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YOUNG SALMON I N THE SEA Fo Neave 

In 1955 9 for the first time in the h istory of Paci f ic salmon inves
tigations at this Station 9 a sustained effort was made to fi nd and catch young 
fish during the first few months of the ir life in the ocean . The des i rab ility 
of i nvestigating th i s phase 9 i n order to learn something of the pattern of 
marine distribution with the attendant poss i bility of i mproving predict i on of 
runs 9 had been recognized pre;riously o The act i ve parti cj_pation of Canada i.n 
the work of the International. Nort,h Paci.f ie F i sheries Conunission brought about 
t he provi s ion of funds and personnel for inH.iating such a programo 

It was cons idered expedi ent and economical for the first season us 
work t o begin the investigation of populati.ons of young salmon at points close 
to t he Canadian streams from which t hey could be assumed to have r ecently emerged. 
The work in 1955 was breaking new ground and consequently i nvolved development 
of methods . The main effort was to fi nd 9 catc:h 9 i dentify and tag young salmon; 
t his was a ccompanied by observation of physical condition.s 9 taking of plankton 
samples 9 measuri.ng of length and wei ght 9 and exami nat i on of stomach contentso 

Field opera tions were carri ed out from early June unt i l early September 9 

in two coast.al. areas ~ (l ) a northern area (Chatham Sound and adjacent waters ) 
where it was anticipated that the seaward di spersion of young salmon from the 
Skeena Ri ver and var i ous small.er streams could be followed 9 and (2) a southern 
area (Johnstone, Broughton and part s of' Queen Charlotte Stra i t ) where concentra
t i ons of f ish emerging from the Stre,i t of Georgia were expe cted o The Stati on us 
ves sel Investigator No. 1 was used during the first part of the northern survey~ 
and the Loligo during t he latter par t. The Alta was used i n the southern area. 
Each survey vessel carried a purse seine 9 a beach seine 9 small- mesh gill nets~ 

several tow net s of 1.- met r e diameter of various mesh sizes 9 and equipment for 
fishing at night with lightso Prel iminary experiments with a mid-water trawl 
developed by the Stet. ion were unsuccessful i.n catching young salmon. 

In general it proved very easy to f i nd and collect young salmon (all. 
five spec ies being represented) during the f irs t t wo months of t he ir ocean life 9 

a period when they frequented the shallow inshore waters in large concentrat i onso 
Their subsequent evacuation of these habitats into the deeper water offshore 
i ntroduced greater diff i culties in sighting and capturing the schools. Suffic
i ent experience was gained 9 however 9 to promo~e good hopes for following the 
movements of the growing f i.sh farther af:i,eld in the fut ure. Tagging of small 
salmon (about 4 inches in lengt h) was accomplished with little i mmediate mortali ty 0 
althou€?11 the ultimate results remain to be determinedo 

Plans are now advanced for an expanded program in 1956 which will 
include exploratory fish i ng for larger salmon over wide areas of t he North 
Pacific~ 111 conj unction with s i milar surveys by American and Japanese vessel s. 
The offshore migrations of younger fish will be i nvestigated by the p~ovi s ion 

of increased facilities for purse~ se ining and the experi mental use of a "sea 
scanar" for locating s chools . 
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Distribut i on 8 movement and relative abundance of j uvenile 
salmon in t he s ea J oio Manzer 

Studi es of seasonal and local changes in the numbers of young salmon 
during the ir early ocean residence were carried out in the two major areas of 
investigation 9 with special emphasis on pink 9 chum and sockeye salmono A short 
survey was also conducted between Masset Harbour and Masset Sound 9 Graham Island 9 

during July 26 to 2 90 

The catches of young salmon were made by several types of gear 9 each 
varyi ng i n fishing efficiency and method of opera tion ; hence the data for each 
kind of gear are not strictly comparable o The sum of t hese observations ~ how
ever 9 gave a general picture of spatial distr i bution o Changes in abundance 
duri ng the course of the season were best shown 9 especially in the Chatham 
Sound area 9 by comparing beach-seine cat cheso 

The types of gear and number of times each was used are tabulated 
below 9 according to area : 

Area 
Beach seine 

Purse Tow Gill Night 
Beach set C:lrcling s et seine net net light 

Chatham Sound 320 12 46 45 5 3 
Johnstone Strai t 1 06 2 19 2 l 3 
Graham I sland 17 4 3 0 0 0 <l 

Total 443 18 68 47 6 6 

lo Chatham Sound and adjacent waters 

(a ) Pink salmono During early J une pink salmon were found along all the 
beaches sampled but were most abundant along the i slands forming the western 
and southern boundaries of Chatham Sound where single beach·-seine s ets sometimes 
caught thousands of indiv i dualso None was caught in t he Skeena Rivero During 
the last two weeks of June the numbers of fish along t he ma i nland r emained un
changed but elsewhere t hey were reduced by approximately one=halfo Along the 
southern i sl.ands at thi s time 9 pink salmon were also caught 200 yards from 
shpreo During July further r educt ions, in numbers occurred alop.g the islands 9 

and catches were made as far as 500 yards offshore 9 i ndicating t hat mi gration 
away from the beache s wa s well underway o By mi d-August ~ .pink salmon were no 
longer available along the beaches o Some 9 however 9 were caught off White Rocks 
i n Hecate Strait o By the end of August seaward occurrence in Dixon Entrance 
was e stabl ished at 12 miles from the nearest po i nt of land (south-west of 
Zayas Island.) o 

(b) Chum salmono Chum salmon were generally present i n the same areas as 
pink salmon but 9 on the average 9 were less abundanto During early June they 
were most abundant along those beaches at the southern end of Chatham Sound 
(l.00 to 500 fish per set )o During the latter half of J une 9 their abundance at 
the southern end of the sound decreased to t he level found earlier in other 
areas (less than 100 fish per set)o One large concentration (1 9 000 to 5 9 000 
fi.sh per set) D however D wa s found at one of t he small western islands (Whi t esand 
Island) 9 hitherto unsampled o During mid~J·uly 9 except in two i nstances {at 

.. 
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Whitesand I s land where the numbers decreased and i.n Beaver Passage where the 
numbers i ncreased l v the number of chum salmon remained unchanged f r om the 
previ ous period. In t his period chum salmon were caught 500 yards offshore. 
During the f i rst half of August~ except in a few scattered s outher n l ocaliti es,p 
f ish wer e no longer present along the beaches. By t he end of August some wer e' 
taken at least one mile from land. 

(c) So ckeye saJmon . Sockeye salr.J.on were caught onl y during the earl y summer 
and a l way s in small numbers (less than 100 fish per set). Duri ng the f irst two 
weeks of June sockeye were most abundant. in t he Skeena Ri ver. They were also 
present a l ong the mainland beaches and 9 in much smaller number s D along a f ew 
scattered bea ches on t he west side of Chatham Sound. During t he f ollowing two 
weeks t hey were ·generally found in the same local i ties but i n r educed numbers . 
By mid~July sockeye were rarely found on the beachesv one indi v i dual wa s taken 
100 ya r ds from shore. None was caught af ter mi.d-,July. 

2 . Johnston~ Brought£_n and Queen Charlotte Strai ts G.T. Taylor 

(a) Pi nk saJ..mono This specie s v i n generalv was less abundant in Johnstone 
Strai t and adj acent waters than in Chatham Sound~ although t he numbers of fish 
varied locally . large concentrati.ons wer e f ound in t he f i r st two weeks of J urie 
a t t he ea stern end of the Straitp and lat er near Alert Ba.y o In the l atter 
l ocality during early June pink salmon occurred in moderat e numbers ~ but thereafter 
decreased continually until by mi d=August they wer e no longer available along 
the beaches. Thi s lack of pink salmon a l ong t he bea che s was also observed in 
Queen Charlot t e Strait during the f ollowing two weeks o 

(b) Chum salmon o During .Tune churn. salmon were caught along the beaches 
from Di s covery Pa ssage to Alert Bay» but wei~e mo st abundant at the eastern 
end. N.ear Alert Bay during the latter par t of J une p fish were relatively s carce 
but subsequently increased in abundance duri ng the latter part of July and early 
August o In Queen Charlotte St rait from mid=August to early September chum 
salmon were virtually absent along the beaches. 

( c) Sockeye salmono Of the three species v sockeye were most abundant. 
D.iring June t hey were absent from the beaches along the eastern end of Johnstone 
Strait t o Alert Bay 9 where they were abundanto By mi d~August only moderate 
numbers were present. In Queen Charlotte Strait in September 9 moderate numbers 
were caught over deep water around the rocky offshore i slands. 

3o Masset Harbour t o Masset Inlet JoL Manzer 

(a) Pi nk salmon. This was the most munerous spe cies during the per i od 
(late July ) when observat i ons were made. Catches wer e comparabl e in size (less 
than 100 f i sh per set) to those made in Chatham Sound at about that t i.me . 
Movement t o sea was indi.cated by the fact that in Masset I nl et f j_ sh were absent 
a l ong the beaches but were present offshore close to t he mout h D and a l ong the 
bea che s i.n Masset Sound and Masset Harbour a djacent t o Dixon Ent r ance . 

{b) Chum salmon. Chum salmon were relatively scarceo A few were found 
off the beache s in Masset Inlet and in l\'Iasset Harbour o 

To summarize ~ The observations made in 1955 indicate the sprea d of young pink 
·and chum sa lmon seaward; they concentrate along the shore until late July or 
early August when t heir movement away from shore starts. In the Ghatha!{l Sound 
a r eap young sockeye were not caught as succes sfully as pi nks and chums p perhaps 
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because of their failure to concentrate on t he beaches in the same mannero Such 
catches as were made suggest a s i mi lar movement and disappearance from inshore 
areas o 

$ize and sex of juvenile salmon 

During 1955 almost 7 p000 srrall salmon were examined in th~ laboratory 
and length 9 weight and sex ratios recordedo The number of fish of each species 
examined is tabulated below v according t o areao 

Area 

Chatham Sound 
Johnst one Strait 
Graham Island 

Tot a l 

Pi nk 

266'7 
330 
170 

3167 

Chum 

1775 
644 
25 

2444 

Sockeye 

179 
338 

517 

Coho 

608 
147 

2 

757 

Spring 

40 

40 

Total 

5269 
1459 
197 

6925 

In Chatham Sound from June to mid=August the beaches were peri od ically 
sampled during four cruises o . As fish moved off .the beaches sampling was extended 
t o offshore waterso In Johnstone Strait sampling started at the eastern end and 
moved progressively westward into Queen Charlotte Straito Only the Alert Bay 
locality was repeatedly sampled over any period of time o 

lo Changes in sizeo The average monthly fork length (in millimetres) and 
.weight ( i n grams ) f or J>ink 1 chum and sockeye salmon caught in Chatham Sound and 
J ohnstone St rait during the summer of 1955 are presented in the accompanying 
tableo Values in parentheses are based on less than 25 fisho Since the larger 
fish are probably the first to leave localities where most of the fish were 
caughtp the recorded monthly changes in size do not necessarily show the true 
growth rateo 

Species Area Sex Average length (mmo) Averaf, e weight 
Jun Jul · Aug Sep Jun Jul Aug 

Pink Chatham. Sdo Fo 65o5 77o3 11509 0 0 2o5 408 1506 
Mo 64.9 7606 116ol 0 0 2.5 408 15.8 

Johnst one St. Fo 76.5 74o9 (96.0) • 0 5.4 4o0 (7.7) 
M. 77.4 74 .0 {8508) 0 0 5 .5 4.1 ( 6 0 7) 

Chum Chatham Sd. F. 63.6 67 o0 (11,2 o3 ) 0 0 2. 6 3.3 (15.0) 
M. 62~9 66.5 ( 107 .2) 0 0 2.6 3.2 (16.6) 

Johnstone St . Fo 77.4 67.2 81.4 (98o 0) 4.8 3.1 5 06 
M. 7608 70.9 83.4 0 0 4.8 3.4 6.0 

Sock eye Chatham Sdo Fo 79.4 ( 73 08) 0 0 0 0 4.8 ( 4.4 ) 0 0 
Mo 7706 (82 o3) 0 0 0 0 4 .4 (4 o5) 0 0 

Johnstone Sto F. (78o9) 75.8 93o5 10104 (5 .0) 4.4 7.9 
M. (77o0) 77. l 94.2 98o9 ( 4 0 7) 4o5 801 

(gr . ) 
Sep 

0 0 

• 0 

0 • 

0 0 

0 0 

0 0 

(8 o3) 
0 0 

0 0 

0 0 

9.6 
8.8 



The average size of E_,in~ salmon in the samples frqm Chatham Sound area 
inc r eased wi th each successive month from June to Augusto Fr om. June to July the 
average increase in length for both males and femal es amounted to 15o3%; this vra s 
r oughly doubled from July to August (33 o3% f or males and 3400% for f emales )o In 
the Johnstone Strait area the monthly average values f or length and weight flue~ 
tuated , July values being less than those for e ither June or August o In both areas 
females generally were slightly larger than maleso 

The general pattern of change in average size for chum salmon in the 
Chatham Sound and Johnstone Strait areas i s similar t o that for pink salmon in 
the same areao In the Chatham Sound area ~ for both sexes the percentage i ncrease 
from June to July was considerably less (approximatel y 5% for both sexes) than 
that for pinks but was cons i derably greater from Jul y to August (38% for males 9 

41% for fernales )o 

Length and weight data for sockey~ salmon in the Chatham Sound area are 
sufficient only for June, Again female s were longer and heavier than males o In 
the Johnstone Strait area 9 throughout .June to September v neithe r the length nor 
the weig~t of one sex consistently exceeded that of the othero 

The pattern of change in size of pi nk and chum salmon in the Chatham 
Sound area differs from that in the Johnstone Strait area o It is evident , from 
the monthly value sj that in the latter area the populations sampled were not 
always the same o The fluctuations in length and weight could be caused by 
arrival at the sampling localities of stocks originating in different streams 
or migrating from. fre sh water at different time so 

2 . Sex ratioso Comparatively little is known about the sex ratios of 
salmon, or the possible changes in ratio due to differential mortality 9 prior 
to the time when they enter the commercial fishery as adultso In an attempt to 
fill in part of this gap i n our knowledge of the l i f e history of the Pacific 
salmons 9 the sex proportions in the areas of study were examinedo The sex ratios 
(females/males) during early ocean res i dence are given in the accompanying table 9 

according to species followed by the numbers in the samples i n bracketso 

Chatham Johnston1:1 Graham 
Sound Strait Island 

Pi.nk Oo98 (2228 ) 0.86 (330) Oo7? (170) 
Chum Oo87 (1385) 0.96 (643) l.50 ( 25 ) 
Sockeye L05 ( 113 ) 0.93 (313 ) 
Coho l.05 4?1) LOS (106) 
Spri ng l.O 40) 

At present there is no reason t o suspe~t a departure from a l:l ratio 
during early ocean residence except i n t he case of Chat ham Sound chum salmon. 

:F'ood ou_ uvenile J!.almon 

The number of stomachs exami ned and the percent containing food is 
indicated 9 according to speciesr i n the a ccompanyi ng table : 



Species 

Pink 
Chum 
Sockeye 
Coho 
Spring 
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Chatham Sound 
No. stomach s Percent with 

examined food 

5?4 96.5 
421 95.3 

98 90.8 
142 85.2 

9 77.7 

J ohnstone Strai t 
No . stomachs Percent wi th 

examined food 

85 95.3 
133 93.2 

85 95.3 
30 ?6.7 

0 0 

Over 90% of the stomachs were found to contain some food. In general 
the incidence of food was greater for pinks 9 chum and sockeye salmon than for 
coho and spring salmon . 

In Chatham Sound 9 copepods occurred most fre quently in pink (49%) and 
so ckeye (41%) but were dominant by volume only in sockeye. Larvacea ranked 
first in frequency for chum and second for pink (39%) and sockeye (26%). They 
were the most important item by vol ume for pink (36% ) and chum (51%) . Amphipods 
were found in less than 10% of the stomachs examined for each species. Other 
minor items in the diet of these spe cies included chaetognaths 9 ostracods 9 

c~rripedians 9 mysidaceans, cumaceans 9 isopods 9 decapods v insects 9 and fish 
(larvae). For coho p fish (herring larvae and sand-lance) occurred in 53% of the 
stomachs and formed 70% of the total volume o~ food . 

In the Johnstone Str ait area the organisms eaten were much the same 
but their relative importance differed . Copepods were found in 86% of the sockeye 
and pink and Bo% of the chum v roughly two- th i rds of the total volume of food • 
.Amphipods 9 of minor i mportance in the northern area 9 ranked second (25%) in 
frequency but did not comprise more than 10% of the volume . Euphausiids 9 present 
but not important in pink salmon 9 oc curred in 18% of the chum and sockeye 9 and 
accounted for 15% of the volume . For coho 9 fish were important . This item 
occurred i n only 3o% of the stomachs but formed 84% of the total volume. 

Differences in the consumption of var ious food items suggest that small 
salmon of the five species di ffer in fe eding habits. In general 9 pink 9 chum 
anQ. sockeye salmon were invertebrate feeders ; coho and 9 . it is suggested 9 spring 9 

were piscivorous. There is also a tendency for chum and pink taken together in 
the same locality to select dif ferent food 9 the chum being more catholic in its 
diet. 

Taggi ng 

Experiements testing various types of tags were carried out in aquaria 
and at the Iakelse River count i ng weir to prov i de i nformation on their suitability 
and effects upon fish in confined and in natural conditions . Also 9 on the basis 
of early experiences and results f r om experimental taggings 9 small salmon were 
tagged in the field in an attempt t o determine their distribut i on offshore. 

In all experi ment s 9 fi sh were anaesthetised in chl orotone solution 
(1 gr. dissolved in 2 9 500 cc , of water) before handl i ng. 
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lo Experi mental tagging 

(1) Aquaria experi ments . Three= to four-inch sockeye salmon were tagged 
in the dorsal- fin region ·with various t ypes of tags wh ich i ncluded : 

(a) plastic sleeves 9 Oo039 i nch in diameter and Oo25 inch in length 9 
attached with Noo 26 gauge silver wire; 

(b) type (a) tag but attached with 15-pound test monofilament nylon; 

( c ) toggle tag consisting of two small plast i c balls threaded on 
nylon wh ich was wound into twisted wire; 

(d ) hook tag with streamer; and 

(e) five= to six-inch length of temflex "spaghetti" tubing~ Oo039 
i nch in di ameter 9 the free ends knotted to form a loopo 

The effectiveness of the vari.ous tags 9 after 11 months 9 i s shown by 
the following table : 

Group 

Wire 

Monofilament 
Toggle 
Hook 
Spaghett i 
Control 

Noo 
fish 

13 

5 
2 
2 

12 
20 

Percent 
lost 

8406 

60 o0 
lOOoO 
l OOoO 

58o3 
20 o0 

Occurrence of death or 
loss of tag (days ) 

109 129 21 9 329 33 9 55 9 669 70 9 
2069 265 9 29 0 

lv 149 46 
179 96 
46p 154 
7 v 10 ( 2 ) 9 45 v 51 9 57 9 166 
85 9 1099 1219 226 

Toggle and hook tags 9 wh i le easy to apply 9 caused irritation at t he point 
of attachment shortly after taggingo The maximum periods during which these 
tags were effective were 96 days and 154 days respectivelyo Wire tags showed 
considerable cutting of the flesh i n some instanceso Eleven Gf the 13 fish wi th 
th is tag either di ed or lost their tag wi th i n 290 days 9 8 of the 11 withi n 70 
dayso Monofi lament nylon and "spaghett i" tags appear t o be most effective 9 40% 
of t he fish with these t ags are still surviving or roughly one-ha l f t he survi val 
of the cont r ol fi.sho Some of the losses are attributed t o acc i dento The 
"spaghett il' tag has the additional advantage of easy applicat i on 9 and t herefore 
appears most promisingo 

(2) Lakelse River experi mento In early June 9 ?22 migrat ing sockeye srnolts 
were tagged with wire tags and another 597 smolts with ." spaghett i " tags. Some 
i nformation on the usefulnes s of these tags f or tagging fi sh in nature may be 
available in 1956 when some of the i ndiv i duals return as "j acks". 

2. Field taggi~ JoL Manzer and G.T o Taylor 

A total of 4D222 small salmon were tagged during 1955. The number of 
fi sh of each specle s tagged in the Chatham Sound and Johnstone Strait a r eas 
fol lows o In these experiments 9 polyethylene tubing r eplaced temflex tubing as 
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material for "spaghetti" tags 9 on the basis of chemical properties. 

Species Chatham Sound Johnstone Strait Total 
Spaghett i Spaghett i Wire 

Pink 614 114 61 789 
Chum 129 497 98 724 
Sockeye 0 0 1945 154 2099 
Coho 48 284 243 575 
Spring 0 0 5 30 35 

Total 791 2845 586 4222 

Four recoveries have been made. Three chum salmon 9 released in Alert 
Bay, were recovered in the same area from one to three days later. The fourth, 
a coho tagged in Hardy Bay 9 was recovered eight days later in a commercial purse 
seine operating in -Queen Charlotte Strait 9 6 miles from the point of release. 

Oceanographic features of Dixon Entrance 
and distribution of young salmon R.J. LeBrasseur 

Plankton sampling 9 together with limited oceanographic observations 8 

was included as a part of the investigation of the life history of young salmon 
after they leave the fresh water. The stations selected cover the northern 
(Chatham Sound) area. 

The observations were made during the latter part of August and early 
September. At each station an obliQue plankton tow and salinity and temperature 
observations were made. In sampling for the zooplankton a fine mesh nylon net 
(with 0.282 mm. openings) was towed at ? knots for a 10-minute period from 100 
feet to the surface. 

The plankton samples were analysed by determining their volume and 
their major constituents. The plankton volumes showed a wide variation which, 
when plotted on a map 9 divided the area into two distinct zones. Along the 
western and southern section of Dixon Entrance large volumes were taken; while 
to the north and east were much lower concentrations . The zooplankton in the 
richer zone was made up of crustaceans~ predominately copepods . In contrast to 
this 9 the smaller zooplankton volumes in the other zone were made up of a wide 
assemblage of different organisms 9 including annelids 9 tunicates 9 cladocerans 
and medusae. 

The variation in the zooplankton concentration and composition indicates 
the presence of two different water masses. Good growing conditions are generally 
characterized by "blooms" (large concentrations) of one particular organism , 
whereas poorer conditions are characterized by a variety of organisms. In this 
instance the large concentration of copepods suggests that the water mass with 
which they are associated has originated to the west of Dixon Entrance. From 
there it extends eastward along Graham Island and thence north towards Dundas 
Island. Its constituents of the other zone bes i des indicating poor growing 
conditions 9 are typical of coastal l ow salinity water. It seems likely that this 
water has originated in Chatham Sound. 



Temperature and salinity observations taken at t he same time support 
the v i ew that two di fferent water masses were pre sent. One is an inshore move
ment of col d oceani c water and the other i s a warm body of l ow-salinity water 
formed by the freshw~ter di scharge from the Skeena and Nass Rivers. 

In general 9 young salmon were found most frequently. in the warm 9 

brackish 9 plankton- poor water . In particular they were observed on seven 
oc casions in water warmer than 52° F. and only twice i.n colder water. The ob
servat i ons suggest that at this relatively early stage the seaward migrat i on 
is more closely related to surface~water temperature than to high zooplankton 
concentrations or to any particular salinity. 

PARASITO LOGY L. Margolis 

During t he past year t he Station 9 s parasitological work has been de
voted , almost entirely 9 to a systematic survey of the paras ites of sockeye 
and pink salmon throughout the North Pacif ic area. I n the summer of 1955 a 
seasonal employee was engaged in a study of the normal anatomy of salmon in 
order to faci litate the detection and diagnosis of diseases and parasites. 
As usual 9 servi ces have been rendered in the diagnosis of diseased conditions 
in fish and the i dentification of parasites o 

Studi es on parasites of Pacific salmon 

In co- operation with the U.S. Fish & Wildlife Service a study of the 
parasites of sockeye 9 p i nk and chum salmon i s in progress in an effort to 
determine whether there are qualita tive or quantitative differences by which 
stocks may be distinguished. Our investigation has directed i ts attention to 
sockeyes and pi nks. The salmon used in these studies were collected through 
the co- operation of Canad i an 9 American and Japanese agencies . Table I indi cates 
the areas from which salmon were examined and the number of fisij i n each sample . 
Samples on hand but not yet exami ned are not shown i n this table. 
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Table I. - Area p number of fish 9 ~nd life- history stage of salmon samples studied 
for parasites . 

Species of salmon 

Sock eye - smol t 

" 
" 
n 

ti 

" 
II 

" 
" 
" 

" 
" 
n 

n 

" 

" 

" 
" 
n 

" 
II 

" 
" 
" 
" 
" 

- young marine 
adult marine 

II " 
II " 
" II 

n n 

" " 
II " 

Pink - fry 

" n 

" - young marine 
" " " 
" adult II 

1. Literature review 

Area 

Cultus Lake 9 Fraser Ri ver 9 B.Co 
Chilco Lake 9 Fraser Ri ver 9 B.C. 
Port John 9 Central. , B .. a .. 
Lakelse Lake 9 Skeena Hi ver 9 B.C. 
Babine Lake 9 Skeena River 9 B.Co 
Redf i sh Lake Creekv Columbia River 9 Idaho 
Okanagan Ri ver 9 Columbia Ri ver 9 Wash. 
Wenatchee Lake 9 Columbia River 9 Wash. 

No. of f i sh 
examined 

68 
50 
50 
50 
50 
23 

Baker Lake (Skagit River) 9 Puget Sound 9 Wash. 
Lake Aleknagi k 9 Bristol Bay 9 Alaska 

5 
20 
34 
2 6 
50 
92 
25 
24 
25 
25 
15 

Brooks Ri ver 9 Bristol Bay 9 Alaska 
Alert Bay 9 B. C. 
Bristol, Bay 9 Alaska 
Attu 9 Aleutian Islands~ Alaska 
King Cove 9 Alaska Peninsula 
Okhotsk Sea. 
Western North Pacific (51°33 9N. 9 159°04 9E.) 
Eastern North Pacific Japanese catch 

(48°43v _43°5ovN . 9 170°23 9 - l73°00 9E.) 
Fraser River 9 B.C. 
Port John 9 Central B.Co 
Southeast Alaska 
Alert Bay 9 B. C. 
Gnarled Island 9 Northern B.C. 
Fraser River 9 B.C. 

15 
20 
50 
50 
44 
50 
24 

L. Margol i s and J.R. Adams 

As a preliminary step in the salmon parasite studies a bibliography and 
a list of recorded parasites from all speci es of Oncorhynchus has been compiled. 
About 130 species have been recorded but do not all seem to be val i d o These 
records ·are from many different l ocalities wi th i ntensive surveys limited to very 
restricted areas. 

2 • Pink salmon 

Si nce the number of pinks studied i s relatively small and from restri c
ted areas P information applicable to the distinction of stocks i s not yet 
available . However 9 the data will be discussed bri efly and some comparisons 
with sockeye from the same areas will be made later. 

The pink fry from Brit ish Columbia and Alaska were entirely free of 
parasites 9 indicating that seaward migrating pinks carry with them t o sea 9 few 9 

i f any parasites. 

Ta oles II and III show the i nc i dence and i ntensity of parasi ~ism with 
the common species of parasites encounted in the young marine and adult 
marine n.inkB re s~ectively. The underl ined numbers represent the percentage 
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of individuals i nfe ct ed with each spe ci.e·s of parasite and the numbers in 
parent hese s are the average number of parasites v of each species , per infected 
fish (ioe. 9 not i ncluding fish that were f ree of the parasite) o This aver(:l.ge 
rather than an average base d on the t ota l sample i s given because it is felt 
that i t gives a mor e a ccurate pi cture of the s ituation , particularly when the 
incidence of a speci es i n a sample of fi sh is l ow but t he intensity is high in 
the infected groupo Th i s method of i ndicating i ncidence and intensity will be 
followed in all sub sequent tables. 

In addition to t he paras it es shown i n Tabl e I I, five other species 
not encountered elsewhere i n the survey wer e di s covered . One appears to be 
a previously undescribed species o 

Two further speci.es ? a trematode and a nemat ode v were (:lach found once 
in the Fraser Riv er adul t pink s and are not shown i n Table IIL 

From Tables II and III it is apparent t hat three species of trematodes 
and one copepod from t he adult pinks were fir st s een i n young marine pinkso 
Whether t he presence of these paras i te s i n adult pi nks i s an indication that 
they have been carried throughout t he marine life of pinks or .whether they are 
the result of new infections cannot yet be determined o It is further seen 
from Tables II and III t ha t the trematode Brachyphallus was found only in the 
northernmost sample (Gnarled Island , B.C o9 near Alaska) and was absent from 
Alert Bay and the Fraser Ri ver 9 B.C . The absence of this trematode from the 
more southerly areas wa s a l so evident i n the sockeye studies (Tables V and 
VI) o 

Table II. Incidence and int ens i t y of par a s i t es 9 by species in young marine 
pi nks , 1955 0 

Speci es 

Trematoda 
Hemi urus levinseni 
Parahemi urus 
Brachyphallus crenatus 
Lecithaster gibbosus 

Nematoda 
Contracae cum lar va (fr om coelom} 

Copepoda 
Lepeophtheirus salmonis 

Alert 
June 

~(l ) 

0 0 

~( 2 ) 

29 (l ) 

Bay Gnarled Island 
28 June 29 

4(3) 
8(1) 

10(1) 
50(3) 

~{3) 

2(1) 

NOI'E: In this and subsequent tables the underl i ned number is the percentage of 
individua l fi sh infe cted with each species of parasite and the numbers in 
brackets are t he aver age number of paras i tes of each species per infected 
f i sh . 
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Table III. - Incidence and intensity of parasites 9 by species 9 in adult marine 
pinks from the Fraser River , B.C. , August 2 and 3 , 1955. 

Trematoda 
Hemiurus levinseni 
Parahemiurus 
TubuLovesicula lindbergi 
Lecithaster gibbosus 
Derogenes varicus 
Gyrodactyloides strelkowi 

Cestoda 
Eubothrium 
Phyllobothrium caudaturn 

Nematoda 
Contracaecum (alimentary tract) 
Anisakis larva 

Copepoda 
Lepeophtheirus salmonis 

Acanthocephala 
Echinorhynchus gadi 

3. Sockeye salmon 

179(11) 
29( l) 
88(17) 
96(303) 
21 ( 1) 
58 (27) 

92(25) 
100(40) 

100(19) 
88( 3) 

29( 2) 

L. Margolis, M. Knightly 
and D. Wakhroucheff 

Table IV summarizes the findings in sockeye smolts. In addition to the 
10 species noted, 7 other species were encountered infrequently. The parasite 
picture in sockeye smolts from different localities is by no means uniform, 
although many species have a wide distribution. 
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Table rr. - Incidence and i ntens i ty of parasites ~ by species v in migrant sockeye 
smolts, 1955. 

A can tho- Nematoda Trematoda 
cephala 

Area rate INeoe chino- Di12los= 
rhynchus Philonema Nematode I tomulum 

rutili oncorhynchi larva sp. larva 

Cult us Lake, Fraser R. Apr 25 88(4) ~( l) 100(35) 0 0 

n n n " May 30 100(4 ) 100(35) 0 0 0 0 

Chilco Lake, 11 n Apr 20 • 0 0 0 0 0 0 0 

Port John, Central B.C. May 20 2( 1) 2(1) 100( 8) 0 0 

Lakelse Lake, Skeena R. n 20 6 (1) 22 (l) 38( 3) .§,(1) 
Babine Lake, " " Jun 1 0 _g_( 3 ) 48(lo4) 100(20) 0 0 

Redfish Lake, Columbia R. May 1 9 0 0 0 0 0 0 48(3) 
Okanagan River, " n " 17 .. 0 0 0 0 • 0 

Wenatchee Lake, " " " 1 0 0 0 0 0 0 0 0 0 

Baker River, Puget Sound Apr 1 5- _£,( 1 ) • 0 38( 2 ) 0 0 

Jun 22 
Lake .Aleknagik, Bristol Bay n 2, 0 100(35) 54 (1.3) 0 • 0 • 

Brooks River, Alaska May 31 .. • 0 100(10) 10( 2) 

Cestoda Copepoda 
DiEh;z_llo- ' 

Area Date Eu both- bothrium Proteo- TriaenoEhorus Salmincola Erga-
rium sp. larva cephalus crassus larva falculata silus ---.-

Cult us Lake Apr 25 0 0 §.9,( 2 . 5) 6 (14) 0. 14(1) 0 0 

" " May 30 6 (1) 100( 2 .8) 17( o ) 17(1 ) 0 0 0 0 

Chilco Lake Apr 2 0 :[(2 ) ' 88 (2 .3) 30(10) • 0 0 0 0 0 

Port John May 20 0 0 86 (2 .7) 2 (11) 0 0 _2,(1) 0 0 

Lakelse Lake " 20 4( 1 ) 14(1 } 2(2 ) 0 0 0 0 0 0 

Bab i ne Lake Jun 10 10 (1 ) l§_( 1 ) • 0 0 0 0 0 0 0 

Redfish Lake May 19 • 0 0 0 78( 5) 0 0 0 0 0 0 

Okanagan Ri ver " 17 80 (5) 20( 1) 80( 2 ) • 0 0 0 0 0 

Wenatchee Lake n 10 50( 2 ) 55( 16) • 0 0 0 0 0 0 0 

Baker Ri ver Apr 15- 12 (4) 3 (1) .§.(1.5) • 0 0 0 • 0 

Jun 22 
Lake Aleknagik n 20 4 (1) 23 ( 2) ~(l) 4(1) 0 0 0 0 

Brooks River May 31 .§,(1 . 5) 8(1 ) 4(40) 0 0 0 0 0 0 
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Table V. = Inc i dence and intensity of parasites v by species v in young marine 
sockeyes from Alert Bay 9 B. C. 9 1955 . 

Species 

Lecithaster gibbosus 
Contracaecum larva (coelom) 
Nematode I larva 
Diphyllobothrium larva 
Proteocephalus 

J une 28 

50 (3) 
22 (1) 
58( 5} 
6(1) 
10(2.4) 

July 14 

24 (lo2) 
26 (1) 

0 0 

0 0 

Table VI. Incidence and intensity of parasites 9 by species v in adult marine 
so ckeye v 1955. 

Trematoda Cest oda 
Qyrodac- Lecith- Pi12los- Diphyllo- Phyl).o-

Area Tu.te t vloides Brachv- as:ter Hemiurus tO£!Ulum bothr i um bo thl,'ium 
strelkowi phallus gibbosus levip.seni sp o sp . caudatum 

,. 

Fraser R. 9 B .C. P-ul 26 0 0 0 0 75 ( 109 ) 0 0 0 0 40( 3 . 5) 75 { 11) 
Bristol Bay 9 AlaskE " 15 28(2) 64 (19) 88 ( 12) !(l) 4(1) 48(3) Ss(l5) 
Attu 9 Aleutian " 28-

Isl ands 9 Alaska Aug 9. 0 0 29 ( 2 ) 80{ 99) 2l(lo6) ~(2) 00 ~{ 13) 
King Cove 9 Alaska Jul 7 
Peninsula Aug 4 40(10) ~(77) 92 (122 ) 0 0 24 (4) 0 0 ~2(19) 

48°43 1 -48°50 9 Nov . 
170°23 1-l73°E . May 18 

0 ' 
27 (3) ~(l) 27( 1.5) 0 0 60(5) 87 (J,. 7) 

51°33 1N. 9 159°04 9E , Jul 14 i1,( 4) 53 (3) ..Z.( l} 87(3) 0 0 80(3) 100(19) 
Okhotsk Sea Jun 30- 16( 9) 64(2) 40(2.5) .!Q.(3.5) 4 (1) 64(5) 100(24) -- -Aug 10 

Nematoda Acanthocephala Copepoda 
Philonema LeEeoEh= 

Area .. Date ·oncor= Contra= .Anisakis Echinor= theirus 
hinchi cae cum -sp. larva Bolbosoma h;y:nchus salmonis 

Fraser R. 9 B .. C. Jul 26 10(42) 50(5) 95( 5 ) 5(1) 0 0 0 0 

Bristol Bay 9 .Alaska lt 15 96 ( 43) 72(16) 96(23.) 44(Lo3) 0 0 0 0 

Attu 9 Aleut ian f.t 28= 
I slands 9 Alaska Aug g 80 (1 08 ) 62(6) ~(13) §.(3.5) 4( 1 ) 0 0 

King Gove
9 

Alaska Jul 7= 
Peninsula Aug 4 0 0 92(9) 100(15) 0 0 "0 24(1) 

48°43 9 - 48°50 uN o 9 

170°23Q-173°Eo May 18 80(20) 67 (2) 100( 28 ) 80 ( 6) 0 0 0 0 

51633 9N 0 9 159°04 9E 0 Jul 14 73 ( 19) 53 (3) 100 (26) 27(1.5) 93(7) 7 (1) 
Okhotsk Sea Jun 30= 85(40) 36(15) 100( 22 ) 44(1.6) 76(7) 12 (1) 

Aug 10 
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As seen i n Table VI the only smolt parasi tes that were seen again in 
adult sockeye are Philon.ema oncorhynchiv Diphyllobothrium and Diplostomulumo 
Nematode I larvae were seen in young marine sockeye (Table V) but not in 
adultso The exact i dent ity of these nematodes remains unknowno It is pos
sible that they are very early stages of Po oncorhynchio Work i s now in 
progress to determine if thls relation.sh ' p i s correct o All other smol.t 
parasites 9 except !· crassus 9 are so located in the fish that they are lostv 
presumably because of the change s accompanyi ng the migration from f r8sh water 
to a marine environment 9 and hence can.not be used to identify the source of 
marine stocks of sockeye . Phi lonema oncorhynchi 9 Diphyllobothrium and 
Diglostomulum are located in the co elomic cavity 9 i n cysts on the outer wall of 
the stomach and pylor ic caeca v and i n the eye 9 respectively 9 and hence are 
rel at i vely f ree of the effects of the marine environment. Tr0iaen.ophoru~ 
crassu.s larva 9 f ound encysted i n the mus cles 9 i s also apparently free of 
extern.al environmental effects . Its apparent absence from adult fish is pro
bably due to i ts restricted distribution. Table J:V shows that T. crassus 
was found only i n Lake Aleknagikv Alaska 9 which empties i nto Bristol.' Bay. 
All Bristol Bay adults examined were returning to spawning areas south of 
the Lake Aleknagik area 9 and in which To crassus is known not to occuro 
Sockeyes known to be ret urni ng to spa~ in the Lake Aleknagik area were not 
ava i lable. It would be most interesting and valuable to examine such fi.sh 
to determine i f 1'.,o crassus survives throughout the salmon 9 s marine l i feo Be= 
cause of the restricted distribution of Tri aenophorus it would be easy to 
identify stocks of Tri aenophorus- in.fected sockeyes 9 particularly because the 
inciden ce of T. crassus in smolt s in the infected areas has been known to be 
as hi gh as 700fao 

One possible use of the data on smolt paras i tes lies in the apparent 
ability to distinguish stocks of migrating smol.ts in a large r iver having 
several contributing tr i butaries o The separati.on of Cultus Lake from Chilco 
Lake smolts in the Fraser Riverv B.Co 9 i s seen to be readily accomplished when 
examining Table . rfo Neoechi norhynchus rutili and Nematode I larva were extremely 
common in Cultus smolts and completely absent from Chi lco smolts. Similarly 9 

Okanagan. River 9 Wenatchee Lake and Redfish lake smol:t s from the Columbia drainage 
system can be differentiated parasitologicallyo Okanagan smolts have a high 
incidence of Di phyll obothri um and Ergasilus 9 low Proteocephalus 9 and lack 
Di plostomulum ; Redf i sh Lake smolts have a high i ncidence of Diplostomulum and 
Proteocephalus 9 and lack Diphyllobothri urrt and Ergasilus; a h igh :proport ion of 
Wenatchee Lake srnolt s car:ry Di phyllobothri um and Prot eocepha l us but are free of 
Di pl-ostomulum and Ergasilus o In the Skeen.a dra i nage system 9 Babine lake srnolts 
can be distinguished from Lakelse Lake smolts by the much higher incidence and 
i ntensity of P~ilonema on.corhynchi and Nematode I larva. 

Table V summarizes. parasitism i n young marine sockeye from Alert Bayv 
B.Co Lecithaster gibbosus and Contracaecum represent newly- acqui red marine 
parasites 9 whereas Nematode I larvae 9 Di phyllobothri um and Proteocephalus are 
hold~overs from the freshwater faunao The absence of these freshwater

1

parasites 
from tne sec.on.d lot of fish is probably in.di ca ti ve of a different freshwater 
or i gin of the two lots o Since smolts were not exami.ne d which were likely con= 
tributing to t he Alert Bay population~ it is i mpossible to speculate on the 
ori gi n of these young so ckeyeso 

Table VI presents a summary of t he more common and significant 
parasit es encountered in exami nat i on of adult mar i ne so ckeye s . The t abul ation 
of areas is somewhat condensedo The sample from Bri.stol Bay represent s catches 



= 16 = 

from three distinct localit ies 9 as do the Att u (Aleutian Islands) 9 the King Cove 
(Alaska Peninsula) and the high- seas sample from the Japanese Eastern Pacific 
catch. The sample from Okhotsk Sea represents cat ches from five different po
sitions and the westernmost Pacif i c sample two o In addition to the 13 species in 
Table VI 9 16 rarer spe cies 9 of which at least one appears to be new 9 have b.een 
recorded from the adult sodkeyes. 

In Table VI it i s noted that the distribution of parasites in marine 
sockeyes was not homogeneous . Some species were found everywhere without 
major differences in the level of infection or else were sporadically di stributed 
and hence apparently are i ns i gnificant i n t he separ ation of major sockeye pop= 
ulations . Other species seem to be valuable aids i n distinguishing stocks. 

Two important differences between the eastern and western catches of 
sockeye present themselves . The samples from eas t ern areas. (e .g. 9 Fraser 
River 9 Bristol Bay v Attu and Ki ng Cove) showed a high level of infection with 
the trematode Lecithaster g ibbosus whereas in the more westerly areas (170° 
to 173° Eo 9 159° E.and the Sea of Okhotsk) the parasite was of much rarer 
occurrence. Furthermore 9 t r ematode infect i on in general appeared to be at a 
higher level in the eastern so ckeye . 

Secondly 9 the acanthocephalan ~chinorhynchus was absent from North 
American samples 1 and was very common i n t he samples from Okhotsk Sea and 159° E. 
The absence of Echinorhynchus from the 170° t o 173° E.o sample must be treated 
with caution 9 since this sample was caught in the middle of Mayv whereas all 
othe:r samples were taken in the last day of June v July or early August. Thi.s 
fact could readily i mply that seasonal var i at i ons are present and that the 
i nfection with Echinorhynchus take s place i n June a nd July. By analogy with 
what is known of E.chinorhynchus elsewhere 9 the life span appears to be just short 
of one yearo Hence by May the fish may have r i d themselves of the Echinorhynchus 
acquired the previous yearo The date of catches . of the Alaska 9 British Columbia 
and far western sockeye are comparable and hence the difference in Echinorhynchus 
infect i on may be of some significance. Examination of sockeye from intermediate 
h igh- seas areas and from more North American areas will shed greater light on the 
i mportance of the observed differences. ' 

Further reference i s made here to the absence of Brachyphallus from 
sockeye taken in southern .a reas (Fraser River 9 B~C. 9 and Alert Bay v BoColv as 
shown in Tables V and VI. In additioµ v some sockeyes from high- seas areas 
taken between 175° Wo and 180° 9 and 48° and 50° No showed th i s same trend. 
(This sample is not included in Table VI because the fish were in extremely 
poor condition 9 the i ntestine being almos t entirely decomposed and hence the 
assessment of intestinal paras ites such as Phyllobothri um caudatum and 
Leci tha ster gibbosus could not be madeo Brachyphallus inhabit s the stoma ch 
and stomach trematodes have a much greater res i stance to post- mortem decomposi
tion than do intestinal trematodes 9 particularly when the stomachs are empty 
or nearly so.) Table VII shows the distr i but i on of Brachyphallus in th i s 
sample and i ndicates that 48° N. may be a critical l i ne in the distribution 
of this trematode. There i s apparently no relat i on between presence of 
Brachyphallus and longitude . Brachyphal lus may serve to di stinguish northern 
from southern stocks of sockeye 9 but more information i s requiredo 
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Table VIL - Incidence and intensity of Brachyphallus i n a sockeye sample from 
48°oo v=50 °00 1 N. and 175°00 1 ~-180° 9 1955. 

Date 

48°00 Q N. 9 177°00 9 w. 
48°00 1 N 0 D 180° 
49 ° oor N. 9 175° 00 1 w. 
50°00Q N. 9 177°00 1 w. 

of 

Sep 
l't 

91 

ii 

capture 

7 
4 
4 
3 

Brachynhallus 

0 0 

100(1) 
84(101) 

Table VIII. - Incidence and intensity of Diphyllobothrium and Phi lonema i n 
Okhotsk Sea sockeyes 9 1955 . 

Tu.te of capture Philonema Diphyllobothrium 

51°22 1 N. 9 154°00 9 E o Jun 30 60(4'7) 40( 7) 
53°25 9 No 9 153°50 9 E. Jul 1 0 40( 52) 40(2) 
52°42 9 N 0 D 154°12 9 E. QO 20 40(39) 40 (4) 
52° 02 9 N 0 D 154°30 9 E. lV 30 100 (41) 100 ( 7 ) 
52°03 9 N 0 D 154° 20 9 E. Aug 10 100(32) 100(5) 

The low intensity of Anisakis i n Fraser River adult sockeyes as com
pared to all other samples (Table VI ) may be another difference between northern 
and southern stocks of sockeyes . 

It was mentioned earlier thlilt three parasites v namely 9 Di plostomulum 9 

Di.phyllobothrium , and Philonema 9 have freshwater life-histories and are · 
detectable in seaward mi.gr ant smolts and the returning spawners. Unfortunately 
the results i ndi cate tha t these paras ites are so distributed through the North 
Pacif i c area that they cannot be used to differentiate eastern and western 
stocks of sockeye. They do 9 however 9 permit the separation of the three Alaskan 
samples and hence may be of value i n separation of local stocks. For example 9 

the Bristol Bay sockeye showed approximately 50% incidence with Diphyllobothrium 9 

whi ch was entirely absent from Attu and King Cove (Alaslrn Peninsula) . Furthermore 9 

Phi lonema was compl etely lacking in the King Cove so ck eyes but was present in a 
h i gh percentage of Bristol Bay and Attu sockeyes. ' 

The .da t a also show that i f we carry these local differences one step 
further, it may be possible to recognize the ultimate spawning localities of 
a mixed populat i on of fish t aken from a specific coastal or inshore area. In 
t he King Cove area 9 samples were taken from three localities , namely Cold Bay 9 

Pavl ov Bay and between Popof and Unga Island. I n Cold Bay the incidence of 
Diplostomulum was 40~& whereas this parasite did not appear i n the other two 
1.ocalit i eso With f urther informat i on on smolt paras i tes it could be pos s i ble to 
predict where these fish were destined to spawno Similarly i n the Okhotsk Sea 
sample which was taken from five l ocalit i es on five different dates 9 we can 
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di stinguish t wo apparently distinct spawn i ng populations on the basis of 
Diphyllobothriwn and Philonema o As shown i n Table VI II this differentiation 
is based on the time of arrival i n the fish i ng area rather than on t he 
specific locality a t which the fish were caughto Sockeye from the first three 
localities shown in Table VIII 1 taken between June 30 and July 20 9 appear to 
be a homogeneous group 9 with Philonema incidence of 40 to 60% and Diphyllobothriwn 
i ncidence of 40%. The samples from the last two areas 1 with Philonema and' 
Diphyllobothriwn intensity of 100% 9 were taken on July 30 and August S p respec= 
tively o These samples are similar to one another but differ from the first three 
samples o Knowledge of the parasite fauna of smolts from the Siberian area might 
permit identification of the spawni ng local i ties of these apparent ly different 
stocks of adult sockeyeso 

It should be pointed out that there are several notable differe~ces 
between the parasite fauna of pink and sockeye adults from the Fraser River 
estuary (cfo Tables III and IV) and hence any conclusions re distribution of 
parasites in sockeye are not necessari ly appl i cable to ptnkso 

4o Summary of pink and sockeye studies Lo Margolis 

(1) Pink fry appear to be free of parasites when on their dovmstream 
migration. 

(2) Three parasites 9 Diplostomu1um (Trematoda) 9 Diphyllobothrium 
(Cestoda) and Philonema (Nematoda} 9 are acquired by sockeye smolts p reta ined 
through the life of the sockeye and return to fresh water with spawnerso 
These parasites have a f reshwater life cycleo Because of their wide distribu
tion none of these species can be used to distinguish Asiat ic from North 
American sockeye populati ons but do seem to heve use in separating local 
populationso 

(3) Two species of helminths present i nteresting f acts which may 
assist in separating. Asiatic and North American stocks of sockeye o Echi
norhynchus was almost absent from North American sockeye and was of frequent 
occurrence in sockeye ;from the Okhotsk Sea and far western. Pacific. 
Lec i thaster gibbosus was very abundant i n North American sockeye and found in 
small nwnbers i n the Okhotsk Sea and North Paci f i c samples from 159° Eo and 
170.0 to 173° Eo 

(4) The trematode Brachyphallus was found i n all samples of sockeye 
from the high seas taken north of 48° N. and absent from sockeyes and pinks 
taken south of 48° N. on the h.igh seas and south of the Queen Charlotte Sound 
i n Bri tish Colwnb i a coastal. a reas. This paras ite may be of value i n separating 
northern and southern stocks of salmon. Simi~arly Anisakis (Nemat oda) infection 
was much lower in t he Fraser River 9 BoC. 9 sockeyes than the northern samples and 
may. also serve to separate northern from southern stocks of salmono 

(5) There is considerable ev idence to show tha t some populations of 
seaward migrant sockeyes in a large river can be parasitologi cally identified 
wi th the spawning locality from wh i ch they came , 

(6) The i nterpretati ons f r om data accumulated from sockeye studies 
i s not necessarily applicable to other species of salmon~ Fraser River 9 B. C. 9 

adult pinks showed several major di fferences from Fraser River adult sockeye. 
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(7) All the data indicates tha t considerably more sampling is requi r ed 
before parasitologi cal di stinction of stocks can be used effectively o 

Anatomy of Pacific salmon MoDoF o Udvardy 

Considerable t ime. wa s spent at the begi nning of the study in compil
ing the l i terature on the i nternal anatomy of the Salmonidae i n general 9 and 
of the most closely related species (Sa lmo salar 9 So fari~ etco) in particularo 
There is no substantial publicati on on the gross anatomy of Oncorhynchus salmon 
except for detailed studi es on .£0 tsharrtschao 

Ten spec imens of Qo nerka 9 6 of Qo kisutch 9 and 25 of Oo gorbuscha 
were dissected for detailed studyo 

Emphasis was placed on the descriptive anatomy of the visceral organs 
together with mea~urement s and accurate color determina tiono 

This material i s adequate for a deta i led description of the organs 
considered , and is being wo r ked up for eventual publicationo 

There i s 9 however 9 a particular circumstance that has to be pointed 
outo All the investigated specimens were adult males and females 9 approaching 
their spawning seasono There i s a gradual 9 but marked change in size 9 shape 9 

colop and structure of the vi sceral organs of adult salmon that culm,inates at 
the time of spawning. In consequence 9 the cohoes (caught in June) 9 the so ckeyes 
(caught in June and July) and the pi nks as well {caught in early August) showed 
no uniformi ty in the se characters 9 but exhib i ted an amount of variation that 
was beyond the l i mit of an expected individual variati on . An investigation of 
the data i ndicates that there is no correlation with size variation or with 
gonadal developmento 

The material studied was too l imited 9 both in number of specimens and 
in number of col.lections 9 to establish the sequence of changes leading to t11e 
spawning condition in the species inyestigatedo On the other hand 9 it could 
serve as an excellent basis for continued investigations on larger series 9 

uniformly distributed throughout the life cycle of each species. 

An exploratory study of the musculature of the three species resulted 
in the descript ion of a previously undescribed muscle i.n the tail fin o 

Rout i ne di agnosis and identification of parasite~ Lo Margolis 

During the past year si x collections of parasites from fish or mar i ne 
mammals have been identif i ed o The collections were sent in by members of ot her 
Board Stat i ons or of Canadian Uni versitieso The collections yielded some inter
esting parasites as well as probable new species o 

The diagnosis of diseases in fish has been carried out for a variet y 
of organizat ions and individuals 9 not only locally 9 but from di stant areaso 
The diseased conditions were mainly tumqrs and abnormal it ies produced by 
parasit ic i nvasionso 
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During 1955 salmon samples and measurements in connection with the 
International North Pacific Fisher i es Commission investigations were collected 
at several locationso These samples were obtained from fresh waterp seaward 
migrants » the commercial fishery 9 and spawning runs. They were for anatomical 
studies» bone structure studies 9 meristic information and parasitological 
exami nat ion. Adult salmon obtained numbered about 600 sockeye 9 600 pinks 9 400 
chums 9 100 coho and 50 springs. About 1000 young salmon were obtained 9 includ= 
ing all species in fry and yearli ng stages from bQth salt and fresh water. 

Measurements in connection with t he Uni ted States Fish and Wildlife 
Service meristic program were obtai ned from sockeye 9 pi nk and chum salmon in the 
northern » central and southern areas. About 3000 fish were handled in this pro
gramo The inability of the measuring machine to measure many of the large-size 
chums considerably reduced the numbers handled and must have resulted i n a con
siderable bias i n connection with thi s speci eso 

SALMON M .A N .A G E M E N T I N THE SKEENA .AREA 
FoCo Withler 

To improve the management of the Skeena River salmon fisheries 9 a 
. Committee composed of the Chief Supervisor of Fisheries for the Pacific .Area 

and the Director of ~he Nana.imo Stat i on was set up in October 9 19540 The 
Fisheries Research Board is conducting research projects to provide the necessary 
background knowledge for improvement of management techniques. The investigations 
contributing directly to the Committee 9 s work are summarized in the following 
appendices . 

Five species of salmon are taken in the Skeena River fishery. Of these 
the sockeye has received most attention because i t is of pr]me commercial impor
tance. Since the sockeye stock originating in the Babine watershed provides about 
two=thirds of the Skeena commercial sockeye catch 9 management of Skeena sockeye 
is primarily concerned with Babine salmon. The need for improved management 
has become most acute since 1.951 and 1952 when the Babine spawning escapements 
were drastically reduced by a sl i de i n the Babine River . 

The main problem in managing any sockeye stock is to provide spawning 
runs of such a size as to insure full.est possible utilization of the food re 
sources of nursery lakes 9 because the number of adults available to the fishery 
i s closely related to the output of young fish to the sea. To determine the 
optimum escapement to Babine 9 several projects are under way. For the past 5 
years 9 the spawning escapement to Babine has been counted and the numbers of 
resultant seaward migrating smolts has been estimated. The remarkable 1955 
smolt run of about 30 million (as compared to 3 t o 5 million in other years) 
resulted from the largest escapement so far recorded. This fact indicates 
that Babine spawning stocks have been too low in recent years to provide max
imum outputs of young sockeyeo However 9 evidence has been obtained that 9 even 
though total escapements are i ncreased 9 maximum ut i lization of Babine Lake 
still may not be achi eVied, In 1955 9 collections of underyearling sockeye were 
made in different . area.s of the Bab i ne Lake system. These showed that the 
distribution of young sockeye parallelled the distribution of the parent spawn
ing population 9 and that about 7r:;:/o were concentrated i n 12% of the total nursery 
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area available o It therefore appears that almost 90% of the lake was being under= 
utilized in 19550 If the spawni ng distribution could be changed to provide more 
young fish in the poorly used areas , it is probable that smolt production exceed= 
ing that of 1955 coul d be achievedo 

If changes in the distribution of Babine sockeye spawning are f ound to 
be desirable , it will be necessary to control 9 by regulation of the fishery 9 t he 
sizes of runs to specific areas of Babine La.Ke. To obtain info;rmation on the 
timing of runs, special te.st fishing and tagging was carried out above the 
Skeena commercial fishi ng boundaryo The results indicate that the times of 
passage of most of the major runs to Babine are sufficiently distinct to allow 
the required protection to certain spawning areaso To permit special regula= 
t i on 9 it will be necessary to measure the escapements to specific areas as t hey 
leave the fishery. Analysis of 1955 test- fishing data indicates that the catches 
made do 9 in general 9 reflect the abundance of fish above th~ boundaryo Further 
test fishing will be needed before the catches can be used as an accurate measure 
of abundance of ruri.s to specific a~eas. 

Next to Babine 9 Bear and Morice Lakes are tpe most productive sockeye 
areas on the Skeenao Since growth of young sockeye is an indication of the 
ability of a lake to support sockeye and since growth bears an inverse re
lationship to population abundance when cro~ding occurs, collections of smolt 
migr ants were made in both these areas. The Bear Lake smolts proved to be the 
largest so far obtained on the Skeena River, suggesting that the lake's capacity 
to support young sockeye was not taxed by the 1953 seeding and that provision 
of larger. escapements would increase the run. Further study is needed to deter
mine if sufficient spa~ming area is available to accommodate increased escape~ 
mentso Sampling at. Morice Lake was less successful and further observat ion will 
be necessary t o obtain reliable datao Alpng with other projects, the adult to 
smolt relationship at Lakelse Lake, q minor producer, has been studied for 
several years. 

It may be possible to i mprove production in areas other than Babine 
through regulation of the fisheryo Recovery of test fishing tags in these 
other areas will provi de the necessary information concerning the time of 
passage of runs through the f i shery. 

On the Skeena, pink salmon rank second to sockeye in commercial 
importance. The spawning runs which support the fishery are mainly confined to 
the larger tributaries of the lower Skeenao To manage pink salmon, it is 
necessary to determine the number of spawners reQuired to produce the gr eatest 
number of fry from a particular stream, with the assumption that the carrying 
capacity of the sea i s not now l imiting survival and growth. The distribution 
and abundance of Skeena pink s pavming stocks are not as well known as those of 
sockeye 9 and no information is available concerning the size of fry outputs o 

To assess pr oduction from egg to fry, attempts are being made to 
obtain gross estimates of adult escapements and fry outputs in the major spawn= 
ing a reaso In 1955 a start was made through tagging and stream surveys to 
estimate the size of the important Lakelse River spawning run . Preparations 
are under way to esti.mate the resultant fry output in the spring of 1956 o The 
results of the se studies may indicate that special prot ection of specif ic spawn
ing stocks is necessary to provide maximum productiono In this case the t est 
fishi ng and tagging program will provide essentia l information on the pink e s~ 

capement from the fishery and on the timing of runs o . 
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No speci f ic research is be i ng carri ed out on spri ng 9 c oho or chum 
salmon 9 but the test=fishing program embraces all species and shoul d a i d i n 
formulating special protect i ve regulat i on if re qui red 9 i n t he same manner as 
f or sockeye and pi nkso 

The 1955 Skeena salmon catch 

The 1955 Skeena sockeye catch was t he lowest ever r e cordedg 157 9 390 
f ish were t aken over t he period June 4 to September 24 (almost entirely by 
gi ll net) e As indi cated by catches 9 sockeye at no period were abundant i n the 
fishi ng area.9 and t he peak week (endi ng July 16) :rtet ted only 32 9 ? 00 sock eye o 
I n spi te of t he reduced 1955 f i shi ng week (96 hours) 9 a spe cial total closure 
during the week ending J uly 30 9 and a special part i.a l closure of the area 
during t he week end i ng August 6 9 t he escapement was est i mated t o be only about 
150 9 000 9 of which 102 9 000 (30% of which were njackstt) arrived i n the Bab i ne 
watershed. Exami nat i on of samples of sockeye t aken f r om t he commercial catch 
(treated elsewhere i n these reports) showed a markedl y low proportion of 42 
fish (about 15%)o This age- group was t hat who se parent s were blocked 
severely by the Bab i ne Ri ver rocksli de of 19510 

On the other hand 9 a catch of 1 9 329 9 945 pi nks was obtained 9 largely 
from gill nets 9 i n Area 4 (Skeena )9 and i t is beli eved that part of the Area 5 
catch made in Ogden Channel would also cons i st of Skeena- bound pink salmon. 
This i s a greater odd- year p i nk salmon catch than any since 1939 9 and approaches 
the 1952 catch which nearly equalled any cat ch since 19300 The largest weekly 
catch i n 1955 was made duri ng t he week ending August 16i) the catches pri or to 
t h i s week were affected by t he special closures mentioned above. The fish were 
of large s i zeo The escapement was better than i n the brood year (1953) in 
nearly all streams ~ and· was reported t o have been except i onal i n such pink 
spawning r i vers as the Kispioxo 

The gill=net catch of nearly 22 9 000 Skeena spring salmon was average 
for the six=year peri od 1950=55 0 Highest catches were made during t he week 
ending July 160 Sin ce spring salmon are also taken extensively by t roll 
before r eaching t he r i ver estuari es 9 i t is impossible to distingui sh t he river 
ori gi n of offshore stocksp and hence the total Skeena cat ch of springs cannot 
be estimatedo The escapement of spr ing salmon was moderate . Spring salmon 
:fishi ng rece i ved some spe cial curt a i lment in 1955 over previ ous yearsD i n that 
t he upri ver f i shing boundary for spr i ng sa lmon was t he same a s for sockeye 
salmon (Mowi tch Poi nt to Viet ch Po int)v whi ch boundary i s several mi les below 
the 1954 early=season spr i ng salmon fishing boundaryo The short ened fishing 
week (96 hours) also appl i ed to early spring salmon f i shi ngo 

The g i ll- net cat ch of coho salmon. amounted t o 92 9 453 which i s above 
the average for t he per i od 1950=550 Greatest numbers of coho were taken during 
the week end~ng August 13. The cat ches pri or to t h is week were affected by 
t he total and partial spe cial closures 9 primarily for sockeye 9 ment i oned above. 
The escapement of coho t o spawning tri but ari es was reported good. As wi th 
spr i ng salmon 9 it is t o be expected that many Skeena coho would be caught i n 
outsi de waters by troll f i shermen 9 and therefore it is di ff i cult to est i mate 
t he total Skeena coho catch o 

Chum salmon fish j.ng was exceptionally poor v the gill - net catch of 
about 29 9 000 bei ng the lowest recorded duri ng the peri od 1950=550 The escapement 
of chum salmon wa s e qually poor o The further restrict i ons (the lowered f i shing 
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boundary and shorter fishing week) &pplied to chum salmon fishing as well as 
to fishing for the other specieso 

Test fishing and tagging in the Skeena estuary F oC o Wi.t.hler 
and WoFo Pinckard 

To obtain an index of the size and composition of salmon escapements 
from the Skeena fishery early enough to be useful for regulation 9 and to secure 
salmon for tagging to determine the timing through the fishery of the runs to 
various spawning areas ~ special f ishing was carried out by two chartered gi ll=net 
boats above the Skeena conunercial fishing boundary in 1955. 

A total of 291 drifts of approximately one- hour duration each was 
made from May 26 to September 28. Fishing was carried out only on slack tides» 
and the procedure was made as uniform as possible in all respects in order 
that catches might be comparedo Up to July 17 a 200- fathom, 50- mesh com
mercial nylon net of 5 1/8 inches stretched measure was used; after July 17 
fishing was carried out with a 200-fathom gillnet composed of dif~erent meshes 
ranging from 3 1/2 inches to 8 inches stretched measureo 

The numbers of each species of salmon caught , the numbers tagged~ 
and the numbers of recoveries are given in the following table: 

No o recovered 

No. caught No. tagged from fishery from upriver 

Sockeye 1173 822 113 69 
Spring 782 376 48 22 
Pink 3590 1488 28 34 
Coho 483 233 27 2 
Chum 124 45 1 0 

Total 69152 2 9964 217 127 

Analysis of the deviation of sockeye catches from the trend line shows that 
the state of the tide when the drift was made (high -water slack as opposed 
to low- water) did not affect the catches significantly o A similar analysis 
to determine whether or not sockeye catches are affected by an open or 
closed period in the fishery shows this factor to be highly significant: 
catches were higher during closure of the fishery, lower when the fishery 
was open. These results indicate that the method employed will provide a 
reliable i ndex of the abundance of salmon inunediately above the fishing 
boundaryo It will require one or two more seasons to relate the size of 
catches above the fishing boundary to the size of escapements to the spawn
ing grounds. 

Before such informati on can be used to permit desirable escapement s 
by regulation, it is necessary to determine the times at which stocks bound 
for various spawning areas are present in the fishing areao The tagging 
data of 1944-48 have been re- analyzed and a dded to the information obta.i.ned 
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in 1955: in all years 10 9 741 tags have been applied to sockeye salmon and 
of these 1486 have been recovered on spawning grounds or enroute. 

In general 9 the recoveries show the followi ng with regard to time 
of passage: 

(a) Babine sockeye are present in the fishing area throughout the 
sockeye fishing season {approximately June 15 ~ Aµgust 10). 

(b) Lakelse and Alastair Lake sockeye are present up to the end 
of June. 

(c) Bulkley River sockeye (migrating largely to Morice Lake) 
are present from June 15 to July 30, 

{d) Kitwanga and Johanson Lake sockeye have been found to be 
present during the period July 19 to July 27. 

Considerable separation of sockeye runs to different spawning areas 
within Babine Lake are also possible on the bas is of tagging in the ocean 
and estuary: 

(a) Babine sockeye bound for Nine Mile 9 Six Mile 9 Pendleton and 
Sockeye Creeks are present in the fishery in June. 

(b) Sockeye migrating to Twin 9 Pierre 9 Ta chek and Four Mile Creeks 
are present from about June ·15 to July 10. 

{c) Sockeye migrating to Fifteen Mile 9 Morrison 9 Grizzly and Five 
Mile Creeks are present from about July 7 to July 21. 

(d) Those bound for Fulton and the Upper and Lower Babine Rivers 
are present from about July 15 to August 10. 

Tagging data to provide information on the timing of runs of other 
species is still too scant to be useful 9 but some is now available for pink 
and spring salmon. 

Salmon enumeration at the Babine fence in 1955 K.V, Aro 

The runs of sockeye .salmon to the Babine Lake watershed have been 
counted annually since 1946 at the Babine River adult counting fence with 
the exception of 1948 when flooos damaged the structure. The size of the 
1948 run was estimated by observations on the spawning grounds. The weir 
count has been accepted as the best single measure of the sockeye escapement 
to the Skeena River since the initial discovery that the runs to the Babine 
watershed constitute about 7o% of the Skeena escapement, The data from the 
fence took on further importance since 1951 when the blockage occurred on 
the Babine River. 

The 1955 adult count 9 which is reported below 9 is of gre~t interest 
because the 4-year- olds 9 which are usually the most important single component 
of the run 9 were the progeny of those fish which surmounted the rock .slide in 
1951, In addition the 3-year=old sockeye were the young of the slide-affected 
fish of 1952. 
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The counts of the five species of salmon which passed the Babine 
fence during the period of operation (July 4 to October 3) in 1955 are 
co~pared in the following table with counts obtained in other years. 

Sockeye 
Year No. % "Jacks" Spring Pink Coho Chum 

1946 475,705 12.2 10,528 289161 129489 18 
1947 522,561 50o0 15,614 559421 109252 7 
1948 550 9 000* 
1949 509,132 9o4 7,433 13,663 11,938 5 
1950 543,658 33.0 6,838 38 , 728 11,654 7 
1951 152,457 7.2 2 ,778 50 2,122 0 
1952 376,947 7o4 5,915 2,706 10,554 1 
1953 714,614 3o9 8,353 1,108 7p648 17 
1954 503,422 1.9 5,925 4,604 3' 094; 66 
1955 101,976 30o0 3,528 2,151 8,947 3 

*Estimated from comparison with stream survey counts and fence counts 
of previous years. 

The count of sock~ye salmon in 1955 was the lowest recorded since 
fence operations began in 1946. The first sockeye passed the fence on July 
6. Thereafter the count increased very slowly until August 1 when 2750 sockeye 
passed the fence. Following this early peak the count declined to 810 sockeye 
on August 10 and then rose to the main peak of 5505 sockeye on August 24 after 
which the run declined until only 40 sockeye were counted on October 3, the 
last day of counting. The low total count is due in part to a poor return of 
4- year-0ld sockeye which are the progeny of the small run which managed to 
pass the Bab1ne River rock slide in 1951. However, even when the effects of 
the slide are taken into account the run was below expectation, as were many 
sockeye runs from the Fraser to Alaska. 

The run of spring salmon was smaller in 1955 than in any non-slide 
year but was larger than in the slide- blocked run of 1951 from which many of 
the 1955 spawners were derived. The count provides an index of the run to 
the Babine River. Spri ng salmon spawn below the fence as well as above it. 

Pink salmon passed the fence in numbers twice that in the cycle year 
1953 and 40 times that in the slide- blocked cycle year 1951. Though the pink 
salmon runs are still much smaller than prior to the Babine River rock slide 9 

the recent increases indicate a gradual recovery of the Babine River pink salmon 
runs. As with springs , some pinks spawn below the fence . In 1955 it was es
timated that equal if not slightly greater numbers spawned immediately below 
the fence than above it. 

The coho salmon run was slightly smaller than in 1952 , the cycle 
year, and in the pre-slide years. 

A few chum salmon again reached the Babine River. 
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Sockeye sampling at the Babine fence 

In order to obtain details on the size and sex rat ios of Babine 
sockeye , samp'les amounting to 2% of the previous half day 1 s count were mea
sured and sexed throughout the period of the run o The numbers of "jacks" 
(3-year- old males ) as compared to larger sockeye were calculated f rom the 
"jack count" which is made for an hour dailyo The proportions of normal 9 

injured and net - marked indiv iduals among the larger sockeye were also notedo 

The jack count (22% of the total sockeye count) i nd icated that 3o% 
of the runwere jacks and 7o% were larger sockeyeo The calcula ted number (71 9 352) 
of larger sockeye in 1955 wa s only one- half of that in the previous low year, 
1951. The j a ck count showed that among the larger sockeye 601% had net marks 9 

6 .7% were injured, and 87 .2% were normalo The percentage of injured fish was 
sl ightly higher 9 and that of net-marked fish lower than i n other non- slide 
years. The lower percentage of fish with ne~ marks probabl y indicates the 
effectiveness of the specia l closure in the Skeena gill-net area in permitting 
escapement of the main portion of the Babine sockeye run. 

From the 2% sample 9 the sex ratio of the larger sockeye was 47.2% 
males and 52.8% females . Length-sex frequency plots suggest that about 6o% 
of the larger sockeye were 4-year- olds and 4o% 5-year-oldso The sample also 
showed that the average si ze of the jacks , larger ma l es 9 and females was 
38 .2 9 55o7 and 57.9 centimetres 9 respectively. In each case the sockeye were 
smaller than the nine- year average. 

A probable egg content of 3126 was calculated by applying the average 
length of the females to the egg- length regress ion formula which had been deter
mined from the egg samples of previous years. The potent ial egg deposition , 
the product of the probable egg content and the calculated number of females 
(37 9 700) was 118 milli.on eggs. This seeding was lower than the low seedings 
recorded during the years when the Babine Riv er rock- slide wa s in effec~ . 

Size of Babine sockeye smolt runs 9 1951- 1955 

Since 1951 estimates have been made of t he size of the sockeye srnolt 
emigration from the Babi ne watershed by a marking and recovery technique employ
ing smolt traps at the outlets of Babine and Nilkitkwa Lakes. Using estimates 
(from Babine fence data) of potential egg depositions from 1949 to 1953 , it has 
been possible to calculate surv ival to smolt stage from eggs carried into the 
system each year. The egg depos i t i ons tn 1951-52 were much below normal because 
of the effect of the Bab i ne River rock slide 9 while the 1953 egg deposition was 
much above normal because of the large escapement which entered Babine Lake as 
a result of the special closure i n the Skeena gill-net area. The smolt runs 
which have emanated from these variable egg depositions have provided informa
tion on the relationship between broods of varying size and subse quent smolt 
production. 

Employing the technique used from 1951 to 1954 to obtain an estimate 
of the size of the Babine smolt run 9 the 1955 smolt r un was estimated to be 
30.9 million , several t imes greater than t he largest r un i n the previous five 
years of operation. The method employed i nvol ves the capture and marking of 
portions of the run as it passes the outlet of Babine Lake 9 and the subsequent 
recovery of some of the marked fish in examination of the catches at the outlet 
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of Nilkitkwa Lake some eight miles downstream from the Fort Babine trap site . 
Ratios of marked to 'unmarked smolts in the samples are used to estimate the 
size of the run passing the upstream trapping device. 

The total numbers of smolts marked and released, the total numbers 
of marked fish recovered , and the total samples recovered in each year are 
g iven in the following table. Final estimates of the run for each year have 
been adjusted to conform with known changes in the mark/catch ratio at Fort 
Babine and to allow for the late installation of trapping structures in 1951 
and 1955, when portions of the run had passed before trapping began. 

Year No. of smolts No. of marked Size of sample 
examined 

Estimated size 
of runs 

95% limit s 
marked smolts re-

covered 

1951 34, 689 200 21,855 4.2 x 106 3.7 to 4.8 x 106 

l'.352 33,880 646 86,391 4.5 x 106 4.2 to 4.9 x 106 

1953 619950 2 9498 124,396 3.1 x 106 3.0 to 3.2 x 106 
1954 42,631 1 9156 81,082 2.8 x 106 2.7 to 3.0xlo6 
1955 113,931 1,287 270,546 30.9 x 106 2806 to 3206 x 106 

Certain errors associated with the possibility of increased mortality 
due to marking by fin-clipping and with the likelihood of disproportionate inten
sities of marking with relation to the run passing Fort Babine each day cannot 
be assessed and have been treated as constant each year. 

Assuming that all smolts are 1-year-olds, surv~val from eggs potentially 
available in the spawni~g run to resulting smolts have been calculated and are 
shown in the table below for the brood years from 1949 to 1953. 

1949 1950 1951 1952* 1953 

Eggs potentially 869 x 106 583 x 106 198 x 106 4].l x 106 1254 x 10
6 

available 
Year smolts appear 1951 1952 1953 1954 1955 
Estimated no. of smolts 4.2 x 106 4.5 x 106 3.1 x 106 2.8 x 106 30.9 x 106 

Survival egg to smolt 0.48% 0.77% 1.,57% 0.68% 2o46%· 

*only about one-third of this run spawned successfully 9 reducing the potential 
egg deposition and raising smolt survival to about 2%. 

A tendency for greater numbers of smolts to result from increased egg 
depositions seems to obtain at Babine; an increase in the survival to smolts from 
smaller egg depositions is also indicated for the adult runs from 1949 to 1952. 
However, the egg to smolt survival from the 1953 spawning runp which was by fa r 
the largest recorded in the years of Babine Fence operation~ was higher than that 
of any other run. Recent work by Johnson (elsewhere in these reports) shows that 
the Babine Lake system appears to be composed of several. distinct nurse r y areas . 
The survival rate within these areas may vary considerably depending upon a number 
of factors 9 including the food available and the concentration of young sockeye . 
It is known from spawning stream surveys that the proportions of adult s ockeye 
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spawning in the streams tributary to these areas may vary considerably from 
year to yearo Therefore the survival rates obtained for Babine Lake as a 
whole are composites of the survivals in the several nursery areas and may 
not show a consistent relat i onship to the size of the annual broodso 

The 1956 smolt run will be the product of the 1954 brood which 
produced a potential egg deposi tion of 1020 mi ll i on eggso 

Age 2 sex , growth v and parasite studies of Bab i ne Lake sockeye smolts 

Since 1950 9 samples of sockeye smolts have been taken either for 
special study or in conjunct ion with the smolt run estimation project. The 
sampling site has varied between the Babine fence ~ the Nilkitkwa Lake smolt 
trap and the For t Babine smolt trap. In 1955 9 because of water- level 
conditions 9 the sample was taken first at the Nilk i t kwa Lake trap and later 
at the Fort Babine trap. 

Exami nation of scales has shown 9 as indicated in the following 
table 9 that the smolts leaving Babine Lake are predominantly 1-year-old fish. 
The table also indicates tha t the sex ratios in each age- group do not depart 
signi ficantly from a 50~50 assumpt iono · 

l=year=old 2=year=old 
Year Males Females Males Females 

1950 1296 1320 5 9 
1951 1428 1367 6 4 
1952 826 828 6 5 
1953. 629 605 8 14 
1954 46 7 505 
1955 966 978 l l 

Lengths a nd .weights of all srnolts have been recorded alsoo That 
considerable di fference s exist in average sizes between years and between 
samples taken at .the Nilkitkwa Lake and Fort Babine traps is shown in the 
table below ~ 

Fork length (nun o ) We ight (gmo) 
Year Noo in sample Range Average Range Average 

1950 2616 54=104 83o0 .l.3=1006 5o5 
1951 2795 58-111 82 o4 l.6-1208 506 
1952 1654 55- 109 80o 4 1.3-12 07 4.9 
1953 1234 70=111 86.0 2 04-13.5 602 
1954 972 62-110 8604 2 o8=12 o6 603 
1955 N 431 569 93 72o7 l.6= 802 308 
1955 FB 1513 60=105 83o9 2. ol=ll.O 508 

N = Nilkitkwa Lake smolt sample 
FB = Fort Bab ine 
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When the average size of smolts for each year is compared with the estimated 
size of the run in that year , an inverse relationship between size of run and 
size of smolts exists for the years from 1950 to 1954 1 but this relationship 
does not hold for 1955, Recent studies indicate . that Babine Lake is composed 
of several nursery areas which contain varying concentrations of smolts 
differing in size in each area. It is evident from the table above that the 
smolts in . the Nilkitk:wa Lake sample were considerably smaller than those 
sampled at Fort Babineo This suggests that these early-running smolts were 
from a separate population resident either in Nilkitk:wa Lake or the north arm 
of Babine Lake. 

In the examination of smolt samples, notations have been made since 
1952 regarding the presence or absence of infection by the cestode Eubothrium 
salvelini (Schrank P 1790) and the nematode Philonerna oncorhynchi (Kui tunen~ 
Ekbaum, 1933). In 1952 and 1953 about 30% of the SI11olts were infected by 
cestodes and 10% by . nematodes. In 1954 and 1955, however, the percentages 
have become reversed to 10% cestode and 30% nematode infection. From 2 to 10% 
of the smolts had both parasites. The 1955 data show that those fish which 
were OOJ!lpled at the Nilkitk:wa Lake had a higher infection of cestodes and 
lower infection of nematodes than those sampled at Fort Bia.bine, suggesting 
that the degree of infection may vary between the nursery areaso Fish infected 
by cestodes were smaller than uninfected fish or those with nematodes only. 
Smolts infected by nematodes were larger than uninfected individualso 

Age, sex and parasites of Bear and Morice Lake sockeye smolts 
; 

In order to obtain sockeye smolt samples, .Bear Lake was visited for 
the period from June 21 to June 29 and Morice Lake _for the period July 6 to 
July 160 In both lakes fine nylon gill .nets of 3/4• and l• mesh were placed 
at the lake . outlets .. At Bear Lake a· total of 694 sockeye smolts wer.e caught; 
at Morice Lake , because of the lateness of the season, only one sockeye was 
captured, Many coho smolts and small fish of other species were capture~ at 
both lakes. 

Examination of scales of the Bear La~e smolts showed that they were 
all 1-year~olds but that considerable growth had been ma.de in the spring prior 
to emigration. The sex ratio . of 544 Bear Lake fish examined for sex was 276 
males to 268 females, which does not depart significantly from ~ l~l ratio. 
Lengths and weights of the smolts are shown in the following table: 

Fork length (mm.) Weight (gm.) 

Range Average Range Averag.e 

81-105 9LO 5.6-1204 

Comparison with Babine and Lakelse Lake ~ckeye smolts shows that 
the average size of smolts sampled at Bear Lake in 1955 was greater than 
that of smolts sampled in any year at Babine or Lakelse Lakes. 

Examination of 544 Bear Lake smolts showed an absence of adult 
cestodes and nematodes; however, 15 of the smolts were found to contain larval 
Diphyllobothrium. 
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The one sockeye caught at Mor i ce Lake was a male i n i ts fourth 
year 9 132 .mm. i n length and 20 .9 gm. i n wei ght. It appeared to be a non
mi gratory sockeye rather than a smolt . 

The pink salmon run to the Lakelse Ri verv 1955 
J .G. McDonald and 
M. P . Shepard 

The Lakelse River is one of the ma.in p i nk=producing areas of the Skeena 
drai nage. As an ini t i a l step i n a program aimed at laying the basis for 
management of the Slceena pink salmon f i shery to prov i de opt i mum escapements 9 

t he 1955 adult run to the Lakelse Ri ver wa s estimated by st ream surveys and a 
t agging .. program.. In January 9 1956 9 redd sampling was carr i ed out to provide 
i nf-ormati on on surv ival during the i ncubat i on peri od. I n the spring of 1956 
attempts will be made to estimate the numbers of fry mov i ng out of the r i ver. 

Est i mation of number of adults. To estimate the a bundance of the adult 
run 9 the number of pi nks i n yard=wi de sample strips extendi ng from bank to 
bank were counted or est imated at r epresentative points down the 13 miles of 
river between Lakelse Lake and t he Skeena . .An estimate of the populat i on 
could then be gained by mult i plying the average figure f or t he whole river 
by the length of the r i ver. 

To check this method 9 the Lakelae River fence (located about 600 
yards downstream from the upper limit of spawning i n the r i ver) was installed 
and the number of f i sh spawn ing i n the area above the f ence estimated by the 
sample =stri p techniQue and by t agg ing . The results suggested that not all 
the fish i n each sampl e stri p were visible and t hat by multiplying the 
est i mates obtained by the st r i p t echniQue by 1 03 9 a more accurate assessment 
of the runs would be gai ned . 

The results of the survey (and of fence data from earlier years) 
indicated ~ 

(1 ) the peak of t he pi nk run to the upstream part of the Lakelse 
River occurs i n mid-September (about September 16 i n 1955 ) 9 while the run i n 
the lower part of the river t ended to be somewhat later; 

(2) the i nterval between arrival of fresh fis h on t he grounds and 
t he i r death was of the order of three weeks; 

(3) the total spawning run to t he Lakelse River was about 172 9 000 
(approxi mate limi ts 128 9 000 to 216 9 000). With a n est i mated male/female 
rat i o of Oo96 and an average egg content of about 1600 per female 9 the 
potent i al deposit i on was of t h e order of 140 9 000 9 000 eggs (approxi mate limits 
(105 9 0009 000 t o 177 9 000 9 000) & 

(4 ) the f ish were present in greatest concentration i n the upstream 
part of the spawning area 9 with over half t he observed spawners being found 
i n the mile i nunedi a tely below t he upper limit of spawning. 

Redd sampling o Forty= s ix r edds were sampled between January 18 and 23 
i n s i x sect i ons comprising t he upper end of t he Lakelse Riv er. The t otal 
lengt h of r i ver covered wa s approxi mately t hree miles and about ?5% of the 
spawni ng occurred in thi s area. The sampling should t herefore be fai rly 
representative of the run as a whole o 
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Li v i ng eggs and young were present i n a lmost all s tages of 
devel opment o The ma jority ( 75% ) wer e i n the l a t e eyed s tage while 22·,; were 
not ye t eyed and 7% were alev i ns o 

The tot al number of eggs i n the 46 samples was 17 9 6260 Of t hese 9 

12 9 679 were a l i ve 9 i ndi cat i ng a surviva l of about 72% 0 The surv i val i n 
i ndi v i dual redds ranged f r om 0 t o 99%. Survi val was generally l ower i n the 
uppermost sect i ons of the spawning area. This may be related to three 
factors; f i rstly 9 superimpos i t i on by later runn i ng coho which spawned in thi s 
sect i on; secondl y 9 t he relat i ve l y large amount of s i l t observed in the redds 
at the t i me of sampl i ng ; a nd t h i r dly 9 t he relat i vel y h i gh dens i ty of spawners 
i n th i s s'e ct i on. 

I t was appa r ent t hat many dead eggs had been partially eaten 9 

presumably by the i nsect larvae and nymphs found i n the samples o The pos
sibili ty therefore exis t s that some loss of dead eggs had occurred and that 
conseq_uently the s urvival values are erroneously higtlo However 9 a close 
exami nat i on of the sampl es s uggested that the di s i ntegration of eggs either 
through the act i ons of t he i n sects or of fungus had not occurred to a ny great 
extent. It was conv.luded that a f airly representat i ve p i cture of su:cviv"al up 
to the time of th e exami nati ons had been obtainedo 

AGE COMPOSITION OF SOCKEYE 
CATCHES AND ESCAPEMENTS D.R. Foskett 

Because of t he very l ow so ckeye r uns in the northern and central 
areas in 1955 9 t he ca tch sampl e s 9 whi ch are taken on a percentage basis 9 were 
a l so small 9 wi th t he except i on of the Nass Ri v e r sample. A total of 4380 
sockeye was t aken of wh i ch 3 96 we re from t he . Ri vers I nlet escapement o 

The Nass Ri ver sample or 1448 sockeye was composed of 70% of 53 
fi sh 9 15% 52 f i sh and 12% 42 f i sh. Small numbers of 31 9 41 and 63 fish were 
a l s o present o The ;fi sh were of normal lengt h and weigh·t . 

The Skeena Ri v er sample of 604 sockeye consls ted of 15% 42 f i sh 9 

59% 52 f i sh n 14% 53 f i sh and 11% 63 f i sh. A f ew jacks of both the 32 and 43 
age- groups were als o present i n t he ca tcho Si zes were within the normal range 
for t h i s systemo 

The Rivers I nlet catch sample consisted of 685 sockeye of wh i ch 45% 
were 42 f i sh and 54% ~ fi sh. A f ew 53 and 6;3 fi s h wer e also present i n the 
sample . S i z e s were normal f or t h is popul ation. Thr ough the courte sy of the 
Fisher i es Depar t ment 9 l engths and s cales of 231 sockeye wer e obtained from 
sockey·e seined ab ove the boundary i nc i dent al t o spr i ng salmon t a gg i ng opera
ti ons and from 165 so ckey e exami ned on the redds o Age- class r epresentat i.ons 
in the sei.ned f i sh were 32 and 43 fish ( j acks) 9 1%;; 42 fish 9 79%; and 52 nsh 9 

20%0 The 42 age=group in the seined fish consisted largely of small fish 9 

the average leng q1 being 1908 i nches while the average length of this age
group i n the ca tch was 2. lo l i nches. Sample s taken on the redds generally 
haye eroded s cal es and t hough s eparat i on i nt o age- classes by means of lengt h 
freq_uen cie s i s f airl y relia b.le 9 the problem of representat i v e sampling is 
ext remely di ff ic:mlt o mnrerthe l eas » t he stream s ampl es support the figu r e s 
obt a i ned f r om the sain.ing i n t hat th e 42 f i sh were the mo s t numer ous group 
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i n the escapemento It i s regrettable t hat we have no knowledge of what effect 
securing most of our escapement from the smaller fish will have on future r.uns o 

The Smi th Inlet cat ch sample cons i sted of 762 sockeye of which 42% 
were 42 age=group and 58% 52 age=groupo One 53 fish was also present in the 
sampleo 

In addi t i on t o the above sampl i ngD so ckeye D from bot h the sei ne and 
gill - net fisheri es .in the Dean and Burke Channel areas D were sampled when 
poss ible o As is normal there were di f f erences i n the percentage compositi on 
of the samples obtained by the different gear t hough i t i s i mpossi ble t o say 
how much of these differences are due to gear s elect ivity and how much due to 
di fferences i n the populations f ished. HoweverD i t i ~ certa i n that much of 
the di f ference between the Oe3% jacks (32 fish) i n the gi l l =net cat ch and the 
8.2% jacks in the se i ne catch i s due to gear selectivity. The bulk of the 
sockeye examined D 85% in the overall sample D were 4=year=old fish . 

Re sults of the 1954 sampling have been published as No o 40 i n the 
seri es "Contributions to the l i fe=hi story of the sockeye salmon~ i n the 1954 
report of the British Columb ia Fi sher i es Depart ment . 

SOCKEYE 
PORT 

SA LMON ST UD I E S AT 
J OHN FIELD S T ~TI ON 

THE 
J.G. Hunter 

Adult sockeye salmon escapement . Port Johnv 1954 and 1955 

Every year adult so ckeye mi grate i nt o the Port John system well in 
advance of s:r:awning time . High water condi tions i n late June usually herald the 
arrival of the first few fish. Stream water levels control to a l ar ge extent 
the time at which these fish go upstream and into the lake. The first of 
these sockeye enter the tr i butary stream 9 Tally Creek v to spawn about the 
second week of September. 

Almost the ent i re run of , sockeye salmon spawn i n Tally Creek ; all 
other streams are exami ned and stream counts of spawni ng sockeye are made. 
A loss of about 25 to 30% of t he s ockeye entering the system occurs before 
s:r:awning. This loss i s bel i eved to be natural mortal i tY- duri ng the long 
lake- residence peri od. 

The escapement into the Port John syst em in 1954 and 1955 was 1470 
and 2566 sockeye respectively. The numbers spawni ng for these two years were 
1000 and 1800 respectively. 

A large proportion of the sockeye entering Hooknose Creek are "jack" 
so ckeye . A total of 572 jacks was re corded i n 1954 and 935 i n 1955 . Sockeye 
salmon egg deposit i ons in Port John were 789 9 000 i n 1954 and l 9 l80 DOOO i n 
1955. The 1955 run of sockeye was the lar gest yet recorded at Port John . 
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Production of sockeye salmon fry in 1955 and experi mental planting :i.n saa 

The sockeye fry mi gration from Tally Creek began about the middle 
of April and finished about the middle of Juneo Thi s i s an average period of 
egress although exceptions have been notedo 

It was calculated that sockeye deposited 661 9 484 eggs in Tally Creek 
in 1954 9 from which 64 9 324 fry emerged to pass downstream through the counting 
weir~ a 9o72% survivalo Not all adults spawned in Tally Creek 9 but assuming 
a similar survival in other spawning areasp a total of 76 9 714 fry were 
producedo All the fry from Tally Creek 9 with the exception of an estimated 
3 9 024 which escaped during a freshet 9 were transported to and released in the 
seao The calculated ;number of 1955 sockeye fry remaining in .Port John Lake i s 
1594140 

Sockeye fry could not be transferred to sea water until the yolk sac 
had been completely absorbed ; this necessitated holding the young fish until 
absorption was completeo Heavy mortality resulted from the holding operation 
and transportation of th,e fry o A total of 43 9 088 sockeye fry were released to 
sea during the spring. In order to check on the survival of these young fish 
in the sea they must be identified 9 thus all migrating sockeye smolts (with the 
exception of 442 smolts which escaped during a freshet.) were marked by the 
removal of the adipose and left ventral finso Further marking of smolts will 
be reQuired in 1956 to ensure identification of the transplanted fry. 

Sockeye smolt production at Port John in 1955 

Sockeye smolts began their downstream movement at .Port John April 11 
and completed their egress by June 14. A total of 14 9 866 smolts were counted; 
a 1% sample was taken 'fo r measurements and age analysis. Apart from 504 which 
were killed in the fence operation and 442 which escaped during a freshet 9 the 
rernainder 9 13 9 779 9 were marked by the removal of the adipose and left ventral 
fins before being released to sea. 

The 1955 samples have not yet been examined for age but the 1954 age 
analysis showed 33% l=year-olds and the remainder 2=year=olds. This has been 
the greatest percentage of 1-year-olds found in a Port John run. They were 
the product of the smallest recorded number of young sockeye in the lake. 

In the spring of 1952 9 5 9 075 sockeye fry were marked by the removal 
of the two pelvic f i ns to confirm the reading of 1- 9 2= and :3~year scales o 
The recovery of +narked fish as smolts _was as follows~ 

Year 

1953 
1954 
1955 

Age 

I 
II 

III 

Number of marks recovered 

21 
500 
11 

Percent of all returns 

3.95 
93098 
2 o07 

This mark i ng experi ment confirmed the ages of the migrating smolts 
indicated by scale exami nat i ono 
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LAKE SOCKEYE S ALMON LN V E S T I GA T I 0 N S 
Mo Po Shepard 

The purpose of the investigations i s to determine t he f a ct ors whi ch 
limi t the production of sockeye in fresh watero It i s hoped t hat th ey wi ll 
provi de the bi olog i cal basis for practi ca l measures t o incr ease t he pr oduct ion 
of sockeye in lake~o As a l mo st a ll th e mortal i ty t hat occurs during t he 
sockeye 0 s l i fe takes place bet ween egg depos i t i on and t he seaward mi grat i on of 
smolts , and since the output of smolts ha s been s hown to be directly r el ated 
to the s i ze of the adult ret~rn 9 t ho se factors wh ich i nfl uence fresh-water 
survi val. are all- important' i n de termini ng the numbers of adult s ava i lable to 
the 'fisheryo 

The basic measures of pr oduction have been enumer at i ons of t h e 
numbers of spawning adult s (and hence t he r el ated egg deposit ion) and the 
resultant fry and smoltso For sever al years t hese enumerat i ons have been 
carried out at Lakelse Lake 9 a small l ake i n the lower Skeena area 9 with an 
average adult run of approximately 14 9 000 spawner s o I n addition to the 
enumeration program 9 s~ec ial studi e s on t he eff e cts of certai n environmental 
factors on sockeye production have been conducted at Lakel se and el sewhereo 

Runs of adult sockeye to Lak:else Lake MoPo Shepa rd and 
RoM o Humphreys 

To obtain estimat es of t he number s of spawners at Lakelse and of the 
number of eggs depos ited 9 fences have been operated on the t wo maj or 
t ributary streams (whi ch a ccommodate over 90% of t he r un) every year s i nce 
1949 o From 1944 t o 1948 t he runs to the Lakelse spawning grounds were 
est i mated by stream surveyso In earli er years 9 s ome r ecords of the abundance 
of adults were obtained as part of a hatchery p r ogr am o The enumerati on data 
are summarized in the foll owi ng r eports o 

l o The Willi ams Cr eek spawning run . 1 9550 RoMo Humphreys 

The 1955 r un of sockeye to Wi lliams Creek was t he smal l est yet 
recorded at Lakelseo Only 3518 spawners pas sed t hr ough t he we ir o The t imi ng 
of' the run was s i mila r to t hat observed i n earl i er years o The first f is:h 
ascended the cre.ek on August 3 9 and the run rapi dly built up t o a peak on t he 
lotho By the 17th 9 t wo week s after the f i rst f i s h 9 75% of t he t ot al spawners 
had arrivedo The mi gration continued unti l the end of Sept ember 9 with a 
marked rise in numbers about t wo weeks before th e end of t he runo 

The mean number of eggs pe r femal e was estimated at 35380 As the 
total number of females co unt ed through t he Williams Creek fence was 1776 
(50o.5% of the r un ) 9 t he potent i al deposi ti on was estimated t o be 6 9 300 9 000 
eggso 

As in all years si nce 1952 9 periodi c stream surveys were carri ed 
out o Since 1952 there ha s been a continuous sh ift i n the di s t r i but i on of 
spawners from the up stream part of t he creek to the downstreamo I n 1952 the 
l ower t wo- th i rds of t he spawning ground had a very sluggish flow whi ch 
provi ded very poor spawning condi tions for the sockeyeo In t he summer of 
1 953 9 blockage of an upstream diversion channel (by personnel of the Depart= 
ment of Fisheri es) great l y i ncreased the flow i n the downstream areao The 
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autumn freshets of 1953 cleared out the silt and algal growth i n the lower 
reaches of the cr eek to a l i.piited degree 9 mak i ng i t more suHable for 
spawni ng. The f re shets of 1954 brought about an even greater i mpr ovement. 

It i s felt that t he i ncreasing concentrat i on of spawners i n the 
downstream area is 9 in par t 9 a r eflect i on of the stea di ly i ncreasing 
suitability of this area fo r spawning and for i ncubat i on. However 9 another 
factor affecting distribut i on of spawners i s the s i ze of the runs. The 
number of spawners at Will i ams Creek has decreased each year since 1952. 
It is l i kely that there is some tendency for small runs to concentrate 
near the mouth of t he cr eek 9 whi le larger runs tend to be dispersed more 
evenly throughout the ava i lable spawning area. The stri.king change in 
spawning distr i but i on occurr i ng from 1953 to 1954 (see table below) is 9 

however, not :readi ly a ccounted for by changes in numbers of spawners 
(the 1954 run was onl y· 20% smaller than that of 1953) and changes i n the 
suitabi lity of spawni ng grounds is felt to be the major cause of the 
change. In the following table the proporti ons of spawners in the upstream 
and downstream areas of Will iams Creek at the peak of the run are listed. 

Total Di stribut i on 
Year r un Upstream, Downstream 

percent 

1952 9932 67 33 
1953 8505 57 43 
1954 6789 16 84 
1955 3518 0 100 

2 o Total spawnin!:!i run t o Lakelse 2 1955. R.M. Humphreys 

The runs of sockeye to spawning grounds other than Williams Creek 
were estimated by stream s urv eys. The 1955 f i gu r es are compared with those 
of earli er yea rs in the fo l lowi ng table : 

1952 1953 1954 1955 
Cr eek Number Percent Number Percent Number Percent Number Percent 

Williams 99932 82 o5 8 9508 91.5 6 9789 8802 3 9518 9406 
Scully 19 103 9 o.2 627 6.8 '714 9.3 165 4.4 
Other 1 9000 8.3 160 1.7 195 2.5 35 LO 

Total 12 9 035 100 . 0 9 9295 100.0 7»698 100.0 3 9 718 lOOoO 

Based on the mean egg content of females and the sex ratio observed 
at the Williams Creek fence ~ the total deposition i n the Lakelse a r ea in 1955 
was estimated to be 6 9 600 9 000 eggs. 

3o The adult runs t o Lakels e Lake . 1921=1955. M.P . Shepard 

Si n ce hatcheri es were established at Lakelse in the early l900 ~ s~ 

information on the abundance of adult sockeye has been obta i ned ev ery ye.ar 
wi th the exception of 1940=19430 The re cords ma y be divided into four 
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general periodso The first is from 1921 to 1938 where hatchery records and 
Inspectorsn reports provide a gross picture of the runso The second period 
is from 1944 to 1948 when t he adult runs were estimated from stream surveys 
and tagging experiments" The third period was from 1949 to 1952 ~ when the 
runs were estimated from partial fence countso The final period was from 
1953 to the present, when accurate fence counts were obtained of the great 
majority of each year 9 s runo A fence count of the maj ority of the rw1 was 
also obtained in 19390 

(a) 1921-1937. Very gross estimates of the size of spawning runs can be 
gained from hatchery records and Inspecto rs 9 stream. sur-vey·s o From 1921 to 
1934 partial fence counts of the adults mov i ng up Will i ams Creek were 
obtai ned as µi.rt of the hatchery egg-taking operationo Using these as a 
basis, the runs during this peri od are estimated to have exceeded 25~ 000 
spawners in some years , and may have dropped as low as 2500 0 The mean level 
was probably in the order of 15,000 spawnerso 

(b) 1944-19480 Estimates in these years were base d largely on tagging 
exper i ments, in which either fish entering the lake or fish congregated off 
the mouths of the spawning creeks were tagged and surveys conducted to 
determi ne the proportion of tagged fish in the spawning population. Experi
ments at Lakelse from 1952 to 1954 , i n conjunction with accurate fence counts, 
indi cated that the tagging method tended to over- estimate the populationo 
Approx imate correction factors were developed and applied to the tagging 
experi ments of 1944-48 with the following results: 

Year Taggi ng Corrected 
estimate estimate 

1944 25,000 16,500 
1945 57,000 33 , 000 
1946 40 , 000 29,000 
1947 17,000 13»500 
1948 15,000 13,000 

Average number 30~ 800 21, 000 

In general, the corrected est i mates are about 30% below the 
original figureso Comparisons of the tot a l number of fish seen on the surveys 
with similar total counts made i n recent years sugge st that the corrected 
estimates may still be somewha t high , especially in the yea.rs ''lhen the two 
lar gest estimates were ma de (1945 and 1946)0 

(c) 1949 to 19520 1n 1949, fences were insta lled in the two ma i n sockeye 
streams , Williams and Scully Creeks . However , in 1952 a series of stream 
surveys on Williams Creek revealed that a large number (70% ) of sockeye 
spawners had entered the creek through a flood channel that was not fencedo 
Early surveys of the William s Creek area suggest that this flood channel did 
not exi st prior to 1950, and had therefore proba bly broken t hrough some time 
between 1949 and 19520 

Based o~ counts at fences in the creeks, the estimated total Lakelse 
egg deposition in 1950 was about 2 9 200,000o The resultant smolt run, counted 
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in 1952, was about 596,000, giving a survival rate from egg to smolt of about 
27%0 As survival rates of this order have never be en observed in any sockeye 
area it is probable that the estimate of the 1950 adult run was in error ~ and 
that a large proportion of t'he 1950 run had passed into Williams Creek 
undetected. Thus, it is l i kely that the break-t hrough first observed in 1952 
ha d been in existence at least since 19500 

As described in previous annual reports , the 1952 run was estima ted 
on the basis of stream surveys o However, as no surveys were conducted in the 
two previous years it is difficult to estimate the runs of 1950 and 19510 
Assuming that the proportions of the run migrating through the diversion 
channel in those years were similar to that in 1952 9 it is possible that the 
1950 run to Williams Creek was in the order of 5000 adults, while that of 1951 
was about 16,000o In these years it is probable that the runs to Williams 
and Scully Creeks comprised about 9o% of the total run. 

In the following table the estimated total spawning runs at Lakelse 
from 1949 to 1952 are listed. The figures for 1949 to 1951 were obtained by 
adding the Williams Creek estimate to the Scully Creek fence count and 
multiplying the total by lol to account for the runs to other creeks. The 
1952 figure is based on surveys carried out on all creekso 

Year Total nm 

1949 7g500 
1950 6, 200 
1951 19 , 000 
1952 12,000 

(d) 1939, and 1953 to 19550 Since 1953 accurate fence counts have been 
obtained of the adult runs to both Williams and Scully Creeks. Stream surveys 
on the other creeks draining into Lakelse Lake indicate, in recent years, that 
the Williams and Scully runs have composed well over 90% of the run. The 
total adult counts in these years are listed in the preceding section. In 
1939 a complete fence count .at Williams Creek showed a spawning run of 24,085. 
Estimates of runs to other creeks amounted to 7 , 000-1 0, 000, giving a total run 
of about 31,000 to 34,000e 

(e) Commercial exploitation of the Lakelse adult runo Analyses of data 
on the timing of the Lakelse run through the fi shing area (derived from 
tagging experiments conducted from 1944- 1948 and i n 1955) and of fence counts, 
have permitted gross calcuJations of the numbers of Lakelse sockeye taken in 
the commercial fisheryo In 1952 it was estimated that 17o2% of the run 
(4010 fish) was caught , whereas in 1953 , 14o7% or 1903 f ish were takeno A 
higher proportion would have been taken in 1953 had a strike not delayed the 
opening of the fishing season. The calculated rates of exploitation in these 
two years are much lower than that estimated for the Skeena River as a whole 
(somewhat over 5o%). This is due to the fact that the Lakels e adults migrate 
earlier than most of the other runs , and tha t most of them have passed 
through the fishing area before the fishing season cornmenceso Prior to 1949 
the fishing season opened a week later than in recent years. Thus, in the 
years prior to 1949 an even small er proportion of the Lakelse run vms fish edo 
It is estimated that the rate of exploitation t hen was approximately 35% 
lower than that of recent years. 
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4o Age composit ion of Lakelse adult sockeye runs 9 1952=19550 M.P. Shepard and 
D.R. Foskett 

To determine the age composition of the adult so ckeye runs to Lakelse 9 

representat i ve scale samples have been ob·tained from fish passing through the 
La.kelse River fence each year si nce 19520 

Classification of the samples with respect to the duration of fresh
water residence ha ~ been diffi.cult in some years due to the presence of an 
auxi lliary "check" near the nucleus of the scaleo Preliminary r eadings of 
the scales suggested tha t a cons i derable proportion of the run consisted of 53 
and 63 fisho However 9 size analyses and examinations of the scales of smelts 
leaving the lake indicate tha t only a negl i gible proport i on of the run (never 
over 105% i n 6 years of observations) were i n their third year when they left 
the lakeo For this reason it must be assumed that for some reason 9 not yet 
explained» the scale growth of some of the fish was such that . two annuli (one 
rather indistinctly formed) were laid dovm during the first year of lake 
residence and that the great majority of the fish classified as 53 us and 63 

9 s 
were actually a year younger (Leo 9 42 us and 5·2 vs) 0 

In the f ollowing table percentages of each age-class i n the samples 
are listedo The fish ori gi na lly classified as 53 and 63 have been grouped 
wi th the 42 and 52 classes. Undoubtedly some of these may have been true 
3=year fresh-water fish 9 but it is felt that they would be so few that the 
error in classifi cati on would not cause any s ign i f icant change in the age-
compositioh pattern . , · 

Year 
3 2 

1952 Oo4 
1953 0 0 0 

1954 0.3 
1955 0 0 0 

.Age=class 

42 52 

11.9 87.1 
38.5 61.1 
21.3 78.4 
27 .2 72 08 

62 

0. 6 
0.4 

0 0 0 

No. 
sampled 

92? 
288 
344 

77 

Knowing the age composition of the run and the numbers of fish 
arriving at La.kelse 9 the contribution of each brood year to the Lakelse 
escapement can be calculated : 

Brood Age Of 
year 32 42 

1946 
1947 

I 
1948 29109 
1949 71 49549 
1950 0 19805 
1951 25 19088 
1952 0 

return 

52 

15 9440 
?9219 
69643 
2» 912 

0 0 

0 0 

62 

106 
47 

0 
0 

0 0 
• 0 

Total 

99328+ 
ll.9263 

4.9 717+ 
0 0 

0 0 
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Studies on fry production 
l 

J .G. McDonald 

The object i ves of the Lakelse fry stud i e s have been (1) t o r elate 
the success or fa i lure of nat ural reproduction from the egg to the fry 
stage to stream conditions and escapement size 9 and (2 ) t o estimate the total 
sockeye fry output from the spawni ng tribut arie s into Lakelse Lake. 

Fry production has been measured at Scully Creek from 1950 to 1955 · 
and at Wi lliams Creek since 19540 As over 9o% of the Lakelse escapement 
spawns i n these two creeks 9 enumerat i on of th e two fry runs to these provides 
a good basis for est i mat i on of the t otal annual fry out put from the Lakelse 
area. 

l ~ Scully Creek production. 

With the except i on of 1955 9 fry producti on has been measured at 
Scully Creek by the operation of a wei r whi ch prov i ded a complete count of the 
spawners and of their progeny. In 1955 the f ry we i r was not operated and the 
number of fry migrants was est i mated by operat i ng a small trap9 described in 
prev i ous reports 9 which captured a measurable propor tion of the total number 
of migrants • 

The escapement 9 egg deposit i on , number of fry migrants and percentage 
survival (egg to fry) since 1949- 50 is given below : 

M/F Potentia l 
without egg Noe of fry Percent 

Year Males Females Jacks jacks deposi. tion migrants survi val 

1949=-50 565 485 28 1: 0086' 1 97669 370 2.42.9 346 130'7' 
1950=51 l.95 121 146 l: 0 .. 62 3779 775 35 »129 9o3 
1951=52 809 384 21 lg 0o48 192219696 1659 782. 1306 
1952;..53 556 507 40 li 0o91 29 053 9350 249 9882 12o2 
1953=54 3'70 251 6 1. : 0 oo'7 958 906'7 97 9134 10 .. l 
1954=55 263 394 7 l :lo50 19693 9806 233 9195* 13.,8* 

*estimated 

Oompared to fry production i n other areas for which measurements are 
available (e.go 9 Port John in the central coast region and Six Mile Creek at 
Babine Lake in the Skeena water shed) the survival f r om egg to fry at Scully 
Creek has been q_uite constant 9 varying only f r om 9 o3 t o .13o5% (average 12 .1%) o 

The relat i ve constancy i n t his proportion can be attri buted partly 
to the stable stream conditi ons which were observed throughout the period of 
investigation. Although cons i derable seasonal variat i ons in stream flow was 
normal (minimum 10 c.f.s. 9 maximum 400 c.f.s.) 9 mi ni mum flows were considered 
sufficient for the existence of the sockeye wh ile the spring and fall freshets 
di d not result in any drast i c change i n the nature of the creek. .Another 
s tab i l i z i ng factor in t he pr oducti on of fry was th e fact that more than suf= 
fi c i ent suitable spawn i ng gravel wa s always avai lable to each year 0 s run. 
Loss in production due to overcrowding on t he spawning ground and super= 
i mpos i t i on of redd s was mi nimal . 
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There was 9 however 9 a tendency for survival to vary with the number 
of eggs deposited ; the t wo smallest seedings (in 1950 and 1954) provided the 
two poorest survival rateso These figures support the hypothesis that 9 at low 
population levels 9 predators are able to take a larger proportion of the total 
run than at high levels 9 where the number of fry mi grating at the peak of the 
mi gration would exceed the capacity of the predators to consume themo 

2. Wi lliams Creek producti on . J .G. McDonald and 
A.J. Paul 

An estimat e of the fry output from this creek was carried out i n the 
same way as in 1954. A series of snall traps were placed acro ss th e mouths of 
the three outlet channels. These traps were op erated throughout the mi gratory 
period on the basis of last yearus experi ments 9 the proport i on of the mi grants 
captured by each trap was cons i dered to be equal to the proportion of the water 
strained by the traps. 

Operations began April 2 and continued until May 29. The number of 
sockeye fry captured in each outlet 9 and t he e stimated total number of mi grants 
is shown below for 1954 and 1955 g 

Estimated 
Total captured total mi gr ants 

1954 1955 1954 1955 

Main Channel 115 9000 247 9000 19 0649000 2 9 288 9000 
East " 169000 13 9 000 1829000 150 9000 
West " 59000 39000 '72 9 000 559000 

Estimated total 1 9 318 9 000 2 9 4;93 9 000 

At the end of trap operati on 9 i n both years 9 a few fry were still 
being captured da i ly. It was estimated that an additional 2 0 9 000 fry i n 1954 
and 35 9 000 in 1955 migrated after operat i ons ceased. 

The rate of production from egg to fry is shown below. Adult counts 
in both years were obtained by the operation of a weir. 

Year 

1953=54 
1954=55 

No. adults 
Estimated egg 

depos i t i on .xio3 
Estimated no. 

fry .xio3 
Percent 

producti on 

Almost twice as many fry were pr oduced in 1955 as in 1954 desp i te a 
smaller egg deposit i on. Thi s was attributed mainly t o a general improvement 
i n stream conditions resulting from a project carried out by the Department 
of Fisheries in 1953 . A few years previous a new flood channel was formed 
that greatly reduced the flow in the lower two=thirds of the creek 9 mak i ng 
t his formerly important section unsuitable as a spawning area. The blockage 
of this di vers i on channel by the Department returned the creek to its former 
course. The result i ng increased flow in the lower section washed out much 
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of the silt and algal growth which had accumulated on the stream bed in 
previous years and made it suitable for the incubation of sockeye eggs on ce 
more. 

3. Total Lakelse fry output. J.G. McDonald 

The total fry output has been assessed from the production recorded 
at Scully and Williams Creeks. Spawning ground surveys made in 1954 showed 
that only 63 sockeye spawned in other l.akelse tributaries. The fry output 
from these streams has been estimated, using the survival rate recorded at 
Scully Creek (which is comparable in respect to size~ flow and gravel 
conditions to the other small creeks). 

The estimated sockeye fry output into Lakelse lake in 1954 and 1955 
is shown below: 

Year 

1953;..54 
1954~55 

No. adults 

9 '2-92 
?,698 

Estimated no. fry 

l,505P000 
2,'780p000 

Percent production 

'7 0 9 
16.9 

4o The influence of light and current on the downstream migration 
of salmon fry. 

The downstream migrations of sockeyep coho and pink fry from the 
spawning grounds at Williams and Scully Creeks, Lakelse Lake, are restr i cted 
almost totally to the hours of darkness. As recorded at trapping sites at 
the mouths of the creeks , the number migrating per unit of time increased 
after dark until a "peak" was reached some three or four hours later. The rate 
of migration then progressively declined and movement ceased with the coming 
of daylight. 

The manner in which sockeye and coho fry init i ate this movement was 
observed in a trough ~et up to simulate natural conditions. A number of fry 
were placed in the upstream or head end of the trough i n mid~afternoon. Their 
movement to the downstream end and the changes in light intensity were 
recorded periodically. 

The fry were found to remain in the head end of the trough until 
the light intensity approached O=foot candles. Thereafter the number 
initiating movements per 10-minute interval increased until a peak was reached 
60 to 90 minutes after dark. The rate of downstream movement then de cl i ned 
and ceased within 150 to 190 minutes after dark. 

On three occasions the influence of art i f i.cial l i ght on the move= 
ment of sockeye and coho fry was tested. The fry in . the trough (a fresh lot 
was used in each test) were subjected to artificial light until two hours 
after dark in the first test, three hours in the second and throughout the 
whole of the ni ght on . the th i rd and final test. It was found t ha t the 
presence of the light almost complet ely prevented the downstream movement 
of the fish. In the t ests where the light was removed during the hours of 
darkness 9 movement began after removal of the l i ght. In the third test where 
the l i ght was left on all night 9 the movement of the fry was almost completely 
prevented for a 24- hour peri od. 
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These observationsv together with those recorded under natural 
stream conditions (by we i r and trap operation) v i ndicate that the downstream 
movement of the sockeye and coho v and probably also pink fry is i nitiated 
by a loss of v i sual orientation in the approach of darknesso This is 
possibly due to a failure of the eye to dark adapt at a rate eq_ual to the 
decrease in l ight intensityo 

Once movement was init i ated v io eo 9 vnen the fry entered into the 
currentv their downstream movement continued until the stream was completely 
evacuated or until dayli ght approachedo During this period the sockeye fry 
were seen to respond positively to fast currents and for the most part 
negat i vely to relatively slow current s o It was concluded that v although a 
displacement by the current initiated their movement from the gravel i nto 
the current 9 the continued movement downstream was a result of both a di s= 
pla cement by the current and a movement di rected on the part of the fryo 
The horizonta.~ distr ibution of migrat ing sockeye and pink fry were found to 
be related to currentso The proport i on of fry captured by each of six traps 
located at 12-foot intervals across the mouth of Williams Creek was found to 
be posit ively related to the relative yelocity of the current through each 
trap ( 0 r 0 "" Oa94 and Oa96 9 p =- o05v for sockeye and pinks respect i vely) o The 
coho fry 9 however 9 appeare__d to migrate--wi-thout part icular relation to current s 
(r "" 0 065 )& the numbers captured in each trap were i ndependent of the velocity 
of current through it a 

Smalt studies MoPa Shepard and 
RoMo Humphreys 

From 1946 to 1948 and from 1952 t o 1954v counts or est i mates have 
been made of the total number of smolts emi grating from Lakelse Lake each 
springo In most years represent ati ve samples of the fish have been examined 
to determine the average weight and length of ooiolts and the sex composition of 
the runso 

la The smolt run of 19550 RaMo Humphreys 

The smolt weir on the Lakelse River was installed on April 3 and 
removed on June 9 9 when rapidly r i sing water coupled with a low da ily count of 
sockeye made further counting unpr ofitableo Based on observations made i n 
previ ous years 9 it is probable that almost all of the Lakelse mi grants had 
moved out of the lake before the removal datea 

A total of 312 9 461 sockeye smolts were counted through the fencea 
Of t hesev 283 9 500 (90% of the total counted) moved through the fence i n t he 
two=week peri od from May 15 to June 2a It is probable that an additional 
2v500 fish moved out of the lake after the fen ce was removed v putt ing the 
t ot al smolt run at about 315 9 000 f i sho ' 

To speed the enumeration procedure and to reduce the amount of 
handling of the fish v a system of estimat i on involving calibrated di p-nets 
was usedo The fish were counted out in dip-nets constructed so that each net 
handled the same volume of fish (about 50 f i sh v on the average) o The total 
daily runs were estimated by carefully counting one out of every two or three 
di p-net loads and mult i plyi ng the total number of di p=net loads by the daily 
average numbers of sockeye in the carefully counted sampleso This procedure 
greatly speeded the counting operation and imposed a minimum delay on the f i sh. 
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S i nce the fence was const ructed in 1951=1952 9 cont i nuing efforts 
have been made t o ease the passage of t he f i sh through the fence and t o 
reduce mortalit y o Over the past four years mort ality attributable to t he 
fence ha s dropped steadily from a h i gh of about 5% in 1952 to lo 61% and Oe 74% 
in 1953 and 1954 t o only Oo38% i n 1955 o 

In addi.tion to - the so ckeye 9 98 v 908 coho smolts were oounted at the 
fence o It is est i mated t ha t another 7 9 000 passed down the r i ver a f ter the 
fence was removed 9 i ndi cat i ng a 1955 coho run of about 106 9000 smoltso Thi s 
is very cl ose to the average figur e for the 1952=1954 peri od (approx i mately 
1079000) 0 

To determi ne t he daily pattern of the mi gration 9 the pens were 
completely cleared at t wo- hour i ntervals for a 24- hour period near the peak of 
the run o The obs ervations confi rmed those made in earlier yearso The major 
diurnal movements of the smplts followed sudden change s in light intensit i es. 
There was a peak in the arri val of sockeye smolts at the weir approximately 
two hours after dusk and again about two hours after the light intensity 
increased rap i dly at dawn o The coho did not app ear to be affected in the 
same manner 9 with the numbers of arrivals i ncreasing steadily throughout the 
morning 9 and decreasing after a peak about noono 

2o Size , age and sex composit ion of Lakelse smolts 9 

1946=19550 
RoMo Humphreys and 
MoPo Shepard 

Si nce 1952 when the present Lakelse River count ing weir was put into 
operation 9 a dai ly sample of smolts has been taken throughout the mi gration . 
These have been analyzed for age 9 sex ~ length and we ight o Less extens ive 
samples were obtained in 1946 and 19480 The results are shown in the following 
table ~ 

Number of f i sh Age I f ish 

Year Sample s i :z<e :Age I Age II Av . A.Vo 
Mal e Female Male Female length weight 

cm. ~ 

1946 567 7 o59 
1948 44 43 l 7.63 
1952 1660 866 776 14: 4 8 .18 5.48 
1953 1377 724 621 18 10 8 039 5 o63 
1954 1579 857 722 0 0 8 018 5.?6 
1955 1511. 814 685 7 5 8 .61 6 .34 

The Lakels e smolt migrat i on cons i sts almost entirely of fish whi ch 
have spent only one year in the lake. The proport i on of 2- year=olds i n the 
run has averaged only 1.22%. 

I n 1955 t he mi grat i ng ffilolt s were appreciably l arger than in any 
prev i ous year for which records are avai lable . Thi s may have been associated 
with the f act that growi ng season in 1954 was cons i derably longer than normalo 
The late fall of 1954 was unusually mild 9 w.l th the mean mon·t hly air 
temperatures from November to January some 5° Fo high.er than normal o Plankton 
sampling suggested that the 1954 zooplankton bloom extended later into the 
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fall than normallyo 

Gross examination of the samples , similar to those made of smolts 
from other areas on the Skeena (See report under Salmon Management in the 
Skeena Area )9 was carried out to de termine the degree of infestation of the 
smolt with cestodes and nematodes o The results showed that infection with 
adult and sub-adult cestodes was nil , although 2o9% were observed (on 
cursory examinati on) to contain larval formso The incidence of nematode 
infect i on was Bo 9%o ~ompared to the infestat ion rate at Babine of from 4 to 
37% for adu lt or sub- a dult cestodes and 10 to 34% for nematodes » that at 
Lakelse is quite lowo 

Sockeye production at Lakelse Lake , 
1944 to 1948 o 

MoPo Shepard 

The above enumeration da t a provide estimates of the fresh- water 
production of sockeye at Lakelse o Although the data, in some cases , are very 
approximate a nd enumerat ions of some stages are not available for all years 9 

some conclusi ons can be drawno In the following table , fi gures for the yearly 
runs of adults {and estimated egg depositions) , fry and smolts , and for 
survival r ates between s tage s are presented : 

Count or estimate (thousands l Survival (%) 

~ 
~ 0 l'.1ll l'.1ll 0 l'.1ll 

rf.l <ti •rl i:1 i:: rf.l i:1 
I'.-! •r-l ,p · r-1 l'.O •r-1 i:-t ·r-1 
CD +' ·rl Ul i:1 +> 0 14 Q) ~+> ,.q 

'd ~ ~ tf.i. .p i:-t ri +:> +> +> i:-t +' ~ +> +> ~ 
0 H <D 0 r-1 ;::J ;::J 0 0 r-1 0 r-1 r-1 ;::J r-1 ;::J r-i r-1 l'.1ll 0 

0 a1 (\j .I') p, 
~ 0 +" 'd gg ~ ~~ l'.1ll 0 0 +> ;::J a1 +> ;::J 0 i:::l s H Q) p, 0 Q) El Q) ro l'.1ll s s Q) 'd p, Q) 'd s Q) t> 

~ >, rn 11'1 ''O f:r-i 0) 0::: P=l '\-i f:r-i ti} ""1 ti) U) i:-t a1 Cf} i:-t a1 Cll r-1 ' '"-" 

.. --· 
1944 16 05 31 ,350* 0 0 557 0 0 0 0 0 0 L78 0 0 0 0 7o59 
1945 33o0 62 . 700* 0 u 373 0 0 0 0 0 0 Oo60 0 0 0 0 0 0 

1946 29. 0 55 ,100* 0 0 600** 0 0 0 0 0 0 L09 0 0 0 0 7o63 
1947 13.5 25 650* • 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1948 13.0 24 '7 00* • 0 0 0 0 9.3 0 0 0 0 0 0 0 0 7L5 0 0 

1949 7o5 14 ,250* 0 0 0 0 llo3 0 0 0 0 0 0 0 0 150 . 7 0 0 

1950 6 .2 11, 800* 0 0 596 4. 7 0 0 0 0 5o 05 0.79 75.8 8 .18 
1951 19.0 36 ,100* 0 0 394 0 0 0 0 0 0 1.09 0 0 0 0 8.39 
1952 l <:! .O 21, 600 0 0 379 0 0 0 0 0 0 L 75 0 0 0 0 8.18 
1953 9 . 3 19,000 151-0 315 0 0 7 .9 20o9 L66 0 0 0 0 8.61 
1954 7 . 7 16,500 G.7 80 0 0 0 0 16.9 0 0 0 0 0 0 0 0 

1955 3 . ? 09600 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

*Potential deposition estimated , assumi ng a 50 : 50 sex rat i o and an average 
egg content of 3800 per female. 

**Est imate based on a part ial count. 

The results i ndlcate : 

(a} To_t al fre sh- water pr oduction (Leo, from egg to smolt) . 
(1) From 1944 to 1955 9 estimates of the so ckeye spawn i ng runs to 

Lakelse streams have fallen between 3700 and 33 9 000 (mean 14 ,2 00) . 
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(2) In ? years for wh i ch smolt counts are available P the lakelse 
smolt runs have varied between 315 9 000 and approximately 600 9 000 (mean 
459 D 000) o These runs have resulted from spawnings of f'rom 6200 to 33.9 000 
adults o 

(3) Proportionately the smolt outputs have vari ed less widely than 
the spawning stocks that produced themo The standard deviation of the 
numbers of migrant smolts was only 26% of the mean while the standard 
dev iat i on of' the number of adult spawners was over 56% of the meano 

(4) There has been no direct pos i tive relationship between the 
estimated number of spawners and the resultant number of smolts~ small 
spawni ngs have given r ise to relat i vely large numbers of smolts» and vice 
versao 

(5) Assoc i ated with the above observations 9 the survival rate from 
egg to smolt has tended to bear an inverse relati on to the s.ize of spawning 
runo 

(6) The average s ize of smolts has tended to vary inversely with 
the number of smolts producedo 

The abov e observations suggest that 9 wi thi n the range of seedings 
observed 9 competition for food has exerted a U_miting i nf luence on sockeye 
production at Lakelseo Both the growth and survi val rates tended to be 
lower at high population levelso However 9 i n the years for which records 
are available~ competition has not yet reduced smolt size a s greatly a t 
Lakelse as in some other a reas (eogo 9 Nilk itkwa 9 Cultus and Shuswap Lakes) 
and it is t herefore probable that the capacity of the lake has not yet been 
reached 9 and that greater numbers of smolts could be producedo 

It should be borne j.n mind that many of the estimates of runs used 
in comput ing produ ct.ion fi gures have been gross approx:i.mationso As t he trends 
dj. scussed in the foregoi.ng paragraphs are not clear--cut 9 the conclusions 
drawn must be regarded with cautiono Forthcoming counts of the smolt runs 
resulting from the relatively small seedings of 1954 and 1956 should 
provi de further evidence to strengthen or weaken them o 

(b) Survival from egg to fryo The two f igures for surv i val f r om egg to 
fry ('709% and 16 09%) obta i ned for the Lakelse area as a whole fall within 
the range of survivals observed in a number of small i.ndivi dual streams 
examined elsewhere (eog6 9 Tally Creek at Port John Lake and Six Mile Creek at 
Babine Lake)o See also the section "Studi es on fry productionll'll above. 

(c) Survi val from fry to smol1:,o Only one fig ure for thi s survi val has 
been obtainedo No useful conclus ions can be drawn until further data are 
available o 

(d) Adult returns . Three yearsa data are now available on the adult 
r eturn (spawning run 9 not including catch) f rom knov1ra sGedings o In two years 
out of the three , the returning adults were fewer than the run s thc. t proC.u.ced 
them (29 o5% l ower for the brood year of 1948 and ~40<:::/~ lower for 19500 
However , due to a 50o7% j_ncrease for the brood year 1949 9 t he average number 
of returning adults for t he three=year period (approximately 8400 ) was 
almost equal to the numbers of fish i n the parent runs (approximately 8900)., 
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St udi es of Skeena system l ak es and t he i r 
young sockeye populations W oEo Johnson 

The object of these studies is t o gain a bas ic understanding of the 
lake phase i n the life of sockeye salmon and of t he environmental factors 
determining the capacity of such lakes to produce sockeye smoltso The wri ter 
began studies along tbese lines at Lakelse Lake i n t ne f all of 19?4o Most of 
the early work was devoted to devi sing methods of capturi ng young sockeye i n 
lakes and of assessing the availability of the i r zooplankton foodo During 
t he period ~pril=Oc toberv 1955 v periodic sampiing of the zooplankton and of the 
young sockeye populat i on was carri ed out a t La~else Lake i n brder to follow t he 
growth rate of the young soc~eye and seasQnal changes i n availability of zo o= 
plankton as food 9 observations were also made on t emperature v lightv current s v 
and ( i n the fall) phosphate cont ent of l ake watero Simi+ar observati ons were 
c:arried , out at Kitsumgallum Lake at less :frequent i nt ervals. Two visits were 
made t o Bab ine and N:l.lkitkwa Lakes in August and Octoberv 195.5. Vi sits were 
made to Bear and Morice Lakes i n l at e June and early Julyo 

l o Method of capt ur i ng young sockeye , 

The method developed for capturi ng young sockeye involves t he use of a 
net towed by two boats r unni ng parallel about 100 feet aparto The tow=net is 
simply a cone=shaped bag 9 the open mouth end of which i s given rigidi ty by means 
of a stainless s·teel ringo The size found most suitable has been a net 9 feet 
in length with a mouth diameter of 3 feet o The use of 5/8-inch (stretch measure) 
nylon netting fo r the forward 6 feet of t he net and woven nylon material with 
openings of approxi mately 5/32 i nch for the 3=foot bag end has proven satisfactory 
for the captur~ of young sockeye 9 i ncluding the newl y=emerged fryo Experi ence has 
shown an overwhelmingly greater success of t ows made at the surface (fishing the 
surface 3 feet)o Hqwever v the time of day i s of primary i mport ance i n t he capt ure 
of young sockeye with such surface t owso Tows made duri ng daylight hours are very 
rarely successful v even v.hen active schools of young sockeye are observed at the 
surface. As dusk approaches 9 fishing suc cess i ncreases quickly and reaches a 
maxi mum during t he first moments of dar knesso Then fishi ng success decreases and 
catches are rare during the remaining hours of darkness o No such period of high 
catchability has been observed for the morning t wilight period. This same daily 
pattern of catchab ility has been observed i n all sockeye lakes where this net has 
been usedo 

Based on th is experi ence 9 the following rout ine method of sampling was 
adopted : surface tows of 10 to 15 minutes v durat i on 9 towing at a speed of 
approximately 7 miles per hourv were made consecut i vely for one hour in t he 
evening v spanning the peri od of dusk and early darkness. This hour of towing 
has been used as the unit of fishing effort. Towing was carried out at random 
in the pelagial (offshore) zone of the lake o 

Since adopt ing th i s standard method in August v 1955 v experience at 
Lakelse Lake points to t he consistency of t his manner of sampling young sockeye 
populations. The mean size and variance i n size of sockeye shown by repeated 
sampl es taken on successive days was reasonab l y uni formo The catch per unit of 
effort showed relatively small variat i on i n repeated sampl i ngso However v 
catchability i n all lakes was greatly reduced in the fall as compared to the 
summero 

2o Method of sampling zooplankton . 

Sampling of the zoopl ankton has been carried out by means of 
Clarke- Bumpus plankton samplers equipped with #10 standard nets . 
Differenc es in quantity of zooplankton v both vertically and 
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horizo,ntally 
9 

showed that meani ngful and adeq_uate sampling must i nclude 
samples from all depths in all major regions of the lake o Sampli ng has been 
carried out in that mannero 

3o Zooplankton distribut ion. 

(a) Verticalo During the swnmer period at Lakelse Lake (and i n all other 
Skeena lakes sampled) 9 there was a consistent concentration of the zoopl ankton 
i n near-surface waterso .At Lakelse Lake 70 to 90% of the total standing crop 
was conunonly concentrated in the surface 6 meters 9 except i ons occurri ng with 
extreme violent circulation accompanying strong windso This concentrat i on i n 
near surface waters appears to be related to light condi t i ons o 

(b) Horizontalo Lakelse Lake lies in a north- south valley and prevailing 
wi nds in summer are from tb.e south 9 north winds occurring only occasionallyo 
Wi th prevailing southerly winds , concentrations of zooplankton were conunonly 
found in the eastern and northern portions of the lakeo North winds resulted 
i n a shifting of such concentrations to the west arid south. This hori zontal 
di stribut ion of the zooplankters is associated wi th lake circulation ; 
concentrations are found in the regions of convergence of surface water. 
Apparently the concentrations result from the fact that the motile zoo
plankters are able to maintain themselves at their preferred near- surface 
position in spite of the downward movement of surface water in areas of 
convergence. Conversely 9 in areas of divergence , or upwelling of deeper 
water , plankton- poor water is brought to the surface resulting in a sparser 
concentration of plankton. 

4. Distr i bution of young sockeye. 

Tow- net sampling at Lakelse Lake during the fry run of 1955 indicated 
that the newly-emerged fry entering the lake took up a pelagic , plankton- feeding 
existence soon after entering the lake. 

{a ) Verticalo Experience with tow- net fishing at all depths indicates 
that the young sockeye are distributed in waters relatively near the surface 
during daylight hours 9 that they concentrate extremely near the surface during 
the evening twilight and then become generally dispersed to all depths during 
the hours of darkness o The concentration of sockeye in near- surface depths 
seems related to the near- surface concentration of the zooplankton food. 

(b) Horizontalo At Lakelse Lake tow- net sampling and observations on 
schools active at the surface in peri ods of calm. 9 i nd i cate that the young 
sockeye are generally distributed about the offshore region of the lake. 
However , on two occasions , observations of schools at the surface gave a sug
gestion that the young sockeye might be more concentrated i n areas where zoo
plankton was found most concentrated hori zontally. 

At Babine Lake, a very large , multi - basin lake 9 great di fferences in 
horizontal distribution of young sockeye were found ; this is di scussed below. 

Rare capture of spec i es other than sockeye in tow -nets or gill-nets 
i n offshore surface waters i ndicates young sockeye as the primary pelag.i c 
plankton- feeders 9 with r elatively little interspecific competition. 
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5o Growth rate of age- 0 sockeye and envi ronmental factors. 

In . fish populations of low density v that isv in the absence of h i gh 
competitionv growth rate is believed to be dependent on temperature and the 
avai labili ty of food. 

(a) Lakelse Lake and Kitsumgallum Lake. Data on growth of sockeye v 
availability of zooplankton and temperature for these two lakes is presented 
graphically in Figure 1. The young sockeye population of Lakelse Lake during 
1955 was known to be of low density and a comparable catch per effort i n 
Ki tsumgallum Lake indicated a comparable density. Ne i ther lake is believed 
to have had a population of sufficient size to give an adverse effect on 
growth through competition. 

In Lakelse Lake the highest rate of growth occurred during the month 
of June when zooplankton was most abundant ; water temperature throughout the 
summer period varied little and it is felt that the decline in growth rate 
of sockeye after June was due to the declining availability of zooplankton 
foodo Extremely low .. phosphate levels in .August and September and the paucity 
of the phytoplankton suggest low nutrient levels as the basic cause of 
decline in zooplankton abundance. 

Growth rate of age ... o sockeye in Kitsumgallum Lake was much lower than 
in Lakelse Lake. Availability of zooplankton in Kitsumgallum was extremely 
low and temperatures were also lower than at Lakelse Lake; both factors no 
doubt contributed to the slower growth rate of sockeye. At Ki tsumgallum 
Lake age-I sockeye were also taken and in mid-September they averaged only 
4 grams in weight. The low temperatures characteri st i c of Kitsumgallum Lake 
are believed to be a primary factor limiting basic production of plankton in 
this lake. 

(b) Babine and Nilkitkwa Lakes. Only two v i sits were made to Babine and 
Ni lkitkwa Lakes - in August and October. Observations indicate temperature 
comparable to those of Lakelse Lake a~d zooplankton abundance greater than or 
equal to that of Lakelse Lake. Based on catch per unit of fishing effort» 
the density of the young sockeye population .in .. all parts of Babine Lake 
except . the North Arm was lower than that. of Lakelse Lake ; rate of growth of 
the sockeye (Figure 1) was similar. Extremely high catches per uni t of 
f i shing effort indicated young sockeye populations of very h igh density in 
both the .North Arm of Babine Lake .and Nilkitkwa Lake » highest in Nilki tkwa 
Lake. The extremely slow rates of growth of the sockeye i n these two areas 
are perhaps a result of competition owing to density of population. 

(c).Bear Lake .and Morice Lake. Visits to these lakes were made pri marily 
t o obtai n samples of the emigrating smolt s (.reported by Aro elsewhere in 
these reports). However p it was possible at the same time to carry out 
plankton sampling and temperature observa.t i ons:o 

During the . v i sit to .Bear Lake (June 21 -29v 1955 ) water temperatures 
were comparable to those at Lakelse Lake and the standing crop of zooplankton 
was higher than any observed there in 19550 These findi ngs accord with the 
fact that the smolts taken were all 1- yea r - olds of larger mean size than 
1- year-old smolts from Lakelse Lake. Bear Lake i s a mult i-basin lake and 
great di fferences in the plankton populat i ons 9 both qualitatively and 
quantitativelyv were found i n the different bas ins. 
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Morice Lake was v i sited dur ing the period July 6=15v 19550 This was 
apparently· t oo late to sample the smolt run as only one sockeye smolt was 
capturedo Both water temperatures and zooplankton abundance at Mori ce Lake 
during thi s per i od were at levels intermed i ate between those of Lakelse Lake 
and Ki tsumgallum Lakeo 

60 Distribution of age- 0 sockeye in the Bab ine~Nilkitkwa Lake nursery areao 

Two series of tow-net collecti ons were carried out in Ni lkitkwa lake 
and various parts of Babine Lake in August and October v 19550 Differences i n 
catch per uni t of effort and in mean size of indi vidua l s wi thin each series 
offer evi dence of a highly unequal distribution of the young sockeye ut ili.zing 
the Bab ine-Nilki tkwa Lake nursery areao 

Catch per unit of fl.sh ing effort indicated th e following percentage 
di stribution of the total age-0 sockeye populat ion of this nursery area~ 

Area 
as % of total 

Nilki tkwa Lake Ll 
North Arm of Babi ne 

Lake l 0o3 

Babine Lake south of 
Halifax Narrows 8806 

Totals 100 00% 

August 

Sockeye populat ion 
as % of total 

9o2 

78o9 

llo9 

10000% 

October 

Sockeye population 
as % of total 

12 o5 

7lo6 

15 o9 

100 . 0% 

Even i f the highest catches per effort in the large area south of Halifax 
Narrows vvere used as representat iv · of this l a rge part of Babi ne Lake 0 t he 
computati ons would show only 17% (.August) and 33% (October) of the sockeye as 
being in this 8806% of the total nursery areao 

Taki ng catches per effort in August and October at Lake.lse Lake 
(wher e the approximate size of the young sockeye population was known) as 
standards relat i ng catch per effort t o population dens ity dur ing these periods, 
and assuming that catch per effort is related proportionately to population 
density v the following est imates of populat ion. density and size are obtained~ 

August 9 1955 October 9 1955 

Catch/hour Sockeye/acre Catch/hour Sockeye/acre 

Lakelse Lake 28 336 6 294 
Nilkitkwa Lake 384 4v608 97 49 753 
Nort h Arm of Bab i ne 

Lake 342 49104 58 2p842 

Babine Lake south of 6 ?2 L5 74 
Halifax Narrows 
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Area Number of age- 0 so ckeye salmon 

Acres August 9 1955 October 9 1955 

Ni lki tkwa Lake 1,200 59530 9000 5 97 04 9000 
North Arm of Babine 

lake 11,500 47 , 200 9000 3297009000 
Babine Lake south of 

Halifax: Narrows 98,500 7,0929000 79290p000 

Totals 111 , 200 59 9800i000 45 9700 9000 

Again considering the area south of Halifax Narrows, computat i ons based 
on the highest catch per unit of effort in that area are made. These computa
tions show an estimated den~ity for this area of 108 sockeye per acre in August 
and 196 per acre in October. This indicates a population of 10 , 638 9000 in 
August and of 19,306,000 in . October for the area of Babine Lake south of Halifax 
Narrows; and indicates a total population size of 63 9 364 9 000 in August and 
57 9693 9 000 in October. 

The factors believed, responsible for this highly uneQual distribution 
of young sockeye, and hence inefficient use of the lake nursery facilities 9 are 
the distribution of the spawning parent population and a limited dispersal of 
young sockeye from their point of entrance into the lake as fry. Of the total 
number of spawning sockeye contributing fry to Babine and Nilki tkwa Lakes in 
1954, 56% spawned in areas tributary to Nilkitkwa Lake and the North Arm of 
Babine Lake. Limited dispersal of young sockeye from their point of entrance 
to the lake as fry is 9elieved primarily due to the morphometry of the lake and 
resulting independent regions of circulation. 

7 . Young sockere collections at Shuswap Lake. 

During the period December 3 to 8, 1955 9 by i nvitation of the Director 
of the International Pacific Salmon Fisheries Commission , a visit was made to 
Shuswap Lake in the Fraser River system. The main purpose of this visit was to 
demonstrate to Commission biologists the method of capturing young sockeye 
developed at La.kelse Lake and used on Skeena lakes. From this point of view 
the visit was successful. 

As only a limited amount of effort could be expended 9 owing to 
i nclement weather, and because low catchability is general at this time of 
year 9 only 23 age-0 sockeye were captured. Although this Ernall sampling of 
young sockeye offers no statistically significant evidence in itself 9 certain 
features of it point to the probability of an uneQual distribut i on of young 
sockeye similar to that found at Babine Lake. A concentration of 
approximately 98% of the 1954 spawning population on s:p3.wning grounds 
immediately tributary to the outlet region, together with the extremely long, 
multi-basin character of Shuswap Lake, makes an uneQual distri bution of young 
sockeye in this lake appear extremely likely . 
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Studies on predator f ishes ToHo Bilton and 
MoPo Shepard 

To gain information on the extent of predation on young sockeye by 
other fishes in I.akelse Lake p predator (and 9 incidentallyp forage fish) 
populations have been sampled by gill nets each year since .. 19440 In additi on 
to these r outine samplings , marking experiments have been conducted from time 
to time to estimate the abundance of the various species a nd to gai n informa
tion of their distribut i on and migrationso Since 1950 a creel census has 
been carried out each year to follow changes in abundance of one of the most 
important predators at Lakelse - the cut- throat trouto 

In past reports i nformat ion on the abundance a nd distribution of 
Lakelse fishes and extent of their predation on young sockeye have been 
summarized. This year 9 s report includes an assessment ·of the creel census 
results from 1950 to the present and a report on the rel ation of predation 
to predator size and distribut i on , and on .s.easonal variations in ·predaticm . 

1 . Diet of predator fisheso 

At Lakelse Lake cut- throat trout » dolly varden char and squawfish are 
the chief predators of lacustri ne sockeye . Since 1944 annual samples of 
predator fishes have been obtained by gill- nett ing » trapping and anglingo 
The stomach contents of many of these fish have been examined to determi ne the 
extent of predation by the various species on the young sockeyeo I n the 
following report data on the relation of sockeye consumpt ion by predators to 
location of capture of predators , size of predator and season are presented. 

(a) The extent of predat ion in different areas 4 I n Table I frequency of 
of occurrence of sockeye in the stomachs of predators and the average number 
of sockeye found per stomach are shown for predators captured in the inshore 
and offshore areas of Lakelse Lake . All areas having a depth of 5 meters or 
less were included in the inshore category. Since 1951 t he fishing effort 
has been quite uniform throughout the lake. Dita collected prior to 1951 
(when inshore areas were more heavily f i shed than the offshore ) have been 
omitted. 

Table I. Relation of sockeye consumption to area of capture 
of predators (No. :;;: number of stomachs examined; F(%) = 
percent of stomachs containing sockeye ; Avo noo :;;: average 
number of so ckeye per stomach). 

Specie;:1 

Cut- throat 
No. 
F(%) 
AVo noo 

§quawfi sh 
No. 
F(%) 
J..v. no. 

Dolly varden 
Noo 
F(%} 
Avo noo 

Inshore Offshore 

734 673 
1.6 7o7 
0.04 0.15 

504 363 
·1.4 3o3 
0.02 0.04 

198 184 
2 o0 7ol 
OoO? 0.29 
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The results i ndicate that for all species both t he proportions of 
predators feeding on sockeye and the average number of sockeye per stomach 
are much higher i n the offshore than in the i nshore areao This reflects 
the fact that young sockeye are pelagic plankton feeders v venturing but r arely 
i nto the inshore waterso 

(b) Effect of size of predatoro In Table II the frequency oc curr ence of 
sockeye in the stomachs and the average number of sockeye found per stomach 
are listed for predators of different s izes o All data collected since 1944 
have been lumped without regard to area or season of capture . 

Table IIo Sockeye consumpt i on related to size of predator 
(No. - nurii.ber of stomachs exruµi ned ; F(%) ; percent of 
stomachs containing so ckeye ; Av o no. ;::; average number of 
sockeye per stomach ) . 

Size= class (Cill o) 
Spec i es Over 

11=20 21=25 26=30 31=35 36=40* 41 

Cut-throat 
Noo 218 529 758 565 174 
F(%) 2 .3 3o0 606 1L5 1607 
AVo noo 

sockeye Oo07 0.16 Oo29 Oo33 0.56 

Squawfish 
Noo 485 489 434 122 33 
F(%) 4o5 3.7 2 o5 o9 0 
Av. no. 

sock eye Oo07 Oo08 Oo04 OoOl 0 

Dolly varden 
Noo 13 132 98 73 29 36 
F( %) 0 0 6012 906 609 0 
AVo nOo 

sock eye 0 0 024 035 052 0 

*All cut=throat and squawfi sh over 36 ·cmo are i ncluded 
i n this category o 

The results ind icate ~ 

(1) Both the percentage of cut- throat feeding bn sockeye and the 
average number of sockeye per stomach increase s with sizeo The frequency 
with which those in t he smallest size-group sampled (11 to 20 cmo ; largely 
II- year-old f i sh) feed on sockeye was only 13% of that of the largest size
group (over 36 cmo 9 mainly V- and VI=year=old f ish)o The average number of 
sockeye per stomach of the small fish was also about 13% of that of the 
older and l arger f i sho 

(2) In squawf ish there was an apparent i nverse relationship between 
t he extent of feeding on sock eye and size o This is v i n part v assoc iated 
with the fact that large fish were relati vely more abundant in the inshore 
waters where the extent of feeding on sockeye is lowg whereas the ::mall fi sh 
are more abundant in the catches offshor eo However v even when offshore and 
:i.nshore samples are exami.ned s eparately 9 the trend persisted to some extent o 
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(3) During the fall and winter (the period of lake residence)p 
the small dolly vardan sarnpl ed . (up to 25 cmo ) app~ared to feed very l i ttleo 
Speci mens of i ntermedi ate size (26=40 cmo) subsisted ~argely on sockeyeo 
The average number taken tended t o vary wi th s i ze 9 although the :frequency 
occurrence of sockeye i n the stomachs bore no clear -cut relatiOD..to s i ze of 
t he predatoro The very large f ish (41 cm.a and over) fed :mainly on other kinds 
of' f ish 9 generally of a larger size tha.n sockey~ (e ogo 9 sculpins 9 cyprinids 
and even cut=throat t rout III- year=olds up to 27 cmo)o 

(c) Seasonal trends i n predati ono Data on the seasonal t rends i n t he 
frequency and average number of sockeye i n predators do not necessari ly 
reflect changes i n t he relat i ve rates of predat i on from season to seasono 
Changes i n di gest ive r ate associated wi th temperature undoubtedly occuro 
For exarnple 9 it would be expected that the summer digest i ve rates would be 
higher than t hose at ot her times of the year 9 and t hat t he frequency of 
occurrence and number of sockeye per stomach would t end to give a low 
e.stimate of the relative rate of predation when compared to s i mi lar figures 
.for the fall 9 spring and wi nter . However 9 some general i zat i ons can be madeo 
In the fol lowing table the data collected since 1951 have been compiled 
according to season . Dita pri or to 1951 have been omitted be cause the 
sampl i ng peri od in these years was ma i nly conf i ned t o spri ng and summer 9 

whereas the sampling i n years following 1951 was spread more evenly t hrough
out the year o 

The data 

Table III o Sockeye consumption related to season 
(Noo ~ number of stomachs examined ; F (%) = percent of 
stomachs containing sockeye ; Avo noo ; average number 
of sockeye per stomach)o 

Species 
Season 

Wi nter Spring Summer Fall 

Cut= throat 
Na o 221 757 ?7 471 
F(%) 4 ol 1 08 5o2 7 08 
Avo UOo sock eye 005 004 ol4 ol5 

Sg,ua.wfish 
Noo 25 458 133 247 
F(% ) 12o0 l o3 o7 3 06 
AVo noo sockeye ol2 002 oOl 005 

Dolll varden 
Noo 23 186 173 
F(%) 43o5 2 0 '7 06 
AVo noo sock eye 004 008 oOl 

indicate ~ 

(1) For cut- throat t he highest frequency of feed i ng on sockeye 
and the highest average number of so ckeye per stomach was ob served i n t he 
fall o The f i gures for t he fall were roughly four times t hose of the 
spri ng period 9 when t emperatur es tend to be roughly t he sameo The 
apparent low fre quency of predati.on i n the spri ng is asso ciated wi th t he 
fact that most of the la rger fish are undergoing t he i r annual spawni ng 
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mi grations and are not feedingo Although frequen cy of occurrence and mean 
number of sockeye consumed for the summer are slightly lower than t hose 
observed i n the fallv i t i s probable that the actual rate of predat i on is 
higher in the summer when a presumably higher rate of di gest i on is 
cons i deredo :ca.ta on the effects of tempe rature on the met abolic: rate of 
cut=throat trout tend to support t his suggestion o I n the wi nt er 9 the cut= 
throat feed primari ly on stickleback near the surface and probably take 
sockeye only incidentallyo In generalv thenv the summer and fall appear to 
be the times of most active predati on by t he cut- throat on the sockeyeo 

(2) When the probable seasonal changes in digest i ve rate are 
considered 9 the rate of predation by sg,_uawfi.sh may be qui.ta constant through
out the open=water se.asono In the wi nt er a larger fract i on of the population 
appears to subsi st on sockeyeo The squawfish 9 however 9 like many c:ypri.ni ds 9 

are warm-water f i sh and thus the relatively high aver age number of f i sh per 
stomach may merely reflect a very slow rate of digest i on i n the wintero 
Experiments on the effect of temperature on the metabolic rate of this 
species would a i d in interpreting these datao 

(3) The major part of the dolly varden populat i on at Lakelse spends 
only the fall and wi nter in the lake 9 mi grat i ng out of the lake i n the 
spring and returning in mid=autunmo Duri ng t he wi nter over 4o% of the 
dolli es were found to be feeding on sockeye and on l ittle elseo This is the 
highest rate of incidence observed at any time of the year for any of the 
species under studyo In general 9 chars are better adapted for winter 
existence than trout or minnows 9 having a temperature 'optimum fo r maxi mum 
performance (eogo 9 as reflected by maximum sustained swimming speed) 
cons i derably lower than that of the other t wo groups o The apparent ability 
of char to take sockeye readi l y during the winter is a reflect i on of this 
phenomenono The apparent low rate s of predati on during the spr i ng and fall 
are no doubt associ ated with the fact tbat t he fish are mi grat i ng duri ng 
these peri ods and are not actively feedingo 

2o Cut-throat creel census 9 1950=19550 ToHo Bilton 

During 1955 the coverage of t he creel census was reduc~d 
consi derably; only 11% of the anglers fishing on the Lakelse River during 
the month of May were contacted to obtain data on t he i r catches ( i oeo 9 

number of hours fished ~ number of each speci es ca.ught 0 t he type of lure used 9 

et c o)o However 9 a close check of the number of anglers observed fishing on 
the river and the effort expended by each was madeo Anglers f i shing on the 
lake were not contacted during 19550 

(a) Catch stat i sticso Changes in abundance may be reflected in two ways~ 
(1) the return per unit of effort tends to vary with the abundance 0 and (2) 
where f i shing reduces the populat i on of fish of catchable s i.ze the numbers 
of ol der and larger fish in the cat ches tend to decreaseo 

The age composition (determined from examinat i on of scales) of the 
catches of trout from both the Lakelse Ri ver and the lake has rema i ned quite 
constant s i nce 1950 p with t he exceptions of the r i ver catch of 1952 and t he 
lake catch of 1954 when unusually.large numbers of older fish were taken 
(see t able below)o The age composit i on of the t rout i n t he r iver ca tches i n 
1955 was si mi lar t o t hat of previ ous years o No creel census was made on the 
lake i n 1955 but the age composition of trout t aken in gill nets was not 
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detectably di fferent from that i n ot her years and i t is probable t hat the 
age composi t i on of the anglers 0 cat ch i n the lake had not changed eithero 

Cat.ch statist i cs of the Lakelse cut-throat f ishery 9 1950=1955 

Ri 'lrer Lake 
Est.i= Cat ch Esti= Catch 

Year Hours mated per .Average Hours mated per Average 
fished cat ch hour age fished catch hour age 

1950 81-9 oO 1148 1040 3o23 12940 0 1342 1003 3o21 
1951 76400 836 1009 3o59 88500 '768 0086 3.41 
1952 1026 08 1140 loll 4o93 12400 0 1338 LOS 3o75 
1953 11030 7 781 Oo 71 3o7l 8300 0 1068 L29 3o45 
1954 120602 765 Oo63 3o48 463. 7 887 L93 4o61 

1950-1954 
Average 98309 934 Oo94 3o54 942.5 1080 Ll4 3 o69 

1955 72600 * * 3o40 * * * * 

*Data not avai lable o 

Age III- and IV-trout have predominated in the catch each yearo A 
lesser number of II- 9 V= and VI=year- old trout are also takeno The proportion 
of older f i sh has not de clined si nce 1950 but has actua lly t ended to i ncreaseo 
These fi ndings indi. cate that fishing has not depl eted the populat i on to a point 
where the age compositi on has been affected. 

Figures on the catch per uni t of effort for 1950- 1954 i ndicate that 
t here has been no progressive decline in the abundance of trout in Lakelse Lake 
proper ; t he catch per hour has actually t ended to i ncrease r ather t han to 
de clineo No figures are available for 1955 but 9 due t o i nclement weather» 
very little fishing was carried out . 

Catches on the Lakelse River t ended to decline from 1950 t o 19540 
In 1955 adequate catch data were obtained for the f i rst week of the season 
onlyo Comparison wi th the openi ng week catches of other years ind i cates that 
the r et urn per effort was greater in 1955 than in the prev i ous t wo years 9 

but was somewhat lower than i n the f i rst three years of the creel censuso 
The lower return per effort on the river i n the last three years has probably 
been associated with a change in t he distr i but i on of t he fish and i n the 
f i shing effort due to the operat i on of the Lakelse River sockeye counting 
fence. Pri or to the installat i on of the weir in 1952 » the fishing effort was 
distr i buted QUite uniformly on the Lakelse Ri ver between t he mouths of Herman 
and Coldwater Creeks4 In March of 1952 » the weir 9 located halfway between 
the two creeks was i nstalledo Although a boat passage was prov i ded to 
facil i tate the movement of anglers up and downstream 9 the fishing effort was 
largely concentrated in the area upstream from the weiro Duri ng t his year 
tb.e movements of the trout were a lso restr i cted by the fence operationo It 
is estimated that .fr om 1 9 000 t o 2 9 000 of the older and larger trout 9 wh ich 
normally would have mi grated downstream 9 were confined to the upstream 
regi on o This oc currence is reflected in the higher average age of f i sh 
caught duri ng this season (see table )o Thus 9 although the area ut i l i zed by 
t b.e anglers was reducedv this restriction of the fish to t he upstream area 
prov i ded them with an unusual l y heavy concent rat i.on of fisho The result was 
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that a catch per effort s imilar to previous years was attaineda 

In 1953 and 1954 9 however 9 improvements in design resulted i n the 
ready passage of trout downstream through the fenceo As in 1952 9 the anglers 
ventured but rarely to the fishing grounds below the fence and thus failed 
to exploit a proportion of the trout population they would normally have 
fished in former years. Failure to fish the downstream area duri ng t he 
surnrner 9 when the spring spawners in the Coldwater area became available to 
angli ng 9 further decreased the extent of their explo i tat i on . It is probable 
that these condit i ons are responsible for the catch per uni t of effort in 
1953 and 1954 being cons i derably lower than in the previous three years . 

In the past three years approxi mately 1 9 500 cut -throat t rout in both 
the Lakelse River and i n the lake have been marked by the removal of f i ns or 
by the application of t ags. Populati on estimates based on these experi ments 
have shown that the population in Lakelse Lake duri ng the summer i s in t he 
neighbourhood of 15 9 000 fish of catchable sizea Of these the anglers have 
removed annually an average of 1 9 080 trout or approximately 7% of the 
avai lable stock. The marking exper i ments have also shown that from 3 9 000 to 
5 9 000 trout migrate down the Lakelse Ri ver each springo Of these fish up t o 
3 9 000 may be mature individuals which are not readily available to the early
season fishermen. The anglers have taken an average of 934 fish from t he 
river annually 9 which represents between 18% and 31% of the population. 

SPRING AND COHO SALMON D.J. Milne 

In recent years the trollers i n Bri tish Columbi.a have expressed 
concern about the conservat i on of the stocks of spring and coho salmon which 
t hey fish . For the last five years the total catch of spring and coho salmon 
has amounted to about one - quarter of the total salmon landi ngs in Briti sh 
Columbia. The trollers take approximately two-thirds of t he catch of both 
spring and coho salmon. The rapidly expandi ng ocean sport fishery i n the 
Strait of Georgia also catches these two species of salmon al.most exclus i vely. 

F.a.rly tagging experi ments i ndicated that the catch in each area is 
composed of fish from many streams along the Pacific coast 9 and that some 
stocks 9 especially the Col umbia and Fraser River spring salmon 9 mi grate l ong 
di stances and are fished i nternat ionallya Accordingly 9 a close l i a i son has 
been maintained with United States biologi sts through their coordi nat i ng 
agency 9 the Paci f ic Marine Fisheries Commissiona In recent years 9 coastwi de 
taggi ng 9 marking and sampling programs have been carried out in fr i endly 
cooperat i on. A summary of the tagging experiments off Brit i sh Columbi a from 
1949 to 1952 and a comparison of the results with those from 1925 t o 1930 is 
now ready for publ i cation . The results of t he 1955 sampl i ng of t he t roll 
catch for s i ze and age of fish and a preliminary review of the dist r i but i on of 
the recoveries of f i sh marked in United States streams is presented in t his 
report. 

In previous r eports a di scussion of the proposed regulations t o 
protect small salmon ha s been g i ven 9 together wi th recent informat i on on 
growth 9 maturity and mort ali ty of releasing small fisho Although the States 
of Washingto~ » Oregon and Cali forni a have adopted certai n closed seasons and 
mi nimum sizes 9 our studi es suggest that these are not good conservat i on 
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measureso If small f i sh are caught by t rolling gear and released 9 the 
mortal i t i es are probably too.:.high for any gai n to result from the increase i n 
growth of the survivors. At present only an opening date ·of June 16 to prevent 
the capt ure of small coho salmon has been adopted in Bri t ish Columbi a. 

The Columbi a River spring salmon cat ch has dropped t o record lows i n 
the last four years~ The Uni ted States bi ologists are greatly concerned about 
the sharp declin~ in the important fall runs and f urther restrict i ve measures 
have been advocated for 4rolling along the ent i re coast. To ascert ain how t he 
troll catches off British Columbia have been affected and t o assess the present 
condi t i on of our stocks 9 new field work was curtailed i n 1955. Instead 9 a 
revi ew of knowledge 0f spri ng salmon and a history of t he spri ng salmon 
f i sheri e s was undertaken. Recommendati ons for f uture wor k wi.11 be based on 
this review. 

Recent catches of spring and coho salmon 

lo Commercial catches . 

Rel i able catch statistics 9 by species and gear 9 are available only 
since the introduct·ion of the sales-slip system in 1951. A summary of the 
British Columbia spring and coho salmon catches i n thousands of pounds (round 
weight) is given in Table I. 

Table I. Spring and coho salmon catches i n t housands of pounds (round wei ght) 

Troll catch Troll catch 
Tot al catch as % of' 
all gear Red White Tot al total catch 

Spring Salmon 
1951 129920 79210 19190 8 9400 65 
1952 149420 8 9 770 19540 ·1 09310 ?l 
1953 159670 89240 29410 109650 68 
1954 139 490 6 9 420 1 9880 89 300 61 
1955 129530 79030 19090 89 120 65 

Coho Salmon 
1951 359140 199510 55 
1952 229190 0 0 17 9 200 "I? 
1953 239160 0 0 0 0 139 710 59 
1954 209690 0 0 11 9 710 5? 
1955 239550 0 0 139460 57 

I n 1955 the total and the troll catches of spr i ng salmon were t he 
lowest in the last five yearso The troll catch of red springs was late and low9 

as in 1954. For outside waters this was a ssociated with t he poor fall chinook 
salmon runs to the Columbia River in the last four years. The troll cat ch of 
white springs was sirni.l ar t o the. low catch in 1951 and below t he h igh cat ches i n 
the last. t hree years. It appears· that· the surv ival f r om the 1950 brood year was 
good 9 producing good catches of ~al l. fish (3-yea.r=olds) i n 1953 and large fish 
(4~year= old s) in 19540 
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The troll catch of coho salmon i n 1955 was also late with t he peak 
i n August instead of Julye The September and October catches were below 
average and t he final total was the second lowest in the last f i ve yearso 
The lower catch i n 1954 was a striking failure since it wa s the return from 
the record catch i n the br ood year 1951 (most coho salmon mature and are 
caught in t heir third year) o This failure i s attributed to the poor survival 
of young salmon i n the streams during the dry swnmer of 19520 The troll 
catch i n 1955 was lower t han i n the brood year 1952 but i n t hat year a strike 
of net fishermen allowed a higher proportion (77%) to be caught by trollo 
S i nce the t ot al catch in 1955 was higher than the total catch i n 1952 9 t he 
catch this past season can not be construed as a fa i lure o 

The total troll cat ch of bot h spring and coho salmon and t he total 
numbers of days f i shed are gi ven in Table IIo 

Ta ble II . The comb i ned cat ches of spring and coho salmon. 

Total troll catch Average pounds 
i n lbo (round weight) Troll days per boat=day 

1951 27 99109000 1339 000 210 
1952 27 9 510 9 000 1309000 211 
1953 2493609000 1.219 000 200 
1954 2090109000 1099 000 185 
1955 21 9580 9 000 1139 000 192 

The catch 9 effort and catch per boat - day was hi gh in 1951 and 1952 and l ow i n 
t he last t wo yearso Thus the trollers experi enced poor fish i ngo 

For the first time 9 fishing licences were r estricted t o commercia l 
fishermen only in 1955. The re sult was that fewer troll l i cences were i ssued 
and the number should r epr esent the commercial trolling effort more a ccurately 
than i n the past which included some sport and weekend fishermeno 

2o Sport cat ches. 

The sport troll fishery operates in inshore tidal waters 9 ma i nly in 
t he Strait of Georgia but also i n local areas such as Rivers Inlet 9 Gold 
River and Alberni Canal . Est i mates of the catches have been made by t he 
Fishery Officers for the last few years a nd a summary of the data for t he 
years 1953 t o 1955 was r eleased i n March 9 1956 0 The catch of coho averages 
about 609000 fish (300 9000 lbo) 9 springs about 50 9 000 fish (500 9000 lbo ) and 
grilse (sa lmon less than 3 l b. round) ab out 1209000 fish (240 9000 l bo)o The 
total sport catch i s about 6% 'by number (3% by we ight) as large as t he t ot a l 
commercial catch of spring and coho sa.lmono The fish caught by sportsmen 
are small.er i n average size t han t hose taken by commercial fis herrneno In the 
Strai t of Georgia by it self t he sport catch i s about one half as lar ge (by 
numbers) as t he commercial catch of spring and coho salmono In this region 
the sport fi shery is now a substantial factor and as such should receive 
more attent i on i n both research and management. To study the stocks of 
spri ng and coho salmon the large number of small salmon (gri lse) caught by 
sport fishermen must be separated i nto specieso It is suggested t hat t he 
be st character to use is 99black gLUn1111 for spring salmon and 1111white gum119 for 
coho salmono 
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Sampling spri.ng and coho .catches for studies of growth and migration 

The troll landings of spring and coho salmon have been sampled at 
Vancouver and Prince Rupert since 19520 The following three types of sampling 
were used in 1955 as in previous years 0 but no coho salmon were sampled at 
Princ e Rupertg (a) a small random sample of each species was measured for 
length and weight 9 scales taken for age determinations 9 and a color rating of 
the flesh r ecorded on spring salmon ; (b) a larger random sample of each species 
was measured for length ; and (c) entire loads of individual trollers were 
tal: i ed for number of f is~ and total weight of each specieso In each type all 
f i sh were exami ned for mi ssi ng f i ns o 

The number of fish examined by each of the three methods for the 
years 1952 to 1954 were l isted i n last yearus reporto The number examined in 
1955 together with the total number of fish with one or two f i ns missing are 
as follows~ 

Table I IIo Numbers of sprlng and coho examined and mi ssing fins recovered 

Missing fins 
a b C' Total Double Single 

Spring Salmon 
Vancouver 697 159714 549134 70 9 545 25 103 
Prince Rupert 501 4 9 077 109445 159023 14 

Total 1 9 198 19 9 791 64 9 579 85 9568 25 117 

Coho Salmon 
Vancomrer 573, 15 9 183 559847 71 9 603 8 70 

lo Gr owth studi eso 

(a) Coho salmon - Since almost all coho salmon are caught during their 
t h ird year the variation in the size of fish is an indi cation of t he growth 
achieved in di fferent regi ons and in di fferent seasons o The average length 
of f i sh sampled each month in 1955 are compared i n Table I:V with the averages 
of the three precedi ng yearso 

Table IVo Average length of coho salmon 

Caught inside 
Vancouver Island 

1952 t o 1954 (Av o) 
1955 

Caught outside 
Vancouver Island 

1952 to 1954 (Av o) 
1955 

Fork lengt h of fish (cmo) 
June July August Nao of fish 
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In 1955 9 one week after the season opened on June 1 9 the mi nimum 
size limi t (2 1/2 lb. dressed) was removed for coho salmon (bluebacks ) caught 
inside Vancouver Island in the Strait of Georgi a. Thi s i s the first time the 
s i ze limit has been changed and it foreshadows a change in 1956 of the opening 
date . from June 1 to June 16 (elsewhere the opening date for coho salmon has 
been June 16 since 1952). Owi ng to the removal of the mi nimum size limi t i n 
this area the average s i ze of fish was smaller in 1955 than i n previous years. 
Est i mates from the sampling indicate that in June 9 24% of the fish caught were 
less than the minimum we i ght 9 compared .to 11% i n 1954 9 2% in 1953 and 4% i n 
1952. 

The di fference i n the length of fish caught i n the two regi ons i s 
most marked. Fish caught outs i de Vancouver Island are almost twice the weight 
of those taken on the i nside at the same season. ~n 1.955 the fish caught off 
the west coast of Vancouver Island were also sma.11 9 particularly i n August . 
The fish caught in June and July i n 1954 were smaller than those taken in the 
same months in 1955 but the peak catch i n 1955 was in August rather than in 
July. Consequently it appears that poor ocean conditions were encountered i n 
both 1954 and 1955 but they affected the two stocks at different timeso 

(b) Spring salmon - Previous reports have given preliminary age determina
tions for some samples prior to 1954 and have discussed the complexity of 
obtaining consistent age determi nations from spring salmon scaleso The scales 
have now been rechecked by using as a guide the circuli count to the f i rst 
annulus and the average scale measurements to each of the remaining annuli. 
A summary of the newly estimated percentages in each age group i n 1952 t o 1955 
is g iven in Table v. 

In the first four areas all fish were caught by troll and over 90% 
are of the ocean- type which means that the young went to sea as fry in their 
first yearo The fifth group of f i sh were caught by gill net in the Fraser 
Ri ver and one- third are of the stream-type or went to sea in their second 
yearo It is rather surpri sing that so few stream-type fi sh are caught by the 
trollers in the Strait of Georgia but apparently these younger feeding fish 
are almost all of the ocean- type. 

The fish caught off the north and west coasts of t he ~ueen Charlotte 
Islands are older than those caught in Hecate Strait 9 and those off t he west 
coast of Vancouver Island older than those in the Strait of Georgi ao More 
young fish are caught i n the two southern than i n the two northern areas. The 
Fraser gill- net samples were selected fish of small size (for gonad studies ) 
a nd do not represent the older age- groups adequately. In 1956 t he gi ll-net 
fishery wi ll be sampled in a representat i ve manner fo r the f i rst timeo 



Table Vo .Age composit i on of spring salmcn catcheso 

Nao of Ocean _t.y'pe St ream type 

Area Year f ish 2 3 4 5 Tota l 3 4 5 Tot a l 

NoWo Q.ueen 1952 19 0 0 0 5 79 16 100 0 0 0 0 0 0 0 0 0 0 0 0 

Charlotte 1953 1?5 7 48 37 l 93 4 2 l 7 
I slands 1954 ?3 l 25 58 12 96 0 0 0 1 3 4 

1955 10? 11 24 34 18 87 4 3 6 13 

Average 4o7 25 o5 52 .0 llo8 94 2o0 1 05 2.5 6 00 

Hecate Strait 1952 396 4 56 3 3 3 96> l 3 0 0 0 4 
1953 239 4 44 43 4 95 l 3 l 5 
1954 326 8 35 46. 7 96> l 3 0 0 0 4 
1955 34,5 8 61 19 3 91 4 4 1 9 

Average 6 00 49 o0 35.,3 4 o2 94o5 1 08 3o2 o5 5 o5 

West coast Of 1952 114 38 54 ? 0 0 0 99 l 0 0 0 0 0 0 l 
Vancouver " 1953 269 15 55 11 l 83 12 5 0 0 0 17 
Island 1954 194 16 4? 27 <> 0 0 90 5 4 l 10 

1955 361 11 65 20 l 97 l 2 0 0 0 3 

Average 20 o0 55 o5 16 02 o5 92o2 408 2 08 o2 '7 08 

Strait of 1952 155 36 62 l 0 0 0 99 l 0 0 0 0 0 0 l 
Georgia 1953 62 10 82 5 0 0 0 9? 3 0 0 0 0 0 0 3 

1954 223 16 64 16 0 0 0 96 1 3 0 0 0 4 
1955 28? 15 68 16 0 0 0 99 0 0 0 1 0 0 0 l 

Average l9 o3 69o0 9o5 0 0 0 9? o8 lo2 l oO 0 0 0 2 . 2 

Fraser River 1952 34 32 15 26 0 0 0 73 18 9 0 0 0 2'7 
1953 103 13 34 18 2 67 15 12 6 33 
1954 40 5 33 28 0 0 0 66 22 10 2 34 
1955 71 6 3? 17 0 0 0 60 22 18. 0 0 0 40 

Average 14.0 29 08 22 o2 o5 66 .5 l9o3 12.,2 2 () 0 33.5 

2 o Mark returns for sprin5 and coho sa lmon o 

From 1949 to 1953 over seven mi l lion spri ng sa lmon fry and t hree 
million coho salmon yearl i ngs were marked and released from hatcheri es in 
Washington 9 Oregon and Cali fornia by removing t wo or more rinsv using 
di stinctive combinations fo r each experiment. No f i sh were marked i n Briti sh 
_Columbia or Alaskao To di scover t he ocean distr i bution and abundance of these 
fish 9 about one- half milli on fish of each speci es have been examined fo r 
missing f i ns along the Pacific coast fr om Califor nia to Alaska each year since 
19520 In addition to these experiments many single=fi n mark i ngs have been 
carri ed out i n United States streams o 

•. 
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Last year a summa.ry was gi ven for 1952 to 1954 of the number of 
marked f i sh. recovered in the f' ive sampling zones in Bri t ish Columbi ao As i n 
previous years fish with two fins miss i ng were recovered only off southern 
British Columbi.a 9 ma i nly off the west coast of Vancouver Islando Sampling 
for marked fish will be reduced in 19560 

Prelimi nary summaries have been completed by some of the marking 
agencies and a few of the results wi ll be presentedo It should be noted t hat 
the total numbers of marks i n t he catches are calculated from t he rat i os of 
marked t o unmarked fish in the sampleso This means that the low availability 
of double-f i n marks i n the large British Columbia catch gives wi de conf i dence 
limits to the calculated number of marks recovered in British Columbia compared 
to other regionso 

Six coho salmon experiments are in Table VIo 

In these experiments about 500 9 000 yearlings were marked and the 
t ot al number of calculated returns was about 8000 or 106%0 Fish from Mi nt er 
Creek (Puget Sound) migrated both north and so uth from Cape Flattery and 
almost one·-half of the troll recover i es were caught off the west coast of 
Vancouver Islando Approximately 50% of the total returns were from the sport 
f i shery in Puget Soundo From Skagit R:i.ver (Puget Sound) and Willapa River 
(Washington coast) the fish migrated mainly southward and the majority were 
later recovered in the net f isheries near the riverso Most of the fish from 
the Lewi s R:i.ver (Columb ia River) were caught by the troll fisher i es i n both 
a north and south di rectiono The catch t o escapement ratios vari ed from 
4 gl t o lgl i n t he di fferent experi ments o 

Si x spr i ng salmon experiments are i n Table VIIo 

In these exper i ments about 1~300 9 000 fry were marked and t he total 
number of calculated returns was about 11 9 000 or Oo9%o Fish rrarked i n the 
Green and Deschutes Rivers in Pu.get Sound mi grated mainly northward from 
Ca.pe Flattery and about one-half of the troll recoveries were caught off t he 
west coast of Vancouver Island o Most of the recoveries were made by t he 
Puget Sound sport fishery o Fi sh marked in Kalama River and Herman Creek of 
t he Columbiel' River system migrated mainly northward and the majority were 
recovered in the troll fishery off t he Washington and British Columbia coastso 
Similarly the fish marked in the Sacramento River of Californi a were 
recovered by the various troll fisheries situated i n a northerly direction 
along t he coasto The catch to escapement ratios indicated by the experiments 
varied from 9gl to 4glo The great inter~mixing of stocks during the ocean 
mi grati on of the fish along the Pacific coast is demonstratedp similar to t he 
results of tagging adult f ish~ except that few marked Columbi a River fish have 
been recovered from Northern Brit:ish Columbi a or Alaskao 



Table VI o Marking experimeht_s_ one -coho -s-alin.ono ___ __ ___ _ 

Percentage of returns 
Number of Total number Troll f i shery 

Number of fish marked of calculated British Net Sport Escape= 
Place marked experiments i n t housands, returns Columbia Washington O?:"egon Tot al f i shery fishery ment 

Minter Creek 3 240 5690 6, 6 2 14 8 52 25 
Skagit River 1 '70 792 0 0 10 1. 11 41 l'l 30 
Willa pa River l 85 569 0 0 21 10 31. 4? 00 22 
Lewis River 1 85 975 00 20 23 43 3 8 46 

en 
.p.. 

Table VIIo Marking experiments on spring salmon 

Percentage of returns 

Troll fishery . 
Number of Total number 

Number o:f' f i sh marked o:f' calculated Wash= Cali= Net Sport Eseape= 
Place marked experi ment s i n t housands ret urns BoCo i ngt on Oregon f'orni a Total f i shery f i shery ment 

Green River l 200 404 10 6> 0 0 0 0 16 Oo 59 25 
Deschutes 

River 1. 205 442! 6 9 0 0 0 0 15 3 63 20 
Kalama River 1 200 1364 20 42 5 00 67 13 7 13 
Herman Creek l 2.02 535 6 55 3 0 0 64 18 ? 11. 
Sacramento 

River 2 4?0 4200 2 3~ 22 56> 9 1.0 25 
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Hi story of spring salmon f i sheri.es 

I n the early days of the Bri t ish Columbia salmon f i s,hery most of t he 
fish were caught by gi.11 nets and cannedo Records of the pack s how that fr om 
1910 t o 1920 the number of cases of spring salmon i ncreased from 30~000 t o over 
100 9 0000 Since t hen bot h the amount and t he proport ion which wa s canned has 
gradually decreased unt il i n r ecent years less than 20v000 cases or l~ of t he 
total catch has been processed i n t his wayo The ma jority is now used i.n a 
f r esh or frozen stateo Before 1945 accurate statist ics are not avai lable for 
t he t otal cat ch of spring salmono However 9 est i mates of the catch by type of 
gear for the period 1920 t o 1945 suggest that i n t he early years t he gi ll nets 
caught t wo-thirds of the total cat ch and the trollers caught one=t hi rdo Since 
t hen t he gill-net catch appears to have remained relati.vely const ant at about 
250 9 000 f i sh each yearo From 1920 to 1925 t he trollers caught one-t hi rd of 
t he t otal or about 100 9 000 fish and from 1926 t o 1940 they caught about t he 
same number as the gill netso Duri ng t he peri od 1941 t o 1946 t he number of 
trolling l icences i ncreased sharply from 3 9 000 to 5 9 000 and t he troll catch 
increased unt i l s-0on they were taking two=thirds of the total catch or about 
650 9 000 f i sh o During t he past. decade t he total catch has remained at about 
9009 000 f i sh 9 apparently the highest i n the history of the f:i. sheryo I n 
addi t i on the sport fisher y has expanded r api dly in the Strait of Georg i a 
during recent yearso 

The proportion of white-fleshed spring salmon caught off Briti sh 
Golwnbia appears t o have i ncreased unt i l now i t constitutes ab out one-quarter 
of the troll catch and one-·half of t he gill~net cat ch o Both cat ch and 
escapement re cords suggest that the white spr i ng sal mon spawn mainly i n certain 
large coastal rivers of Brit i sh Columbia 9 especi ally the Fraser River 9 while 
t he Columb ia Ri ver stocks are c omposed of red spri ng salmono It i s of inter est 
that for the last f ive years the Fraser Ri ver gill"."'net catch of sprinl;S salmon 
is about one=thi rd as lar~e as the g ill~net catch i n t he Columb ia River o 

The chief factor affecting the out s i de troll catch of red spring 
salmon off British Columb ia is t he recent changes in t he Columbia River 
stocks o Tagging experiments have shown .that Columb ia River fish are caught 
off the west coast of Vancouver Island and the Queen Charlotte Islands o For 
fish tagged off Vancouver Island t he recoveries from the Columbia River were 
much lower (16%) i n the recent experiments than t hose co nducted 25 years ago 
(6 0%)0 I n contrastv Fraser Ri ver recoveri es i ncreased f rom 5% t o 12%0 
Be cause smaller f i sh were tagged recently 9 more were r e capt ured i n t he 
tagging areas before mi grat i ng t o the r i vers as mature salmon o Thus t h e 
results suggest tbat i n 1930 t he Col umb ia Ri ver stocks contributed over one= 
half of our outsi de troll cat ch but by 1950 they probably accounted for 
only about one-quarter of the outs:i. de cat.ch of 5 9 OOOP 000 poundso Based on 
tag ret urns and t i me of fi shi ng 9 our outs ide trollers have always f i sb.ed t he 
l a t e runs t o the Col urnb ia River mo re heavily than the earlier runs o 

The Colwnb ia Ri ver gill - net catch gradually de cl ined from 1920 
(30 9 000 9 000 lbo) t o about one- half i n 19450 Since 1948 the catch has 
dr opped sharply to a record low of 5 9 000 9 000 pounds i n 19540 Before 193.0 t he 
spring and summer chinook runs made up more than one-half of the ca tch but 
t hey were gradually reduced to a low level by 1945 0 Since t hen the summer 
chin.oak catch has remained constant under a restricted fishing s eason and 
the spring catch and escapement has increased slightlyo This past decline i n 
t he spri.ng a nd surruner Ch inook stocks no doubt affected our outside t roll 
f ishing early i n t he seasono 
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From 1930 to 1950 the fall chinook gill=net cat ch rema i ned 
relat i vely constant at about 10 9 000 9 000 pounds annually 9 but si nce then it 
has dropped sharply to less than 5 9 000 9 000 pounds i n both 1954 and 19550 The 
number of fall chinooks counted over Bonnevi lle dam is approxi.mately equal to 
the spawning escapemento From 1930 to 1950 the count varied between 200 9 000 
and 300 9 000 fish but since then it has dropped sharply to less than 100 9 000 
f i sh in both 1954 and 19550 The recent decline in the important fall chinook 
populat ions is no doubt affecting the troll catches off British Columbi a at 
the peak of the fishing in the last few yearso 

Much of the long-term decline in the spri ng and summer stocks of 
the Columbia River must be attributed to the construction of many dams 9 which 
have rendered about 70% of the river mileage inaccessible to salmon 9 and to 
the heavy fishing intensityo The reason for the recent decl i ne in the fall 
run is not clear. Since 1948 considerable effort ($10 9 000 9 000) has been put 
i nto the rehabilitation -of the lower Columbia tributary streams by improvements 
t o the spawning areas and by increasing the hatchery productiono On the other 
hand 9 the offshore troll fisheries .along the enti re Pacific coast have 
expanded greatly since the waro The recent marking experiments on young fall 
chinook salmon indicate :that the trollers catch 65% of the recoveries » the 
r i ver fisheries . 20%9 and 15% escape to spawno However 9 the proport i on taken 
by the troll fisheries is biassed because the fish are younger (mostly 3-year
olds) than the river fish (mostly 4- year-olds) and the ocean mortal ity is still 
.incomplete. Based on recent tagging results and on catch data it is more 
probable that the trollers now take about 50% of the fall chinook stocks 9 the 
r i ver fisheries 30% 9 and 20% escape to spawno 

Since 1930 the total Columbia River populat i on has probably dropped 
by one- half and the river fishery by three- quarters; the troll catch of 
Columbia fish has remained constant because of the gr.eater and more eff i cient 
effort in recent yearso In any case 9 in past years the river catch was much 
larger than the troll catch but now the troll catch appears to be larger than 
the river catch. Because of the snall size of both the catch and the escape
ment of fall chi.nook salmon in the last few years~ the bi ologi sts of Washington 
and Oregon have r ecommended further restrict i ons on the fisheries to i ncrease 
the number of spawners. In 1956 the opening date for the troll fisheries off 
Washington and Oregon has been changed from March 15 t o Apri l 15 and 
additional closed seasons are to be placed on the river fisherieso 

In conclusion the concern of our trollers i n re cent years may well 
ari se from over- effort and high operating costs 9 causing smal ler i ndividual 
catches and profits 9 without any decrease in fish product i on 9 except for the 
effect of the recent decline in the fall chinook stocks of the Columbi a Ri ver. 
Unfortunately i t is not known what effect the present high f i shing effort i s 
having on the stocks of spring salmon which spawn in the larger streams of 
Bri tish Columbia. I t would appear that they are be ing exploited more heavily 
~n rec ent years and that in certain areas more i nunature fish are now being 
taken than formerlyo In 1956 the important Fraser River stocks of red and 
wh i te spring salmon (probably one-fifth of the fish spawning in British 
Columbi a) will be investigated by field work .at the river fi shery and in the 
spawning streams. 
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COHO PRODUC TI ON 
AT PORT .J OHN 

FROM KNOWN 
.J oG o Hunter 

Adult pink and churn salmon migration i n 1954 9 19550 The escapement of pink 
and chum salmon into Hooknose Creek 9 Port John 9 shows only sl i ght variat i on 
from year to year in the time of entry onto the spawni ng bedso Chum salmon as 
a rule fol.low tl,!.e pink salmon and these two years were no except i ono 

The spawnings by the two species in 1954 and 1955 were: 

Number Average Percent 
of Percent egg Potential l oss of eggs 

Speci es Year adults fem.ale content depositi on by retention 

Pinks 1954 31 D402 56000 lp666 289200 9382 2 0 03 
1955 19319 55073 19833 19~'79 9 434 Oo30 

Chums 1954 3 9336 54098 39097 595809'794 Ll5 
1955 l p301 50094 29673 1.93129443 Ool5 

Average egg content and retention for pi nk salmon was based i n 1954 
on 17'7 and 598 samples respectively and in 1955 on 9 and 126 sampleso Chum 
salmon averages were based i n 1954 on 22 and 165 sampl es and i n 1955 on 38 and 
60 sampleso 

The area of spawning gravel in Hooknose Creek total s about 12 9000 · 
sq_uare yards but the area generally util i zed by the fish i s approxi mately· 
7 9 500 sq_uare yardso The mean number of sq_uare yards of gravel per f i sh vari es 
cons i derably from year to year as i s shown by the two years 1954 and 19550 
Maximum production of fry appear s to result from an escapement of approxi mately 
12 ~ 000 fisho 

Meteorologi cal 9 stream discharge 9 and water temperature recordi ngs 
were made twice daily o 

Output of pink and chum fry in 19550 The downst,ream we i r was i nstalled 
before the egress of pink and chum fry o The seaward mi grat i.on for these two 
species commenced about March 20 9 wi th both species emi grat i ng at approximately 
the same rateo Usually the pink fry precede the chum fry 9 whereas this year 
the mi d- point of the chum run on April 22 ant icipated the mi d- po i nt of the pink 
run by three days. The QUtput of fry in relation to the egg deposit i on is 
shown in the following tabulat i on: 

Species 

Pi nks 
Chums 

Potential 
deposition 

289200 9382 
5 9 5809 '794 

Number Percent 
of fry survi val 

907 9458 3o2 
353 9761 603 

A study of the degree of predat i on by t wo of the major pr e.daters 
(sculpins and coho smolts) i n the stream provi ded a basis for estimati ng the 
approximate number of fry taken each year 9 thus permi tt i ng calculat i on of the 
combined number of pink and chum fry emergi ng fr om t he gravelo The percent 
survi val of combined pi nk and chum fry to the emergence stage correlated wi t h 
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the numbers of adult fish in the spawning populat i on shows that over 95% of 
the variat i on in survival up to th i s stage i s a r esult of the dens i ty of 
spawning f i sh . Variation in stream discharge and freshets were estimated to 
have an effect on the variation i n survival of less than ~%while all other 
factors combined showed less than 1%0 The optimum spawning populat i on for 
t he product i on of fry is indicated as about 10 9 000 fish. The nop~ imurn 
spawning populati6n" here refers to that which produces the greatest numbers 
of fry rather than the greatest percentage survival to the fry stageo 

Some attention has been given to the Quest i on of cont~ol of predators. 
Coho salmon are a valuable ·asset but in many cases their feed i ng habits are to 
t he detriment of the production of pink and chum salmon fry. I t i s Quest i onable 
whether coho should not be excluded from some streams. A major port i on of the 
sculpin populat i on moves downstream to spawn in the intertidal zone and 
retu.rns · upstream after spawning.., At Hooknose Creek 9 upstream movement cannot 
proceed until the removal of the weir. A large degree of control of the 
sculpin population could be exercised by the construction of a low dam which 9 

while preventing upstream migration of sculpins 9 would not affect the move= 
ment of adult salmon. Further work has shown that poi soni ng of the stream to 
:remove sculpins will not damage salmon eggs deposited in the gravelo While 
poi soning mi ght be effective 9 the control afforded by each appli cation would 
be of short duration and hence in the long run the method would be costly. 

Ocean survival of pink and churn fry shows considerable variation. 
The commercial fishery may account for some of this but it is believed that 
n~tural variation also occurs in the s'e'a. The ocean survival of pink salmon 
fry measured by the return of adults i s shown in the followi ng table for the 
years 1947 to 1953. 

Pink salmon - Hooknose Creek 

Year of Spawning Fry Returning Ocean 
spawning stock produced adults survi val 

1947 5 9576 33 9349 1 9173 5o2 
1948 1 9160 64 9312 19857 3.1 
1949 19173 549061 1 9670 3o2 
1950 19857 2349396 8 9685 3.7 
1951 19670 2429993 19599 0. 7 
1952 8 9685 19 2279025 31 9402 2 .6 
1953 1 9599 2049250 1 9319 0.6 

Ocean survival cannot be readi.ly determi ned for chum salmon since t hey 
return as mature f i sh at different ageso 

Coho studies, 19550 A small run of coho salmon mai ntains i tself in the 
R:lrt John system. Statistics on these fish are gathered at the adult counting 
weir in the late summer and fall and at the fry collect i ng we i r i n the spring 
and early winter. 

Survival figures of egg to smolt stage in t he fresh-water l i fe 
h i story9 and from smelt to adult stage i n the marine phase of their l i fe 
history were recordedo 
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The adult coho entering Port John in 1953 deposited a calculated 
170 9 568 eggs which produced an emigrating populat i on of 6 9 756 sm.olts 9 

constituting a 400% survival for this stageo Survi val found at this stage 
ranges from 006% to 400% at Port John for the years from 1949 to 19550 The 
marine survival of the progeny of the 1951 spawning escapement was calculated 
from a return of 490 jack coho in 1953 and 327 3- year=old coho i n 1954 from 
an escapement of 4s037 smolts to be 20%0 Ocean survival for Port John coho 
over the past eight years has varied .from 400% to 20 00%0 

In the summer and fall of 1955 a large escapement of adult coho i nto 
the stream was recordedo A total of 901 coho entered the stream 9 many of 
which were "jack" cohoo In the Ejpring of the same year 9 1970 mi grating 
smelts were marked by the removal of the adi pose and right ventral f i ns and 
i n that fall 147 of these marked srnolts returned as "jack" cohoo Thi s return 
showed an ocean survival of 7o5% up to th is stageo 

The possibil i ty that i ndividuals going to sea as fry may affect 
survival estimates is at present under . investigation by use of a fi.n-marking 
exper i mento 

CONDITIONS 
0 F 

FOR SURVIVAL 
SALMON EGGS 

AND DEVELOPMENT 
WoPo Wickett 

Some effects of low flow through a salmon egg mass 

A foot- long vertical column of newly fertilized chum salmon eggs was 
set up in each of two four-inch di ameter glass tubeso One column was used by 
Mro Terhune to establish the permeability constant of a mass of eggs of 4ol-mmo 
radius as approximately 50 9 000 cmo/hro at 10° Co This column had a flow wi th 
an apparent velocity of 1000 cmo/hro At the end of 50 days 9 only 76 out of 
5600 strongly-eyed eggs had diedo This column served as a control for the 
second column which had water flowing at an apparent veloc i ty of 10 cmo/hro up 
through ito 

The most imp9rtant effect noted was that the development of the 
embryos was progressively delayed from inlet to outleto Death was occurri ng 
i n the pre=eyed and faintly- eyed stages in the centre of the column aft er eggs 
near the inlet were strongly eyedo From this we may i nfer that the h i gh losses 
in the early stages observed i n nature have not necessarily occurred soon after 
fertilizationo Low sub- surface flow is a more likely explanati.on of natural 
losses than a sudden catastrophe in early wintero 

Despite precautions 9 water did not pass through the egg mass uniformly 
but in streams o The use of dye showed that the l ive eggs were in these streams 
and the dead eggs in the parts of the column the dye reached slowly 9 regardless 
of nearness to the i nleto Although a neat cut-off for development and survival 
was not obtained by layers 9 30% survival was found in the two inches nearest 
the i nlet and 6% in that near the outleto 

The equivalent of t wo l ayers of eggs (L eo 9 240 eggs) reached t he 
strongly- eyed stageo I n t he f i ve and a half layers nearest the outlet 9 92% 
(584) of the eggs died undeveloped and only 5% r eached the faintly- eyed stageo 
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The inlet water had 11 mg./l. oxygen 9 0.04 to 0. 08 p.pomo ammonia 9 

10 p.p.m. carbon dioxide; the pH was 6.6. On the twenty- seventh day when 
many dead eggs were seen near the outlet for the f irst time» the corre s
ponding values in the outlet water values were Oo7 9 2 o8v 20 ; on the forty
t h i rd day when the experiment ended 9 the values were Oo3 9 604 9 23o l and the 
pH 6.530 The temperature was l0-12° C. Seventy- one hundred and forty eggs 
made up 60 layers to a length of 14 i nches. 

Instrument for sampling water in gravels and measuring i ts flow 

La.st year 9 s study of natural salmon egg survival showed the need to 
extend t he calibration of the itst andpipe•• t o higher values of pe.rmeability o 
I n loose gravels the water could be pumped out at rates beyond those given 
by Pollard in Volume 12 of the Boardvs Journal. 

Calibration studies at the Model Laboratory were started by L.DoBo 
Terhune of the Pacific Oceanogra:i;ihic Group during the summero Field studi es 
were carried . out by D. MacKinnon at Jones Creek. It was found that the Nmark 3" 
standpi pe being used had a liner too small to admi t a tube large enough to 
carry water at the h igher rates without inter fering wi th the pas sage of a i r 
down between the liner and the tube. This has led to the de sign and testing 
of a new model standpi pe as well as extending the permeability calibrati on 
up to a value of one million mill i metres per hour. Thi s value is reached 
when water is removed at a rate of 62 cc. per minute unde,r a one-inch heado 

The nmark 4" standpipe which resulted retai ns the same di mensions of 
the outs i de tube and perforated chamber a s the "mark 3" but has a removable 
l i ner and is longer so as to dispense with extensions. The standpi pe is 
driven by means of a bar so that the pointed nose-piece is driven directly 9 

t nus avoiding breakages at the top threads that occurred .in the "mark 3". The 
new standpipe has the added advantage of cheaper construct i on o 

Testing of the new standpipe ha s led to the i mprovement of the 
hydraulic gradient readings which are made by following the rate of di lution 
of a dye introduced into the perforated chamber. Gr een food dye i s used 
i nstead of methylene blue. It washes free without adsorpt i on and changes of 
color intensity are eas i er to seeo 

At present the add i t i on of alcohol to bring the dye dens i ty t o t hat 
of water and the use of a rubber diaphragm to confi.ne the dye to the perforated 
chamber, hold promise of improving the hydraul i c gradient readings to the 
point that when, combined with the already satisfactory permeabil i ty 
readings, accurate absolute values for veloci ty will be obta i nedo 

,survival of salmon eggs in natural gravels 

From November, 1954 to February, 1955 9 130 salmon redds were 
sampled i n statistical Area 14 of Vancouver Island (between Nanaimo and 
Campbell River) and velocity of flow and oxygen content measured. Pi nk s chum 
and coho eggs were re covered and t heir survi.val not ed in re la t i on to di ssolved 
oxygen and apparent velocity of gravel water. 

Thi s was the f irst t est of the hypot hesis set out in 1954 that h igh 
survival should be related to a high oxygen supply. The oxygen supply (bei ng 
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the product of di ssolved oxygen content and t he velocity of the water per 
unit area of egg mass) will satisfy a gi.ven oxygen demand per unit area of 
egg mass with increasing velocity as the oxygen content decreaseso Laboratory 
iqork with h i gh flow of water showed that t he oxygen content could be lowered 
to two par ts per mi lli on wi thout affecting survivalo 

The plot of f ield data showed that the high survivals were related 
to high oxygen supply but that the mi nimum oxygen level was f i ve parts per 
mi lli on. It is suggested that t he diff erence between five and t wo parts per 
mi lli on is due to the accumulat i on of waste products at the veloci t i es (40 cmo 
per hour or less) encountered i n natureo 

At present the mi ni mum suitable sub=surf a ce water conditions for egg 
survival i n the gravel appear to be a velocity of about ten centimetres per 
hour and an oxygen content of fiv e parts per milliono 

Spawning r uns of pi nk and chum salmon to Jones Creek i n 1955 
Do Ma cKinnon 

The chief objective o.f the Jones Creek operat i ons this year was t o 
observe the response of the adult pink and chum spawning runs to the 
artificial spawning channel. Besi des this 9 daily counts and observations 
were made of the size 9 composi t i on 9 dist ribut i on and behavi our of these runso 

The fish moved out of the Fraser into Jones Creek 9 out of the creek 
i nto the artifici.al channel and i mmediately moved to the uppermost sect i ons 
and spawned. The only evidence of delay occurred at the third baffle i n the 
artificial channel where a one-foot head pr oved di fficu,lt enough to cause some 
of the pinks to make several unsuccessful jumps. It ;i s felt that this factor 
provided the nucleus for the small group (40) of fish-· that spawned i n the creek 
below the channelo 

The main body of the runv approxi mately 400 pi nks and 150 chums 9 

spawned in the art i f icial channelo Exami nat i on of the dead fish showed that 
63% of the pi nks and 59% of t he chums were female and also showed egg retention to be 
negl i gible ; an estimated 428 9 000 pink and 240 9 000 chum eggs were deposi ted in the 
channel a 

Many of the planned observations on the dynamics of a spawni ng popula= 
t i on were reduced as a result of the small run (10% of expe cted)o However 9 

certain features stood out. The early pinks chose spawning sites i n the upper= 
most sect i ons and subsequent fi sh spawned immediately behind them. For thi s 
reason it is felt that had a large run materi al i zed it would have distributed 
it self such that maximum ut i l izat i on of avai lable space would result o The factor 
t hat influenced distribut i on i n thi s case seemed to be the "cover" provided. by 
the relatively deep turbulent water at the intake and below each baffleo The 
f i sh apparently used the relat i vely deep turbulent water as a hi di ng or wa i ting 
place and when ready would move up over the baffle and spawn immedi ately above 
it o Though art i f icial cover in the form of seine nett i ng stretched above the 
water was used extensi vely by the fish i.t was considered a poor sub stitut e for 
t he deep turbulent water at t he i ntake and downstream from each baffleo 

The distribut i on of the chun1s was somewhat di fferent from that of t he 
p i nkso ,In general t hey favoured a section about 1/3 of the _ way (500 fto) down= 
stream from the i ntakeo This section was characterized by hardpan covered by 
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a shallow layer of relatively coarse compact gravel. A low truck bridge 
spanned one part of it. The obvious difference betweeJ this a nd many other 
ar~as in the channel was the coarse gravel. It is felt 9 however p that with
out the cover provided by the bri dge the chums would probably have forsaken 
the coarse gravel and distributed themselves in the same manner as the pinks. 

Depth and surface velocity proved to be factors influencing di stribu
tion. Many of the sections in the lower half of the channel are fast (2 08 ft./ 
sec~) and shallow (1~05 ft.). These sections were almost completely avoided 
by spawning fish. Measurements and observations of the channel as a whole 
showed that the mean velocity of spawning sites chosen by the fish was lower 
than the mean veloeity available and that the mean depth chosen by the fish 
was slightly greater than the mean depth available. The channel has a narrow 
range of both depth and velocity and a general l ack of values in the high depth 
range and the low velocity range. Conse quently it proved difficult to 
establish depth and veloc ity preferenda f or spawning pinks. However , within 
the limitations of the channel it wo~ld appear that the preferendum for depth 
is 1.21 feet .and for velocity i s 1.80 feet. 

At no time was any area densely populated. The two upper sect i ons 
were filled to a point at which newly arrive.d fish spawned in lower secti ons 
rather than invade the defended territories of the upstream sections. This 
took place at a density of 1 pair to each 5 square Y.;ards of · stream. This 
situation would undoubtedly be different with an increase of population 
pressure. It was also evident that the early pink females took more than one 
spawning site. 

There were several cases providing di rect evidence of males serving 
more than one female. In all cases two to four partially- spent males attended 
fresh or partially- spaW]l.ed fema-le,s. F.a.ch of these males had attended one 
female until deposition was complete th~n joined together in groups to attend 
another rema1e.: .At no time was actual fertilization witnessed ~ 

One situation arose that poi nt ed up a potentially seri ous fault of 
di ked chaimels. Many of the tish dug redds at the edge of the stream 9 cutting 
away the banks. In general~ natural spawning beds are "saucer shaped .. i n cross 
sections and' fish dig at the banks only to a point where the i r bodies are not 
exposed to the air. In this artif icial channel no matter how far a fish digs 
in a lateral direction , the depth is constant and its body i s not ex:posed. It 
is quite probable that with a large population the fish would have br oken 
through the dike. 

Survival of salmon eggs at Jones Creek in winter of 1955- 56 

Winter conditions were followed and attempts to check egg survival 
were made at Jones Creek. Some scouri ng took place i n t he upper three hundred 
feet (the most heavily seeded section of . the stream). This resulted from 
i ncreased water flow and narrowing of the channel by the format i on of i ce on 
the banks. Some sections silted heavily. 

Digging for egg samples both in De cember and February failed to 
reveal enough eggs or alev i ns to estimate survi val. Sampling was done i n 
places where f i sh were known to have spawned. From these results 9 then 9 a 
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a poor survival is ind icatedo It i s possible v however 9 that t h i s mi d= 
stream scouring would roll the eggs and gravel downstream and l at erall y with 
the result that instead of mi d- stream pockets of eggs there would be 
individual eggs interspersed wi th loose gravel at the s i des of the str eamo 
The few eggs that were found were found a s i ndi vi dual eggs near the edge of 
the streamo Since the eggs were eyed at the t:i,me of scouring it is possible 
that they withstood this movement o Conseq_uent ly 9 t here i s no r eal basi s for 
predi cting a poor fry survivalo 

A wolf=type fry trap was installed and is now operating to enumerate 
the number of fry leaving the channelo This count i s ne cessary to compar e 
ocean survi val 9 or return p from th i s year which is an '•on" year with that of 
last year wh ich was an "off" year o The count will also provi de -a fresh=water 
survival figure for natural spawning which 9 but for the ab ove=mentioned 
scouri ng and silt i ng 9 would have provi ded a comparison with the survival of 
last yearus planted eggs o 

EXPERIMENTAL 
SURVIVAL 

S T U D I E S 0 N 
OF SALMON 

GUIDANCE 
J oRo Brett 

AND 

The dependence of salmon on a suitable fresh-water envi ronment dur ing 
mi gration and early stages of development has pla ced them in direct competition 
wi th other multiple uses of watero Th~ough hydroelect ric power developments 9 

water storagep irrigat i on 9 and waste disposal 9 fresh water is both depleted i.n 
volume and altered in charactero The problems of maintai ning anadromous stocks 
of fish in the face of such demands i s dependent in part on a thorough under
standi ng of the limits of env i ronmental change which salmon can tolerate v and 
in dev.ising means whereby they can be suc cessfully by=passed around obstacles 
i n the path of migrat i ono It i s towards a solut i on of these probl ems that 
these experimental studies a r e devOtedo 

The urgency of meeting the salmon = power problem has req_ui red that 
most effort be devoted to devis i ng means for safeguardi ng young 9 mi grati nF 
salmono The work at lakelse on guiding sockeye and coho smolts by a moving 
curt a i n of cables has been pur sued 9 wi th pr omi sing resultso Successful 
guidi.ng 9 however 9 is not sufficient i n i tself to safeguard the f i sh since they 
must also enter freely · i Rto a by-pass or c ollecting dev i ceo Increas i ng 
attent i on has been devoted to this aspe ct 9 and 9 when i t i s met 9 wi ll be 
followed by the final quest i on of sui table facil i ties for transport i ng migrants 
t o the tail-race level of a h i gh dam o 

Although techniques for deflecting year=old smolts show signi ficant 
development s 9 both in Canada and the Uni ted States 9 relat i vely little success 
has attended efforts at guidi ng salmon fryo The Lakelse deflector has been 
mod i fied for use in Hooknose Creek 9 Port John 9 wher e i t wi ll be tested i n 
conjunction with bri ght l i ght i ng and charged elect rodes t o det ermi ne t he 
feas i bi lity of tµ i s approach t o t he fry problemo 

Since the avoi ding response caus i ng deflection i n smolt s is dependent 
on visual orientation 9 a nd migrat i on i s freq_uent ly an evening or n i ght 
phenomenon 9 fundamental st udies on vision have commenced o At present these 
are concerned with determi ni ng rates of dark and l i.ght adaptation and mi nimum 
l i ght levels for adequat e vi s i ono 
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Included under sensory perception studies are the experi ment s 
concerni ng the properties and i sola ti.on of the odour present i n mammali an 
ski n whi ch i s repellent to adult salmon o Field testi.ng of fractions 
extracted by the Vancouver Technologi cal Station has brought the i dent i.fica= 
t i on of the act i ve i ngredi ent almost to complet i on o Thi s r esearch po ints up 
t he possibility of very pr a ctical uses for odoriferous material s i n guiding 
adult salmon 9 particularly if an a ttractive odour can be f ound o The 
knowledge and techniques deri ved from the repellent experiments form a basis 
for r esearch on attractantso 

A number of studies on env.tronmental limitations and survival have 
been oonducted 9 each des i gned to contr i bute t o a better understanding of 
factors i nvolved in some more major undertaki ngo The invest igation of 
condit i ons l i mi t i ng egg survi val i n salmon redds has necess i.tated knowledge 
of the mi ni mum oxygen requirements to sustain l i fe and permit normal development o 

In conjunction with the plant i ng and culturing of chum salmon f or 
i ntroduction to Hudson Bay 9 l aboratory tests on t he tolerance of chum salmon fry 
and yearlings to temperatures comparable with the low winter levels of the Bay 
have been perforrnedo 

Finally 9 young salmon tagged in vari ous ways~ i ncluding the 
99 spaghettP' tag used for tagging young salmon i n the sea have been checked for 
survi val and tag suitabilityo 

Guiding young salmon pa st obstructions 

lo Gui ding sockeye and c oho smoltso 

JoRo Bret t and 
DoF o Alderd i ce 

The ob jective of the Lakelse River research has been to provi de infor
mat i on on the problem of guidi ng young migrating salmon 9 and to formulate 
practical measures for their deflect ion and successful collect i on o Because of 
the l i mi ted success in 1954 with the vi brated cha in 9 and to obvi ate the 
mechanical limitations of dampened wave~form and downstream di splacement of 
the chai n with increasing water velocity 9 a modified deflector was developedo 
Thi s cons i sted of a curtal n of 1/4-i nch cables hang i ng vert ically and 
t ravelling hori zontally on an endless belt 9 t he upstream or advance row moving 
i n the di rect i on of the by- pass and rotating back across- stream at the by=pass 
entranceo It wa s located i n the same posi t i on as the vibrated deflector and 
could be experi mentally altered to test the significance of di fferent rates 
of travel (4 9 8 and 12 i nches per second ) and vari ous i ntervals bet ween cables 
(4 9 6v 8 and 10 i nches) 9 with and without illumi nation o 

Bi ologically v the introduct i on of a movi ng curtain i ncreased t he 
chance s for effective deflectiono Since fish tend to hold position i n a 
stream by taking a v i sual f ix on near ob jects (rheot ropism) 9 those mak ing 
visual reference with the front row of moving cables would be guided i n the 
appr opr i ate directi ono To enhance this property 9 t he face of the cables 
presented to the upstream s i de was pai nted with white enamel to i ncrease the 
visual stimuluso 

Results : 

(1 ) Moving cables can prov i de good deflectiono There appears to be 
both a cri t ical rate of travel an d a cri t ical i nterval between cables for 
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effective operation but 9 in generai 9 the higher the rate and the smaller the 
interval ~ the greater the deflection. 

(2) The critical rate of travel occurred at about 81t/seco to 12tt/sec. 
(approximately 1/2 to 4/5 mopoho)o 

(3) The cri t ical interval between cables was from 4 to 6 inches 9 
deflect i on dimini shes at greater intervals, 

(4) Experi ments at the cri t ical levels of operat i on resulted in an 
average deflect i on of 89% of the sockeye (range 86% t o 94%) and 58% of the coho 
(range 36% to 81% .l o 

(5) Bright artificial light i ng at night di d not provide better deflec
tion than no 1:1.ghting. It is asswned that the low level of night light present 
i n northern areas (54° N. Lat.) was suff icient to provide for fish visiono 
Recent laboratory experiments support this possibilityo 

2o Design of a by- pass for salmon smolts. 

Because of the difficulty of getting young salmon to move into a by
pass 9 a study of the conditions promoting ready passage was made by intro= 
duc i ng various changes in the entrance to the collecting pen . These altera
tions were based in part on the principle that stream orientat i on is mainly by 
v:i.sion 9 when in the presence of adequate light and the absence of bodily 
contact with the bottom. I n add i tion it was proposed to create a gradual 
i ncrease in the veloc i ty of the incomlng watero Such changes were aimed at 
sweeping the fish i nto and through the by-pass without providing them with 
cues which would stimulate strong upstream responses. 

To conform with thi s approach the walls and floor of the ent rance 
were covered with smooth plywood 9 painted dark brown and l ined part way 
along one si de with mirrorso Near the ent.rance to the trap the walls were 
converged inwards and lined on both sides with cross-reflecting mirrors. 
Water velocity i ncreased from Oo80 fto/seco at the entrance to 4o3 ft o/seco 
at the narrowest pointo The lack of fixed visual cues 9 the accelerated but 
non=turbulent water and the optical confusion from the mi rrors 9 served to meet 
the new specif icat i onso 

Results : 

Desp i te an i mprovement in the by- pass efficiency 9 only 32% of the fish 
guided to the vi cinity of the opening passed dire ctly into and through the by= 
passo In one instance 13 approaches were made before actually passing t hrough 
to the trapo The depth of water at the entrance was 108 feet 9 rising abruptly 
from an appr oach level of 3ol feeto The combination of shallow by-pass water 
and the relatively rapid de crease i.n depth at the approach 9 toget her with the 
changed light=reflecting qualities of fresh gravel at the entrance 9 appeared 
to act as deterrents to efficient operat i ono 

Conclusions ~ 

The most significant findings rela te to the effectiveness of a moving 
r ow of cables 9 which served to deter the fish without alarm while guiding them 
i n the directi.on of the by=passo The rheotropic response and the reticence of 
grouped fish to pass through vertical t11sl i ts19 provide the basis for a simple 
mechanical deflector which has very lit tle effect on the free passage of watero 
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The main reasons why the deflector did not provide better deflect i on 
stemmed from the poor angle of defle.ction ( 90°) v the presence of ·a large number 
of predators and coarse fish whi ch occasi onally scared the young salmon through 
the deflector v and some unattract i ve features of the by=passo Wi th t he possible 
exception of the predator fish 9 future projects woul d not be so hamper ed by the 
above limitationso · 

In general 9 for installations involving the type conditions present in 
the Lakelse ,River it can be concluded that sockeye smolts could be successfully 
deflected and that an extensi on of some of the techniq,ues would improve the 
relat i on for cohoo The economi.c a nd practical aspects r emain to be assessedo 

Stud i es of sensory perception 

lo Sight in young salmono 

JoRo Brett and 
MoAo Al i 

The present guiding experiments using visual orientation in smolts 
are conducted in the absence of any specific knowledge of the actual l ight 
sensitivi ty and visual acuity of the fish o Basic studies of this nature have 
commenced. The relation of rods and cones p and the masking effects of the 
heavily pigmented retinal epithelial cells p are under investigat i on both 
histologically and experimentallyo The histological techniques of staining 
and sectioning the eye have reached a stage where ready examination at ·the 
cytological level is possible . Two ~ertinent findings have resulted to dateo 
Young salmon require about 30 to 40 mi nutes to dark- adapt 9 and th i s dar k= 
adapted stage is reached about half way t hrough the evening seaward migration 
of Lakelse sockeyeo This means p for i nstance 9 that colour vision 9 as f ar as 
i t is known in fish, would be eliminated with dark=adaptat i on 9 and that a 
swi tch in spectral sensitivity occurs during mi gration. I n add i t i on 9 

sensitivity to light increases while a~uity decreases during an eveni ng 
mi gration 9 factors of significance in the operation of a deflector based on 
visual perception, and affecting the entrance of fish into an illuminated by
passo 

Sensit i vity to l i ght has been tested with underyearli ng coho by 
preliminary training to feed on small crustacea,ns (D:l.phni a) 9 followed by 
experi mental reductions in light intens i ty to a level where feeding was made 
i mpossibleo Fish were first allowed to adapt to the level of l ight i n any 
one experimento Light intensities ranged from a maxi mum of 8300 fto =C o to 
000001 fto - c. In absolute darkness no feeding occurredo At the lowest level 
of light very slight feeding was recorded (3% of normal)o The level which 
just produced a significant reduction from the normal rate of feeding was 
approximately .001 fto - Co9 eq,uivalent to about one-th i rd the intensity from 
bright moonlight. The brightest lighting did not affect the normal feed i ng 
rate of the fish . The remarkable range over which the young salmon eye can 
function indicates an except i onally sensi tive a nd adaptable eye. 

2 . Isolation of the factor in mammalian skins 
r epellent to adult salmon. 

D.Fo Alder dice and 
J.R. Brett 

Aq,ueous wa sh i ngs from the skin of a number of mamrnals 9 i ncludi ng 
human s~in v contai n a substance wh i ch causes a n alarm r eaction in adult salmono 
The react i on has been exploi ted experimentally by i ntroducing such aq,ueous 
solut i ons into the path of upst ream migr a t i on of a dult salmon and i.nter rupt i ng 
upstream movement. 
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Purification of gross extracts has been achieved. Identification of 
the molecular components of the active .fraction is progressing. Several low 
molecular weight nitrogenous compounds have been isolated and i dent ified. 
Repellent activity of several of the components is recogni zed but total 
a ctivity of the fractions is less than that of the gross extract at the present 
stage of research. Identification of repellent characteri stics i s continui ng. 

This problem is being studied under a co-operat i ve program. Chemical 
and physical procedures of isolation and i dentification are being conducted by 
tpe Technological Station while testing of fractions is being carried out by 
the Biological Station. 

Envi ronmental limi tations to survival of young salmon 
<-, 

L Minimum oxygen re9,uir_emnnt..s .for . developing chum. salmon eggs with a note 
ou the effect of carbon dioxide on viability. 

The study of effects of a low- oxygen environment on developing chum 
salmon ~ggs has continued on an expanded scale 9 in keep i ng with the considerable 
complexity of the problem. A new series of experiments was conducted at 10° c. 
on eggs at four developmental stages. In addition to the low=oxygen tests a 
further series was conducted to investigate the effects of carbon dioxi de on 
the respiration and viability of eggs developi ng at a low but not necessarily 
lethal level of dissolved oxygen. 

Series 

A 
B 
c 
D 
E 

lncubation characteristics for the five seri es conducted are l i sted : 

Mean incubation 
Effect studied temperature 9 

oc. Age of eggs 9 days 

Low oxygen 10.l 12 
It It 9.8 22 
ft l.t 9.5 32 
V9 it 9.4 48 

co2 at reduced oxygen level 7.7 14 

Experimental conditions in each of the first four series consis ted of 
a set of six oxygen levels 9 decreasing from saturat i on to about 0.2 p.p.m. 
dissolved oxygen 9 and maintained in an "open"" system at these levels. Eggs 
were exposed to low oxygen concentrations for periods of one week 9 aft er Wl.i ch 
normal incubation was allowed to resume. The samples were followed unt i l death 
was confirmed or hatching was completed. The fifth series (E) consisted of 
varying co2 levels from 6.5 to 243 p.p.m. at an i ni t i al level of 2.5 p.p.m. 
dissolved oxygen in a 9 closed" syst em. Eggs were exposed to these conditions 
for a period of nine days after which their transfer to the incubation troughs 
allowed assessment of post=experi mental mortal i ty up to the time of successful 
hatching. 

Series A. Some mortality occurred t hrough the experi mental and post= 
experimental periods but no correlati on with dissolved oxygen level was apparent. 
The extreme hypoxial condit i ons at the low end of the series only resulted i n a 
delay of one week i n hatchi ng rate . Although mortality was not an immediate 
effect of hypoxia 9 subsequent development of eggs exposed to 0.2.-0.3 p.p.m. 
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dissolved oxygen resulted in the production of ~eformed alevinso Ma croscopi c 
examination suggests an interruption in the layi ng down of somi tes posteri or 
t o the region of the dorsal f i n p with subsequent development of fins taking 
place on the truncated stub of the bodyo 

Series B. Whereas in the f i rst seri es (A)P 0.2=0.3 PoPofilo dissolved 
oxygen caused delay and dis:rupt i on of normal development 9 these condit i ons 
were lethal to eggs of more advanced development used i n Seri es (B)o 
Mortality was correlated with dissolved oxygen level and was incipient i n the 
region of 0.6 p.p.m. dissolved oxygen. Hatching was delayed at all experi mental 
oxygen levels below saturation i n a manner dependent on the degree of hypoxia. 

Series C. Mortal ity and hatching rate were again related to oxygen 
level 9 low levels in the experimental series. causing high mortality and delayed 
hatching. 

Series D. Mortality and hatching rate were influenced by oxygen 
level as in the previous series. A further effect was noted p however p i n an 
accelerated attempt to hatch at about 0.8 p.p.m. dissolved oxygen. Such 
abnormally early hatching culmi nated in death. These results agree with 
previous work in which emergence of pre- hatching- stage eggs is maximi zed by 
exposure to dissolved oxygen levels in the regio~ of l p.p.mo 

Series E. The initial oxygen leyel of 2.5 p.p.m. to which the series 
was exposed was chosen to be low but not lethal. Lowest oxygen levels in the 
series 9 after respiration in closed bottles for nine days 9 were somewhat below 
0.2 pop.m. Oxygen uptake was limi ted only in the higher C02 tests. Pre
hatching mortality p however 9 was directly related to co2 level throughout the 
whole series from 6.5 to 243 p -0 pomo 0020 

In summary the followi ng inferences may be drawn. Successful develop= 
ment of eggs was independent of temperature between 5° to 10° when eggs were 
subjected to hypoxial condit i ons. 

The minimum oxygen requirements of developi ng eggs rises as develop
ment proceeds. The incipient l evel of oxygen concentration above which 
mortality does not occur rises from about 0.2 to 1 .9 PoPomo throughout the 
developmental peri odc; Earl y i ncubat i on stages survi ve crit ical hypoxial 
levels with developmental abnormalit i es occurri ng. Later incubation stages 
f i nd the same conditions quickly lethal. 

Oxygen consumpt i on at low oxygen levels was independent of co2 
concentration below about 125 P.oPoffio co2 at an i ncubati on stage of 14 ·to 23 
days 9 but percent live hatch was correlated wit h co2 level throughout t he 
ent i re experimental rangeo 

2.o Low lethal temperatures in young salmon. 

In conjunction with the planting and culturing of chum salmon for 
i ntroduction to Hudson Bay 9 laboratory tests on the tolerance of chum salmon 
fry and yearlings and sockeye yearlings to low temperatures i n salt water 
have been conducted. For each species 9 samples of f i sh were first acclimated 
to two levels of temperature 9 2 .5° c. and 5.o° Co 9 and exposed for a period 
of one month or more to a salini ty of 2 7.28 0/00. Subsequently tolerance 
tests were pe.rformed at three levels of temperature 9 - 0.5 9 - 1.0 9 - 1.5° C. 9 

and at approximately the same sali nity. 
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Fish were considered dead when respirat i on ceased 9 and when no 
further responses resulted when a sl ight pressur e was appl i ed t o t he caudal 
end. This stage was frequently accompanied by a st i ffening of the bodyo 
Each sample was returned to its accli mat i on temperature for a period of 24 
hourso Mean weights and lengths of the fish were ~ chum f ry - 3o5 gffio p 3.4 cm.; 
yearlings - 23o5 gm. 9 13.9 cm.; sockeye yearlings - 11.3 gm. D lOoO cmo 

Results ~ 

No fish survi ved even the =0.5° C. temperature fo r more than three 
days. At - la5° c. ice crystals formed i n the aqueous humour of the eye i n both 
species in a matter of minutes ; at - 1 .o° C. a simi.lar condit i on was apparent 
in the eyes of some of the yearlings. Since the freezing poi nt of the blood of 
smolts i n salt water i s about =0.70° Co to - 0. 75° C. 9 rap i d death was due i n all 
l i kel i hood to freez i ng of the body flui ds. 

At =0 . 5° Co death proba bly resulted from an inability to maintai n 
osmotic balance as a result of a greatly depressed metabol i c rate. Constric
t i on of the abdomen » a generally leeched appearance 9 and si nking to the bottom 
by near- dead fish suggests this causeo 

It i s doubtful if further experiments wi ll materially alter the 
conclusion that salmon cannot tolerate a temperature of -0.5° C. Wat er 
temperatures of this order and l ower occur during the winter in Hudson Bay. 
These species could only survive D therefore D by migrating south in the winter 9 

or by congregating in the limited brack i sh waters of estuaries or in the 
inflowing fresh waterse 

HER RING 

The object ive of herri ng research is the provi sion of a basi s for the 
regulation of the herring fishery that will ensure the maxi mum ut i l i zat i on of 
the stocks consistent with the i r future maintenanceo Attention i s 9 therefore 9 

centr ed on the assessment of annual changes in abundance in the various stocks 9 

on the effects of intens i ve fishing on the populat i ons 9 on the amounts of 
spawn deposited 9 and on thE amount of eventual recrui tmento The predi ct i on of 
the annual recruitment to the vari ous populations is also an important 
consi derationo Studi es of early l ife- h i story stages are in progr ess D aimed at 
providing a firmer and more reliable basis both for the prediction and the 
assessment of the annual recru i tment o 

Data presented i n this report refer to adult stud i es carried out 
from April 1954 to March 1955 9 juvenile studies carried. out duri ng the summers 
of 1954 and 1955 9 and larval herring studies carried out in the spr i ngs of 
1947=51. 

The accompanying map shows the sub- districts and a r eas of the Bri tish 
Columbia coast referred to in this r eport. 
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Studies on adult herring 

Adult herring studies i nclude the collection of catch statistics 
from the various fisheries 9 the taggi ng and tag- recovery program 9 the sampling 
of the catches and spawning runs t o obtai n the age 9 length and weight 
composition 9 and the assessment of the extent and i ntensity of spawn 
deposition in all populat i onso 

l. The 1954-55 fishery. GoTo Taylor 

The total catch of herring in 1954=55 was 169 9163 tons 9 the lowest 
for any normal season°s fishing since 1946=47. Whi le catches were good in 
the Q,ueen Charlotte Islands and ].n the upper 9 mi ddle and lower east coast of 
Vancouver Island sub=districts 9 they were poor in the northern and central 
mainland and the .west coast of Vancouver Island sub- districts. The followi.ng 
tabulation shows the distri bution of catch and catch per unit of effort by 
sub-districts in 1954-55 and 1953-540 The average catch for each sub- district 
from 1950=51 to 1954-55 (excluding the year of no f i shing 9 1952-53) is 
i ncluded for comparisono 

Catch per Catch per 
Catch Catch Average catch seine=day seine=day 

Sub-district 1954=55 1<;)53=54 1950=51 to 1954-55 1954=55 1953=54 

·Q.ueen Char lot te Is. 229350 28 9 550 16 9312 76' 218 
Nort hern 209050 29 9 750 399438 51 771 

North central 9 9 700 7 9 500 99350 22 30 
Sout h central 179850 24 9150 28 9250 31. 58 
Upper east coast of 

Vancouver Iso 9 9 200 6 p650 7 9600 82 35 
Mi ddle east coast of 

Vancouver Is. 24 9650 199600 16 9 663 40 49 
Lower east coast of 

Vancouver Is. 51 9390 02 9660 469502 56 82 
South-west coast of 

Vancouver Is. 6 9863 31 9 550 17 9118 18\ 53 
North- west coast of 

Vancouver Is. 7 9~3.00 99800 109485 61 28 

Total (tons) 169 9 163 2109210 1899535 

While the west coast of Vancouver Island and the Q,ueen Charlotte 
Islands sub-distri.cts were free from q_uota restrictions 9 the regular q_uotas were 
appl i ed in the other sub- di stri cts. Four q_uota extensions were granted 9 two each 
i n the middle and lower east coast of Vancouver Island sub-distri ctso 

As in 1953-54 9 almost the entire Q,ueen Charlotte Islands ca~ch came 
from Ski degate Inlet. Although i t was the second highest on record 9 fish were 
not as abundant as in 1953=54 when the entire catch was taken in 14 fishing days 
(February 25 and March 16). In 1954-55 fishing began on November 3o Good 
fishing with a catch per uni t of effort of 110 tons per seine-day ensued until 
December 11 9 after which fishing deteriorated rap i dlyo By the Christmas closure 
13 9000 tons had been taken. Fishi ng resumed on January 5 and continued until 
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February 9 when the area was closed to protect the l arge numbers of mnall 
f ish presento ' In the post- Chr i stmas period the catch was 65 tons per se i ne= 
dayo In Area 2B-E » 55 tons were taken from Selwyn Inlet during the week of 
January 16-22 0 Cumshewa Inlet was scouted but no fish were foundo 

In the northern sub- distr i ct both catch and catch per uni t of 
effort were less than i n the previous year 9 and the quota was not reached for 
the first time since 1948-490 Although the sub..:district was extensively· 
scouted no fish were found unt i l mi d- J anuary when they appeared i n Kitkat lah 
Inlet and provided two weeks of fishingo No other bodies of f i sh were found o 

The catch in the central sub- district was t he smallest since 1946- 470 
The quota was not reached for the second year i n successi ono The catch i n 
the north central region was slightly higµer than in 1953- 54 wh i le i n the 
south central both catch and catch per uni t of effort were consi derably lowero 
The main migratory stocks which usually support the fishery made a relat ively 
small contribution in 1954- 55 and the fishery was dependent on the smaller 
resident stockso The sub- di stri ct was closed at the request of the i ndustry 
and Department of Fisheri es on February 9 with the provi s i on that i t would be 
reopened if substantial stocks should come onto the fish ing grounds o This did 
not occuro 

In 1954- 55 the catch in the upper-east- ~oast sub- district was the 
largest since 1940-410 A new fishing ground in Seymour Inlet and Nugent 
Sound (Area 11) provided the bulk of the catch in a short » vigorous fishery in 
l ate November and early December o Area 12 usually provi des the ma i.n port i on 
of the catch , but in 1954- 55 only 1900 tons were taken i n Cl i o Channel 9 Retreat 
Pass 9 MacKenzie Sound and Bellei sle Soundo A quota extension was requested 
but did not go into effect as the quota was never reachedo 

The 1954- 55 catch in the mi ddle- east-coast sub- di strict was a record 
24 9 650 tonso Of this 9 5100 tons were taken in the surruner f i shery in early 
July and early Septembero This fishery centred in the Cape Lazo and Q.ual l cum -
French Creek regionso Catch per unit of effort was 53 tons per seine=day. The 
ma i n winter fishery occurred in two periods 9 one i n late Oct ober 9 the other in 
late January 9 with only sporadic fishing in the interval. A large body of 
fish was present in Seymour Narrows but until l a te January r emai ned too deep 
to be fishedo Two quota extensions were granted - one for 5000 tons on 
November 2 9 taken by January 18 9 the other f or 10 9 000 tons on January 23 9 

taken by February3o In October cat ch per unit of effort was 56 tons per 
sei ne- day and in January 9 84 tons per seine- dayo 

The catch in the lower=east-coast sub- di stri ct i n 1954- 55 nearly 
e qualled the record catch of the previous seasono Catch per uni t of effort 
was somewhat lower. The quota was taken i n three weeks wi th f i shing 
i mprov i ng throughout the periodo A quota extens ion of 10 9 000 t ons was 
granted on November 7 and taken by November 15 i n sp i te of the hi ndr ance to 
fishing by strong tides in the Swanson Channel regiono The most of the catch 
(42 9 000 tons) was taken in Swanson Channel (Area 18) 9 the remai nder ciµne 
almost equally . f r om Nanoose Bay (Area 17A) and Trincomali Channel (Area 1 '7B)o 

The catch i n t he west coast of Vancouver Island sub- di strict wa,s 
sharply decreased and was the lowest s ince 1943-44~ In Barkley Sound t he 
cat ch amounted to 6 9 650 t ons » the lowest since 1944-450 Cat ch per unit of 
effort was 18 tons per sei ne- dayo No large bod i es of fish were found and the 
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fishery was dependent apparently on the i nshore movement of a succession of 
small schoolso In Area 25 the f i sh er y was a complete failure for the f i rst 
time s i nce 1943- 440 I n Ar ea 24 only 13 t ons were takeno Small catches were 
made in Area 26 in Ououk i nsh and Na sparti I nlets a In contrast to other west
coast areas i Area 27 produced a record cat ch of 6550 tons i.n a short vigorous 
fishery centred in Forward Inlet near the mout h of Q.uat sino Soundo The catch 
per unit of effort in th i s f i shery was 77 tons per seine- dayo 

2o Tagging and tag-recoverzo 

Herring have been tagged extensi vely in British Columbia since 1936 9 

with the object of: ( 1) confi. rrni ng the exi stence of the relatively discrete 
populations deduced from meri sti c and age- composition studi es and def i ning the 
inshore regions occupi ed by these populat i ons 9 (2 ) est i mating the amount of 
movement within and between populations 9 (3) permitting » in some areas , the 
calculation of certai n populat i on statisticso The primary objectives of the 
extensive coastwide tagging program are considered to have been achievedo The 
general relationship between most populati ons are sufficiently well understood 
for the practical purposes of managemento The annual variations in the extent 
of intermingling between populati ons are not cons i dered large enough to warrant 
the expenditure entailed in a coastwi de programo Tagging has therefore been 
curtailed and confined to speci fic areas to elucidate the more complex relation
ships existing between certain populat i onso 

Herring tags are recovered either by electronic tag-detectors operated 
by investigational personnel or by magnets in the meal lines of the reduction 
plants. Tag- detector recoveri es , although considerably fewer in number 9 y i eld 
much more precise information than magnet recoverieso In the latter a 
considerable degree of uncertainty often exists as to the area and 9 at times , 
the sub- district of recovery o 

A total of 2318 tags were recovered in 1954- 55 , 29 by tag- detector 
and 2289 by magnets in 10 reduction plants. 

(a) Tag-detector recoveries (FoHoC. Taylor and G.T. Taylor}o During the 
1954-55 season one induct i on- type tag- detector was operated in ~he Gulf of 
Georgia plant at Steveston. The percentage efficiency of this detector was 
only 44% compared to 51% for the same peri od in 1953- 54 and 80% in 1951-52 . 
Because of electrical interference from a nearby weigh i ng machine 9 the detector 
had to be operated with the sensit i vity reduced to a point where it was only 
partially effective in recovering tagso The installation in the Colonial plant 
of a new detector using an "Alni co" permanent magnet was not successful because 
of continuous electrical i nterference from a newly installed automati c weighing 
ma chineo 

Tag- detector construct i on and operat i on received close study during 
the year. The conclusi on was reached that the basic fault lay i n the fact 
that the frequency of the impulse produced by a tag was in the same range 
(0- 10 cycles per second) as variations in line voltage and switching 
transients. Because of the small size of the tag the amplitude of the pulse 
it produced was little greater than that produced by the transientso There 
appear to be three possible solut ions ~ (1) an increase in the size of the tag , 
probably undesirable on bi ologi cal .grounds ; (2 ) the use of tags with a high 
nickel content to increase the s i ze of pulse produced ; (3) screening detector 
and coil to reduce the effect of transients o Further experiments are under 
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way to determine how effective is each of t he above methods and wh ich is the 
more practical. 

In 1954- 55 there were 29 tags recovered by tag-dete ctors , 28 from 
the Gulf of Georgia plant and one from the Colonial plant. The detector 
r e coverie s are shown in the accompanying table by area of tagging and area of 
r ecovery. 

Area of recovery Total no. 
Area of of 
taggi ng 6 8 13 17B 18 27 recoveri es 

4 1 l 
6 1 1 
7 l !. 

15 l l 
17A l 1 2 
17B 6 6 
18 11 11 
23 1 1 
24 l 1 
25 0 2 2 
27 0 2 2 

Total 2 1 1 1 20 4 29 

(b) Plant- magnet recoveries (G.T. Taylor and F .H.C. Taylor). I n 1954=55 9 

2289 tags were recovered from magnets and plant mach i nery in 10 reduct i on 
plants. A reduction from the record 45G8 i n 1953- 54 was expected because of 
sharply reduced t agging in 1954 and the smaller total catch i n 1954- 55. 

The greater doubt which attaches to the area of recovery of plant= 
magnet returns than of tag~dete ctor recov eries is offset a t least part i ally 
by thi s much larger number . Because of ' the very sma.11 number of tag-
detector recoveries i n 1954-55 9 the ·asse ssment of movement between popula
tions based on plant-magnet returns is considered more valuable than t hat 
based on tag=detector re9overi es. The probable numbers of tags i n the 
catches are calculated by correct i ng the actual numbers fo r magnet 
eff iciency and tonnage of fish not searched by plant magnets. Before 
applying these correct i ons , " doubtful" recoveri es (545 out of 2289 i n 1954-55) 
were arbitrarily assigned to the sub- district of taggi ng. This procedure 
probably results i n correct assignment i.n about 80% of the cases. The 
accompanying table gives the probable numbers of tags in the catches by sub
distri ct of tagging and sub- district of recovery , and ( i~ parenthes i s) 
a ctual numbers on which the calculations are based. In th e new Fairvi ew 
plant i~ Pri nce Rupert no magnet-efficiency t e sts were carri ed out i the 134 
recoveries at th i s pla nt were omi tted from the calcuJa t ions of the probable 
numbers of tags. 



Magnet r ecoveri es of herring tags 

Sub-district of recovery 
Sub-distri ct 

Upper Middle Lower South North 
,.,('\· , 

of Queen Total 
tagging Charlotte North South east east east east west 

Islands Norther n central central coast coast coast coast coast 

Queen 
Charlotte 984 66 0 0 • 0 00 2 .. • 0 0 0 10.52 
Islands (729) (45) ( 2) (776) 

Northern 2.5 850 9 .4 0 0 1 0 0 0 0 • 0 889 
( 1.5) (.5.57) ( 7) ( 2) (1) (.582) 

North central • 0 26 33 3.5 0 0 0 • . . 0 0 0 • 94 
(17) (29) (17} (63) 

South central 2 3 20 276 0 0 19 .. 1 8 329 
( 2) (3) (18) (120) (18) (1) ( 6) (168) 

Upper east . . 0 0 0 • 0 • 14 22 0 0 0 0 4 40 
coast (12) (21) (3) (36) 

co 
\J1 

Middle east 0 • 2 1 . . 0 • 146 3 0 • 0 0 1.52 
coast ( 2) (1) (138) ( 3) (144) 

Lower east 0 0 0 0 • 0 2 0 0 60 229 2 l 294 
coast (1) ( .58) (191} ( 2) ( 1) (2.53) 

South west 0 0 0 0 2 2 0 0 6 13 32 10 65 
coas t ( 2) ( 1) ( 6) (13) (31) ( 9) ( 62) 

North west 0 0 2 0 0 .. l 2 9 2 71 87 
coast ( 2) ( 1) ( 2) ( 9) ( 2) ( .5 6 ) (72) 

Total 1011 949 65 319 1.5 2.58 2.54 37 94 3002 
(746) (626) (.57) {141) (13) (246) (216) (36) (7.5) {21.56 ) 
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As in previous years ; most tags were recovered from the sub=district 
of tagging. In 1954- 55 this tendency would appear to have been strongest in 
the Queen Charlotte Islands » the northern 9 and the middle east coast of Vancouver 
Island sub-districts and weakest in the south west coast of Vancouver Island 9 

the north central and the upper east coast of Vancouver Island sub - districts. 
The indicated dispersion of upper- east-coast tags may have been greater than the 
actual because all recoveries, with one exception, were from a series of tags 
put out in 1953 in Retreat Pass and were made largely by one plant late in the 
season. The later records of th i s plant indicate the possibility that some of 
these tags may have come from catches from Knight Inlet {Area 12) rather than 
from Deepwater Bay (Area 13-l. 

While herring in the Queen Charlotte Islands have been tagged in 
Area 2B...E for the past four seasons, they were tagged in Area 2A-E in Skidegate 
Inlet for the first time in 1954. Returns indicated that the main movement 
(3~4i) of herring from Area 2A-E was to the northern sub- district, Of fish 
tagged in Area 2B-E, 74i of the 43 recoveries were from the northern sub=district 
and only 21J., from the Queen Charlotte Islands. However » because of the . very 
small catch (550 tons) in Area 2B-E it is unlikely that the returns this year 
represent a true picture of the dispersion from this area. Only J fish tagged 
in Area 2B-E were recovered from the i ntensive fishery in Area 2A-E. This 
suggests that the stocks in the two Queen Charlotte Islands areas may be separ
ate. 

The main movement of fish from the northern sub - district was to the 
Queen Charlotte Islands (3il and north-central (lil sub- distri cts 9 approximately 
the same as in 1953-54. Recoveries from herring tagged in the north=central 
sub=district suggest that approximately the same proportion of fish migrated 
both to the northern (28il and south-central (37i) sub-districts as remained 
within t he north-central sub=district (J.51.) . From the south=central sub=district 
movement was greatest to the north-central ( 161.) and to the middle=east=coast 
(6il sub- districts. 

In 1954- 55, the dispersion of middle-east-coast tags (4il was consider
ably less than the average ( 45 .51,). Approximately 21. were recovered from the 
lower east coast, compared to 171·. Movement of the lower=east=coast fish to the 
mi ddle east coast was 2oj,, compared to 16i in 1953- 54. This is the reverse of 
the average situation where movement in the s::>utherly direction ( 27 .61. ) greatly 
exceeds that in the northerly (6.7i)o The movement to the middle east coast of 
fish tagged in Area 17A (46i) was greater than for fish tagged in Area 17B (14i) 
or Area 18 (6i). Of fish tagged in Area 17Ap more recoveries were made in 
Area 14 than in Area · l3o The complex intermingling of lower-east=coast and 
middl.e~east~coast fish is illustrat ed by recoveries from a series of tags put 
out in Schooner Cove (Ar ea 17A). Of 70 tags of this series recovered 9 57 could 
be assigned to a definite area. Of these 57, 16 were recovered from the middle= 
east=coast summer fishery (Area 14), 32 from the winter fishery in the lower 
east coast , and 11 from the middle- east -coast late-winter fishery (Area 13)0 
While several explanations are possible, the most probable is that some of t hese 
fish joined runs that remained throughout the summer in the middle- east=coast 
sub-district, others joined the middle- east-coast stock that migrated to offshore 
feeding grounds and returned by way of Johnstone Straitn while others 9 possibly 
the largest portion , joined the main lower-east-coast stocks o 

Movement of herring from the west coast of Vancouver Island to other 
sub-districts was 24i, considerably greater than in 1953-54 (3i) 9 1951=52 (8i) 9 
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or 1950=51 (15i). Most of the recoveries were from tags put out in 1953 ; tagging 
in 1954 was very light. The greater degree of emigration may partially be due to 
t he greater opportunity for mixing arising from most of the tags having been at 
liberty for more than a year. Movement was mainly to the lower=east=coast sub= 
distri ct and was greater from south-west - coast areas (2oi) than from north=west= 
coast areas (loi). Movement of lower=east -coast herring to the west coast ( l jo) 
was considerably lower than in previous years (13.5i i n 1953=54 9 7 .5i i n 1951=5 2). 
The disparity in the movements in the two directions bet ween the west coast and 
lower east coast is the reverse of that noted i n 1953- 54 9 when 13.51" of the lower= 
east=coast herring moved to the west coast and 2.9i of the west =coast herring 
moved to the lower east coast. Movement of herring from the south=west coast 
of Vancouver Island to the north=west coast was 15j. 9 whereas the reverse movement 
was only 21 •• 

(c) Magnet efficiency tests. (G.T. Taylor). Not all tags which enter a re = 
duction plant are recovered by the plant magnet s . As one step in deter mining 
the probable number of tags in the catches involves the calculation of the number 
of tags which entered each plant 9 the percentage efficiency of each plant in 
recovering tags must be known. Plant-magnet efficiency is determined from the 
number of recoveries from 50 test tags placed in fish scattered randomly among 
fish held in the plant storage bins. Information is also prov i ded on the time = 
l ag involved between the entry of tags into the plant and their recovery in the 
magnet. Tests are repeated several times a season in each plant . 

During 1954-55 , tests were carried out at all plants operating 9 except 
Namu and Fairview. Namu was rebuilt in 1954, the new construction being such 
t hat no magnets could be included in the meal lines. The Fairview plant began 
operat ion after tests had been carri ed out in the other plants ih the Pri nce 
Rupert area. In the accompanying table figures in brackets are for 1953=54. 

Locali ty 

West coast 

Steveston and vicinity 

North and central British 
Col umb i a 

Plant 

Port Albion 

Imperial 
Gulf of Georgia 
Colonial 
Phoenix 
North Shore 

Butedale 
Port Edward 
Seal Cove 

~umber of Average 
tests effic i ency 

1(1 ) 92(90) 

2(3) 87(96) 
3 ( 2) 94(97) 
2(2) 91(92) 
4( 2) 98(92) 
2(3) 79(97) 

2(2) 83(96 ) 
2(4) 87 (92) 
3( 1 ) 64(68) 

The t ests at Steveston and on the west coast of Vancouver Island were carried 
out by inve13tigational personnel ; those in northern and centra l British Columbia 
by fisheries officers. 

In general, the efficiencies of all plants listed showed little change 
from the previous season. North Shore and Butedale were except i ons. The marked 
reduct i on in the effic iency of North Shore is probab ly accounted for by the re= 
modelling carried out in 1954. Butedale 9 s drop in efficiency may be due to the 
fact that both tests were unfortunately carried out at t he end of a p eri od of 
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operation, just before the Christmas shutdown and at the end of the seasono Some 
tags could thus have been retained in the plant machineryo The low efficiency of 
the Seal Cove plant results f r om the use of a cyclone drier and the l ack of a 
magnet in one meal line carrying 601" of the meal. 

(d ) Tagging during the spring of 1955 0 Her ring tagging in 1955 was conf i ned 
to the Strait of Georgia , where more infomation i s required on the support given 
to the lower-east- coast fishery by herring spawning in the middle- east- coast sub
district and on the complex intermingling of the stocks in these two sub - districts. 
It had been planned to tag herring in contiguous American waters p particul arly 
in the Boundary Bay and San Juan Islands region, but no fish were found. Two 
vessels were employed: Dominion No . l loaned by British Columbia Packers Ltd op 
and the Station vessel Loligo e The Dominion Noo l operated in the mi ddle=east = 
coast sub-district from February 21 to April s:-alld Loligo in the lower=east=coast 
sub-district from February 23 to April 8. 

A total of 17, 50.5 tags were inserted in 12 taggings as shown in the 
accompanying table. 

Her ring tagging in the spring of 1955 

Code Area Noo of tags Place Date 

19A 13 1500 Frederick Point March 25 v 195.5 
19B 14 148 3 French Creek March l3 p 1955 
19C 14 1470 Comox March 17 v 195.5 
19D 15 1516 Junction Point , Lewis March 25 v 1955 

Channel 
19E 15 1504 Scuttle Bay March 26 v 19 .5 .5 

19F 17A 1509 Nanoose Bay March 22 ~ 19.5.5 
19G 17A 1516 Departure Bay April 6 i 19.55 
19H 17B 1424 Coffin Point March 4 p 19.5.5 
19J 17B 1.550 North Cove , Thetis Iso March 11 9 19.5.5 
19K 17B 1530 Ladysmith Harbour March 209 195.5 
19L 17B 1005 Preedy Harbour April lv 19 .5.5 
19M 18 1498 Saanich Inlet Apri l 18 , 195.5 

3o Sampling of commercial cat ches and s:rawning runs RoSo Isaacson 

Random sampling of' the vari ous stocks of herring contributing to cornmer = 
ci al catches and spawning runs was continued during the 1954- 5.5 seasono Whenever 
possible each sample consisted of 100 fisho Samples from the fishery were obtained 
by tag detector operators at Steveston and by members of the plant cr ews at 
various other processing plants. Sampling of the spawning runs is carried out 
in conjunction with the herring tagging program and thus limited to the Strait of 
Georgiao 

Data on length, weight, sex, and stage of maturity were recorded for 
each fish and a scale (later two scales) were taken for age determi nation o In 
conjunction with a current study on the fecundity of the Pacific herring 9 more 
than 600 ovary samples were taken and preserved. 
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in the following table is given the distribution by areas of the 225 
samples» consisting of 20 9 460 herring 9 t aken dur ing t he 1954=55 s easono 

SUb=di strict and area 

Queen Charlotte Islands 2A (E) 

Northern 

Central 

Upper east coast 

Middle east coast 

Lower east coast 

West coast 

Grand Total 

5 

6 
7 
8 
9 

10 
TOTAL 

11 
12 

TOTAL 

13 
14 
1.5 

TOTAL 

17A 
17B 
18 
20 

TOTAL 

21 
23 
24 
25 
26 
27 

TOTAL 

Fi shing .samples 
Noa of Noo of 
sampl es fish 

13 

14 

19 
17 
10 
16 

1 
63 

8 
6 

14 

21 
5 

0 0 

26 

4 
6 

24 
l 

3.5 

1 
30 
• 0 

l 
16 
48 

213 

1088 

1239 

1706 
1509 

963 
1584 

100 
5862 

770 
543 

1313 

2050 
419 
0 0 

2469 

YJO 
442 

2270 
70 

3152 

39 
2582 

0 0 

78 
1474 
4173 

Spawning samples 
Noo of 
samples 

l 
2 
2 

5 

2 
4 
1 

12 

No o of 
fish 

100 
200 
200 
500 

200 
370 
100 

0 0 

67 0 

1170 

(a) Age composition of herring in 1954-55. The average percentage age com
position of the herring in the samples from each sub - district is presented i n the 
f ollowing tabulation. 



Sub~district 

Winter or 
spawning 

.runs 
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I II III 

Age 

TV v VI VII VIII IX x 

Queen Charlotte Islands w 0 0 7.81 13 .77 40 .90 18.07 14.81 4.81 Oo 29 0.08 OolO 
Northern w 0 0 2 . 78 4.90 70078 15.32 .5 .02 1.04 Ool5 0 0 

Nort h central w 0.06 12 . 53 18.82 b3o43 4o08 0.87 0.21 0 0 0 0 

South central w 0.39 .5074 10020 b9o83 10086 2.6.5 0 . 33 0 0 0 0 
Upper east coast w 0Gl7 4066 34.37 4.5.23 l Oo l O 3.36 1.58 0.54 0 0 

Mi ddle east coast w .. 6 .02 37.71 4.5 .88 8025 2 o01 0.12 0 0 0 0 

s 0 0 1.04 29050 52 .18 12 o49 3.74 L 04 0 0 0 0 

Lower east coast w 0 0 2.81 57018 33 .37 6 005 0. 50 0 .10 0 0 0 0 

s 0 0 8069 55.95 31 . 23 3.48 0 o.50 0.15 0 0 0 0 

West coast w 0.02 13.00 50.41 30.87 4 o.57 0.98 0.1 2 0.02 0 0 

The 1951 year-class as IV~year fis h was t he major contributor to the 
catches in all but the lower=east=coast and west -coast sub- districts where the 
1952 year-class as ! ! ! =year fis h dominated . The proportion of IV=year fish in 
the catch was definitely above- a verage, particularly in the northern 9 central 9 and 
middle=east- coast sub - districts. The percentage of !!!=year fish in the catch was 
below- average and in some sub - districts i t was the lowest it has been in several 
seasons. The proportion of II - year- old fish (19.53 year-class) was higher than 
in 1953- .54 in all but the upper- east -coast sub - district. The overall contribution 
of this year-class is cons idered to be about average. The best representation of 
herring in the older age- groups was found in the samples from the Queen Charlotte 
Islands sub - distric t; in many sub - districts there was a decline in the proportion 
of older fish. 

The catch in the west - coast sub - district was the poorest it has been 
since the 1943-44 season (excepting the strike- bound 19.52 - .53 season) . This re
duced catch resulted from the partial failure of the fishery in Barkley Sound 
(Area 23) and the complete failure of the fishery in Nootka and Esperanza Inlets 
(Area 2.5). Barkley Sound was the only locality except the lower-east -coast sub 
district in which the 1952 year-class (III -year fish) was domi nant in t he catch. 
While the 19 51 year- class (IV- year fish) was dominant in Area 27 9 it was poorly 
represented in Area 23. The r epresentation of II-year fish (the 19.53 year-class) 
was great er thj_s season throughout this sub - di strict and particularly i n Barkley 
Sound than in 1953-54 • . 

In the lower- east - coast sub- district , the 19.52 year-class (III=year f i sh) 
was dominant. The percentages of III - , IV- 9 and V- year=old fish in the cat ch 
samples were simila r to those i n 1953- .54 9 but II - year fish were somewhat better 
represented. In the spawning samples , the proportion of II=year fi sh was con= 
siderably greater, of I II - and IV-yea r fish about the same and of V=year f ish 
le ss than in the catch samples . 

In the middle -east - coast sub - district the catches from both the summer 
and winter fisheries had the 19.51 year- class {IV 1 s) as the largest contributoro 
Sampling of the summer fishery in Area 14 was very poor » but , in the s amples 
obtained» IV- year-old fish were the most numerous , then V- year- olds i III- year=old 
fish were very scarce. Area 13, which supported the winter fishery 9 depended 
mainly on III - and IV- year=olds. The IIIus dominated the pre -Christmas catches » 
but the !V i s those made aft er the Christmas closure o The 19.50 year- class which 
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dominated the fishery as IV-year fish in 1953=54 i n thi s sub-distri ct was well 
represented this season as V1 s 9 particularly i n the summer fishery i n Area 140 
The 1953 year- class (II 1 s) 9 although it did not form a large portion of the 
catch and was poorly represented in Area 14» showed up strongly in several samples 
taken in Deepwater Bay (Area 13) i n November and January o Although IV=year f i sh 
remained in the spawning samples 9 they were marked by an i ncrease i n the repr esen= 
tation of older fish (IV 9 V and VI) and by a corresponding decrease i n younger 
(II and III). 

In the upper- east-coast sub - district 9 where the bulk of the catch came 
from Seymour Inlet and Nugent Sound (Area 11) 9 localities which have not prev= 
iously supported a large fishery» the 1951 year- class (IV=year=olds) was dominanto 
The 1950 year- class (V- year fish) made a larger-than-average contribution to this 
area 9 s catch 9 as did the newly recruited 1953 year-c lass (II-year fish ) o Area 
12 which usually supports the upper-east =coast fishery produced t he poorest catch 
s i nce the 1948 =49 season o The few samples obta i ned from l ocal populations showed 
that III= and IV-year herring were dominanto 

In the central sub-district » in contrast to former years 9 the fishery was 
dependent oq the local populations 9 r ather than on the main migratory offshore 
stocks o In these local populations and in the reduced offshore fishery in Area 
7 9 the 1951 year - class (IV -year fish) was dominant o Normally III - year fish dom
inate the catches but in 1954-55 9 they showed up poorly in all areas 9 and part 
icularly in Area 7o The 1953 year- class (IIus) also made a very poor entry into 
the offshore stocks , although it showed considerable strength in some of t he 
small local populations in Ar~as 6 and Bo The 1950 year- class (vns) was a strong 
contributor to some of the catches made from small local populations in Areas 69 

9 and 10. 

I n the northern sub-district the 1951 year- class as IV~year fish was 
the ~~j or contributor» constitut ing about 7oi of the fish sampl ed. The incomi ng 
1952 year - class (III - year fish) were extremely poorly r~~r~sented (about 5i). 
Fish of Age V were less well represented than in recent years 9 II-year=fish (the 
195 3 year-class) somewhat better but not above average. 

The fishery in the Queen Charlotte Islands sub - district was concentrated 
i n Skidegate Inlet \Area 2A=E )o The 1951 year-class as IV-year fish was dominant 9 

comprising almost half the catch. The 1949 year- class wh i ch had been dominant as 
V- year fish in the previous season showed strongly as VI=year olds. The i ncoming 
1952 year-class 9 III-year fish» was very poorly represented . Fish of Age II (1953 
year-clas s) were better represented than the previ ous season 9 and appeared to be 
relatively numerous o 

(b) Growth of herring in 1954- 55 0 The average leng}h (in millimetres) and 
average wei ght (in grams) of herring of Ages II to VI in the winter runs {W) and 
spawning runs (S) for each population in 1953-54 are given in the following 
tabulationo Populations are designated by initial letters 9 ioeo 9 QoCoio = Queen 
Charlotte Islands ~ No - NorthernD NoCo - North Central ; SoCo =South Centralv 
U oE oC o = Upper east coast of Vancouver Island; M oE oC o - Middle east coast of 
Vancouver Island; LoEoCo =Lower east coast of Vancouver Island;; and W.Co = 
West coast of Vancouver Islando 



.Average length (mm. ) Average weight { gms. } 

Po;eulation II III IV v VI II III IV v VI 

Q,.C oI. w 147 163 .184 202 214 40 58 86 115 135 
N w 156 182 194 205 218 40 80 96 114 138 
N .Co w 146 162 179 l,94 188 41 64 84 105 97 
s .c 0 w 133 161 181 195 202 30 60 85 109 124 
U .EoC o w 136 159 16.5 178 208 33 61 67 86 13.5 
M.E .co w 1.50 177 190 20.5 216 4.5 80 119 124 145 

s 163 183 196 211 225 

L 0 E .co w 163 188 200 211 225 57 94 113 132 163 
s 163 181 199 204 220 

w .c 0 w 162 182 196 210 218 53 84 106 131 146 

The growth index for length (sum of the average lengths of the III= and 
IV=year fish) and the comparable index for weight for each of the major populations 
i n 19.54- .5.5 are given iµ the following tabulation (comparative figures for the pre-
vious season are in parentheses) : 

Population Growth index - length Growth i ndex - weight 
1954~.55 19.53- .54 1954=.5.5 19.53 - .54 

Q,u-een Charlotte Islap.ds 347 (342) 144 (118) 
Northern 376 (378) 176 (178) 
North central 341 (348) 148 (146) 
South central 342 (342) 14.5 (137) 
Upper east coast 320 (334) 128 (141) 
Middle east coast 367 (370) 199 ( 17 .5) 
Lower east coast 388 (386) 207 (196) 
West coast 378 (385) 190 (191) 

In 1954- 55 small increases in weight occurred in herring from the Q,ueen 
Charlotte Islands , south- central 9 middle-east - coast v and lower-east - coast sub 
districts. In the Queen Charlotte Islands, south-central and lower=east =coast 
populations, increases in weight occurred in all age- groups from II to VI 9 whereas 
i n the middle - east - coast sub - districts the increase occurred in fish of ages II 
to IV. In the north-central and west-coast sub - districts growth in 1953- 54 and 
1954- 55 was very similar. In the northern population fish of ages II and III 
were heavier than in 1953 -54, whereas fish of older age- groups were lighter . This 
would suggest that in this sub - distric t growth conditions which were poorer in 
19.53-.54 than in 19.52-.53, had i mproved somewhat in 19.54 -55. In the upper- ea.st
coast sub-district the herring caught in 19.54- .5.5 were both smaller and lighter 
than those caught the previous season. These differences probably reflect 
differences in local population f i shed rather than difference in growth conditions 
in the two years. 

In general the lengths and weights of herring are such as would suggest 
that although growth conditions may have i mproved slightlyp no major change 
occurred in 19.54- .5.5. 
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4. Spawn deposition D.No Outram 

One of the major phases of adult herring studies involves the annual 
measurement of the extent and intensity of herring spawn deposited on the 
beaches during the late winter and spring o If the amount and intensity of the 
spawn deposited is proportional to the number of fish that are left to spawn after 
the preceding winter fishery has taken its toll 9 then this phase of the investiga
tion will give an estimate of the relative size of the spawning stocks from year 
to yearo No direct relationship has so far been detected between the amount of 
spawn deposited and the size of the resulting year- class at recruitmento Thus 
it would appear that the present amount of spawn deposited is more than adequate 
for the maintenance of the stocks ·and that the fluctuations in year- class strength 
must result from variations in success of survival 9 most probably i n the larval 
stage. 

Every year since 1930 9 herring spawnings along the British Columbia 
coastline have been reported by officers of the Federal Department of Fisherieso 
Independent estimates of spawning have been made by members of the Biol~gical 
Station staff in the west coast of Vancouver Island sub - district (Area~ 23 9 24 » 
25 9 26 and 27) from 1947 to 1954 » and in the middle- east- coast and lower- east= 
coast of Vancouver Island sub-districts (as well as in bordering American waters} 
in 19550 In the accompanying map the new region surveyed in 1955 (shaded area) 
and the location of the 1955 herring spawning grounds (he~vy black zones) in 
southern BoC. are shown. 

For each statistical area, data are obtaine~ on : (1) the sum of the 
lengths of the individua~ spawning grounds (found by reference to large-scale 
charts or by pacing them off along the beach) and (2) the intensity of each 
indi vidual spawning classified as very light 9 light 9 medium 9 heavy and very 
heavy according to the number of eggs per unit area , and assigned a value 1 9 

2 ~ 3 9 4 and 5 respectively. 

In the following tabulation the statutory miles of spawn at a standard 
intensity (medium) are given by sub-district for 1955 9 and for the previous 
three seasons for comparison. The figures in parentheses represent estimates 
of the amount of spawn deposition derived from the combined coverage by fisheries 
officers and members of the Biological Station , Nanaimo 9 B.C. and are used in 
the comparisons whenever possibleo All other figures are based on fishery off i cers 9 

reports. 

Sub-district Statutory miles of spawn of medium intensity 
1952 1953 1954 1955 

Q,ueen Charlotte Island 5o4 13o4 22.1 11.3 
No rthern 14.1 20o3 1604 23.1 
North central 4o3 608 4.7 4o0 
South central 2208 43.0 36.9 39 .8 
Upper east coast of V.L 9.9 24.7 14.4 9.2 
Middle east coast of Volo 36.1 35o7 21.8 36.6(40.4) 
Lower east coast of Volo 30.3 102.5 64.2 16.8(43.4) 
West coast of v.r. 14 .6 (41.7) 41.4(76.8) 26.3( 4.5 . l ) 28 .,4 
U.S.A. (Boundary Bay) (15.6) 

Total 137.5(164.6) 287.8(323.2) 20608(225.6) 169.2(215.2) 
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The amount of spawn recorded in i955 (215.2 miles) while slightly less 
than that in 1954 (225.6 miies) was still .about average for the last 10 ¥ears. 
Increases from the 1954 level occurred in four sub - districts : northern (401-) 9 

middle east coast of Vancouver Island (681.) 9 south central (81.) and west coast 
of Vancouver Island (81-). A marked reduction occurred in the Queen Charlotte 
Islands (5oj.) » upper east coast of Vancouver Island (36j. ) 9 and the lower east 
coast of Vancouver Island (32j.). In the last 9 however 9 in spite of the continued 
decline from the record level of 1953 (102.5 miles) 9 the 1955 spawning remained 
above-average. In the Queen Charlotte Islands and upper east coast of Vancouver 
Island the 1955 spawning was average or slightly below. 

The increased deposition recorded in the northern sub - district i ncluded 
a spawning of 10.l miles in a new location , Wilson Inlet 9 in Area 5. Large spawn
ings along the Parksville-Deep Bay shoreline (Area 14) and at the head of Bute 
Inlet (Area 13) accounted for the increase in the middle - east - coast sub - district. 
In the south-central sub - district slight increases occurred in Areas 7 and 9 and 
a pronounced increase in Area 8 , where an unusual spawning over 7 miles long occur
red in Burke Channel at the beginning of July. This is the first record of summer 
spawning on the British Columbia coast except for small spawnings in Area 2A-E in 
the Queen Charlotte Islands. On the west coast of Vancouver Island the i ncrease 
in spawn resulted from a substantial increase in Area 26 where a large new spawn
ing occurred in the Spring Island region. The increase in Area 26 was offset by 
a sharp decrease in Area 27. 

A survey, for the first time, of bordering American waters in the Strait 
of Georgia revealed the presence of an exceptionally large herring spawniµg at 
Boundary Bay of over a million square yards partly in Canadian and partly in 
American waters. Several other spawnings were found in the San Juan Islands 
region but all were small and of l ight intensity suggesting that this region may 
not be i mportant. 

5. Population abundance in 1954- 55 and predicted abundance in 1955~56. 
F.H.C. Taylor 

The changes shown by the above data to have occurred in populat i on abun
dance from 1953-54 to 1954- 55 and the prospect ive abundance in 1955-56 ar e dis 
cussed in this section. The size of the catch 9 the ease with which it was 
taken and the amount of fish left to spawn provide information on population 
abundance in 1954-55. An assessment of the relative strength of the various year
classes obtained from a study of the age composition of the catches and spawning 
runs permits estimation of the amount of recruitment to be expected in 1955- 56. 
The eleventh in a series of annual forecasts of the prospects of the herring 
fishery was prepared in July, 1955. (Biological Station , Nanaimo 9 B.C. 9 Circular 
No. 38.) The various assumptions and the limitations involved in estimating 
population abundance and in predicting recruitment have been discussed in Appendix 
83 of the 1951 report. The predictions made in 1954 were in general agreement 
with changes in abundance that occurred in 1954-5 5. 

In 1954-55 herring in British Columbia were generally less abundant than 
in 1953-54. The stocks principally affected were those in northern and central 
British Columbia and on the west coast of Vancouver Island. The stocks in the 
Strait of Georgia remained at a high level of abundance. 



= 96 = 

(a) ~ueen Charlotte Islands sub=districto The f ishery was confined almost 
ent i rely to Ski degate Inlet for the second year in successiono Although the 
catch was almost as high as in l953- 54P much greater effort was expended in 
taking it; spawning observed in 1955 was negligibleo It thus appears that 
abundance had declined in 1954~55 v but possibly not to as low a level as in 
other northern populations. 

Information on relative year- class strength indicates that the 1949 
year- class (dominant in the fishery i n 1953- 54) was stronger thap the 1951 year 
class (dominant in 1954- 55) and that both were stronger than the 1950 and part
icularly the 1952 year- classeso In l955 - 56 p the 1952 year- class is not expected 
to contribute as heavily as did the 1951 year-class in 1~54-550 The 1951 year
class may dominate the fishery as V- year-olds o The reported presence in 1954- 55 
of large m,unbers of small fish may indicate tha t the 1953 year- class will con= 
tribute well as III - year fish in 1955-56 . However » not enough is known of this 
population to assess properly the significance of the presence of small fish. 
Unless the 1953 year-class makes a strong entry the level of abundance in 1955- 56 
is expected to be less than in 1954- 55P because of the comparative weakness of 
the 1952 year- classo 

(b) Northern sub - di strict . Spawn deposition in 1955 9 although showing an 
increase of 40i over the reduced deposition of 1954 9 was little above average. 
Thi,s 9 coupled with the marked decline in catch and catch per unit of effort for 
the second successive year 9 suggests that the level of abundance has decl i nen. 
Evi dence indicates that the l949P 1950 9 and 1951 year-cl.asses were probably 
average or below- average in size. The 1951 year -class 9 dominant as IV 1 s i n 
1954-55 9 may have been stronger than the 1949 or 1950 year- classeso The 1952 
year-class made the poorest contribution of the III- year fish in the last 10 
years and may be well below average .in strength. In 1955- 56 , the 1951 year= 
class may dominate the fishery as V- year=olds ; the 1952 year- class 9 as IV 9 s 
will probably make a relatively small contribution. While the 1952 year-class 
may be stronger than the 1953 year-class i t is not expected to be above average. 
The level of abundance is, thereforep expected to remain at a low level i n 
19 55- 56 and there is U ttle Ukelihood that there will be an improvement i n 
the catcho 

(c) Central sub - di st rict o Abundance was apparently at a low level in 
1954-55· The quota was not taken for the second year in succession and the 
catch was the lowest since 1946-47 . The fishery was characterized by poor catches 
from t~e major migratory stocks of Areas 6 and 7 and by greater dependence on 
l ocal populations iµ all areas. Spawn deposition in Area 7 was up to average» 
in Area 6 was the lowest recorded for t he Area» in Area 8 showed a sharp i ncrease 
over 1954 due to the large summer spawning in Burke Channel , and in Areas 9 and 
10 was below-average. 

The 1951 year-class (IV=year olds) was dominant in all areas , but 
appears to be of no more than average strength. The 1952 year-class made one of 
the poorest contributions for III-year-olds in recent years and must be considered 
a weak year-classo The 1953 year-class (II-year olds) was better represented than 
was the 1952 year-cJ~ss in 1953-54. In 1955=56 9 the 1951 year-class may dominate 
as V=year- old fish , the 1952 year=class is expected to make a relatively weak 
contribution as IV 1 s and the 1953 year-class as III 9 s a slightly better contribu= 
t i on than did the 1952 year- class in 1954-55. Abundance is therefore expected to 
be less than in 1954- 55 and the quota again may not be taken. Fishing i n Area 6 
may be better than in Area 7. Catches in Area 9 will be less than :ln the last 
two seasons. 
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(d) Upper-east~ coast sub-districto In the past two seasons abundance has 
been at a fairly high level due to contributions of a strong 1951 year=class 9 

which dominated the fishery in 1953- 54 (as III=year- olds) and in 1 954=55 (as 
I V=year- olds)o fn 1953=.54 9 catch 9 spawn and ava ilabili ty were about average; 
in 1954- 55 spawning was reduced , but catch and availability were high due to 
the exploitation of new fishing grounds in Seymour Inlet and Nugent Soundo 

In 1955=56 the 1951 year=class as Vgs cannot be expected to make a 
large contribution nor can the 1952 year- class be expected to contribute as 
heavi ly as IV- year olds as did the 1951 year-class in 1954=550 From their 
coµtribution as I and II=year olds in 1954=55 9 the 1954 and 1953 year- classes 
appear to be relatively weako Abundance is 9 therefore 9 expected to decreaseo 

(e) Middle east coast sub - districto Abundance in 1954- 55 was at a high 
level as indica ted by the record catch of 24 9 600 tons followed by a record spawn 
deposition of 36.6 miles. Indi cations are that the 1947 9 1950 9 1951 and probably 
the 1952 year-classes were strong and the 1948 and 1949 year=classes at least 
of average strengtho The 1950 and 1951 year-classes were probably stronger than 
the 1952 year- classo The 1953 year-class made a better showing as II=year fish 
than did the 1952 year-class and should be of at least average strengtho In 
1955-56 abundance is expected to remain at a high level and good catches should 
result o 

(f) Lower east coast sub-districto Abundance has been at a high level in 
this sub-district for the past four seasonso The decrease in spawn deposition 
in the last 2 years suggests that the period of peak abundance may be pasto A 
series of strong year-classes have maintained the high level of abundanceo 
Indi cations are that the 1950 year-class was a little stronger than the 1951 
year-class and that both were stronger than the 1952 year-class which support ed 
the fishery in 1954- 550 The 1952 year- class should make a goo d contriqution as 
IV 9 s i n 1955- 56 and indications are that the 1953 year- class will be relatively 
strongo A continuation of the high level of abundance is therefore expected in 
1955-56 and good catches should resulto 

(g) West coast sub-districto Abundance has been a t a generally low level 
in recent years due to a succession of weak year - classeso The l evel of abun= 
dance has been lower i n Areas 25 and 26 than in Areas 23 and 240 Spawn ing 9 

however , in most years and areas has remained at a normal levelo 

The 1948 year-cla~s was weak 9 the 1949 9 1950 and probably the 195 2 
were below-average and the 1951 averageo In 1953-54 abundance increased some
what in Areas23 and 24(but not i n Areas 25 and 26) . with the appearance of the 
1951 year-class 9 which was probably stronger i n the south west coast areas than 
in the north west coast areaso In 1954- 55 abundance decreased in all areas 
except Area 27 because of the dependence on the relatively weak 1952 year-c lass 
for III - year fish and the average 19 51 year- cl ass for IV·-year fish o 

In 1955- 56 the 1952 year- class i s expected to make a poor contribution 
as IV- year fisho From its showing as II-year fish in 1954=55 the 1953 year- class 
may be of at least average strengtho Some increase i n abundance is expected 9 

therefore 9 in Areas 23 and 24, with catches better than in 1954=55 9 but still 
somewhat below-average o In Areas 25 and 26 little improvement is expected o 
In Area 27 9 because of a marked decrease in spawning 9 abundance is not expected 
to be as high as in 1954- 550 
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60 Fecundity of British Columbia herringo Fo Nagasak i 

The results of the annual herring spawn surveys provide information on 
the initial size of the new year-class and form the basis for an index to the 
relative size of the spawning populat i on o Wh i le such an index is useful , an 
estimate of the size of the spawning s tock in numbers of fish is more desirableo 
One method of estimating the size of the spawning stock is to translate the total 
number of eggs deposited into the number of fisb responsible, using information 
on the mean number of e~gs spawned per female~ and the sex ratioo While inforrna= 
tion on sex ratio is readily available ~ information on egg production is scantyo 
The purpose of this st~dy is, therefore , to proyide information on the fecundity 
of British Columbia herring , on the relationship between fecundity and body 
length and age and on the vari atio~ if any , in mean fecundity between populat ionso 

Ovaries were collected from approximately 10 fish of each age- class 
from as many populations as possibleo Females were selected on the basis of 
length categories determined from age- length relationshirs. The actual ages of 
the females were determined later from scale readings. A total of about 600 pairs 
of ovaries were obtained. The number of ovaries in each sample and the distribu
tton of the samples by sub- district , statistical area , and locality are given in 
Table Io 

Table I~ Samples of ovaries used in study of fecundity 

Number Immature 
Statistical of ovari es 

Sub-district area Locality Date ovaries discarded 

Queen Charlotte Island 2A=E Ski degate Inlet Deco 6, 67 37 
Jano 12, 
20 

Northern .5 Kitkatlah Inlet Jan. 21, 62 3 
22, 30 

North central 6 Meyers Pass Dec. 1.5 22 0 
6 Thistle Pass Deco 16 28 0 

South central 7 Thompson Pass Jano 6 , 7 7 0 
7 Bella Bella Jan. 9 ?;7 3 
7 Kildidt Sound Feb. 9 7 0 
8 Fish Egg Inlet Deco 16 ,17 T.5 .5 
8 Cousins Inlet Jan. 13 10 6, 

Middle east coast of 13 Deepwater Bay Jano 18 39 3 
Vancouver Island Feb. 2 

14 Deep Bay Mar. 1,9 37 1 

Lower east coast of 17A Departure Bay Apr. 5 10 0 
Vancouver Island 17B Ladysmith Mar. 20 28 0 

17B Walker Rock Jan. 6,20 29 0 
18 Satellite Channel Jan. 5,21, 71 0 

24 

Lower west coast of 23 Effingham Inlet Jan. 12 26 0 
Vancouver Island 

Upper west coast of 27 Klaskish Inlet Deco 6 10 4 
Vancouver Island 27 Q.uatsino Sound Dec. 6 35 0 
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So~e sample s could not be used in the analysis of the data : t hose f r om Departure 
Bay 9 Deep Bay, and Ladysmith because they were obtained from fish in t he act of 
spawning p those from Cousins I~let 9 Kildidt ~ound 9 Klaskisn In1et 9 and Thompson 
Bay because they were too small to be ~epresentative and t hat from Meyers Pass 
because the majority of the fish were from a single age-classo 

The length, weight and age of each fish were recordedo The total 
number of eggs in each female was determined 9 after the ovarious tissue had been 
removed and the eggs separated from each other and dried 9 from the total weight of 
the ovaries and the mean weight of two 2.50=egg sub=samples. In the analys i s of the 
data it was found that body length was a better criterion of size than body weighto 
A logarithmic transformation was appli ed to the 3 variates r age 9 body length 9 and 
fecundity to obtain straight line relationships and to equalize the varianc es 
throughout the ranges in body length and age. The mutual relationship between 
fec L~dityp age, and body length was determined by the multiple regression tech= 
niqueo The significance of differences between samples in mean number of eggs 
adjusted ta a common body length and a corrunon age was tested by analysis of 
eovariance. 

No significant differences in mean numbers of eggs adjusted to a common 
body l ength and a common age were found between the six samples from northern 
Bri tish Columbia (Skidegate Inlet, Kitkatlah Inlet 9 Thistle fass 9 ~ell.a Bella 9 

Fish Egg Inlet, and Quatsino Sound) or between the samples from southern British 
Columbia (Deepwater Bay, Satellite Channel, Walker Rock, and Effingham Inlet). 
Differences significant at beyond the .Ol level of probabil i ty were found between 
the combined northern British Columbia sampl es and the sampl es f rom southe rn 
Brit ish Col umbia, either separately or combined to form one sample. Fecundity 
i.n fis h of the same body length and age was higher in northern than in sout hern 
BrJ.ti sh Columbia. The multiple regression equations for the northern and 
southern gIDups are given below : 

Northern group: 
Southern group: 

Log. fecundity - 3.2483 log body length ~ 0 .0814 log age = 3.1746 
Log. fecundity= 2.1646 log body length~ 0.3220 log age = 0.8955 

In both the northern and southern groups the standard mult i ple regressi on 
coeffici ents of log fecundity on log body length independent of log age differs 
significantly from zero ( t : 13 .44 and 7 .24 respectively 9 P > 0.01) . In t he 
northern group the standard multiple regress i on coeff i cient of log fecundity and 
log age 9 i ndependent of log body length, does not differ statistically from zero 
whereas in the southern group iti does ( t :::: 3 .6lp P > 0 .Ol). It would t hus 
appear that 9 whereas in the northern group the affect of age on fecundity 9 i nde= 
pendent of its relation to body length 9 is neglig ible 9 in sout hern Brit ish 
Columbia fecundity increases somewhat with age. No obvious expl anation has been 
found t o account for this difference in the effect. of age in the two groups. 
From a consideration of the size of variates (of age and body lengt h ) 9 i t would 
be seen 9 however, that the ~ffect of age alone on fe cundity is small even in 
s outhern British Columb ia and that for practical purpose fecundity is dependent 
only on body lengtho This is also illustrated in the table below whi ch shows 
the average number of eggs calculated from the multiple equations 9 i n females 
of various length in each age- group from northern and southern British Col umbia. 
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Northern British Columbia 

Age Number Of eggs i n females of length ~ nun.) 
160 170 180 190 200 210 220 230 240 

II 10, 200 12,400 1.5, 000 0 0 

Ill 10, 600 12,900 15,500 18,500 210800 
TV 10,800 13,200 15,900 18,900 22v300 26v200 
v 16,200 19 v300 220700 26 , 600 31 9000 0 0 

VI 0 0 23 0000 27 0000 3lv400 36 0 300 41 0700 
VII 0 • 0 0 27 0400 31 98 00 36,800 42v200 

VIII .. 329200 37 9 200 42 9 700 

Sout hern British Columb i a 

II 9,300 12,700 129100 • 0 • 0 0 0 0 0 

III 10 96 00 12,200 13 9800 15,500 17 ,300 0 0 0 0 

TV l lv600 13 ,400 15 , 100 17,000 19 9000 21 , 100 0 0 0 0 

v 0 0 0 0 16 ,300 18,300 209400 22v700 25,100 
VI 0 0 2lv700 24 9100 26 v6 00 29 9 300 32 v200 

VII 0 0 0. 0 0 0 0 25 0 300 28 9000 30 9800 33 0800 
VIII 0 0 0 0 29,200 32 9200 35 9 400 

Studies on the early lif e=history of herring 

Studi es on the relationship of t he amount of spawn deposited and the 
relative st r ength of the resulting yoo.r-clas~ at recruitment have i ndi cated that 
the r e i s no direct relationshi p between them and thus v that 9 in all populations 9 

the amount of spawn depos i ted may 9 in genera lv have been greater than needed to 
maintain the stock. li'luctuations i.n year- class strength have been caused by factors 
affec t ing survival between spawning and recr uitment. These findings po i nted the 
need for studies of each major life -history stage to determine what were the 
factors influencing surviva l , their effect at each stage 9 the earli est stage at 
whi ch a direct relat ionship existed with year- clas s strength at recruitment 9 and 
what this relationshi p was. These s tudies were begun in 1947 and were carried 
out principally on the west coast of Vanc ouver Island. Survival of spawn during 
incubat ion and survi val during the larval peri od were studied first 9 and in 19 51 
an investigation of survival during the juvenile stage was begun and is still 
continued. 

In 1955 the spawn-survey program and the juveni le herring studies were 
carried out in the mi ddle- and lower~east-coast instead of the west - coast of 
Vancouver Island. No spawn survival studies were undertaken this year but 
such studies are planned i n future to determine whether any di f ferences exist 
i n the survi val of spawn in the two regions~ 

l o Distribut i on and survival of herring la rvae. J.Co St evenson 

Data from studi es on herring larvae carried out from 1947 to 1951 on the 
lower west coast of Vancouver I sland were analysed and the results were reported 
in a doctoral thesis presented to the University of Toronto in the spring of 1955. 
The main conclusion was that a great and critical mortality occurs during t he 
larval stage and that this mort.ali t y is traceable to the transport of t he larvae 

i 
. j 
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by water currents from the inshore brood areas out t o t he open seao The study 
indicated that a very large proportio:q. of the larvae that a re carried. to .t he open 
sea do not survive , and that the strengths of he r r ing year- cl a sses depends l argely 
on the numbers of young that remain i n i nshor e areas during t h e .six=week l arval 
period i n the springo 

The field studi es i nvolved quantitat i ve sampling of the larval broods 
by horizontally=towed nets in March 9 April 9 and Mayo The main area of study was 
Bark l ey Sound where a high proportion of the spawning on the lower west coas t of 
Vanc ouver Island occurs o 

Study of the vertical di stribution i ndicated that herring larvae were 
most highly concentrated near the surfa ce of the water and duri ng t he ni ghto As 
the larvae grew older 9 their preponderanc e in night sampl es as compa red t o daytime 
samples i ncreased 9 and t heir preponderance in surfac e sampl es as compared t o deep 
samples decreasedo 

The data suggested that the vertical di stribut i on of larvae was influenced 
by i ntensity of light. Newly- hatched larvae appeared to be strongly attracted 
both to strong light (daylight) and to weak light (t he faint light in surface waters 
a t n i ght)o After apsorption of the yol k sac 9 the attract ion to strong light 
disappeared 9 and no heavy concentration of larvae was found i n surf ace waters 
during the dayo The fact that concentrations of larvae 9 comparable to t hose at 
the surface at night , were not found in the deep layers during the day 9 was 
attributed (a) to the greater ability of larvae to evade the sampling net during 
the day than at night 9 and (b) to the shallowness of the brood areas 9 whicq 
pre vented the larvae from going sufficiently deep to reach the dept h of preferred 
light intensity a 

Study of the horizontal distribution showed heavy c oncentrat i ons of 
l arvae i n the vicinity of the spawning grounds during the period t hat hatch i ng 
was going ono After hatching ceased 9 the concentrat i on of larvae in the i nshore 
(or brood) areas progressively decreased at an approximately constant rateo 

The extent of decrease of larvae noted in a brood area (Toquart Bay) 
appeared greater than would be expected on the basis of the average amount of 
larval mortality presumed to occur in the population o The fact that l arvae were 
found i n areas where no hat ching had t aken pl a ce indicated that a l arge part 
of t he decrease was caused by movement of larvae away from the brood area o 

The movement of larvae in the northern part of Barkl ey Sound (a s shown 
by sampling) was interpreted on the basis of the pattern of water current s 
within the Sound (as determined by oceanographic survey)o Large-sca le movement 
of larvae took place along the northwest shore of the Sound (from the main spawn= 
ing grounds in and near Toquart Bay 9 to the moutq of the Sound ); t his movement 
of larvae was related t o the strong seaward-moving current along t he nor t hwest 
shore o The seaward transport of larvae was hastened by the fact t hat rate of 
flow was greater in the surface layers where the lar vae were found to be heavily 
concentrated at nighto Low c oncentrat ion of larvae in another part of the Sound 
was shown to result from the presence there of a compensatory cur rent f l owing 
from the open sea into the Sound. 

These facts suggest that few of the l arvae carried to sea were r eturned 
to the Soundo Moreover 9 they led to the suggest i on that herr ing larvae 9 carried 
offshore 9 do not survive , and t hat the larvae remaining in t he Sound constitute 
the basis for the eventual abundance of the year- class in the fisheryo 
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While direct evidence was lacking to indicate that larvae cannot survive 
in the open sea , several pieces of indirect evidence support t he suggestion , 
inc luding : (1) the fact that no larvae were taken in sampling i n offshore waters, 
( 2) the tremendous dispersal of the l arvae that would presumably take place i n the 
open sea , and the improbability t hat widely=i.solated i nd i vidU9.ls coul d find their 
way back to the Sound , even if they could survive , (3 ) the lack of schools of 
newly-metamorphos ed herring i n bays and inlet s near the mouth of the Sound i (4) 
the experimental evidence of Japanese workers that perring larvae after the yolk= 
sac stage show less survival in water of normal sea sali ni ty than in water of less 
than normal salinity, and (5) the fact tha t her ring larvae i n European waters i 
al though hatched i n water of hi gh salinity, show a marked tendency to seek 
coastal waters of low salinity. Further i nd irect support was gained from the lack 
of evid~nce that any mortality factor (predat ion i disease 9 limiting f ood supply, 
etc.) acting in i nshore waters could cause the tremendous mortality (over 99i ) 
known to occur during the larval period. 

It was suggested that meteorological factors may affect year- class strength 
in herring through caus ing annual variations in rate of seaward flow of inshore 
currents during the critic~l larval period. The delayed effect of snowfall on 
r iver discharge was considered to be of greater importance than the more i mmediate 
effect of rainfall. I t was obvious, however , that a number of interrelated meteo= 
rological factors (wind, raini snow, and temperature) was operative . The con= 
c lusion was that no single meteorological factor was l i kely to provide a simple 
index for the survival of herring . 

2. Studies on j uvenile herring. A.S. Hourston 

(A ) Barkley Sound 

A four- year study of the juvenile herring population in Barkley Sound 
was compieted in 1954. The main purpose of the study was to establish and test 
a means of est i mat ing year-class strength prior to recrui tment . Estimates made 
during the egg and larval stages have failed to accomplish this because of the 
variable mortal ities suffered at t hese stages, and the fish migrate offshore at 
the end of the fi rst summer where they are not readily accessible unt il r ecruit= 
ment . Consequently the ~arly juvenile stage seems to present the best opportunity 
for the early assessment of year=class strength. 

For bet t er i nterpretation of these assessments, studi es were made of size 
gr.oups, growth rates , and environmental conditionso The relationship of the 
juvenile population in an area to the adult spawning populations in that and other 
areas was investigated by tagging the ol der juveniles and recovering the tags i n 
th~ adult fisherye Tag-recovery t est sp along with tagging mortality experiments 9 

provided the supplementary data necessary t o interpret the results . In 1954 
studies on the environment were also stressed in an effort to determi ne some of 
the causes of the distribution and survival notedo 

(1) Size and growth 

(a) Sampli~o Sampl es of up to 100 fish were taken from each catch made and 
the standard length and weight of each fish were recorded. In ·1954 9 76 samples 
were taken as compared with 91~ 65 and 56 in 19.53P 1952 and 1951 respectivelyo 

(b) Growth of juvenile herring during the summer of 19540 As in previ ous 
yearsp the growth of the 19.54 year-c lass was expressed i n terms of age - length 9 

age~weight , and length-weight relationshipso Age i s gi ven as the number of days 
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after the estimated "aver agen hatch i ng date of Mar ch 29 o Th i s dat e was ar rived 
~t by adding the incubat i on period (approximately 14 days in t hi s reg i on ) t o t he 
"El-verage spawn i ng date" of March 15 9 representing the medi an of t he period of 
majo r spawnings in th i s region (Febr uary 28 = Mar ch 29) and a l s o t he dat e of one 
of the two l arge spawni ngs that t ake pl ace i n this area o 

(i ) Age=length relationsh i po The 1954 fish of a given aver age age did not 
differ appreciably in size from either the 1951 or the 1953 fish 9 be i ng slight l y 
smaller than the former and larger than t he l attero The 195 2 f i sh were noticeably 
l arger 9 possibly indicat i ng unusually good feedi ng condHions t hat yea ro (The 
1952 juveni le population was relat iv~ol+J~·-s~m~,a;~l+l-i.-,,..o+)~~~~~~~~~~~~~~~~-

( ii ) Age=weight relationshi po Compari sons of the 1954 data with t hat of 
previ ous years yields results s imi lar to t hose fo r th e lengt h=we i gh t r el ationship. 

( i ii) Length=weight relationshipo The logarithmi c lengt h=we ight relation
ship for the 1954 fish indicated that these fish were sl i ght l y fa t te r t han t hose 
i n pr ev ious years ~ but this difference was of the same or der a s t hat between the 
1951 fish and those of 195 2 and 1953 9 and may repr esent random variation o The 
eQuat i ons of t~e l i nes drawn by inspect i on were: 

1954 l og W • 3 o27 l og L = 5 o44 
1953 l og W ~ 3o06 log L = 5o07 
1952 log W ~ 3o06 log L = 5o02 
1951 log W ~ 3ol 6 l og L = 5o 22 

(c) Length groups with i n syb=populationso Aga i n i n 1954 t he wi de var i at ion 
i n l engt h and weight of juveniles of comparabl e average age and t he wi de range 
in hat ching dat es of the various spawni ngs suggest ed t he pr esence of s everal 
s i ze- gr oups o This was bor ne out by the sugges tion of f our t o s i x l i near trends 
i n both t he age- length and age- weight re l at1onshi pso The sampling data wer e 9 

therefore 9 examined for the presence of more than one size- group 9 us i ng a graphical 
analysis of polymodal freQuency distributions by means of probabi l ity paper o 

As in previous years all five length= gr oups found i n Uchucklesit Inl et 
were also found i n San Mateo Bay which also had _an addit i onal s i xt h si ze=group o 
The sl opes of the trend lines in the two l oca l ities ar e a l so comparabl e o Thus 
mi gration from Uchuck l esit Inlet to San Mateo Bay woul d be reasonab l e on t his 
basis 9 with migrat i on in the oppos i te direct i on almo st eQually f eas i ble (but 
not indicated by the 1952 and 1953 data). Banfield Inlet and Kel p Bay each showed 
12 size- groups all but one of which corresponded with those from the ot he r l ocality 9 

and probably contained a single stock of j uveniles o Compari son of Uchuckl e s i.t and 
San Mateo stocks with the Banf.i e l d I nlet = Kelp Bay stock failed t o show any mar ked 
r esemblances. Their length=groups all fal l with i n the range of t hos e found i n 
Banfie l d Inlet - Kelp Bay and some mixing 9 especia l l y i n the seawar d di r ect ion 9 

could occur 9 but would not appear to be as ext ens i ve as between Banfiel d Inl et 
and Kelp Bay or between Uchucklesi t Inl et and San Mateo Bayo The s even size= 
groups found in Pipestem Inlet did not correspond c losely with t hose i n any of the 
other localities ; the best fit was with the Uchucklesit and San Mateo fi sh with an 
occasional trend line corresponding and the s lopes of the trend l i ne s roughl y 
comparableo The Ucluelet Inlet fish appea r uni Que in that t he growth cu rve showed 
greater slopes and 12 closely pa cked t r end lines were i ndi catedo 
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(2) Population estimates and extent of mixing 

Assessment of the 1954 juve~ile stocks in Barkley Sound was carried 
out mainly on the basis of scouting and marking programs . The size of each 
school found was roughly estimated 9 and more precise estimates were made from 
marki ng experiments on some of the maj or stocks. Ila.ta from the latter experiments 9 

along with comparisons of length=g~oups foun,d in the different stocks 9 were used to 
estimate mixing. Since coverage was not consi~ered adeQuate in previous years 9 

effort was increased to 106 boat 0 ·days in 1954 as compared with 79 in 1953 and 
86 i n 1952. Schools were found and est i mated by visual observations 9 supplemented 
by echo- sounder tracings. Independent estimates by these two means showed good 
relative agreement. A total of 184 9 690 fish were marked in 1954 as compared 
wi th 192p821 in 1953 ~ ?3 pl70 i n 1952 and 66 9 822 in 1951. 

(a) Extent of mixing. As may be seen from the following tabulation 9 the 
conclusion from the previous t hr ee years9 data that movement between localities 
in Barkley Sound involved less than one- third of the individual stocks is borne 
out by the 1954 datao 

Where 
marked 

Banfi eld 
Inl et 

Kelp Bay 

Pipestem 
Inlet 

San Mateo 
Bay 

Uchucklesit 
- Inlet 

Ucluelet 
I nlet 

Useless 
, Inlet 

Number 
Mark marked 

LVLP 10,000 

EV 28 9450 

RV 29,090 

LP 26,840 

RVRP .5,270 

9 2 
( 64 ) ( 14 ~.5) 

l 
(11) 

10 

4 
(100) 

6 

15 
(lOO) 

1.5 

Recoveries ?.t 

7 
(78) 

7 

1 2 
( 7) (14.5) 

l 
(ll) 

5 
{71) 

7 

2 
(29) 

9 
( 100) 

13 

3 
(100) 

3 

14 

4 

1.5 

9 

9 

3 

61 

(LV = left pelvic (ventral ) fi n ; RV = right pelvic (ventral) fin ; BV - both pelvic 
(ventral fins) ; LP~ l eft pector a l fi n ; RP~ right pectoral fin ; LVLP =left pelvic 
(yentral and left pector al fins ) ; 'FN ~ right pelvic (ventral and right pectoral 
f i ns). 
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Figures i n parentheses represent the percentage of the recoveries of each type of 
mark made in the various localities in which marking was carried aut o Indeed 9 

three=quarters or more of t he f i sh appear t o have rema ined in the regi on of markingo 
The one apparent exception i s Banfield Inlet where 36j. of the recoveries were t aken 
i n other localitieso However9 all indicat i ons poi nt t o a sing.le population in the 
Banfield Inlet = Kelp Bay regiono The two lo ca li t i es were l ess t han a mile apart 
and on I)lOre than one occasion 9 juveniles were observed more or less continuously 
along the shore between the two locali t i es o Thus 9 if these two l ocaliti es are 
considered to contain the same stock 9 emi grat i on from t hi.s stock was only 171-
(3/18) o The length-group analysis of the sampling data tends t o conf i rm t h is view. 

On the basis of t he recoveries made over the four years of t he study the 
relative extent of migrat i ons across the Sound and on one side of t he S ound may 
be seen in the following tabulation : 

1951 1952 1953 1954 1951=19.54 19.52 =1954 

Between localities 8 33 35 1.5 2.5 29 
SE side ( 2/24 ) (7/21) (21/60 ) (5/33) (35/138) (33/114) 

Between localities 64 •• 0 19 0 
NW side (7/11) (0/2) (0/24) ( 7 /37) (0/26) 

SE side to NW side .Z3 12.5 12 11 10 '7 
of s .ound (1/31) (3/24) (l/61} (4/37) (1.5/153 ) (8/122) 

NW s i.de t o SE side .59 0 0 0 29 0 
of Sound (16/27) (0/3) (0/2) (0/24) (12/.56) ( 0/29) 

Net movement on one 26 y; 34 9 2.d. 24 
side of Sound ( 9 /3.5) (7/21) (21/62) ( .5/57 ) (42/1'l5) (33/140) 

Net movement across 2.5 11 2 '}' 1.5 .5 
Sound (23/58) (3/27) (2/63) (4/61) (31/209) (8/151) 

With the exception of the movement observed in 19.51 from the Toquart Bay = 
Cigarette Cove region to the south- east shore 9 cross =sound migrat i ons appear to 
be less extensive than those between localit i es along either si de of the s oundo 
The 1951 mi gration may represent a late movement of juveniles i nto their natural 
rearing grounds as these fish appear from the Toquart Bay = Cigaret te Cove regi.on 
early i n August and did not reappearo Thus 9 consi dar i ng t he result s for t he l ast 
three years only 9 the cross=sound migration i s only about one-fifth that bet ween 
localities on the same side of the Soundo 

{b) Population estimateso A general estimate of the entire juvenile popul a = 
t ion i n Barkley Sound in 1954 was made by means of a scouting survey. More pre= 
cise estimates of the stocks in six localit i es were made by marki ng exp eriments 
and used to provide a correction factor to the general estimateo The l atter i s 
usual ly low 9 since all the fish in any locality are seldom observed during a 
single scoutingo 
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(1) Estimates based on scouting. As a result of the greater stress laid 
on s c outing in 1954 9 it was possible to scout the entire sound several times. 
Th is resulted in the location of stocks not observed in previous years and led to 
a two t o t hreefold increase in· the total estimate ~ as may be seen from the follow
ing tabulation. The numbers shown in the table represent the maximum estimate for 
any singl e scouting in the localityo 

Locality 

Al berni Inlet 
Assi ts Island to Congreve· Island 
Banfiel d Inlet 
Banfi eld I nl et to Kelp Bay 
Bernard Point to Assits Island 
Chrow Island 
Chup Point 

* ci.garett e Cove 
Coaster Channel 
Davi. d Channel 
Di ana Island 
Dodger Channel 

*Dut ch Harbour 
Ecoole Harbour 
Edward King Island 
Effingham Inlet 
Effingham Island 
Fl emi ng Isl and 
Forbes Island 

*Georges Island 
Grappler Inlet 

*Hand IsJand Channel 
Harri s Point 
Helby Island 
Island Harbour 
I s Jand Harbour to Coaster Channel 
Jaques Island 
Jarvis Isli::i.nd 

*Kel p Bay . 
*Kel p Bay t o Danvers Islet 

Loudoun Channel 
Macoah Passage 
Mayne Bay 
Nanat Islet 
Nanat I s l et to Danvers Islet 

*New York Point 
Numukami s Bay 
Chiat Island 
Peacock Channel 
Pi pestem Inlet 
Rainy Bay · 
Rainy Bay to Vernon Bay 
Ritherdon Bay 
San Mateo Bay 

1954 

250 
600 
200 
250 
50. 

100 
150 

1 0 
50 

0 
50 

150 
500 

0 
600 

1600 
'75 

0 
250 
200 
500 

80 
0 

50 
30 

0 
0 

2000 
1000 
2000 
1 000 
2000 

0 
30 

200 
150 

0 
300 

1500 
300 

0 
0 

1000 

Juveniles Estimated x 103 

1953 

• 0 

00 

200 .. 
0 • 

0 0 

0 
0 0 

** .. 
1 0 

0 
0 

• 0 

0 0 

1 
5 

*** 
**** 

0 0 

400 

0 
0 0 

0 0 

0 0 

0 0 

0 
0 0 

0 0 

*** 
0 0 

• 0 

1010 
0 

0 0 

300 

1952 

203 

1150 

0 0 

5 
• 0 

** 
1 

200 
300 
• 0 

3 
200 
0 0 

*** 
**** 

100 
0 

0 0 

500 
0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 

• 0 

*** 
0 0 

0 0 

5 
20 

1000 

1951 

0 0 

0 0 

1000 

0 0 

50 

00 

0 0 

0 0 

0 0 

0 0 

0 0 

*** **** 
0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

*** 
0 0 

0 • 

5 

0 

0 

100 

0 0 

0 • 
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Locality Juveniles Estimated x 103 

1954 1953 1952 19.51 

*Sarita Bay 1100 10 0 0 
I 

Sat ellite Passage 100 0 .50 
Sechart Channel 1000 1.5 1000 
Snowden Island .500 *** *** *** 
Snug Basi n 30 0 0 • 0 
Stopper I13lands 700 10 .5 0 
Swaile Rock 70 ***** ***** ***** 
Swaile Rock to Island Harbqur .50 ***** ***** 0 0 
Thi epval Channel 1000 0 0 0 0 
Toquart Bay 250 0 0 10 
Turtle I::iland 0 0 0 0 Q 

Tzartes Island (East side) 1000 .5000 0 2000 
~zartes Island (West side) 100 ****** ****** 0 0 

Uchucklesit Inlet 900 300 .5000 300 
Uc luelet Inlet 1000 100 300 
Useless Inlet 300 200 1 10 
Vernon Bay 250 30 0 0 0 0 

24907.5 79611 109043 3 947.5 

* Local names 
** Included in Mayne Bay 
***Included i n Toquart Bay 
****Included in Banfield Inlet 
*****I ncluded in Sechart Channel 
******Included in Tzartes Island v east side 

In 19.54~ 21 localities showed an i ncrease in popul ation over 19.53v only 
2 a decrease o The total estimate was 16 9 000 i n 19 .54 as camp ared t o 7 9 600 i n 
19.530 In comparison with the 1952 estimates 9 16 localities s howed an incr ease i n 
1954 9 5 showed a decrease and 2 remained the same; t he t ot a l est i mat e for these 
23 lo~alities in 1954 was 16 9 000 fish v whereas in 1952 i t was 10 90000 However 9 

the more thorough scouting in 19.54 would be expect ed t o result i n higher estimates 
fo r that year and may be the major factor in this differenceo 

Tue most noteworthy individual features of the 1954 estimates were: 
(1 ) t he discovery of a large population in Eff ingham Inl et where only an occasional 
school was . observed before 9 ( 2) the finding' of a l arge population in Mayne Bay 
for the f irst time 9 (3) the inclusion of a relatively l arge populat i on in the 
general Toquart Bay area for the first time since 195 2 9 (4) the tremendous in= 
crease i n the Ucluelet Inlet stocks 9 (.5) the r eturn of the Sechart Channel 9 San 
Mateo Bay and Effingham Island stocks to the major leve l after a slump i n 19.53 9 

(6) t he sustained abundance of the Tzartes Island and Usel ess Inlet stocks aft er 
their tremendous increase in 1953 over the 195 2 level. 

(2) Estimates based on marki ngo A Schnabel=type marki ng experi ment was 
aga i n employed in 19.54 to estimat e the s ize of some of the l arger stocks i n Barkley 
Soundo The 19.54 estimate for all localities marked i s tabulated bel ow along with 
similar estimates for previous yearso 



Year 

19.54 
1953 
1952 
19.51 

Noo of 
localities 
covered 

7 
9 
6 
.5 
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Noo of fish No o of 
marked recoveries 

163 9 3.50 .59 
1.5 6 9 ,510 65 

629112 30 
33p 98 6 .58 

Population x 10 
6 

Estimate 9 .51· Poi sson 
Confidence Limits 

189 147=240 
166 141=21 2 

62 47=100 
11 8=14 

Since different stocks were marked in different years 9 these total es= 
timates are not really comparable 9 with the possible exception of 19.53 and 19.54. 
(Three of the 19.53 markings were not included in the 19.54 program9 while one of the 
19.54 markings was not carried out in 19.530 In a ll cases these markings were 
rel.a ti vely small.) The annual increase in population in tne above tabulation no 
doubt reflects the expansion of the marking program rather than actual changes 
in abundanoe 9 as recoveri es of mar ked fish have shown the Barkley Sound juvenile 
popul ation i s not homogeneouso However 9 on that basis 9 the 19.53 estimate should 
be larger than the 19 54 estimate for populations of eomparable size 9 since it 
covers more of the total stocko The 19.54 estimate is about the same as that of 
1953 9 and thus the 1954 juvenile herring population in Barkley Sound may be slightly 
larger than the 1953 population on th i s basis. This is in accord with the es
timates based on scouting. 

A further i ndication of the relative strength of these year-classes may 
be derived from a comparison of l ocal stocks studied more or less extensively 
during the four-year period. Est i mates for all four years are available for 
Banf i eld Inl et whi le 195 2=.54 est imates are available for San Mateo Bay . The 
1954 stocks in Uchucklesit Inl et 9 Ucluelet Inlet 9 and Useless Inlet may be com= 
pared with those in 1953 9 1952 9 and 1951 re~pectively. These results are 
~rranged i n the following tabulation : (figures in parenthesis are the 95j. con
f i dence limits) • 

Banfield San Mateo Uchuckl esit Ucluelet Useless 
Year Inlet Bay Inlet Inl et Inlet 

19.51 4Q3 - 406 
(2o7-7o3) (200-14.3) 

1952 26 oO 1306 .5 ol 
(8o9=130o0 ) (609=32.0) (L8=2.5o7) 

19.53 4l o3 70.5 4Ll 
(28.2=63 .l) (34.2=176 .2) (14 . 0=20,5.4) 

19.54 430.5 38 .3 37.7 27 .3 10.6 
( 21.2=108 .8) (18.6=95.9) (1601- 117.9) (14.4=61.4) (3 .6=.53.1) 

The 19.51 markings were not su:t'ficiently extensive to enable adequate es = 
timates. In addi t ion techniques were in the process of development and marki ng 
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mortality was probably rather variableo The 1952 year=class appears t o have been 
definitely weaker than the two succeeding ones i n each of the t hree localities 
i n which estimates could be made v wh ile t he 1953 year-class was approxi mately 
equal in strength to the 1954 year- class i n Banfield and Uchucklesit Inlets» but 
stronger in San Mateo Bay o 

(3) Discussion o An index of the extent to which a stock of juveniles is 
observed in a survey of the locality may be obtained by comparing the population 
estimates from the marki ng experiments with the scouting estimates for these 
localitieso The latter are invariably sma ller as even an extensive visual survey 
would not likely discover all the fish in a l ocal ityo Consequently the visua l 
estimates for the entire sound must be l ow; t he true l evel of abundance probably 
lies closer to that whic~ could be obtained by marki ng exte~sively throughout 
the soundo Such a pro gram is beyond t he scope of this study but an approximation 
pf this type of estimate may be obtained by calculating a "conversion factor" for 
the visual estimates in the localities included in the marking program and apply= 
ing it to the scouting estimate for the Soundo Th is procedure has been applied 
i n the following tabulationo 

Estimate for locili t i es Correc= Estimate for Ba~kley 
Year marked ( x 10 } tion Sound (x 10 ) 

From marki ng Fr om scouting f actor F!rom s couting Corrected 

1954 188059 7o 30 2508 24098 64404 
1953 166050 L97 84o5 7o61 643q0 
1952 67 014 8095 7 .. 5 10004 75o3 
1951 10093 L 07 10o2 3o48 35 o4 

Again the small estimates for 1951 9 and 9 to a lesser extent 1952 9 r eflect 
the incomplete coverage of the Sound by the surveys of t hose yearso Even con= 

. sid~ring this, the 1952 population appear s to have been considerably smaller 
than tbose of the two subsequent years and was probab ly less than t hat of 19510 
The 1953 and 1954 populations appear to have been about equal in sizeo .Even 
the estimates listed above are proba bly slightly low as some stocks may have 
escaped detect iono Thus the juvenile population in the s e years was probably at 
the order of 700 million fisho This agrees well with estimates of the number 
of eggs laid 9 reduced by known mol;'tality r ates up t o the juvenil e stageo 

(3) Relationship to adult populationso 

The relationship of the juvenile stocks i n Barkley Sound to adult pop
ulations in this and other areas is being studied by means of the recovery in 
reduction plants of tags from mature fish which were inserted at t he j uvenile 
stage. A total of 22 tags were recovered i n this manner during the 1954=55 
fishing season 9 all from III=year f i sh o A total of 27 9 433 fis h of t h i s year
class were tagged as juvenileso These recoveries are tabulated below: 
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Inserted Recovered 
Date Place Area Date Place Area 

(1952) (1954- 55) 
Aug. 27 San Mateo Bay 23 Oct. 19 Swanson Channel 18 
Aug. 6 Uchucklesit Inlet 23 Oct. 19 Swanson Channel .18 
Aug. 1 '7 Banfiel d Inlet 23 Oct. 21 Swanson Channel 18 -· Aug. 27 San Mateo Bay 23 Oct. 22 Swanson Cbannel 18 
Aug. 17 Banfield Inl et 23 Oct. 24 Swanson Channel 18 
Aug. 27 San Mateo Bay 23 Nov. 2 Swanson Channel 18 
Aug. 15 Uchucklesit Inlet 23 Nov. 3 Swanson Channel 18 
Aug. 13 San Mateo Bay 23 Nov. 15 Swanson Channel 18 
Sep. 16 Dixon Bay 24 Nov. 21 Uchucklesit Inlet 23 
Aug. 8 Banfield Inlet 23 Nov. 22 Uchucklesit Inlet 23 
Aug. 13 San Mateo Bay 23 Nov. 22 Barkl ey Sound 23 
Aug. 13 San Mateo Bay 23 Nov. 23 Barkley Sound 23 
Aug. 15 Uchucklesit Inlet 23 Nov. 24 Uchucklesit Inlet 23 
Aug. 15 Uchucklesit Inlet 23 Nov. 29 Barkley Sound 23 
Sep o 25 Effingham Island 23 Dec. l Q,uatsino Sound 27 
Aug. 6 Uchucklesit Inlet 23 Dec. 1 Barkley Sound 23 
Aug. 8 Banfield Inlet 23 Dec. 2 Barkley Sound 23 
Sep. 16 Dixon Bay 24 Dec. 2 Barkley Sound 23 
Aug. 17 Banfield Inlet 23 Jan. 5 Barkley Sound 23 
Aug. 8 Banfield Inlet 23 Jan. 6 Bar kl ey Sound 23 
Aug. 13 San Mateo Bay 23 Jan. 2.5 Deepwater Bay 13 
Oct . 1 Ecoole Cannery 23 

The results of test runs of 10 tags put through the various plants in 
which tags are recovered~ simultaneously with test runs of 50 adult tags~ are 
summarized below along with similar results from the two other seasons. Figure s 
i n parentheses in the 1953-54 coJ.umn include tests . which were not carried out 
simultaneously with the a dult t ests but within two days thereafter. 

1951-52 1953=54 1954=55 
Number Plant Effi e= Num.ller Plant Effie~ Number Plant Effie 

Plant of effic- i ency of eff i c- iency of eff i c= 
tests iency ratio tests iency rat i o tests iency 

1 Ceepeecee 2 48 070 0. 0 0 0 0 0 0 0 0 

2 Colonia l 1 72 .78 2(3) 70(57} .98(<>85) 2 85 
3 Gµlf of Georgia 3 76 .92 l 90 .96 3 60 
4 Imperial 3 88 .92 3(4) 90(73) .99( .80 } 2 70 
.5 Ki ldonan 0 • • 0 .. 1 84 .89 0 0 0 0 

6 Nootka l 84 1.02 0 0 0 • 0 0 0 0 0 0 

7 North Shore 0 0 0 0 .. 3 87 .90 2 40 
8 Phoenix 3 99 1.04 3 53 .76 3 93 
9 Por t Alb ion 0. 0 0 ". 1 84 .93 1 30 

All Plant s 13 Bo .9J 16 75(73) .86( .83 ) 13 68 
Major Plants 7 81 .89 8 85(73) I .93{ .83} 7 70 

Plant efficiency in juvenile tag recovery was poorer in 1954=55 than in 
the other two years» and the efficiency ratio (efficiency i n recoveri ng adult tags 

iency 
ratl.o 

0 0 

.96 

.67' 

.Bo 
0 0 

0 0 

.57 

.98 

.33 

.78 

.80 
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di v i ded by efficiency in recover i ng juvenile tags ) was down9 even in the ma jor 
pl antso However 9 if the non- simul taneous test s are i nc l uded 9 t he 1953=54 r esults 
do compare well with those of 1954-550 The 1953-54 results may t herefore present 
a closer indication of the true situation than was thought at t he t ime and the 
magnet efficiency arid the efficiency rat i o may be closer t o 070 and oBO respec= 
ti.vely than the 080 and 090 consider ed i n the 1953 reporto The r et urns of 
tags i ndicate that a relatively large proport ion of t he Barkl ey Sound juveniles 
(about 5510) spawn in other areas v when mature v espec ially on the l ower east coast 
of Vancouver Islando However 9 the catch on the lower and mi ddle eas t coast 
(769 000 tons) was 6 times as large as that on the west coast (149 000 tons) and 
10 t i mes as large as that in Barkley Sound (7 9 500 t ons ) 9 based on catch bul let ins 
to February 9 1955. If this difference represent s a di fferenc e in the efficiency 
of t4e fishing rather than i n a ctual abundance of the adul t herring i n the se 
regions 9 then the indicated movement from Barkley Sound t o the eas t coast i s 
only about lOio Although the lower- east- coast fish are mor e con cen t r at ed it 
seems improbable that the relative efficiency of the two f i sheri es coul d be so 
radically different o 

It therefore appears that in some year s at l east 9 a considerable 
portion (perhaps half) of the herring spawned i n Barkl ey Sound join the l ower 
east=coast stocks of adultso Consequently assessment of t he year-class strength 
at the juvenile stage for the 1ower- east~ caast stocks would have to take the 
Barkley Sound juveniles into consideration a~ they could account f or one- f i f t h 
of the stocko On the other hand 9 year- cl~ss strength in Barkl ey Sound woul d 
presumably be affected considerably by variations in th i s emi gr ation o However » 
th i s loss may be cancelled out to a greater or less degr ee by i mmigration f r om 
other areas 9 including the l ower east coast o No extens ive t aggings have been 
carried out in the latter area ; however the two tags f rom Cl ayoquot Sound which 
were recovered in 1954- 55 were recovered in Barkley Sound (one may have been 
from Quatsino Sound) indi cating some i mmi grat i on i nt o Barkl ey Sound o A more 
extensive t agging program would seem to be i n or der to acquire t h is i mpo rtant 
information. No tags were inserted in 1954 as other aspects of t he work were 
given a higher priorityo 

(4) Relationships of juvenile herring schools to the i r env iromnent. 

In 1954 9 the program of observat i ons of environment a l f a cto rs whi ch 
might affect juvenile distribut i on and abundance was i ntensified and expanded. 
Di rect observations of meteoro l ogical condi tions were made and a survey uf zoo= 
plankton abundance was added. Temperatures were again reco r ded by a shallow= 
water bathythermograph and surface salinities wer e takeno All these dat a were 
r ecorded once a week on a two=day synopt i c survey of 34 stations t h r oughout t he 
Sound. Surface current measurements were taken over a 25=hour per i o d by means 
of a drift pole at eight key stat i ons in the Sound. 

(a) Winds and currento The juvenile her ring s to cks in Barkl ey Sound are 
concentrated ori the south- east side of the Sound 9 whereas the spawning occi.irs 
mainly along the north-west side. Since the prevailing winds in th i s regi on are 
westerly during the summer , it seemed possible that the mi grat i on of the young 
herring could be related to this factor 9 perhaps resulting from the transpor t 
of water or surface plankton on wh i ch juveniles f eed 9 to t he s outh=east si de 
of the Sound. The fact that the fish found on the nort h- west si de wer e pr a c
ticall y all in inlets i sheltered channe l s and around i s l ands 9 wher e the general 
eastward flow pattern would be disrupted 9 t ends t o support t h i s vi ew . I f th i s 
i s the case 9 then the juveniles should appear mo r e conc entrat ed and ava ilab l e 
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in these regions after periods of prevailing westerlies and less so after periods 
of prevailing south ~easterlies , the only other major wind observedo Wind forces 
at Pachena Li ghthouse at the south- east tip of the Sound were thererore resolved 
i nto their cross~sound components 9 i oe o 9 north-west and south- east and pl otted 
on a daily time scale with _gbserved juvenile abundance in the ten localities 
scouted most intensivelyo Four periods of prevailing north=westerlies were found 1 

a l ong with two peri ods of south=easterlies. The rat i o of the areas enclosed 
by the curve for north=west winds to tha~ of the curve for south- east winds was 
L3 ~ 1 ( 6.5=.50) indicating a slightly greater influence was exerted on the surface 
water from n,orth=west o Although there was sane indication of an increase in 
observed abundance fo llowi ng periods of preva~ling winds from the north=west 9 

there was no indication of the opposite situation under conditions of prevailing 
south- easterlieso Similar but less detailed plots of juvenile abundance and wind 
direction in 19.53 and 19.52 also failed to show any correlation between the twoo 
Appareny abundance does not , therefore 9 appear to bear an important relationship 
t o wind conditions o 

In order to obtain a general picture of the surface currents in Barkley 
Sound and the effect of wind on them 9 2.5 -hour stat i ons of half-hoqr drift pole 
observations were made at eight statiq~s i n Barkley Soundo Three of the stations 
were repeated under different wind conditions o. The drift pole was a .14-foot 
2 x 4 ino timber weighted at one end with a light mounted on thQ other end; it 
floated with aoout 8 inches of the pol e above the water surfaceo Direction of 
drift was obtained by sighting a compass on the after deck of an anchored vessel 
onto the poleo Distance drifted was measured by a small line (1/16-inch diameter) 
with corks tied on at intervals so that two corks in one minute represented a 
current of one knot ( i oeo 9 about every .50o7 fto) o 

From frequency distri butions of direction of flow using 20=degree inter
vals it appeared t~at the Qurrents at four of the eight stations showed a more 
or less simple reversal along an axi s of about 100° - 280° (ioeo across the Sound). 
The currents at these stations were therefore resolved into their components along 
t his axis. The other four stations showed a sizeable in=and- out component along 
a 40° - 220° axis and both t his component and the cross- sound component were 
pl otted for these stationso The areas under the curve in each direction were 
determined by a planimeter. At five of the eight statio~s the flow was predomin
antly c1uss- sound but at all exc ept the one in Loudoun Channel off Peacock Channel 
the flow was greater towards the north- west than towards the south -ea~t side 
(easterly flow did predominate slightly at one of the Sechart Channel statio~s). 
Westerly winds predominated during five stations and south- easterly during two, 
whereas at four the wind did not blow consistently from either direction. Thus 9 

wind could not have been the major factor in the movement of the surface water. 
An increase in the extent of south- east winds in Loudoun Channel did not appear 
to have appreciably affected the direction of flow 9 and an increase in the extent 
of westerly winds in Sechart Channel and Coaster Channel occurred at a period of 
increased 9 rather than decreased westerly flowo Thus 9 except for small variations 
in the current curves 9 wind does not seem to have had much effect on surface 
circulationo The winds involved were generally small (less than force 3) and 
would not blow strongly enough for a long enough time to have ~ny major effect. 
It would therefore appear that winds were not important in the movement of the 
surface watero 

Since the surfac e water appears to flow principally north=west 9 the 
possi bility of a counter- f low at some other depth is immediately suggested. 
In April 9 19.50 a counter=flow was fo und at 3 fathoms off Harris Point and a 
nort h - easterly flow at 3 9 .5 and 10 fathoms in Sechart Channelo Since the south= 
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east side of the Sound i s ri ch i n nut rients 9 a certain amount of' upwel l i ng coul d 
t ake pl a ce there support ing the view of a counter-current be l ow the surfacea 
VJhile these currents were only about half t he s trength of t he surface currentv 
the pl ankton probably spend a much s horter time a t the surface t han at greater 
dept hs and could conseQuently be transported towards the eastern side of t he 
Sound a 

It is interesting to note that the single daily count cycle oc curri ng 
wi th a twice dai ly t i dal change whi ch was de scri bed i n t his regi on by Doe in 
1952 was again observed at 5 of the s tat ionso Doe at tri but ed t his to a di f fer= 
ent i a l rate in t i dal rise and fall on e i the r side of t he Sound or to a dif f erence 
i n the wi dt h of the t i dal f ro nt o He consi der s runoff to be t he domi nant factor 
i n the surface circul ation in Aprilo Si nce runoff i n this r egion reaches i ts 
maximum i n June 9 the effect of this f acto r woul d pro bably be a t l east eQually 
great from mid-July to mid=September as i n Apr i l and should t hus be j ust a s dom= 
i nant in the summer as i n Aprilo Th i s is borne out by the fact t hat sur f ac e flow 
throughout the Sound seems t o be generall y away f rom the princ i pa l fresh wat er 
s9urce 9 the Somass Ri ver i n Al berni I nl eto Indeed surface sal i ni ty west of the 
Br oken Group i ndicates th i s water probab l y came t hr qugh the Bro ken Group f rom 
Imperial Eagle Channel 9 r ather than f r om the ToQuart Bay = Loudoun Channel regiono 

(b) Salinity and temperature o Sur face sal i ni t y samples were t aken a t each 
stat i on on the synoptic surveysa Samples were taken from~ bucket of sea water 
drawn up from about two feet below the surfaceo In localities where juveniles 
were consistently abundant aver age sal i niti es var i ed f r om 17a 23 (Uchuckl e sit 
I nlet ) t o 29.39 P oPoill o (Banf i eld Inlet) thus i ndicating a wide tolerance r ange o 
However ~ the salinities in mo st of these reg i ons run from 23 to 27 p ap omo J apanese 
he r r i ng fry survive best i n 4 / 5 sea sal i nit y 9 f ollowed i n order by 3/5 9 2/5 9 

1/5 9 1/10 9 and 5/ 5 ; in the l at t er t he y l asted only a few ho urs. Surface sa linit ies 
i n t he ocean off Barkl ey Sound a r e about 31 p .p om . and thus if t he same s i tuat i on 
appl ies in Barkley Sound ~ the young herring would be expected t o surv ive best 
i n salinities of about 25 p.p.m . This suggestion fi t s very well wi th t he observed 
abundance of juvenile herring i n Barkley Sound and the average salinities where 
j uveni les were captured during 1954 . 

Surface temperature 9 observat i ons and B.To cast s were made at each 
station during synoptic surveys of the Sound and after ea ch t i de· change a t anchor 
stati ons. Surface temperatures were mapped a s were thos e at depths 10 ~ 20 9 

40 and 60 feet . 

From the data it was apparent that juveniles were a bundant i n localiti es 
of h i gh (Pipestem Inlet 9 17 . 14°Ca ) and. low (Banf i e l d Inlet 9 13 . 88 °Ca) surfa ce 
temperatureso Similar ranges of tolera nce were shown a t 10 fe et (Pi pestem I nlet 9 

15.80°Co and Banfield Inlet 9 12.3°C . ) 9 20 f eet (Ucluelet I nl e t 9 l 4al6°Co and 
Banfi eld Inlet 9 ll a70°C. ) 9 40 f eet {Ucluelet Inlet 9 13. 35 °Co and Banfield Inle t 9 

1L00°C . ) and 60 feet (Usel ess I nlet 9 12 a66°c . and San Mateo Bay 9 :j.Oo86°C o)o 
Generally 9 the rearing grounds exhi bi ted r elatively low temperature s a t 20 f eet 
(12=13°Ca) 9 40 feet (ll-12°Co) and 60 feet (10.5=ll a5°Co)o However good and poor 
rearing grounds showed no significant differences i n temperature or salini t y v or 
i n the range of these factors when test ed statist ically. 

( c) Phosphate and oxygen o Determi nati ons of t he phosphate a n d oxygen of the 
sur face waters at ten sta tions throughout t he Sound wer e made on S~ptember 8 and 
these were also mapped a Stations on the east side of t he Sound and in t he outer 
part of the Broken Group showed a highphosphate a nd l ow oxygen contento Con= 
di t i ons of low phosphat e and high oxygen prevailed wher e t he main proport i on of 
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fish hatch (i.e. 9 the north=west side)o This indicates little decompos i tion has 
taken place here and thus the production is probably l ow and 9 therefore 9 feed i ng 
conditions poor. Using phosphate production a.nd oxygen depletion as an index 9 

production near Ucluelet is medium 9 and on the south=east s i de of the Slound i t 
i s quite high. Tb.us the abundance of juveni les corresponds q~ite well with pro
ductivity ratings based on this index. 

(d} Plaµktono Previous analysis of wind data suggested that the tendency 
for the juvenile herring to be concentrated on the south- east side of the Sound 
could be related to a possible concentration of planktonic food organisms on this 
side by the cross-sound movement of surface waters effected by the predominantely 
north~west winds found in Barkley Sound at this time of year. A survey of the 
amount of plankton present during the summer in various localities throughout the 
Sound was therefore included in the 1954 field program iµ order to test this 
hrpothesis. 

Samples of zooplankton were taken at each of the 34 stations employed in 
the E.T. synoptic surveys. A Hardy small plankton sampler was towed for a distance 
of approximately two miles through the water resulting in the straining of about 
one cubic meter of water. A high- speed plankton sampler was employed in order 
to permit maximum sampling in a short period (2 days). 

Volumetric analysis was carried out on board ship on the sample as a 
whole 1 using Froelander's plankton volume displacement indicator. Any coelen
terates1 ctenophores or other large organisms were removed before the analysis, 
so that the volumes recorded were those for the smaller organisms only. Since 
young herring in southern British Columbia waters tend to feed on a considerable 
var i ety of organisms these samples are assumed to be fair representation of the 
amouµt of food available to the juveniles. 

The results show relatively higher concentrations of plankton in Loudoun 
and Thiepval Channels and 9 to a lesser extent9 on the north - west side of the former 
channel 9 (Macoah Passage and Ucluelet Inlet). A r~latively high local concentra
tion was also found in Inner Vernon Bay. Relatively low concentrations were 
found in Trevor Channel and Alberni Inlet and their adjoining bays (Aguillar Pointi 
Kelp Bay, Sarita Bay 9 Chimmin Point near San Mateo Bay 9 Rainy Bay 9 Inner Tzartus 
Island and Alberni Inlet). Banfield Inlet showed average abundance. Abundance 
was also low in Effingham Inlet 9 Outer Pi pestem Inlet 9 Swaile Rock and Outer 
Vernaµ Bay. Aside from a few local variations zooplankton abundance was relatively 
high in the south-west corner of the Sound and relatively low along the south= 
east side and in the larger inlets. Generally speaking 9 this is the opposite 
trend to that indicated by juvenile abundance . The only localities in which 
large populations of both zooplankton and juveniles were found were Trevor 
Channel 9 Ucluelet Inlet and Inner Vernon Bay. 

This apparently inverse relationship between zooplankton and juvenile 
abundance could be the effect of grazing. Riley and ~umpus have established such 
a relationship for phytoplankton and their zooplankton predators ; and a similar 
situation may apply to the zooplankton - herring relationship. 

Aside from the relatively large concentrations of juveniles in the Inner 
Loudoun Channel - Thiepval Channel region 9 which were9 indeed 9 somewhat sporadic 9 

the juveniles did not show a tendency to collect in regions of highest food 
cqncentrations. Since juveniles were relatively abundant in all inlets , the 
good showing in Ucluelet Inlet and Inner Vernon Bay could not be attributable 
to the relatively abundant food supply there. However 9 plankton concentrations 
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within the inlets were general ly slightly ~reater than just out~ide the inlets 9 

a~d th~s could contribute to t he tendency f or the j uvenil es to be found i nside 
t he inlets and bayso 

The relatively hi gh productiv i ty of the Sound a s a whole combined with 
the :relatively l ow rate of loss of water to the open ocean should tend to make 
conditions in Barkley Sound on the w~o le very good for the r eari ng of j uveni l e 
herring o 

(e ) Product i on in Barkl~y Soundo A rather crude and gross estimate was 
made of the total product i on in Barkl ey Sound during the spring and summer of 
1954 9 on the basis of the fo llowi ng equationo 

Zooplankton product i on ""' i ncrease i n standi ng crop -r loss due to grazing 
+ l oss to bot t om and bot t om feeders 

The first of these terms was es timated from the average density of plankton and 
the volwne of the euphot i c zone 9 the s econd from the food requi red for the 
e st i mated increase in bi omas s on the par t of the young herring 9 salmon and other 
grazers 9 while the third was taken t o be approximately equal to the secondo 
On this basis 9 

Zooplankton product i on ~ 160 + 3290 + 3290 ~ 69 720 mi llion grams 

or 19 grams per square meter of water surface o Phytoplankton product i on on this 
basis would be 108 grams per s qua r e met ero This e s timate compares favourab ly 
with one of 140 grams per s qua r e meter determi ned by Waldichuk from oxygen de= 
pl etion and phosphate l i ber ation 9 e spec ia lly since the former figure is mi n i mal. 

It is worthy of note t hat the 1954 j uvenile her ring population requi red 
about 3, 290 million grams of dr i ed pl ankton as food 9 or slightly less than half 
the estimated total zooplankton product i on. If these calculations are signi f i= 
cant 9 an exceptionally large year- class 9 such as that of 1947

9 
may depend mainly 

on a higher- than- average food suppl y during the i r first summer for their propor
tionately large survival to the stage of recru i tment o It does not seem that 
Barkley Sound could support a much larger population (e og .9 more than twi ce the 
size) of juvenile herri ng during 195 4 than was found there . However 9 the 1954 
year- class appears to be relat i vely good and may 9 therefore 9 be exceptional 
in the amount of food consumed o No comparab l e data are availab l e for the 1947 
year- class at this stage to permit compa risonso 

(B ) Juvenile herring in the Strai t of Geo r gi a 

A preliminary survey of t he j uvenile herring stocks in the Strait of 
Georgi a was conducted in 1955 9 empl oy i ng techniques developed and tested during 
the similar study i n Barkley Sound . Emphas i s was placed on finding the juveni le 
s~ ocks as a basis for future investigat io~s. Conclusions concerni ng the habitats 
and habits of the juveniles in Barkley Sound were found to be generally applicable 
i n the Strait of Georgia. The lower - east- coast sub- district was scouted once 
relatively thoroughly. Approximately 192 mi lli on fish were estimated to have 
been found. Studies in Barkley Sound i ndica ted that about one- sixtieth of the 
population is observed in this manner and on this basis there were 12 bi l lion 
j uveni les i n the lower east coast i n 19550 However i t woul d be unwi se to con= 
s i der th i s figure as quant i tat ive since f ew l ocal i t i es were visited more than 
once and the Barkley Sound correct ion fac t or may not be appl i cable to these 
data . 
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The survey was extended to the middle- east - coast sub - district and i nto 
American waters around the San Juan Islands as time permittedo About 39 million 
juveniles were found in a survey that covered approximately half of the pros = 
pective rearing grounds in t~e middle- east - coast sub - districto About 68 million 
juveniles were found in the San Juan Islandso 

These data in themselves give no indication of the relative abundance 
of the 1955 year-class 9 but will pr9vide a basis for comparison with subsequent 
surveys o Temperatures and salinities were recorded at a series of depths i n 
many of the localities scouted and wi ll be compared with those of another yearo 

Tagging experiments in Barkley Sound indicated emigration of about 56j. 
of the juvenile stocks to other major populations o Since the rela~ionship be= 
tween the juvenile and adult sto cks i n a sub - district is of vital importance in 
predicting year=class strength at maturtty from juvenile abundance 9 a rather 
intensive tagging program was ini tiated in conjunction with the surveys o In 
19559 12 9 762 juveniles were tagged on the lower east coast and 7 9 291 on the middle 
east coast o 

EXPERIMENTAL DEVELOPMENT OF 
M I D = W A T E R T R A W L S - W~Eo Barraclough 

With the material assistance of experienced fishermen a successful 
mid=water trawl for herring has been designed and tested as a project under the 
Industrial Development Vote of the Department of Fisherieso This trawl is 
successful in catching the densely schooled and relatively inactive herring found 
i.n British Columbia waters in late autumn and winter ; i t is operated from a well
powered vessel o Attempts are now underway (1) to develop trawls which will 
catch the more active and dispersed summer herring and other faster=swimming 
fish (including salmon) 9 and (2) to develop a trawl suitable for smaller vessels 
such as are included 9 for example p in the halibut fleeto The potential value of 
such trawls lies in their use as tools for exploration as well as for actual 
commercial fishing. Preliminary trials of a modified version of the successful 
trawl were unsuccessful in catching young salmon and the trawl was l ost; further 
att empts will be made in 19560 An important development in 1955 - 56 was the use 
of the mid- water trawl close to bottom by us i ng convent i onal otter boards 9 a 
change which can be made and reversed quite quickly a Fish i ng just above the 
b~ttom 9 good catches were made and the trawl was used prof~tably by commercial 
fishermeno 

Demonstrat i on of a successful mi d=water trawl for herring 

The first phase of the mid=water t r awl project was completed in February 9 

1955 v when the success of a trawl for catchi ng schooled winter herr i ng in mi d
depths was demonstrated 9 using the chartered dragger Sea Pride II ( length 60 ft.; 
175 hopo)o The net was constructed almost entirely of nylon twine and rope 
i ns t ead of cotton 9 in order t o reduce the resistance of the net i n the water 
wit hout losing too much strengtho The otter boards used to spread the mouth 
were of new design and suspended in a new mannero The gear was most effective 
at night and numerous catche s of 10 to 35 tons were made in 1.5= t o 20=min.ut e 
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tows at depths from 15 to 35 fathomso Catches in daylight were lighter 9 averaging 
one to two tons 9 but two daylight tows at between 40 and 50 fathoms took 15 and 
35 tons. A description of the net and its operation has been distributed in 
Circular No. 36 9 "Progress Report on the development of the British Columbia 
mid-water trawl for herring" o Widepsread interest exhausted supplies of the 
Circular very quickly but it is being repri nted as a Bulletin of the Fisheries 
Research Board. 

Adaptation of the mid-water tr~wl net for bottom nerring trawling 

A number of attempt~ to catch herring in British Columbia waters with 
bottom trawls have been made by the smaller trawlers within the past ten years. 
Some vessels met with moderate success but generally their attempts were not 
considered very successfulo The nets were of conventional bottom trawl design 9 

the cod ends were lined with heavy tarred herrin~ netti~g and the gear was towed 
directly along the bottom. Little vertical opening to the mouth of the net 
was achieved even with additional floats attached to the headline. In European 
herring trawling operations kites are attached to the headline in order to 
give additional vertical opening to the mouth of the net. This method was 
not adopted by B.C. trawlers becase this meant additional cables fran the kites 
to the headline and otter boards and the SI!l9.ller vessels- were not equipped to 
handle such gear. 

During the course of experimental fishing in October and November 1955~ 
a close contact was maintained with f ishermen who were interested in mid -water 
and bottom- trawl ~erring fishingo As our efforts met with success a number of 
these fishermen q~ickly adopted the mid-water trawl net for bottom herring 
trawling. These vessels included the Santa Maria 9 Loretta B9 Karmsund 9 Nadenap 
Lady Billiep Ruth Carlyle and Sea Pride 11 9 which landed about 2000 tons of 
herring during the months of December 9 1955 9 and January v 19560 This herring 
fishery for the trawlers provided a profitable alt~rnative to the relatively 
poor fishery for graycod during the winter months. 

A number of features in the design of the mid-water trawl net contri
buted to its success in bottom trawling for herring and some modifications for 
this purpose were developed during our fishing exp er:j.ments. 

1. Because the net was constructed entirely of nylon netting a great 
decrease in the weight of the net itself was achieved when compared to the 
previous cotton trawl nets. This finer and lighter twine results in a marked 
decrease in resistance of the net in the water. 

2. The conical 4-si ded shape of the net with 4 wings gave a larger vertical 
opening (35 - 45 feet)' to the mouth of the net 9 than that which can· be achieved by 
the conventional two wing bottom trawl and the addition of kites. 

3. In addition to the trawl plane floats attached to the headline 9 

hydroplane elevators were developed to provide additional lift. These were 
shackled freely on the upper sweep l i nes at the end of the two upper wing 
corners of the neto This eliminated the need for kites and additional cables 
from the kites to the otter boards. The hydroplane elevators assisted in float
ing the trawl clear off the bottomo 

4. Changes in the attachment of the upper sweep lines to the upper wing 
corners provided an increase in the mouth opeping of the net and assisted and 
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increased the efficiency of the hydroplane elevators and trawl plane floats in 
clearing the net off the bottom • 

.5. The net was f i tted with conventional otter boards ope;rat ing on the sea 
bottom with the net i tself fishing about two fathoms above the bottom. 

6. The gear can be Quickly changed from mid- water to bottom use or v i ce 
versa. 

A separate report 9 with detailed drawings 9 is being prepared on the 
development of this type of gear. 

After the completion of the charter of the Sea Pride II its captain 9 

Norman Sigmund 9 continued to fish with a net of this design. He used it on the 
bottom .at depths from 3.5 to .55 f. i n Satellite Channel and 4.5 to .5.5 f. in Swanson 
Channel--both off the lower east coast of Vancouver Island . The average catch 
per half -hour tow was .5 to 6 tons and about .5 to 6 tows were made each day. 
His catches were much below the twenty to seventy- five tons of herring caught 
in tows of twenty to thirty minutesu dur at ion in the same areas during the exper
imental fishing of the charter period but were considered prof i tab l e. His total 
catch in December 9 19.5.5 (one week) was 8.5 tons and in January 9 19.56 9 was .537 
tons. With a price of $26.oo per ton this resulted in a return of $3 . 00 per 
ton for each member of the .5- man crew. 

Demonstration of the mid-water trawl to fishermen at Prince Rupert 

From February 1.5 to March 17, 19.56 9 the trawler Aleutian Q,ueen was 
chartered to demonstrate the mid-water trawl to the fishermen of the Prince 
Rupert area. This was suggested by a number of reQuests from fishermen and 
plant operators who wanted to see the operation and development of the gear. 
Before the demonstrations a day was spent in the waters near Seattle 9 Washington, 
calibrating the depth or position of the net in relation to varying amounts of 
towing warp at different towing speeds . This was done with the aid of a Sea 
Scanar by the Minneapolis-Honeywell Regulator Co. who gave their time and 
assistance gratis. 

Considerable interest in the gear was show~ by about eighty people 
including vessel skippers 9 crew members of trawlers and halibut vessels and 
fishing plant officials - all of whom witnessed phases of the operation of the 
trawl. Those halibut fishermen whose vessels are inactive during the winter 
months were well represented and many expressed the opinion that they woul d 
participate in the herring trawling fishery next season. The fishermen welcomed 
the versatility of the net when it was demonstrated that i t co uld be converted 
to fish j~st off the bottom when eQuipped with ordi nary otter boards. 

Herring in the Prince Rupert area were well scattered and in small 
schools. The schools we~e found in vertical columns not as layered herring 
schools which were reported near the. Q,ueen Charlotte Islands. Demonstration 
tows were 9 therefore , very snort and catches small. A typical example of the 
tqws would be a catch of 1 1/2 tons of large herring when the net was towed 
thruugh a column of herring for 1.5 seconds. 

The vessel was disabled at Namu for a week in February wi th a broken 
crankshaf t .and cold and stormy weather accompanied by almost cont i nuous snow 
storms hampered the demonstrations . Because of these handicaps the demonstration 
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of the gear was not completely successful and further experimental fishing in 
this area sbould be considered because of the interest shown by the fishermen 
in the Prince Rupert area and on the Queen Charlotte Islands. 

After many conversations wi4h the fishermen it is our opinion that 
bottom trawling for herring with t he mid-water trawl net will be the initial 
step to mid- water trawling for most fishennen. As each fisherman gains con
fidence from his experience in the operation of the net and gear» it will also 
be used for mid-water trawl ing. 

G R 0 U N D F I S H KoSo Ketchen 

During 1955 the Groundfish Investigation entered a period of stook
taki ng or consolidation in an effort to digest the large volume of data which 
has accumulated during the past decade 9 and to give critical consideration to 
the most profitable course of future i nvestigationo This has involved relin
quishing the use of the Investigator Noo land suspension of tagging 9 field 
s~mpling and survey projects. However 9 a watching brief is being maintained 
through the continued collection of trip interviews and samples from the comm
ercial landings. Collection and processing of these data require the full 
time of three of the staff of six. · In 1955 one of the three remaining staff 
members was involved throughout the year in the mid-water trawl (IDV) project 9 

and th i s reduction in staff delayed t he stock-taki ng. 

(a) Activities in 1955. A great dea l of effort is now being put into the 
project involving the analysis of catch statistics. Because the trip interview 
system of collecting catch records has not always provided complete coverage of 
landings we are working in close cooperation with the Department to obtain the 
complete picture of total landi ngs. We in turn are supplying the Department 
with detailed records» without which the present sales-slip system of recording 
would be inadequate for population studies. To complete our understanding of 
the international aspects of the fishery we are exchanging data wi~h biologists 
of the Washington State Fisheries Department o 

In most cases revision of the catch ~tatistics has now been completed 
as far back as possible ~ with the result that we now have on hand a reasonably 
complete record of catch by species and area for the past eleven years 9 and by 
country for the past eight . Considerable attent i on is being paid to the re
visi on and interpretation of cat ch/effort statistics. Thi s very difficult pro
ject should be completed by the summer of 1956 ~ hence enabling a detailed assess
ment of the effects of fishing during the past decade. 

The project on age and growth analysis is of vital importance 9 but 
unfortunately is slow to yield useful results in view of the limited personnel 
to handle the material. Nevertheless 9 the basic work for description of the 
age structure, growth and mortality of lemon sole 9 rock sole» butter sole and 
l i ngcod has been completed and is ready for use in interpretation of changes in 
catch/effort and in studies of equilibrium yi eld. There is a large accumula
tion of unanalysed material on the brill and gray cod 9 but it is expected that 
the former will be brought up to date within the next year. 
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Results of the various tagging projects have been summarized preliminary 
to analysis of the validity of the various tagging methods 9 mortality rates and 
growth rateso Unfortunately , field work was suspended bef ore the groundwork 
could be laid for simila r studies on the gray cod 9 a species which is now the 
dominant foodfish in the otter - trawl fisheryo 

(b) Immediate objectiveso Aside from the long- term objective of assessing 
the dynamics of groundfish populations and accumulating a general background 
for management of the resource 9 there are a number of important problems which » 
for various reasons , require early solution o These are as follows : 

(1) To assess in a quantitative way the relative importance of the effects 
of fishing and of env i ronmental factors in the current decline in abundance of 
brill along the British Columbia coast ; and to detennine the optimum rate of 
removal from the "normal" stocko 

(2) To detennine the eff i cacy of recent restrictions on the otter- trawl 
fishery in the Strait of Georgi ao 

(3) To determine whether or not the expl oitation of juvenile f l atfish 
for mink food in the Strait of Georg i a constitutes inefficient utilizationo 

(4) To determine the efficacy of regulations pertaining to the line 
fishery for lingcod in the Strait of Georgia o 

(5) To assess the conditi on of the stocks of flatfish in Hecate Strait 
and determi ne the equili bri um yi el d for each specieso 

(6) To establish the basis for predicting changes i n the availability 
of gray cod o 

Catch and availability 

The port observers at Vancouver and Prince Rupert obtained 1382 trip 
i nterviews in 1955. Of this total 758 were from otter- trawlers , 437 from salmon 
trollers , 120 from crab and shrimp boats and 67 from long-linerso The coverage 
of t~awler landings represents a very h igh proportion of the tot al landi ngs of 
the provinceo Leaks in the system occur at Victoria 9 Sydney and Steveston but 
these are of minor importanceo At any r ate the Department 9 s sales slip system 
provides a general i ndication of activities at these portso 

In 1955 the total British Columbia catch of groundfish (exclusive of 
halibut) was 22 ,450 , 000 pounds , or approximately 39000 9 000 pounds more than 
that of the preceding yearo However D this increase was entirely the result of 
greater landings of scrapfish for animal food 9 not of fish for human consurnptiono 
The otter- trawl catch in 1955 amounted to 189660 9000 or 83i of the total pro= 
duct i ono The remaining 39 790 ,000 pounds was tqken by hand- line and long- line 
vessels and was mainly comprised of l i ngco d and blackcod o 

In contrast to the Canadian trawl catch of 18 9 660, 000 pounds 9 the Uni ted 
States catch from waters i mmed iately off t he British Columbia coast was 39 9 750 , 000 
pounds o U oS. landings of a ll species but rock sole and "minkfeed" were h igher 
than the Canadian landingso About one - quarter of t he UoSo landings i nvolves 
var ious species of rockfish , a group which attracts little attention i n the 
Canadian fisheryo 
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l o Tabulation of 1955 t rawl landings in 
British Columb i a (prelimi.nary)_ 

C oRo Forrester 

'.j:'he summary of trawl l ap.dings for Brit ish Columbia in 1955 is pre
sented according to three major di visions: ( 1) Hecate Strait and Queen 
Charlotte Sound 9 (2) west coast of Vancouver Island 9 and (3 ) the St rait of 
Georgiao We i ghts given are i n t housands of pounds o 

Groundfish catches i n Hecate St r a i.t and Queen Charlotj:.e Sound 9 19 55 
I I 
1 Lemon Rock Butte;r Dover I Rex Gr ay Ling Rock Mi nk 

Month sole sole Brill sole sole sole Fl dro cod cod fisb feed 

Jana 60 0 0 0 0 66 

l 
0 0 l 1 92 7 1 90 

Febo 29 
! 

1 2 ! 319 7 176 3 7 

I 
( 

0 0 00 0 0 
Maro 178 2 0 0 I 19 0 0 0 0 1. 3.59 7 l 191 
Apr. 322 63 4 l I oo l 3 134 14 I 2 45 
May 137 

I 
351 l 18 0 0 3 00 2 239 31 77 114 

June 37 .572 11 
! 

0 0 4.5 3 00 147 1.5 14 26.5 
Jul y 20 7.51 l 4 l 0 0 26 8 00 33 I 29 2 561 
Aug . 128 717 ! 6 l 0 0 83 27 00 21 1 0 0 384 
Sept o 34 243 I 2 I 0 0 31 

I 
12 0 0 70 2 1 .546 

Oct . 8 69 l 
1. 00 4 0 0 

I 
0 0 

I 

6 1 .5 270 
Novo 26 151 I 1 I 0 0 0 0 

J 
0 0 0 0 74 3 1 1.5 2 

I 

Dec. 28 13 l 1 108 3 4 252 I 0 0 I 00 
1 

0 0 I 0 0 

Total 1007 2933 l 49 
I 406 192 I .5 2 

i 14 I 1459 113 111 2817 I I 
I 

' 
i i 

Total production of food fish from thls divis i on was approximately 131. 
hi gher than in 19.540 There was i however 9 a not iceable decline in landings of 
bri ll a nd rockfish o The outlook for the br ill is still gloomy with no evidence 
of recruitment to the fishery as yet o The mi d Hecate Strai t fishery for "ocean 
perchn was almost non-existent in 19.550 Some reason for the lack of ocean perch 
J,andings may be evi.dent i n the i ncreased demand for scrapfish species as mink 
food. Production for th is market was almost three times that of 1954. 

' Groundfish catches off west coast of Vancouver Island 9 19.5.5 

Lemon Rock I Dover Gray Ling Black Rock Dogf ish Mi nk 
Month sole sole Br ill sole Fl dr. cotil! cod cod fish Skate· liver feed 

Jano 0 0 7 0 0 0 0 ~ .5 ]L 0 0 b 0 0 1 2QI 
Feb. 0 0 2 0 0 0 0 3 1 0 0 0 0 1 0 0 0 0 3 
Maro 5 33 2 0 0 40 9 .5 0 0 7 2 1 1 
Apr. 7 38 12 0 0 43 107 l~ 0 0 7 2 12 1 
May 12 47 1.56 6 2 478 137 0 0 21 4 9 76 
June 7 74 78 1.5 13 263 230 0 0 2.5 4 3 160 
July 4 9 117 64 0 0 84 321 l 7 3 4 141 
Aug. 7 18 68 83 2 73 190 5 .5 1 11 164 
Sept o '} I 1 52 5 1 115 113 9 2 

I 4 412 0 0 
Oct. 4 I 7 52 34 3 29 ~o 3 2 l 1 14.5 
Nov. 1 14 l 0 0 31 4 l 00 1 0 0 0 0 12' 
Deco 0 0 0 0 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Total .54 250 538 20'71 144 1168 1074 18 84 11 46 113.5 
I 
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Here again the influence of the minkfeed market may have affected the 
interest i.n food.fish species. Food.fish production generally was down 13i i whil e 
the landing of scrap spec i es was up 6oj.. The catch of brill off the west coast 
of Vancouver Island in 1955 was down to r oughly half a million pounds 0 the lowest 
landing since 1945. 

Gr oundf ish catches i n .Strait of Georgia ~ 1955 

Month Lemon Rock Gray Ling Ro ck Dogfish Mi nk 
sole sole Bri ll Fldr. c9d cod fish Skate liver Cr ab f eed 

Jano 35 11 0 0 11 280 • 0 6 8 67 4 388 
Febo 57 22 50 344 0 0 17 10 .56 4 344 
Mar. 4.5 14 0 0 31 285 13 9 9 19 3 129 
Apr. 34 8 0 0 4 125 6 3 7 4 3 78 
May 27 8 0 0 2 32 6 1 5 13 3 170 
June 22 2 0 0 2 31 5 2 4 7 2 44 
July 13 1 0 0 3 5 2 l 2 0 0 2 41 
Aug. 15 0 0 4 37 2 0 0 2 1 1 29 
Sep. .5 0 0 1 4 0 0 1 l 1. 14 
Oct. .54 2 3 90 6 3 4 8 1 117 
Nov. 41 3 2 137 12 6 5 18 l 239 
Dec. 104 24 0 0 13 84 0 0 18 10 13 5 190 

Total 452 95 0 0 126 14.54 52 66 67 207 30 1783 

Landings of flatfish spec i es i n the Strai.t of Georgia cont inue to decline. 
Production of all food.fish for this area was down 25j. from 1954 and again the 
increased minkfeed demands may have been chiefly responsible. However g the relatively 
poor fishery for gray cod was also a factor. Nearly two mi~lion pounds of scrap 
fish ~pecies were landed from thi s area i n 1955 » or roughly twice the landing 
for the same period in 1954. 

2. Trends i n availabi lity K.S . Ketchen and C.R . Forrester 

Long series of data on availabi lity (catch per unit of effort) are now 
on hand for those species of groundfish which are subjected individually to 
fishE?rie~ at fairly specific periods of the year and in specific areas. These 
catch/effort determinations are relatively simple in comparison with those 
required for interpretation of multiple-species fisheries i but nevertheless still 
re~uire considerable revision and i nterpretation. 

(a) Lemon sole in Hecate Strait. The average catch per unit of effort was 
1030 pounds in the spring fishery of 1955. Thi s was substantially greater than 
the 1945- 55 average of 830 pounds and was exceeded in the past onl¥ in the fishery 
of 1945 when the catch/ effort stood at 1220 pounds . There is no evidence of a 
sustained trend in catch/effort over the eleven-year period » even though the 
catch went through a period of increase between 194.5 and 19.50 and a peri od of 
decrease between 1950 and 1955. It is doubtful whether the data on catch/effort 
are a valid index of actual changes in abundance . 

(b) Rock sole i n Hecate Strait. Avera ge catch/effort of ro ck sole was 1770 
pounds in 1955 as opposed to the all- time high of 2550 pounds reached in the 
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preceding yearo This is still considerably greater than the 1945=55 average 
of 1420 poundso Throughout this eleven=year peri od there has been a marked 
upward trend in catch/effort in spite of an upward trend in the annual removal 
by the fisheryo The entrance of strong year-classes into the fishery in re -
cent years is partly respons i ble for this increase in fishing success o I t is 
reasonable to suppose that increased eff iciency of fish i ng and improved knowledge 
of the behaviour of the rock sole has also been a contributing factoro 

(c) Brill off west coast of Vancouver Islando The catch of brill per unit 
of effort continues to decl i ne off the west _ coast of Vancoµver Island 9 i n keep
i ng with earlier predictionso The average catch per trip in 1955 fe l l to 3750 
pounds after a general decli ne f r om the peak year of 1948 (9700 pounds per trip). 
A 1ong=term failure in recruitment is known to be an important factor in this 
decline o 

(d) Gray cod in the Strai t of Georgi a. There are two specific gray cod 
fisheries of long standing in the Strai t of Georgi a g one in Swanson Channel and 
the other at Nanoose Bay. As po i nted ovt in Progress Report Noo 102 the trend 
in catch/ effort on both fishing grounds was s lightly upward during the late 
1940 9 s and early 1950 9 s. Latest det ermi nations show that while the catch/effort 
dropped below the mean at Nanoose Bay in the winter of 1954=55 9 it rose well 
above the mean in the winter of 1955- 560 In Swanson Channel the catch/effort 
lay slightly above the mean value in 1 9.54- 5..5 9 and below in 19.55= 56. There is 
still no evidence of any sustain~d downward trend in catch/effort in either area 9 

even though catch and effort in general have been on the i ncrease over the past 
decade. 

( e) Blackcod (all areas ). A review of the catch/ effort trends in the 
blackcod fishery was presented i n Bulletin 3 of the Pacific Marine Fisheries 
Conunission and covereµ the years up to 1953. The following comments deal wi th 
more recent yearso Southeastern Alaska continues to be the most productive 
region of the Pacific coast and in 1954 and 1955 the catch/effort was 111 pounds 
and 116 pounds » respectively o This is in line with a general upward trend which 
began in 1951. Catch per skate off the west coast of Vancouver Island i n 1954 
and 1955 wa? 62 anti 57 pounds 9 respectivelyo This is slightly below the average 
for the preceding s ix years. Off the west coast' of the Queen Charlotte Isl~ds 
the corresponding catches per skate were 92 and 67 pounds. In this area the 
catch/ skate is given to considerable fluctuation from year to year and is pro = 
bably not indicative of changes in abundance. In Queen Charlotte Sound the 
catch per skate was considerably below average (46 and 30 pounds). The fishery 
was 9 however 9 particularly l ight in thi s region in both years 9 and thus may not 
have provided adequate information for computing an i ndex of abundanceo 

3 o Total trawl landings in British Columbia in recen-t;. years o 

Revision of the total catch figures of Canadian trawlers operating 
along the British Columbia coo.st has been underway for two years. In t hat time 
we have managed to compute "best possible" estimates for the early years of the 
fishery (1945 =47) on the basis of log - book records weighted to Department totals » 
and have revised the t r ip report totals for recent years through close coopera= 
t i on with the Department o The latter work has consumed most of the time of one 
seasonal workero Yearly totals by species are given in the following table 
for the period 1945- 540 



= 124 = 

Thousands of pounds 

Yea r · Lemon Rock Butter Dover Rex Gray Ling Rock Dogfish Mink 
sol e sole BrHl so l e sole sole Fl dr. cod cod f i sh liver feed 

1945 2196 414 81.0 14.51 514 9l 246 1604 1390 1312 856 11.4 
1946 2210 108 .S 2398 1540 1008 1.59 630 28 6JL 1453 569 519 27 
1947 9.50 276 6, J.762 2.5 2 417 64 187 930 533 87 399 41 
1948 204.5 2135 '77 2l 6.51. JS? 119 149 1033 1027 85 6617/ 3.5 
1949 1689 16'}'8 321.5 29 171 160 183 1889 1901 134 587 .59 
19.50 5271 2177 2039 8 694 235 326 3041 1348 236 126 3'1 
1951 2162 · 3.54B 158.5 l.824 9?4 234 461 5678 1876 449 204 414 
1952 2.537 5955 J.828 3716 941 180 4?.5 4913 1113 589 229 1392 
1953 224\.l 18.51 1040 16.0 416 8]. l.38 3196 585 456 24.5 2298 
1954 1470 2588 941 216 402 23 27i7 5700 984 866 326 2843 

l O=year 2277 2420 233~ 1 985 569 113.5 ' 309 3085 1221 I 478 416 726 I 

mean 
I 

i I I l I 

In 1954, l andi ngs of a l l spec i es were co~siderably below t~e mean pro = 
duct ion of the past decade , except i n those of rock sole 9 gray cod and "mink 
feed". Except in the case of the brill , these lower- than-average productions 
can be attributed primarily to marke t conditions. The brill catch ha~ been 
declining irregularl y since 1948 and p as ment i oned in other sections of these 
reports P is the result of decreasing abundance. Increased demand from the "fish 
stick" trade has resulted i n a gener a l upswi ng ~n the landings of gray cod , 
whi le the rap i d increase i n landings of whole fish for mink feed is indi cative 
of the rapidly develop i ng fur f ann i ndus t ry in British Columbia. 

4 . Comparison of the Cana di an and Uni ted States trawler catches 
from banks adjacent to Brit ish Co l umb i a , 1953=5 .5 0 K<\S . Ketchen 

Through close cooperation wit h biologist s of the Washington State 
Fi sheries Department i t has been pos sible to obtain total catch figures per
taining to the Uni ted States trawl fi shery along the Bri tish Columb:i,a coast . 
Before 1953 such records were somewhat l a cki ng in detail 9 but recent introduction 
of a trip interview system i n Wa shingt on has eliminated this problem. 
Accordingly 9 complete f igures are now being compi led for individual fishing banks. 
For the pu!1Jose of the present r epor t D however , the comparison of the U. S. and 
Canadian catches is given by two l arge a reas --the west coast of Vancouver Island 
and the Hecate Strait - Queen Charl otte Sound areao 

Because of poor market condit i ons i n 195 3 9 catches of the more i~portant 
species were down from those of t he pr ecedi ng year o However 9 there appears to 
have been some t mprovement in markets in 1954 and 19.5.5 o 

Over the per i od 1948=55p t he tot al catch of brill from Hecate Strai t 
has undergone a substant i al decline , f rom about 7 9 000 9 000 pounds in 1948 to 
little more than 1 9 000 9 000 pounds in 1955. Off the west coast of Vancouver 
I s land the trend i s only slight but has been marked by increasing emphas is on 
the winter fi s hery off Estevan Poi nt . 
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Another species which ha13 shown a decline tn this eight-year period is 
the lingcod. The decline has been noticeable both in Hecate Strait and off the 
west coast of Vancouver Island. However , there is evidence that the trend has 
been arrested and even reversed in the last two years. This is particularly 
noticeable off the west coast of Vancouver Island i where fishermen now report 
large numbers of young fish appearing on those grounds. 

Noticeable upward trends in the catches of gray cod are occurring in 
both areas, and also of rock sole in Hecate Strait . In both 1954 and 1955 the 
total catch of gray cod was around 13,000 9 000 pounds and in both years this 
species dominated the trawl fishery. Heavy landings of rockfish , particularly 
of the so-called Pacific ocean "perch 11 (Sebastodes alutus) are being recorded 
by United States vessels , but as in previous years , the Canadian fishery for 
rockfish has been of minor importance , presumably because of poor market 
conditions • 

Landings of lemon sole have followed no particular trend in the past 
eight years, in so far as Hecate Strait is concerned , but there is some sug= 
gestion of a decline off the lower west coast of Vancouver Island. Landings 
of dover sole and flounder remain at a very low level , but a slight increase 
has been occurring off the west coast of Vancouver Island. 
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Trawl catches from international waters adjaqent to British Columbia , 1953-55 
(millions of pounds) 

Species Lemon Rock Dover Ling Gray Black Rock 
Brill sole sole Fldr. sol(il cod cod cod fish 

1953 
~st coast 

Canadia,n 0.873 Oo054 0.078 0.024 0.234 0.671 1.055 0.013 0.054 
American 0.985 0.754 0.021 0.049 0.476 0.326 2.488 0.151 2.411 

Total 1.858 0.808 0.099 0.073 0.710 0.997 3.543 0.164 2.465 

Hecate Strait* 
Canadian 0.173 1.756 1.713 0.012 0.226 0.087 0.582 0.004 0.435 
American 1.346 o. 968 0.311 0,.337 0.690 0.514 3.655 0.068 3.814 

Total 1 • .519 2.424 2 .0·24 0.349 0.916 0.601 4.237 0.072 4.249 

Grand Total 3 .377 3.232 2.123 0.422 1.626 1.598 7.780 0.236 6.714 

1954 
West coast 
Canadian 0.838 0.044 0.248 0.062 0.076 0.734 1.971 0.041 0.133 
American 2.360 0.230 0.001 0.004 0.656 1.010 2.565 0 ..J.80 3.825 

Total 3.198 0.274 o. 249 0.066 0.732 1.744 4 • .536 0.221 3.958 

Hecate Strait* 
Canadian 0.091 0.838 2.229 0.004 0.22'7 0.143 1.68.5 0.004 0.271 
American 1.0/0 o.886 .0 .424 ' 0 .029 0.272 0.532 7.250 0.070 6,850 

Total 1.161 1.724 2~653 0.033 0.499 0.675 8.935 0.074 7.121 

Grand Total 4.3.59 1.998 2.902 0.099 1.231 2.419 13.471 0.295 11.079 
' 

1955 
West coast 
Canadian 0.538 0.054 0. 250 0.144 0.207 1.074 1.168 0.018 0.084 
American 1 .573 0.369 .. 0 • 1.761 1 .. 869 4.013 0.250 3.749 

Total 2 .111 0.423 0.250 0.144, 1.968 2.943 5 .181 0.268 3.833 

Hecate Strait* 
Canadian 0.049 1.007 2.933 0.014 0.192 0.113 1.459 • 0 0.111 
American 1.189 1.131 1.032 0.080 0.164 0.958 6.190 0.021 3.~25 

Total 1.238 2.138 3.965 0.094 0.356 1.071 7.649 0.021 3.936 

Graµd Tot 8il 3.349 2.561 4.215 0.238 2.324 4.014 12.830 0.289 7.769 

*Cape Scott to Dixon Entrance 
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.5 . The controlled trawl f i shery i n the Str ait of Georgia o 

A number of small areas i n the Strait of Georg i a were again opened t o 
otter=trawlers for \farious periods during the wint er of 1954=.5.5. This practice 
began in a small way in 1948 9 but in the years since that time the re has been a 
trend towards relaxat i on of the original r estrictions on fishingo The ori ginal 
purpose of the closure was t o curb what appear ed to be excessive explo itation of 
lingcod and of certain st ocks of spawni ng flatfisho Subsequent reopen~ng of 
certain fishing areas and study of the trawl catches has shown that the trawl 
fishery 9 at least in its present form 9 t akes r elat ively small quantities of ling~ 
cod and that there is no basis for the belief t hat it competes unfairly with the 
long=established hand=line fishery f or lingc odo More diffi cult has been the 
probl em of determini ng the best policy for the explo i tati on of flat fi sh and gray 
cod stocks. The regulat i ons a s they now stand ar e cumbersome and in oome cases 
per haps an obstacle to maximum util iza.tiono However 9 some stocks are very small 
and appear still to be decl i ni ng in size 9 i n spi te of the restricti on on fishing o 
Unt il the cause of the decl i ne can be assessed 9 it is probably unwise to consider 
further relaxation. 

The results of the wi nt er fishery of 1954=5 5 have appeared in Biological 
Station Ci rcular Noo 4l o The fo llowi ng i s a br i ef summary of that report: 

The total catch of foodfish i n the winter of 19.54=55 was 893 9000 pounds 9 
or about 320p000 pounds less than that in the previous wintero This was a result 
ma i nly of the relatively poor fishery for gray cod 9 which appeared to be scarce 
on nearly all the fishing groundso This was partially compensated for i n i ncreased 
l andi ngs of minkfeed and dogfi sh livero A summary of the catch by species and 
areas is contained in the following t ab le and fishing success in i ndividual areas 
is summarized belowo 

The otter trawl catch from the experimental areas along the east coast of 
Vancouver Island 9 from Oqtober v 1954 to March 9 19.58 i nclus iveo 

Catch i n pounds 

Qualicurn 
Tota l Cape Union Deep Yellow Parks= Nanoose Sat.el-

Lazo Bay Bay Rock ville Bay lite 

Hours of fishing 449 391 .501 664 721 287 376 3 ~ 3~9 

Lemon sole 349663 102~3'7'7 24 9480 16 p3?~ 2,3 9 46.5 690 14 9 718 216»768 
Rock sole 7~1?0 0 0 475 23p321 .5p 944 71.5 1 93.5? 38 '982· 
Flounder 690 44 p 6'~.5 3494.3.5 39p6.49 .50 370 119--p 869 
Other flatfish 0 0 19.5 150 496.5.5 2.5 .5p02.5 
Gray cod 72p222 12 9450 .50 9 624 93p266 96 9416 4,3 9640 24 9241 392p$.59 
Lingcod 1 9 148 29946 717 1 9 692 38 9117 1 9 20.5 2 p4.50 48p27.5 
Ro ck1'i sh 39786 17 9868 .5v ?86. 4 9 }1.5 7 v.585 7 p 965. 32({} 47 962.5 
Others 3 9 088 69 876 4 9680 3 9088 4p 703 .509 821 23 9 765 
Dogfi sh liver 11 9413 } 9110 4 9 2.5.5 18 v 6.58 22 9.580 .3 9 620 6,; 980.3 129 9 439 
Carcasses 242 9 000 242p000 
Mi nkfeed 19680 16 9}00 19 9 421 9 9 200 27 9191 1 9 822 26 p 050 1019664 

Total foodfis h 122 9767 187 p 387 1219347 1819 706 1809 93.5 549749 449271 8939168 

Total all 
135 9860 206 9 79'7 14.59 023 2099564 230 9 706 60 9 191 .378 913 0 1 9 366p271 sp ecies 
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(a) Cape Lazo. This area is important in the production of lemon solep 
gray cod and dogfish, but for the past two years the yield per unit of effort has 
been below average. Factors other than overfishing are believed responsible for 
this situation. 

(b) Union Bay. The lemon sole is the main species exploited in this area , 
and the catch amounted to about 102,000 pounds during the open period (10 daysg 
at one day per week). Despite the h~avy restrict i on on fishing in this areag the 
catch per unit of effort is still declining. Further restriction may be necessary 
if it proves desirable to maintain the stock at its present level. 

(c) Deep Bay and Yellow Rock. Catches of flatfish (lemon sole and rock sole) 
have declined sharply in this area in the last two winters. These areas have been 
opened only recently and hence some decline had to be expected as a result of the 
removal of the accumulated stock. It is still too early to say whether the stocks 
are being overfished. 

(d) ~ualicum to Parksville. Landings from this area increased sharply in 
the winter of 1954- 55 because of increased fishing effort. They were composed 
mainly of gray cod, lingcod and dogfish. No noticeable trends in fishing success 
are evident as yet. 

(e) Nanoose Bay. The fishery in this area depends almost entirely on gray 
cod, and in the winter of 1954-55, this species was in relatively low abundance. 
However the poor fishing success appears to be the result of natural factors 
rather than those connected with fishing. 

(f) Satellite Channel. Landings of foodfish from this area were down con
siderably from those of the previous year. Reduced fishing effort accounted for 
part of the decline, but the fact that the grounds were over- run with dogfish 
throughout most of the open period, may have had some bearing on the success of 
fishing. Landings of dogfish liver were more than double those of the previous 
year and amounted to almost half of the total liver landi ng from the experimental 
areas. 

Tagging experiments 

Projects involving the tagging of groundfish species were . suspended 
ea~ly in April 1955, and as a consequence the releases were much fewer th~n in 
previous years. In the early months of 1955 over 2,000 gray cod were tagged on 
fishing grounds along the east coast of Vancouver Island. About 400 lingcod 
were tagged and released in the same area. In a joint operation with the Washington 
State Fisheries Department, 2,500 brill (petrale sole) were tagged and released 
on the deep- water spawning ground off Estevan Point and Cape Flattery . 

Recaptures from earlier experiments continue to be received, and some 
progress has been made in summari4ing results in Progress Reports. 

1. Brill tagging B.Mo Chatwin 

(a) Tagged brill r ecovered during 1955 . A total of 102 Canadian tagged brill 
were recovered during 1955 . Of this number , 52 were from fish tagged during the 
1954 and 1955 cooperative tagging experiments on the Estevan-Deep and are di s 
cussed separately below. The remaining 50 recoveries were from tagging conducted 
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in various trawling areas along the British Columbia coast since 1947. In SU1lllll~ry: 

37 of the 50 tagged brill recaptures were from north coast taggings (Hecate Strait 9 

Goose Islands and Cape Scott) 9 and 15 were from releases off the west coast of 
Vancouver Island. Twelve of the recaptures from tagging in northern waters showed 
a southerly migration from the tagging sites. Of this number v 2 were recaptured 
from the winter fishery off Estevan in the "deep" v 1 was returned from SW of Cape 
Flattery on the "spit" in 100 fathoms 9 and 9 were recovered from various areas 
lying between Esteva~ and the areas of tag release in Queen Charlqtte Sound anq 
Hecate Strait. These recoveries provide further evidence of the southward spavyn= 
ing migration of north coast fish to deep offshore areas off the west coast of 
Vancouver Island. Only 2 of the 15 fish tagged off the west coast of Vancouver 
Island and recovered during 1955 indicated movements from the tagging sites. One 
tagged fish released off Sydney Inlet in 22 fathoms during September 1951 was 
recaptured off Estevan in 180 fathoms 9 and 1 released on the Big Bank in 1950 was 
recovered off Cape Scott. 

In order to define the migrations of summer brill stocks occurring off 
the British Columbia coast, a complete analysis of all Canadian brill taggings 
is now underway. 

(b) Estevan tagging. In 1954 and 1955v during the months of March and 
April 9 brill were tagged in the deep offshore waters 25 to 30 miles SSW of 
Estevan Point in cooperation with sc ient is ts from the Washington State Departmf)nt 
of Fisheries. The purpose of these taggings was to determine where the brill 
move after spawning, thus revealing the relationship between this offshore spawn= 
ing aggregation and other inshore stocks of brill which are exploited during the 
summer months • 

During April 9 to 12v 1954 9 using the chartered American trawler 
Heather 9 1,796 tagged brill were liberated 9 of which total 922 Canadian tags and 
874 American tags were used. Subsequent recoveries during 1954 were few v and 
it was belie~ed that a poor survival of tagged fish resulted from adverse con= 
ditions at the time of tagging. Accordingly 9 the experiment was repeated during 
the spawning season of 1955. In late March, 1955~ using the U.S. Fish and Wildlife 
vessel John N. Cobb , 1,194 Canadian and 814 .American tagged brill were liberated. 
In each year 9 male fish predominated in the tagged samples 9 thus the results may 
only apply to that segment of the stock. Average sizes of fish tagged (computed 
from total Canadian tagged fish released) for male and female fish respectively 
were ; in 1954 41.4 cm. and 47.0 cm. , and in 1955 41.2 cm. and 46.8 cm. The 
accompanying tab1e shows the total ~umber of tagged fish recovered from the 1955 
tagging according to the various geµeral areas of recovery. 
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Recoveri es to March 31 9 1956 9 of brilJ_ tagged 
and released in 1955 on the Estevan Deep 

Area of capture Canadian American Total 

Estevan (tagging area ) 17 - 4 21 

Off Sydney Inl et 1 0 1 
La Perouse Bank 2 0 2 

Off Nootka 0 0 0 
Off Esperanza 13 3 16 
Off Cape Cook 5 1 6 

Off Cape Scott 5 11 lp 
Goose Island Grounds 3 2 5 
Northern Hecate Strait 0 1 1 

Area Unknown 5 1 6 
Total 51 23 74 

Recaptures to March 13 9 1956 9 show a general north-westerly dispersion 
to trawling grounds as far distant as Queen Charlotte Sound and northern Hecate 
Straito TWenty-one or 28j. of the total number recovered were recaptured on the 
Estevan- Deep; of this number 8 were taken soon after tagging during March and 
April 1955 9 ~nd 13 during a period from November , 1955 ~ to March 31 9 1956 9 (it 
is suggested that the latter were captured on their return to the spawning area)o 
Only 3 or 4j. of total recaptures were made in trawling areas inshore and to the 
southeast of the Estevan tagging area (ioe o9 the southwest coast of Vancouver 
Island). Summer trawling in areas adjacent to the northwest coast of Vancouver 
Island (Nootka, Esperanza 9 and Cape Cook) accounted for 22 or 3oj. of the total 
number recaptured. Tagged brill recovered in areas off Cape Scott, on the Goose 
Island grounds, and in northern Hecate Strait totalled 22 or 3oj.. Six or Bj. 
were unreported as to area of c~pture. These results show that the male portion 
of the Est~van spawning stock are vulnerable to exploitation on inshore banks 
adjacent to the northwest coast of Vancouver Island and on other north coast 
trawling grounds . That all or part of this spawning group migrate to the more 
northern areas is not known : however, recaptures of tagged fish suggest similar 
exploitation rates in each of the major recovery areaso 

A cooperat~ve publication covering t he r esult s of the Estevan tagging 
experiments is planned . 

(c) Cape Flattery Spit taggingo On March 30 , 1955 9 i n conjunction with the 
Estevan-Deep tagging 9 a total of 436 brill were tagge d and released 43 .miles SW 
of Cape Flattery in 140- 150 fathoms. Of the total number tagged 9 266 Canadian 
and 170 American tags were used. Like the Estevan stock , these fish represented 
a spawning aggregation , and at this time cons}sted mainly of male fish in a 
spent condition . The average size of the Canadian tagged fish was : 41.l cm. 
for males 9 and 47.7 cm . for females. Inclement weather 9 poor trawling bottom 9 and 
a high percentage of Sebastodes in the catch (70- BOj.) prevented further tagging 
on this ground. As of March 31 9 1956 , only l tagged brill has been recovered 
from thi s tagging . This was one of the fo ur female fish tagged and wRs recaptured 
on July 23 , 1955 9 in 36- 42 fathoms, 1 1/2 miles E by N of Swiftsure l ighto Because 

. 
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fish selected for tagging were in extremely poor condition 9 additional recoveries 
are not anticipated o 

2. Lingcod tagging 

(a) Results from previous experiments. Tagging of lingcod (Ophiodon elongatus) 
was carried out annually between 1939 and 1943 aboard handline vessels in the 
Strait of Georgia. The results of these experiments were reported in Progress 
Reports 9 Nos. 56 and 57 , 19430 . SubseQuent to 1943 further recoveries were obtained 
from these taggings , and additional tagging experiments were carried out . In 
the period 1939- 54 9 3 9 145 lingco d were liberated on banks in the Strait of Georgia 
and off the west coast of Vancouver Islando A report has been prepared concerning 
the movements of all previously unreported tagge d lingcod 9 and deals also with 
the differences in the recoverabi lity by hand- liners and otter- trawlers of all 
fish tagged and released after capture by these two t ypes of gear. The r eport 9 

"Further Results From Tagging Experiments on Lingcod" is to be published in the 
P~c ific Progress Reports series. 

In sumrnary 9 the report confirmed earlier results in that there appears 
to be no well-defined migration patterµ for lingcod. Resul ts also showed that 
tagged fish which at the time of tagging were caught by hand=li ne are more likely 
to be Tecovered later by t hat t ype of gear 9 and fish tagged from trawls are more 
likely to be recaptured by trawls. 

(b) Lingcod tagging dur i ng the closed s~ason 9 1954=520 During the months of 
December, 1954 9 to February 9 1955 9 inclusive 9 409 lingcod were tagged and +eleased 
on banks in statistical Areas 14 and 17 in the Strait of Georgia. This work was 
carried out in order to obtain present=day rates for lingcod growth 9 mortality 9 

and fishing intensity. In this report 9 a summary i s given of tag recoveries re
ceived during the 1955 lingcod rishing yea r (March =November incl.) from fish 
tagged on deep banks , shallow b~nks, and on beach fishing areas. The average 
sizes of fish tagged are shown in Table I . 

Table I. Number and average size of lingcod tagged 
December 9 1954 9 to February 9 19550 

I 
...:;:_ .... _......,... 

December 
I 

January -Febr uary 
Male Female Male Female Male Femal e 

Deep- bank No. 5 89 5 2 
Av. Lo Cillo 62 o2 84.8 82.0 /5o5 

Shallow=bank No. 73 17 
Av. L. cm. 6508 72.5 

Beach No , 103 28 9 1 50 11 
Av. Lo cm. 60.6 65.0 59.6 66.o 62o5 62. 6 

(1) Seasonal recoveries. Tab le II shows the number of recoveries obtained 
from the total number tagged at each l ocationo In the early months of the s eason 9 

the recovery of tagged fi sh was greatest 9 dropped to a low level during the spring 
and summer months and increase d slightly dur i ng late-season fishing o Previous 
tagging results show that the s eas onal recovery of tags i s proport ional t o the 
total catch landed. 
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For fish tagged on deep- bank, March recove,ries constitute 75j. of all 
deep-ba~ recoveries, and approximately 25j. of the total recoveries. Fish tagged 
in shallow-banks and beaches were recovered at a more constant seasonal rate 
than those ta~ged on deep-bankso 

Taple II. Numbers of tagged lingcod recovered during 1955, from 
Erevious closed~season tagging 

Recovered 
· Noo 

tagged Mar Apr May June July Aug Sep Oct Nov Total 

Deep-banks·· 134 12 1 1 0 0 1 1 16 
Shallow-banks 73 1 1 3 2 2 2 11 
Beaches 202 3 4 1 2 1 1 3 3 1 19 

409 16 6 1 2 5 3 4 6 3 46 

(2) Recoveries by individual line fishermen and by other gear. For the 
recent tagging a chartered lingcod vessel was employed. In Table III, a tag~ 
recovery schedule is presented ~~ order to compare the tag recovery of the 
charter vessel (recoverer A), who had intimate knowledge of the tagging, with 
that of fishermen who were unaware of the tagging areas. 

Table III. Recovery of tagged lin~cod in 1955 according to individual 
line fishermen and by Dther gear 

Number recovered from 
Recoverer Deep- bank Shallow: bank Beach . '• Total 

Area 17 
A~ Charter party) 6 9 3 18 
B Fisherman) 6 0 ll 6 
C ($port) 1 3 4 
D(Gillnet) 0 0 1 0 0 1 
E (Fi sherrnan) 1 q 0 1 
F II 1 1 • 0 0 0 

G II 1 1 0 0 0 0 

H II 1 1 
I II l 1 00 

J II 1 1 0 0 

K II 1 1 • 0 

Area 14 

L 2 2 
M 2 2 
N .3 3 
0 2 2 
p Trawl .1 1 

Total 16 11 19 46 
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Recoverer A returned 18 or 39i of the 46 lingcod recovered. Recoverer 
B accounted for 6 of the total recoveries. Both A and B fished exclusively for 
lingcod all season 9 the remainder (E to K) fished only part. Of the 16 deep-bank 
tagged fish recovered, A and B returned 6 each 9 and the remaining 4 were returned 
by separate individuals or gear. It is evident that the catchability of deep= 
bank tagged fish was no greater for fisherman A9 the charter party , than i t was 
for fisherman B. All areas where the deep=bank liberations were m&de are well 
known to the fishery. 

For the shallow-bank taggings a total of 11 recaptures were made , 9 by 
A a~d two incidentally by other gear 9 C and D. These shallow- bank releases were 
made on two selected banks by charter party A and all but two of the subseQuent 
recaptures were made by that party. In the absence of detailed infonnation on 
the activity of other fishermen it is difficult to interpret fully this differ
ential catchability. However , it is bel ieved that fisherman A has an atypical 
interest in shallow~bank l i ngcod - and hence est i mates of fishing rate on such 
fish are likely to be unrepresentative. 

(3) Lingcod fishing rates. In tagging experiments 9 the ratio of marks 
recovered (R) to marks released (N) is taken as a measure of the rate of ex
ploitation of the stock 9 provided that certain basic assumptions hold true. 
Tpese fishing rates have been calculated for Strait of Georgia lingcod stocks 
(east coast of Vancouver Island) during 1955 and are presented in the table 
be1ow. 

R/N 

Deep- bank stocks 16/134 ~ .12 
Shallow- bank stocks 11/73 ~ .15 
Beach stocks 19/ 202 ~ . • 09 

Total 46/409 = .112 

The mean rate of fishing for 1955 was estimated as 11.2i. The cal= 
culated rate for shallow- bank lingcod in 1955 was 15.0j. 9 and resulted from one 
vessel 9 s effort. This slightly higher rate may be attributed to increased 
effort in fishing for a known abundance of tags. Within limits of sampling 
error, an approximate figure for the rate of ren:oval of fish from the stock 
(excluding the shallow-banks) was 10.0j. in the fishing year. This is fairly 
close to the estimates obtained from experiments in the period 1941- 44 (a mean 
of 8.9j.). 

(4) Seasonal movement . Of the 46 tags reco~ered in 1955 only one showed 
movement from the tagging site. This was a 92=em. female, tagged on the French 
Creek reef, December 2, 1954, and recovered by trawl on February 18, 1955 , approx
imately 15 miles to the northwest near Yellow Rock (Chrome Island). At the 
time of tagging the size and shape of this fish's abdomen indicated spawn develop
ing. On recovery , a running condition was reported. An off- reef spawning move
ment is suggested. 

(5) Growth of tagged fish. Eight male r ecoveries (average size at time 
of tagging 61.2 cm.) grew on the average 5.6 cm. in length during an average time~ 
free of 8.2 months. Growth determinations from vertebral rings show that male 
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lingcod at age 4 are 62o0 cm o and at age 5 are 67o5 cmo in length ; an annual 
difference of 5o5 Cill o It is likely » therefore ~ that the greater part of the 
annual growth occurs during eight months of the year 9 and little during the 
winter monthso 

(6) Shallow- bank exper imento A total of 63 lingcod were tagged i n 
two separate days of fishing on a five - fathom bank off Newcastle Islando As 
shown in the following table there was a very noticeable difference in the 
results» even though the two fishing days were only one week apart o 

13 Dec 54 
17 Dec 54 

Number 
tagged 

21 
42 

Recoveries 
Apr Ju~y Aug Oct Nov Total 

l 2 1. 
1 

2 2 8 
l 

All recoveries , with the exception of one gill- net recovery in October 9 

were made by one line fisherman (fisherman A - see Table III)o The relatively 
high percentage of recaptures from the tagging on December 13 9 as compared with 
that from December 17 is strikingo The reason for such a differential rate is 
unkno~n , but it serves to point out the complexity of lingcod movement and/or 
catchability dn any one reef which must be accounted for in computation of fish 
ing rates o 

(7) Transplanting experi mento In an earlier tagging experiment a number 
of lingcod were captured at one fish i ng location 9 removed some distance from their 
original residence and then tagged and releasedo Subsequent recoveries from this 
tagging experiment have shown a homi ng tendency among lingcodo In order to obtain 
further results to test the validity of the observation , fifteen fish were captured 
by trawling gear on the Cape Lazo grounds i n 45 to 50 fathoms , retained two days 
in a live tan~ » then tagged and released at Norris Rock in five fathoms of water 
(13 miles from the place of capture)o On the same day as these releases occurred 9 

9 fish were captured with lines at Norris Rock , then tagged and released at that 
spoto Subsequently 2 of the line- tagged fish were recaptured at Norris Rock by 
line gear, and one of the trawl- tagged transplants was recovered by trawl gear 
back in the Cape Lazo areao The 9 line -tagged f i sh were rnqles approximately three 
years in average age , and of the 15 trawl- tagged 11 were females and 4 males , 
all on the average 4 years of ageo Further results are anticipatedo 

3o Graycod tagging C.R. Forrester 

Preliminary experiments showed that the gray cod could be successfully 
tagged wit~ button- type tags attached with monofilament nylono . Between November, 
1954 9 and April 9 1955, several tagging experiments were conducted using the 
button tags with various methods of attachment and a tag of red plastic tubing 
(the California "spaghetti" tag)o Preliminary results of these exp eriments were 
published in Pacific Progress Reports No. 103. The present report summarizes 
this paper and includes recovery information to March 9 1956. 

Button or Petersen=type tags were attached with either light or heavy 
monofilament nyion (15 or 30- pound t est), braided Dacron (80=pound test ) 9 

brai ded nylon (150 - pound test) or light stainless steel wire. These strands 
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were threaded through the flesh between the first and second dorsal fins with 
the aid of a hypo dermic needleo The "s:i:aghetti" tag was attached in a similar 
mannero 

(a) Swanson Channelo A total of 1 9 322 fish were tagged in this area between 
November 9 1954 9 and January 9 1955 9 of which 323 were subseQuently recapturedo 
Only 14 (4o3i) were recaptured outside the general tagging areao Of these 9 8 
were taken by United States trawlers on American fishing grounds south and east 
of the tagging areao · Five recoveries were made in fishing areas 65 to ~O miles 
north of the tagging area along the east coast of Vancouver Island and one was 
recovered off the mouth of the Fraser Rivero Of the 323 total r~coveries 9 280 
had been made by May 9 19550 Fi ve recoveries were made during the summer from 
May to October 9 1955 9 and 38 recoveries were made in the period 0ctober 9 1955 
to March 9 19 56 o 

( b) Nanoose Bay o Tagging was carried out in the last week of March 9 19 55 9 

following the annual closing date for trawlers in this areao Up to the beginning 
of February 1956 9 32 recaptures (out of 619 fish tagged) had been reported from 
areas not affected by closureo Of these 9 16 were reported by Canadian ve'ssels 
(12 from Swanson Channel and 4 from the Fraser River estuary) o S_ixteen re= 
captures were made by United States vesselso Fifteen of these were from fishing 
grounds bordering the lower Strait of Georgia and one from the west coast of 
Vancouver Island (about 200 miles from the tagging site)o During the 1956 open 
period at Nanoos e Bay (February 1 to March 20) 33 more recoveries were made 
from Nanoose Bay itself wh i le one tag was recovered in Lambert Channel (60 miles 
to the north) o 

It is interesting to note that all of the Nanoose Bay tags recovered i n 
Swanson Channel were recovered in or before November 9 1955 9 and not during the 
peak of the main Swanson Channel fishery which occurs in January and Februaryo 

(c) C~Lazoo Twenty=six recoveries have been received from the original 
168 tags liberated in February 9 19550 With two exceptions 9 all were recovered 
at or a short distance from the tagging site o One recovery was made in Nanoose 
Bay 25 miles to the south while another was made 100 miles from the tagging 
area 9 in United States waters near Orcas Islando 

(d) Suitability of attachmento Examination of the wounds of captured fish 
suggests that the monofilament nyion attachment is superioro The stainless 
steel 9 plastic tubing and qraided materials cause moderate to severe irritation 
and erosion of the flesh 9 whereas a high percentage of fish with monofilament 
attachment had shown firm fusion of flesh to the nylono A greater return of 
dacron and braided nylon than monofilament nylon i n the Swanson Channel experi
ments is believed directly ~ue to the light weight (15 lbo) of the monofilament 
employedo Larger diameter monofilament was used in the Nanoose Bay experiment 
and results for this area to. date (13o71o) are similar to those for the spaghetti 
tags with considerably less irritation to the flesho Further returns should 
indicate clearly the best method of attachmento 

4o Lemon sole tagging KoSo Ket chen and CoRo Forrester 

(a) Migrations of lemon sole in the Strait of Georgiao In Pacific Progress 
Report Noo 104 a general summary was given of the results of lemon sole tagging 
in the Strait of Georgia over thE'. past decadeo The discussion was based on 
3 9 390 recaptures from a total of 13 9 9.54 tagged fisho 
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Tagging has shown that the leIJDn sole stock of the Strait of Georgia 
is divisible into three main populations, one in the Baynes Sound - Cape Lazo 
area 9 another in the Gulf Islands and another around the estuary of the Fraser 
Rivero Only lo4j. of the total number recaptured had emigrated from their 
respective tagging areas and only Oo3j. had moved entirely out of the Strait of 
Georgiao 

There is a strong suggestion that a small highly migratory population 
enters the Strait from the open coast during the spring or summer and returns 
before the winter beginso This conclusion is based on the fact that the majority 
of emigrants from the Strait of Georgia were tagged during the summer and fall 
monthso Relatively few outside recaptures were obtained from tagging conducted 
in the winter months. 

(b) Lemon sole recaptures from tagging in Hecate Strait at Queen Charlotte 
Sound 2 and Queen Charlotte Strait. 

I , 

Extensive tagging of lemon sole was cqnducted in Hecate Strait in 1950 9 

1951 and 1952. A few returns are still being made from these experiments . Two 
tags were obtained in 1955 from the 1950 experiment and both were taken in the 
tagging area. Only one recapture was obtained in 1955 from the 1951 tagging and 
th~s came from the Goose Island bank about 150 miles south of the tagging area. 
Eleven recoveries were made in 1955 from the 1952 experiment and all were from 
the tagging area. 

Tagging was conducted on the Goose Island grounds in Queen Charlotte Sound 
in 1952 , 1953 and 1954. Two recaptures were made in 1955 from the 1952 experiment 
and both were from the tagging area. Recaptures in 1955 from the 1953 tagging 
amounted to 17, o+ which 14 were from the tagging area , one was from Hecate Strait 
and 2 were from the coast of the United States (Columbia River and Umatilla 
Lightship)o Recaptures from the 1954 experiment amounted to 20 in 1955 and all 
were from within the general tagging areao 

S±x recoveries were made fran tagging conducted in 1952 and 1953 in one 
of the inlet~ bordering on Queen Charlotte Strait. However 9 all were from the 
tagging area. 

In general it appears that the Hecate Strait stocks is separate from 
that of Queen Char~otte Sound. There is some evidence of mixing and lengthy 
migration 9 out this always constitutes a very small fraction of the total re= 
capture from each tagging. The inlet populations appear to be independent of 
one another and also of those populations in adjacent exposed waters. 

5o Pin corrosion studies C.Ro Forrester 

It has been noted that the incidence of corrosion in metal tagging pins 
is often greatest in regions which have stagnant bottom conditions. To test the 
possibility that the chemical conditions in such areas might have a bearing on the 
corrosion problem, a laboratory experiment was initiated early in 1955. Separate 
batches of 12 nickel pins and stainless steel pins were placed on cellulose 
acetate sheets and sealed in jars containing the following solutions : 
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Jar no. Pi n type Solution 

1 Ni ckel " Nornial" sea water 
2 Nickel "Normal" sea water + H2S 
3 Nickel "Normal 't sea water + P205 
4 Nickel uNormal u sea water + H2S + P205 
5 Stai nless steel "Normaln sea water 
6 Stai nless stee l "Normal ~9 sea water + H2s 
7 Stainless s teel ,..Normal'~ sea wat er + P205 
8 Stai nless st eel ''Normal '~ s ea water + H2S + P205 

The "normal" sea water wa s obtained from the end of the Station wharf o 
The strengths of hydrogen- sulphi de and phosphorous- pent.oxide added to the sea 
water were fqur timt.s the strength given for these components in stagnant 
fj.ords by Sv-erdrup et al in "The Oceans". The strength of the additives was 
quadrupled in the hopeof a ccelerat i ng any reaction whi ch mi.ght take place. 
At the end of one year the pi ns in ea ch jar were examined for signs of corrosion. 

It is significant that there was evidence of corrosion in only one of 
the series . This corrosion was apparent on 10 of the 12 nickel pins examined 
from the jar containing the combi nat i on of H2S + P2o5 • There was no corrosion 
in the corresponding jar containing the stainless steel pins. The corrosion of 
the nickel was simi.lar to tha t which ha s oc curred on tagging pins used on fish 
i n the wild p and 1n the jar wa s ac compani ed by a prec i pi tatlon of irridescent 
grayish material. Anal ysis of the preci pi tate is still to be carried out and 

·it is hoped that this wi ll provi de a preci se explanation of the reaction 
i nvolved o 

Age and growth studies 

During 1955 p collections of flatfish otoli ths from samples of the 
commercial landings were maintained as in previous years with emphasis on 
lemon sole , rock sole , brill and butter sole . In all a total of 27 v 012 
otoliths were collected , along wi th 10 , 640 length measurements of gray cod and 
5 , 038 measurements of black cod a · 

Otolith readings on lemon sole , rock sole and butter sole are keeping 
pace with the collect i ons and are v i.rtually up to date. Readings of bri.11 
otoliths are being increased i n or der to overcome the backlog i n that material. 
No progress has been made on the st udy of gray cod otoliths but it is believed 
that use of length-·f r equency data wi l l g i ve sufficient i nformat i on for general 
apprai.sal. 

A substantial advance has been made in est i mating the age and growth 
of lingcod from vertebrae. 

l. Bri.11 

{a) Average size of brill off the west coast of Vancouver Island (B oMo Cha twin). 
Samples of brill have been taken since 1945 f r om stock s of fish occurring off the 
west coast of Vancouver Islando Length data obtained have been c.ompiled to date 
and are summarized in the. a ccompany ing table o Since trawlers usually confi.ne their 
fishing to one general area during any one tr i p D the sampling has beep, treated 
according to three ma jor areas: (1 ) San J uan to Cape Beale (statistical Areas 209 
21) ~ (2) Cape Beale to Estevan Po i nt (stat i stical Areas 23 , 24L and (3) Estevan 
Point to Cape Cook (stati st ical Areas 25 9 26) . ' 



Average length (mm.) of west coast of Va~couver Island br ill. 

11- year 
194.5 1946 1947 1948 1949 19.50 19.51 19.52 19.53 19.54 19.55 mean 

s i ze 

(1) San Juan to Cape Beale 
males 389 387 
females 432 429 

343 372 386 
377 401 422 

386 404 405 
438 44.5 439 

407 408 428 
464 464 490 

(2) Cape Beale to Estevan 
males 
females 

(3) Estevan to Cape Cook 
males 
females 

( 4 ) San Juan to Estevan 
males 
females 

369 
439 

385 
428 

362 373 
411 414 

407 405 378 
478 472 443 

(areas l and 2) 
382 385 359 372 
436 428 405 413 

(5) San Juan to Cape Cook (areas 1 , 2 and 3) 

390 382 
433 431 

383 388 
435 427 

389 382 
431 433 

395 393 411 407 
4.53 . 453 -·468 46 3 

405 
462 

389 388 425 
469 49'7 487 

396 398 409 
452 450 467 

393 398 
485 473 

407 408 
463 470 

~ales 385 388 372 372 388 384 39.5 
432 4.55 

397 410 
462 469 

406 
468 

404 
470 females 446 441 42.5 41} 431 

A general upward trend in the average size of brill is evident for each 
general area in recent years. Previous reports have $hown that the ,increase in 
average .size of all west-coast brill since 1948 (No • .5 above) was related to a 
conti,nuing fa,ilure in recruitment. The mean sizes of brill in each '' area , computed 
for the 11-year period ,' show that females from the Estevan- Cape Cook area {No. 3 ) 9 

are larger by almost 2 cm. than female fish from the more southern areas (Nos . l 
and 2). The size-composition characteristics of the stock in the Estevan- Cape Cook 
area may be complicated by the fact that some Hecate Strait fish (which are of 
larger size than west - coast fish) contribute to a winter fishery in the deep water 
off Estevan and are also taken in i nshore waters (Areas 2.5 and 26) during the 
spring ~µd summer months. However , brill in the southern Vancouver Island areas 
(No~. 1 and 2) show great similarity in size composition, and samples for these 
areas have been ~ombined in No • .4 aboveo .. Preliminary tagging results indi cate 
that intermingling of stocks north or south of Estevan Point is negligible . 
Population st~dies will be considerably simplified by the division of the west= 
coast sampling into two main regions : µorth of Estevan Point (Areas 2.5 and 2 6 ) ~ 
and south of Estevan Point (Areas 20 to 24 inclusive). 

(b) Age composition of br ill , Cape Beale to Estevan Point (C.R. For rester and 
W.E. Barraclough). The decline in recruitment of brill on the west coast of Van
,couver Island has been described in previous summary reports and in PJUgress Report 
No. 98 of the Pacific C_oast Stations. 

394 
444 

390 
441 

388 
461 

391 
442 

390 
44.5 
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Percent freq_uency · 
19.50 19.51 

Jear=c lass male female male female 

1948 Oo4 0.1 
1947 Oo2 0.3 2 o.5 1.4 
1946 3.9 3.1 8.1 4.9 
1945 19o7 1.5 .8 17 o.5 9 .0 
1944 13.6 10.2 17.3 11.1 
1943 20.0 20 .6 20.5 13.8 
1942 - 17 .1 16.9 14.8 14.7 
1941 11.1 11.7 8.6 13.4 
1940 7.0 8.o 3.3 11.8 
1939 3 .o· 4.0 3.6 .5 0 2 
1938 1.7 2.8 1.9 4.7 
1937 1..5 2.0 o.8 3.3 
1936 0.7 1.4 0.4 2 o.5 
193.5 0.3 1.3 0.4 1.9 
1934 0.1 1.0 lol 
-1.9 I> 3 0.1 0.3 0 0 o.8 
1932 0 0 0.2 0 0 Oo3 
1931 0.2 0.1 
1930 0.2 

Total number 2111 2828 .521 1601 
Average length 382 mm. 426 mm. 39.5 mm. 4.59 mm. 
Average age 7.3 years 7. 9 years 7.9 years 9.5 years 

Age determinations for 19.50 and 19.51 for the Cape Beale=Estevan Point 
region 9 which supports the main WE;lst - coast fishery for brill» confirm the con= 
clusions +eached in the length- freq_uency studies. Year- classes since 1943 
are entering the fishery in below-average strength. Age studies of the brill 
are continuing and should be up, to date in the comtng year. 

(c} Change in size composition of brill in terms of catch per unit of 
effort (K.S. Ketchen). In order to get a q_uantitative evaluation of the effects 
of the decline in recruitment of young to the stock of brill off the west coast 
of Vancouver Island» the trend in size composition has been examined in terms of 
the catch per unit of effort (catch per trip). Of course , age-composition data 
would be more useful for such a study but these are not as yet avail able in 
their entirety. 

By reference to length-weight charts 9 it was possible to obtain from 
each year 9 s length-freq_uency sample the percentage by weight of each size=group 
in the sample. This enables computat i on of the poll.ndage of each size=group in 
the annual catch 9 or, as was done here 9 the catch per unit of effort for each 
length=group. In the accompanying table a summary is given of the calculated 
catch per trip by arbitrarily=grouped size classes (4-cm. groups) of female fish. 
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Average number of pounds of female brill per trip 9 by size=groups 

Lengt h 
group 
(cmo) 1948 1949' 1950 19.51 1952 1953 19.54 1955 Average 

28=31 24 14 1.5 4 5 0 0 2 8 
32- 35 361 136 197 37 57 12 38 25 108 
36 =39 1602 484 421. 203 200 91 119 104 403 
40=43 2316 1133 1028 647 743 401 342 246 857 
44=47 1814 1279 1589 1184 1504 1290 953 639 1282 
48 =51 1021 903 1039 1159 1540 1356 1254 909 1148 
52=55 542 578 592 648 1040 748 833 635 702 
56 =.59 126 146 239 258 561 207 272 231 255 
60 =63 47 28 78 12 68 29 29 72 45 
64=67 0 0 0 0 0 0 0 23 3 
Total catch 
per trip 7853 4701 5198 4152 5718 4134 3840 2886 4811 

Average weight 
per fish (lbs o) 2.1 2o5 206 2.9 3ol 3.2 3.3 3o3 2o9 

It will be noted that the catch per trip of fish in the size range 28- 47 
Cillo is now (1955) very much below the average for the 1948-55 peri od o Catch per 
trip of size groups 52- 55 and 56-59 are now fairly cl ose to the eight- year mean 9 

while the catches of size groups containi ng the largest fish are above the mean. 

There is a s yet no indication of improvement in recruitment , which now 
appears to be merely about one- fourteenth of its value in 1948. As a result the 
fishery is each year dependent on older and older fish in fewer and fewer numberso 
The fact that the average weight per fish is stabilizing near three pounds 9 while 
the catch per unit of effort continues to decline" suggests that increase in w~ight 
through growth is now far outweighed by removals through natural death and fishing. 

2o Lingcod 

(a) Age and growtho Studies on the use of vertebrae as a means of determi ning 
age of young lingcod were carried out in 1954 (Pacific Progress Reports Nao 99 9 

July 1954)0 In 1955 the method was appl ied to lingcod of commerc ial size and the 
results were presented in Progress Report Noo 105 along with a comparison with 
growth rates obtained from taggingo 

It was shown therein that : (1) female lingcod may attain an average 
size of 42 inches or 107 cm. by the time they reach age 15 9 whereas males may 
reach 3p inches or 91 cmo after 13 ye~rs , (2) the commercial size limit 9 3 lbso 
dressed head-off , selects lingcod of not less than three years of age 9 and (3) 
lingcod captured commercially range in total length from 50 cmo to at least 114 
cm o and include tv.rel ve or more age- groups o 

It was also noted that the vertebrae age-determination method would not 
be sufficiently practical to permit routine sampling of commercial catches for 
age compositiono However 9 the present study has yielded growth information 
heretofore lacking, which wilJ now permit a study of the pn:>blem of minimum size 
l i mit s in relation to maximum yieldo 



= 141 = 

(b) Sampling of commercial lingcod landings 9 19.5.5. Sampling of trawl lingcod 
landings initiated for the first time during the summer of 19.54 provided informa
tion on the size and dressed weight of lingcod taken by trawling gear off the 
west coast of Vancouver Islando Historically 9 t he line fishery for lingcod in 
British Columbia has account ed for the greater part of the total catch landed 9 

but sampling of this fishery has prm.red difficult because catches from various 
areas are usually accumulated in live=ponds 9 then landed en masse f or market ing. 
However , through personal contact with line fishermen and by careful check on 
line~landings by Vancouver port observers 9 9.52 line- caught as well as 2 9 238 trawl= 
caught lingcod from specific areas have been examined since September 19.54. 
All sa~les 9 with the exception of one , are comprised of mixed sexes and dressed 
head- off fish. The results , which are classified according to three major fish
ing areas_9 are shown in the accompanying table. 

Average Range of Average Est o avo i wt . of 
Area and gear Number total sample dressed age lingcod in 

length (cm.)* length (cm o )* wt o (lbs o) (years) total catch 

West coast of Van. Is. 
Trawl 1848 72.65 .53 ~ 113 
Line 111 61.78 .53 = 84 0 0 

6 .521" 
~ 41° 

Strait of Georgia 
Trawl 266 66.74 .58 = 101 
Line male 10.5 67 .2 .52 = 88 

4-t 791° 
4+ looj. 

.5 .8 

female 9 .5 790.5 .58 = 108 
female .52 103.9 84 117 

8 1001 • 
13-t- lOOj. 

0 0 

21..5 

North coast 
Trawl 124 8.5.4.5 63 = 111 
Line .589 101.8.5 70 = 123 

8+ 2oj. 
1.5 93% 

*converted f ·rom dressed measure. 

( c) Mortality rates. In order to estimate mortality rates for Strait of 
Georgia lingcod , tagging data from experiments performed during the period 193? =1944 
have been analyzed. In 1939- 40 9 strap tags were a~tached to the operculum 9 and 
during 1941-44 ring tags were pl aced around the upper jaw=bone of each fish tagged. 
Because two different types of tags were used 9 separate analyses were performed on 
each set of data to obtain average estimates of mortality. On the basis of the 
rate of decline in the return of tagged fish 9 insta,ntaneous rates of mortality were 
computed for Strait of Georgia lingcod and are shown i n the accompanyi ng table. 

Type of Instantaneous mortality rates 
Period tag Total Fis hi ng Natural 

"i " llpll "q" 

1939=40 Strap .7321 .0427 .6894 
1941=44 Jaw .4723 .1019 .3704 

Corresponding rates of tot al mortal i ty on an annual basi s for the periods 
l 939=40 and 1941-44 are, a = .51.8j. and 37 . 5j. r esp ectively . The difference of 
14.31" between these values obtained has been ascribed to the types of tag used 
i n the two experim.ents--in that a high loss of tags occurred in the experi ment 
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involving the opercular strap tagso This loss would cause the estimated mortality 
rate to be too higho 

As a means of checking the tagging data mortalities 9 catch curves were 
constructed from length- frequency data of all fish tagged during each periodo 
From representative parts of each curve 9 estimates of seasonal mortality for the 
1939- 40 period of 32o7i 9 and for the 1941- 44 period of 35oli were obtainedo The 
best estimate for the total rate of mortality is taken from the 1941- 44 tag 
recovery ciata ; i = .4723 or a ""· 37 o51oo For the same periodp the seasonal rates 
of fishing (m) and natural mortality (n) were computed 9 and were on the average, 
9.5jo and 30o9fo respectively. 

A paper concerning mort ality rates in Strait of Georgia lingcod is being 
prepared. 

3. Age composition of butter sole 

The British Columbia trawl fishery exploits a winter spawning stock of 
butter sole in Skidegate Inlet on the east coast of the Queen Charlotte Islandso 
The commercial catch has been sampled since 1946 9 and all otolith samples have 
been read up to 1955 9 with the exception of those of 1952 , and reported in pre 
vious summary reports, The table below shows the percent frequency of age-groups 
in the 1955 fishery which took approximately 615 , 000 pounds of fish from the 
inlet. 

Percent frequency 

1955 4 5 6 7 8 9 10 11 Total number 

Female Oo3 609 3L5 40o9 15o5 308 LO ? • 581 
Male 0.2 13 ol 39o2 3706 801 L4 Oo2 0 0 561 

The age composition of Skidegate Inlet butter sole since the inception 
of sampling has been characterized by dominance of age-groups 5 to 7o The 
butter sole has an apparent high natural mortalit~and dominance by a particular 
year-class for more than two years is exceptionalo The fishery has fluctuated 
greatly in the years since 1946 9 from zero catch to as high as 3o5 million poundso 
As these fluctuations have had little 1 if any 9 effect on the age structure of 
the Skidegate Inl~t stock it is believed that natural factors have the dominant 
effect in changes in abundance and catch/effort. 

4o Age and growth of lemon sole C .Ro Forrester 

(a) Hecate Strait. Approximately 4500 otoliths have been examined from 
samples of the 1954 and 1955 catch of lemon sole in Hecate Straito The age 
composition is given in the following tableo 

Percent frequency 

3 4 5 6 7 8 9 10 11 12 13+ Total 

Female 
1954 0 0 3o5 27 08 29ol 19o4 9 08 4.4 2 o7 1.8 o.8 L4 2234 
195.5 Ool 808 3L4 22:8 17o4 lOo.5 .5 08 L6 1.1 0.2 Oo2 8ll 

Male 
1954 0. I 406 2908 29 08 2006 7o0 4ol 2.9 Oo7 0.3 0.2 1099 
195.5 0. 11.8 3L2 28:7 16.2 6 041 3o5 L9 0.3 0 0 0 0 314 

a 
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Samples from this area continue to be dominated by young fish. This 
situation confirms predictions of year-cl~ss strength made by Ketchen on the 
basis of water temperatures . His predictions were for stronger than usual year
classes from brood years of 1949D and 1950. 

(b) Union Bay. Considerable difficulty has been experienced in age deter
mination of the lemon sole in the Union Bay area . Comparisons of growth as 
indicated by otoliths with that indicated by tag returns have shown discrepancies 
in larger older fish. This is believed to be due to overcrowding in the dense 
stock of fish which accumulated after the closure to commercial trawling in 1947. 
A re-reading of otoliths and a comparison with readings from inter-opercular 
bones has thrown some light on the problemo I t is apparent that overcrowding 
resulted in a cessation or great reduction in growth of older fisho This compli
cates otolith reading in that checks added to the margin of the otolith of an 
old fish may be overlooked o The percentage frequency of age -groups in female 
fish as has been determined by re -readings is presented in the following table~ 

Percent frequency 
Age 

Year 3 4 5 6 7 8 9 10 11 12 13 16 Number 

19.51 L4 908 37o2 4308 608 Oo7 0.2 1113 
1952 1.8 10.l 2'8Jf 35.8 1605 4o7 L5 Oo7 Ool 716 
19.53 Oo5 506 llo5 9o4 17ol 26o5 1806 7o4 208 Oo3 0.3 392 
1954 0.4 3.3 18.6 18.5 14.5 19.4 18.4 6.o 0.9 Ool 0 0 806 
19.55 Oo3 4.9 26.7 21.8 1604 7o3 6 .7 7°3 5.9 2.2 0.5 371 

Lack of exploitation after the closure was evident in the marked diff
erence in percentage frequency of 7- and 8-year-old fish in 1951. This differ= 
ence has carried through to 1955 where it may still be seen between 11= and 12= 
year~old fisho T):iere is evidence of some recruitment of 4- and 5-year=oldv s in 
1953. By 1955 the bulk of the accumulated stoc'k had been removed and the fish
ery was again dependent on young fish. 

Average length and age of Union Bay lemon sol e increased steadily untii 
1952 9 when the largest commercial fishery took place. Since that time there 
has been a decrease in average length and a corresponding decrease in average 
age. 

5o Age composition of rock sole in Hecate Strait 

Samples continued to be taken from the northern Hecate Strait ro ck 
sole fishery. The table below shows the age composition as determined by otolith 
readings for the years 1953=5.5. 

4 5 6 7 8 

Female 
1953 3o2 20o7 43ol 19o9 7.2 
1954 9.8 43.3 30.6 1008 3o2 
19.5.5 L 7 21..5 3.5 .5 22 08 10o4 

Male 
19.5 3 7o2 3708 32o7 14o4 508 
19.54 14ol 54o0 23o9 5o9 1.8 
1955 4.0 31.4 37.7 20.9 4o0 

Percent frequency 

9 10 11 12 

3 o.5 1.5 Oo8 0.1 
L2 0.4 0.5 Ool 
4o0 2o3 Ll 0.5 

L6 Oo2 Oo2 
Oo3 0 0 0 0 
L9 Oo2 

13 14 

0 0 

0 0 

0 0 

0 0 

Number 

2093 
2002 
1131 

1230 
1164 

430 
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The relationship of brood streng t h to water temperatures is more clearly 
def ined in the roqk sole than in the lemon sole 9 particularly i n female fisho 
The 1947 year-class was particularly strong as 6- year- old fish in 1953 9 but was 
supplanted by the 1949 year=c lass (appearing as 5- year=olas) i n 1954 0 This 1949 
year- class carried through to dominate as 6-yea r - old fish i n 19550 

In male fish p the 1949 year- ciass can be seen distinctly as the strong 
5=year-olds and 6- year - olds of 1954 and 1955 9 respectively. However » the 1947 
year-class seems to have been overshadowed slightly by the 1948 year- cl ass. Male 
fish are considerably smaller at the same age than female fish - so that apparent 
year-class strength in younger fish may be complicated by net selection or culling 
by the fishermen , The Hecate Strait rock sole fishery continµes to be dependent 
on or dominated by younger age=groups of fisho 

6. Growth of gray cod in the Strait of Georgia. 

Gray cod tagging in the Swanson Channel and Nanoose Bay areas has pro 
vided some indication of the g rowth of that species in the Strait of Georg i ao 
Though returns for a complete year have been sparse 9 it is already evident t hat 
there are differences in growth between the two areaso 

Returns from immature Swanson Channel fish free for a period of twelve 
months have shown average growth i ncrements of 15 cmo 9 whereas fish of comparable 
size tagged and recovered at Nanoose Bay have shown growth of only 10 cmo for 
a similar period. Mature fish (greater than 54 cm o when tagged) tagged on the 
Nanoose Bay grounds and recovered one year later have increased only 5 cm. in 
length. 

Measurement of tagged fish sho~s t hat the growth rate is rapid in the 
winter months. In Swanson Channel 9 immature fish ranging in length from 40 cmo 
to 53 cm. and tagged between November and January 9 were found to grow an average 
of 2.7 cm. (Ll inches) in an eight =week period. In the same interval mature 
f i sh ranging in length from 53 cm. to 80 cm. grew an ~verage of 1.7 cm. (0.7 
i nches). Growth for the eight-week period i n Swanson Channel when extended at 
the same rate for a period of one year 9 agrees rerrarkably well with the actual 
growth for the year. From this an assumption of constant growth throughout the 
year might be made» but more returns are required before a firm conclusion can 
be drawn. 

7. Growth of blackcod in captivit~ C.R. Forrester and 
K.S. Ketchen 

In March 9 19.55 9 an exper:imental tagging of bla ckcod was conducted at 
this Station to determine the efficacy of various types of tags, Fish were 
tagged and released in the outdoor concrete tanks and fed a diet of chopped 
herring. Unfortunately a h igh concentration of amphipods present in the tank 
pl ayed havoc with the t agging wounds of fish with the result that information 
on the relative merits of the va r ious tags was lost. However » identificat .ion 
of the fish by tags did permit compar isons of growth during the term of the 
experiment. The fish were fed at regular intervals and at each feeding were 
fed to the point where they no longer displayed interest i n the herring. Growth 
i ncrements have been plotted below for the period .of the test when most recoveries 
were made o After that time warm weather and l ow tides made water control in the 
tanks uncertain and the experiment was terminated. 

.. 
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Size groups at t :ime of tagging ( crn. ) 
34- 37 3B=41 42 =45 46 ~49 50-53 54- 57 58=61 

No. of fish 4 9 6 6 4 0 0 1 
Av. growth 

increment (mm.) 93 90 84 58 47 35 

The growth shown by these fish is considerably greater than has been 
revealed by investigations of age and growth of wild fish. Comparisons of 
growth rates with those known for wild fish suggest that if the phenomenal tank 
growth could be maintained it might be possible to raise juvenile blackcod 
(2- year-olds) to commercial size in approximately one-quarter of the time re
quired in the wild, namely 9 in little more than one year instead of the usual 
four or five. There is therefore some basis for investigating further the 
commercia~ feasibility of such an operation. 

w HALE - G.c. Pike 

The 1955 whale catch 

A catch of 629 whales consisting of 122 fin, 37 humpback, 11 blue, 36 
sei, 320 spenn and 3 Berardius , was taken by 6 catcher boats operating from the 
Coal Harbour station from April 2 to September 25, 1955. 

The success of the season as measured by catch per catcher's day's 
work, a unit of effort which considers the number of catchers, the length of 
the season and time lost due to repairs and weather 9 was good compared to 1954 
and 1953. For the first year since the operation began in 1948 the total catch 
failed to show an increase over the previous year. This was partly the result 
of poor weather. In 1955, 341- of the possible whaling days were lost because 
of poor weather as compared to 29j. in 1952, and 25j. in 1953 and 19540 Without 
the loss of these additional whaling days the catch would no doubt have been 
much better in 19)5. 

No. of Catch per catcher's day's work 

No. of catcher's Blue 
whales day's whale All 

Year caught work Blue Fin Hump Sei Sperm units species 

1952 465 444 0.04 0 054 0.14 0.05 0 .28 0.35 lo0.5 
19 .53 539 611 0.01 0.30 0.08 0.02 0.45 0.23 o.88 
1954 630 7.50 0.01 0.20 0.14 0.18 0.31 0.20 o.86 
1955 629 691 0.02 0.18 0.05 0.20 0.46 0.18 0.90 

The species , the size 9 and the fatness of whales caught must be con-
sidered when judging the success of a whaling season. Sperm whales must be 



- 146 = 

considered independently of the baleen whales because they yield a different type 
of oil. Species of baleen whales vary in their yields of oil in the approximate 
proportions of : 1 blue = 2 fins = 2 1/2 humpbacks : 6 seis . The 1955 season 
shows an exceptionally good catch of sp erm whales whose average size and fatness 
was simila r to previou s years. The catch of baleen whales, expressed in "blue 
whale units" , was smaller per unit of effort in 1955 than in the previous three 
years , chiefly as a result of a l a r ger proportion of sei whales relative to the 
more valuable fin and humpback whales. The catch of fin and humpback whales 
in 1955 was smaller per unit of effo rt than in any previous year. The average 
size of baleen whales varies little from year to year. The thickness of the blubber 
covering, however, varies considerably. Feeding conditions for baleen whales were 
poor in 1955 as indicated by the relatively thin blubber and the high incidence 
of stomachs which were empty or nearly empty. The average thickness of blubber 
on fin whales, expressed as a proportion of body length , was 0.3410, in 1955 as 
compared to Oa38i in 1952. 

Age 2 growth and maturity of fin whales 

Data pertaining to age , growth and maturity have been collected from 
8?3 fin whales taken during the years 1949 to 1953 inclusive. These whales 
comprised 448 females , of which 46jo were immature, and 375 males, of which 52jo 
were immature. The mature females comprised 55jo pregnant whales, 3oi resting 
and 151- lactating. The$e proportions are representative of the entire catch 
of 892 fin whales taken during the period and they vary little from year to year. 
The catch itself, however, is not representative of the entire population. The 
50-foot legal length limit excludes most fin whales in their first year and a large 
proportion of fin whales in their second year. Fin whales entering British 
Columbia waters are transients and include mostly immature or young mature whales. 

Periods in the baleen plates and length-frequency groups have been used 
to study age and growth of immature fin whales. Tentative conclusions are that 
sexual maturity is attained usually at an age of 4 years and less often at ages 
3 years, 5 years or more. These ages correspond to average lengths of 60 feet 
for the females and 58 feet for the males. 

Periods in the baleen plates and length-frequency groups are of little 
use in the determination of age in mature fin whales. Following the first few 
years of rapid growth , wear at the tip of the baleen obscures early growth 
periods and length groups overlap, losing their identity. 

Corpora lutea persist in the ovaries of fin whales throughout life and a 
count of their numbers gives infonnation on relative age . Translation of 
corpora lutea counts in terms of absolute age requires additional knowledge of 
the age at first maturity, the interval between pregnancies and the number of 
ovulations per breeding season (since the species is polyoestrus)e Previous 
attempts to estimate values for these factors have given a variety of results 
and none nave proven entirely acceptable. Important results of the study of 
ovaries from 203 mature females are summarized below. The method of study 
involves a recognition of corpora lutea of recent origin as distinct from 
corpora in various stages of regression . 

The interval between breeding periods is usually two years, seldom 
less , out may sometimes be three or more years. Of 58 females which had 
ovulated in their first season as mature whales , 83j. were impregnated with an 
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average of 1.7 corpora l utea and 171- had ovulated unsuccessfully with an average 
of 1 04 corpora lutea. An average of 2o4 corpora lutea accumulate prior to sub 
seq_uen t pregnancies. The i .ncrem ent is greater in older whales o 

An age schedule based upon a freq_uency tally of corpora lutea numbers 
in the ovaries of 203 mature femal e fi n whales is presented belowo The increments 
have been arbitrarily adjusted t o compensate for the occurrence of unsuccessful 
ovulatory periods which result in intervals of 3 instead of the usual 2 years 
between successive pregnancies, and for larger increments in older wha+es. The 
calculations assume that sexual maturity is attained at an age of 4 years. 

Percent of all 
Age in years Number of whales mature females 

49 5 82 40 .5 
6, 7 57 28.0 
8, 9 27 13.5 

10, 11 17 BoO 
12, 13 8 4.0 
14, 15 3 1.5 
16' 17 4 2 .0 
18, 19 l Oo5 
20. 21 3 1.5 
22, 23 1 0.5 

A signif icant feature of this age schedul~ is that the sto ,;k or' fin 
whales serving the British Col umbia indust ry consists mostly of young animals. 
Forty=six percent of all the female s were i mmature and these comprised mostly 
whales in their 2nd and 3rd years o An additional 18j. were taken during the 
first breeding season and most of t hese (those pregnant and those which had 
ovulated unsuccessfully) had not yet reproduced. Approx:l.mately 65j. of all 
females taken were less than 6 years of age. 

A similar approach to the ~roblems of age 9 growth and maturity is 
being used in studying the other species of baleen whaleso 

Gr ay whale 

Ten Cal ifornia gray whales (Eschrichtius glaucus) were captured and 
processed under spe cia l government p ermit i n April 9 1953. Data recorded during 
the examination of these whales include measurements of body parts, and notes 
on external characters , colour, baleen , food, parasites , condition of the re = 
productive organs and physical maturity. The material provides the first com= 
prehensive description of the external form of the species from the north-east 
Pacific and a comparison of external features with gray whales taken in the north
west Pacific. It provides i nformation on age 9 growth and maturity which has not 
been hitherto reported on. The broad aims of the study are ,to provide terms of 
reference on breeding 9 growth and age ~s a point of departure for future studies 
on the species o 

Publication of the results of the examination of these 10 specimens 
has been withheld pending the ac cumulation of information on migration by means 
of q_uestionnaires sent to lightstations located at vantage points on the coast. 
The full report will be submitted for publication in 19 56 o 
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Some important results of the study are as follows : 

(1) There are no specific or racial differences between the gray whales 
from the eastern and western North Pacific i n body form and colouro Body pro= 
portions vary wi th total length ; head part~ become relatively larger and tail 
parts rela tively shorter as length i ncreaseso 

(2) The average length at birth is near to 17 feeto Gestation lasts 
almost one year and is followed by a resting periodo Avera~e lengths of approx= 
imately 27 9 32 and 3.5 feet are attained by females at the end of the :).st 9 2nd 
and 3rd years 1 respect ivelyo In female s 1 sexual maturity i s usually attained 
at the end of the 3rd year but the age may varyo Growth ceases at an average 
length of 4.5 feet for fenales and 42 f eet for males o 

(3) Northward migrating gray whales pass along the coe.s~ of British 
Columb ia close to shore from the middle of Feqruary to the end of April and in 
some years the middle of Mayo The peak run is in Marcho During this migration 
the blubber is extremely thin. The oil yield of non-pregnant adults taken in 
April averages only about Boo gallons per whale o 

(4) Southward migrants pass the coast of British Columbia from October 
to January but f ew gray whales are seen at this time 9 suggesting that the main 
run occurs offshoreo 

CRAB AND SHRI MP I N V E S T I G A T I 0 N S T oHo Butler 

Crab 

The crab fishery of the Queen Charlotte Islands has been studied since 
1~47 to discover and explai n fluctuations in the fishery and assess the need for 
regulation. At present the fi shery is restricted , by a size limit 9 to the taking 
of large male crabs. The research program i s divided into three pha~e~~ tagging 9 

sampling, and life- history studieso 

1. The 19.5.5 Queen Charlotte Islands crab fishery 

A record Brit ish Columbia crab ca tch of 4 9 .514 9 300 pounds was made i n 
19.5.50 The catch from the Queen Charlotte Islands (not including U.S . landings) 
accounted for 2 9 676 9 600 pounds or 59o3i of the total production of the provinceo 
In tbe following summary the succes s of fishing is given for each of the separate 
geographic fishing areas. 

(a) Naden Harbouro This is the smallest of the fishing areas. Fishing 
is carried out during the spring and fall seasons by a fleet of small vessels. 
During 195.5 9 23 , 123 pounds were taken from April 9 to 30 9 and 20 9 080 pounds from 
October 4 to 27 for a total of 43 , 203 pounds . The 19.54 catch was 111 9 730 pounds. 

(b) Mcintyre Bay. The season during 1955 extended from April 1 t o October 
27. The total catch was 1 1 383 1 397 pounds , compared to the 1954 catch of 1 9 167 , 770 
pounds. Crabs were abundant at the s tart of the season and continued to be until 
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August 9 when the i ncidence of soft crabs i n the traps resulted i n uneconomical 
fishing. A voluntary closure by the i ndustry was put into effect from September 
1 to 20. The cond ition of t he crabs at t he end of t he closure was fa i rly sat= 
isfactory but i t is believed that with a furthe r extension until October 1 t he 
crabs would have been completely usable. In t4e 1954 Annual Report 9 a closure 
from August 1 to October 1 was rec ommended . 

(c) Hecate Strait. Fishi ng in t his area was carried on from April 15 t o 
October 28. 'l'he total cat ch was 1 9 926 9 940 pounds ; in 1954 the catch was 1 9 628 9 536 
pounds. 'Dhis area is exploited jointly by Canadi an and United States vessels o 

I~ l95.5 9 Canadian fishermen caught 1 9 2,50 9 067 po~ds or 64.91. of the total l andings. 
The catches of Canadian and United States vessels from 1950 to 1955 are shown 
below: 

Year Canadian cat ch UoS o catch Tota l catch 

19.50 354 ~ 986 l bso (28ory1-) 880 9 292 l bs .(71 .3j. ) 1 9 23.5 9278 l bs o 
19.51 489 9 486 l bso(33aB1-J 960 9 749 lbs.(66021-) 194,50 9 235 lbs. 
l952 699 9400 lbso(37a4j. ) 1 9 169 9062 l bs.(62a61-) 198689462 l bs. 
195 3 659 9 605 lbsa(32ol1- ) 1 9 396 ,320 lbs.(67.9j.) 29055 9925 lbs a 
19.54 679 9100 l bs.(58.3j. ) 949 9 43 6 lbso(41.7j.) 1 9628 9536 lbs a 
195.5 1 9 250 9 067 l bsa( 64o 91-) 676 9 873 lbs.(35.1jo) 19n6 9 940 lbs. 

2. The 1955 tagging experiment 

In 1955 ~ crabs were marked using a type of tag not lost during t he 
moulti ng o ,Th i s tag 9 developed for the Blue Crab (Callinectes ) on the Atlantic 
coast of the United States 9 was first used for the Pacif ic crab i n 1954· At 
that time 9 92 were male crabs 9 mostly below legal size 9 were tagged in Naden 
Harbour ; eleven of the tags were recovered from 19 52 to 1954. The objective of 
the 1955 tagging was to obtain i nformation regarding movements of sub-legal = 
size crabs 9 growth 9 and natural mortality. 

A total of 2094 crabs was tagged i n the three fish i ng areas of Hecate 
Strait 9 Mcintyre Bay 9 and Naden Harbouro Tagging i n the two former areas was 
carried out from commercial crab boats 9 while i n the latter area a chartered boat 
Atta_ Boy was used o There was a total of 423 r ecovered tags f r om all areas. 
The following table shows the numbers of tags released and the recoveries accord
ing to fishing areas o 

Taggi ng area 

Hecate Mcintyre Na den 
Strait Bay Harbour 

No o ta~ged 
Legal size 241 279 112 
Sub=lega l size 662 640 160 

No. recovered 
Legal size 100 (4L5j.) 100 (35 081° ) 5 (4 • .51· ) 
Sub =legal size 122 (18 a41o ) 93 (14 .51.) 3 (L 81- ) 
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(a) Hecate Strait. Of the 122 recoveries of sub- legal- size tagged cr abs 9 

61 showed evidence of movement. The most significant direction of movement 
was offshore (west to east) ; 36 recoveries showed average movement of about 6 
miles. An inshore movement (east to west) was shown by 10 recoverie s» moving 
an average distance of about 3 miles . A northward movement was s hown by 9 
recover i es » and the average distance moved was about 4 miles. Movement to the 
south was indicated by 6 recoveries, and the average movement was about 3 miles. 
Eight recovered tags showed mov.ement across Hecate Strait (1.5 - 19 miles) during 
course of fishing season. 

There were 100 recoveries of legal size crabs ; 38 gave informat ion 
regarding movement. Offshore movement was shown by 21 with an average movement 
of about 7.5 miles. An inshore movement was shown by 12 with an average distance 
of about 2.5 miles. Movement to the north was indicated by 4 recoveries, with 
an average movement of 4 miles . One recovered tagged crab had moved an i ndefin
ite distance from Hecate Strait to Mcintyre Bay. Three recovered tags showed 
movement across Hecate Strait (13 - 22 miles) during the summer f i shi ng season . 

(b) Mcintyre Bay. Of the 93 recoveries of sub - legal size 9 24 showed evi 
dence of movement. An eastward movement (towards Rose Spit) was shown by 10 
of the recoveries, with an average distance of about .5 miles . The westward 
movement was indicated by 7 recovered tags, and the average movement about 3 
miles. There were .5 recoveries which showed a movement around Rose Spit into 
Hecate Strait , a distance of about 19 miles . 

Recoveries of legal - size crabs t otalled 100 tags ; 24 gave evidenc e of 
movement. The most significant movement was eastward with 1.51" of recover ies 9 

showing an average movement of about 4 miles. A westward movement was shown 
by .5 recoveries, and the distance moved was about 3 miles. One recovery showed 
an inshore movement of less than a mile; and one recovered tag showed an offshore 
movement of about 1 • .5 miles. Two recoveries were made in Hecate , and th e tagged 
crabs had moved an average distance of 17 miles. 

(c) Naden Harbour. No information regarding movements of tagged crabs was 
obtained from the few 19.5.5 recoveries . No explanation is available for the 
relatively few recoveries of tagged crabs in Naden Harbour. 

The objective of the 195.5 tagging experiment was accomplished in part . 
Tag recoveries showed that the small male crabs move about in much the same way 
a1:1 crabs of commercial size . Three unconfirmed reports of the moul ting of 
tagged crabs were obtained from fishennen ; in one case the reported growth wa s 
in line with available information from moult i ng records . However 9 more data 
on growth is expected from recoveries during the 19.56 season. 

3. Sampling for post - larval crabs 

Experimental fishing to determine' the abundance of post-larva l crabs 
was continued during 19 5.5. A chartered troller Att a Boy carried out the work 
during September in Naden Harbour and Mcintyre Bay. The results from 19.53 to 
1955 are summarized in the following table : 
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McIntyre Bay Naden Harbour 
19.53 1954 19.5.5 1953 19.54 1955 

Number of tows 68 25 43 40 28 35 
'rows with crabs 48 .5 13 22 7 4 
Crabs per tow 25.8 2.2 4.1 66.5 11.'1 1.5 
Tot; al cra,bs 1240 11 54 1464 82 6 

In both areas 9 post-larval crabs were most abundant in 19.53 9 with 
25.8 and 66.5 crabs per t ow in Mcintyre Bay and Naden Harbour 9 respectively. 
In Naden Harbour youn~ cra bs were 44 .3 times more abundant in 1953 than in 1955; 
and in Mcintyre Bay 11.7 times more abundant in 1953 than in 1954. No definite 
explanation for these fluctuations i s available but they are believed to be 
due to the effect of environmenta l fac tors .on larval crabs n rather than diff~r
enc es in the abundance of parent crabs. Further experimental fishing is planned 
during the 1956 season. 

A progress report outlining the results of this work to date has been 
prepared. 

4. Life=history studies 

(a) Breeding of male crabs. As reported in earlier Annual Reports 9 it is 
possible to recognize breeding male crabs by the presence of "mating marks" Qn 
the ~arge claws. During 1953 and 1954 9 5 9 059 male crabs were examined 9 and 
1 9 521 or 30.1i had mating marks. Annual and regional differences were found 
i n the occurrence of mating marks; from 16.2 to 51.9i of crabs in the various 
samples had marks. There were also variations in the numbers of sub -legal 
males with mating marks; from 3.7 to 20.oi of small males in different samples 
had the marks. The carapace width of male crabs with marks was from 10.7 to 
21 .8 ems. 

In 1953 9 a sample of 353 legal sized males from Naden Harbour was 
examined for t .he presence of mating marks 9 and also to determine shell c ondi ti on. 
The degree of hardness of the shell and presence of fouling permitted separation 
into recently-moulted and unmoulted (for a year or .longeP) crabs. In this 
sample 9 about 65i of the UilJiloulted crabs had mating Infl.rks 9 and about 741- of the 
recently moulted males showed no marks. Therefore marks were found less fre 
Quently on newly-moulted crabs of the legal size group. It is likely that these 
males mated before moulted or would mate aft er the shells were hardened. 

A close ex8Il).i nation of mat ing marks has revealed that there are 
differences i n the distinctness of marks. The marks va'J:Y from a few sharp scra= 
tches to a wide deeply=worn band (in some cases 9 the chitin is worn through com
~letely). It was also noted that the degree of wearirl:g varies directly with 
the hardness or fouling of the shell. There seem to be three possible explana
tions in cases of heavy wearing ; (1) that the male has carried a single female 
for a long period 9 (2) tµat the male has mated with a single female in each of 
several seasons 9 (3) that the male is polygamous~ i.e. it mates with several 
females during one season. 

Ther e does not seem to be suffici ent evidence at the present to deter
mine definitely whether the effect is due to one or a combination of the above 



factorso The fact that male crabs are polygamous i n captivity lends support 
to the last explanation. 

An article describing mating marks and their use in determining the 
size range g shell condit ion and behaviour of breeding males has been prepared 
for publication. 

(b) Growth from moulting records. Little information is available on the 
growth of crabs in the commercial size range. Further information is needed 
on the increment at moulting» and the frequency of moulting. From 1953 to 
19.5.5 g 66 moulting male crabs from Hecate Strait and Mcintyre Bay have been 
measured . The size=range of these crabs was from 12.9 to 18.6 ems. Moulting 
crabs were taken from traps 9 and the increments are believed to be representative 
of natural moulting. A summary of the moulting records is presented below : 

Size range Number Range of Average Range of Average 1. 
(old shell ) records i ncreases increase ~ increases increase 

I 

12o9=14o0 cm. 11 2.7 =3 .4 cm . 2.9 cm •. 19 .6=24 .61. 22 .11. 
14.l=l.5.0 cm. 17 2.3=3.5 cm. 3.0 cm • . 16.3- 23.8j. 20 .81. 
15.1=16.o cm. 17 1.8=3.4 cm. 2.9 cm. ll.5-22.1% 18.8% 
16.1-17.0 cm. 12 2.2=3.8 cm. 3.1 cm. 13 .2- 22 .61. 18. 71· 
17.1-18.0 cm. .5 2.2-3 • .5 cm. 3.1 cm. 12.7-19.6% 17.4% 
18.1=1806 cm . 4 2 .5-3 •. 5 cm. 3.0 cm. 13 .6-19 .31. 16 .5j. 

These moulting records show that the growth increments of male crabs 
of legal size in the Queen Charlotte Islandsare greater than reported by Dr. 
D.C.G. MacKay f~m Boundary Bay 9 B.C. 9 and also greater than increments reported 
by Mr. F.C. Cleaver from State of Wash i ngton. The records also show a gradual 
decline in the percentage increase in size at moulting. This reduction in 
growth of the larger male crabs is not sufficient to make their conservation 
impractical. The larger crabs are more valuable (about 25% more as frozen pro
ducts) but natural mortality has not been considered here and at the present 
time no estimate of natural mortality is available. 

Explorations for shrimp 

.
1 

Exploratory fishing to locate new shrimp grounds commenced in 19.53 
at . the request of the industry. Since that time most of the inshore and off
shore regions of British Columbia coast have been explored. Five new grounds 
of differeµt size and potential have been located ; two of these are being ex
ploited. The work has been carried out under the Industrial Development Vote 
of the Department of Fisheries . 

A summary of 19.54 results appeared in last year 9 s Annual Report p and 
a detailed report was released in a multigraphed circular (No. 3.5). 

In 19.55p the offshore r egion of the coast was explored. It has been 
decided to discontinue shrimp explorations for the time being. 

1. Result s of the 19.5.5 explorations T.H. Butler and G.V. Dubokovic 

The program was carried out from June 16 to August ll g using the 
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charter vessel Glendale Vo One hundred and fifty t .rawl tows were completed 9 

from 48 to 112 fathoms ; and 8 prawn traIEset from 40 to 80 fathomso 

Although shrimps were caught in all parts of the off shore region 9 the 
present prospects for a commercial fishery are not goodo In several areas the 
abundance i s similar t o that i n established inshore fisheries for small boats. 
Larger 9 more seaworthy trawlers are requi red for offshore fishing ~ and the oper
ation of such vessels is uneconomical with the rate of fishing found during 19550 
The size of the shrimps offshore (about 200 to the pound) also makes them less 
valuable than the larger inshore shrimps (80- 100 to the pound)o 

The best fish i ng of the offs hore project was found west of Estevan 9 

on the west coast of Vancouver Island o In the most productive tow "smooth 
pink 11 shrimps (Pandalus jordani ) were taken at t he rate of 324 pounds per houro 
The trap catches of prawns were very pooro Several inshore regions were sur= 
veyedo In Smith Sound 9 seven exploratory trawl tows gave promising results» 
but further work i s necessary to determi ne t he possibilities for fishing in 
this r egion o 

A mul t i graphed c i rcular (Noo 39) on the results of the offshore explor
ation has been preparedo 

INVESTIGATIONS 0 N MARINE BO:RERS F.HoCo Taylor 

Test ing of wood preservatives 

In March 9 1953D in cooperation with the Forest Products Laboratory 
of the Forest ry Branch 9 Department of Resources and Developments an experi 
ment to test the efficacy of certain substances in preserving plywood against 
the attack of marine borers was beguno This experiment is still in progress 
and will cont inue until all blocks disintegrate or are lost o The Forest Pro
ducts Laboratory is responsible for all details concerning the treatment of 
the blocks 9 t he Biological Station 9 Nanaimo 9 BoCo for the assessment of the 
degree of i nfestation by marine borerso 

In t h i s experi ment v one=foot-square 3/ 4" plywood panels are mounted 
on three rackso ~ach rack contains 3 control (untreated) panels and 12 test 
panels 9 one of each t~eatmento Panels are arranged randomly in the racks 
except that a cont rol panel occurs in each t hird of each rack and each treat 
ment occurs once in the t h ird 9 second or first third 9f a racko The racks are 
suspended below zero ti de l i ne 9 a foo t off t he bottom and are exami ned at 
intervals o 

The panels were placed in the water on March 1/ 9 1953 9 and exami ned 
on Augus t 11~12 9 1953 9 were returned to the water on September 10 9 1953 9 and 
re- exami ned on June 24 and 25 9 19.54 o A long delay during which the blocks 
were kept in cold storage 9 ensued before they were returned to the water on 
April 15 9 19550 On each exami nati.on the blocks were photographed for 
qualitat i.ve est i mat i on of a record of fouling by encrusting organisms 9 scraped 
clean and examined for a qualitat i ve estimate of surface damage by the isopod 
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Li mnori a and X- r ayed so that counts could be made of shipworms (Banki a)o The 
treatme~ts used and t he number of shi pworrns found i n two exami nat i ons are 
shown in the accompanying t ableo The bl anks indicate that the panels were 
lost i n winter s torms during the second immers ion periodo 

Tr eatment 
I mmers ion 

time 

1st Examinat ion 

Ra.ck Ra.ck Ra.ck 
Immer s i on 

t ime 

2n~ Examination 

Rack Ra.ck Raek 
A B C Mean A B C Mean 

Pressure Treatments 

Creosoteg 1 2 l bo /CUoft o 
. 18 l b o/cu oft 0 

24 lb~/cu ofto 
Pentachlorophenol 

0 
ID! 

0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 0 

co 
co 
N 

0 0 
0 0 

51- pent a g 0· ~:5 l b o/cu oft 0 

1 o0 l b o/cu oft o 
0 
0 

0 
0 

0 
0 

0 
0 

~8 
64 

0 0 

0 .o 

31 .50 
0 32 

Cold Irmnersion 
Treatments 
Copper napht henateg 

31- Cu 24=hro i mmers i on 
31- Cu 48=hr o i mmersion 
3!1- qu 24=hr o i mmers i on 
3!1- Cu 48~hro i mmers i on 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 

0 0 

0 0 

0 0 
0 0 
0 0 

.Brush Treatment s 
Osmo=creo g 1 l bo per 

15=1.8 sq o f t o 0 1 "? 600 o o 7 600 76-oo 
Pentox dark greeng l galo 
to 400 sqo f t o (2 coats.) 

Cop=R=Nap: l galo t o 400 
0 0 0 0 19 33 

sqo ft. (2 coat s ) 
Control 
Control 

0 

13 

9 
9 

0 

lb 
32 
5 

0 

.5 
20 
29 

0 

llo3 
20o3 
l4o3 

447 301 47 265 
7600 ,600 )600 1600 

)600 00 )600 )600 
Control 0 0 0 0 0 0 

During the first i.rnmersion period (March to August D 1953) small numbers 
of shi pworms were found in the control panels and one in an osmo- creo panelo 
During the second i mmersion period (September 9 1953 9 to June 9 1954) the control 
panels were compl etely riddled . Counts exceeded 600 to the square foot 9 the 
maximum that it was found could be counted a ccuratelyo The osmo- creo panels 
were also completely r i ddled. Of the remaining two brush treatments Cop=R=Nap 
showed a high degree of infestation and Pentox dark green medium infestationo 
The pres~ure treatment with pentachlorophenol was not very effective and in
festation was mediumo All creosote and copper naphthenate treated blocks re= 
mained completely free of shi pworms o 

On the f i rst examination it was found that all treatments had been 
effective in materially reducing or eliminating attacks by Limnoria. Penta= 
chlorophenol 1/2 lbso per cuo fto was 169.st effective 9 pentachlorophenol l 
lbs o per cu o ft o and osmo=creo slightly more so 9 pentox dark green and Cop=R=Nap 

0 0 
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still more so 9 while all creosote and copper naphthenate treatments were com
pletely effectivea On the second examination it appeareu that very li~tle 
additional damage had been caused by Limnoriao Possibly this crustacean is 
not as active during winter and spring as it is in late summera The destruc= 
tion of the surface of the panel s by Li mnori a may be a factor in permitt ing 
infestat ion by Banki a 9 particularly i n ·t hose panels with brushed on non
penetrating treatmentso 

None of the preservatives were effecti.ve in materially reducing 
fculing by encrusting organisms such as barnacles and musselso 

Shi pworm Investigations in the St eveston Harbor Ba.sin 
RoJo LeBrasseur 

In the fall of 1954 the Department of Public Works reQuested the 
assistance of the Bi ological Station 9 Nanaimo 9 Ba Co for an oceanographic survey 
of the Steveston Harbor Basin and approacheso The survey 9 conducted by Se Tabata , 
Pacific Oceanographic Group 9 revealed t hat there was sufficient salt water entering 
the Basin for the shi pworm 9 Bankia setacea Tryon 9 to surviveo A subseQuent survey 
desc ribed the mechanism for the entry of the larvae of Bankia into the Basino 
Essentially 9 th i s is a tidal phenomenao As the tide rises a layer of salt water 
moves along the river bed under the overlying fresh water 9 carrying the planktonic 
Bankia larvae with ito In the Harbor Basin the salt water is retained approx
imately 5 hours longer than in the river depending on the tidal height and the 
fresh - water dischargeo In addition it becomes entrapped in depressions in the 
floor of the Basin which further ass ists larval settlement a In December 9 1954 9 

five sites for test- block sampling for larval settlement at different depths 9 

ioeo9 2 9 4 9 69 8 and 12 feet above the bottom 9 were establishedo Examinations 
of these 9 and subseQuent blocks revealed that Bankia larvae were sett l i ng in 
the area o 

Following the discovery of Bankia a routine joint program by the 
Department of Public Works 9 Biological Station 9 Nanaimo and the Pacific Ocean
ographic Group 9 was undertakeno Weekly observations of temperature and sal= 
inity were made by means of a Solu Bridgeo The number of sampling sites was 
doubled and the test blocks examined at monthly intervalso In addition it was 
suggested that blocks containing living Bankia be placed at each sampling 
site to determi.ne t heir survival under the various conditions of salinity and 
cannery effluents a 

It was found that infestatiotl occurs in all months 9 except June and 
July 9 but only at depths greater than 15 fee t below=zero tide datum 9 the mean 
depth of the Basino Infestation was 9 therefore 1 limited to those depressions 
extending below the floor of the Basin o It was particularly heavy at the head 
of the Basin 9 where salt water in excess of 20 °/oo was retained 9 even during 
the freshet periodo At t he other sites where infestation was observed the salt 
water was kept out of the Basin for nearly five weeks during the freshet period~ 
May to Julyo 

Judging from the salinity observations the larvae which settled in 
December 9 1954 ~ are probably aliveo Since August 9 1955 9 the larval settle= 
ment has risen from 500 to 900 per SQUare foot per month at the bottom test blocko 
This gives a cumulative total of 2 9 700 shipworms per SQuare footo The very large 
increase suggests that mature Banki a are established in the Basin and are re
producingo Exami nation of the test blocks for larval settlement and growth in-
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dicated that t he larvae are quite susceptib l e to relatively small changes i n 
salinityo Larvae were observed to settle i n salinities as low as 15 °/oo but 
they failed to survive o Only where the salinity was 20 °/oo and greater did 
they show any growtho These observat ions a r e i n contrast to those reported \ 
for adu1t Banki a which have been reported as active i n sal i nities as low aeJ 
5 °/ooo 

As a result of the investigat ion it was concluded that a ll pilings 
which extend more than 15 feet be low the zero=tide datum need i mmediate pro 
tectiono I t was recommended that t he depressions i n the Basin be filled to 
the level of the main floor in order to prevent any furt her retent i on of salt 
water o 

P 0 L L U T I 0 N Mo Waldichuk 

Pollution studi,es have concentrated on effluent disposal. from pro 
posed new pulp mil ls and expans ion of existing oneso The work has been closely 
coordinated with the administrative branch of the Department of Fisheries 9 

from which the i ndustry obtains authority for allowing wastes to enter waters 
supporting fish o The policy that "prevention is more effective than abatement" 
has been conttnue d in dealing with pollut ion problemso 

Assessment of pulp=mill pol lution in British Col umbia 

lo Present status of pul p mills 

Old pulp mills in existence i n British Columbia today produce a variety 
of pulp and paper products by processes which create a greater pollution hazard 
in their effluent disposal than modern techniques" ln most such mills 9 sulphite 
chemical digesti on is employed where all products excepting the pulp are discharged 
into the sea or other receiving waters o An economical recovery process for re
clamation of the salts in sulphite waste liquors has not yet been perfected for 
wide useo Most new mil.ls are installing the sulphate (Kraft) chem i cal process 
for their pul p product i on o This method permi ts reclamation of the salts by evap
oration and burning of the organic materia l for heating " In general 9 effluent 
from a given tonnage of sulphite pul p produces about 10 times as great a pollution 
hazard as that from an equal tonnage of Kraf t pulpo The present state of pulp 
mill production and pollution therefrom in British Col umbia is shown in the 
accompanyi ng table o 

2o Type pollution conditions in BritJ.sh Columbia 

There has been a sufficiently large diversity of type situations examined 
in pulp-mill pollutio n of marine areas to make some generalizations o The regions 
will be classified according to geographical typeso 

(a) Fiord typeo Numerous pul p mills along the British Columb i a coast are 
located at t he head of an i nlet 9 often adja cent t o an estuaryo The choice of 
such a locality stems from the availabili ty of good forests nearby 9 ease of 
transportation of logs from i nlet l ogging regions v fresh=water supply v powerv 
and favourable harbour facil ities o 'rhese T!lills may dis charge their effluent 



Pulp mill 

Port Alice 

Ocean Falls 

Powell River 

Vfoodfib re 

Duncan Bay 

Port Alberni 

Harmac 

Crofton 

Port Edward 
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Present status of pulp mills in British Columbia 

Location 

On Neroutsos Inlet at :t\ead 
of Quats ino Sound o 

On Cousins Inlet off Dean 
Channel. 

On Strait of Georgia ~ 
north-east side o 

On Howe Sound = 
no rth=west side . 

On Discovery Passage just 
north of Campbell River . 

At head of Alberni Inlet 

On Northumberland Channelo 
j ust south of Nanaimo 

On Osborn Bay off Stuart 
Channel. 

i 

' Neighbouri ng 
Production status fisheri es 

Sulphite pulp 220 Sport fishing 
tons per day o Expanding. for salmon . 

Sulphite~ groundwood Commercial 
and kraft pulp. herring fishery 

in Dean Channel 

Sulphite and groundwood. Sport nshi ng. 

Sulphite and groundwood. Some commercial 
salmon fishery; 
sport fishing., 

Groundwood 300 tons/day.I Sport fishing 
Expanding. for coho and 

I spring salmon. 
I 

Kraft pulp 230 tons/day .I Small commer-
i .1 s lmon Expanding. c a a I and herri ng 

1 fishery ; sport 
I fishing. · 

Kraft pulp 600 tons/day . Commercial 

I 
herring fishery; 

, sport fis hingo 

Proposed new kraft pulp I Oysters ; troll 
mill. salmon ; spor t 

fishing. 

In Chatham Sound ~ on Watson \ Sulphite pulp. 
Island. 

Salmon fishery 
off Skeena 
River. 

into the path of mi grating salmon and other anadromous fishes . Thus precautions 
are necessary 9 where a valuable fishery is at stake 9 to prevent any serious con
dition of pollution. 

Fresh wat er draining into these inlets permits a mechanism of flush 
ing the effluent rapidly and effectively. Being of about the same dens ity as 
fresh water 9 pulp=mill effluent mixes only in the surface· brackish layer under~ 
going a continuous seaward displacement . Thus the most. effective control on 
the extent of pollution in an i nlet - t ype condition is (1 ) controlled discharge 
of fresh water above a certain minimum flow » ( 2) release of effluent at t he 
surface 9 and (3) maintenance of the effluent in the jet stream of the surface 
flow. 

In almost all cases of Kraft mill effluent discharge 9 the major 
poll ution pro blem lies i n the re duct ion of available oxygen in the water. 
Where dilution is suffi cient to overcome the oxygen demand 9 direct toxicity 
of the effluent to the fish becomes i ns i gni f icant. The problem of pulp•mill 
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effluent di s charge in volumes above t he level of natural receiving waters was 
met in the expansion plans of t he Port Al berni pul p mill . The effluent from 
the existing mill producing 230 tons of Kraft pulp daily can be effectively 
flushed from t he i nlet by natural conditions of river flow. But the expansi on 
to roughly .500 tons of Kraft pulp and about .500 t ons of newsprint per day 
would impose an oxygen demand on the inlet system in excess of t he natural 
supply. This i s particularly true with the reduced flow during lat e summer. 
Thus 9 i n order t o satisfy the i ncreased oxygen deman~ 9 the flow of fresh wat er must 
be controlled above a certain minimum. 

Other inlet -type systems v where pul p mills are found 9 are Port Alice 
on Neroutsos Inlet 9 Ocean Falls on Cousins Inlet v and Woodfibre in Howe Sound. 

(b ) Coastal seaway type. In t hi s type of location 9 the effl uent i s dis = 
charged directly int o t he seaway 9 use being made of the tidal mixing to remove 
the pollutant . There i s sel dom any estuary adjacent to such pul p=mill locations 
so t hat f isheries for salmon are not likely to be endangered . Substant i al 
tidal mixi ng in t he channel r eceiving the effluent provides rapid d i lution and 
dispersion. At the Harmac (Nana imo) pul p mill 9 the effluent discharges i nto 
Northumberland Channel 9 where currents r each a knot on certain stages of the 
tide. In t he case of Powell River p effl uent from the mi ll is rapidl y carried 
away by the waters of Malaspina Strait and Algerine Passage. Discovery Passage 
currents may reach 7 knots off Duncan BayP site of a proposed pulp=mill expan
sion v and the water is almost compl etely mixed f rom top to bottom. Dil ution 
here is rapid and extensive. 

Fi sheries 9 which can be af fected i n t his type of effluent di scharge» 
are t hose which i nhabit t he i nshore regions of spawn there. The spawning of 
herring near shore or the mi gration of juvenile salmon can be especially 
affected. In certain ca s es 9 shellfish may be l ocated i n t he path of outflowing 
effluente The location of a pul p mill or other i ndustrial establishment on 
a coastal s eaway 9 however ~ presents t he least dangerous type of effluent dis 
posal as far as fisheri es ar e concerned. 

(c) Restricted embayment type . Thi s t ype of region receiving industrial 
effluent exists only rarely along the British Columbia coast 9 but is common in 
tl;le U .s. Paci f ic Northwest (Wash i ngton and Oregon States). Being int el'I!lediate 
between the i nl et=type condition and the c oastal. seaway 9 the restricted embay
ment by virtue of its openness does permit some flushing of i ts waters to an 
adjoini ng channel. Generally 9 however 9 i t possesses a c i rculat ion a l l its own 
separate f rom t hat of t he adjoin i ng channe ls. Hence a certain amount of stag= 
nation results . 

The pro posed pul p mill at Crofton is an exampl e of t h i s type of sit 
uation . Osborn Bay into which the effluent wo uld be nonnally discharged is 
relatively sheltered from St uart Channel and it s flushing and circulation are 
sluggisho Si.milar conditions exist in Departure Bay and Nanai mo Harbour as 
observed i n earlier surveys. 

Specific pollution problems 

1. Osborn Bay effluent disposal problem 

The proposal to establish a new p~lp mill in Crofton was submitted to 
t he Department of F is heri es i n October 9 19.54. Subsequently 9 a survey was con~ 
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ducted in Osborn Bay dvring November 9 19.54 t o determine what pollution problems p 
if any 9 would be encountered in the event that pulp~mill wastes are discharged 
into the inner harbouro Data from ~his survey were examined to determine i f 
~urrents and water characteristics would be favo urab le for rapid removal of the 
efflue~to It was concluded that surface currents in Osborn Bay are sluggish 
and largely controlled by windso A general counterclockwise circulation exists 
there 9 wh i ch would tend to restrain t he pul p-mill effluent within the bayo 
Ti dal currents do not play a very vital role i n the flushing of waters from 
this sheltered regiono 

Osborn Bay is fringed p particularly at the northern end 9 by oyster
growi:p.g areas o Living primarily in the i nt ertidal zone 9 oysters are vulnerable 
to any harmful wastes found in the surface waterso It has been observed i n 
cases of pollut i on of .American oyster- farming regions that a certain detrimental 
effect does accrue in oysters sub jected to Kr~ft mill effluent for prolonged 
periodso 

Recommendations were made to the Department of Fisheries that a pipe= 
line be extended out of Osborn Bay and beyond the Shoal Islands to effect a 
release of effluent in deep water well removed from oyster- growing groundso 

Additional obs~rvations made in ~sborn Bay during late summer (September, 
1955) give further support to the inadvisability of releasing effluent into the 
inner bayo Near shore p duril+g periods of flood tide 9 the surface current sets 
into the bay o Moreover 9 the prevailing southeast winds direct the water shor~ 
wardo At some di stance from shore p however 9 there is a predomi nant northwest 
southeast flow of the surface current i n a line parallel to the shorelineo 
This would prevent effluent discharge at a depth of 10 fathoms from return i ng 
into shore o 

2o Duncan Bay pulP:mi ll expansion 

Pl ans for expansion of the existing El k Falls Coo pul p mill 9 located 
at Duncan Bay just north of Campbel l River p were submitted to the Department 
of Fisher i es i n January 9 19560 It has been proposed to expand t he present 
300-ton newsprint mill to 500 tons per day and 9 in addition 9 to i nstall facili ties 
for a 500=t on Kraft mi ll with a capacity of 175 tons per day for ful l - bleach 
Kraft pul p o 

Duncan Bay has been exami ned for any poss i bility that pollution might 
occur following the i ncrease in production and the increased effluent outputo 
Located on Di scovery Passage 9 where tidal currents may exceed 5 knbts 9 Duncan 
Bay i s sub jected t o rapid flushing , The pulp-mill effluent will discharge 
from a pipeline extending from a po i nt of land jutting i nto Discovery Passage o 
This will permit rapid mi xing and dispersal of effluento The outfall poi nt 
does not l i e a djacently to any estuarial r egion supporting salmon runso Adult 
salmon migrating from the Pac i fic Ocean to streams tributary to t~e Strait of 
Georgia navigate Discovery Passage 9 but are suffi ci ently far removed from . the 
outfall region i n their courseo However 9 juvenile salmon in their seaward trek 
hug the coastlinevseeki ng the shelter of small bays and i nlets along the wayo 
These young salmon would be of ma jor concern i f any pollut i on devel oped 9 i nasmu1.h 
as they may spend some t ime in the less exposed regions such as Duncan 13ayo 

It is not antic i pated that a serious case of pollution will occur as 
a result of t he new pulp-mill installationso Recommendations have been submitted, 
however 9 that careful observati ons be made on the effects of eff luent during 
the first summer of operation of the new millo 
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OCEANOGRAPHY Mo Waldichuk 

Fisheries oc eanography 

Work has been commenced on the r e l at ionship of environmental condit ions 
to t he fisherieso Much of t he prel iminary research has been directed toward 
a st udy of existing data on long=t erm oceanograph ic and meteorologic a l obs erva
tions and the relationship of these to t he year- to =yea r t r ends in f isher i e s o 
Certai n salient features i n the environmental trends appear to bear a rela t ion 
to the growth and size of stocks of certain f isho 

Emphasis i n f uture work wi ll be on the study of t he chemica l constit 
uents i n order t o determi ne t heir rel ationshi p to the f isheri es ~ The chemi cal 
studi e s will be coordinated with plankton studies and f i sheri e s exploration so 
that ljlilY relationships which may exist will be observed o 

L Environment al conditions and the fisheries 

Met eorol ogical data for cert ain stations a long the coast of Bri t i sh 
Col umb ia are available since t he yea r 19000 Fisheri es data of various sorts 
date back to 19100 Daily s ea=water observations provid~ a continuous record 
of sea surface conditions at numerou s stati ons a long the coast as f ar back as 
1914 0 Oceanographic survey dat a in varying degrees of coverage have been r e 
corded since 19260 Mean mont hly sea=level fluctuations at tide-measur ing sta tions 
along the coast are available to 19180 All these dat a show certa i n r elat ionships 
with one anot hero A 1.arge inci.dence of northwest wi nds of f the west coast of 
Vancouver Island » for example s during a particular month is a s sociated with 
lower mean monthly sea l evel t han usua l o This 9 i~ t urnv r ef l ects a state of 
upwelling in certain regions where deep v saline v c ol d wat er i s brought t oward 
the sur f aceo With t h i s water come the nutrients t ha t are so necessary in 
plankt on growtho 

Alth ough certain measured factors may not be i n themselves t he con
trolling variables in fish growth and abundance v they may be usef ul i ndi cators 
of a changi ng state o As an exampl e v air temperature appears to show year-to- year 
trends whi ch ar e rel ated i n t heir gross feat ures t o gr owth of salmon o Air 
temperature i s a l ways clos ely relat ed to the amount of sunshine o I f light i s 
the limiting factor in plankton produ ctionv which might very well be true i n 
the northeast Pacif icp then air t emperature is a reasonabl e index of changes 
in the env i ronment associated with pl ankton grov~h o 

There i. s spe culat ion that i t i s t he seasonal and year- to - year shi fts 
in the West Wind D:r ift which cause the major f luctuations i n oceanographic 
condit i ons and t he fi sheries i n the nort heast Pacifico These shi f t s are un= 
doubt edly rel ated to the variations i n. t he pressure syst ems of the no rth east 
Pac i f ic from year to yearo As found off t he coast of Japan p it mal be possible 
to relate t he positions and strengths of·pressure systems t o the climatic 
changes in t he sea and airo Thi s approach is being f ollowed at presento 

The years 1950 to 1955 have wit nessed very lar ge fluctuations in the 
fi sheries 9 both i n size of i ndividual. fish and in catch o In 1951 ther e was an 
exceptionally l arge growth in herring on t he Bri tish Col umbia coast 9 particul arl y 
al ong the nort hern coast o The year 19.52 exhi b.i ted an especiall y :poor growth i n 
herring along the lower east coasto Growth in spring and coho salmon was at a 
l ow in 19530 This was also true for whale so The year 1954 p roduced a Fraser 
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River run of so ckeye that was outstandingly l argeo However 9 sockeye runs nearly 
everywhe re al ong the coast dropped in 19550 For a salJnon that spends 9 on the 
average p 27 months ~t sea 9 the catches suggest that the socke¥e were favoure d 
by a good growi ng year i n 1952 and a poor growing year in 19530 This hypothesis 
is based on the premise that t he firs t year at sea is the most important for 
growth and survival of the sockeye o Pi nk salJnon provided l arge catches in 1953 
and 19.55 and e.n extremely small cat ch i n the intervening year o Even with the 
odd- even cyc l es of large=small catches t he variations encountered here were 
extrao rdinaryo Being invariably 2=year fish 9 pinks suggest that 1952 and 1954 
offered favour abl e conditions for growth in the sea 9 whereas 1953 was a poor 
yearo This corresponds to the gr owth fluctuat i ons in the other fisheries examined 
except the herringo There may be a l=year phase lag in growth of herring and 
othe r fish for various reasonso Pr imarily 9 it may be attributed to the fact 
that herring are on a l ower link of t he foo d cpai n than the other food fish and 
exclusively plankt on feeders o A second consideration is that herring probably 
feed closer to shore t han salJnon 9 so that they are less likely to be i nfluenced 
by oceanic condi t i ons o 

The year s 9 1950 t o 1955 9 were widely different meteorologically and 
oceanographi callyo Summers of 1950 and 1951 were warm with little precipitation~ 
especially i n 19510 The year 1952 had a del ay in the seasons with a late 
summer and a dry p warm autumno The years fol l owing haye been relatively cool 9 

wet and unsett l edo Oceanographic surveys conducted during spring and summer 9 

1950=1952 9 revealed wide changes from year to year in both surface and deep 
water condit i ons o 

A report on t he analysis of various environmental factors and their 
relat ionsh i p to the fisheries i s in preparat i ono 

2o Basic productivi ty 

Prel i minary work has been compl eted i n set ting up methods and equipment 
for chemical studi es on nutrients o Total phosphates will be determined in 
samples taken by the Pacific Oceanographic Group during the North Pacific surveys 
in the summer of 19560 It is planned to obtain sea=water samples in surveys 
during the summer of 1956 for additional chemic ~i analyseso More stress will 
be laid on analyses for the trace constituents such as manganese 9 iron and 
coppe r than has been the case i n the pasto The general feeling among other 
investigator s has been that there is suffi c ient evidence at present to i ndicate 
that certain trace constituents may be limiting factors in plankton growth 
rather than the classica l- nutrients such as phosphates and nitrateso 

Nort h Pacific pl ankton studies RoJ o LeBrasseur 

Zoopl ankton samples were taken a t each oceanographic station by 
towing a s eri es of net s vert ically through dis cret e depth int ervals o Samples 
were obtained for each of the 85 stations from 0=100 9 100 =200 9 200=300 and the 
300=400=meter dept h interval s simul taneousl yo Additional samples through 50-
meter depth i ntervals were obtained during t he first part of t he cruise but 
the se were dis cont inued because the volumes of plankton taken were too smallo 

The vol umes of each sample and t he proportion of the major constituents 
have been determinedo The average volume was approximately Oo03 Ceo/cub i c meter 
or about one =tenth t hat found i n the coastal waters of British Columbiao 
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Plankton cornmo~ly make marked vertical migrations during each 24-hour 
periodo They t end t o move up towards the surface during the night and to sink 
with approach i ng dayl i ghto Since the sampl es were t aken without regard to 
daylight or darkness they had to be examined for evidences of diurnal movemento 
Only in the 200=300- met er dept h int erval was no vari ation found bet ween the 
day and night sampleso However v the vari at ions were too small to be considered 
important o Accordingly 9 the sai~ples have all been t reated in the same mannera 

Since t he zoopl ankton is commonly made up of' a variety of organisms 
it was necessary to determine the more important constituent members o Copepods 
were the dominant form t aken in the samples o This was t rue for each depth 
interval as well as for the whole areao The copepods 9 together with the 
eupnausiids 9 chaet ognat hs and amphipods v form the bulk of the food of pelagic 
plankt on -feeding fish v such as salmon o Therefore 9 t heir distribution is of 
special i nt erest as it may i ndicate where t hese fish are concentratedo 

The plankton volumes were plotted for the survey area and the high and 
low concentrat i ons (Oa0.5 and OoOl cc a/cub ic meter) notedo The highest concen
trations (greater than Oa l Ce o/cub ic meter) were found in the coastal waters 
of Alaska o In t he offshore waters the regions of high and low concentrations 
appeared to be randomly dis tributed o Thi s suggests that the offshore surface 
water is fairly homogeneous v i oe 0 9 i ts physical and chemical characteristics 
(t emperature and salinity) change very slowlyo If such is the case 9 the con= 
centration and distribution of zooplankton may be expected to vary both 
seasonally and yearly v since there is no environmental factor suff i ciently 
persistent and domi nant to make its presence felt by the plankton cornmunityo 

Cons i dered as food available to pl ankton- feeding fish the distribution 
of the zooplankton suggests : (a) plankters would not be responsible for con
centrat io ns of fish in mid=ocean 9 and (b) pl ankton=feeding fish can be 
expected t o concentrate t hemselves in the more coastal waters of Alaska where a 
persistent high concentrat ion of zooplankton i s apparent over a wide area o 

Pl an.ktop collections of the Western Arctic expedi tion, 19.54 
RoJ o LeBrasseur 

The 19.54 joint Canadian=United States Beaufort Sea expedition sur= 
veyed the area adjacent to Ba~ks Island o Wherever possible 9 vertical piankton 
tows were made i n conjunction with the oceanographic stationso The displace= 
ment vo~ume 9 together with identifications of the various plankton constituents 
taken in the samples 9 are available in a data report o 

Comparison of the samples w.ith the physical=chemical features of the 
area failed to show a correlation bet ween the ani mals and their env ironmento 
Crustaceans 9 parti cularl y copepods , formed the bul k of the samples a The 
copepods were ma i nl y made up of one species 9 Calanus ~onsus . The other forms 
included coelent erates 9 gastropods 9 tunicates and chaetognaths of which the 
latter were t he most abundanto The chaetognaths have been ident ified by 
Ro Bieri at Scr i pps Institution of Oceanography as Sagitta elegans and Eukronia 
hamata 9 typi cal Arct ic formso 

The pl ankton showed a marked seasonal change during the -surveyo The 
first samples t aken j ust af t er t he ice broke up 9 August 9v consisted of 
copepods v many of wh ic~ exceeded 1 cmo i n l engt h 9 and two or three other gro ups 
of organisms o The l a st samples taken one mont h l a t er v as t he new ice was 
starting to form v were made up of larvae from a wi de variety of organismso 
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Compared to the central Pacific Ocean or the coastal waters of British 
Columbia 9 the Arctic appears to be Quite productive. In the central Pacific 
plankton volumes vary about OoOl - Oo05 Ceo/cubic meter, in the local coastal 
water they range from Ool to loO cco/cubic meter, while in the Arctic the 
volumes ranged fran Oo06 to lo~ Ceo/cubic meter with an average of about 
Oo4 cco/cubic meter. Hence, at least for the six to eight weeks of the growing 
season 9 there is an abundance of planktonic foodo 
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