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A B S T R A C T 

Explo i t a t ion of Skeena R i v e r sockeye salmon (Oncorhynchus nerka) has 

been conducted a lmost solely by drif t gi l lnets since inception of the c o m m e r 

c i a l f i shery in 1877. Selec t ive act ion of gi l lnets i s a factor which may have 

contributed to a long t e r m decline i n sockeye production and to other features 

of the population biology. Th i s study was designed to determine the select ive 

proper t ies of nylon gi l lnets present ly in use; to compare these with proper t ies 

of l inen nets used p r i o r to 1955; to adjust age composi t ion est imates of escape

ment leve ls p r i o r to 1946; and to re -examine brood year product ion. In 

addition, the selective act ion was examined of the f i shery as a whole on 

sockeye and pink salmon (0_. gorbuscha) i n 1968. 

The select ive proper t ies of s ix nylon gi l lnets ranging i n mesh size 

between 4-5/8 inches and 5-5/8 inches, which corresponded with s izes 

n o r m a l l y used in the c o m m e r c i a l f ishery, were to be determined through a 

simultaneous f ishing experiment, and se lect iv i ty curves were computed by 

H o l t ' s (1963) no rma l probabi l i ty technique. Unique se lec t iv i ty curves for each 

mesh size could not be determined f r o m the sockeye data. Mean s ize of age 

c lass l . Z sockeye (representing about 12 per cent of the sample) inc reased 

with mesh size but mean size of age c lass 1.3 sockeye (representing about 82 

per cent of the sample) demonstrated no trend. Age class 1.3 sockeye were 

among the la rges t on r eco rd and it was postulated that f i sh of this age class 

were too large to g i l l p roper ly in a l l mesh s izes used. 

A compar i son of the predominant mesh of nylon gi l lnet (5-1/4 inch) wi th 



i i i 

l inen nets of the mesh used in the h i s t o r i c f i shery (5-5/8 inch) was also i n 

fluenced by the large s ize of age c lass 1.3 sockeye. Ny lon nets were 2.5 and 

2.7 t imes as efficient as l inen for sockeye, and 8.0 and 9.0 t imes as effective 

for pink sa lmon. Ny lon gi l lnets , although sma l l e r , caught l a rge r sockeye and 

pink salmon than did the l inen g i l lne t s . Va r i ances about mean size of sockeye 

and pink salmon were also greater for catches in nylon as opposed to l inen 

g i l lne t s . 

In total, the select ive proper t ies of the c o m m e r c i a l f i shery ref lected the 

resul ts obtained i n the nylon gi l lnet m u l t i - m e s h experiment . A n ove ra l l s e l ec 

t iv i ty curve computed for sockeye salmon by the d i rec t method of Reg ie r and 

Robson (1966) approximated a skew-norma l d is t r ibut ion . Examina t ion of the 

age-sex class components of the stock indicated that select ion increased 

l i n e a r l y over the length range of age 1.2 sockeye of both sexes, and decreased 

l i n e a r l y over the length range of age c la s s 1.3 sockeye. A se lec t iv i ty curve 

was also computed for pink salmon and this curve, in total, also assumed a 

n o r m a l shape in spite of the ext remely s m a l l size of pink salmon in 1968. The 

length-gi r th re la t ionships of the two species were shown to differ and this 

accounted for most of the difference between the se lec t iv i ty curves . 

The re la t ionship between m a x i m u m efficiency and the m a x i m u m g i r th to 

per imeter mesh measure c lose ly approximated the value of 1.2: 1.0 reported 

by M c C o m b i e and B e r s t (1969) for other species. Retention by gi l lnets decl ined 

once the g i r t h / m e s h rat io exceeded 1.2 for sockeye. F o r pink salmon, no 

females were of a s ize to equal this ra t io; the descending l i m b of the se lec t iv i ty 



curve was due solely to males as the retention rates declined once girth/mesh 

ratio exceeded 1.0. 

These findings suggest that in most years the gillnet fishery on the 

Skeena River would tend to select relatively larger sockeye salmon. In years 

such as 1968, however, selection would be against smaller fish. This frequent 

reversal combined with the intense modern fishery, which tends to remove 

virtually all fish during a short period and allows almost complete escapement 

in periods between fishing, suggested that selective fishing has probably not 

been a significant factor in decreased production. 
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I. INTRODUCTION 

The selective properties of fishing gear have been studied extensively, 

particularly with reference to trawl fisheries (e.g., Beverton and Holt, 1957; 

ICNAF, 1963; Ketchen and Forrester, 1966) and gillnet fisheries (Olsen, 1959; 

McCombie and Fry, I960; McCombie, 1961; Konda, 1966; Regier and Robson, 

1966) which exploit marine benthic and freshwater and marine pelagic species. 

In all instances reported in the literature, selective properties of fishing gear 

have been deduced by comparative fishing techniques, and these have been 

applied to commercial catch statistics to provide estimates of biological 

characteristics of the stock or species under exploitation (Parrish, 1963). In 

no case has the escapement (non-exploited segment of the stock) been available 

for non-biased sampling to determine actual selective action of the fishery. 

In Pacific salmon (Oncorhynchus spp.), and for Skeena River sockeye 

salmon in particular, a unique opportunity exists to determine selective 

action of the gillnet fishery directly, since one major population dominates 

production, and escapement of this stock is precisely sampled at a fence 

below Babine Lake. Quantification of selective action of the fishery may be 

of importance for two reasons; (a) long-term selectivity could create a 

general decline in productivity of a stock through reduction in fecundity of 

the spawning population, even if numerical abundance of that stock remained 

constant; and (b) establishment of optimum mesh sizes for harvest could 

ensure that optimum sustained yield levels are achieved and maintained 

(Peterson, 1954; Parrish, 1963). 
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Shepard and Withler (1958) established an empirical stock-recruitment 

curve for Skeena sockeye on the basis of past commercial catch and effort 

records (Milne, 1955), and estimates of annual fishing rates based on data 

from four years for which both catch and escapement levels were known. 

Escapement and return data are now available for the brood years 1945 through 

1964, and production levels recorded from escapements of the magnitude pre

dicted by the relationship have been far below expectations. Production at 

lower levels of escapement, however, has occurred at the order expected on 

the basis of the trend line. 

Several reasons exist for deviation of production levels from the expected 

at escapement levels predicted to provide maximum sustained yield (MSY), one 

of which is that the actual escapement that will produce MSY may, in fact, be 

lower than the escapement level predicted by Shepard and Withler (1958). 

Shepard and Withler1 s (1958) computations of escapement levels prior to 

1945 were based on estimates of annual rates of exploitation and the known 

levels of commercial catch. Age composition of the commercial catch was 

known, and proportions of each age class in the catch were applied to estimates 

of escapement to establish a record of production for each brood year. Recent 

data indicate that age composition of the escapement, because of the selective 

nature of the gillnet fishery, differs markedly from that of the catch (Larkin 

and McDonald, 1968). If the selective action of the fishery could be defined, 

brood escapements prior to 1945 could be adjusted to provide a more realistic 

picture of production levels which might change the nature of the stock-recruit

ment curve. 
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The purpose of this study has been threefold: (a) to determine selective 

properties, with respect to sockeye and pink salmon, of nylon gillnets pre

sently utilized in the Skeena River gillnet fishery; (b) to relate selective pro

perties and relative efficiency of nylon gear with linen gillnets which were 

utilized prior to 1952; and (c) to define the selective action of the fishery as 

a whole in terms of its mechanics and its possible long-term effects on the 

biological composition of the stocks. 

II. DESCRIPTION OF T H E STUDY AREA 

The drainage area of the Skeena River system occupies approximately 

19, 000 square miles situated in the west-central region of British Columbia 

between 54° and 57° north latitude. The Skeena flows south from its head

waters to Hazelton, then westward until it enters Chatham Sound near Prince 

Rupert (Fig. 1). 

Sockeye populations utilize twenty-one lakes and their associated tribu

taries for spawning and rearing. Babine Lake, the largest in the system by 

far, presently accommodates between 8 5 and 95 per cent of the total sockeye 

spawning population, and consequently contributes the major proportion of 

sockeye production to the commercial fishery (Shepard and Withler, 1958; 

Larkin and McDonald, 1968). Sockeye populations entering Babine Lake are 

enumerated as they pass through a weir located at the outlet of the lake. 

Pink salmon populations are not as widespread as the sockeye, nor does 

a single stock dominate the production to the same extent. Major populations 
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spawn in the Lakelse, Kispiox, Kitwanga and Babine Rivers, and in the main-

stem of the Skeena River west of Terrace (Fig. 1). Small populations are also 

present in the Bulkley River and in most of the smaller tributaries which enter 

the Skeena between Prince Rupert and Terrace. 

Lakelse and Kispiox Rivers populations have been enumerated by tag and 

recovery procedures for several years; Kitwanga River escapements have 

been enumerated by a strip-count procedure; mainstem Skeena River spawning 

population abundance has been estimated by a test-fishing procedure; and 

abundance of spawning populations in minor tributaries has been estimated by 

visual observations conducted at ground level or by aircraft. 

III. S E L E C T I V E PROPERTIES OF NYLON GILLNETS 

A . Introduction. 

The selection process which occurs in the operation of fishing gear is 

defined as that which results in differences in the probability of capture of 

different components of the species or stock under consideration. The total 

selection on a commercially-exploited species or stock may result from one 

or more of the following processes: those caused by differences between dis

tribution and biology of the total stock and distribution of the fishing fleet; 

those caused by differences in behaviour of various segments of the stock 

present in the area of the fishing fleet; and those caused by the inherent pro

perties of the fishing gear (Parrish, 1963). 

This study is concerned solely with selection which occurs on sockeye 



and pink salmon of the Skeena River as a result of the properties characteristic 

of gillnets. The initial purpose of this experiment was to establish the selec

tive characteristics of nylon gillnets used to harvest sockeye and pink salmon 

in the estuary of the Skeena River. 

The mathematics of gillnet selection, according to McCombie and Fry 

(I960), was first advanced by Baranov, who demonstrated that the most direct 

relationship between mesh size and modal size of fish caught is represented by 

48 = k G m , where 6 is the bar measure of the mesh, k a constant, and G m 

the girth (presumably the maximum girth) of fish caught in modal numbers. 

He also assumed that, for fish of modal numbers in each case, that all nets 

would fish with equal efficiency. For fish of lengths other than the mode, 

Baranov assumed that the probability of capture could be described by the 

normal probability function (McCombie and Fry, I960). 

Holt (1963) developed Baranov1 s technique further and added an important 

assumption, namely, that for nets differing in mesh size only slightly, stan

dard deviations of selectivity curves would be equal. Holt presented a tech

nique for deriving parameters of the gillnet selectivity curves from ratios of 

catches at each given length interval for adjacent pairs of mesh sizes, and 

fitted curves by the normal probability function. 

Although Holt (1963) demonstrated that Peterson's (1954) data for Fraser 

River sockeye and Rollefson's (1953) data for Lofoten cod supported his 

assumption of equality between standard deviations of selectivity curves 

derived from adjacent mesh sizes fished simultaneously, and that the curves 
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could be best fitted by a normal probability function, his technique has not 

been of general applicability. Olsen (1959), McCombie and Fry (I960), 

Gulland and Harding (1961) and Ishida (1967) all fcund that their data violated 

either the assumption of normality, or of equality of standard deviations 

between successive mesh sizes, and were forced to derive alternative solu

tions. Regier and Robson (1966) reviewed these major techniques and explored 

all on the basis of lake whitefish data. They concluded that a skew-normal 

model which included an estimate of the relationship of variance to size of 

fish captured provided the most reliable estimates of selectivity curves for 

whitefish. 

Although the curve-fitting techniques vary between computational methods, 

alLare derived from the same basic data; namely, a comparison of length-

frequency distributions of catches recorded in a series of nets of different 

mesh sizes fished in a systematic manner. For this study, the comparative 

fishing technique was used, and for computation, Holt's (1963) model was 

considered to be satisfactory primarily since a narrow range of mesh sizes 

was to be used, and it was concluded that corrections offered by the skew-

normal technique would be insufficient to warrant the more complex compu

tational procedure involved. 

B. Methods and Materials. 

Gillnets were chosen for this study to represent as nearly as possible 

characteristics of the majority of nets used in the commercial fishery (5-1/8", 

5-1/4", and 5-3/8" stretched mesh); in addition, two smaller mesh sizes 
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(4-5/8" and 4-7/8") and one larger (5-5/8") than the range found in the fishery-

were also used. Measurements of 50 meshes from each size were taken 

periodically throughout the experiment to establish the validity of the manu

facturer's stated size, and to determine whether changes in size occurred with 

usage. 

Since mesh size was considered to be the most important variable involved 

in selective characteristics of nets, no attempt was made to assess any effects 

of color, thread size, or hanging ratios. A l l nets were of the "river" type* 

2 

and were hung in at a ratio of 3: 1 , as were commercial nets used in this 

area. A l l six experimental nets were fitted with swivel fasteners at both ends 

of cork and leadlines so that their relative position in the array could be 

altered for each set. Each set of lines was 32 fathoms long; in this manner, 

when the nets were assembled in array, a gap of two fathoms existed between 

each panel reducing the possibility of fish leading along the graded series until, 

a mesh size suitable for gilling was reached (Plate I). 

Experimental fishing was conducted during periods closed to commercial 

fishing. A total of six sets was made each day, as required by the experimen-

tai design. Fishing was conducted in the "river" area, with the first set being 

^"River" type gillnets are constructed of finer material, are lighter in color, 
and are hung in to a greater extent than outside gillnets. 

2 
Each experimental mesh size was hung 90 fathoms of stretched web to 30 
fathoms fished length. 



P L A T E I. F i sh ing arrangement of exper imenta l gi l lnets , showing the gap 
between two adjacent panels. 
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initiated at about low tide and the last set being initiated slightly before high 

tide. The general area covered by each set on a typical day is shown in Fig. 2. 

Catches were recorded in numbers by species for each net and each set. 

Each net was color-coded, and each fish was tagged through the opercle or 

3 

caudal peduncle with a Floy tag bearing the distinctive color associated with 

the net of capture. The catch for all nets in each set was sampled for qualita

tive characteristics on board the vessel during the fishing time of the set 

subsequent to that of capture. 

For sockeye, post-orbital bone to hypural plate lengths were recorded to 

the nearest millimeter (Plate II); sex was identified by internal examination 

of gonads; and the "left preferred scale" or scale from the "left preferred 

area" was taken for later determination of age (Koo, 1962). For pink salmon, 

length and sex data were recorded in the same manner as for sockeye; scales 

were not taken, however, as pinks consistently belong to a single-age class. 

The experimental fishing pattern chosen was a modification of the Latin 

square design (Cochran and Cox, 1957). Fishing was conducted on a total of 

18 days. Each Block, or replicate, comprised six sets on each of six fishing 

days. In this manner, each net panel was fished at each of six fishing positions 

relative to the boat each day; over the six day period each net was fished once 

at each possible combination of fishing positions and set locations. A total of 

three true replicates was thus obtained in the 18 days fishing completed. 

3 
Floy Manufacturing Co., Seattle, Washington. 



F I G U R E 2. Loca t ion of exper imenta l fishing sets conducted during the nylon 
gi l lnet se lec t iv i ty study. 



1 2 

P L A T E II. P o s t - o r b i t a l bone to hypura l plate measurements . 
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Although Pope (1963) states that the Latin square design should not be 

systematized in any manner, operational difficulties in this experiment 

required that changes in the position of one net relative to the others be con-

4 

ducted in a systematic manner at the end of each set. The initial position of 

the six nets relative to each other was established randomly prior to the start 

of the experiment, thus avoiding a regular progression of mesh sizes from one 

end of the series to the other. Although the relative position of one mesh size 

to another was not altered from the initial series, the initial fishing position 

for the series was changed each day; also, the initial fishing position for 

Block II, Day 1, Set 1, was different from that of Block I, day 1, set 1; and 

that for Block III, day 1, set 1, was different from both. 

Catches of sockeye and pinks were assessed by an analysis of variance 

procedure conducted through an IBM 1130 library program. Factors tested 

were mesh size, fishing position in relation to proximity to the research 

vessel, and set number iri terms of the six set sequence, on the numbers of 

each species caught in each mesh size. 

Selective properties of the six mesh sizes were determined by length-

frequency analysis of the catch recorded in each mesh size for each species 

separately. Data were compiled into one centimeter classes and mean, 

variance, standard deviation, and standard error were calculated within each 

4 
There is thus the possibility of a systematic error if there is any interaction 
between fishing position'and set number, a possibility which seems suffi
ciently remote that it could be ignored. Subsequent analysis confirms this 
contention (Table II). 



14 

c lass and for a l l c lasses combined. Computations were conducted with 

a p rog ram wri t ten for the I B M 1130 system. A n a l y t i c a l techniques were 

reviewed and the method of Ho l t (1963) as expressed by Reg ie r and Robson 

(1966) for the case where var iance i s assumed to be constant over a l l 

mesh s izes was chosen, p r i m a r i l y because of the na r row range in mesh 

s izes used. A n a l y s i s was conducted by a p r o g r a m wri t ten for the I B M 

1130 and copies are avai lable upon request. 

Assumpt ions and steps in the solution were as fol lows: 

(i) symbols and definitions used are as i n Reg ie r and Robson (1966) 

and those pertinent to the solution of H o l t ' s (1963) model are as 

follows: 

mean size of f i sh in size s t ra tum j ; in this case, post-

o rb i t a l bone to hypura l plate length in m i l l i m e t e r s 

s ize of mesh opening in net i ; i n this case, i s taken as 

the per imeter measure in m i l l i m e t e r s 

N. 
J 

the re la t ive or absolute number of f i sh of s ize 1. in the 
J 

population 

number of f ish of s ize 1. caught in net of mesh size i 

select ivi ty, or re la t ive efficiency of net of mesh size i 

to f i sh of s ize 1-
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Sjj = standard select ivi ty , i .e . 

s i j 
max ŝ -

j 

Type A se lec t iv i ty curve i s fitted to points s^ or S „ on f i sh of length 

l j for fixed mesh size 

(ii) assume that the se lec t iv i ty curve for mesh size m^ takes the f o r m 

k . - ( L : - I i ) 2 / 2 o - 2 

ŝ j = e  XJ  x  

ar 
2 

(iii) assume that cr i s the variance, constant over a l l i 

(iv) assume that 1̂  = k2mj , where Tj is the mean of the Type A 

se lec t iv i ty curve for net of mesh size m^ 

(v) assume that k , and k£ are coefficients constant over a l l i 

(vi) by definition, s ĵ = rLjj / N j 

consider the rat ios R- • •, where i+1 denotes the net of next l a rge r 
l"fl, 1, J 

mesh than that of mesh i 

R - *i+l> 3 _ " I + 1> J / N J _ n i + L J 
i + l . i . j ~ sij _ n j j /Nj " nij 

(vii) calculate the rat ios Ri+1, i , j ^ o r a ^ pa i rs of values for which sufficient 

sample sizes are ava i lab le . In this experiment, the m i n i m u m number 

of f i sh in any category was i n i t i a l l y established at 5 because of the 

over a l l sma l l sample s izes obtained. 
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(viii) since 

R i + l . i , j ~ 8 i j

 a n d S i J e 
cr 

then 

R i + 1 , i , j " o- e 

k l -( 1 j" 1 i+l) 2 / 2 c r 2 

J -( J . i) /Zcr 

_ _ _ 2 _ 2 
- ~2 - [2 ( l i - l i+ i ) l j + d i + 1 - l i ) ] 

1 - - 1 - 2 - 2 

and l n R . + 1 ) . ( . = (h - l i + 1 ) + 72 ( l i + i - l j ) l j 

which i s a l inear function in l j . where 

y: = a + b 1. 
J J 

(ix) the parameters a and b were est imated by l inear r eg r e s s ion methods 

(x) k 2 was established by 

, a a 1 - -

k 9 = - x— : since — = -— (1- + L + 1) 
2 b (mi + mi+1) b 2 i *i+l 

^z ( m . + m . + l ) 

2 

(xi) then 1̂  was est imated by 

l i . - k 2 m t 

and s i m i l a r l y 1 ̂ + ^ by 

h+i = k 2 m i + i 
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(xii) f inal ly, the var iance was est imated by 

o- = li+1 - I' - , 1 ~ _x ; f r o m b = - 2 ( L + 1 - 14) 

(xiii) The type A select ivi ty curves for both nets nx and m.. + 1 were then 

calculated by substituting the est imated values of the parameters 

1 — 2 
a , l i , and l i + i into the equation = e 2o-2 ^ for net of 

1 - 2 
mesh size m. ; and S , . i = e 2LT^ * i + l ^ f o r n e t of mesh I >-~ -i , j 

s ize r ru^ , . By this technique, one estimate of the se lec t iv i ty curve is 

calculated for the smal les t and la rges t mesh sizes, and two for each of 

the intervening nets. 

C . Resul t s and Interpretations 

1. M e s h size measurements . 

Frequency dis t r ibut ions of mesh measurements recorded at five in te rva ls 

dur ing the season are presented i n F i g u r e 3 as deviations in m i l l i m e t e r s f r o m 

the manufacturer ' s stated s t re tched-mesh s ize . The d is t r ibu t ion of measu re 

ments for each mesh size demonstrated l i t t l e var ia t ion f rom the manufacturer ' s 

stated size, and showed no tendency to change in size as the season progressed . 

Average mesh s izes computed f r o m the totals sampled for the season are p r e 

sented in Table I for compar i son with manufacturer 's stated s izes . Le t t e r s 

associated with each panel represent their i n i t i a l arrangement in the f ishing 

a r r a y . Since deviations were minor , the manufacturer ' s stated sizes converted 
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F I G U R E 3. Deviat ions of sample mesh measurements f rom the manufacturer 's 
stated mesh s i z e s for nylon g i l lne t s . 
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to pe r imete r measure (twice the stretched-me sh measurement) have been 

used in a l l further analyses. 

T A B L E I. A compar ison of manufacturer ' s stated s t re tched-mesh sizes with 
mean mesh s izes determined f r o m sample measurements for s ix 
nylon g i l lne t s . 

P A N E L 

D F B C E A 

Manufacturer 1 s 
(inches) 

size 4 -5 /8 4-7 /8 5-1/8 5-1/4 5-3/8 5-5/8 

Manufacturer ' s 
(mm) 

size 117.5 123.8 130.2 133.4 136.5 142.9 

Mean size f rom 
(mm) 

sample s 117.6 123.8 131.6 133.5 137.3 143.0 

2. Numbers of f i sh caught. 

Catches of sockeye and pinks recorded for each mesh size i n each set 

were a r rayed in repl ica tes according to fishing posi t ion and set number by 

species, and are l i s ted i n Appendix Tables I and II. 

These data were tested by analys is of var iance procedure for the effects 

of mesh size, fishing posit ion, and set number on catches of each species . 

Per t inen t sums of squares, degrees of freedom, mean squares and calculated 

F rat ios are presented in Table II for both species . The e r r o r i s pooled, 

compr i s ing exper imental e r r o r (between blocks treated alike) and sampling 

e r r o r (within b locks) . 

In a l l cases with regard to sockeye, the computed F rat ios are ex t remely 

s m a l l , and none i s significant at p S .0 5. In each case, therefore, the nul l 



T A B L E II. Summary of resul ts of analysis of variance for effects of mesh size, f ishing posit ion, 
and set number on sockeye and pink catches in the nylon gi l lnet m u l t i - m e s h exper iment . 

Source 

S O C K E Y E P I N K S 

Source Sum Sq. D F Mean Sq. F ratio Sum Sq. D F M e a n Sq . F ra t io 

M a i n Effects 

A (mesh size) 13.87 5 2.775 0.16 121.90 5 24.380 0.60 

B (fishing position) 71.11 5 14.220 0.85 17.51 5 3.502 0.08 

C (set number) 28.21 5 5.642 0.34 20 50.00 5 410.000 10.23** 

Interactions (1st order) 

A B 363.00 25 14.520 0.87 1307.00 25 52.300 1.30 

A C 82.81 25 3.312 0.20 145.50 25 5.823 0.14 

B C 358.60 25 14.340 0.86 184.20 25 7.369 0.18 

Interactions (2nd order) 

A B C 1, 491.00 125 11.930 0.72 4, 317.00 125 34.540 0.86 

E r r o r 7, 154.00 432 16.560 17, 300.00 432 40.040 

denotes significance at p S .0 5 
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hypothesis of no difference cannot be rejected; i .e . , there are no significant 

effects of mesh size, f ishing posit ion, or set number on the catches of sockeye 

in this experiment . 

In the case of pink salmon, none of the computed F rat ios i s significant, 

with the exception of the value (10.23) associated with M a i n Effect C (set number) . 

It was anticipated that selective proper t ies of indiv idual mesh 

s izes would be sufficiently different to influence total number of f i sh 

caught in each mesh size so that some sort of re la t ionship between numbers 

caught and mesh size could be descr ibed for sockeye and another for pinks. 

The resul ts presented indicate, however, that differences in catche s between 

the mesh s izes chosen for this experiment, i f they do i n fact exist, were 

sufficiently s m a l l to be masked by the exper imental va r i ab i l i ty , as expressed 

by the magnitude of the E r r o r Sum Square te rms (7, 154.0 for sockeye and 

17, 300.0 for pinks) . 

It is of interest , however, to compare total catch of both sockeye 

and pinks recorded i n each mesh size for a l l sets covered in the exper imenta l 

design. F o r sockeye, as shown in F igu re 4, v i r t ua l l y no differences occur red 

between the smal les t net (D) and the larges t (A). It i s not su rpr i s ing , therefore, 

that no significant effect of mesh size on numbers of sockeye captured was 

detected by the analys is of var iance . 

P ink catches, on the other hand, were strongly suggestive of a decline 

i n efficiency as mesh s ize inc reased (Figure 4), and here the extreme v a r i a -



G U R E 4. Summary of sockeye and pink salmon catches by mesh s ize 
regardless of fishing posi t ion i n the nylon gi l lnet m u l t i -
mesh experiment . 



b i l i t y i n catches i n ind iv idua l sets has obscured in the analys is of var iance 

what in a l l probabi l i ty i s a r e a l trend (see page 129). 

It was also expected that the catches recorded in each fishing posit ion, 

regard less of mesh size, would ref lect the different lengths of t ime that nets 

were fished i n each posit ion, and it was for this reason that f ishing posi t ion 

was a b locking va r i ab le . F o r any given set, the net occupying posi t ion 1 

(nearest the boat) fished less t ime than did the net which occupied posi t ion 2; 

and so forth for the other four nets and posit ions, with the net i n posi t ion 6 

having spent the greatest total elapsed t ime in the water i n a l l sets. Th i s 

situation was the same for a l l sets on a l l days, as the a r r a y was always 

fished so that the f i r s t panel into the water fished posi t ion 6, and hence was 

the las t panel to be picked up. 

If the f i sh were dis t r ibuted at random throughout the fishing area, and/ 

or i f they did not " lead" along the net a r r ay to be eventually caught by a p a r t i 

cu la r mesh s ize or in a par t i cu la r posi t ion i n the a r ray , then it would be 

expected that lowest total catches would be recorded in posi t ion 1 and the 

highest totals in posi t ion 6. In fact, for sockeye, there was a tendency for 

catches to be m a x i m u m near the centre of the a r ray , while for pinks there is 

no par t i cu la r t rend indicated ( F i g . 5). 

The t rend descr ibed by the sockeye catches in par t i cu la r suggests that 

f i sh may have tended to " l ead" f r o m both ends of the a r r ay to be caught by the 

nets occupying the cent ra l posi t ions . A s descr ibed in a previous section, 

however, the individual mesh s izes were separated f rom one another by gaps 
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F I G U R E 5. Summary of sockeye and pink salmon caught by f ishing posi t ion 
regard less of mesh size i n the nylon gi l lnet m u l t i - m e s h 
experiment . 



two fathoms long (Plate I) in an effort to el iminate this source of e r r o r . It 

seems more l i k e l y that the f i sh were not dis t r ibuted randomly through the 

fishing area, and that the f ishermen, both having had many years ' experience 

fishing the area, actual ly set the net to encounter m a x i m u m densi t ies near the 

centre of the a r r a y . In any event, analysis of var iance in both instances i n d i 

cated that the fishing posit ions had no significant effect on catches. 

The th i rd M a i n Effect, that of set number, was not expected to demon

strate any marked effect on catch and it was included as a blocking var iable 

for precaut ionary measures . In general , set number 1 was made at or about 

low tide in the seaward region of the r i v e r , and each set thereafter was made 

further upr ive r as the tide flooded; set number 6 was general ly made just 

p r i o r to high tide near the upr iver f ishing boundary ( F i g . 2). 

In the case of the sockeye catches, set number was shown to be non-

significant, but for pinks this Effect provided the only F rat io of significance 

(Table II). Examina t ion of the bas ic catch data l i s t ed in Appendix Table II 

reveals that of a total catch for a l l mesh sizes of 1006, the three repl ica tes 

of set number 1 accounted for 597; and most of these were caught in one set. 

H a d fishing been continued for another repl ica te during the peak of the pink 

salmon migra t ion , i t seems l i k e l y that the effect of this one large catch on 

the resu l t s of the ana lys is of var iance would have been di luted. 

3. S ize , sex and age composi t ion . 

Sockeye catches are l i s t ed by age and sex c lass in numbers caught i n 

each panel (mesh size) in Table III, and mean pos t -o rb i t a l -hypura l length i n 



T A B L E III. Age and sex composi t ion of sockeye caught in the nylon gi l lnet m u l t i - m e s h experiment . 

P a n e l A g e Class A l l Age C las ses 

(mesh size) Age 1.2 Ag e 1. 3 Age 2.2 Age 2.3 T o t a l To ta l Grand Non Tota l 
$ cf Total 9 cf Tota l 9 d* Tota l 9 cf To ta l 2 d* To ta l aged Catch 

D 34 23 57 167 90 257 10 5 15 l 2 3 212 120 332 32 364 

F 41 35 76 17 2 87 259 6 2 8 1 3 4 220 127 347 47 394 

B 17 19 36 166 128 294 3 4 7 2 2 4 188 153 341 42 383 

C 21 19 40 188 105 293 5 2 7 6 3 9 220 129 349 56 40 5 

E 11 20 31 166 107 27 3 4 2 6 5 3 8 186 132 318 29 347 

A 18 16 34 188 111 299 2 1 3 3 4 7 211 132 343 66 40 9 

Tota ls 142 132 274 1047 628 1675 30 16 46 18 17 35 1237 793 20 30 272 2302 
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m i l l i m e t e r s for each age and sex c lass i s l i s t ed in Table I V . Comparable s ize 

and sex composi t ion of the pink salmon catches are l i s t ed i n Table V for each 

mesh s ize . 

To ta l catches of sockeye i n each panel (Table IV) do not agree with totals 

used in the analys is of variance and l i s t ed i n Appendix Table I since grand 

totals l i s t ed i n Table IV include the catches recorded on a day for which not a l l 

s ix sets were completed, thus rendering that day ine l ig ib le for inc lus ion with 

the data used for the ana lys is of va r i ance . 

A l l data l i s ted in Tables III, IV and V were analyzed for co r re l a t ion of 

ranked catches and ranked mean size with increase in mesh size by use of the 

Spearman coefficient of rank cor re la t ion r g (Siegel, 1956). Calculated coef f i 

cients are l i s t ed in Table VI , and significant values at p 5 0.5 are marked with 

an a s t e r i sk . 

Age 1.2 sockeye were tested on the bas is of the assumption that numbers 

caught would decrease as s ize of mesh increased; the r g values computed for 

females (.66) and males (.76) separately were non-significant , while the value 

of r g calculated for both sexes combined (.83) i s bare ly significant at the 

p £ .0 5 l e v e l . A n a l y s i s of age 1.3 sockeye catches was conducted wi th the 

assumption that numbers caught would increase as s ize of mesh increased; 

the r s values calculated for females (.29) and males (.60) separately were 

non-signif icant , as was the value of r g computed for both sexes combined 

(.77), although the la t ter i s suggestive of a slight increase in numbers as mesh 

size inc reases . 
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T A B L E IV . Mean size of sockeye caught in the nylon gi l lnet m u l t i - m e s h 
experiment by age and sex c lass . 

Pane l 
(mesh size) 

Sockeye by Age C las s** Grand* 
Tota l Pane l 

(mesh size) 9 
Age 1 

o* 
.2 

Tota l 9 
Age 

0* 
1.3 

Tota l 

Grand* 
Tota l 

D 458 7 464 2 460 9 522 5 535 .9 527 2 512.6 

F 465 1 451 7 458 9 520 0 535 .7 525 3 508.6 

B 468 4 473 9 471 3 523 3 536 .0 528 8 520.3 

C 469 5 479 7 474 4 519 6 537 .8 526 1 518.5 

E 476 5 476 9 476 7 524 1 540 .2 530 4 524.1 

A 479 9 482 1 480 9 523 0 536 .8 528 1 521.8 

* includes age c lasses 2.2, 2.3, and non-aged f ish . 

** age classes 2.2 and 2.3 are not l i s ted because of s m a l l sample 
s izes obtained in each category. 

T A B L E V . Mean size and sex composi t ion of pink salmon caught i n the nylon 
g i l lne t m u l t i - m e s h experiment . 

Pane l 
(mesh size) 

Numbers by Sex 

9 °* Tota l 

Mean Size by S 

9 * 

ex 

Tota l 

D 110 118 228 395.2 400.7 398.0 

F 101 133 234 398.9 402.2 400.8 

B 45 121 166 404.5 411.8 409-8 

C 27 99 126 406.0 412.3 410.9 

E 44 101 14 5 404.0 423.0 417.2 

A 29 82 111 412.9 426.1 422.6 
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T A B L E V I . Summary of r g values calculated for sockeye and pink salmon 
in the nylon gi l lnet m u l t i - m e s h experiment . 

Sockeye P i n k s 

Sex Age C las s 
Tes t C l a s s 1.2 1.3 Tota l 

Numbers Fema le -.66 + .29 - - .83 

M a l e -.76 + .60 - - .77 

Tota l s * 
-.83 + .77 - * 

- .89 

M e a n Size F e m a l e 
* 

fl.00 + .37 
* 

+ .83 
M a l e 

* 
+ .89 + .77 _ 

* 
+ 1.00 

Tota l s * 
+ .94 + .49 * 

+ .83 
* 

+ 1.00 

denotes signif icance at p £ .05 where ca lc . r ' s .829 for n = 6 

t _ , 6 s d 2  

r s " N 3 - N 
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A n a l y s i s of trends i n mean size of sockeye by sex and age class , p r e 

sents a somewhat different p ic ture . Trends in both age c lasses were analyzed 

on the bas i s of the assumption that mean size of capture increased as mesh 

size inc reased . In the case of age class 1.2, values for both females (1.00) and 

males (.89) as w e l l as the value for the combined sample (.94) were highly s i g n i 

ficant. On the other hand, values computed for age 1.3 sockeye of .37, .77 and 

.49 respect ive ly , were a l l non-s ignif icant . The ove ra l l value of r g for a l l 

sockeye caught regardless of age and sex c lass of .83, although bare ly s i g n i f i 

cant, does serve to demonstrate the strength of the trend for age c lass 1.2 i n 

spite of the r e l a t ive ly sma l l numbers involved (274 out of 2302). 

P i n k sa lmon catches were assessed on the bases of the assumptions that 

(a) numbers caught would decrease as mesh s izes increased, and (b) mean s izes 

of f i sh caught would increase as mesh s ize increased . Va lues computed for 

females (.83) and males (.77) suggested that numbers caught did decrease as 

m e s h size inc reased . Although the value of .77 computed for males is non

significant, the value of .89 computed for the combined catches of males and 

females, i s significant. In addition, mean s izes of both male and female pink 

sa lmon inc reased s ignif icant ly as mesh size increased, as indicated by the r s 

values of .83 and 1.00 respec t ive ly . 

4. G i l l ne t se lec t iv i ty curves . 

Al though cer ta in quali tat ive differences were found in the catches of 

both sockeye and pinks recorded i n each mesh size, super f ic ia l examination 

of length frequency dis t r ibut ions depicted for sockeye i n F i g . 6 and pinks in 

F i g . 7 suggests that these differences may not be sufficient to a l low compu

tation of specif ic est imates of se lec t iv i ty curves for the mesh s izes u t i l i z ed 
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i n this experiment . Curves were computed, however, on severa l bases to 

determine effects of changes in sample size within one centimeter length 

categories and effects of two centimeter groupings of length categories for 

sockeye; curves were also computed on the basis of pink salmon catches to 

provide a compar i son with those calculated f r o m sockeye length frequencies. 

The n o r m a l probabi l i ty model proposed by Hol t (1963) and descr ibed by 

Reg ie r and Robson (1966) provided the bas i s for computation of se lec t iv i ty 

curves . Output f rom the computer p rog ram wri t ten for the technique as 

descr ibed on pages 14 to 17 included calculated values of R. , . . and their 
l+l, I , j 

A 

natura l logar i thms; tests of significance of b values; a l i s t ing of the values 

est imated for the parameters of the se lec t iv i ty curve equation for each set of 
A 

pa i red comparisons; and calculated S „ values over the data ranges for a l l sets 

of pai red compar i sons . 

Es t ima tes of the parameters of the se lec t iv i ty curves, based on analys is 

of sockeye and pink length frequency data obtained f rom the simultaneous f ishing 

exper iments conducted with nylon nets, are l i s ted i n Table VII . 
A 

The mean selection values for each net (1.) obtained f r o m the sockeye 
I 

data do not increase p rog res s ive ly f rom the smal les t mesh (D) to the la rges t 

mesh (A). In addition, two est imates of mean selection length are avai lable 

for a l l nets except D and A , and these a l l show wide d iscrepancies ; e.g., for 
A 

net F , the value of L (mean select ion length) obtained f rom the compar i son of 

nets F and D is 603.3mm, while that obtained f rom the compar i son of nets B 

and F i s 504.4mm. Theore t i ca l ly , the two values should be ident ica l . These 



T A B L E VII . Es t imated values of select ivi ty curve parameters based on sockeye and pink salmon 
length-frequency data. + 

S O C K E Y E P I N K S 

VIesh R i + i » 1 
A 

.1 a 

A 
b 

A 
k 

A A 

"ll +1 
A 
a 

A 
b 

A 
k -2 

o~ l l 
A 

D 

F 

F / D 

F / D 
0.594 -.001010 2.432 31290.0 

571.7 

603.3 

603.3 
-2.566 .006549* 1.622 3220.0 

381.3 

402.4 

402.4 

F 

B 

B / F 

B / F 
-4.641 .008983* 2.034 2717.0 

504.4 

528.8 

528.8 
-8.232 .01939* 1.671 1033.0 

414.4 

434.4 

434.4 

B 

C 

C / B 

C / B 
0.7746 -.001265 2.323 12850.0 

604.0 

620.3 

6 20.3 
-8.815 .001561 2.142 9608.0 

557.1 

57 2.1 

572. 1 

C 

E 

E / C 

E / C 
-4.442 .008179"'' 2.0 11 1475.0 

537.1 

549.2 

549.2 
-3.210 .00819 1.482 1109.0 

395.9 

404.8 

404.8 

E 

A 

A / E 

A / E 
1.824 -.003097 2.107 8842.0 

575.2 

602.6 

602.6 
-5.763 .01310 1.573 1561.0 

429.6 

450.1 

4 50. 1 

denotes significance at p £ .0 5 

data were analyzed on the basis of 1cm length groupings with a m i n i m u m of 5 f ish in each 
category for calculat ion of each R i+^ i i . 



discrepancies , at least in part, are explainable through a compar i son of the 
A 

values of b obtained f r o m the r eg re s s ion analys is in each instance. In only 

two cases out of five (the compar i son of net F to net B and net E to net C) 

l e v e l . In the three remaining compar isons , the values of b obtained are 

negative, which means that the l a rge r mesh size i n the compar ison ( m ^ j ) 

caught sma l l e r f i sh than did the smal le r mesh size (mi). 

A 
Confidence l i m i t s placed on a l l values of b obtained, calculated f r o m 

t.05 at n-2 degrees of freedom (Steel and T o r r i e , I960) are l i s t ed in Table 

VIII . In a l l cases except for the values der ived f rom the F / B and E / C c o m -

A 
par isons , which were found to be significant, the confidence l i m i t s about b 

A 

range between posit ive and negative; in other words, the true values of b in 

three cases out of five are not s ignif icant ly different f rom zero . 
A 

The negative values obtained for the b 's indicate that s l ight ly sma l l e r 

f i sh were caught in the l a rger net of the pair being compared. In this situation 

ca lcula t ion of <rc in the express ion 

A 
are the values of b (.0,08.983 and .008179 respectively) significant at p S .0 5 

A 

b ± t.05 

1 i+1 - l . 
i 

(Regier and Robson, 1966), should be A 
b 
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T A B L E VIII. Confidence l i m i t s for values of b est imated f r o m sockeye data 
in the nylon gi l lnet m u l t i - m e s h exper iments . 

Compar i son 

95% 
Confidence L i m i t s 

Compar i son 
b Sh S b d.f. L o w e r Upper 

F / D -.001010 .000002122 .0011 13 -.003386 + .001366 

B / F .008983* .00001096 .0033 10 + .001631 + .016335 

C / B -.001265 .000005855 .0024 10 -.006612 + .004082 

E / C .008179 .000006308 .0025 10 +.002609 + .013749 

A / E -.003097 .0000070 50 .0027 10 -.009112 + .002918 

denotes significance at p £ .0 5 l e v e l . 

The effects of changing m i n i m u m sample size pe rmi s s ib l e for c a l c u l a 

ting ra t ios of catches f r o m 5 to 10 in any given category did not al ter the 

re la t ionships descr ibed above; nor did re-grouping of the data into two cen t i 

meter length groups with a m i n i m u m sample size of 10 al ter the pai red c o m -

par isons which produced significant l eve l s of b . These changes did, however, 
1. 

al ter the calculated values of 1. and 1. , , in each case, and consequently the 
i l + l 1 

se lec t iv i ty curves based upon the var ious combinations differed substantial ly 

for each mesh size for which est imates could be calculated ( F i g . 8). 

Changes in m i n i m u m sample s ize within categories f rom 5 to 10 r a d i 

ca l ly a l tered est imates of curves for Panels F and B , but did not change the 

general shape and locat ion of the curves for Pane l s C and E . It i s possible that 

es t imates for C and E are f a i r l y close approximations of the select ive proper t ies 
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F I G U R E 8. Se lec t iv i ty curves for exper imenta l nylon gi l lnets based on 
length freauencies of s n r k p v p r a t r h p q 



of those mesh sizes since a l l three curves have roughly the same shape, and 
A 

estimates of 1̂  are within one centimeter of each other. On this basis , 

m a x i m u m efficiency for P a n e l C and Pane l E would occur on sockeye a p p r o x i 

mately 540 m i l l i m e t e r s and 555 m i l l i m e t e r s long respec t ive ly . 

Se lec t iv i ty curves computed f r o m pink salmon length-frequency data 

in the same manner as for sockeye are presented in F i g . 9. Values of the 
* A 

A A A -y — — parameters a, b, k, cr s l j , and l j+p are presented in preceding Table VI I . 

A 

In each case, the values of b are posi t ive (unlike the re la t ionships determined 

for sockeye), but i n only two comparisons, F / D and B / F , are the values 
A 

significant. In the other three comparisons, values of b, as shown by their 

95 per cent confidence in te rva ls , could as eas i ly have been negative as 

posi t ive (Table I X ) . 
A 

Est imates of 1̂  for each mesh size differ substantially f r o m est imates 

for the same mesh size based on sockeye catches (Table VII) . F o r instance, 
A 

1̂  for Pane l F based upon the B / F ratio was 504.4mm f rom sockeye length-

frequency data, and 414.4mm for pinks; s i m i l a r l y , values for B were 

528.8mm and 434.4mm respec t ive ly . V a l i d compar isons are avai lable for 
A 

A 

those est imates of l i which are based upon values of b which are s ignif icant . 

These, extracted f rom Table VII, are as follows: 
A 
l i M e s h Size 

D F B C E A 

Sockeye - 504.4 528.8 537.1 549.2 

P i n k s 381.3 402.4 434.4 - - -414.4 



300 350 400 450 500 350 400 450 500 
LENGTH CLASS (MM.) 

OJ 
vO 

F I G U R E 9. Select ivi ty curves for experimental nylon gi l lnets based on length frequencies of 
pink catches. 
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T A B L E I X . Confidence l i m i t s for values of b estimated f r o m pink data in 
the nylon gi l lnet m u l t i - m e s h experiment . 

Compar i son 
A 
b s 2 

b b 
S b d.f. 

95 % 
Confidence L i m i t s Compar i son 

A 
b s 2 

b b 
S b d.f. L o w e r Upper 

F / D .006 549* .000002847 .0017 6 +.002349 + .010749 

B / F .019390* .000025070 .0050 6 +.007190 +.031590 

C / B .001561 .000021650 .0047 7 -.004539 + .012661 

E / C .008019 .00003609 .0061 7 -.006381 +.022419 

A / E .013100 
i 

.00018640 .0136 4 -.024700 +.050900 

* denotes signif icance at p £ .05 

If the data were providing reasonable estimates of the true select ive 

proper t ies of each mesh size, then cha rac te r i s t i c s of the curves based on 

ana lys is of sockeye length-frequency data should differ f r o m that based on 

pinks only insofar as the length-gi r th re la t ionships of the two species differ . 

Baranov, as reported by M c C o m b i e and F r y (I960), demonstrated that f i sh 

of the same g i r th but different lengths of two species were caught equally 

we l l by a given mesh s ize . 

Sockeye and pink length-gi r th re la t ionships were determined f rom samples 

col lected i n the c o m m e r c i a l f i shery and are d iscussed in detai l on pages 104 to 

108. The re la t ionships between sockeye and pink lengths for equivalent gir ths 
A 

are presented in Table X for the 1. calculated for mesh sizes F and B as shown r l 

above. Although pinks of a given g i r t h are shorter than sockeye of the same 
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T A B L E X . Rela t ionship of sockeye and pink lengths for equivalent g i r ths ; 
g i r ths calculated f r o m sockeye length-gi r th re la t ionships . 

M e s h 
size 

Sockeye 
A 

Length ( l t ) 
in m m 

G i r t h 
in m m 

P i n k s 

Length for 
equivalent g i r t h in m m 

P i n k s 
calculated 

14 (mm) 

F 5.04.4 327.2 487.7 408.4 

B 528.8 341.7 508.0 434.4 

g i r th (e.g., for g i r th 327.2mm sockeye are 504.4mm long and pinks are 

487.7mm long), this difference is not sufficient to explain the gross deviations 
A. 

of the 1̂  calculated for net F on the bas i s of sockeye (504.4mm) f rom that 

calculated on the basis of pinks (408.4mm). The comparable values for net B 

were 528.8mm and 434.4mm respec t ive ly . 

It is possible that these differences s imply express exper imental e r r o r 

resul t ing f r o m the s m a l l sample s izes ava i lab le . It i s a lso possible , however, 

that this magnitude of difference is ref lect ive of a different ia l react ion of 

individuals of each species as they encounter the net, or of a difference in 

swimming thrust between species. G a r r o d (1961), for instance, has shown 

for f i sh of the same species that the mean retention length (for a given mesh 

size) is s l ight ly greater for f i sh which have been d r iven into the net in c o m 

par i son with catches obtained without d r iv ing . Although he asc r ibes the 

difference i n part to a shorter set t ime in the f i r s t instance which resul ts in 

" l o o s e - g i l l e d " f i sh being captured before they could escape, this var ia t ion i n 
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mean retention length s t i l l suggests that the c i rcumstances of capture influence 

the size composi t ion of the catch. In this experiment, however, sockeye and 

pinks were caught under ident ica l conditions, and in fact were captured con

cur ren t ly . 

Konda (1966) presented data which suggest that sockeye escape f rom 

gi l lnets at a higher rate than pinks based on studies conducted on the high 

seas f i she r ies . He does not indicate, however, whether mesh s izes were 

s i m i l a r in the separate exper iments which led to h is observat ions. If the data 

were comparable, then they are suggestive of a difference in behaviour or 

swimming performance between the two species once they have become 

enmeshed i n a gi l lnet . Lander (1969) demonstrated through a re la t ionship 

between g i r th at the net mark and fork length that l a rge r sockeye have more 

swimming thrust than sma l l e r sockeye. These resul ts also i m p l y that once 

captured, sockeye tend to struggle violent ly and, in effect, d r ive themselves 

into the net to the l i m i t of the e las t i c i ty of the web. 

The mesh s izes chosen for this experiment ranged between 11.75cm 

and 14.29cm (stretched mesh), and in retrospect the differences between mesh 

s izes in the se r ies may not have been great enough to a l low demonstrat ion of 

the select ive proper t ies pecul iar to each mesh s ize . Resul t s obtained by 

Pe te r son (1954) and d iscussed by Hol t (1963), however, indicated that mesh 

differences of approximately 0 .5cm were sufficient to provide r a d i c a l 

differences i n the length-frequency d i s t r ibu t ion of sockeye caught. The nets 

used in Pe te r son ' s experiment were of l inen construct ion rather than nylon, 
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and perhaps the differences in e las t i c i ty between the two mate r i a l s resul t i n 

a broader range of selection within each mesh s ize . G a r r o d ' s (1961) length-

frequency data for T i l a p i a esculenta, however, were r a d i c a l l y different 

between mesh sizes of nylon gi l lnets which va r i ed in mesh size as l i t t l e as 

0.5cm. It seems l i ke ly , therefore, that there should have been demonstrable 

differences i n the length-frequency charac te r i s t i c s of at least the catch 

recorded i n the smal les t mesh as opposed to the la rges t i n this experiment, 

as the range totalled 2.54cm. 

Cer ta in aspects of the resul ts obtained f rom this experiment have i n d i 

cated that the selective proper t ies of the s ix mesh s izes used do differ . In 

par t i cu la r , sockeye of age c lass 1.2 and pinks both demonstrated a decline in 

numbers caught, with increase i n mesh s ize; addit ionally, the mean size of 

capture for both groups showed a definite increase wi th increase in mesh s ize . 

Sockeye of age c lass 1.3, however, neither descr ibed a trend in numbers 

caught with increase in mesh size nor in mean size of capture between mesh 

s i ze s . F i s h of this age c lass , in addition, total led 1675 out of 20 30 sockeye 

used i n the foregoing analyses and, as a result , completely masked any 

select ive trends demonstrated by age class 1.2. Examina t ion of data avai lable 

on mean size of sockeye captured in the Skeena R i v e r g i l lnet f ishery during 

the per iod 1915 to 1968 revealed that f i sh of age class 1.2 in 1968 were about 

average in size; sockeye of age class 1.3 i n 1968, on the other hand, were 

fourth and fifth la rges t in recorded h i s to ry for females and males respec t ive ly 

(Bil ton, et._al., I965, 1966, 1967(a), 1967(b), 1968). It i s possible that these 
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f i sh were, in effect, too la rge for a l l mesh sizes used, and their capture was 

pure ly a matter of chance entanglement. Since this age c lass represented 

more than 80 per cent of the total sample, i t effectively masked the true se l ec 

t ive proper t ies of the mesh s izes u t i l i zed . A s unique se lec t iv i ty curves cannot 

be determined f rom these data, it has not been possible to adjust the age c o m 

posi t ion of Shepard and W i t h l e r ' s (1958) calculated sockeye escapement l eve l s 

to take into considerat ion the select ive act ion of the f i shery . 

D . Summary . 

1. N y l o n gi l lnets chosen for this study were shown to correspond c lose ly 

to manufacturer ' s stated mesh s izes with l i t t l e va r i ab i l i t y ; in addition, no 

change in s ize occur red as the season progressed . 

2. Sockeye salmon catches recorded i n the exper imental design were 

not influenced in numbers by mesh size, f ishing posit ion, or set number. 

3. P ink salmon catches recorded in the exper imental design were not 

influenced i n total numbers by mesh size or f ishing position, but were affected 

by set number . Th i s was shown to be a resul t of a pa r t i cu l a r l y large catch 

recorded in one set which accounted for approximately 25 per cent of the total 

catch for the season. 

4. Sockeye of age c lass 1.2, and pinks, decreased in numbers and 

inc reased in mean size of capture as mesh size increased . Sockeye of age 

c lass 1.3, on the other hand, demonstrated no trend in either numbers or 

size with increase in mesh s ize . 
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5. Se lec t iv i ty curves were computed using the no rma l probabi l i ty model 

proposed by Hol t (1963) and descr ibed by Reg ie r and Robson (1966). Unique 

curves for each mesh size could not be determined f r o m either the sockeye or 
A 

the pink length-frequency data. Differences i n mean select ion lengths (1 )̂ 

for a single mesh size between der ivat ions based on sockeye and pink data 

could not be explained solely on the bas is of differences between the g i r t h -

length re la t ionships of the two species . It was postulated that behavioura l and/ 

or swimming thrust differences between the species played a part in determining 

the select ive proper t ies of the nets toward each. 

6. Resul t s obtained were not sufficiently prec ise to warrant adjustment 

of the age composi t ion of escapements of Skeena sockeye calculated by 

Shepard and With le r (1958) to take into account the select ive effects of the 

g i l lne t f i shery . 
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IV. C O M P A R I S O N O F T H E R E L A T I V E S E L E C T I V I T Y A N D 

E F F I C I E N C Y O F N Y L O N A N D L I N E N G I L L N E T S 

A . Introduction. 

G i l l ne t fishing has been conducted on the Skeena R i v e r since 187 5 (Milne , 

1955), but few changes in fishing gear occur red p r io r to 1930. Dur ing the 

per iod 1930 to 1950 r a d i c a l changes i n efficiency of exploitat ion units were 

wrought by addition of engines and mechanical net drums to gi l lnet vessels , 

which permit ted f i shermen to range more widely and to make more sets 

(Shepard and Withler , 1958). Concurrent improvements to gi l lnets consisted 

p r i m a r i l y of technical improvement to l inen f ibres . Dur ing the ear ly 1950's, 

however, synthetic f ibres were introduced and by 1955 v i r t u a l l y a l l l inen nets 

had been replaced by nylon mul t i f i lament web. Since 1955, var ious other 

synthetics have been introduced, but in general , improvements have again 

been r e s t r i c t ed to increases in tensi le strnegth of f ibres of given s ize; thus, 

the nets present ly in use are constructed of finer mate r ia l s than were the o r i 

g ina l ly introduced synthetics. 

To r ea l i ze the major objective of this study, which was to es tabl ish the 

probable age composi t ion of sockeye escapements p r i o r to 1946 by adjusting 

totals once the select ive action of the f i shery was taken into considerat ion, i t 

was considered essent ia l to compare re la t ive selective proper t ies and eff i 

ciency of nylon gear present ly in use i n the Skeena f ishery with l inen gear used 

f o r m e r l y . The select ive proper t ies of the nylon gear, which were to have been 

establ ished by the experiment prev ious ly reported, could then have been 
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adjusted to have provided an estimate of se lect iv i ty of the f ishery in the days 

of l inen usage. 

Al though the re la t ive effectiveness and se lect iv i ty of cotton and nylon 

nets have been compared for other f i sher ies such as in the Great L a k e s 

(Berst , 1961; Pycha , 1962); i n Saskatchewan lakes (Lawler , 1950; Atton, 1955); 

and in Swedish lakes (Mol in , 1950; 1951), no d i rec t data are avai lable for 

P a c i f i c salmon f i sher ies . In addition, the above studies without exception 

consisted of comparisons between equivalent mesh s izes of the two types of 

m a t e r i a l s . In the Skeena f ishery, mesh sizes differed between mate r ia l s ; 

l inen nets were p r i m a r i l y 5-5 /8" (142.9mm) stretched mesh, while the 

modern nylon net most common is of 5-1/4" (133.4mm) stretched mesh s i ze . 

For tunately , l inen nets actual ly constructed c i r c a 1945 were obtained in good 

condition and were made avai lable for this study. 

B . Methods and M a t e r i a l s 

A s both " r i v e r " and "outside" type l inen nets were avai lable and differed 

only insofar as color of m a t e r i a l was concerned, both were used in conjunction 

wi th modern nylon nets to test for differences in efficiency and select ive 

proper t ies between the two m a t e r i a l s . Manufac turer ' s stated s izes were 

5 -5 /8" for both ' t ' r i ve r " (white in color) and "outside" (green) l inen nets. Two 

panels of modern nylon gear, both 5-1/4" " r i v e r " type nets, completed the 
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exper imenta l a r r a y . Measurements of 50 meshes f rom each of the four nets 

were taken pe r iod ica l ly throughout the experiment to es tabl ish the va l id i ty of 

the manufacturer ' s stated size, and to determine whether changes in size 

occur red with usage. 

A l l panels were hung to f i sh as they would in the c o m m e r c i a l f ishery; 

thus, l inen nets being constructed of coarse r ma te r i a l were hung at a ra t io 

of 2:1, while nylon gi l lnets were hung in to the m a x i m u m allowable by regulat ion 

of 3: 1. Each panel was hung to 50 fathoms of fishable length. A l l four panels 

were fitted with swivel fasteners at each end of cork and lead l ines so that 

their re lat ive posit ions could be a l tered eas i ly at the end of each set. Each 

set of l ines was constructed so that i t was 52 fathoms long; in this manner, 

when the nets were assembled in a r ray , a gap of two fathoms existed between 

each panel to reduce the poss ib i l i t y of f i sh of a pa r t i cu la r s ize leading along the 

se r i e s unt i l a mesh suitable for g i l l i ng that size of f ish was reached (Plate I, 

page 9 ) . 

The exper imental design, a modif icat ion of the L a t i n Square Des ign 

(Cochran and Cox, 1957), was establ ished and followed in much the same 

manner as descr ibed for the nylon gi l lnet m u l t i - m e s h experiment . In this 

instance, however, each full f ishing day requi red that a total of four sets be 

completed. F i s h i n g was conducted for a total of 16 days. E a c h Block , or 

Repl ica te , compr i sed four sets on each of four f ishing days. In this manner, 

each net panel was fished at each of the four fishing posit ions re la t ive to the 

boat each day; over a four-day period, each net panel was fished once at each 
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possible combination of fishing posit ions and set locat ions . A total of four 

true rep l ica tes was thus obtained for the 16 days of exper imental f i sh ing. 

A l t e rna t ion of the re la t ive posi t ion of the panels for each set was con

ducted in the same manner as descr ibed for the nylon m u l t i - m e s h experiment, 

to avoid the poss ib i l i ty of systematic bias affecting the catches recorded i n 

each panel. 

F i s h i n g was conducted during periods closed to the c o m m e r c i a l f i shery 

i n the same general area used for the nylon gi l lnet m u l t i - m e s h experiment, 

and sets were made in the regions corresponding with set locat ions 1 through 

4 shown in F i g . 2. Quantitative and qualitative charac te r i s t i c s of the catches 

for each panel were recorded in the manner descr ibed for the nylon g i l lne t 

exper iment . 

Catches of sockeye and pinks were assessed by an analys is of var iance 

procedure . F a c t o r s tested for were the effects of net panel, f ishing posi t ion, 

and set locat ion on the numbers of sockeye and pinks caught by each panel. 

Length-frequency d is t r ibut ion of f i sh caught in the l inen panels was compared 

with that of f ish caught in the nylon panels. 

C . Resu l t s and Interpretation. 

1. M e s h size measurements . 

The mesh size of the most common l inen net used in the Skeena f ishery 

was 5-5/8", while the most common nylon net now in use is 5-1/4" . Although 

nets of these stated sizes were obtained for this experiment, it was important 
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to determine whether the actual difference was as large as stated, so that 

differences in select ion might be attributed to mesh s ize differences as w e l l 

as to differences in mate r i a l s . 

The resul ts of mesh measurements taken at four t imes during the course 

of the experiment are summar ized for compar ison with manufacturer 's stated 

mesh s izes in Table X I . Confidence l i m i t s calculated at the p £ .0 5 leve l f r o m 

sampling data are also presented. In a l l four instances, the sample means 

differ s ignif icant ly f r o m the manufacturer ' s stated mesh s izes ; for both nylon 

nets, sample means indicate that the nets were actual ly s l ight ly l a rge r than 

stated (135.0 and 135.4mm respect ively , as opposed to the stated size of 

133.4mm); for l inen nets, on the other hand, sample means indicate that the 

nets were actual ly s l ight ly sma l l e r than stated (139.1 and 139.6mm respec t ive ly , 

as opposed to the stated size of 142.9mm). Confidence l i m i t s calculated about 

the means of the two nylon nets overlap, which indicates that both samples have 

been drawn f rom the same population; i .e . , that the mesh size of nylon (1) of 

135.0mm i s not different f r o m the mesh size of nylon (4) of 135.4mm. A 

s i m i l a r compar ison for the l inen nets indicates that the mean calculated for 

outside l inen (2) of 139- 1mm is different f rom the mean calculated for r i v e r 

l inen (3) of 139.6mm. Since measurements were actual ly taken to the nearest 

one-eighth of an inch (3.17mm), these differences, although r e a l i n a s ta t i s t ica l 

sense, are not meaningful (Steel and T o r r i e , I960). 

A meaningful difference does exist, however, between the mean sizes of 

nylon nets as compared with the mean s izes of the l inen panels. Although the 



T A B L E X I . A compar ison of manufacturer 's stated stretched-me sh s izes with mean mesh 
s izes determined f rom sample measurements for two nylon gi l lnets and two 
l inen g i l lne t s . 

Stated mesh size 
Inches 
M m 

M e a n size f r o m 
samples (mm) 

Standard deviations 

Confidence l i m i t s L j 

N y l o n ( 1) 

5-1/4 
133.4 

135.0 

2.22 

134.69 

135.31 

Outside 
L i n e n (2 ) 

5-5/8 
142.9 

139.1 

1.71 

138.86 

139.34 

R i v e r 
L i n e n (3 ) 

5-5/8 
142.9 

139.6 

1.52 

139.38 

139.82 

Nylon (4) 

5-1/4 
133.4 

135.4 

2.47 

135.05 

135.75 
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manufacturer ' s stated s izes indicate a difference of .375 inches (approxi 

mately 9.5mm), the r ea l difference as established f rom sample mesh 

measurements i s about 4 .2mm. 

The d is t r ibut ion of sample measurements for a l l four nets for each 

sampling date is expressed as deviations in eighth-inch (3.17mm) in te rva l s 

f rom the manufacturer ' s stated mesh sizes in F i g . 10. Seasonal changes in 

either l inen or nylon a re not apparent; nylon nets were s l ight ly l a rger than 

the stated size and l inen nets were sl ightly sma l l e r on the i n i t i a l sampling 

date, and l i t t l e change occur red as the season progressed . The resul ts obtained 

for l inen nets are at odds with changes in s ize reported by Pe te r son (1954) for 

h i s exper imenta l l inen nets. Ini t ia l measurements taken p r i o r to use suggested 

that mesh s izes exceeded stated s izes ; shrinkage occur red to reduce the mesh 

s izes i n most instances to about the size o r ig ina l ly stated, and most of this 

shrinkage occur red during the f i r s t week of use. Measurements taken during 

the 1968 study were not in i t ia ted unt i l the nets had been fished for three days, 

and thus the i n i t i a l shrinkage may have occur red p r i o r to the i n i t i a l m e a s u r e 

ments. 

Brandt (1963) demonstrated for t r awl cod-ends that nylon mesh s izes 10 

to 15 per cent smal le r than mani la mesh s izes were requi red in order to 

obtain s i m i l a r l eve ls of select ion. F o r Skeena R i v e r gi l lnets , the nylon nets 

are 15 per cent sma l l e r than the l inen, based on manufacturer ' s stated s izes , 

but only 3 per cent sma l l e r for the nets used i n this experiment . Since this 

difference i n effective s ize i s minor , quantitative and quali tat ive differences 

wh ich may exist i n the catches of sockeye and pinks i n the nylon and l inen 
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r i v e r type gi l lnets may be attr ibuted p r i m a r i l y to the different ma te r i a l s used. 

.S imi la r ly , any differences in catch composi t ion which exist between r i v e r and 

outside type l inen nets may be attributed to differences in color between the 

two nets. 

2. Re la t ive efficiency of nylon and l inen g i l lne ts . 

Catches of sockeye and pinks recorded for each of the four net panels by 

set were a r rayed in repl icates according to fishing posi t ion and set number, 

and are l i s ted in Appendix Tables i l l and IV . 

These data were tested by analys is of variance procedure for the effects 

of net panel (nylon versus linen), f ishing posit ion, and set number on catches 

of each species . Per t inent sums of squares, degrees of freedom, mean 

squares, and calculated F rat ios are presented in Table XII for both species . 

The e r r o r t e r m i s pooled, exper imental e r r o r (between blocks treated alike) 

and sampling e r r o r (within b locks) . 

F o r both sockeye and pinks, the effect of net ma te r i a l on numbers 

caught was highly significant at p £ .0 5, as calculated F ra t ios were 7.94 and 

5.72 respec t ive ly . In addition, the f i rs t order interact ion of A (net mater ials) 

x C (set number) was bare ly significant at p £ .05 with a value of 1.93. A l l 

other F rat ios were non-signif icant . 

Catches of sockeye have been summar i zed f rom the data l i s t ed in 

Appendix Table III according to net ma te r i a l and set of capture and are p r e 

sented in F i g . 11 to depict the significant in teract ion which resul ted f rom the 

ana lys i s of va r i ance . Data shown in this F i g u r e demonstrate that 



T A B L E X I I . Summary of resul ts of analys is of variance for effects of net ma te r i a l , f ishing 
position, and set number on sockeye and pink catches in the nylon v s . l inen 
gil lnet experiment . 

Source 

S O C K E Y E P I N K S 

Source Sum Sq. D . F . Mean Sq. F Rat io Sum Sq. D F . Mean Sq . F Ra t io 

M a i n Effects 

A (net mater ial) 902.00 3 300.60 7.94 108.80 3 36.29 5.72 

B (fishing position) 10.04 3 3.35 0.08 1.58 3 0.53 0.08 

C (set number) 82.01 3 27.33 0.72 2.08 3 0.69 0.10 

Interact ions (1st orde 

A B 466.30 9 51.81 1.36 39.39 9 4.38 0.69 

A C 657.60 9 73.07 1.93" 16.14 9 1.79 0.28 

B C 152.70 9 16.97 0.44 31.57 9 3.51 0.55 

Interactions (2nd orde r) 

A B C 614.90 27 22.77 0.60 115.40 27 4.28 .67 

E r r o r 7264.00 192 37.83 1217.00 192 6.34 

* 
denotes significance at p £ .0 5 
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F I G U R E 1 1 . The in teract ion of net ma te r i a l and set number on catches 
sockeye recorded in the nylon and l inen gi l lnet experiment 
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m a x i m u m catches (214) were recorded in Set 1 for nylon nets and Set 3 for 

l inen nets (65), while m i n i m u m catches were recorded in Set 3 for nylon (79) 

and Set 1 for l inen (19). There was a reasonably strong tendency for catches 

recorded i n nylon nets to decline as the set numbers progressed, while the 

reverse was true for catches in the l inen nets. 

The reasons for this difference are unclear, but two poss ib i l i t i e s ex is t . ^ 

F i r s t l y , the f i sherman employed for this experiment habi tual ly fished in the 

lower area of the r i v e r (encompassed by set locations 1-4 in F i g u r e 2) and 

may not have been quite so proficient in the area where sets 3 and 4 of this 

exper iment were general ly located; this could be a pa r t i a l explanation at 

least for the pattern of sockeye catches recorded in the nylon nets, but does 

not explain the reverse trend in the catches of the l inen nets. Secondly, 

c l a r i t y of water could be expected to affect the catches of the l inen nets more 

strongly than i t would catches of the nylon nets because of the finer ma te r i a l 

of the lat ter (Atton, 1955). The influence of saltwater on total turbidi ty i s 

pa r t i cu l a r l y noticeable in the areas of Sets 1 - 3 (Figure 2) and decreases as 

the set locations progress upr ive r ; i t might be expected, therefore, that 

catches recorded in l inen nets would increase f r o m Set 1 through Set 4, so 

long as ava i l ab i l i ty of f ish remained at reasonable l eve l s . If the reason 

expressed for the decline i n catches recorded i n the nylon nets is , in fact, 

the true explanation, then catches recorded in the l inen nets would also have 

been suppressed. Consequently, the true effect of changes in turbidi ty on 

catches in the l inen nets was probably substantial ly greater than indicated. 
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S t r ik ing differences in the total catches of both sockeye and pinks 

between net ma te r i a l s were recorded, and as has been noted, these differences 

were significant. To assess which differences were significant, Duncan's New 

M u l t i p l e Range test was applied to mean catch per set of sockeye and s i m i l a r l y 

for pinks, for a l l four panels; 

Outside R i v e r 
Ny lon (1) l inen (2) l inen (3) Nylon (4) 

Sockeye 5.17 0.75 1.89 4.78 

P i n k s 1.53 0.11 0.17 1.34 

A summary of computations i s presented i n Appendix Table V , and conclusions 

reached were that for both sockeye and pinks, the mean catches per set 

recorded in nylon nets were s ignif icant ly greater than those recorded for l inen . 

Differences between the two nylon panels were not significant for either species , 

nor were differences between the two l inen panels. This lat ter conclusion was 

su rp r i s ing , because r i v e r l inen panel 3 caught more than twice the number of 

sockeye than did outside l inen panel 2. The s t ructura l difference between the 

panels was color, and although the catch difference was dec lared n o n - s i g n i f i 

cant, the " r i v e r " type net caught more than twice as many sockeye as did the 

"outside" type net. Th i s difference was i n the expected d i rec t ion , and the fact 

that i t was not significant may be attributed to the s m a l l sample s izes . 

Mean catches of nylon nets (which were both of r i v e r type) ranged 

between 2.5 and 2.7 t imes as great as that recorded for the r i v e r type l inen 

panel 3. At ton (1955) repor ted i n compar isons of nylon and cotton nets of 



three mesh s izes that nylon was more effective than cotton at rat ios of 2.6:1.0, 

1.5:1.0, and 1.2:1.0, based p r i m a r i l y on catches of c i sco and whitefish, and 

that the re la t ive eff iciencies approached unity as mesh sizes inc reased . The 

most effective nets used, in te rms of the size of f ish avai lable , were the 

smal les t and the ratio of 2.6: 1.0 compares very c lose ly with the values of 

2.5 and 2.7 determined f rom the sockeye experiment reported here . 

Other assessments of re la t ive effectiveness of nylon and cotton gi l lnets 

have provided remarkably s i m i l a r resul ts . Hewson (1952) reported an ove ra l l 

ra t io of 2.6:1.0 by weight i n favor of nylon based upon severa l species . B e r s t 

(1961) reported that nylon nets were between 1.3 and 3.6 t imes as effective as 

cotton, depending on the species . Pycha (1962) reported that nylon nets were 

2.3 and 2.8 t imes as effective as cotton nets for lake trout, depending on s ize . 

Resu l t s for pinks suggest that nylon nets were in the order of 8 to 9 t imes 

as effective as l inen nets. These figures are far greater than any prev ious ly 

repor ted for any species, and may in part have been contributed to by the 

unusually sma l l f i sh present. The size of the pinks present in the 1968 run was 

the smal les t on r eco rd and, as i s shown on pages 101 to 104, only the very 

la rges t were captured by the c o m m e r c i a l f i shery . These resul ts , therefore, 

a re opposed to those presented by Atton (1955) who found that the advantage of 

nylon over cotton was not near ly as great for h is large mesh nets as i t was for 

s m a l l mesh nets which were more suitable for most abundant s izes of f i sh . A s 

desc r ibed ea r l i e r , mesh size of the nylon nets used was approximately three 

per cent sma l l e r than that of the l inen nets. In that the pinks were exceedingly 
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sma l l , i t was at f i r s t considered that this mesh size difference may have con

tr ibuted to the apparent exaggerated difference in efficiency between the two 

gear types; examination of the quali tat ive charac te r i s t i c s of the catch as d i s 

cussed below, however, does not support this argument. 

3. Re la t ive se lect iv i ty of nylon and l inen g i l lne t s . 

Sockeye and pinks caught i n the l inen nets were expected to differ in one 

or more quali tat ive aspects f rom those caught in the nylon nets because the 

l inen nets were l a rger in mesh size, and because of the different phys ica l 

proper t ies of the two mate r ia l s employed. 

Sockeye catches were a r rayed by number and percentage of f ish recorded 

in each sex c lass for the two major age groups; and pinks s i m i l a r l y by sex 

c lass , for the four exper imental panels in Table XIII . Chi -square tests were 

conducted on each age class of sockeye by sex class , on total sockeye catches 

by sex c lass , and on pinks by sex c lass to determine whether any of the slight 

differences in catch between nets of the two mater ia l s were significant. To 

2 
validate the use of X , data for both l inen nets were lumped in tests conducted 

on pinks, and tests conducted on individual age c lasses of sockeye. The resu l t s 

of these tests are summar ized in Appendix Table VI , and in no case were any 

2 

X values significant (Steel and T o r r i e , I960). These resul ts indicate that no 

differences exis t between charac te r i s t i c s of sockeye caught by nylon as opposed 

to l inen with respect to numbers in age and sex c lass , or of pinks with respect 

to sex c lass . 
The length-frequency dis t r ibut ions of sockeye and pinks caught in each of 



T A B L E XIII . Age and sex dis t r ibut ion of sockeye, and sex d i s t r ibu t ion of pinks in numbers 
and percentages of total catches recorded i n each panel of the nylon and l inen 
g i l lne t experiment. 

P I N K S Age 1.2 S O C K E Y E Age 1.3 S O C K E Y E A L L S O C K E Y E 

P A N E L 
Fema le 
N o . % 

Male 
No. % Tota l 

Female 
No. % 

Male 
No. % Tota l 

Fema le 
N o . % 

M a l e 
N o . % Tota l 

Fema le 
No. % 

M a l e 
No. % Tota l 

Ny lon l 26 26.8 72 73.2 98 16 5.4 14 4.8 10.2 165 56.1 99 33.7 89.9 181 6 1 .6 113 38.4 294 

Outside 
L i n e n 2 1 14.3 6 85.7 7 4 9.1 2 4.5 13.6 22 50.0 16 36.4 86.4 26 59.1 18 40.9 44 

R i v e r 
L i n e n 3 4 36.4 7 63.6 11 9 7.9 8 7.0 14.9 63 55.3 34 29.8 85.1 72 63.2 42 36.8 114 

Nylon 4 23 26.4 64 73.6 87 15 5.5 22 8.1 13.6 163 59.7 73 26.7 86.4 178 65.2 95 34.8 273 



the four exper imental panels are presented in F i g s . 12 and 13 respec t ive ly . 

The data suggest that l i t t l e difference exists between length-frequency d i s t r i 

butions of sockeye caught by nets of the two different ma te r i a l s . Data obtained 

for pinks are hard ly comparable because of sma l l sample s izes for both l inen 

panels, but even here no gross differences were apparent. 

Sockeye and pink length-frequency dis t r ibut ion were analyzed in total and 

by sex and age c lass , to es tabl ish whether mean size or var iance of f i sh caught 

by one ma te r i a l differed f r o m those charac te r i s t i c s of f i sh caught by the other. « 

These data are l i s t ed in Table X I V , and suggest that minor differences in mean 

lengths occur between both pinks and sockeye caught in the nylon panels as 

opposed to the l inen . O v e r a l l , mean length of sockeye caught in nylon Panels 

1 and 4 of 524.5mm and 521.4mm respect ive ly , were s l ight ly greater than those 

for l inen Panels 2 and 3 of 518.0 and 518.7mm respec t ive ly . Resu l t s of t-tests 

conducted on comparisons of mean length for Pane l 1 with mean length for 

Pane l 3, and secondly for Panel 2 and Pane l 4, are summar ized in Appendix 

Table VI I . Computed values of t are non-signif icant for the 2 versus 4 c o m -

5 

par i son , but are significant at p £ .0 5 for the 1 versus 3 compar ison . Wi th in 

age and sex c lasses none of the t-tests provided significant values; however, in 

a l l cases but that of age 1.2 males for the 1 and 3 comparison, the mean length 

of sockeye caught i n the nylon nets was s l ight ly greater, i n spite of the fact 
i 

that l inen nets were shown to have been approximately three per cent l a rge r in 

mesh size than nylon. The same situation preva i led for pinks; resul ts of t- tests 
5 T e s t c r i t e r i o n used was t = where Sd = fs^ + " s ) since s? = s | in 

Sd ' V c \ n 1 n 2 / 
a l l cases used for compar i son (Steel and T o r r i e , I960). 
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T A B L E X I V . Sample s ize, average length, and var iance of catches of sockeye and pinks by age and 
sex class for nylon and l inen g i l lne ts . 

Nylon 1 L i n e n 2 L i n e n 3 Nylon 4 

3pe cie s, Age , Sex N 
X 

length s 2 N 
X 

length s 2 N 
X 

length s 2 N 
X 

length s 2 

S O C K E Y E 

Age 1 .2 F e m a l e s 16 472.10 245.60 4 468.50 63.00 9 491.00 658.50 15 480.93 440.49 

Age 1 .2 M a l e s 14 492.00 766.60 2 477.00 8.00 8 481.10 186.41 22 484.50 510.64 

Age 1 .3 F e m a l e s 165 523.20 394.50 22 515.90 238.31 63 519.10 304.17 163 521.36 323.50 

Age 1 .3 M a l e s 99 539.76 373.66 16 538.50 435.20 34 534.30 550.35 73 541.00 465.26 

To ta l 294 524.48 672.25 44 518.02 737.53 114 518.72 619.78 273 521.42 681.37 

P I N K S 

F e m a l e s 

M a l e s 

26 

72 

415.57 

418.19 

463.77 

1034.58 

- - 23 

64 

423.78 

417.46 

457.90 

1098.95 

To ta l 98 417.45 887.07 7 411.14 300.80 11 415.45 743.47 87 419.13 930.01 
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were non-signif icant , but the d i rec t ion of the difference was ident ica l to that of 

sockeye in both comparisons; i .e . , the mean size of pinks caught i n nylon 

Pane ls 1 and 4 (417.5 and 419.1mm respectively) was greater than that of pinks 

caught in l inen Panels 2 and 3 (411.1 and 415.5mm respect ive ly) . 

Cons idera t ion was also given to the poss ib i l i ty that the var iance of s izes 

of f i sh caught by l inen would be less than that of f i sh caught by nylon because of 

the greater e las t i c i ty of the lat ter . Va r i ances in each instance l i s t ed in Table 

X I V were tested under the same c r i t e r i a established for the test of means; i .e . , 

nylon Pane l 1 and l inen Pane l 3 provided the bas i s for one comparison, and 

nylon Pane l 4 and l inen Pane l 2 provided the bas i s for the other.^ Resul t s of 

the F tests applied are summar ized i n Appendix Table VIII; in no case were 

any of the F ra t ios significant. Although no significant differences i n var iances 

were found, a trend in the d i r ec t ion of difference was apparent; i n nine out of 

twelve compar isons the var iance in catches recorded in nylon nets was greater 

than that on catches recorded in l inen nets. 

Resu l t s of the analyses of differences between mean lengths and var iances 

of sockeye and pinks caught i n nylon and l inen nets indicate that nylon nets 

caught l a rge r f ish with l a rger var iance than did l inen nets. A non-paramet r i c 

sign test was conducted under the hypothesis that the values of mean and 

var iance computed for nylon nets were greater than those for l inen 

Tes t c r i t e r i o n is F = - ^ g — where S x S 2 ; this i s a two- ta i led F test and 

c r i t i c a l values were selected at F for significance at p s .05 (Steel and 
,0 2 b 

T o r r i e , I960). 
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(Siegel, 1956). F o r means, 11 out of 12 comparisons favored nylon, and this 

rat io was significant at p ^ .05 (tabled p = .003); for var iances, 9 out of 12 

compar isons favored nylon, but this ra t io just fai led to reach the significance 

l eve l of p S .05 (tabled p = .073; had 10 out of 12 favored nylon, tabled 

p = .0 19 and the re la t ionship would have been significant). 

At ton (1955) found, for ident ica l mesh sizes, that nylon nets captured 

f i sh s l ight ly l a rge r i n weight fhan did cotton, but provided no data on mean 

size or va r iances . B e r s t (1961) concluded that s ize composi t ion of catches 

made wi th nylon and cotton nets did not differ s ignif icant ly. Pycha (1962) 

concluded that s izes of f i sh taken by equivalent mesh s izes of nylon and cotton 

d id not differ greatly; his data, in fact, suggest that s l ight ly l a rge r f i sh were 

taken i n the cotton nets, which i s the reverse of the trend established for 

sockeye and pinks . 

The differences established in this experiment would have been greater 

had there been no difference between the mesh sizes of the two mate r i a l s used 

and, conversely, would have been less had the mesh s izes more c lose ly agreed 

with the manufacturer 's stated s izes . If the difference i n mesh s izes i s r e p r e 

sentative of the actual difference between m a t e r i a l types used i n the f ishery, 

the conclusion may be reached that differences in se lect iv i ty are minor . The 

f i shermen have apparently compensated for the increased e las t ic i ty of nylon 

nets to the point that the s ize cha rac te r i s t i c s of the catch and, consequently, 

the age and sex charac te r i s t i c s , vary only s l ight ly f r o m what they were in the 

days of l inen g i l lne t s . 
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D . Summary . 

(1) A c c o r d i n g to manufacturer 's stated mesh s izes , l inen nets should 

have been 15 per cent l a rge r than nylon nets; mesh measurements taken f r o m 

the exper imenta l nets, however, revealed that l inen nets were just three per 

cent l a r g e r than nylon. 

(2) The catches of both sockeye and pinks in nylon nets were s i g n i f i 

cantly greater than catches recorded i n l inen nets; catches between the two 

nylon panels and between the two l inen panels were not s ignif icant ly different. 

(3) R i v e r - t y p e nylon nets were 2.5 and 2.7 t imes as efficient for 

catching sockeye than was the r i ve r - t ype l inen net, and 8.0 and 9.0 t imes as 

effective for pink sa lmon. 

(4) The r ive r - type l inen net caught 2.5 t imes more sockeye per set 

than the outside-type l inen net, which although not significant, does indicate 

that color of ma te r i a l i s an important factor i n efficiency. 

(5) N y l o n nets, although smal le r , caught l a rge r sockeye than did l inen 

nets i n a l l age-sex categories (except for age 1.2 males) and l a rge r pinks in 

total . Wi th in - c l a s s differences were not significant, but the o v e r - a l l t rend 

assessed by a non-paramet r ic sign test was signif icant . 

(6) Va r i ances of length-frequency data for sockeye and pinks also 

indicated that these were l a rge r for nylon nets than for l inen . Wi th in -c l a s s 

differences were non-significant , and the o v e r - a l l t rend assessed by a non-

pa ramet r i c sign test just fai led to reach the significance l e v e l . 
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(7) If the mesh size differences obtaining in this experiment reflect 

the actual difference between nylon and l inen gear commonly used in the 

fishery, then the f i shery has compensated for the greater e las t i c i ty of the 

nylon nets to the extent that age, size, and sex cha rac te r i s t i c s of the f i shery 

probably differ very l i t t le today f r o m what they were in the days of l inen 

nets. 

V . S E L E C T I V E A C T I O N O F T H E C O M M E R C I A L F I S H E R Y IN 1968. 

A . Introduction 

The total se lect ion which may be imposed upon a stock by the action of 

a f i shery resul ts f r o m a var ie ty of processes . P a r r i s h (1963) has grouped 

these under three headings: "(1) those caused by the d is t r ibu t ion of the 

f ishing fleet in re la t ion to the d is t r ibut ion and general biology of the f ish 

stock; (2) those caused by the behaviour and habits of the f ish in the fished 

area; and (3) those caused by the inherent proper t ies of the fishing gear ." 

These three processes are operative i n the Skeena R i v e r gi l lnet f i shery . 

Al though the f ishery i s coastal and in general concentrates near the r i v e r 

mouth, the d is t r ibut ion of the fleet in re la t ion to the d is t r ibut ion of the f i sh 

v a r i e s in t ime i f not in space. The f ishing fleet may be considered to 

operate as a trap, in that it i s posit ioned ac ross the major mig ra to ry routes 

of the salmon as they near their natal s t ream. The ove ra l l effectiveness i s 

such that continuous f ishing during the migra to ry per iod could v i r t ua l l y 
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el iminate the stocks; fishing i s permit ted for a short t ime each week to ensure 

sufficient escapement to mainta in spawning requirements , and as a result , 

some da i ly cohorts are v i r t ua l l y e l iminated while others are v i r t ua l ly 

untouched. Th i s sys tem of regulat ion has the effect of amel iora t ing total 

se lect iv i ty , p a r t i c u l a r l y that port ion which might be attributed to the inherent 

select ive proper t ies of the gear . 

The behaviour of the f ish i n the fished area also might influence the 

total se lec t iv i ty imposed by the f i shery . Th is process i s probably most 

affected in the outer portions of the area where gi l lnets operate only i n the 

surface waters . In years when the f ish are near the surface, it i s conceivable 

that some f o r m of sequential select ion takes place; i f select ion i s for the 

l a rge r fish, then the length-frequency d is t r ibu t ion of the catch recorded by 

boats fishing the outer per imeter of the area should be more skewed than the 

next phalanx; and so on, with the innermost segment of the fleet catching 

smal le r f i sh than the outermost. Th i s process may not be detectable i f the 

general ava i lab i l i ty of f i sh in the outer a rea fluctuates, or i f a substantial 

propor t ion of the stock habitually t rave ls through the outer f ishing area at 

depths greater than gi l lnets w i l l r each . 

In the inner areas of the f i shery , the gi l lnets for the most part f i sh the 

total depth of water avai lable to the fish; thus, select ion in this a rea 

p r i m a r i l y would be a resul t of the inherent proper t ies of the fishing gear, 

amel iora ted only by an intermit tent fishing pattern which might a l low the 
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escape of re la t ive ly or totally unexploited cohorts of salmon to the spawning 

grounds. 

Th i s study was designed to determine the total se lec t iv i ty of the f i shery 

in 1968 on the major sockeye and pink salmon stocks of the Skeena .River . In 

addition, an attempt has been made to examine the f i shery in detail , wi th a 

view to obtain an i n i t i a l idea of the manner i n which the var ious select ive 

processes may operate in a gi l lnet f ishery. 

B . Desc r i p t i on of the F i s h e r y . 

C o m m e r c i a l exploitat ion of sockeye and pink salmon stocks bound for 

spawning areas in the Skeena R i v e r sys tem takes place p r i m a r i l y in the drif t 

g i l lne t f i shery of B r i t i s h Columbia S ta t i s t ica l A r e a 4 (Figure 14). To a l e s s e r 

extent, Skeena stocks are intercepted by mixed purse seine and gi l lnet 

f i sher ies located in S ta t i s t i ca l A r e a s 3X and 3Y to the north; and in some 

years substantial numbers of pink salmon are taken by the purse seine f ishery 

in Ogden Channel and the gi l lnet f i shery of Browning Entrance in S ta t i s t i ca l 

A r e a 5 to the south (Figure 14). 

C o m m e r c i a l f ishing within A r e a 4 i s r e s t r i c t ed spat ia l ly by the seaward 

net f ishing l i m i t s to the west and the upr iver f ishing boundary to the east; 

nor thern and southern l i m i t s are defined by the A r e a 3 / A r e a 4 and the A r e a 5/ 

A r e a 4 boundaries respec t ive ly . The dis t r ibut ion of the fishing fleet wi thin this 

a rea has been charac te r ized by a l o n g - t e r m trend seaward and the upr ive r 



F I G U R E 14. The c o m m e r c i a l fishing area adjacent to the Skeena R i v e r , 
sub-areas where specif ic gear types operate. 

and 
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f ishing boundary has been moved seaward to compensate for the increased 

efficiency of the fleet (Milne , 1955; Shepard and Wi th le r , 1958). Since 1957, 

however, the fishing area has been s tab i l ized and increased efficiency of the 

fleet has been compensated by reductions in the weekly f ishing periods, 

and spec ia l c losures when requ i red to ensure adequate spawning escapements. 

Ne t f ishing for salmon in A r e a 4 is conducted solely by drift g i l lnets 

operated f r o m vessels equipped with mechanical d rums . F r o m the inception 

of the f ishery in 1877 to the ear ly '1950s, nets were constructed of natural 

f ibres (cotton and l inen). In 1952 nets of synthetic f ibres (nylon) were i n t r o 

duced and, as these by experience proved to be more effective than l inen nets, 

rep laced the lat ter ent i re ly by about 1955 (Shepard and Withler , 1958). Since 

1955, mul t i f i lament nylon fibre nets have been constantly improved (i.e., the 

same tensi le strength has been maintained but the twine diameter has been 

decreased); nylon monofilament nets have been introduced, but their use has 

been legis la ted against. 

Al though nylon nets are used exc lus ive ly in the f ishery today, their 

cha rac t e r i s t i c s are not un i form throughout the fleet. Two dis t inct categories 

exist, and these are charac te r ized as follows: 

(a) " ins ide" or " r i v e r " nets: co lor white to pale green 
depth : 3 5-50 meshes deep 
mesh size predominantly 5-1/4"'' ' 

(133mm) stretched mesh 
length 550-600 fathoms of net 

per 200 fathoms fished 
length; 

Examina t ion of sales r ecords of two net companies indicates that 5-1/4" nets 
predominate in the Skeena f ishery; a s m a l l number of 5-1/8" and 5-3/8" 
mesh s izes i s a lso u t i l i z e d . 
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(b) "outside" nets: Co lo r 
depth 
mesh size 

-dark green to black 
-60 meshes deep^ 
-predominantly 5-1 /4" 
(133mm) s t re tched-mesh 

-450-500 fathoms of net 
per 200 fathoms fished 
length. 

length 

"Inside" or " r i v e r " nets, as the name impl i e s , are fished predominantly 

i n the r i v e r and adjacent areas which are influenced by the s i l t load c a r r i e d by 

are fished p r i m a r i l y i n the open water beyond the major influence of s i l t -

co lored r i v e r water (Section III in F i g . 14). Section II ( F i g . 14) delineates 

the area where in te rmingl ing of the two gear types occurs , p r i m a r i l y during 

night-time f ishing. 

Other var ia t ions a lso occur within each major group, such as minor 

differences in thread size, but by and large these were considered to be 

inconsequential in view of the major differences between the two groups such 

as color and hanging ra t ios as outlined above. 

C . Methods and M a t e r i a l s . 

1. C o m m e r c i a l f i shery samples . 

The Skeena R i v e r f ishing area was subdivided into three general regions 

for the purpose of obtaining samples f r o m the c o m m e r c i a l f i shery catch 

( F i g . 14). Region I i s considered to be the area where " r i v e r " type nets 

g 
M a x i m u m depth permit ted by l eg i s la t ion i s 60 meshes, regard less of mesh 
s i ze . 

the r i v e r ; this area is delineated as Section I i n F i g . 14. "Outs ide" nets 
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are operated a lmost exc lus ive ly ; Region II, where " r i v e r " and "outside" nets 

are in te rmingled ; and Region III, where "outside" net types are operated 

a lmost exc lus ive ly . 

Sockeye and pink salmon samples were obtained dai ly f r o m each of the 

three regions descr ibed above through communicat ion with the f ishing 

companies . Sampling was conducted o n b o a r d the col lect ing vesse l when 

feasible (Plate III) or f ish were obtained f r o m the conveyor belt leading into 

the cannery during the unloading process (Plate IV) . Samples were drawn 

f r o m mixed lots i n both cases, i n the sense that f ish f r o m a l l strata of each 

col lec tor load were obtained. Inadvertent bias by the samplers for size, sex 

or age c lass was highly unl ikely , pa r t i cu l a r ly for samples obtained f r o m the 

conveyor belt, for at t imes the belt moved f i sh so rapid ly that even species 

ident i f icat ion became diff icult . 

F o r sockeye, pos t -o rb i ta l to hypural plate lengths were measured to the 

nearest m i l l i m e t e r ; sex was determined through in ternal examination of 

gonads; left p refer red scale, or scale f r o m the left p re fe r red area, was taken 

for la ter determinat ion of age; and m a x i m u m gir ths were measured at the 

leading edge of the dorsa l fin f r o m 100 sockeye per sampling per iod with a 

g i r thometer shown in P la te V (Wydoski and Wolfert , 1968). F o r pinks, lengths, 

sexes and m a x i m u m gir ths were determined in the same manner as for sockeye. 

2. Escapement samples . 

The Babine Lake sockeye escapement represents between 85 and 95 per 

cent of the total escapement to the entire Skeena R i v e r system, and for this 
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P L A T E III. S o c k e y e o b t a i n e d f r o m t h e c o m m e r c i a l g i l l n e t c a t c h b e i n g 
s a m p l e d o n b o a r d c o l l e c t i n g v e s s e l s . 



P L A T E IV. Sockeye f r o m the c o m m e r c i a l gi l lnet catch being obtained 
f rom the conveyor belt for sampl ing. 
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reason sampling was limited to this area. In addition, the entire escape-1 

ment enters Babine Lake through a counting weir which has been operated 

annually since 1946 by the Fisheries Research Board of Canada. 

Sockeye passing through the counting structure in 1968 were sampled at 

the rate of .05 per cent of the total count recorded during the previous day, and 

the following parameters were measured: 

(i) sex--determined visually, as sexual dimorphism had developed 

sufficiently to permit accurate identification of sex; 

(ii) length--fork lengths were recorded to the nearest millimeter; 

(iii) age--the results of sampling in previous years indicated that a signi

ficant degree of scale resorption occurred by the time that the 

sockeye arrived at the Babine fence, so that total age could 

not be determined accurately from scales alone; accurate 

definition of freshwater age, however, was possible, so left 

preferred scales were taken from all sockeye sampled. 

A recent examination of pectoral fin rays as a technique for age deter

mination was conducted by Bilton and Jenkinson (1969). In order to obtain 

accurate determination of salt-water age, a technique was developed to sample 

the second and third rays of the left pectoral fine of each fish (Plate VI). These 

fin ray sections were preserved for later examination and determination of 

freshwater age. 



P L A T E V I . S a m p l i n g the s o c k e y e e s c a p e m e n t : s h o w i n g t h e e x c i s e d 
a r e a o f t h e l e f t p e c t o r a l f i n . 
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T o a s s e s s t h e r e l i a b i l i t y o f t h e s c a l e - f i n r a y t e c h n i q u e o f a g e i n g • 

s o c k e y e , 100 f i s h w e r e s a m p l e s w e e k l y f o r t h e f o l l o w i n g d a t a : 

( i ) s e x - - f i r s t e s t a b l i s h e d t h r o u g h e x a m i n a t i o n o f e x t e r n a l c h a r a c t e r 

i s t i c s , a n d t h e n c o n f i r m e d t h r o u g h e x a m i n a t i o n o f g o n a d s ; 

( i i ) l e n g t h - - b o t h f o r k l e n g t h s a n d p o s t - o r b i t a l - h y p u r a l p l a t e l e n g t h s 

w e r e t a k e n , s o t h a t h y p u r a l l e n g t h s o f t h e f i s h s a m p l e d d a i l y 

c o u l d b e p r e d i c t e d f r o m a r e l a t i o n s h i p e s t a b l i s h e d b e t w e e n 

\ f o r k a n d p o s t - o r b i t a l - h y p u r a l m e a s u r e m e n t s ; 

( i i i ) a g e - - l e f t p r e f e r r e d s c a l e o r s c a l e f r o m l e f t p r e f e r r e d a r e a w a s 

t a k e n t o p r o v i d e a c c u r a t e d a t a o n f r e s h w a t e r a g e f • 

- - s e c o n d a n d t h i r d r a y s f r o m t h e l e f t p e c t o r a l f i n t o p r o v i d e 

a c c u r a t e d a t a o n s a l t w a t e r a g e s ; 

- - o t o l i t h s t o p r o v i d e a c c u r a t e d a t a o n b o t h f r e s h w a t e r , a n d 

s a l t w a t e r a g e s , a n d t h u s t o o b t a i n a b a s i s f o r c o m p a r i s o n 

w i t h s c a l e s a n d f i n r a y s . 

S c a l e s w e r e m o u n t e d o n g u m m e d c a r d s f r o m w h i c h p l a s t i c i m p r e s s i o n s 

w e r e m a d e , a n d a g e s w e r e d e t e r m i n e d b y e x a m i n a t i o n u n d e r a b i n o c u l a r 

m i c r o s c o p e i n t h e n o r m a l m a n n e r . 

F i n r a y s w e r e p l a c e d i n m a n i l a e n v e l o p e s a n d a l l o w e d t o d r y f o r a p e r i o d 

o f a p p r o x i m a t e l y t h r e e m o n t h s . T h e p r o x i m a l e n d s w e r e s a w e d w i t h a h i g h 

s p e e d r o t a r y s a w t o p r o v i d e a c l e a n e d g e f o r m i c r o s c o p i c e x a m i n a t i o n . T h e 

s m o o t h e d e n d s w e r e s a t u r a t e d w i t h a l i g h t g r a d e m a c h i n e o i l t o p r o v i d e c o n -
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t ras t between light and dark zones on the r a ys . Examinat ion was then made 

under a b inocular mic roscope at l ow power to determine total saltwater ages. 

The combined ages determined f r o m scales and fin rays were compared with 

total ages determined f r o m otol i ths . 

The age, s ize, and sex composi t ion of the 1968 sockeye stock was 

establ ished by combining the length-frequency dis t r ibut ions of the catch and 

escapement estimated f r o m the o v e r a l l sampling resu l t s . The select ive 

act ion of the f ishery was then determined through use of the d i rec t method 

descr ibed by Regier and Robson (1966), where 

S: • = ~z— ; and S— = 
XJ 1 S T . . ' XJ max ŝ  • 

Escapements of pink salmon in a l l major spawning areas were sampled 

for s ize and sex charac te r i s t i c s during the course of examination of ca rcasses 

for population enumeration. A n estimate of the composi t ion of the pre-explo i ted 

population was obtained i n the same manner as for sockeye, and the select ive 

act ion of the f i shery was also determined by the d i rec t method of Reg ie r and 

Robson (1966). 

D . Resu l t s and Interpretations 

1. Age , sex and size cha rac te r i s t i c s of the sockeye and pink salmon 

c o m m e r c i a l catches. 

The age, sex, and mean length for each age and sex class of sockeye in 

the A r e a 4 c o m m e r c i a l f i shery catch are a r r ayed in Table X V by each region 



T A B L E X V . Age , sex, and size composit ion of the A r e a 4 c o m m e r c i a l sockeye catch by region of capture. 

Region 
of 

Capture 

A G E 1.2 

d* Tota l 

A G E 1.3 

Tota l 

A G E 2.2 

o* To ta l 

A G E 2.3 

d* To ta l 

T O T A L S 

~d To ta l 

Inside I 

No. 

% 
— * 
* L 

M i x e d II 

N o . 

% 
— * 
* L 

Outside III 

No . 

% 

T o t a l 

No . 

% 

140 168 308 

5.56 6.67 12.23 

466.3 465.3 465.8 

124 145 269 

5.56 6.50 12.06 

471.1 470.2 470.6 

154 167 321 

7.03 7.62 14.65 

473.7 479.7 476.8 

418 480 898 

6.0 6.9 12.90 

470.4 471.8 471.1 

1263 809 2072 

50.16 32.13 82.29 

518.3 536.5 525.4 

1152 709 1861 

51.66 31.79 83.45 

518.2 534.0 524.2 

1073 621 1694 

48.95 28.33 77.28 

519.9 537.1 526.2 

3488 2139 5627 

50.3 30.8 81.1 

518.8 535.8 525.3 

36 37 73 

1.43 1.47 2.90 

491.2 483.3 487.2 

40 28 68 

1.79 1.26 3.05 

483.5 494.6 488.1 

52 60 112 

2.37 2.74 5.11 

497.6 486.6 491.7 

128 125 253 

1.8 1.8 3.6 

491.4 487.4 489.4 

34 31 65 

1.35 1.23 2.58 

507.6 525.5 516.1 

19 13 32 

.85 .59 1.44 

517.4 531.9 523.3 

35 30 65 

1.60 1.36 2.96 

516.6 536.0 525.6 

88 74 162 

1.2 1.1 2.3 

513.3 530.9 521.4 

1473 1045 2518 

58.50 41.50 100.0 

512.4 522.8 516.8 

1335 895 2230 

59.87 40.13 99.99 

512.8 522.4 516.7 

1314 878 2192 

59.95 40.05 100.0 

513.5 522.7 517.2 

4122 2818 6940 

59.4 40.6 100.0 

512.9 522.6 516.8 

* A l l lengths are in m i l l i m e t e r s 
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of capture. The sex and mean length by. sex of samples taken f r o m the A r e a 4 

pink salmon catch are s i m i l a r l y a r r ayed in Tabie X V I . 

F o r sockeye, trends in s ize within age and sex c lasses between areas of 

capture were not un i form. Among age c lass 1.2, for both males and females, 

the mean size was greatest for f i sh captured i n Region III (the outer pe r imete r 

of the f ishery) , intermediate in Region II, and least i n Region I (the r i v e r 

f ishery) , with differences between mean lengths in each instance amounting to 

approximate ly 5 m i l l i m e t e r s . T h i s t rend i s what would be expected i f the 

greater propor t ion of the entire stock was available to the f i shery in some 

sequential manner, or i f there was an effective difference in mesh size between 

nets used i n the outside (Region III) f i shery and those used in the Region I 

f i shery . 

The mean s izes of sockeye of age 1.3 did not vary between regions of 

capture to the same extent or in the same progress ion as did those of age 1.2. 

In this case, the larges t f i sh for both sexes were again caught in Region III, but 

f i sh of intermediate s ize were captured i n Region I while f i sh of least mean s ize 

were recorded in Region II. In these instances the differences between mean 

lengths were ext remely slight, being in the order bf 2 m i l l i m e t r e s or l e s s . 

Th i s sort of a pic ture could be expected i f the ava i l ab i l i ty of the f ish changed 

as the season progressed; i f the f i sh were not subject to exploitat ion in a 

sequential fashion; or, if the s ize of the f i sh influenced the manner in which 

they were being caught in the gear . 



T A B L E X V I . Sex and size composit ion of the A r e a 4 pink salmon gi l lne t catch by region 
of capture. 

Region of 
capture 

Females Ma le s T o t a l 
Region of 
capture No . % X L N o . % X L N o . X L 

INSIDE (I) 140 28.0 406.3 360 72 .0 412.1 500 1 0 0 . 0 410.5 

M I X E D (II) 139 29.8 407 .0 360 70 .2 413.5 513 1 0 0 . 0 411 .1 

O U T S I D E (III) 9 4 31.3 416 .4 205 68 . 7 412 .4 2 9 9 1 0 0 . 0 413.7 

T O T A L S 373 28.7 409 .1 9 2 6 71.3 412.7 1 2 9 9 1 0 0 . 0 411.7 
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Age 2.2 f ish were present in sma l l numbers, represent ing about 3.6 per 

cent of the total catch, and were intermediate i n mean size between age c lass 

1.2 and 1.3 sockeye. Perhaps as a resul t of s m a l l sample s izes , trends within 

the sex c lasses were different. Among females the la rges t were taken in Region 

III, intermediate in Region I, and smal les t i n Region II, while for males the 

la rges t were taken in Region II, intermediate in Region III, and smal les t in 

Reg ion I . The combined samples, regardless of sex, however, show that the 

la rges t were taken i n Region III, intermediate in Region II and smal les t in 

Region I, although differences again were very slight, being in the order of 

3 m i l l i m e t e r s or l e ss . 

Sockeye of age c lass 2.3 were l a rge r than those of age c lass 1.2 and 2.2, 

but not as la rge as those of age 1.3. In this group, la rges t females were 

caught in Region II, intermediate in Region III, and smal les t in Region I; for 

males , the largest were caught in Region III, intermediate i n Region II, and 

smal les t i n Reg ion I . In combination, the total trend is s i m i l a r to that 

descr ibed for age c lass 1.2 and the differences between means were in the 

3 to 5 m i l l i m e t e r range despite the s m a l l samples involved. 

P ink salmon data (Table XVI) a lso exhibited a slight decrease in mean 

size of capture f rom Region III to Region I when samples of both sexes were 

combined for each Region. Differences here were also slight, however, and 

genera l ly were less than 2 m i l l i m e t e r s . 
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These data suggest that some sequential f o rm of select ion operated on 

both sockeye and pinks in 1968; i t is considered unl ike ly that the minor 

differences which exist between gi l lnets operated in Region III as opposed to 

those in Region I would contribute substantially to the trends descr ibed here . 

M e s h size differences of 2.54cm descr ibed i n the nylon m u l t i - m e s h experiment 

resul ted in mean size differences of only 20 m i l l i m e t e r s for age class 1.2, and 

no difference for age c lass 1.3 (Table IV, page 28). 

The selective action of the f ishery could also be influenced by the rate of 

exploitat ion imposed upon the stock not only between years but a lso within a 

year because of week-to-week var ia t ions in fleet size and fishing t ime, 

p a r t i c u l a r l y i f different age c lasses migra ted through the f ishing area at 

different t imes of the season. Wi th le r (1945) has demonstrated i n some years 

at least, that age 1.3 sockeye do migrate through the Skeena c o m m e r c i a l 

f ishing area e a r l i e r than f ish of age c lass 1.2. C o m m e r c i a l catch samples 

obtained in 1968 were a r r ayed in Table X V I I by week of capture and grouped for 

a l l regions of capture, since wi th in- reg ion differences were shown to be minor . 

L i t t l e change i n the week-to-week age composi t ion of the catch occur red in 

1968; i n general , age 1.2 f ish represented about 11 per cent of the weekly 

catch, age 1.3 about 82 per cent, and others about 7 per cent. 

The pattern of exploitat ion in 1968 was a lso f a i r ly regular , i n that at 

least two days ' f ishing per week were permit ted. In that tagging experiments 

have shown that sockeye take an average of four days to t r a v e l through the 



T A B L E X V I I . Age and sex composi t ion of the 1968 weekly c o m m e r c i a l sockeye catch. 

W E E K 
Age 1.2 

$ o* Tota l % 

Age . 1.3 

2 o* To ta l % 

Age 2.2 

9 d* T o t a l % 

Age 2.3 

$ o* To ta l °/o 

June 24-30 36 46 82 16.11 196 151 347 68.17 11 24 35 6.88 23 20 43 8.45 

Ju ly 1-7 48 90 138 12.67 523 347 870 79.89 26 21 47 4.32 15 15 30 3.76 

Ju ly 8-14 31 57 88 11.89 331 274 605 81.76 7 15 22 2.98 10 14 24 3.24 

Ju ly 15-21 121 110 231 11.67 1013 642 1655 83.63 34 26 60 3.03 12 17 29 1.47 

Ju ly 22-28 89 103 192 12.06 860 450 1310 82.33 34 28 62 3.90 20 5 25 1.57 

Ju ly 29-
A u g . 4 34 27 61 11.59 300 152 4 52 85.93 5 3 8 1.52 3 1 4 0.76 

Aug . 5-11 59 47 106 20.16 266 123 389 73.95 11 8 19 3.61 5 3 8 1.52 

Tota l s 418 480 898 3489 2139 5628 128 125 253 88 75 163 
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f ishing area, f i sh entering the area on any given day would be avai lable to some 

degree in at least one segment of the f i shery . Differences in ava i l ab i l i ty 

because of the intermit tent nature of the f i shery (i.e., within a week) would 

tend to mask the sequential pattern of select ion. 

The length-frequency d is t r ibut ion of the sockeye catch was est imated 

f rom the total weekly samples regard less of a rea of capture since differences 

between areas were slight, and catch s tat is t ics could not be eas i ly separated 

into the a r b i t r a r y zones establ ished. Es t imated numbers of sockeye a r r ayed 

by age and sex i n each length c lass are presented in Appendix Table IX , and 

s i m i l a r data for pinks are l i s t ed i n Appendix Table X . These data were used 

i n combination with s i m i l a r est imates obtained f r o m the escapement to provide 

a composite of the pre-exploi ted stock, and f r o m these data the select ive 

action of the c o m m e r c i a l f i shery was derived, and i s d iscussed under the 

fol lowing section 3. 

2. Age , sex, and size charac te r i s t i c s of the sockeye and pink salmon 

escapements. 

The Skeena R i v e r sockeye stock i s composed of runs to some 21 lake 

systems wi th in the watershed; the run to Babine Lake , however, i s by far 

the la rges t and at present amounts to at least 90 per cent of the total stock 

( L a r k i n and McDona ld , 1968). The Babine Lake stock i s composed a lmost 

solely of sockeye of age c lasses 1.2 and 1.3; sockeye of age c lasses 2.2 and 

2.3 for the most part are indigenous to other areas within the system. A s a 
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resu l t of these two factors, and because the entire Babine Lake stock passes 

through a wei r located at the outlet of the lake, only this stock was sampled 

i n 1968. The resul ts are considered to be representat ive of age c lasses 1.2 

and 1.3 only, and for this reason the selective action of the f i shery w i l l be 

considered only on the basis of resul ts obtained for these age-sex groups. 

Sockeye passing through the Babine R i v e r counting structure i n 1968 were 

sampled at a constant rate, and thus no weighting of weekly samples was 

r equ i red . The sex composi t ion of the run was established p r i m a r i l y by v i sua l 

ident if icat ion of each sex because sexual d imorph i sm had occur red by the t ime 

the f i sh reached the point in their spawning migra t ion . To assess the 

p r e c i s i o n of this technique, dead f i sh which were sampled for a var ie ty of 

parameters were also subjected to sex determinat ion f i r s t by external examina

tion in the manner c a r r i e d out for the dai ly l ive samples, and second by in te rna l 

examination of gonads for confi rmat ion of sex. Of 600 f i sh sampled in this : 

manner, external identif icat ion of sex was co r rec t in 597 cases. The sex ra t io 

of the escapement has been establ ished on the basis of external examination of 

the dai ly l ive samples which were taken throughout the run. 

The age composi t ion of the sockeye escapement was determined by a 

combination of ageing techniques. Otoli ths, scales, and pectora l fin rays were 

taken f r o m the dead f ish sampled at the fence. F reshwate r and saltwater ages 

determined f r o m the otoliths provided the bas is for compar ison of the p r e c i s i o n 

of scales and fin rays i n determining sockeye age composi t ion. The resul ts of 
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these compar isons are presented in Appendix IX and in general demonstrate 

that scales provided an accurate determinat ion of freshwater age and pectora l 

f in rays an accurate determinat ion of saltwater age, when ages determined 

f rom otoliths were used as the c r i t e r i on for compar i son . The age compos i 

t ion of the sockeye escapement was established by combining, for each f i sh 

sampled, the freshwater age determined f r o m the scale, and the saltwater age 

determined f r o m the fin r a y s . The resu l t s obtained f rom the dai ly samples 

were applied to the corresponding dai ly fence counts. The weekly age and 

sex composi t ion of the Babine escapement in 1968, est imated f r o m the resu l t s 

of the foregoing analyses, are presented in Table XVI I I . O v e r a l l , age c lass 

1.2 represented 18.6 per cent of the total escapement, age c lass 1.3 r e p r e 

sented 80.2 per cent, and age c lasses 2.2 and 2.3 in total 1.2 per cent. 

The length-frequency d is t r ibu t ion of the escapement was a lso determined 

ind i r ec t ly . P o s t - o r b i t a l - h y p u r a l plate measurements could not be taken 

accura te ly f r o m l ive fish, and fork lengths (since sexual d i m o r p h i s m had 

occu r red to some extent) were not comparable with fork lengths taken f rom 

c o m m e r c i a l f i shery samples . A s a resul t , po s t -o rb i t a l -hypura l measure 

ments and fork lengths were taken f r o m the dead f ish sampled at Babine fence. 

A l inear re la t ionship was established for each age-sex c lass f r o m which 

hypura l measurements could be predicted on the bas is of fork lengths taken 

f rom the l ive f i sh sampled dai ly at the fence. The resul ts of the l inear 

r eg ress ion analyses are presented in F i g u r e 15. The re la t ionship between 



T A B L E X V I I I . Weekly age and sex composit ion of the 1968 Babine Lake sockeye escapement. 

A g e C l a s s 1. 2 A g e Class 1 3 Age Classes 2 2+2.3 
P e r i o d 

? d* Tota l % ? o* Tota l % ? o* To ta l % 
July 15-21-1 
Ju ly 22-28J 18 15 33 34.0 40 20 60 61.9 2 2 4 4.1 

Ju ly 29-
Aug . 4 16 23 39 39.4 35 23 58 58.6 0 2 2 2.0 

Aug . 5-11 54 45 99 18.2 297 145 442 81.4 2 0 2 0.4 

Aug . 12-18 59 44 103 19.5 271 147 418 79.2 4 3 7 1.3 

Aug . 19-25 28 19 47 12.0 223 118 341 87.2 3 0 3 0.8 

Aug . 26-Sept.. 2 \ 
Sept. 3-14 / 29 17 46 14.8 184 75 259 83.3 4 2 6 1.9 

To ta l s 204 163 367 18.6 10 50 528 1578 80.2 15 9 24 1.2 
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fork length and hypura l length was found to be highly significant for a l l four 

age-sex classes (probabil i ty of b = 0 was < .0001 in each case). In addition, con

fidence l i m i t s placed on values of y predic ted f r o m the r eg re s s ion equations 

indicated that var ia t ion i n each case total led about +_ 3 per cent (Steel and 

T o r r i e , I960), and this va r ia t ion was pretty we l l constant over the entire 

length range of each age-sex c lass . The fork lengths obtained f rom sockeye 

sampled dai ly at the fence were t ransformed to hypura l lengths by the r e g r e s 

sions computed for each age-sex c lass , so that they could be a r rayed with the 

length-frequency d is t r ibut ion of the c o m m e r c i a l catch on a comparable bas i s . 

Es t ima ted numbers of sockeye i n each length-class , a r r ayed by age and sex 

c lass , are l i s ted in Appendix Table X along with the s i m i l a r data obtained f r o m 

the c o m m e r c i a l catch. 

P i n k salmon were sampled on the spawning areas for size and sex compo

s i t ion during the course of tag recovery operations. Since only carcasses were 

examined, pos t -o rb i t a l -hypura l plate measurements were avai lable d i r ec t ly 

and no conversions were necessary . In 1968, the escapement to L a k e l s e R i v e r 

amounted to 1, 200, 000 out of a total to the Skeena region of 1, 700, 000, and the 

most intensive sampling was conducted on this r i v e r . P e r i o d i c measurements 

taken f rom. f i sh sampled in other systems (Kitwanga R i v e r and K i s p i o x , 

p r i m a r i l y ) indicated that s ize was not substantial ly different, and on this bas i s 

the sampling data obtained f r o m L a k e l s e R i v e r pinks has been assumed to have 

been representat ive of the escapement in total . Numbers of f i sh within each 

length category estimated on the bas i s of these samples are presented for each 
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sex class in Appendix Table XI. As for sockeye, the numbers in each length 

category have been summed for catch and escapement to provide estimates of 

the length-frequency characteristics of the pre-exploited population. 

3. Selectivity of the fishery on sockeye and pink salmon. 

The length-frequency distributions of the sockeye catch and escapement, 

expressed in percentages by length class, are presented in Figure 16; in 

addition, an estimate of the percentage length-frequency distribution of the 

total sockeye stock obtained by summing the calculated frequencies of catch 

and escapement within each length class has been superimposed over each. 

Selection by the fishery is expressed in Figure 16 by the deviation of the 

percentage frequencies of the catch curve from those of the total stock curve. 

For fish 450mm in length and less, the proportion in the catch is less than the 

proportion in the total stock, which indicates that the smallest sockeye were 

caught less frequently than their abundance would dictate if selection were hot 

occurring. For fish between 460 and 540mm the reverse is true; a greater 

proportion of fish of these lengths occurred in the catch than in the total stock, 

which indicates that these were caught more frequently than their abundance 

would dictate, if selection were not occurring. For fish greater than 540mm 

the proportion of each length class within the catch was again less than the 

proportion of these size classes within the total stock, which indicates that the 

largest fish of the stock were caught less frequently than their abundance would 

dictate, if no selection were occurring. 
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POST- ORBITAL HYPURAL LENGTH IN MM. 

F I G U R E 16. Percentage length-frequency dis t r ibut ion of the 1968 sockeye 
catch, escapement and total stock. 
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The detai led sampling conducted during this study permi t ted construct ion 

of the length-frequency d is t r ibu t ion of the pre-explo i ted stock, since the length-

frequency d is t r ibut ion of both catch and escapement have been establ ished. 

A se lec t iv i ty curve for the f i shery in total has been der ived by the d i rec t 

method of Reg ie r and Robson (1966), since data are avai lable for 

n^j = number of f i sh caught by the f ishery i n each size c lass 

A 

N^j = total number of f ish in the population in each size class, 

which = n-- + p. where p- = the number of f i sh i n the escapement 

of s ize c lass j 

n . . 
es t imates of se lect iv i ty , s,-.- = — 

J N i j 

These est imates have been calculated f rom data l i s t ed i n Appendix 

Table X , and the S j j ' s are plotted in F i g u r e 17, to which a se lec t iv i ty curve 

has been fitted by eye; the length-frequency dis t r ibut ions of each age-sex 

c lass in the total population are superimposed on the graph for compar ison . 

The select ion imposed by the f i shery i n 1968 i s suggestive of a n o r m a l curve 

with an ext remely broad dome, as the s^j's range between .60 and .64 over the 

five c m range between 500 and 540. There i s a suggestion of skewness in the 

same d i rec t ion as that identified for whitefish data by Reg ie r and Robson (1966), 

as the r ight l i m b of the curve beyond 540mm fal ls more steeply than the left 

l i m b r i s e s (between 420 and 500mm). These resul ts es tabl i sh e m p i r i c a l l y 

that beyond a cer ta in upper size (in this case 540mm), the gear employed 
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400 450 500 550 600 

POST-ORBITAL HYPURAL LENGTH IN MM. 

F I G U R E 17. Length frequency d is t r ibu t ion of sockeye by age and sex class , 
and the composite select ion curve imposed by the f ishery in 
1968. 
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becomes less efficient and thus captures a decreasing propor t ion of the 

la rges t f i sh . T h i s conclusion i s va l id , since i t has been establ ished p r e 

vious ly that f i sh of a l l major age-sex c lasses were equally avai lable to the 

f i shery during the season. 

The broadness of the dome of the curve i s also r e l a t ive ly unique; in 

most cases repor ted in the l i t e ra ture , max s^ occurs over a very n a r r o w 
j 

range. The reason for the broad dome in this instance probably reflects for 

the most part the effects of the different mesh sizes and two major net con

s t ruct ion types which are operated in the Skeena gi l lnet f i shery . Since one 

mesh size i s predominant, however, the broadness of the dome may also 

reflect , to some degree, the great efficiency of modern nylon gi l lnets , i n 

pa r t i cu la r those used i n the r i v e r f i shery which are hung i n to a l a rger degree 

and which are constructed of finer twine than those used in the outside regions . 

The total se lec t iv i ty curve actual ly compr i ses four age-sex class c o m 

ponents, each of which has a different length-frequency d is t r ibu t ion . The 

length-frequency dis t r ibut ions of age class 1.2 females and males are depicted 

i n F i g u r e 18, and the calculated Sj ' s are superimposed over each. In both 

cases, the rate of select ion inc reased a lmost l i n e a r l y over the entire length 

d i s t r ibu t ion of each sex c l a s s . F o r f i sh 430mm and la rger , the rate of se lect ion 

on males was consistently greater than that for females . In t e rms of the c o m 

posite curve based on both age and sex c lasses , few fish of age 1.2 occur in 

the range of the max s - ' s . 
j J 
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F I G U R E 18. E m p i r i c a l se lec t iv i ty curves and length frequency dis t r ibut ions 
for age 1.2 female and male sockeye. 
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Data der ived in the same manner are presented for age c lass 1.3 females 

and males i n F i g u r e 19. H e r e the r eve r se situation occurs , i n that the rate of 

select ion decreases for both females and males over the greater part of the 

length range of each c l a s s . In this case the rate of select ion on both sexes was 

about the same, pa r t i cu l a r ly for f ish 510mm and greater . 

In terms of the composite curve, then, the ascending l i m b was composed 

a lmos t totally of age c lass 1.2 sockeye, while the dome and descending l i m b 

were composed p r i m a r i l y of age c lass 1.3 f i sh . 

P i n k salmon catch and escapement data were also subjected to the same 

ana lys i s . Percentage length-frequencies of the Skeena area c o m m e r c i a l catch 

and escapement are presented i n F i g u r e 20, with the est imated percentage 

length-frequency of the total stock superimposed over each. F o r this species, 

se lect ion i s far stronger than was demonstrated for sockeye. F i s h up to 

380mm represented a much greater propor t ion i n the total stock than they did 

i n the catch, which indicates that the s m a l l pinks were caught much less 

frequently than their abundance would dictate i f no select ion had occu r r ed . 

Converse ly , f i sh greater than 380mm were caught at a much higher rate than 

their abundance would dictate had there been no select ion. The o v e r - a l l effect 

on the s ize composi t ion of the escapement was not p a r t i c u l a r l y marked, 

however, since the total catch was r e l a t ive ly s m a l l and in fact represented 

just 18 per cent of the stock. B y contrast, the exploitat ion rate on sockeye 

i n 1968 total led about 60 per cent. 
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POST-ORBITAL HYPURAL LENGTH IN MM. 

F I G U R E 19. E m p i r i c a l se lec t iv i ty curves and length frequency dis t r ibut ions 
for age 1.3 female and male sockeye. 
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1 5 - -

300 350 400 450 500 
POST-ORBITAL HYPURAL LENGTH IN M M . 

F I G U R E 20. Percentage length frequency d is t r ibut ion of the 1968 pink 
salmon catch, escapement and total stock. 



104 

The size frequency dis t r ibut ions of both sex c lasses of pinks are depicted 

in F i g u r e 21. The composite se lec t iv i ty curve has been super imposed and 

demonstrates that f ish smal le r than 390mm were v i r tua l ly unexpoited. The 

curve again i s suggestive of a n o r m a l shape with a much steeper ascending l i m b 

than that descr ibed for sockeye. The dome is nar rower , with max S J ; between 

.39 and .41 occur r ing over the three c m range between 420 and 440mm. 

Surp r i s ing ly , there is a suggestion that a descending l i m b exists on this curve, 

beginning at 450mm. F o r sockeye, the descending l i m b on the composite curve 

appeared to ini t iate at about 520mm. 

The total select ion curve for pinks compr ises two components; one for 

females and another for males, and these are super imposed over the length-

frequencies for each i n F i g u r e 22. The shape of the two component curves 

differs r a d i c a l l y . F o r females, f i sh smal le r than 380mm were v i r tua l ly 

unexploited, while f i sh greater than 380mm were exploited at an increas ing 

rate throughout the remainder of the length range. F o r males , f i sh between 

350 and 400mm were subjected to increased select ion at a lmost the same rate 

as for females, but at a higher l eve l i n each length class ; beyond 400 mm, 

however, where select ion continued to increase for females, it decreased for 

ma les . 

The differences between the select ion curves der ived for sockeye as 

opposed to pinks, as we l l as differences which occur red between sexes wi th in 

each species, may be explained on the bas i s of length-gi r th re la t ionships and 
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POST-ORBITAL HYPURAL LENGTH IN MM. 

F I G U R E 21. Length frequency dis t r ibut ions of pink salmon by sex class , 
and the composite select ion curve imposed by the f ishery in 
1968. 
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300 350 400 450 500 
POST-ORBIT HYPURAL LENGTH IN MM. 

P T G U R E 22. E m p i r i c a l s e l e c t i v i t y c u r v e s a n d l e n g t h f r e q u e n c y d i s t r i b u t i o n s 
f o r f e m a l e a n d m a l e p i n k s a l m o n . 
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the re la t ionship between g i r th and mesh per imete r . M a x i m u m gir ths were taken 

f r o m both sockeye and pink salmon during the course of the f ie ld exper iment . 

Add i t iona l g i r th measurements taken at the pos ter ior edge of the p r e m a x i l l a 

and at the inser t ion of head with body, in addition to m a x i m u m gir ths , were 

obtained f r o m a sample of Skeena R i v e r sockeye which had been p rese rved 

9 
(frozen) for other purposes. 

Examina t ion of the g i r th- length data indicated that for the s ize range of 

each age and sex class of sockeye, and for each sex c lass of pinks, the 

re la t ionships could be descr ibed adequately by a l inear r eg res s ion . Equations 

of the l ines der ived for m a x i m u m gir ths taken during the f ie ld season are 

l i s t ed i n Appendix Table XII ; equations der ived for G i r t h I (premaxi l la) , 

G i r t h II ( insert ion of head and body), and G i r t h III (max imum girth) f rom the 

f rozen samples are l i s t ed in Appendix Table XII I . 

The resul ts presented i n these two Tables indicate that freezing and 

thawing a l te red the body shape of the sockeye appreciably . F o r example, 

the m a x i m u m gi r th predicted for an age 1.2 female of length 400mm would be 

248mm on the bas is of the equation der ived f r o m samples taken i n the f ield, 

as compared with 272mm on the bas i s of the equation der ived f rom the f rozen 

samples . A compar i son of mean lengths of samples taken at the two t imes, 

a lso l i s t ed in Appendix Tables XII and XIII, indicates that the frozen samples 

were considerably sma l l e r than the f resh samples; for instance, the mean 

lengths of age 1.3 females taken in the f ie ld and f r o m frozen samples were 

^These f i sh were thawed thoroughly before measurements were taken. Data 
were provided through the courtesy of M r . H . D . Smi th of the F . R . B . C . 
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524.7 and 507.6mm respec t ive ly . Fortunately, the f i sh that were frozen had 

been measured for pos t -o rb i t a l -hypura l length at the t ime they were obtained 

f rom the c o m m e r c i a l catch. Mean fresh lengths are l i s t ed in Appendix Table 

XIII, and when these are compared with mean lengths (%_) l i s ted in Appendix 

Table XII , it i s apparent that shrinkage i n length, but not i n gir th , occur red 

as a resul t of f reezing. A s a resul t , equations der ived f rom frozen samples 

have been adjusted to correspond wi th m a x i m u m gir ths obtained f rom samples 

taken i n the f i e ld . 

M c C o m b i e and B e r s t (1969) demonstrated that the efficiency of nylon 

nets to re ta in fish of three different species was opt imum when the m a x i m u m 

g i r t h to mesh per imeter ra t io ranged between 1.0 and 1.2; beyond 1.2 for two 

species out of three, v i r t ua l l y no f ish were retained, and for the th i rd species 

no f i sh were retained beyond 1.6. If this sort of re la t ionship applies to sockeye 

and pink salmon, then differences i n gir ths between species and between age 

and sex c lasses within species might explain the different se lec t iv i ty curves 

imposed by the f ishery on the var ious age-sex groups. 

The most common gi l lnets u t i l i zed in the f i shery had a mesh per imete r 

measure of 266mm. F r o m the m a x i m u m gir th- length re la t ionships der ived 

f r o m f ish sampled in the field, f i sh having gi r ths of 266mm and (266 x 1.2) = 

319mm would have the following lengths: 
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G i r t h 266mm 319mm 

Sockeye Age 1.2 o 426.6 506.9 

1.2 d* 422.4 500.4 

1.3 $ 398.2 496.4 

1.3 d* 398.6 484.0 

P i n k s o 413.6 492.7 

<f 392.4 463.1 

F o r female sockeye of age class 1.2, near ly a l l in the c o m m e r c i a l catch 

were 500mm in length or smal l e r , and the calculated s - ' s (F ig . 18) suggest 

that peak select ion may have occur red between 470 and 500mm, w e l l below the 

g i r t h : mesh per imeter rat io of 1.2. F o r a g e 1.2 males , max s y ' s occu r r ed 
j 

at lengths of 510 and 520mm, while the ŝ j for 530 dropped substantial ly 

(F ig . 18), which suggests that a change i n efficiency occu r red once the rat io 

exceeded 1.2. 

F o r age class 1.3 females, max S J J occur red at 490mm and a p rogress ive 
j 

decrease i n efficiency occur red at a l l l a rger s izes (Fig . 19). In this instance 

the g i r t h : per imeter ra t io equals 1.2 at a length of 496.4. F o r age c lass 1.3 
males , max ŝ - occur red at 490mm, and the rat io of 1.2 at 484; again a 

• j 

decrease i n efficiency occur red over the entire length range of the sex c lass 

(F ig . 19). 
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F o r female pinks, the m a x i m u m g i r t h : per imeter mesh rat io reached 

1.0 at a length of 413.6 and would r each 1.2 at a length of 492.7. No pinks 

were greater than about 450mm in length, however, and as a resul t the 

calculated s^ 's demonstrated an increase over the length range between 390 

and 450mm (F ig . 22) . 

F o r male pinks, it i s apparent that some sexual d i m o r p h i s m had occu r red 

by the t ime the f i sh were present in the f i shery . Peak s^ (max s -̂) occu r r ed 
j J 

at 400mm and decreased beyond that s ize over the remaining port ion of the 

length range (F ig . 22). The m a x i m u m g i r t h : per imeter mesh measure rat io 

reached 1.0 at 392.4 and 1.2 at 463.1; thus, in this case, max ŝ - occu r r ed at 
j 

a ra t io of 1.0 rather than 1.2 as demonstrated for a l l other age-sex groups 

studied here . The major difference i n body shape and apparent presence of 

sexual d i m o r p h i s m i n the males probably accounts for the slight difference. 

E . Summary 

1. The c o m m e r c i a l sockeye catch was sampled for s ize, age, and sex 

cha rac t e r i s t i c s by three separate regions which corresponded to the areas 

where different types of g i l lnets were used. Resul ts indicated that s m a l l 

differences i n the size composi t ion occur red , with s l ight ly l a r g e r f ish being 

caught i n the outer pe r imete r of the f i shery . These differences could have 

been indicat ive of either the slight differences in net types employed between 

regions, or of a sequential pattern of exploitat ion and select ion. 
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2. Es t ima tes of the s ize-frequency d is t r ibut ion of the pre-explo i ted 

sockeye and pink salmon stocks were calculated f rom the s ize-frequency 

d i s t r ibu t ion of the c o m m e r c i a l catch and the major components of the escape

ment. T o t a l se lec t iv i ty curves were der ived using the d i rec t method of Reg ie r 

and Rob son (1966). 

3. Se lec t iv i ty curves for both sockeye and pinks approximated a skew-

n o r m a l d is t r ibut ion . F o r sockeye, the dome of the curve was broad and the 

skew of the curve was i n the same d i rec t ion as the skew of the length-frequency 

curve calculated for the unexploited stock. F o r pinks, the curve of select ion 

was much sharper than for sockeye, and had a much nar rower dome. 

Su rp r i s i ng ly , a descending l i m b was indicated, in spite of the s m a l l s ize of 

the pinks i n re la t ion to that of sockeye. 

4. The presence of a descending l i m b on the sockeye select ion curve was 

due to the l a rge size of f i sh within age c lass 1.3. F o r both sexes, the g i r t h : 

pe r imete r mesh measure ratio exceeded 1.2:1.0 throughout most of the length 

range, which i s i n close agreement with resul ts obtained by M c C o m b i e and 

B e r s t (1969) for other species. F o r pinks, no females were of a s ize to equal 

the g i r t h : mesh rat io of 1.2; the appearance of a descending l imb on the 

composite curve was due solely to the males which apparently exhibited con

siderable sexual d imorph i sm, as the propor t ion of f ish captured dropped once 

the g i r t h : mesh ra t io exceeded 1:1. 
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V I . DISCUSSION 

The select ive action of gi l lnets has long been recognized as a major 

factor in influencing est imates of the size, sex, and age cha rac te r i s t i c s of a 

f i sh population or stock under study, (for example, F a r r a n , 1936; Marget ts , 

1954; Pe te r son , 1966; Konda, 1966; M c C o m b i e and Bers t , 1969) and has long 

been suspected to influence the b io log ica l cha rac te r i s t i c s of a population i n a 

manner that i s adverse to total product ivi ty (Lawler , 1950; M i l n e , 1955; 

L a r k i n and McDonald , 1968). 

The h i s to ry of the Skeena R i v e r sockeye stocks has reflected a l o n g - t e r m 

decline in abundance and y i e ld to the f i shery (Milne, 1955; Shepard and With le r , 

1958; L a r k i n and McDonald , 1968), and one aspect which might have influenced 

this decline was se lec t iv i ty by drift gi l lnets , the only gear used since the 

inception of the f ishery i n 1877. 

L o n g - t e r m changes in the pattern of the f i shery have occur red in two 

ways: (a) effectiveness of the indiv idual fishing unit has increased as the 

resu l t of technological advances in boats and fishing gear; and (b) inc reased 

effectiveness of the fleet has resul ted in a general seaward movement of 

f ishing areas and a reduction i n fishing t ime to provide for adequate escape

ment in the face of rap id changes in f ishing power. To assess effects of gear 

se lec t iv i ty on the stock, not only was it necessary to es tab l i sh the select ive 

cha rac te r i s t i c s of nylon nets which have been in common use since about 1953, 

but i t was a lso necessary to compare the re la t ive charac te r i s t i c s of these with 
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l inen nets which were prevalent p r io r to 1953. In addition, the Skeena sockeye 

and pink stocks offered a unique opportunity to es tabl ish e m p i r i c a l se lec t iv i ty 

curves imposed by the f ishery in a given year (1968), since both catch and 

escapement were readi ly avai lable for detai led sampling of s ize, age, and sex 

cha rac t e r i s t i c s . 

To es tab l i sh se lect iv i ty curves for nylon gear, a na r row range of mesh 

s izes corresponding to the predominant s izes u t i l i zed in the f ishery, and 

including nets both l a rge r and sma l l e r than no rma l ly found, were tested. 

Al though some indicat ions of se lect ivi ty were suggested f r o m the data obtained 

on age c lass 1.2 sockeye, these were insufficient to base specific se lect ion 

curves upon. Sockeye of age class 1.3, which also composed approximately 

80 per cent of the entire stock in 1968, demonstrated no trend i n s ize compo

si t ion between the different mesh s izes . Examinat ion of size data avai lable for 

the catches of Skeena sockeye back to 1915 (Bil ton, et a l . , 1965; 1966, 1967(a), 

(b), 1968) revealed that age c lass 1.3 sockeye i n 1968 were among the la rges t 

recorded . The f ish in this age class , therefore, were suspected to have been 

too large to have been caught in the n o r m a l manner a sc r ibed to g i l lne ts . 

Without supporting evidence provided f r o m examination of the size 

cha rac te r i s t i c s of the escapement and the c o m m e r c i a l catch, the suspic ion 

that age class 1.3 sockeye were too la rge to have been g i l l ed no rma l ly could 

not have been corroborated . In a l l previous studies se lec t iv i ty was determined 

only through the comparat ive f ishing technique, and the shape of the se lec t iv i ty 

curve for the species studied has always been an underlying assumption of the 
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technique. Reg ie r and Robson (1966), determined that a skew-norma l model 

provided the best fit of severa l curve-f i t t ing techniques for lake whitefish data; 

Ho l t (1963) used an unadjusted n o r m a l curve for data obtained f r o m F r a s e r 

R i v e r sockeye; O l sen (1959) used an exponential model to obtain a sat isfactory 

fit for A t l an t i c h e r r i n g . F o r the d i rec t approach which has been applied to 

the Skeena sockeye and pink data, no underlying assumptions as to the genera l 

shape of the curve are i m p l i c i t i n the technique. In fact, each s.. (where 

i = a l l mesh sizes) s imply represented the total rate of exploitation imposed 

by the f ishery on each size c lass j . 

In other studies conducted on the se lec t iv i ty of gi l lnets , the phenomenon 

of no re la t ionship between the size of f i sh captured and mesh size has been 

noted only once; F a r r a n (1936) in studies concerned with the re la t ionship 

between condition factor and the length of f ish captured in gi l lnets , noted that 

Hodgson (1927) in s i m i l a r studies, on two occasions found that the s ize d i s t r i 

bution of he r r ing was the same for catches recorded in severa l different mesh 

s i ze s . Observat ions of these catches suggested that the f i sh were too big 

for a l l nets used, since most of the f ish were caught by the nose (presumably 

entangled by the p r e m a x i l l a r y bone). 

Studies conducted on g i r th - length re la t ionships and the associa t ion 

between g i r th and mesh size have genera l ly been ind i rec t ones. F a r r a n (1936) 

determined that m a x i m u m g i r t h of h e r r i n g var ied substantially with condition 

factor, which in turn determined whether or not a f i sh of a given length would 
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be captured in a mesh of given s i ze . M c C o m b i e and F r y (I960) considered that 

m a x i m u m g i r t h provided the best est imate of s ize (lj) of f i sh caught by p a r t i c u 

l a r mesh s izes , but Regier and Robson (1966) ra i sed the objection that g i r ths 

had been est imated f rom lengths, and Regie r (1969) concluded that unless 

p rec i se measurement of gir ths could be taken at the mesh mark , i t was better 

to continue to use length as the c r i t e r i o n for es tabl ishing se lec t iv i ty . 

In this study, m a x i m u m gi r ths were taken during the season, and some 

r e - s a m p l i n g was conducted severa l months later on f i sh which had been p r e 

served by freezing for other purposes. The resul ts of these measurements 

demonstrated that, not only did m a x i m u m gir ths of a l l age c lass 1.3 sockeye 

exceed even the largest mesh size used i n the exper imenta l a r ray , but so a lso 

did the g i r t h taken just behind the operculum at the inser t ion of body with head. 

In general , the m i n i m u m sized f i sh which i s retained is that for which m a x i 

m u m gi r th (at the leading edge of the do r sa l fin in the case of salmon) app rox i 

mates the per imeter mesh-measure ; the m a x i m u m sized f i sh i s that for which 

the g i r t h at the pos ter ior edge of the operculum (insert ion of head with body) 

exceeds the per imeter mesh-measure by some factor of body compres s ib i l i t y 

coupled wi th mesh e las t ic i ty (McCombie and F r y , I960; Reg ie r and Robson, 

1966; Tren t and H a s s l e r , 1968; M c C o m b i e and Bers t , 1969). 

A recent study conducted by M c C o m b i e and B e r s t (1969) demonstrated 

that for three different species of fish, once the ra t io of g i r th to per imeter 

mesh-measure exceeded 1.2, the efficiency of the g i l lne t dropped. App l i ca t ion 
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of this rat io to data obtained on sockeye indicated that near ly a l l f ish of age 

c lass 1.3 equalled or exceeded this ra t io . The e m p i r i c a l se lec t iv i ty curve 

der ived f r o m the data obtained i n the c o m m e r c i a l f ishery, when divided into 

i t s age-sex c lass components, demonstrated that the dome and descending 

l i m b of the curve compr i sed age c lass 1.3 sockeye. Age c lass 1.2 sockeye, 

on the other hand, general ly had g i r t h s / m e s h rat ios of 1.2 or less, and con

sequently composed the ascending l i m b of the curve . 

Se lec t iv i ty curves der ived for exper imental nylon Panels C (per imeter 

mesh measure 266mm) and E (273mm) on two or three s l ight ly different 

bases were very s i m i l a r , and as a result , the tentative conclusion was drawn 

that the selective cha rac te r i s t i c s of the two mesh sizes had been approximated. 

Af te r examination of data obtained f r o m the fishery, however, this conclusion 
A 

no longer appears to be v a l i d . Mean selection lengths (1 )̂ computed for nets 

C and E were 540 and 555mm respect ive ly ; the mean select ion length computed 

f r o m the f ishery, which compr i sed nets predominantly of a size equivalent to 

exper imenta l mesh C, was approximately 517mm. In addition, the components 

of the f ishery selection curve revealed that efficiency of capture was reduced 

for f i sh l a rge r than 510-520mm, so i t i s unl ikely that the exper imenta l resul ts 

provided good approximations of the select ive proper t ies of nylon gi l lnets for 

sockeye. 

Se lec t iv i ty curves were computed for pink salmon on the bas is of catches 

obtained in the exper imenta l fishing program, and these, too, provided unex

pected resu l t s . Where the predominant age class of sockeye had been among 
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the la rges t recorded, the pink salmon were without a doubt the smal les t adults 

on r e c o r d . Sample s izes also were sma l l , and to compute curves at 

a l l , the data for both sexes had to be combined. L i t t l e s i m i l a r i t y existed 

between curves for the four nets for which two estimates were computed. One 

set of compar isons indicated that select ion was increas ing over the entire length 

range; other sets, which provided curves for the same two nets, indicated that 

the l a rge r caught sma l l e r f ish than the sma l l e r net d id . 

The reason for these indeterminate resul ts , perhaps, was par t ly the s m a l l 

sample size, but they can also be par t ly explained by e m p i r i c a l resul ts obtained 

f r o m the ana lys is of the samples taken i n the f i shery . The total select ion curve 

based upon both sexes suggested very strongly that, in spite of the sma l l s ize of 

the pinks, a dome and descending l imb of the curve exis ted. The peak of the 

dome occur red at about 430mm, as compared with 510-530mm for sockeye. 

Th i s curve was divided into its two components based upon sexes, and these 

component curves differed r a d i c a l l y f r o m one another. F o r females, select ion 

inc reased over the entire length range, and for f i sh shorter than 400mm (which 

covered about two- thi rds of the entire female population) females were selected 

at a lower rate than were males . M a l e s , on the other hand, were selected a t ' a 

peak rate at 400mm, and demonstrated p rogress ive ly reduced rates of select ion 

beyond that s i ze . The reason for this vast difference between sexes was 

explained on the basis of g i r th- length relat ionships; for a given gir th , males 

were approximately 5cm shorter than females. Apparent ly males exhibited 
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sexual d i m o r p h i s m to a major extent, although observat ion of f i sh 

sampled in the c o m m e r c i a l catch suggested that these f i sh were not so far 

advanced as would no rma l ly have been expected. 

The r ad i ca l differences i n rate of select ion between the two sexes deter

mined f r o m the e m p i r i c a l curves offers a pa r t i a l explanation for the odd resul ts 

obtained f r o m the exper imental nylon study. Catches recorded in the s m a l l e r 

mesh s izes contained higher proport ions of females than did those of the l a r g e r • 

nets; as a result , se lect iv i ty curves based upon combined samples of both 

sexes suggested that l a rge r nets captured sma l l e r f ish, s imply because of the 

r a d i c a l differences between the length-gi r th re la t ionships of males and females . 

The selective proper t ies of gi l lnets have been established i n many f i sher ies 

so that cor rec ted est imates of the size composi t ion of the stock or stocks under 

considerat ion may be obtained. F o r P a c i f i c salmon, recent studies have been 

conducted on the offshore d is t r ibut ion and abundance of the stocks (in pa r t i cu la r 

sockeye originat ing in Nor th A m e r i c a ) , and much of the exper imenta l work has 

been conducted with g i l lne ts . Seve ra l different computational procedures have 

been followed to estimate the select ive proper t ies of the exper imenta l g i l lnets 

and f r o m these to co r rec t est imates of the length-frequency dis t r ibut ions of the 

populations (Manzer et a l . , 1965; Peterson, 1966; Ishida, 1967). The differences 

i n est imates of se lect iv i ty and, consequently, the adjustments applied to the 

catch curves, were minor in a l l cases . In view of the resu l t s obtained for 

Skeena sockeye and pinks, i t i s l i ke ly that these differences were not significant 
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and may be attr ibuted solely to e r r o r inherent in the exper imenta l techniques. 

It would seem to be more appropriate, for future studies, to treat each age and 

sex c lass independently, since length-gi r th relat ionships may differ between 

ages as w e l l as between sexes, even when sexual d i m o r p h i s m could not be con

s idered as a complicat ing factor. 

Over the years the effectiveness of the Skeena R i v e r gi l lnet fleet has 

inc reased substantially; this i s reflected by the seaward movement of the 

f ishing boundaries, the reduction in number of fishing units (Milne, 1955; 

Shepard and Wi th le r , 1958), and a reduction in the number of days of f ishing 

permi t ted on a weekly bas i s . F o r instance, dur ing the 1946-1950 period, a fleet 

of between 800 and 900 vessels f ishing five days per week caught between 50 and 

60 per cent of average size runs (Shepard and Withler , 1958); during the 1960-

1968 period, a fleet of between 500 and 600 vesse ls fishing about two days per 

week also caught between 50 and 60 per cent of average size runs. In te rms 

of total re la t ive efficiency, a g i l lne t fishing unit today i s approximately four 

t imes as efficient as a unit was twenty years ago. 

A great part of the increased efficiency i s due to the change in the g i l lne ts 

themselves . Th i s study indicated that nylon nets were about 2.6 t imes as 

effective as l inen in catching sockeye in 1968; compar ison with resul ts obtained 

by others even in the ea r ly days of nylon indicates that this order of increase 

occu r r ed immedia te ly . L a w l e r (1950), for instance, found that nylon nets were 

about three t imes as effective as l inen for capturing lake trout, and concluded 
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that this would be to the f i shermen 's advantage for a var ie ty of reasons, one 

of which being that the ind iv idua l ' s catch leve l could be maintained at one- th i rd 

the effort l e v e l . A s pointed out above, in the case of the Skeena sockeye and 

pink salmon f ishery, total effort has been reduced to compensate for inc reased 

efficiency, but this change most cer ta in ly has not resul ted f r o m the des i r e s of 

the f i shermen. 

Es t ima tes of the effect on catches of changes in gear se lec t iv i ty have been 

made for t r a w l f i sher ies by Gul land (1961) and Jones (1961). These techniques 

both requ i re that est imates of the select ive proper t ies of the gear i n i t i a l l y used 

be avai lab le . Since the select ion curve for l inen could not be determined f r o m 

the data gathered in 1968, these techniques could not be appl ied. The total 

select ive act ion of the f ishery depends, i n addition to that caused by the p r o 

per t ies of the gear, upon the ava i lab i l i ty of the f i sh as we l l as total effort. 

T o t a l exploi tat ion rates have been held r e l a t ive ly constant in recent years 

through reduction in total effort, expressed as number of boat-days of f i shing. 

In effect, the ava i l ab i l i ty of cer ta in segments of the stock may have been 

inc reased so that exploi tat ion i s v i r t u a l l y total during the t ime that fishing is 

permit ted, while it may be v i r t u a l l y non-existent during a propor t ion of each 

week that fishing is not permit ted . Th i s sporadic type of f ishery may, on the 

long te rm, tend to reduce the total impact of se lec t iv i ty on the s ize charac te r 

i s t i c s of the ove ra l l escapement. 

A feature of the Skeena g i l lne t f i shery which tends to suggest that se lec 

t ion may not have a l tered substantially, even with the r ad i ca l change in net 
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mate r ia l s , is that the f ishermen have made an adjustment in the mesh size 

u t i l i zed . L i n e n nets used in the r i v e r were of 5-5/8 inches (143mm) stretched 

mesh measure, while the nylon nets predominantly in use were found to be 5-1/4 

inches (133mm). Catches recorded by the two nets in 1968 demonstrated the 

same age, size, and sex charac te r i s t i c s , but since the very large sockeye of 

age c lass 1.3 predominated i n the run, i t i s l i ke ly that their influence masked 

any subtle differences between the two gear types that may exis t . 

Addi t iona l ly , a feature that appears to be f a i r l y unique to the Skeena R i v e r 

g i l lne t f i shery is that the f i shermen tend to use one size of g i l lne t regard less of 

changes in the s ize and age composi t ion of the population, even between yea r s . 

In a year such as 1968, this means that the larges t f ish tend to escape the 

f ishery at a higher rate than would be expected i f the nets were of a size to 

capture m a x i m u m weight. In other areas such as at R i v e r s Inlet, f i shermen 

usual ly c a r r y two different mesh s izes so that a high efficiency of capture can 

be maintained regardless of the mean size or age composi t ion of the run. 

In conclusion, the resul ts obtained f r o m the studies conducted on the 

Skeena R i v e r could not be applied to h i s t o r i c a l data as des i red . The resul ts 

have established, however, that g i l lne t select ion does not operate at a constant 

l e v e l f rom year to year and probably has not influenced the product ivi ty of 

Skeena sockeye to any measurable extent. The f i shery as i t i s operated today 

does not respond to year ly fluctuations i n the age and size composi t ion of the 

runs with concomitant changes in gi l lnet mesh s ize . Th is factor, coupled wi th 

the sporadic nature of the fishery, tends to reduce the impact of se lect iv i ty 

upon the cha rac te r i s t i c s of the escapement. 
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A P P E N D I X T A B L E I. Catches of sockeye by set, fishing posit ion, and mesh size in the nylon 
g i l lne t m u l t i - m e s h experiment. 

— — — SET 1 — SET 2 - — SET : 5 SET Ii SET 5 — SET 6- — 

NMPAP1 00 . 01*. 00 . 02. 02 . 09 . 00. 00. 06. 05 . 00. 06 . 0 0 . 0 1 . 0 0 . 0 1 . 0 1 . 00 . 
NMPAP2 0 1 . 16. 00 . 01 . 01 . 09. 01 . 02 . 00. 06. 00. 16. 0 1 . 09 . 00 . 0 1 . 09 . 00 . 
NMPAP3 02 . 00 . 00 . 05. 01*. 0 1 . 00. 00 . 06. 03 . 00 . 0 0 . 07 . 00 . 05 . OU. 09 . 00 . 
NiMPAPl* 0 1 . 02 . 00 . 01 . 05 . 00 . 03 . O U . 00. 02 . 02 . 05 . 02 . 02 . 02 . 07 . 00 . 00 . 
NMPAP5 07 . 20 . 00 . 00. 05 . 0 1 . 06. 0 1 . 0 1 . 01 . 00. 00 . 0 1 . 12 . 0 3 . 08 . 0 0 . 0 1 . 
NMPAP6 08 . 0 3 . 00 . 00 . 08. 05 . 02 . 0 1 . 15. 00 . 00 . 06 . 00 . 0 0 . 02 . 07 . 00 . 0 0 . 
TOTAL 19. 1*5. 00 . 09. 25 . 25 . 12. 08 . 28. 17. 02 . 3 3 . 1 1 . 2U. 12 . 28 . 19 . 0 1 . 

NMPBP1 06. 00 . 00. 05 . 00. 00. 00. 01*. 02 . 0k. 00. 06 . 0 1 . 0 0 . 0 1 . 00 . 00 . 0 2 . 
NMPBP2 0 1 . 0 1 . 00 . 00. 07. 00. 00 . 03 . 06. 00: 00. 0 0 . 11*. 0 0 . 01*. 00 . 0 1 . 00 . 
NMPBP3 00 . 06 . 00. 0 1 . 21*. 01 . 00. 02 . 01*. 00. 00 . 01*. 07 . 0 0 . 15 . 08 . 06 . 0 1 . 
NMPBPi* 02 . 10. 00 . 05. 00 . 00. 01*. 00 . 02 . 01 . 02 . 0 3 . 0 3 . 0 1 . 0 1 . 08 . 00 . 05 . 
NMPBP5 09 . 00 . 00. 00. 02 . 01 . 00. 05 . 00. OU. 07 . 0 0 . 0 1 . 0 3 . 0 2 . 0 1 . 06 . 0 1 . 
NMPBP6 05 . 00 . 02 . 00. 12. 00. 02. 05 . 02. 05 . 0 3 . 05 . 0 1 . 00 . 00 . 02 . 06 . 0 3 . 
TOTAL 2 3 . 17. 02 . 11 . 1*5. 02 . 06. 19 . 16. 11*. 12. 18 . 27 . 01*. 2 3 . 19. 19 . 12 . 

NMPCP1 02 . 03 . 03 . 13. 00. 00. 08. 06 . 00. 00 . 00 . 0 1 . 02 . 0 1 . 09 . 0 1 . 00 . 00 . 
NMPCP2 00 . 02 . 03 . 05 . 00. 01 . 03 . 0 1 . 02 . 01 . 07 . 00 . 0 1 . 0 0 . 07 . 01*. 00 . 07 . 
NMPCP5 05 . 02 . 02 . 01 . 00. 00. 01 . 0 3 . 0 1 . 01 . 02 . 09 . 00. 0 1 . 06 . 25 . 00 . 0 3 . 
NMPCPl* 0k. 08. 03 . 02 . 19 . 01 . 03 . 19. 00. 00. 00 . 1 1 . 00 . 0 0 . 0 0 . 06 . 0 1 . 13 . 
NMPCP5 0k. 0 1 . O i l . 05. 02 . 00. 06. 0 3 . 00 . 03 . 02 . 00 . 0 1 . 0 0 . •06. 00 . 00 . 0 0 . 
NMPCP6 00 . 0 3 . 0 1 . 05. 01 . 00. 00. 03 . 01 . 00. 01*. 00 . 00 . 02 . 0 0 . 0 1 . 06 . 0 0 . 
TOTAL 15 . 19 . 16. 31 . 22 . 02. 21 . 35 . 0k. 05. 15 . 2 1 . 01*. 01*. 28 . 37. 07 . 23 . 

NMPDP1 0 1 . 0 1 . 06. 03 . 0 1 . 01 . 0k. 00. 0 1 . 01 . 00 . 00 . 00 . 06 . 02 . 03 . 02 . 00 . 
NMPDP2 0 3 . 00 . 00. 01 . 02 . 00. 12. 0 1 . 00 . 06. 07 . 0 1 . 0 0 . 0 1 . 01*. 06 . 02 . 0 3 . 
NMPDP3 0k. 00 . 00 . 01 . 0k. 08. Of*. 00 . 00. 01 . 0 1 . 0 1 . 00 . 02 . 06 . 01 . 0 1 . 03 . 
NMPDPi* 11 . 00 . 01*. 00. 01 . 01*. 01 . 0 1 . 00. 01 . 0 1 . 00 . 02 . 00 . 08 . 03 . 0 1 . 10. 
NMPDP5 05 . 00 . 13 . ot*. 06. 00. 05 . 12. 00. 03 . 18. 00 . 0 1 . 00 . 06 . 00 . 0 2 . 02 . 
NMPDP6 00 . 00 . 00 . 07. 00. 05 . 05. 0k. 00. 02 . 01 . 0 0 . 02 . 0 1 . 00 . 00. 01*. 02 . 
TOTAL 2k. 0 1 . 23 . 16. 11*. 18. 31 . 18 . 01 . 11*. 28. 02 . 05 . 10. 26 . 13. 12 . 20 . 



APPENDIX TABLE I (CONT.) 

NMPEP1 00. 01. 06. 00. 00. 00. 05. 00. 05. Ok. 02. 00. OU. 00. 00. 03. 00. Ok: 
NMPEP2 05. 07. 01. 02. 00. 03. 01. 00. 01. 07. 00. 00. 01. 02. 03. 00. 08. 00. 
NMPEP3 05. 00. 03. 00. 00. 00. 01. Ok. 01. 16. 00. 01. 01. 18. 00. 01. 02. 03. 
NMPEPl* Ok. 00. 10. 01. 00. 09. 00. 03. 01. 03. 00. 01. 02. 03. 03. 00. 07. 08. 
NMPEP5 02. 00. 08 . 16. 01. 05. 00. 03. 01. 02. 00. 00. 00. 03. 01. 03. 01. 11. 
NMPEP6 00. 01. 03. 03. 00. 15. 03. 01*. 00. 00. 19. 01. 01. 13. 00. 01. 03. Ok. 
TOTAL 16. 09. 31. 22. 01. 32. 10. Ik. 09. 32. 21. 03. 09. 39. 07. 08. 21. 30. 

NMPFP1 00. 01. 01. 00. 00. 00. 09. 00. 13. 02. 02. 00. 07. 03. 00. 00. 12. 00. 
NMPFP2 Ok. 00. 05. 03. 01. 11+. 00. 00. 00. 11. 00. 09. 01. 02. 00. 03. 00. 01. 
NMPFP3 02. 07. 01. 05. Ok. 00. 02. 01. Ok. 03. OU. 01. 06. 00. 00. 00. 00. 01. 
NMPFPU 03. 05. 03. 13. 06. 00. 00. 00. 00. 00. 06. 06. 12. 00. 01. 01. 13. "00. 
NMPFP5 01. 10. Ok. 01. 01. 05. 01. 01. 01. 00. 02. 06. Ok. 00. 00. 03. 05. 00. 
NMPFP6 03. 01. 09. 01. 00. 10. 07. 00. 08. 00. 01. 02. 08. 00. 01. 00. 07. 00. 
TOTAL 13. 2k. 23. 23. 12. 29. 19. 02. 26. 16. 15. 2k. 38. 05. 02. 07. 37. 02. 

CODE: f JM = NYLON 1 MULT 1 -MESH ; PA = PANEL A, PB = PANEL B, ETC. ; Pi = POSITION 1 , ETC 

co 



A P P E N D I X T A B L E II. Catches of pinks by set, fishing posi t ion, and mesh size in the nylon 
gi l lnet mu l t i -mesh experiment. 

_ — SET JL SET 1—- SET 3 SET I4 — SET 5 _ _ _ SET 6 — 
NMPAP1 1*7. .00. 01. 00. 00. 01. 00. 00. 08. 00. 00. 02. 00. 01. 00. 00. 01. 00 
NMPAP2 00. 01. 00. 00. 00. 00. 00. 00. 02. 00. 00. 00. 00. 01. 00. 00. 00. 02 
NMPAP3 05. 00. 02. 00. 00. 02. 00. 00. 00. 00. 00. 00. 00. 00. 00. 00. 00. 00 
NMPAPU Ok. 00. 00. 00. 00. 00. 00. 00. 00. 00. 02. 00. .00. 00. 00. 00. 00. 00 
NMPAP5 03. 02. 01. 00. 00. 00. 00. 00. 00. 00. 00. 00. 00. 07. 00. 00. 00. 01 
NMPAP6 11. 00. 00. 00. 00. 03. 00. 00. 00. 00. 01. 00. 00. 00. 00. 00. 00. 00 
TOTAL 70. 03. OU. 00. 00. 06. 00. 00. 10. 00. 03. 02. 00. 09. 00. 00. 01. 03 

NMPBPI 03. 00. 03. 00. 00. 01. 00. 00. 02. 00. 00. 03. 00. 00. 02. 00. 01. 01 
NMPBP2 67. 01. 00. 00. 01. 06. 00. 00. 07. 00. 00. OU. 00. 01. Oil. 00. 01. 00 
NMPBP3 00. 01. 02. 00. 01. 02. 00. 00. 00. 00. 00. 00. 00. 00. 01. 00. 00. 00 
NMPBPU Hi. 01. 01. 00. 01. 01. 00. 00. 02. 00. 00. 02. 00. 00. 00. 00. 00. 00 
NMPBP5 02. 00. 00. 00. 00. Oil. 00. 00. 00, 00. 00. 00. 00. 06. 00. 00. 08. 01 
NMPBP6 03. 00. 00. 00. 02. 00. 00. 00. 00. 00. 00. 00. 00. 00. 00. 00. 03. 00 
TOTAL 89. 03. 06. 00. 05 . 11*. 00. 00. 11. 00. 00. 09. 00. 07. 07. 00. 13. 02 

NMPCPl 02. 00. 00. 00. 00. 00. 00. 00. 02. 00. 00. 00. 00. 00. 00. 00. 00. 00 
NMPCP2 09. 00. 01. 00. 00. 03. 00. 00. 02. 00. 00. 00. 00. 00. 00. 00. 00. 03 
NMPCP3 61*. 01. 00. 00. 01. 01. 00. 01. 03. 00. 00. 02. 00. 00. 06. 00. 01. 03 
NMPCPU 00. 03. 00. 00. 01. 00. 00. 00. 02. 00. 00. 01. 00. 00. 00. 00. 00. 02 
NMPCP5 02. 00. 00. 00. 00. 01. 00. 00. 01. 00. 00. 00. 00. 00. 03. 00. 00. 00 
NMPCP6 01. 01. 00. 00. 00. 01. 00. 00. 00. 00. 00. 02. 00. 00. 00. 00. 00. 00 
TOTAL 78. 05. 01. 00. 02. 06. 00. 01. 10. 00. 00. 05. 00. 00. 09. 00. 01. 08 

NMPDPI 06. 00. OU. 00. 02. 01. 00. 00. 02. 00. 00. 01. 00. 00. 00. 00. 00. 00 
NMPDP2 08. 00. 00. 00. 02. 00. 00. 00. 00. 00. 02. 06. 00. 00. 01. 00. 00. 00 
NMPDP3 23. 00. 01. 00. 00. 00. 00. 02. 08. 00. 00. 08. 00. 00. 00. 00. 00. 01 
NMPDPU 80. 02. 03. 00. 02. 00. 00. 01. 06. 00. 01. 00. 00. 00. 03. 00. 00. 09 
NMPDP5 00. 00. 00. 00. 03. 00. 00. OU. 00. 00. 06. 03. 00. 00. 03. 00. 00. 01 
NMPDP6 15. 00. 00. 00. 00. .00. 00. .01. 01. 00. 01. 01. 00. 00. 01. 00. 00. 02 
TOTAL 132. 02. 08 . 00. 09. 01. 00. 08. 17. 00. 10. 19. 00. 00. 08. 00. 00. 13 



APPENDIX TABLE II (CONT.) 

N M P E P 1 00. 00 . 02. 00 . 00 . 00. 00. 00. 02. 00. 00 . 0 1 . 00 . 00 . 0 1 . 00 . 00 . 00 . 
N M P E P 2 09. 00 . 00. 00. 00. 00. 00. 02 . 00. 00. 00 . O U . 00 . 00 . 0 1 . 00 . 00 . 00 . 
NMPEP3 05 . 00 . 00. 00. 02 . 00. 00 . 0 1 . 00. 00 . 00 . 0 1 . 0 0 . 00 . 0 5 . 00 . 00 . 0 1 . 
N M P E P l * 02 . 00 . 00. 00. 00 . 0 2 , 00. 02 . 01 . 00. 00 . 01*. 00 . 00 . 01*. 00 . 00 . 00 . 
NMPEP5 50 . 00 . 00. 00 . 00. 03 . 00. 01 . 00. 00 . 07 . 0 1 . 00 . 00 . 0 1 . 00 . 00 . 0 1 . 
N M P E P 6 08. 00 . 05 . 00. 03 . 01 . 00. 01 . 00. 00. 0 1 . 05 . 00 . 00 . 00 . 00 . 00 . 01*. 
TOTAL 7i». 00 . 07. 00. 05 . 06. 00. 07. 03 . 00. 08 . 16 . 00 . 00 . 12 . 00 . 00 . 06 . 

NMPFP1 00 . 00 . 01 . 00 . 00 . 02. 00. 00 . 12. 00. 02 . 00 . 00 . 01*. 0 3 . 00 . 0 2 . 0 1 . 
N M P F P 2 22 . 00 . 00. 00 . 00 . 03 . 00. 01 . 00 . 00. 00 . 0 1 . 00 . 00 . 00 . 00. 00 . 01*. 
NMPFP3 12. 00 . 02 . 00 . 00 . 00. 00. 0 1 . 00. 00. 03 . 00 . 00 . 0 1 . 05 . 00 . 00 . 00. 
N M P F P U 07. 00 . 00. 00. 00. 00. 00. 00. 00. 00. 02 . 00 . 00 . 00 . 02 . 00 . 0 2 . 03 . 
N M P F P 5 13 . 00 . 02. 00. 00 . 09. 00. 00. 02. 00. 02 . 0 1 . 00 . 00 . 08 . 00 . 00 . 10. 
N M P F P 6 5k. 00. 02. 00 . 00. 13. 00. 06. 00. 01 . 0 0 . 00 . 0 0 . 0 3 . 00 . 0 1 . 03 . 
TOTAL 108. 00 . 07. 00. 00. 27. 00. 08. 18. 00 . 10. 02 . 00 . 05 . 2 1 . 00 . 05 . 2 1 . 

CODE: 1 NM = NYLON MULTI- MESH; PA = PANEL A , PB = PANEL B, ETC. ; P i = POS I l l ON 1, ETC 

o 



A P P E N D I X T A B L E III. Catches of sockeye by set, fishing posi t ion, and net panel in the nylon and 
l inen gi l lnet experiment. 

--SIT 1 — --SET — SET ---SET l+-

NLPAP1 00. 00. 22. 01. 2«*. 00. 30. .00. 03. 05. 28. 00. 00. 02. 11*. 00. 
NLPAP2 02. 3U. 19. 01. 07. 00. 01. 03. 01*. 03. 03. 00. 02. 01. 01*. 00. 
NLPAP3 03. 02. 17. 01. 1«*. 00. 07. 00. 00. 00. 03. 00. 12. 01. 03. 00. 
NLPAPl* 09. 01. 01*. 02. 23. 01. 00. 01. 05. 00. 01. 02. 01*. 00. 02. 00. 
TOTAL l l * . 37. 62. 05. 68. 01. 38. 01*. 12. 08. 35. 02. 18. 01*. 23. 00. 

NLPBP1 00. 00. 00. 00. 01. •00. •01. 00. 01. 00. 00. 01. 01*. 00. 00. 00. 
NLPBP2 00. 00. 00. 00. 00. 01. 03. 00. 01. 00. 05. 00. 00. 01. 00. 00. 
NLPBP3 01. 00. 00. 00. 01. 02. 05. 00. 00. 00. 00. 00. 03. 00. 01. 00. 
NLPBPi* 00. 00. 00. 00. 00. 00. 01. 01. 12. 00. 00. 00. 00. 00. 02. 00. 
TOTAL 01. 00.. 00. 00. 02. 03. 10. 01. l l * . 00. 05. 01. 07. 01. 03. 00. 

NLPCP1 00. 00. 02. 00. 03. 00. 00. 00. 0t*. 00. 03. 00. 03. .00. 03. 01. 
NLPCP2 02. 00. 02. 01. 01. 00. 02. 00 . 13. 01. 06. 00. 10. 01. 01. 01. 
NLPCP3 01. 01. 07. 00. 01. 00. 00. 00. 01. 00. 11. 00. 11*. 00. 09. 00. 
NLPCPl* 00. 01. 01. 00. 03. 00. 02. 00. 01. 01*. 01. 00. 02. 00. 00. 01. 
TOTAL 03. 02. 12. 01. 08. 00. 01*. 00. 19. 05. 21. 00. 29. o.i. 13. 03. 

NLPDP1 05. 00. 05 . 02. 00. 02. 02. 01. 01. 02 . 00. 00. 00. 21*. 13. 01. 
NLPDP2 06. 01. 09. 00. 01. 00. 02. 00. 01*. 00. 03. 00. 03. 01. 20. 00. 
NLPDP3 18. 00. 01. 01*. 12. 03. 07. 01. 03. 00. 01*. 00. 13. 01. 03. 01. 
NLPDPl* 29. 01. 15 . 00. 05. 09. 11. 02. 00. 01. 01*. 00. 03. 01. 1*6. 00. 
TOTAL 58. 02. 30. 06 . 18. l i * . 22. 01*. 08 . 03. 11. 00. 19. 27. 82. 02. 

CODE: NL= NYLON -LINEN; PA = PANEL 1, PB = PANEL 2 , ETC.; P l = POS 1 1 T 1 0 N 1/ 



A P P E N D I X T A B L E IV. Catches of pinks by set, fishing posit ion, and net panel i n the nylon 
and l inen gi l lnet experiment. 

--SET 1 — --SET 2 — --SET 3 — ---SET k-

N L P A P 1 0 0 . 0 0 . OU. 0 7 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 5 . 0 6 . 0 0 . 0 0 , 0 0 . 0 2 . 
N L P A P 2 0 0 . 0 0 . 0 0 . 0 2 . 0 0 . 0 0 . 0 0 . 1 3 . 0 0 . 0 0 . 0 1 . 0 7 . 0 0 . 0 0 . 0 0 . 0 0 . 
N L P A P 3 0 0 . 0 0 . 0 0 . 0 9 . 0 0 . 0 0 . 0 0 . 0 1 . 0 0 . 0 0 . 0 3 . 0 1 . 0 0 . 0 0 . 0 0 . 0 5 . 
N L P A P 4 0 0 . 0 0 . 0 0 . 0 2 . 0 0 . 0 0 . 0 0 . 0 9 . 0 0 . 0 0 . 08 . Ok. 0 0 . 0 0 . 0 0 . 1 3 . 
TOTAL 0 0 . 0 0 . 0 0 . 2 0 . 0 0 . 0 0 . 0 0 . 2 3 . 0 0 . 0 0 . 1 7 . 1 8 . 0 0 . 0 0 . 0 0 . 2 0 . 

N L P B P 1 0 0 . 0 0 . 0 0 . 0 1 . 0 0 . 0 0 . 0 0 . 0 1 . 0 0 . 0 0 . 0 0 . 0 1 . 0 0 . 0 0 . 0 0 . 0 0 . 
N L P B P 2 0 0 . 0 0 . 0 0 . 00 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 1 . 
N L P B P 3 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 00 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 
NLPBPfc 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 1 . 0 0 . 0 0 . 0 0 . 0 2 . 0 0 . 0 0 . 0 0 . 0 0 . 
TOTAL 0 0 . 0 0 . 0 0 . 0 1 . 0 0 . 0 0 . 0 0 . 0 2 . 0 0 . 0 0 . 0 0 . 0 3 . 0 0 . 0 0 . 0 0 . 0 1 . 

N L P C P 1 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 2 . 
N L P C P 2 0 0 . 0 0 . 0 1 . 0 5 . 0 0 . 0 0 . 0 0 . 0 1 . 0 0 . 0 0 . 0 0 . 0 2 . 0 0 . 0 0 . 0 0 . 0 1 . 
N L P C P 3 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 1 . 0 0 . 0 0 . 0 0 . 0 0 . 
N L P C P U 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 . 
TOTAL 0 0 . 0 0 . 0 1 . 0 3 . 0 0 . 0.0. 0 0 . 0 1 . 0 0 . 0 0 . 0 0 . 0 3 . 0 0 . 0 0 . 0 0 . 0 3 . 

N L P D P 1 0 0 . 0 0 . 0 0 . 2 1 . 0 0 . 0 0 . 0 1 . 0 7 . 0 0 . 0 0 . 0 0 . 0 2 . 0 0 . 0 0 . 0 0 . 0 3 . 
N L P D P 2 0 0 . 0 0 . . •00. 0 2 . 0 0 . 0 0 . 0 2 . 0 0 . 0 0 . 0 0 . 00 . 0 1 . 0 0 . 0 0 . 0 0 . 0 9 . 
N L P D P 3 0 0 . 0 0 . 0 0 . 0 6 . 0 0 . 0 0 . 0 3 . 0 7 . 0 0 . 0 0 . 0 0 . 1 2 . 0 0 . 0 0 . 0 0 . 0 1 . 
NLPDP«* 0 0 . 0 0 . 0 0 . •00. 0 0 . 0 0 . 0 0 . 0 5 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . Qk. 
TOTAL 0 0 . 0 0 . 0 0 . 2 9 . 0 0 . 0 0 . 0 6 . 19. 0 0 . 0 0 . 0 0 . 1 5 . 0 0 . 0 0 . 0 0 . 1 7 . 

CODE: 1 NL = NYLON - L I N E N ; PA = PANEL 1, PB = PANEL 2, E T C . ; P l = P O S I T I O h 1 1, ETC. 
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A P P E N D I X T A B L E V . Resul t s of Duncan New Mul t ip l e Range Tests applied 
to sockeye and pink catches in the nylon vs l inen g i l l 
net experiment . 

Species S x 

Sockeye V 37.83/64 = .77 

P inks vV 34/64 = .31 

Mean Catch/Set, Ranked 

Pane l Number 2 3 4 1 

Sockeye 0.75 1.89 4.78 5.17 
P i n k s 0.11 0.17 1.34 1.53 

Species value of p 2 3 4 
SSR 2.80 2.95 3.0 5 

Sockeye R p = L S R 2.16 2.27 2.35 
P inks Rp = L S R i 0.88 0.93 0.96 

S O C K E Y E P I N K S 

Compar i son S i g . L e v e l Value Signif icant S ig . L e v e l Value Signif icant 

1 - 2 2.35 4.42 ye s 0.96 1.42 yes 
1 - 3 2.27 3.28 yes 0.93 1.36 ye s 
1 - 4 2.16 0.29 no 0.88 0.19 no 
4 - 2 2.27 4.03 ye s 0.93 1.23 yes 
4 - 3 2.16 2,89 ye s 0.88 1.17 yes 
3 - 2 2.16 1.14 no 0.88 0.06 no 
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A P P E N D I X T A B L E V I . Summary of Chi -square tests for numbers of f i sh 
caught in nylon and l inen gi l lnets by age and sex c lass . 

T E S T N y l o n 1 L i n e n 2 L i n e n 3 Ny lon 4 Tota ls 

S O C K E Y E 
Age 1.2 1 female s O 16 13 15 44 

E 14.67 11. 24 18.09 44 
x a .1206 .2756 .5278 

males o 14 10 22 46 
E 15.33 11.76 18.91 46 
x 3 .1154 .2634 .5049 

To ta l x s 1.8077 

Age 1.3d females O 165 22 63 163 413 
E 171.7 24.71 63.09 153.49 412.99 
x s .2614 .2950 .0001 .5892 

male s o 99 16 34 73 222 
E 92.30 13.29 33.91 82.51 222.01 

x 8 .4863 .5526 .000 2 1.0961 

Tota l x S 3.2809 

A11 Z females O 113 18 42 95 268 
E 108.7 16.3 42.1 100.9 268 
x s .1701 . 1773 .0002 .3450 

male s O 181 26 72 178 457 
E 185.3 27.7 71.9 172.1 457 
X s .0998 .1043 .0001 .2023 

Tota l x s 1.0991 

P I N K S 1 females o 26 5 23 54 
E 26.07 4.79 23.14 54 
x 8 .0002 .0092 .0008 

male s o 72 13 64 149 
E 71.93 13. 21 63.86 149 
X s .0001 .0033 .0003 

Tota l xS -0139 

degrees of freedom = ( r - l ) ( c - l ) = (2 - l ) (3 - l ) = 2 
significance l eve l at p S .0 5, dif. 2 i s 5.99 

2 
degrees of freedom = ( r - l ) ( c - l ) = (2 - l ) (4 - l ) = 3 
significance l eve l at p £ .0 5, dif. 3 i s 7.81 
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A P P E N D I X T A B L E VII . Summary of resul ts of t-tests compar ing differences 
in mean lengths of sockeye and pinks between nylon 
and l inen g i l lne t s . 

Tes t 
C O M P A R I S O N I 

Nv lon 1 L inen 3 Tabled* 

t1 . t . 025 
Tes t 

N T S? X , N s . Si X , 

Tabled* 

t1 . t . 025 

Sockeye Age 1.2 F 
Sockeye Age 1.2 M 
Sockeye Age 1.3 F 
Sockeye Age 1.3 M 

16 245.6 472.1 
14 766.6 492.0 

165 394.5 532.2 
99 373.7 539.8 

9 658.5 491.0 
8 186.4 481.1 

63 304.2 519.1 
34 550.4 534.3 

-2.30 2.069 
1.10 2.080 
1.46 1.960 
1.35 1.980 

Sockeye Tota l 294 672.3 524.5 114 619.8 518.7 2.06* 1.980 

P i n k s T o t a l 97 887.1 417.5 11 743.5 415.5 0.3 1.980 

Tes t 
C O M P A R I S O N II 

Nvlon 4 L i n e n 2 Tabled* 

t' t . 025 
Tes t 

N x Sf X a N 2 S| X 3 

Tabled* 

t' t . 025 

Sockeye Age 1.2 F 
Sockeye Age 1.2 M 
Sockeye Age 1.3 F 
Sockeye Age 1.3 M 

15 440.5 480.9 
22 510.6 484.5 

163 323.5 521.4 
73 465.3 541.0 

4 63.0 468.5 
2 8.0 477.0 

22 238.3 515.9 
16 435.2 538.5 

1.14 2.110 

1.37 1.980 
0.42 1.980 

Sockeye Tota l 273 681.4 521.4 44 737.5 518.0 0.80 1.960 

P i n k s Tota l 87 930.0 419.1 7 300.8 411.1 0.70 1.980 

'!< 

denotes significance at t ^ 

*Steel and T o r r i e (I960) Table A . 3 



A P P E N D I X T A B L E VIII. Summary of resul ts of F- tes t s comparing differences in var iances of lengths 
of sockeye and pinks between nylon and l inen g i l lne t s . 

Nylon 1 L i n e n 3 F -
Ratio 

Tabled"' 
F 

.025 

Nylon 4 L i n e n 2 F -
Rat io 

Tab led" 
F 

.025 
Tes t s s d.f. S a d.f. 

F -
Ratio 

Tabled"' 
F 

.025 
S 3 d.f. S s d.f. 

F -
Ra t io 

Tab led" 
F 

.025 

Sockeye Age 1 2 F 245.6 15 658.5 8 2.68 3.20 440.5 14 63.0 3 6.99 14.25 

Sockeye Age 1 2 M 766.6 13 186.4 7 4.11 4.67 510.6 21 8.0 1 63.80 993.10 

Sockeye Age 1 3 F 394.5 164 304.2 62 1.30 1.48 323.5 162 238.3 21 1.36 2.11 

Sockeye Age 1 3 M 373.7 98 550.4 33 1.47 1.70 465.3 72 435.2 15 1.07 2.51 

Tota l Sockey e 672.3 293 619.8 113 1.08 1.31 681.4 27 2 737.5 43 1.08 1.48 

Tota l P i n k s 887.1 96 743.5 10 1.19 3.17 930.0 86 300.8 6 3.09 4.94 

"Steel and T o r r i e (I960) Table A . 6 
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A P P E N D I X T A B L E I X . Compar i son of va l id i ty of pectora l fin rays and scales 
with otoliths for age determinat ion. 

(a) F reshwate r Ages of Sockeye 

I Otol i ths 
II Scales 
III F i n Rays 

Age 1 

394 
348 

A£e_ 
0 
0 

Unreadable 
3 

45 
397 

To ta l 
397 
397 
397 

(b) Saltwater Ages of Sockeye 

I Otoli ths 
II Scales 
III F i n Rays 

Age 1 
0 
4 
0 

Age 2 
67 

170 
66 

Age 3 
327 
178 
312 

Unreadable 
3 

45 
19 

(c) A r e a s of Disagreement 

Age Class (Saltwater) 
Age 1 Age 2 Age 3 Frequency 

Otoli ths F i n Rays 2 
Otoli ths S cales 1 
Scales Otol i ths 115 

S cales Otol i ths 1 
S cales Otol i ths 3 

Sca les F i n Rays 113 
S cales F i n Rays 1 
Scales F i n Rays 3 

F i n Rays Scales 1 

Tota l 
397 
397 
397 



A P P E N D I X T A B L E X . Length frequency dis t r ibut ion of sockeye in the 1968 c o m m e r c i a l catch and Babine Lake 
escapement by age and sex c lass . 

Leng th 
cla s s(mm) 

Age 1. 
Babine 

2 Fema les 
Comm. Tota l 

Age 1 
Babine 

2 Ma le s 
Comm. Total 

Age 1 
Babine 

3 F e m a l e s 
C o m m . To ta l 

Age 1 
Babine 

3 M a l e s 
C o m m . T o t a l 1 

3 50 39 39 
360 
370 167 86 253 
380 2278 216 2494 
390 3118 408 3526 285 285 
400 159 159 7210 1148 8358 
410 159 190 349 10210 837 11047 
420 2471 362 2833 8717 566 9283 659 659 
430 3533 1351 4884 3586 2452 60 38 760 185 945 332 324 656 
440 4688 3312 8000 3259 2685 5944 283 633 916 162 162 
450 20620 5788 26408 2999 4178 7177 283 586 869 189 760 949 
460 11742 8277 20019 2945 6049 8994 2142 20 9 5 4237 158 889 1047 
470 9528 11106 20634 2129 6586 8715 6293 3638 9931 521 1300 1821 
480 6541 6501 13042 4743 6816 11559 8717 8448 17165 1569 1940 3509 
490 4890 3048 7938 5129 6311 11440 19546 23134 42680 995 4330 5325 
500 1619 2292 3 9 H 2324 4870 7194 23460 52740 76200 5347 7955 13302 
510 804 929 1733 455 3158 3613 40329 7 50 74 115403 11780 21393 33173 
520 928 928 736 2920 36 56 48114 80937 129051 16133 32080 48213 
530 289 489 778 1163 342 150 5 4690 5 70287 117192~ 21680 44088 6 5768 
540 551 551 159 157 316 35498 47813 83311 20 288 49526 69814 
550 289 289 348 330 678 23237 22245 45482 25837 37090 62927 
560 3 57 357 9232 8246 17478 15099 23005 38104 
570 158 158 167 167 6200 1848 8048 13346 11629 24975 
580 957 542 1499 5424 3930 9354 
590 469 469 1195 1267 2462 
600 542 236 778 
610 154 154 

Tota ls 67332 45639 112971 61842 50 154 111996 273084 398451 671535 140720 2420 58 382778 



A P P E N D I X T A B L E X I . Length frequency dis t r ibut ion of pink salmon in the 1968 c o m m e r c i a l catch 
escapement and by sex c lass . 

Length Females M a l e s T o t a l 
clas s (mm) Catch Escape ment To ta l Catch Escapement To ta l Catch Escapement 

270 24 5 1286 1531 24 5 1286 1531 
280 2755 2755 2755 . 2755 
290 2 57 257 245 2755 3000 50 2 2755 3257 
300 245 17815 18060 24 5 17815 18060 
310 2 57 1016 1273 31498 31498 257 32514 '32771 
320 7426 7426 245 42517 42762 24 5 49943 50188 
3 30 524 128 20 13344 1055 57526 58 581 1579 70346 71925 
340 524 310 3 3 3 1557 24 5 89637 89882 769 120670 121439 
3 50 1324 6425 5 65579 1055 97901 98956 3148 162156 165304 
360 10 57 140236 141293 3435 79994 83429 4492 220230 224722 
370 2115 145630 147745 8735 69067 77802 10850 214697 225547 
380 6622 160015 166637 18009 67597 8560 6 24631 227612 252243 
390 9270 9 7 3 9 9 106669 26018 4940 5 75423 35288 146804 182092 
400 17497 63161 80658 44569 54915 99484 62066 118076 180142 
410 21506 37443 58949 36347 60424 96771 57853 97867 155720 
420 14849 16025 30874 35807 61802 97609 50656 77827 128483 
430 12977 4221 17198 25478 4940 5 74883 38455 53626 92080 
440 6622 1016 7638 18009 37099 55108 24631 38115 62746 
4 50 2115 2115 9789 23325 33114 11904 23325 35229 
460 791 791 7680 10928 18608 8471 10928 19399 
470 3165 6795 9960 3165 6795 9960 
480 2380 1286 3666 2380 1286 3666 
490 524 524 1300 1286 2586 1824 1286 3110 
500 245 24 5 245 24 5 
510 10 55 1286 2341 1055 1286 2341 

98753 781696 880449 245356 918304 1163660 344109 1700000 204410 9 
i 
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APPENDIX T A B L E XII. M a x i m u m gi r th- length re la t ionships of sockeye and 
pinks sampled in the c o m m e r c i a l f i shery . 

Species Group y = a + b X N X L P r o b . of b=0 

Sockeye 1.2 2 y = -15.57 + .66X 47 

0 

466.7 0.0 

1.2 d* y = -21.24 + .68X 70 467.4 0.0 

1.3 ? y = 50.97 + .54X 80 524.7 0.0 

1.3 o* y = 18.89 + .62X 80 535.8 0.0 

P i n k s 2 y = -11.10 + .67X 38 413.3 0.0 

cf y •= -28.32 + .75X 62 416.6 0.0 



APPENDIX T A B L E XIII. Sockeye girth-length relationships; girths taken at three different body points. 

A-ge-
3 ex 
Group 

Girth I (Premaxilla) 

y=a+bX Prob.ofb=0 

Girth II (Head and body) 

y = a + bX Prob. ofb=0 

Girth III (Maximum) 

y = a + bX Prob. ofb=0 
_* -t 

Xi_ B 
N 

1.2 ? y= 14.73 + .35X 0.0 y= 8.24 + .54X 0.0 y= 72.16+ .50X 0.0 458.9 471.1 50 

1.2 cf y = -10.45+ .43X 0.0 y=-35.02+ .66X 0.0 y =-53.40 + .78X 0.0 451.1 459.1 44 

1.3 ? y = - 2.99 + .40X 0.0 y= 30.20 + .51X 0.0 y=-23.59 + .71X 0.0 507.6 516.3 50 

1.3 o* y = -Z8.18 + .48X 0.0 y=-42.62+ .68X 0.0 y=-51.80 + .78X 0.0 521.4 533.4 50 

X L k = m e a n l e n g t h of f i s h s a m p l e d a f t e r f r e e z i n g a n d t h a w i n g 

"XLB = m e a n l e n g t h of f i s h s a m p l e d i n the f i e l d p r i o r to f r e e z i n g 


