, AVER, S,E,

NEEK WK
STARTING &4

»

9MAR 7S 1 &4 34 43 38,3 2.0 x 0,30 0,75 0,46 0,08
1 6MARTS 2 * UR L3 43 36,9 3,2 x 0,25 0,63 0,44 0,09
23IMARTS 3 x 215 31 44 36,8 2.0 = 0,25 0,68 0,42 0,06
IOMARTS 4 * 213 2R 40 35,5 2.1 * 0,30 0,59 0,41 0,05

6APRTS S %« {78 32 40 35,8 1.7 * 0,22 0,5 0,40 0,05
13APRTS 6 * 134 30 40 35,3 1,9 * 0,30 0,51 0,80 0,04
20APRT7S 7 %= 100 13 19 34,0 1.2 *« 0,30 0,50 0,40 0,04
2TAPRTS & x {40 37 19 35,5 1.5 * 0,28 0,55 0,40 0,05

AMAYT7S 9 % 120 39 38 35,4 1.4 *x 0,29 0,51 0,39 0,04
11MAY7S 10 % 140 34 IR 34,1 1.1 *x 0,30 0,51 0,40 0,04
18MAYT7S 11 x &0 3 19 3%,% 1.5 x 0,29 0,56 Nn,39 0,05

hAkhkk * % * % * Kk kK * % & x wkdkk kAN 1 3 2 & 1 L2 & 31
TOTALS 1412 °8 44 36,0 1,9 * 0,22 0,75 0,41 0,05

LENGTH AND WEIGHT OF CHINOOK FRY SAMPLED DURING
THE NOWNSTREAM RUN IN THE NANATMO RIVER

NEFK Wk % LENGTH (MM) * WEIGHT (G)
STARTING # = N MIN, MAX, AVER, S.F, * MIN, MAX, AVER, S.Ee.
GQMARTS 1 % 0 0 0 0.0 6.0 = 0,00 0,00 0,00 0,00
16MARTS e * 0 0 0 0,0 0,0 = 0,00 0,00 0,00 0,00
2IMARTS 3 % 0 0 0 0,0 0,0 x 0,00 0,00 0,00 0,00
IOMARTS 4 x 1 318 38 0.0 0,0 * 0,58 0,88 0,00 0,00
6APRTS 5 % 26 35 42 38,8 1,7 * 0,41 0,69 0,57 0,08
13APR7S 6 x 21 35 42 38,9 1.5 == 0,41 0,78 0,61 0,08
20APRTS 7 =* ? 37 41 39,0 2,0 x 0,50 0,67 0,58 0,09
274PRTS & » 20 36 41 3R,7 1.6 * 0,42 0,74 0,59 0,09
UMAYTS 9 %« 20 33 45 38,3 2.7 * 0,33 1,02 0,52 0,14
11MAYTS 10 =* 0 0 0 0,0 0,0 x 0,00 0,00 0,00 0,00
18MAYT7S 11 % 0 0 0 0,0 0,0 % (0,00 0,00 0,00 0,00
* % & K xw * % * J & & * & %k »* kkkk Fhkk 1 2 & & b & & & |
TOTALS 90 33 45 38,3 2.2 * 0,33 (1,02 0,57 0,10

* »

* % % % % % X ¥ ¥ A X %

* »

¥ % % % % % % % % ¥ ¥ ¥ *
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TARLE »

LFNGTH AND AETIGHT QF CHUM FRY SAMPLED

AR

RY SEACH SEINE IN

€A

THE

NEARSHORE ARFA

JESSE TSLAND

LENGTH (MM)

HANMAOND BAY

MNoMYn, AN, AVFR, S,.F,
UNMARKE D
113 2 A4 41,72 R,.p
GReOR
34 53' 56 17,9 3.6
AREL 2
LENGTH  (MM)
NoMTR, MAXS AVER, S,F,
UMMARKED
951 L3 ) 70 43,5 7.9
GRei)R
7 LY ST 43,7 S.2

*
L 4

w

*

*

]

*

L]

MiN,

n,28

0,29

MIN,

0.20

0,38

NFIGHT (6)
MAX, AVER,
6,08 0.71%
1. R4 048
vk IGHT (G)
MAX, AVER,
3.,R5 0,R9
1.2 0.69
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TARLE & (CONT)

LENGTH AND WEIGHT OF CHUM FRY SAMPLED
BY REACH SFINE TN THF NEARSHORE ARFA

AREA 4 SMAKE ISLAND
LENGTH (MM) * WE IGH
NOMIN, MAX, AVER, S,E, * MIN, MAX,

INMARKE D

50 33 57 41.5 5.8 % 0,32 1,85

GR=(IK

AREA & LNCK BAY

LENGTH (M™) * ' WEIG

NOMIN, MAX, AVER, S.E, * MIN, = MAX,
UNMARKED

S0 34 S1 39,1 3.3 x 0,28 1,18

50 37 60 4A,2 4,9 w 0,45 1,87
. GReNR

17 15 41 37.3 2.0 = 0,31 0.6

L oX

) - |
| 8.2 Len)
ok
o ‘s

[ I
DN
Ll
[ 2
Ll
a1

oy

D
S0
e e

ot s
no



- 19 -
TARLE & (CONT)

CLEMNGTHR AND wWEIGHY OF CHille FRY SAMPLED
BY BEACH SEINE IN THE MFARSHORE AREA

AkFA & FALSF NARROWS
STAR??&E w: . N M]kf~2}?.(::%p. S.E. . MIN, ﬁﬁif“lv‘ﬁf
LINMARKE D)
1AMAYTS 11 & SO 38 S2 30,6 3.9 2 0,2R 1,28 0,54
GReDK

18MAY 7S 1) =» 8 L1 48 0N 4 2.7 « 0,37 0,99 N.58

AREA 9 ROAT HARBOR
DATE WKk w LENGTH (MM) * REIGHT (G)
STARTING & w N MIN, MAX, AVER, S.F, ®x MIN, MAX, AVER,
UNMARKE D
1BMAYTS 11 & 80 37 6B BO0,R 7.8 % 0,47 2,99 1,33
' GReR

1844Y7S 11 » 1 S84 S4 S4,0 0,0 « Y,46 1,46 1,46



- 20 -
TABLE & (CONTY

LENGTH anND wEIGHT OF CHUM FRY SAMPLED
BY HEACH SETNE IN THE RFARSHORE ARFA

ARFA 185 PILOT RAY
DATE wk x LERMGTH (MM) * WFIG
STARTING % = NOMIN, MAX, AVFR, S,E, x MIN,- MAX,
URNMARKED
11MAY7S 10 * 50 37 44 37.8B 2.nh x 0,31 0,59
GReOR
11MAY7S 10 » 19 35 39 36.9 1.0 = 0,28 0,53
AREA 16 DUKF POINT
DATF wK * LEMGTH (M) * WFIGH
STARTING 4 % N MIN, MAX, AVER, S.E., x MIN,  MAX,
UNMMARKE D
11MAYT7S 10 x 1n7 30 47 36,8 2.4 *= 0,21 1,05
25MAYT?S 12 = 50 33 42 3Hp,R 2.2 x 0,29 64U
GR=0R A
1IMAY7S5 {0 » 18 34 43 36,9 2.0 * 0,30 0,82
2POMAYT7S 12 = 4 34 3R 36,3 1.R x 0,39 0,51
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TARBLE & (COKT)

LENGTH AND aEIGHY UF URNMARKED CHUM FRY FROM ALL AREAS SAMPLED
BRY REACH SETNE IM THFE NEARSHORE AREA

LENGTH (MM) * WEIGHT (G)
NOMEN, MAX, AVER, S.E, x MIN, MAX, AVER, S,E,

11IMAYT7S 10 « 320 20 B4 3R,9 S,6 * 0,21 6,08 0,53 0,47
18MAYT7S 11 « 201 31 70 43,9 T,&8 x 0,20 3,85 0.,R7 0,56
25MAY75 12 + 100 13 60 42,5 6,8 x 0,29 1.87 0,73 0,36

DATE WK
STARTI NG 4

» %
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TABLE 7 (COMT)

LENGTH AND wETGHT 0F LUNMARKE( CHUM FRY FROM ALL AREAS SAMPLED
HY S0 FATHOM PURSE SEINE TN THFE NEARSHORE APREA

DATF wk = LENGTH (MM * WEIGHT (6)
STARTING ¥ » N MIN, MAX, AVEFKR, S,k, * MIN, MAX, AVER, S,.F.

274PR75 K « 34 33 S7 42,4 S,6 % 0,30 1,6 0,73 0,33
4MAYT?S 9 % 204 33 AR 45,9 7,3 x 0,26 2,68 0,93 0,51
1TIMAY7S 10 * 126 %4 A1 85,8 14,3 * 0,31 5,17 1,95 1.39
1AMAYZ7S 1t & 4S80 34 R 51,4 10,6 » 0,32 6,38 1,48 1,02
25MAYT7S 12 % 600 34 106 S57.R 15,2 * 0,33 10,51 2.,2R 2,01
1JUNTS 13 » S61 1K 111 87,6 12.6 * 0,39 15,69 2,24 1,83
BJUNTS 14 & A4K 34 102 59,3 10,3 x 0,31 11,34 2,25 1.44
15 JUN7S 1S » 344 an 107 60,6 11,7 * 0,58 13,52 2.40 1,78
22JUNTS 16 x 304 44 118 6k,1 10,9 x 0,69 16,78 2,98 {,R0
29JUNTS 17 & 257 4% 12R AR,9 14,9 « 0,83 23 .43 3,73 3,37
6JULTS 1n S8 &3 111 69,0 16,2 * 1,31 14,46 3,79 3,39

»
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TABLE R
LENGTH anD ®FJIGHT OF UNMARKED CHINOOK FRY FROM all ARKEAS SAMPLED
RY S0 FATHOM PURSE SEINE IR THF NEARSHORFE AREA
DATF wK =% LENGTH (™M) * WEIGHT (G)
STARTING # =% NoMIN, MAX, AVER, S.E, * MIN, MAX, AVER, S.F,
25MAYTS 12 % 1 74 74 74,0 0.0 x 5,43 5,43 5,43 0,00

1JUNTS 13 = 1 121 121 121.0 0,0

»*

20,97 20,97 20.97 0,00

15JUNTS 15 x 3R 70 175 96,7 19.5 x 3,67 73,22 12.72 11,26
22JUNTS 16 % |8 72 106 91,8 9.4 * 4,07 14,34 9,42 3,00
29JUNTS 17 *x  4s 69 127 95,4 13,9 * 3,77 25,47 11.04 4,84
6JULTS 1R x 33 68 118 QR,! 11,0 * 4,09 21,93 t12.62 4,34



- 31 -

Q

TARLE
AMD wFEIGHT OF CHUM FRY SAMPLED

NEARSHORE AREA

THE

FA1HOM PURSE SEFIME [N

FANGTH
(4]

L
HY 12

JESSE TSLAND

]
LEAGTH (mM)
M‘l.

MOMIA,

ARE A

AViRr,

IINMARKED

L S I I O X

JICCO LANMAMNSNCS
MC SO LLLNTO M o
2 ®© &6 6 8 O 8 06 0 8 00
cCTCOoCTCCCCMOMm

NN e NG A O v ot
TLMT MG I MWL
N AR EENN]
COCEC vivtot e (TN

MC e et NMenJFC MM~
NCMLO TN No M3 M
e 8 & 9 4 o0 80 58 00
—C OoOCMMMNNNI L

N e

MO et SN IO C O
AN N (NS o= Y ST UM N
® 8 € & & & & 8 0 0 v
OCCOCCTC rivteieil\}

L I 3 I o K A & W & W

LPCXL LN N LT
LR B B I IS S I
S C ML ELe LI N

- -—

LI OO ILANMTNO N
e ® 0 0 0 & & 8 0 8 00
MO LCOR ST CANT
I I NN OO~

FICAPANN—~CO D
FIMI O -

- o

NLV IS oI O
MMM NI I NI NS

PN CCCCCmC W
- NIRRT S PR

ERNEBEEAATARETRER
WS S =AMIS O~

G N G, O gt oy G Pt ey

Vol oXV ol od¥ oIV IV aRV ¥ odV o J ¥l ¥ ol
NN NN
XA>>>>ZPITZ )

QIF T T T,
CC e TN NO L
[ VR X 1AV - N\

GRe

« K &

< oC
o Mec
LI
coco

fa it
s 00
[Yatoalog)
LU L

N
£ €L

e

L2 L

® ux
NN

-t g

[TalValle

A

> 2
<>
k- Rwier]
NN
N e

HAMMDND RAY

’

AREA

SeF.

~ e
S 75 4
~a
-
&N oe
~—

e
23

*
MAX, AVER, S,E, * MIN,

LENGTH (vv)

NoMIN,

UNMMAKRKED

[ E R & & KR & E 4

L SN T O
NIV IO —Mn
o0 ¢ 00 00 0o
ccococMmMCcc—

MO T LIMM
ChITNAOXL C N
e o s 00 08
CCCetToiNN L

VPN —NNe-CcC
SIIMO LN NN
e 000 080 ace
Nyt 2N SO UNLN O

- -

—=ILNLL LN
MMNIN e~ CX O
e 8 & 6 8 0 8 o
CCCSrC N —

L 30 3 3K 3L JE B 08 &

ARNL T T =T
¢ ¢ e 0 e s s o0
FLNM LIV

TP ILNNCA
@ ¢ o & &6 0 00
- CME TS @
IIELNNLET

MISITICLCT
SO L=

- ——

MOIPNAVT
NS INS ©

JOoOCICT OIS
0 nhrac -

-—
BERABIAAR
NXOCINCM~T

O T P gt i gt

VTl ST Y AT T T0
IR AN
XXY>FZF22_4
A« D=2 D
- € S ier Lo Lavles 1o ]
SN T NG L
ne\ -~ - AN

ORANGF

0,82 0,82 0,00

D.82

0.0
GReP

46 Us,0

e

7

20APR7TS



- 32 -

9 (CcomT)

TARLE

ENGTH AND wFETGHT OF
0 F

ED
ORE AREA

Pt
SH

M
R
FIVE FINGER ISLANDS

SA
EA

RY
THE N

Chue F
THOM PURSE SETNF TN

1
A

L
RY 12

3

ARF A

”~ 8

O

~ Ll
—<

[, ]
==t 2
[VEL -}
2

x
MAX, AVER, S,E, * MIAN,

LENGTH (M)

N MIN,

UNMARKED

LA K X R & & & & 1

ncocN~—mMMo o
CCOoOOMOITIN
e e 000000
CCOC et O

N O Lo —=C L
S ATak= g 4T o of M o
T s e s 0 ue e
cCoCCCINIMM~

Lkl = oX ol do . J o ¥
NI LIL—~O

ccoocelLxTIn
-

W C Lo C N\
MINITUNO NN
e s s e e e
T CC TN —IMMN

KEXHXEXXK KK

cocoMmIao ot
¢ 9 &6 & 8 & ¢ 3 ¢
—_CCOM~LCLM0N

-—

SCoOCCAHILC T
e & & 0 & 0 0 0 0
naoo~nunrc o
PAMIMIMAPS O N o

SN TN
MMMV K O NC
-t

AXONNLNNS
PRI IO L LI

Nt et el = SO
[AVIUaT o VRN AN

LE K X & N & 3 & 4

e L

Lt ol ok od ol

T QST XTIV T IT IO ST YT,
NN NN
Yoox>rrz> )
aaa<wC>=S0O3D
AT AT YD
OO =N O
AN =N

GK=0R

3.66 3,66 0,00

3."6

71 71,0 0,0

71

15 »

15JUNTS

ShMAKE  TSLAND

4

ARE A

MAX. AVFR. S.El

LERGTH (MM)

MIN,

b

UNMARKED

W KAk KK

—~NIC I
=i MY v 0 UM
e s 000
GO\t P 3 MO

C MNJCe=CN

JICMI LN

¢ o & ¢ @

camMmLca
Ll

SALNLECWN
[l e - s ey Vg
o & 0 00 0
S =X PN

- P yO\jet

> 0O I~
[2%F7 a3V akY oF- o o}
LI S I
O oo e MY Y

L IR A B 2% B ¢

I LM~
¢t e o a0
N2

- e

ChaCCcox
e & & ¢ o @
NN R
MO O

-

R T alad
IS TN~

— = vt

IJI~A XN
AT AT ol AT AN &

~NC o
U ifie= 3 e

L K 3 SR K 3K J

—t J YL

Ty wad g— g

Vol YT QR TalT o}V o}
Lol ol ol A
b g g |
<D
b Law Rar Lav hae
G CNNO L
— e IN

Gk=(0OPR

*®

<

(=]
.

<

-
Y]

.
4

PSB!

4,31

7R TR,0 0,0

78

*

15

15JUNTS



- 33 -

TARLE
WETIGHT

9 (CONT)

LEAGTH AND
RY 20 FATHOM PURSE

THE NEARSHORE AREA

OF CHUM FRY SAMPLED
LOCK BAY

SETNE TN

s

LEMGTRH. (M)

NOMIN

ARE A

WEIGHT (G)

®x %

MAX, AVER, S§,E,.

x
x  MIN,

S.E.

MAX, AVER,

UNMARKED

L E 8 & B & B 8 &1

NOOCNCNC T
e CONL £ 6T
s e 0000000
OC OQeefy 2NN

N C e NOACI L
LI~ oL
I EEEEEEX]
CCOTNMNe— I NN

—CNN—T O
QoL XN T o~
e 0 8 O 0 0 8 0 0
CCCIP=IN LM

— Y o i

INCO NN
MNIJALOC LA
ee v 00 s s
COCwm O —NN

L I R B W & I & ¢

SNCSCIING TSN
e e 0 0 0000
nNnNc O N c

L vt gt

IANCTUrLCTX
e 0 0 0 8 00 0 0
NG LT OV G
IPNEC ORI O

N OIS O o
D F P P f o
- - ot oy

X QLM CA
3%354“556

X LC=NOCCCMCE
~ NS N

-
RERANNNFIES
NI ONE

ol e g g gt o

wan NN n
S S YN S S SN
AP 222 I
 § 2 - € g B Jovn s s
QLT F ey
CchJ TG O
[aVI s VNS A VIR T ¢ o V)

GRe«0OP

* & %

cCcc
oo
s 0 e
cocC

—pn L
Lalad o
e o 8
NN

-— MO
Ll gl o
[ N B ]

SINAN -

— L

Lol 4

s s
[N

x & &

LI )
cCCC

74.0
66,0
68,0

74
66
68

T4
,)
AR

DESCANSD BAY

6 .
LENGTH (MM)
MAYX,

MYhig

ARF A

S.E.

AVER,

LY

HMMARKED

LR & 3 3 B B & N & &R J

TILLOC ~XOPNNC
CrNCOLXTOTI=CT
o0 0 e0 0000 o0
CCTCCTCOCT OO

O X T OMNNINIT O
T LIIOIMOMNLT
e0 0 s s cs oo
CCTCCCrmrmmMpNnN

CCRCI LI XTUNT
(- 9 STl AVal of ST oVEe Jo - 71
s e 0 00 s e e 00
CQC=CoCIITIMCLCN
- e

OrtL Xt IP OO
[N alaalal a5 B VoL X = . o1 . &
e 6 & 0 8 &6 & 0 0 0 0 0
SOQOCCCTCwme=NN

AAERAXREXUARE K

NP Lo vt J o T
® & 6 & 0 0 8 ¢ 6 6 0 &
CATemwmAMNTCTOO

L o

NMJILUIIPTCTNN—MC
oo 0000000000
NG =A™~ LNAC LA
IMIMVMMMI NN OO

PP NN MO I
JINITPCLCOCLO L

NLARPMNC S
IR P IJ L DPLL

ALmLELSCCTT IMom
- LN M

SRR EREREIRS
N ALTCC=NMJP N LK

Lol ol od o L F o F T )

O LP N OBR IO IN
o P P P o P P P P P, PP
[« s 4 Sy B B B - b b S |
anaa<aaoI=o>
T AQ<CE S I Y=
C LM = O T D
M = e

GREEN

L Ly 1.2 0,40 0,51 N U6 0,08
GRelIR

40

37

6 &

134PR7S

L & &

MILo T
Cw=—CC
e 0 00
coccoccocc

L -4 ] B

MLooMnmng
s v e
C C ot M}

cCoan -
FJF =N
e 6 8 00
T C N

M o= O -
M F oy
s @ 8 00
QO C vtompnn

L 3 & & 1

rPMACC
e s s 00
SN~ o

NOINCC
s s 0 e e
AeC I~
MILNE

O L™~
MI LNO

~ g T
ML L

gt oot X

FuHBEN
S e NN

Lol ok LK X )

[To3l gV gl T4l Ty}
Ll o ol o
> 2
QAIITD
FTITITO
— @ N

oy e



- 34 -

9 (CNNT)

TARLF
TH AND WEIGHT OF CHLiu
ATHOM PURSE SEINE IN T

NG

LE
RY 120

HARMAC AREA

7
LENGTH (MM)
VAX,

NOMIN,

ARFEA

S.E.

~ e
(L3¢ 4
~ )

- <

[}
=t
<
z3

*
S.E. * MIN,

AVER,

HNMARKED

LE N & & & & & 8

FL O Pty LN
CwM~NIIMIT L0

e e 0000000
COCCotemietediN\JO\

TF O NP~ =N O
MUINNCO OO~
LI I S I S B S )

CCT eI O

O P et SN\ -
MOMNS OO0 OO
LR I R S
C—I M TiNe—CN

vt o= v

cIoNnNCcIIoCT
MMUNC NSO -
¢ &0 000000

L IE K 2K & 3 3K & K 3

oL NN o NNO
t ¢ o e 0 00 o

MO SO O N

- —

COIJICONNTO
LI I I I
LQTV NI O
RS A e1T AR I Vol o

T ALCOMNMIF = LT
MIPOCTLC v

ot o=t

LT TN LCAT
MMM I IS

nNC—CcCCccCo
NSNS SN

T EEREE X X R
N =M O

" g =~

[ IV ANt iV o3 Tl ValTalV a2¥ ot
PP NN
X> 2227 _)
QAT YT

I F IO

ChCU TN O
-0l N

RED
0.0
GR=0OK

n.74 0,00

0.74

I
~

L]
<

4,0

a4

44

*

B

27APRT7S

x X X X

ST CT v

CcCoOoo
e o 00
cCcCco

rowo

IJIIM~N
¢ & 0 @
Lol ot ol 4t

No o

AN
e 0
w—t e o MY

nona
JIIMNN
e 8 ¢ 0
e gt i (Y

®x K x

cccocc
s e 0 e
CC O e

cococc
¢ o0 0
s o

B Yl A 2

NSO

[TalVal? olt o

s O~

ey Lo

XX XX
—Curn

— et -

N N
N
»>2Z >

Lo - gl IS

TEFOD
oC N
— 0

R
LENGTH (MM)

M,

AREA

FALSE NARROWS

AVER, 8.E,

MAX,

N

L E X & & X

—O N O T
VMUNSNC O
e ¢ o0 0 0 0

| ceprunamn

HNMARKE i)

IO T
00 O

B =2 R 27 ]V ob o3 &)

VNIILNe—~C

Talpde S Sogl g B o

L I S I
[aV - sl o VRV o RN oIV o oo

vt o=t (\f et
QTS O
NI

e o0 e 0 0
C ot v ol vt o

LR A A I W |

lanRe gl iV o - - O\

o a0 8 a0
CrC —M 2

— g et g ]

NOUNA—ON)
e 0000
Wt NP vt N\
I~ GO

[TalValVats R ds BTal
L O C M e

gt g gy g

X Lo
M

MeeCCCCC
S E =gV o3V olVaaVal i)
—

*HK KK XKK
LMIN-LCH

et g . T et

[TalTailalTalVadT oyt ol
[ Ny
s 4> g - g g S |

GR=0OR

3,50 3,50 0,00

31.50

15 = w9 69 69,0

15JUNTS



WEIGHT
MIN, MAX,

9 (CONT)
HOAT HARRBOR
*
*

FINF InN THE NFARSHORE AREA
S.E.

- 35 -
TARLF
LENGTH AND WEIGHT OF CrHUw FRY SAMPLED
URSE §
UNMARKED

E
RY 120 FATHOM PUR
AVER,

MAN

9
LEMGTRH (MMm)

NOMEN,

ARF A

STAR'

LR B I & K &

~NLOMNOC
MmcuincncM
s s 00 s 0
ccnImnn

NOPNC I T
N C My
s 6 06 ¢ & 00
S LoOIXC

— J L O
Vaty oL VB~ Lt o g
"o 00 60 08
—C MO N T

-t (\2 ot (N}

—t o OGN M et O
MINONME O
* e 00000

L B B I

Loomdorsn
e s s 0 000
Lol I X

ot —

MCICOrII
CRCRC I R B
cCAMNI L
EE-K Qs ok &g

e NC
[Tal- R T R K o)

bl ad ol ol ol

M3PC L
Lal 1T A Vg o g

NGNS
M L

L]
AN RR
LML ONT

Oyt et

[VaIV RV ATT SRV a 1TV g
PPN
[ & 24> 3~ i |
o«a«>=>22322
L5 Tar Lov hav hardar
[t R TV gl 4 Hs o 4
~N —u

*x
*

S.t.

wEIGHT (G)
AVER,

MAX,

JAaCK POINT
MIN,

GReOR

UNMARKED

| KL

ARE A

L E & 8 K & & B J

MO 0NN — NN
NG LT

ccccocon~mm

NNTNC C O e
[Tl a1V gl s o X« -
R
CCCwieMNMWNY

LYW~
[Taloaks o ¥ e ot ol gl
see s 00 000
—CC MNCCC ™~

-

oo NN
NMNMNML> LXK L
o0 0 a0 000
COCOCT oot

AKXy

NC PO
s e 005000
ICNL Lo T

- o=

M X e TN
e 6 6 8 0 0 0O
0 Lo T LM
MININS S

LN e X N
NI~ o0 TN
-

AN II SRS

CrmITNTNT

(L E B & N B N X
XCr=NI LM~

Ll ol ol ok o ol o

NSNS
A»>ZP2P
agCaDI DD
<3 2D
[ oY Ry, oF 4 V0 0 o]
(Aol ol NN

2.03 t.52 0,51

1.01

GRe (R
52.5 4,5

587

4n

13

1JUMTS



- 36 -

9 (COnT)

OF CHUw

TARLE
PURSE SFINF

AND. WEIGHT

D
RE AREA

PLE
SHO

AM
AR
MENCASTLE ISLAND EAST

FRY §
THE NE

IN

FATHOM

ENGTH
0

L
HY 12

AREA 12

UMMARKED

XX KEKXXX

INo NN
COCMTNL
¢ 08068008
C O vromea(\§C

ITIIAMNMMNNT
IININOL
s a e s
CCNNIMLCN

c oo o

IO
s o 60 a0
coICNNT

gy

c oM~
IIJIOoCLOX
e 8 ¢ ¢ & & O
TS T eive=n

x KK XKKK

¢« 4 ¢ 8 ¢ 0 &
C NC O CC v~
-

bal=d7 e <% T sl el
e ¢ & & 5 8
[ e B o A2 o o
MMM~

C—C C0A O
WMII O —~C &

Lol

S g
MU OO

M= TN OM
—N I

x X K KN XX

LXINLHhT

Y o et oy —t

[N AN N
wry>zZ2F_A
aa>>2TDOD
L&~ Saw hev hep- law Leo |
MU NNO G
- e

GR=0K

3.89 0,09

3.98

72 71,0

70

15

15JUNTS

DEPARTURE RAY (SOUTH)

13
LENGTH (MMm)

MIN,

ARE A

AVFR‘ S‘E.

MAX,

N

UNMARKED

HEEKEKE XX KK

PN IONIT O
- I QNG O I X
s e s s 0 e v
COOCNOCO T vt

C N OO 0T
N OMING L,

[ R R R Y ]
CC TNty

WD N o= O NP
MG COC N

LI I R I I Y
NI O LM CM~
. l.

coLoINChD
s 066 a0 000

AN KX KKK K

OIS LM O VI
¢ & & ¢ & &a B 9o ¢
ML IO

- :

s 0 0 e 0 0

IIIPNLNLOLNO.

—J3 oL LT DO
O™ G T L
-4

IMNTITNT -0
MMIIMITIUCS

Moo oinNn
— NN VN

K EKEKEKEXXX KX

P OGN TN O X

! ot v - =

[T AV T AV IV AT VIV S
N N e A
¥>>F2Z2> 1
O3>0 D
as IHDnSS
S W — LTG0
R Y

RED

3.1 3,15 0,00

34158

S GReOR

69 69,0

69

11

18MAY TS

x X

oo

T e

rin
~~
>

T
W



- 37 -

§ (COnT)

TARLE

THE NEARSHORE AREA

LEMGTH AND wWEIGHT OF CHUM FRY SANMPLED
PILOT BAY

BY 126 FATHOM PURSF SFINE 1IN

AREA 1S

LENGTH (wmM)
MAX, AVER, S,.F,

MiN,

N

UAMARKED

K EK X XXX XX

F L SUNIMNLO
DT L MINI~T
« s e 008 00
CTOC e

NN T
IMCTNCTCMMINNY
e & & & & 0 0 @
CC o~ OMMININ

— NIy
NI oo o
e e 0 000 00
CSC—~C Lo

WO MO £
MIN T M M OO
e & & 0 8 0 ¢
CCOTCOC MY

LR BN B & X |

CC o inLC

LR I I I

e S MIC O T
- et

INCIrSLOT
s e 000 000
LOre~oCc Lo nn
M T IO

FUNNC O
(Tall

®RUEREXE

LN —=TINNX

T ) g

ATV RV ATV ol ANV Ai ¥ alT o]
[aadant ot o o A e N
[+ W4 B & Qe i Rus g
L By lae Lor Tep |
MC IO L
—0\ e e\

GR=s(KR

0.63%3 0,63 0,00

0,63

0.0

42,n

42

4p

11

1AMAY TS



- 38 -

TARBLE 9 (CONT)

LENGTH AND AEIGHT OF UNMARKED (CHUM FRY FROM ALL AREAS SAMPLED

BY 120 FATHDM PURSE SEINE JN THE NEARSHORE AREA

DATE wK * LENGTH (MM). * vEIGHT (6)
STARTING # * N MIN, MAX, AVFR, S,E, * MIN, MAX, AVER, S,E,
IO0MARTS 4 % 2 up 43 42,5 0,5 * 0,79 0,79 0.79 0,00
6APRTS S x 31 LY 49 40,9 S.,0 x 0,31 1.23 0.63 0,30
13APR7S b * 93 35 89 41,0 4,3 x 0,38 1,84 0.61 0,27
20APR7S 7 » 153 43 63 40,7 3,6 * 0,29 2.06 0,59 0,21
PTAPRTS 8 % 250 32 65 40,RB S,1 x 0,29 2.5%5 0.62 0,33
4vMaAY?7s 9 % 6 36 56 40,8 7,0 x 0,131 1.64 0,66 0,45
11¥AY7S 10 % 142 33 60 37.7 P.7 x 0,28 2,35 0.45 0.19

1AMAYT7S 11 x 209 LY 7R 46,9 7.7 x 0,29 4,71 1.07 0,66
25MAYTS 12 = 205 u0 90 Su4,5 9,2 * 0,53 7,62 1.64 1,07
1JUNTS 13 &« da7 39 119 60,8 {3,6 x 0,85 16,21 2.5R 2.0°2
B8JUNTS 14 » S24 3¢ 1314 49,0 13,2 * 0,54 18,65 3,72 2.53
1SJUNTS 15 x 644 43 127 71,3 16,0 x 0,67 23,48 4,27 3.52
22JUNTS 16 » 4Ry 42 156 71.9 18,2 * 0,74 42,48 4,20 3. 92
PJUNTS 17 » 393 51 145 RI.S 16.9 x 1,17 34,71 6,17 4,34
6JUL7S 18 x 272 55 125 RR.R la.4 =« 1,64 17,60 7,54 3,39
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TARLE 10
LENGTH AND WEJTGHT 0OF UNMARKED CHINAQOK FRY FROM ALL AREAS SAMPLED
BY 120 FATHOM PURSE SFIME IN THE NEARSHORE AREA
DATE wi LENGTH (MM) * WEIGHT (G)
STARTING # = N MIN, MAX, AVER, S,F, * MIN, MAX, AVER, S,E.
274PR7S A 2 279 308 292.,0 13,0 x 0,00 0,00 0,00 0,00

4mMAY 7S 9 » 7 138 330 285.9 63,0 & 23,00 28,00 2R,00 0,00
1IMAYT7S 10 = 2 141 29) 216,00 75,0 *x 30,75 30,7% 30,75 0,00
18MAYT7S 1) « 1 115 11S 118,00 0,0 * 17,19 17,19 17,19 0,00

1JUNTS 13 » 11 1te 150 132,9 9,2 * 17,11 36,96 26,34 5,70

8JUNTS 14 2 127 143 135,00 A0 x 28,35 35,12 31,73 3,18
1SJUNTS 16 = ) 95 171 133.0 30,0 x 9,80 H6.92 33.41 21,50
22JUNTS 16 » 21 7R 1RG4 14,8 31, R = 4,95 74,07 21,61 20,53
29JUNTS 17 » 3 T4 200 103,5 27.5 = 4,S8102,30 17.34 1§.67
6JULTS 1R x 3} 77 144 91,5 13,1 * 4,61 36,32 10,58 5,60
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TABLE 11t
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NOMIRG MAX. RVER. S.E. 3 MIN. MAK.
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12 49 R 61,9 10,3 * 1,40 7,04
9 60 107 RP2,6 172.9 *» 1,25 13,16
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OF CHUM FRY IN THE
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TARLE 15

REGRESSTONS OF LG #FIGHT 0m DAYS AT LARGF FOR FACH MARK SERIFS
MARK MARK A SLOPF S.F. [NTERCEPT S.E. % DAIL
COLOR SEKIFES INCKHFASE
RLUE SUDFLAT 4 0.0269 0_.005A 0,847 0.1024 2.72
ORANGE MUNFLAT R 0,0624 06,0063 -1.,031 00,0762 .43
¢ NE ARSHORF 30,0497 00,0097 -0,991 n,2699 S.04
! COMAINFD 10 0,08258 60,0048 0,943 0.088&8 5«39
GREE N MUDFLAT 7 06,0438 (30,0085 «),763 0.0765 4.47
SN F™ P,S, 5 00,0620 00,0088 =1,029 N.,2275 639
NEARSHORF b 00,0821 N,0065% =1.035 0,1551 6,40
COMBRTINED 12 N,0549 0,004% =0, BRU 0.0961 S.64
RED UNFLAT 5 0,0483% (,0045 =0,906 0.0523% 4.94
50 pm P.S. h 0 0619 0,.004A -1,037 N.,1301 6.38
120 F™M P S, 10,0887 0,003%a =0,916 06,0770 fe04
\FBQSHrkF 7 h.0628 00,0033 -1 .038 0.0872 6.48
COMBINFED 11 0,0622 0,.0026 -1,040 0,.0%97 6 U1
HL=0R% WIDFLAT 4 0,053 00,0147 -0,954 0.1076 5.50
NEARSHORF 2 0.0644 - -0,RAR - 6.65
COMBINED 5 0.,0672 0,0072 =1.009 0,0963 6£.95
GR=0R MUDFLAT 5 0,0885 0218 ~0.960 0.1160 9.25
NEARSHORE R,S, 9 N .02R4 nN13vS =) ,950 00,1604 2.RA8
50 F# P,S, 17 0,0462 00d6 -0.78) 0,1220 4.72
120 F¥ PS8, 16 0,N531 30,0068 -0,759  _0_,19&9 5,48
TAD KHNAYT TRAw| S 30,0850 00,0007 -0 857 N, 0234 5«65
MEARSHORF 21 0,058537 ©¢.0040 =N,879 ~0_,1148 5,.51
COMBINED 26 0,0875 0,003 016 - 0,08A9 5.91

7 =1,
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TABLE 16
REGRFSSINNS OF LENGTH ON DAYS AT LARGFEF FOR EACH MARK SERIES
MARK MARK
COLOR SFRIFS N SILOPF S,E,. INTFRCEPT
RLUF MUDFLAT 5 00,4394 0,100 6.6
ORANGE MUDFI AT 8 0,694 0,082 35.4
NEARSHOKRE 3 0,7599 0.170 Yd .2
COMRINFD 10 0.7465 0,060 34,6
GREEN MUDFL AT 7 00,5215 0,088 37.7
NEARSHORE & 00,9304 0,134 33.8
COMRINED 12 00,8080 0,099 3S.4
RED MUDFLAT o} N.5%84 N,111 35,8
NFARSHOKE 7 1.1133% 0,133 10,7
COMBRIMED 11 1.0749 0,104 30.5
BL=0OR MUDFL AT 4 0.,607R 0,126 35.8
NFARSHORE - - -
COMRINFD S 00,8760 0,098 34,7
GR=0DR MUDFL AT S 0.8961 0,204 35.8
NFARSHORF 21 0.9070 0,077 33.7
COMRINED 26 00,9244 0,065 2.6
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Fig. 1.

Map of the study area showing sampling locations.
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MEAN LENGTHS & WEIGHTS
OF CHUM IN DOWNSTREARM RUN
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Fig. 2. Mean length and mean weight of daily samples of fry from the Nanaimo River

between 9 March (day 68) and 20 May (day 140).
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RANGE OF LENGTHS & WEIGHTS
OF CHUM IN DOWNSTREAM RUN
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Fig. 3. Changes in the range in length and weight of fry captured each week in the
Nanaimo River. . .






CHUM - DOWNSTREAM RUN

N = b8 R = 0.687
SLOPE = 1.41 S.E. = 0.18
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Fig. 4. Relationship between length and weight of downstream migrating chum fry in
the Nanaimo River.
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CHINOOK - DOWNSTREARM RUN
N = 12 R = 0.940

SLOPE = 2.69 S.E. = 0.31
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Fig. 5. Relationship between length and weight of downstream migrating chinook fry
in the Nanaimo River.
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Fig. 6-16. Length frequency, and length-weight felationship
for chum captured on the Nanaimo River mud flat from sample
Week 1 (Fig. 6) to Week 12 (Fig. 16).

Week 1 = 9-15 March Week 8 = 27 April. - 3 May
Week 2 = 16-22 March Week 9 = 4-10 May

Week 3 = 23-29 March Week 10 = 11-17 May

Week 4 = 30 March - 5 April Week 11 = 18-24.May

Week 5 = 6-12 April Week 12 = 25-31 May

Week 6 = 13-19 April

Figure Symbols

N = sample size
B = regression slope
A = regression intercept
R = correlation coefficient
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Fig. 17-19. Length ffequency, and length-weight
relationship for chum captured by beach seine in
areas other than the Nanaimo River mud flat .
during sampling Weeks 10 (11-17 May, Fig. 17),
11 (18-24 May, Fig. 18), 12 (25-31 May, Fig. 19).
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Fig. 20-30. Length frequency, and length-weight relationship
for chum captured by the 50 fathom purse seine between
sampling Weeks 8 (Fig. 20) and 18 (Fig. 30).

" Week 8 = 27 April - 3 May Week 14 = 8-14 June
Week 9 = 4-10 May Week 15 = 15-21 June
Week 10 = 11-17 May Week 16 = 22-28 June
Week 11 = 18-24 May Week 17 = 29 June - 5 July
Week 12 = 25-31 May Week 18 = 6-12 July
. = 1-7 June

Week 13
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Fig. 31-43., Length frequency, and length-weight

relationship for chum captured by the 120 fathom

purse seine between sampling Weeks 5 (Fig. 31)

and 18 (Fig. 43). Dates of sampling weeks as in

previous figures.
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Fig. 44, Comparison of mean lengths of chum captured by different gear types
ea§1 week, R
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Fig. 45. Comparison of mean weights of chum captured by different gear types -
each week. '
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Fig. 46. Comparison of mean length of green/orange marked chum captured by
different gear types each week.
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Fig. 47. Comparison of mean weight of green/orange marked chum captured by
different gear types each week.
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