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ABSTRACT

The problems faced by scientists in charge of managing
Atlantic salmon (Salme salar) stocks are : i) how to maintain
spawning runs consisting of repeat spawners and large multi-sea-
winter (MSW) adults in the face of selective homewater and distant
commercial fisheries and, ii) how to more accurately predict
roturns of adults .

Using data from scales collected from maiden Atlantic salmon
grilse from two locations on the northern peninsula of
Newfoundland, St.Barbe Bay and Western Arm Brook, their length at

smolting was back calculated. These data were then used to examine

whether the St. Barbe commercial fishery is selective for salmon
of particular smolt age and/or size.

Analysis indicated that the commercial fishery selected
larger, but not necessarily older adults than those escaping to
Western Arm Brook over the period of this study, 1978 - 1987. It
was determined that less than average size smolts survived better
than above average size smolts.

Selection for repeat spawners, large MSW salmon, and larger

adults in

grilse has meant reductions in the proportions of the

the spawning runs on We

ern Arm Brook. This may impact the Western

Arn Brook salmon stock by incr

ing the population instability.

Sea survival was significantly correlated with selection by

the commercial fishery.
Characteristics of adults in Western Arm Brook during the

period of study (1978 - 1987) did not help in explaining yearly



variation in

a survival. The characteristics of smolts, however,

when subjected to multiple regr

sion analysis explained 57.2

percent of the yearly variation in sea survival.
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The ability to predict the number of adult Atlantic salmon
(§alno salar) that will return to a river is a very important part

of salmon management. Estimates of spawning escapements, i.e.

returning salmon, are central in any assessment plan. They provide
estimates of potential egg deposition which can in turn be used
in production/recruitnent relationships (Chadwick 1982) .

Taeally, one would like to have complete and accurate counts
of smolts which leave the river and adults which return.

Unfortunately, such information is only attainable from rivers

equipped with counting traps or fishways. Since not every river in

Atlantic Canada is equipped with these facilities, such data are

usually only available for so called index rivers. Index rivers are

relatively small rivers with stable flow regimes which minimize:

the chances of sudden washouts and allows total counts of fish to

be ma

1f meaningful comparisons and relationships are to be
made, index rivers should also be representative of surrounding
rivers in terms of basin relief, drainage area, environmental
conditions, substrate composition, vater chemistry , and a number
of other characteristics. A prime example of an index river is
Western Arm Brook, located approximately 2 km southeast of St.Barbe
(51°11'N and 56°46'W) on the northern peninsula of Newfoundland .

The role Western Arm Brook (WAB) has played in Atlantic salmon

arch has changed since 1971, when it was studied along with
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four other rivers on Newfoundland's northuest coast to assess their
possible role as a source of adult salmon for the stocking of
Torrent River, 90km south of Western Arm Brook (Riche 1973). It was
decided that Western Arm Brook was the best suited as a donor
river because of its healthy salmon population.

The transportation of adults from Western Arm Brook to Torrent

River commenced in the summer of 1972, and from then until 1976 an

tinated 600 adults were transported to the upper reaches of

Torrent River. This stocking program has proven very successful

with annual migrations of salmon on Torrent River today of 2,000
o 3,000 fish (Conrad Mullins, personal comm.).
since 1976, when the last transplants of fish from Western

Arn Brook to Torrent River were made, Western Arm Brook has served

as an index river for statistical area N, that part of the Great
Northern Peninsula north of Pointe Riche to Cook's Harbour (Fig 1).

Western Arm Brook is an index river for eight nearby rivers, all

shallow rivers with sinilar basin relief. They drain sedimentary
bedrock, and all have predominantly 1SW (grilse) salmon stocks
(chadwick 1985) .

Ccomplete counts of salmon migrations on W

exn Arm Brook have
been recorded since 1976, with the only exception being 1979 when
the first part of the smolt run was missed (Chadwick 1982).

Consequently, Western Arm Brook data repre:

nt one of the longest
tine series of Atlantic salmon data collected from an Atlantic
canadian river. Only the Miramichi and Restigouche Rivers of New

Brunsvick have longer data serie
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As a consequence of this long data series, Western Arm Brook

served as Chadwick's (1982) model for the first stock/recruitment

relationship developed for a Canadian salmon stock. Chadwick (1982)
analyzed the population dynamics of Atlantic salmon from Western
Arm Brook, and also utilized commercial fishery data from the
nearby St.Barbe Bay salmon fishery in his study.

The utility of index rivers, such as Western Arm Brook,
becones apparent when one considers the difficulties that would be
encountered if scientists had to treat every salmon stock in
Atlantic Canada separately. With an estimated 350 stocks (Chadwick
1985), and only a handful of biologists to manage them, it would
very difficult to treat each one separately.

Using index rivers allows r

reh for particular areas to be

concentrated on one river, or on one distinct stock. The following
data should, therefore, be viewed as data collected from one stock
(Western Arm Brook), which are used to manage stocks from eight
other rivers in Statistical area N.

a survival of Atlantic salmon in

Chadwick (1982) detine

Western Arm Brook, as the number of 1SW (grilse) salmon moving

upstrean, expressed as a percentage of the number of smolts moving
dounstrean the previous year. If sea survival was a constant, then
the number of smolts alone would be sufficient to predict returns

of grilse . However, sea survival for W

orn Arm Brook salmon has
fluctuated over the years from a high of 12.06% in 1978 to a low

of 0.8% in 1984 (Chadwick 1982,1985). Sea survival of salmon in

Big Salmon River (N.B.) fluctuated by a similar

ount (16.7% to
1.0%) for the ye

s 1966 to 1971 (3

op 1986) .
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For Western Arm Brook, 40% of the annual variation in sea

survival was associated with variation in the number of smolts

counted the previous year at Western Arm Brook (Chadwick, 1986).
Hence, 60% of the variation is caused by other factors. This 60%
unexplained variation has prevented scientists from making more
accurate estimates of the size of the adult salmon run.

one biological characteristic of migrating smolts which
correlates positively with sea survival is fork length. Ritt

(1977) showed that for smolts produced by Atlantic Canadian
hatcheries (in N.B. and N.5.), the length of the smolts at release
was correlated to

a survival. It was shown that smolts in the 19

- 21cm range had better sea survival than smolts below this si

Smolts larger than 21cm showed greater survival in some cases, but

. It was concluded that the sea

poorer sea survival in other c:
survival of smolts > 2lcm was inconsistent, suggesting an optimal

size of between 19 to 21 cm which maximized sea survival.

Larsson (1977), using smolts from Swedish hatcheries, also

showed that larger smolts had greater sea survival (as manifested

by a greater percent return of tags) than smaller smolts. Bilton

(1984), showed a size dependent
salmon (Oncorhynchus tshawytscha (Walbaum 1792)). He found that
larger smolts gave a substantially higher percent return of tags

survival in juvenile Chinook

than did smaller smolts; 1.9% return for 6g smolts as opposed to

9.6% for 12g smolts

These studi

used tagged smolts rather than wild untagged

smolts. Tagged smolts have been shown to have lower sea survival
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than wild smolts (Saunders 1968, Murray 1968), therefore, the
.y be questionable.

studies to wild smolts

applicability of the

Nevertheless they are a good starting point for the discussion of
the effect of smolt size on sea survival (Chadwick 1986). Chadwick
(1982), using wild, untagged smolts, studied the effects of
biological and environmental factors on the sea survival of salmon.
He found that sea survival was constant from 1971 to 1976, at
approxinately 6% and that it fluctuated from 12.06 % to 3.1 % over
the last four years of the study, from 1977 to 1981.

Sea survival vas positively correlated to the number of smolts
in the migration, a relationship expected due to autocorrelation

(Chadwick 1982) . There was also a negative correlation between sea

survival and size of returning grilse, such that sea survival vas
greatest when grilse size vas smallest. There was also a positive
correlation between sea survival and surface temperatures (Chadwick
1982). Houever, these correlations were statistically non -
significant

The local commercial fishery also affects the population by
selecting older, grilse (Chadwick 1982).

The commercial fishery also selected against larger multi -
with only

sea winter (MSW) salmon (>62.5cm) and repeat spawners
1% of the river escapement at WAB being MSW and repeat spawners
(Chadwick 1982, 1986). Also when sea survival was highest (i.e.

1978), there appeared to be less selection for larger and older

adults by the commercial fishery (Chadwick 1982).
The purpose of my study was to gain insight into the

relationship between biological factors associated with the smolt
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run of Western Arm Brook and the ability to predict adult returns
more accurately based on these relationships. As well I wanted to
test the hypothesis that the commercial fishery in St.Barbe Bay
elects larger older adults, by comparing adults sampled from

Western Arm Brook and St.Barbe Bay.
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2.1 scale collection

Scales from adult salmon were collected at two sites, WAB
(counting fence) and St.Barbe Bay, by DFO personnel during the
years 1978-1987. The only year in which no scales were collected
from St.Barbe Bay fishermen was 1982.

Scale collections from salmon caught by the commercial fishery
in St.Barbe Bay were made during daily trips to the local wharves
in Pigeon Cove and Anchor Point (Fig 2). These collections
commenced during the middle of June and continued until the middle
or end of August, when salmon nets were taken out of the water. The
sampling procedure involved measurement of forklength to the
nearest 0.lcm, weight to the nearest 0.1kg, and determination of
sex by presence or absence of a kype. Occasionally when the head
or lover jaw was missing, an internal examination of gonads was
also made. All information, including the date and fisherman's
name, was recorded on scale envelopes . A scale sample was taken
from each specimen with a scalpel or table knife. Scales were

collected from a region posterior to the base of the dorsal fin;

betueen the dorsal fin and the lateral line (Fig 3).
This region was scraped in the head to tail direction with the
back of the knife to remove mucous and dirt, then in the tail to
head direction to resove encugh scales for a sample (ca. 20). The
scales were then deposited on a piece of paper and placed in the
scale envelope containing the information on that fish.
If there were no scales present on the left side of the

salmon, scales we

taken from the same location on the right side.
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Chadwick (1982), estimated that from 1977 to 1981 50% of the salmon

rbe Bay were sampled, and since the methods have

landed from s
changed very little, it seems reasonable to assume that since 1981
50% or more of the commercial catch has been sampled.

Samples taken at WAB differed on two accounts. First, adults
were sampled as they passed through the counting fence and second
Jadults were sexed by external means only. The counting fence trap
was checked three times daily from May 9-16 to the end of October
or until ice encrusted the river. From 1978 to 1981, one out of
pled, and from 1982 to 1987, one out of

every six adults wa
every three adults was sampled. The data collected were the same
as those for commercially caught adults.

Scales were mounted on glass slides and later aged by DFO
technicians at WAB and Moncton after 1983, and at DFO St.Johns

prior to 1983.

2.2 Scale measurements and analysis

Historically studies on sea survival of salmon have used a
tagging study design. Both Atlantic and Pacific salmon smolts used
in these studies are measured, weighed, sexed, have a scale sample
removed, and are finally tagged using any one of a number of

techniques. The smolts are then released and counted when they
thods introduce

return on their spawning migration. These
variation because of the higher mortality of tagged smolts compared
to untagged smolts (Saunders 1968, Murray 1968). My study used no

tagged fish and only scales from virgin 1SW adult salmon. Due to
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scheduling conflicts and equipment failure, scales collected in
1979 were not analyzed.

Scales were divided into two groups, commercial scales and

river scales. The latter included scales from angled fish in years

1985,1987) . Comparisons

when angling was permitted (1978,1981,19
were made using these two groupings.

chosen for each year by using a

A randon sample of fish wa
table of random numbers (Rohlf and Sokal 1969). Scales from fish
chosen in this manner were examined under a microprojector to find
a scale that was suitable for measurement. Commercial scales for

1978 were measured using a Bausch and Lomb microprojector. Scales

for the remaining years were measured using a Fisher Ken-A-Vision

(model X-1000-1) The Fisher gave a

was no significant difference

much sharper scale image, but the
in measurements made with the two instruments.

slides were placed onto the

Scales mounted between two glas
stage of the microprojector and projected downward onto a piece of
blank white paper taped into position approximately 50.5cm from the
stage. The image of the scale was focused using 40X magnification
in a darkened room to give the clearest possible projection. From
the projected image two measurements were taken using Vernier
callipers.

First a measurement was taken along the longest axis of the
scale from the focus to the proximal end of the scale . This
distance was designated the total scale length (totlth) (Fig. 4).

The second measurement was taken along the same axis from the focus
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to the last river circulus - the end of freshvater growth. This
aistance was designated the freshvater length (fwlth) (Fig 4).

The length of a fish at smolting vas estimated using back-

calculation based on the following equation: (Anon 1984)

csmolth = adlth ( fwlth/totlth ) where :

ad1th = the forklength of the fish when the scales were
removea
fwlth = the distance from the focus to the last river
circulus; freshvater length
totlth = the distance from the focus to the end of the
scale; total scale length
cemolth = the predicted length of the fish when it left
the river as a smolt, or when the last river
circulus was laid down.

ALl statistical analysis vas performed using the BHDP
statistical package available on the VAX mainframe. Using adults
sampled from Western Arm Brook and, the commercial fishery
(st.Barbe Bay), yearly means were computed for the following

biological adult  forklength,

(adult) smolt forklength, weight and age. Mean characteristics of
smolts sampled from Western Arm Brook were obtained from DFO files.

Mean adult forklength, adult smolt length, and age were
compared each year between adults sampled from both locations using

paired t-test analysis. This was also done for the overall means
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of these characters (i

the mean of all the yearly means). Mean
adult whole weight was also compared using paired t-test analysis
for all years except 1978.

The mean smolt length of adults sampled from Western Arm
Brook, and St.Barbe Bay (year i+1) were compared to the forklength
of smolts sampled from Western Arm Brook (year 1) using paired t-

tests. Also, the mean age of lsw adults from W

ern Arm Brook
(year i+1) and the mean age of smolts from Western Arm Brook (year
1) were compared using paired t-tests.

Both biological characteristics of smolts and adults are
believed to affect sea survival of salmon. Smolt characteristics
used included, mean forklength, mean age, mean weight, and number
of

olts migrating. These were compared to sea survival using best
subset multiple correlational analysis.
Characteristics of Western Arm Brook adults were compared to

sea survival using best subset multiple correlational analys:

the:

included mean forklength, mean back-calculated smolt fork
length, mean whole weight, mean age, mean fwlth, and mean totlth.
Western Arm Brook adults vere used because they are the adults used
to calculate sea survival.

Three dominant smolt age classes are present in Western Arm

Brook, ag

3+, 4+, and S+. The possibility that these age classes
may have different sea survivals was tested by

comparing the mean survival of 3+, 4+, and, 5+ smolts using
analysis of variance (ANOVA). Sea survival for the different smolt

age classes was calculated using the following formula:



number of age x+ adults returning (year i+1) / number of
age x+ smolts leaving (year i) X 100, where X+ is

one of ages 3+, 4+, or 5+.

he in the mean forklength, mean
smolt length, mean whole weight and age between adults from Western
Arm Brook and those from St.Barbe Bay was used as a measure of the
selection by the comnercial fishery (Chadwick 1982). This selection
was computed for each characteristic for each year and compared to

sea survival using best subset multiple correlational analysis.
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3. RESULTS

Biological characteristics of adults sampled from Western Arm
Brook and, St.Barbe Bay varied from year to year (Table 1, 2).

For Western Arm Brook the largest adults occurred during the
1980 run, while the smallest adults occurred during the 1984 run
(Table 1). Adult (back-calculated) smolt length was greatest for
adults of the 1983 migration and, smallest for adults of the 1982
run (Table 1). Mean age varied from 4.13 to 3.59 during the 1982
and, 1978 migrations respectively (Table 1).

For St.Barbe Bay, in terms of forklength and whole weight, the
largest adults were caught in 1980. In terms of forklength, the
smallest adults were from 1978 and 1983. In terms of whole weight,
the smallest adults were from 1984 (Table 2). The mean age of
adults varied from 4.10 in 1984 to 3.42 in 1978. The mean age of
adults from St. Barbe Bay was consistently 4+ (Table 2).

Smolt forklength varied from 16.3 cm to 17.8 cm with a mean
of 16.9 cm (Table 3). Smolt weight ranged from 39.2 g to 50.3 g in
1985 and 1979, respectively (Table 3). The mean smolt age ranged
£rom 4.08 in 1982 to 3.62 in 1987, with the mean smolt age for the
majority of smolt runs being 3+ (Table 3).

The number of smolts emigrating has varied from a high of

/349 in 1979 (Table 3). Sea survival ha

20,653 in 1984, to
fluctuated greatly from a high of 12.07 in 1978 to a low of 0.60
survival was stable at

in 1987 (Table 4). Prior to 1979
approximately 6.0 % (Chadwick 1982). Since 1979 the decline in

survival for WAB has been alarmingly steady (Fig 5). Sea survival
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for age 3+ smolts ranged from 15.4 % to 0.7 %, for age 4+ smolts
from 14.8 % to 0.9 %, and for age 5+ smolts from 15.8 % to 0%
(Table 5)(Fig 5). The mean sea survival for each age class i
similar : 4.63 , 4.5% and, 4.7 respectively. The difference is not
significant according to analysis of variance (Table ).
Selection by the local commercial fishery for larger older
smolt - age adults was studied by comparing adults sampled from
WAB and St. Barbe Bay. Comparisons were made between mean adult

forklength, mean adult smolt length, mean whole weight, and

age (Table 6,7,8,9) .

Mean adult forklength was significantly different between the
locations for all years except 1978. For all other years adults
caught in the commercial fishery were larger than those sampled
from WAB (Table 6), (Fig 6). Mean adult smolt length was
significantly different between the locations for all years except
1978,

For all other years the back calculated smolt length of adults
caught in the commercial fishery was larger than that of adults

sampled from WAB (Table 7) (Fig 7). The same was true for mean whole

weight, for all years except 1978 adults caught in the commercial
tishery were heavier than adults sampled from WAB (Table 8). The
mean age of adults was different between the locations for 1980,

1981, 1984 and 1986. For the s adults caught in the

ye
commercial tishery were older than adults sampled from WAB. For the
remaining years there was no difference in the age of adults from

the two locations and, in fact adults sampled from the two
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locations in 1987 had the same mean age, 3.88 (Table 9).

Another

ure of selection was the difference between the
nean smolt length of smolts sampled from WAB and, the smolt length
of adults sampled from both locations the next year. This
comparison allows for the determination of how well the average
size smolt survives. The mean smolt length of adults returning to
WAB was significantly smaller than the mean forklength of smolts
sampled from WAB the previous year. For the commercial fishery mean

adult smolt length was smaller than the

n forklength of smolts
from WAB for four of the seven years sampled, yet there vas no
significant difference between the overall mean forklength of
smolts from WAB and the mean adult smolt length of adults sampled
fron St. Barbe Bay (Table 10).

smolts of 1

than average forklength survived better than
smolts of average or larger forklength.

The difference between the mean age of smolts from WAB and
adults sampled from the two locations the mext year were also
compared.

The correlation of sea survival with characteristics of smolts
sampled from WAB showed no significant relationships between
individual characteristics and sea survival (Table 12). The
correlation between sea survival and numbers of smolts emigrating
was not significant (P value equal to .23). The remaining
characteristics, although positively correlated with sea survival,

have very large P values and are not significant (Table 12).
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Multiple regre

sion analysis combined the characteristics
into groups to come up With the best set of variables to predict
sea survival. The best set of predictor variables vere forklength,
weight, age, and nusbers emigrating. The least squares multiple
regression line predicted by these characteristics is :

¥ = 182.1-17.0(forklength)+2.63 (weight) -1.51 (age)

+4+10exp-4 (smolts counted)
with a R' value of .572 (Table 12). Thus, 57.2% of the variation
in sea survival is associated with the combination of these
tactors.

The correlation between sea survival and characteristics of
adults from WAB revealed no significant relationships (Table 13).
The correlation cosfficients (R') were all smaller than the .50
value expected due to chance (Table 13).

Multiple regression analysis  combined  the  adult
characteristics into groups to come Up with the best set of
variables to predict sea survival.

The best set of predictor variables from the list of adult

was the set a1 fiwe;

forklength (X1), adult smolt length (X2), whole weight (X3), age
(X4), fwith (X5) and totlth (X6). This gave a non significant
relationship (P value =0.92).

In terms of adult

survival.

correlations with s
The multiple correlation analysis of sea survival and

selection by the commercial fishery was carried out to ascertain
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the relationship, if any, betwe

n the two. The best subset
regression analysis determined the best set of predictor variables
to be difference in forklength (X1), difference in age (X3), and
aifference in adult smolt length (X4). This set of variables gave
the following least squares multiple regression equation : ¥ =
20.73 - 11.01(X1) + 31.45(X3) - 2.53(X4) , with a R value of .8936
and a P value of .019 (Table 14b). This equation indicates that
as much as 90% of the annual variation in sea survival of WAB
emolts is associated with selection by the commercial fishery for
adult characteristics: forklength, age and, adult smolt length.

In years such as 1978, when sea survival was very high
selection for the characteristics sampled, especially forklength
and adult smolt length, was low (Table 14a,b).

In years such as 1984 when selection for adult smolt length
and age were very high, 3.4 and .43 respectively, the sea survival

was very low (Table 14a,b).
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4. pIscusszon

This discussion will concern itself mainly with two points:

1) an analysis of selection by the commercial fishery in St. Barbe

Bay and, ii) a of biological atrecting

sea survival.
4.1 The commercial fishery of St. Barbe Bay

The purpose of studying the commercial fishery was to

investigate two points suggested by an earlier study: i) that the

commercial fishery is responsible for selecting larger, older

grilse than those returning to Western Arm Brook and, ii) se

survival is highly correlated to selection by the commercial
fishery (Chadwick 1982).

The first question vas studied by a comparison of mean
characteristics of adults sampled from the two locations.

The comparison of adult forklength (Table 6) revealed that
the mean size of adults sampled from St.Barbe Bay was significantly
larger than that of adults sampled from Western Arm Brook for every
year betueen 1978 and 1967. The proportion of adults in the larger
size classes is higher for the group from St. Barbe Bay than for
the group from Western Arm Brook (Fig.6).

That the commercial fishery selectively takes the largest Fish
Was further demonstrated by a comparison of adult whole weight. In
all years except 1976 the whole weight of adults from St. Barbe Bay

significantly greater than the whole weight of adults from
Western Arm Brook (Table 8).

With respect to age, analysis showed that the mean age of
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adults from the two locations was significantly different in only
four of the years studied . For these years the adults from St.
Barbe Bay were older than those from Western Arm Brook (Table 9).
since 1982, the age of adults from St. Barbe Bay has been
significantly different from those at WAB for only two years; 1984
and 1986. Therefore, while the adults sampled from the commercial
fishery in St. Barbe Bay have been consistently larger they haven't
alvays been older.

A further comparison of smolt age of smolts from W

ern Arn
Brook (year i) and age of adults from the two locations revealed

that adults in both locations were older as smolts than the mean

age of smolts from the previous year (Table 11). This would suggest
that smolt age affects sea survival. The comparison of age class
survival rates (Pig 5) and Chadwick (1982) show that tremendous

variation exists in the sea survival of the three dominant smolt

age classes. When taken over the length of this study the
variations in age clas

survival are balanced out and the mean
survival for the three age class

are not signiticantly different

(Table 5). The commercial tishery s

ects the largest individuals
from all the age clas

present in Western Arm Brook and not only
individuals fron the older age classes

Comparison of adult smolt length between the two locations
rovealed that wults sampled from St. Barbe Bay were larger as
smolts than thote adults escaping to Western Arm Brook in all years
except 1978 and 1985 (Table 7). This is also shown in the graph of
adult smolt lemth cl

aistribution for the two locations (Fig
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7). The proportion of adults in the larger size classes is greater
for the St. Barbe Bay group than for the Western Arm Brook
group.  The comparison of smolt length of adults from both
locations and forklength of smolts from Western Arm Brook the
previous year (Talble 10) shows that for every year of study the
smolt length of adults returning to Western Arm Brook was
significantly smaller than the mean forklength of smolts from
Western Arm Brook the previous year. The smolt length of adults
from St. Barbe Bay although greater than that of Western Arm Brook

adults, was le:

than the forklength of smolts from Western Arm
Brook the previous year in five of the seven years studied.

These results suggest that sea survival is afected by smolt
size. It could also be said that survival (to WAB) is greater for

less than average sized smolts (approximately 16 - 17 cm) than for

larger smolts, a result not in agreement with findings of (Larsson
1977, Ritter 1977) .
Chadwick (1982) reported that in years of high sea survival

selaction by the commercial fishery was low and in years of low

sea survival selection by the commercial fishery was high.
While these factows (sea survival and selection) were highly

lated, the was not He concluded that

a longer data seri.

would indicate a significant relationship
(Chadwick 1982). As: predicted by Chadwick my results (Table 14a,b)
show that selection by the commercial fishery for adult

characteristics is significantly correlated with sea survival.

Aside from selecting larger maiden grilse, the commercial
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fishery has also been shown to select repeat spawning grilse and
large multi-sea winter (MSW) adults (Chadwick 1982). A MSW adult

st two winters and returns

is one which remains at sea for at 1
to its natal stream measuring >62.5 cm and weighing >3.0 kg , and

is referred to

mon® (Chadwick 1982b). A repeat spawning

grilse is an adult which spawns for the first time as a lsw

(grilse) adult and survives to migrate to sea for one winter after

which it returns to the river to spawn again.
Approxinately 8% of the commercial catch of adult grilse has
been shown to consist of repeat spawning grilse, whereas, only 1%

of escaping adults in Western Arm Brook were repeat spawning grilse

(Chadwick 1982, 1982b and 1986). In the past as much as 5% of the

MSW salmon destined

adults harvested in the commercial fishery we

presunably for Western Arm Brook (Chadwick 1982). Over the last

three years only tuo MSW salmon have returned to Western Arm Brook
and only ten have returned since 1983 (DFO unpublished data) .
This can be compared with Big Salmon River, N.B. where no
commercial £ishery is prosecuted from its honewaters. on Big Salmon
River repeat spawners constitute from 20 to 47 percent of the
spauning run (Jessop 1986) .
Grilse in Western Arm Brook have shown great potential to

express the repeat spawning phenotype as evidenced by counts of

Kkelts in Western Arm Brook which indicate that as high as 90
percent of the adult spawners survive spawning and leave the river
the next spring (Chadwick 1982, 1982b, 19867 DFO unpublished data).

This strongly suggests, given the Big Salmon River example, that
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removal of the St. Barbe Bay commercial fishery would result in a
significant increase in repeat spawners in Western Arm Brook.

The reduction or elimination of the commercial fishery in the
homewaters of Western Arm Brook would stabilize the salmon
population of Western Arm Brook by allowing larger grilse, repeat
spawners and large MSW salmon to become members of the spawning
runs. The inclusion of such adults has been stressed as an
important factor for the continued growth of salmon stocks in such
Maritime rivers as the Miramichi (Randall et.al 1985a) and
Restigouche (Randall et.al 1985b) where homewater and distant
commercial fisheries threaten to limit the availability of such
aquits.

4.2 Blological characteristics affecting sea survival

The simplest means of measuring sea survival is to count the
number of smolts and adults for a particular river (Chadvick 1986).
Forty per cent of the annual variation in sea survival of Western
Arm Brook salmon vas explained by variation in smolt counts, the
remaining sixty percent is reasoned to be due to biological and
environmental factors (Chadwick 1986). This study looked at some
biological characteristics of swolts and adults to help explain the
annual variation in sea survival, and to gain a clearer estimate
of sea survival.

Characteristics of migrating adults showed no significant
correlations with sea survival (Table 13). The negative correlation
between sea survival and adult forklength reported in Chadwick

(1982) was not observed in this study . A probable



2
explanation for this is that the correlation reported in (Chadwick
1982) was not significant and the more recent returns have shifted
this relationship.

Characteristics of migrating smolts have been shown to be
correlated to sea survival, particularly smolt forklength (Larsson
1977, Ritter 1977, and Bilton 1984). Indeed in this paper it has

already been pointed out that smolt forklength does affect sea

survival.

When taken by themselves positive correlations were expressed
between smolt forklength, weight, age and sea survival. These
relationships, however, were shown to be statistically non-
significant. This would indicate that taken separately these
characteristics would not help explain the annual variation in sea
survival any more than already can be done using smolt counts.

The correlation between sea survival and number of smolts
counted was able to be used to predict returns of adults to
statistical area N until 1985 (Chadwick 1985). The low sea survival
in 1985 was not predicted in that a high smolt run (20,653) had
been recorded. The low survival may have indicated that a number
of the assumptions used were not being realized (Chadwick 1986).

The multiple correlation analysis showed that when considered
together the smolt characteristics were significantly correlated
to sea survival. A line of least squares was calculated to be :

¥ = 182.1 - 17.0(forklength) + 2.63(weight) - 1.51(age)

+ 4.0%10exp-4 (smolts counted)

with a multiple correlation coefficient (R-sq) of .572, this
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equation explained 57.18 per cent of the variation in sea survival.
This is an improvement of almost 18 percent over the method using
smolt counts.

Future research on this topic should study environmental
factors of the marine enviromment to assess their role in affecting

sea survival of Atlantic salmon. Environmental conditions during
the first few months at

are very important in terms of their
probable effect upon smolts. Factors such as ice cover, water
temperature,

linity, turbulence and atmospheric weather patterns
are just a few of the many environmental factors which may explain

some of the variation in sea survival.
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Table 1 Blological characteristics of adult Atlantic salmon
ampled from Wes
Year
mean adult  mean adult mean whole mean
forklength  smolt length weight  age
(cm) (cm) (kg)
N mean s.d. mean s.d. mean s.d. mean s.d.
1978 61 52,8 3.1 151 2.2 3.59 .50
1980 38 542 2.9 15.2 3.0 2.08 3.84 .60
1981 55 52,4 2.7 15.4 2.3 1.62 .29 3.75 .55
1982 53.0 1.2 1.80 413
1983 106 51,5 2.1  15.9 2.8 1.56 .32 4.03 .50
1984 57 511 2.5 14.7 2. 1.46 .24 3.67 .65
1985 60 52.5 2.8 15.1 2.6  1.55 .31 3.90 .48
1986 32 53.0 2.9 147 2.1 1.65 .28 3.79 .59
1987 54 53.6 2.6 14.7 2.4 1.62 .28 3.88 .57




2

Table 3 Biologioal characteristics of adilt Atlantic saison

pled from St.Barbe
vear Biological

hean adult  mean adult  mean whole mean

forklength smolt length  weight  age

(cm) (cm) k9)
N mean s.d. mean s.d. mean s.d. an s.d.

1978 25 531 3.1 15.4 1.9 3.42 .48
1980 114  56.0 2.7 163 2.8 2.06 .32  4.01 .65
1981 107 545 2.7 17.0 1.89 .29 4.02 .60
1983 102 53.1 2.9 169 3.2 1.77 .26  4.02 .59
1984 35 53.3 2.7 18 4. 1574, .33 BE4510 77
1985 27 543 2.9 15.7 1. 27 403 .55
1986 127 17.2 3.2 41 408 .53
1987 54 16.9 2.6 1.95 .41 3.88 .60
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Tahle 3 lologlonl characteristics of Atlantic salaon saolts
Year Biological
eI gt age. number in
c) migration
x| meSySvourmaniby: aP Aokkan
1978 100 17.1 1.7 46.1 ERT 13,071
1979 195 17.8 1.3 50.3 3.82 8,349
1980 251 16.9 1.8  43.7 13.4 3.6 15,665
1981 174 17.2 1.6  46.5 12.2  3.90 13,981
1982 148 17.0 2.1  44.9 16.8  4.08 12,477
1983 129 16.6 1.4 40.7 10.6  3.78 10,552
1984 160 16.5 1.7  39.7 11.6  3.89 20,653
1985 129 16.3 1.7  39.2 13.4  4.02 13,417
1986 159 17.2 1.6  44.4 118 3.72 17,719
1987 199 171 1.8 42.7 12.9 .62 17,029




n

Table 4 Total counts of upstream migrating adults and downstream
Bigrating smolts st Western Ara Brook, and sea survival
its (year 141) to the number of

SRolts migrating (vear 1) * 100

YEAR  NO.OF SNOLTS  NO. OF ADULTS  SEA SURVIVAL
‘GouwTED ‘counTED x
1977 5,899 2.95
1978 13,071 203 12.07
1975 8,389 1578 5.21
1980 15,665 435 2.50
1981 13,981 452 2.80
1982 12,477 390 s.14
1983 10,552 1141 114
1984 20,653 120 0.80
1985 13,417 165 1.88
1986 17,119 252 2.1
1987 17,029 378 0.60

1988 15,309 103
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Teble 8 Cmpaciacn of s mnrvivalotratios ot returaing
adults to smolts counted the previous +100) for
the doninant smolt ages on Western Arm Y Brook, 1978 <

YEAR SHOLT AGE CLASS SEA SURVIVAL ( % )

SOURCE S5 DF  MSS  FP-VALUE  TAIL
AGE 0.2552 2 0.1226  0.01  0.9945
ERROR  538.20 24  22.425
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Table 6 Comparison of mean forklength (cm) of maiden lv adult
salmon from the St. Barbe Bay commercial fishery
Western Arm Brook, 1978 - 1987.

Year s.5aRsE WESTERN AR T-smaTIsTIC
5aY BROOK.
N MEAN S.0. N MEAN 5.0
1978 25 531 3.3 61 s2.8 3.1 0.1 a
1980 114 56.0 2.66 38 54.2 2.86 .63 %
1981 107 S5 271 55 52.4 2.67 478 %
1963 103 53.1 2.86 106 51.5 2.1s 423
1988 35 533 2.67 57 511 2.5 3.02 %
1985 27 543 288 60 52.5 2.75 2.80 %
1986 128 s5.1 3.11 32 53.0 2.80 3.5 %
1967 55 548 2.45 54 53.6 2.6 2.50 +

ALL YEARS 594 504 s2.5

W.B. 4 denotes all of the above relationships
are significant at level = 0.01
(a) denotes s relationship which is non-significant
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Table 7 Comparison of mean back-calculated swolt lengths

adults sampled from St. Fans Trod western
Brook 1975 - 1987-
vEAR s1.3ARBE WESTERN ARM T-sTATISTIC
BAY ‘BROOK
N MEAN 5.0. N MEAN 8.D.
1978 25 15.4 1.89 61 15.1 2.18 0.47 2
1980 114 16.3 2.83 38 15.2 2.98 2.05 ¢
1981 107 17.0 2.71 55 15.4 2.26 3.30
1983 103 16.9 3.24 106 15.9 2.85 2.49 *
1984 35 18.1 4.76 57 14.7 2.80 4.38 +
1985 27 15.7 1.90 60 15.1 2.59 113 a
1986 128 17.2 3.19 32 187 2.12 PR
1987 55 16.9 2.55 54 14.7 2.35 467 %
ALL 594 16, 504 15.1 2.56 5.73 »
N.B. * denotes relationship is significant at level = 0.01

denotes relationship

is

significant at level =

denotes a relationship which is not significant

0.
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Teble 8 Comparison of whole welght (kg) of adult salmon sampled
ron St.Barbe Bay and fro ern Arm Brook 1978 -1987.

7 - sTaTISTIC

1980 114 2.06 .320 38 2.08 -0.13 a
1981 106 1.89 .290 55 1.62 .294 s.52 +
1983 102 177 .260 104 1.56 .321 5.20 #
1988 35 174 .307 57 1.6 .237 4.38
1985 27 1.87 .266 60 1.55 .308 465 %
1986 128 1.4 .408 32 1.65 .275 3.79 »
1987 54 1.95 .405 54 1l.62 .277 4093 %
ALL 566 1.91 .347 475 1.6 .606 .58+
YEARS

[N  relationship wnich is not signiticanc

t these relationships are
e ot iat et o o0y

The weight of fish from Western Arm Bro not sampled for 1978,
T T s o R G TR S e A
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OF dult salnon sampled from
rn Arm Brook 1978 - 1987.

Table s Comparison of the
“Barbe Bay and W

YEAR S7.BARBE WESTERN ARM T - STATISTIC
BAY BROOK

N MEAN s.D.

1978 25 3.2 .476 61 3.59 .50 146 a
1980 114 4.01 .46 38 3.84 .601 147 4
1981 107 4.02 .601 55 3.75 .552 2.69 »
1983 102 4.02 .52 106 4.03 .503 -0.16 a
1988 35 4.0 .767 57 3.67 .653 2.8+
1985 27 4.03 .550 60 3.90 .480 1.08 a
1986 127 4.08 .53 32 3.79 .592 275 %
1987 54 3.88 .04 54 3.88 .572 o
ALL 591 4.00 .610 475 3.85 .es6 409 0
YEARS

N.B. a is not significant
very significant at

1= 0.01
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Table 10 Comparison of the mean forkiength (ca) of smolts sampled
stern Arm Brook (year i) and the back-caleulated

(Standara deviations in brackets).

YEAR  FORKLENGTH OF SMOLT LENGTH OF ADULTS
(i) WESTERN ARM ARM  FROM ST.BARBE
BROOK SHOLT:
(Year i) (vear i+1)
1977 17.0 (1.29) 15.1 (2.18) 15.4 (1.89)

1978 17.1 (1.69)

1980 17.8 (1.32) i (2.83)

1981 17.2 (1.58)

1982 17.0 (2.08) 15.9 16.9 (3.20)
1983 16.6 (1.42) 1.7 18.1 (4.76)
1984 16.5 (1.67) 15.1 15.7 (1.90)
1985 16.3 (1.66) 107 17.2 (3.19)

1986 17.2 (1.65) 1.7 16.9 (2.55)
1987 17.1 (1.76)

MEAN  16.96 (0.425) 15.0 (0.492) 16.7

COMPARISON OF THE ABOVE MEANS ( PAIRED T-TEST )
uEANS zEST P-VALUE

16.96 / 15.0 5.32 0.000

16.96 / 16.7 0.8 0.39
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Table 11 Conparison of the age of smolts sampled from
rm Brook (year i) and adu mpled from St.
Tette Bayiana WestoraATaLBrodKk (Tear/ies) ¢

Mean age
s trom agults from
Year (i) Western Arm st.Barbe
‘Brook Bay.
(year i+1) (year i+1)
1977 3.45 3.42
1978 . . 3.91 4
1979 3.82 % 4.01
1980 3.64 3.78 4.02
1981 3.90 =mn==-NO SAMPLES--
1982 .08 4.03 4.02
1983 3.67 420
1984 3.90 4.03
1985 4.02 3.79
1986 3.72 3.88
1987 3.6
NB. o+ ates that this data was obtained from

indic:
Chadwick (1981) .
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Table 12 Correlation of characteristics of smolts sampled fro
'and sea survival (ratio of returning
b e e LS BE S an e

tern Arm

pem—

o e M o ey
L s

Best set of predictor variables

¥ = 182.1 - 16.99(X1) + 2.63(X2) - 1.51(X3) + 4 * 104(X4)

R = 0.5718

¥ statistic = 1.67
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Table 13 Correlation of characteristics of adults sampled from

Western Arm B

(ratio of returning

adults to the number of smolts counted the previous

Biological

Year Sea  Forklength Adult le  Age Flth Totlth
survival  (cm) molt  weight
@) ngt)
x x2 x3 X x5 xe

1978 12.07  s2.8 151 3.59  3.48 12.12
1980 290 4.2 15.2 2.08  3.84 3.44 12.40
1981 2.80  s2.4 15.4 1.62 3.75 3.68 12.49
1982 914 s3.0 4.2 1.8 413 3.47 12.90
1983 1.4 s1s 15.9 1.56 403 3.76 12.21
1988 0.80 511 4.7 146 367 353 1234
1985 188 525 15.1 1.55  3.90 3.58 12.40
1986 213 s3.0 1.7 1.65  3.79 3.62 12.30
1987 0.60  53.6 1.7 1.62  3.88 3.62 13.15
correlations : 0.204 0.219 0.164 -0.111 -0.402 -0.114
Best set of predictor varisbles are i

Yonxm , ¥, 3,35, % : R=.an2

F stat = 0.25
® value = 3193




Table 14a The correlation of ses survival (3 smolts to returning
SW sdults) and selection by the commercial tishery

sampled from St. parbe Bay .

Biological Year
characteristic 1977 1978 1979 1980 1981

forklength (cm)
Bay

5 5
River 527 528 sl1s 542
aifference (x1)
weight (g )
Bay 1.8 1.97 191 2.06  1.89
River 152 3 2.08 162
Difference (x2)  0.16 038 -0z 0.27
age
424 342 391 401 402
River $.72 389 . e 3 358
Difference (x3)  0.42  -0.17  0.03  0.17  0.27
smolt length (cm)
Bay 15.4 1 1
River 1501 152 1504
Difference (x4) o.

Sea Survival (3) 2.95  12.07  5.21  2.90  2.80
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Table 14> The corralation af ses survivel ( § smolts to returning
SW adults ) election
oyt
Sampled from St.Barbe Bay 1563 - 1987

Biological Year
Characteristic 1983 1984 1985 1986 1987

forklength (cm)
Bay

53.1 54.3 5.1 54
River . 52.5  53.0  53.6
Difference (x1) 1l 18
weight (g )
Bay 177 _‘dge a.e7 1.9 1.95
River 156 146 155 1.65 162
Difference (x2)  0.21  0.28  0.32  0.29 0133
age
Bay 402 420 403 4.08 3.88
River 403 3.67 3.9  3.79 388
Difference (x3) =-0.01  0.43  0.13  0.29
smolt length (cm)
Bay l6i-arroled,  18.7  17.2 16.9
River 1509 167 151 147 147
Difference (x4) 1l0 34 ols 205 2.2
Sea survival (%) 1.14  0.80  1.88  2.13 0.60

The best set of preaictor variabl
regression analysis is

YonXi, X3, X4 with the following equation ;
¥ = 20.73 - 11.01(X1) + 31.45(X3) - 2.53(X4)

R = 8986

P = 0.019
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Table 15. The legend for locations labelled on Fig.1 (p-45)

LABEL ¥o. LocaTIoN
1 Dr0 statistical area N
2
3
3
s
6
g
8 Torrent River ( Hawks's Bay )
5 River of Pond:

Table 16 The legend for the locations labelled on Fig.2 (p.47)

LABEL ¥O. TocaTIoN

Counting fence ; Western Arm Brook
ry ; Western Arm Brook

st.parbe

Pigeon Cove

Black Duck Cov

Forrester's Point

Anchor Point
Net locations of Mrs. Tom and Ken Genge
Net locations of Mr. Doug Gibbons




Pig. 1.

Location of Western Arm B by
>iburs o faessiocutiof Pisheries 'asd

Gceans statistical area .



LABRADOR

QUEBEC




Fig. 2. Map of St. Barbe Bay and area showing
the location of comercial fishis
gear, counting fence, Western Arm Brook
nd Communities mentioned in the text.







P9, 3. Region on adult salmon rom which scale
les were obtained for this study.







Fig. 4. Adult salmon scale showing the scal
measurenents detined in equation Zor back
calculation tinate the smolt
length of .a-uu nlphﬂ £rom Western Arm
Broo)







survival of the thres dom
o e ImEa R
Western Aem Brook 1976-3806.

ne omolt
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Fig. 6. Distribution of adult forklength
) of adult sslmon samples fron
Pl B R
1978 - 1987.
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Pig. 7. Distribution of emolt length classes (cm)
ults sampled from St. Barbe Bay ai
Western Ace Deook, 1976 <
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