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Records of the date, location, and magnitude of Pacific herring (Clupea harenggls pallasi) spawnings in British 
Columbia, collected since 1928, were compiled and analysed. In the early years of spawn surveys, adjacent 
spawnings were often reported as single events. Gradually, this practice has changed so that each spawning has a 
separate record. As a consequence of this change in methods, the mean length of spawnings has decreased in 
recent years but the total numbers of records has increased. Estimates of mean spawning width and intensity have 
also changed, partly due to changing survey methods as well as changing spawning distributions. A spawn 
abundance index is developed to account for these temporal changes. Abiotic factors affecting the distribution 
and abundance of spawn deposition include sea surface temperatures and the fishery. Biological factors affecting 
spawn distribution and abundance are not as well defined, but it is shown that in some situations, spawn 
dimensions may change as a function of stock abundance. 

bes auteurs ont compile et analysk les donnkes enregistrees depuis 1928 sur la date, le lieu et I'importance du frai 
du hareng de Pacifique (Clupea harengus pallasi) en Colombie-Britannique. II est souvent arrive, au cows des 
prerrsi+res annkes oh l'on a effectu6 ces inventaires, que des frais se dkroulant dans des zones tr&s voisines soient 
signales comme des 4venements uniques. Cette pratique skst graduellement modifiee de sorte que chaque ponte 
a ete signalee individuellement. ll en est result6 au cours des derni+res annkes une diminution de la longueur 
rnoyenne des pontes et une augmentation du nombre total d'evknements signal&. bes estimations de la largeur et 
de %'intensite moyennes des pontes ont aussi 4t4 modifiees, en partie cause du changement de methdes 
dynventaire et de la repartition des pontes. Les auteurs ont etabli un indice d3bondance des pontes pour tenir 
compte de ces variations temporeiles. La temperature de I'eau de surface et Ifimportance des p?ches sont des 
facteurs abiotiques influant sur la repartition et I'abondance des pontes. Les facteurs biologiques ne sont pas aussi 
bien dkfinis, mais Bes auteurs montrent que, dans certaines situations, la dimension des pontes peut varier en 
fonction de I'abondance du stock. 
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T his paper examines abiotic and biotic factors affecting 
the distribution and abundance of spawn of the Pacific 
herring (Clupea harengtas pallasi) and examines factors 
affecting the measurement of spawn deposition. An 

index of spawn deposition is developed which allows a tem- 
poral comparison of relative spawn deposition, among small 
geographical units, since the spawn surveys were started in the 
late 1928s and early 1930s. 

Pacific herring spawn during spring months in intertidal and 
subtidal locations. The spawns are usually conspicuous: milt 
makes the water milky white and often large concentrations of 
seabirds are attracted to the spawning site. Records of the 
locations, data, and magnitude of the spawns began in the late 
1920s. The records were collected by Fishery Officers working 
and residing throughout the British Columbia coast. The wide- 
spread distribution of Fishery Officers reflects the geographi- 
cally diverse fisheries for Pacific salmon (Oncorhynchus spp.) 

and associated rivers and streams. The distribution of Fishery 
Officers was also ideal for monitoring the annual herring 
spawning activity throughout many remote coastal locations. 

The original intention of collecting the spawning records 
was as an informal guide to the spawning escapement from the 
fisheries in the previous fall and winter. Since spawn assess- 
ments began, different quantitive methods were used to assess 
spawn. Each method was based on different assumptions about 
the spawning biology. This paper provides additional informa- 
tion about herring spawning biology, much of it based on 
spawning records. These data are supplemented with field tests 
and observations. An index of spawn deposition is used to 
examine temporal changes in relative spawn deposition within 
and among different geographical areas. Abiotic and biotic 
factors that could affect spawn deposition are examined and 
discussed. 

Methods 

' Present address: Bepartment of Mathematics and Statistics, Uni- In 1982 we began a review of all British Columbia hening 
versity of Guelph, GueIpR, ant. NIG 2W1. spawning records. At that time, the retrievable data base began 
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TABLE I . Herring spawn intensity dassifications .Sh~?Ving the pre- and post- 1969 
scales, empirical estimates of eggs, and a relative weighting scale. 

- -- 

Pre- [ 969 Post- 1969 Number of Weighting 
scale scale Description eggs/rn2 factors 

- - pp 

Very light 50 100 
Very light to light 182 600 
Light 421 300 
Light to medium 665 200 
Medium I 008 500 
Medium to heavy 1 417 000 
Heavy I 889 000 
Heavy to very heavy 2 423 200 
Very heavy 3 018 400 

in the year 195 1 although Fishery Officer records were avail- 
able for many years between I928 and 1950. These earlier 
records were added to the data base and all measurements and 
dimensions of spawns were converted to metric units. From 
1928 until 1984 a total of 18 822 records of spawnings were 
made from 1 1 14 locations throughout the British Columbia 
coast. Each complete record consists of the following infor- 
mation. 

(1) The year, month, and day of the initiation of spawning. 
(2) The location of spawnings, according to (i) statistical 

area, (ii) section (Fig. I), and (iii) specific geographical Boca- 
tion which is coded with a unique number (Hourston and 
Hamer 1979). 

(3) The length of spawns. Most Fishery Officer records 
made during the early years were accompanied by charts or 
facsirnilies which showed the exact locations of spawns. When 
the charts were available the spawn lengths indicated on the 
charts were compared with the quantitative estimate made in 
yards or miles. Usually the two estimates of spawn length were 
identical or close. In a few instances, discrepancies occumed 
and the estimate used in our analysis was based on the length 
determined from the charts. Most of the suspected errors were 
incomect conversions from the unit of original length estima- 
tion (feet, yards, statute and nautical miles) to the unit 
reported. 

(4) Spawn width. Width estimates were not made during the 
earliest years of records. At that time it was believed that 
length estimates were just as accurate as area estimates 
(Stevenson and Butram 1953; Tester 1948). However, a space 
for an estimate of width was on the forms provided to Fishery 
Officers in the late 1 9 3 0 ~ ~  and the Officers were requested to 
make estimates of average width. Most records since 1940 
include width estimates. 

(5) Intensity. From I928 until 1969, intensity was assessed 
on a scale of 1 -5. The instructions on the 195 1 Fishery Office1 
survey form read as follows: "'Estimate the intensity of spawn 
deposition in the usual five categories - very light, light, 
medium, heavy and very heavy." A few eggs per blade of 
eelgrass or rockweed (1 -25) would be classified as light. A 
coating of several layers of eggs was classified as very heavy. 
Very light to heavy was classified as 1-5, respectively. In 
1969, the forms changed to allow a total of nine intensity 
categories (Table 1). There was no documentation about the 
rationale for this change, but it was probably to accommodate 
the practice of reporting intermediate categories (such as 3.5 
for an intensity between 3 (medium) and 4 (heavy). In 198 1 the 
intensity classification was abandoned altogether and replaced 
with an estimate of "egg layers." Such egg layer estimates are 

usefuE for obtaining estimates of total egg counts per unit area 
(Haegete et al. 1379). As a consequence, very few records 
made subsequent to 198 1 have intensity estimates. To compare 
the pre- and post- 1969 intensity scales, all pre- 1969 intensities 
were converted to the post- 1969 scale (1 -9) (Table I). For our 
analyses, we used a weighted estimate of intensities based on 
earlier work in which empirical counts of egg densities (eggs 
per square metre) were made for each of the nine intensity 
classifications (Hourston et al. 1972; Hurnphreys and Maegele 
1976). For instance, mean egg densities were about 3 million 
at "very heavy," 1 million at b6mediumm,97 and 50 at ' k e y  
light." However, absolute egg densities could vary according 
to a host of factors including the type of substrate. Therefore? 
we used a relative weighting (adapted from Chalrners and 
Sprout 198 1)  in which the mean egg densities at each classi- 
fication were divided by lo6. For instance, "medium" intensity 
is set at 1.0, "very heavy" at 3.0, "very lightP' at 0.05, etc. 
(Table 1). 

Review and Awdyses of Revious Spawn Indices 

Estimates of spawn escapement have been published 
annually: from 1937 until 1957 in series published by the 
British Columbia Fisheries Department (i.e. Taylor et al. 
1957) and from 1955 to the present in various informal series 
published by the Federal Department of Fisheries and Oceans 
(i.e. Anonymous 1984). Tester (1948) was the firw to com- 
ment on a series of years of spawning data (193 1-46) for the 
west coast of Vancouver Island. Me proposed two indices of 
spawn deposition: (1) the cumulative length of spawn and (2) 
the cumulative length adjusted for variation in spawn intensity. 
His main conclusion was that spawning escapement varied 
substantially among years and that the magnitude of escape- 
ment had little relationship with subsequent year-class success. 

Stevenson and Outmm (1953) developed a relationship 
between the length of spawn and the number of fish that spawn 
in a statute mile. They adjusted for differences in intensity: the 
lengths of spawns with heavy intensities were weighted more 
heavily than spawns with light intensity. The adjustment 
involved an increase or decrease in the observed length as a 
function of intensity; the result was an estimated spawn length 
in statute miles, adjusted to ""medium" intensity. Taylor (1964) 
extended the analysis using 26 yr of spawning data (1937-62) 
for seven different subdivisions of the British Columbia coast. 
He used the same measure of spawn (statute miles adjusted for 
intensity). Hourston et al. (1972) reanalyzed the spawn data 
and incoprated data on spawn widths: for each spawn record 
an estimate of total spawn area was made and the area was 
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PACIFIC 

OCEAN 

FIG. 1. Statistical areas and sections of (a) northern and (b) southern British Columbia. The first two 
numbers of ewh division represent the statistical area (from 0 in the north to 29 in the south). The last 
number indicates a subdivision of the statistical area into two or more sections. Areas 28 (288) and 
29 (290) are the only m a s  not subdivided into sections. The darkened (thickened) edges indicate 
spawning mas .  
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INTENS 'TY  

WIDTH i m l  

Fre. 2. Geographic variation in width and intensity among sections. The upper horizontal bar represents 
the mean spawn intensity; the lower bar represents mean width. 

weighted according to the spawn intensity .,Further, the British 
Columbia coast was divided into 110 different sections that 
were based mainly on the centers of spawning (Hourston and 
Hamer 1979). These "spawning sections" were described as 
geographical subdivisions of the well-established "statistical 
aeas" (Fig. 1). This approach was developed and applied in 
the early 1970s and was the most comprehensive and biologi- 
cally realistic of any developed. Spawn data from 195 Z were 
used and the data were grouped according to meaningful geo- 
graphical divisions called sections. Estimates of spawn deposi- 
tion were then incorporated into a model which also considered 
age and size data and size-specific fecundity data to estimate 
the biomass of spawning escapement and forecast future mns 
(Hourston f 98 1 ; Hourstsn and Schweigert 198 I) ,  Recently 
this approach has been modified and extended by Schweigert 
and Stocker (1987), who developed a method of adjusting 
width and intensity estimates according to empirical observa- 
tions and comparisons of Fishery Officer and SCUBA diver 
surveys. The intent of their work is an estimate of the absolute 
tonnage of the herring spawning biomass. 

Tempsra! and Geographical Variation ina Spawn 
Records 

There are significant differences in the estimates of a aver- 

age width awd'intensities among different sections of the coast 
(Fig. 2). In general, widths and intensities are greatest in the 
Strait of Georgia (especially Statistical Area 14) where much 
of the spawning occurs on wide, shallow intertidal and subtidal 
areas. Widths and intensities are often lower in inlets or fjords 
which have steep sides and narrow vegetative zonation; 
however, average spawn lengths in these locations are often 
the greatest. Therefore, the dimensions of spawns are partially 
dependent ow the bottom topography as well as the distribution 
and type of vegetation present. 

The spawn data also reflect changes in the survey methods. 
One consequence is a gradual reduction in mean spawn length 
over time (Fjg. 3a). During the earlier years of the surveys 
(pre-1960s):Fisheq Officers were instructed to pool the 
lengths of adjacent spawns that occurred in the same general 
vicinity at the same time. In recent years, Fishery Officers 
have been encouraged to make their observations and reports 
as thorough as possible. As a consequence, the more recent 
data consist of a larger number of smaller spawns. The 
clernulwrive length of spawn (Fig. 3b) is a better comparison of 
spawn deposition between yeas. However, some remote areas 
may have incomplete records, especially the west coast of the 
Queen Charlotte Islands, where there were relatively few 
records prior to 1970. Therefre, estimates sf total spawn 
lengths for the whole coast are incomplete, particularly for 
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FIG. 3.  Temporal changes in spawn parameters. (a) Mean length of spawns (8) and total number s f  spawns (@) by yeas; (b) cumulative length 
sf spawn by year; (c) mean widths of spawn by years (very few records made before 1940 (broken line) inclknded width estimates); (d) mean 
spawn intensity by year. 

earlier years. Total length estimates for some specific regions, 
such as the Strait of Georgia, probably are more complete. The 
cumulative annual spawn length, however, can be misleading 
as a spawn index because spawn locations vary in width and 
intensity. There are also temporal differences in estimates of 
mean spawn width and intensity: width estimates increase 
slightly with time from 1960 to I980 (Fig. 3c) and intensity 
estimates decrease with time (Fig. 38). The explanation for 
temporal variation in width and intensity could involve several 
different factors: (1) changes in methods of surveys; (ii) shifts 
in spawn deposition among locations; and (iii) real differences 
in the spawn deposition patterns perhaps as a consequence of 
changes in stock abundance. Each of the possibilities is vital to 
the development of an index of spawn deposition and each is 
discussed below. 

At least three changes have occurred in spawn surveys that 
could affect width and intensity estimates. First, the greater 

number of spawns reported for recent years reflects a meth- 
odological change towards recording shorter spawns as sepa- 
rate events rather than pooling, as was the practice in earlier 
years. Therefore, the greater number of shorter spawns in 
recent years also would have included a greater number of 
records of spawns with lower intensities. Second, the change 
of intensity scales from a five-scale system to a nine-scale 
system in 1969 could have promoted conservatism by the 
Fishery Officers. When faced with a choice of nine possible 
intensity ratings with five as the median, there may have been a 
reluctance to utilize the extremes of the newly introduced 
system. There is a higher frequency of extremes (Is and 5s) in 
the five-scale system than the extreme (Is and 9s) in the nine- 
scale system. The third possible methodological change 
involves the gradual recognition of the magnitude of the sub- 
tidal component of spawns. Haegele et al. (198 1) showed that 
spawn intensity was greatest at chart datum (approximately at 
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TABLE 2. Changes in width and intensity over time within spawning Iocations. Of a total s f  11 14 locations recorded since 1928, the most 
important (i.e. those having more than 70 records) are shown here. Most locations had more than one spawn record per year. Information for 
each location includes (i) the number sf records, (ii) the number of years over which the records were made, (iii) the mean, (iv) standard ewor 
(sE), (v) regression coefficient or slope of width by year and intensity by year, and (vi) the cornlation coefficient ( r ' )  multiplied by 100. 

Width Intensity 

No. of r2 No.of r  ' 
Section Location name records Years Mean se Slope ( X  100) records Years Mean se Slope ( X  100) 

Port Louis 
Iwskip Ch. 
Louscoome Hn . 
Sturnan Bay 
Big Bay 
Kitkatla In, 
Gurd Is. 
Wilby R. 
Parsons Anch. 
Weeteem Bay 
Higgins Pass 
Cape Mark 
Thompson Bay 
McNaaaghton Gp. 
Hurricane Is. 
N. Bentinck Arm 
Burke Ch. 
Illahie In. 
Kwakume Pt. 
Rivers InIet 
TAush Hbr. 
Fort Rupert 
Wakeman Sd. 
Knight ]Inlet 
Hyacinthe Bay 
Cornox Hbr. 
Scuttle Bay 
Porpoise Bai 
Nansose Bay Head 
Ladysmith Mbr. 
Kulleet Bay 
Coffin Pt. 
Long Hbr. 
Annette Inlet 
Stopper Is. 
Maggie River 
Toquart Bay 
Hesquiat Hbr. 
Hot Springs Cove 
Vargas is. 
Nuchatlitz In. 
Outer Nuchatlitz 
Nuchatlitz Village 

'B~angf~lo~d 

the edge of the water at low tide). Spawn intensity gradually 
decreases in higher intertidal and lower subtidal locations. 
Prior to 1978, spawn surveys were conducted malnly from the 
share, especially at low tide. Observations would have been 
made mainly an the higher intensity spawn above chart datum. 
Since 1970, spawn surveys generally made greater efforts to 
estimate spawn intensity and rakes were used to sample sub- 
tidal vegetation. It is possible that the grater  attention paid to 
the lower intensity subtidal spawn in recent y e m  could have 
resulted in a graduaj decreasing estimate of intensity. This 
argument applies also to estimates of spawn width: the ten- 
dency in early y e a s  (1940s- 1968s) to underestimate the sub- 

tidal spawn component could have resulted in some underesti- 
mates of spawn width. 

Geographical Variation in Spawn Deposition 

Annual changes in the relative quantity of spawn deposition 
among Eocations could give the appearance s f  changes in the 
spawn lengths, widths, or intensities. For instance, spawn in 
certain inlets is limited to namow widths and light intensities 
because s f  topographical limitations in the distribution and 
abundance of vegetation as spawn substrate. Changes in local 
stock abundance Heading to i n c ~ a s e d  or decreased spawning in 
such inlets would thew have the effect of changing the mean 
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annual spawn widths or intensities when specific locations are 
included in the analysis of larger areas. For example, the 
extremely high width estimates in 1967 (Fig. 3c) were a 
consequence of unusual spawning on the extensive tidal flats of 
Boundary Bay (Area 29). Eight records made there in 1967 are 
unique in the data series with extraordinarily high widths 
(> ]I km) and very light intensities. Gradual changes or cycles 
in the geographical spawning locations could partially explain 
the long-term trend for the decrease in mean spawn intensity 
a d  the increase in mean spawn width. For instance, since 
1970 in the Strait of Georgia, there has been a substantial 
reduction in spawning in Statistical Area 18, which is charac- 
terized by nmow spawns of light intensity. At the same time, 
there has been an increase in spawning in Area 14, charac- 
terized by wide spawns of higher intensity. Therefore, data 
pooled from these m a s  will give the appearance of a change in 
the spawn deposition parameters whereas the real change was 
in the relative sizes of stocks between areas. 

A total of B 114 individual locations were identified as 
having received one or more spawnings since 1928. To esti- 
mate the consistency of the spawn deposition patterns for 
single locations, we examined the annual trend in spawn width 
and intensity for each location. Representative locations with 
70 or more spawning records are listed in Table 2. h most 
locations there is a weak or negligible change in width over 
time. The temporal trend in intensity is slight, but most loca- 
tions show a negative slope for the regression line of intensity 
over time. For individual locations the trends for changes in 
spawn deposition parameters are more conservative than for 
large regions.. Therefore, changes over time in the estimates of 
spawn widths and intensity are a consequence of shifts of 
spawn among locations as well as the recent trend to report 
more detail on individual spawns - resulting in a greater 
number of observations of smaller spawns. 

An Index of Spawn Abuwdance 

For any subdivision of the coast a spawn coefficient (SC) 
can be defined as the mean of the product of spawn width (W) 
and the weighted intensity (1) for all spawn records that have 
both width and intensity estimates: 

where n is the number of records used. An index of total spawn 
(SI) deposition in year k is SIk. For year k it is defined as the 
cumulative length of spawn (kk) within a unit area multiplied 
by the area-specific spawn coefficient: 

This index of spawn deposition then can be calculated for any 
year on any part or parts of the coast. 

There remains, however, the problem of deciding the 
optimal number and size of geographical units over which to 
apply the index. That is, the area specific constants could be 
calculated at the level of the 11 14 individual locations, or 
approximately 1 HO sections (Fig. 1). From Table 2 it is clear 
that width and intensity vary within locations, but generally, 
variation among locations exceeds variation within. To assist 
with this decision the spawn coefficient was calculated and 
integrated first at the location Bevel (1  114 locations) and them 

t- 
z 3 5 -  
Ld 
0 
Lb 

'$ so-  
8 
0 

5 2 5 -  
2 
V) 

Y E A R  

1930 1<40 1 4 ~  1 ~ 6 0  1670 1980 I 

Y E A R  

FIG. 4. (a) Total annual British Columbia spawn deposition based 
on the spawn index. The data prior to 1940, shown by a broken line, 
may be incomplete. (b) Annual changes in the mean spawn coefficient 
(r2 = 0.33, g < 0.01). 

again at the section level. To be most sensitive to geographic 
variation the spawn coefficient should be calculated and inte- 
grated over the smallest possible units; therefore, the locations 
would be the most desirable units. Many spawn records, 
however, made during the early years of spawn surveys had 
incomplete width and intensity estimates. Also, every year 
some new spawning locations are usually added to the Hist and 
some of the geographical names have tended to be replaced by 
others. Consequently, of the 1 H 14 locations documented as 
having received spawn, 50-60 have insufficient data for the 
computation of a spawn coefficient. Spawns in such locations 
usually are small and their exclusion does not substantially 
alter the total spawn deposition estimates. Applying and inte- 
grating the spawn coefficient at the level sf the section (Fig. 1 )  
overcomes these problems, and we have chosen the section as 
the most appropriate geographical unit over which to apply the 
spawn coefficient. In effect, the entire coast is divided into 
approximately 118 sections and the spawn coefficient is calcu- 
lated for each of the sections. The spawn deposition over any 
larger geographical unit is the sum of the annual spawn deposi- 
tion in the small unit. 

The greatest annual spawn deposition in British Columbia 
occurred from 1975 to 1980; the lowest occurred from 1965 to 
1970 (Fig. 4a). PHior to 1940, spawn records were incomplete 
from many locations and the spawn index for those years could 
be misleading. The lowest point on the index, after 19468, 
occurred in 1966 following years of Barge catches. Prior to 
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FIG. 5.  Geographical distribution of spawn shown for each statistical area. For each area, a histogram 
is shown of the total spawn area by year. 

1965, large catches may have reduced the spawning biomass examined for smaller geographical units, such as for each 
so that spawn deposition is not a complete indicator of the statistical area (Fig. 5). 
annual potential spawning stock biomass. 

A significant aspect ofthe spawn coefficient is that when Factors Aflwting Spawn Deposition calculated for the entire British Columbia coast, the mean 
coefficient decreases with time (Fig. 4b) even though the width 
and intensity estimates for each lo-cation are held constant over 
time. The decrease is significant ( r 2  = 8.33, p < 0.01). The 
explanation for this decrease is that the size frequency distribu- 
tion of spawn records has changed over time: in recent years a 
larger percentage of the spawn records are made in Iscations 
with lower intensities and narrower spawn widths. This is 
important because it indicates that much of the apparent 
change in the spawn data is not generated by inconsistent 
Fishery Officer observations. On the contrary, Fishery Officer 
estimates of mean width and intensity most often are very 
consistent for specific locations among yeas. (It is conceivable 
that some Fishery Officers could be biased to report similar 
results among years, but this is very unlikely because others 
tend to relocate frequently at different sites.) Rather, the 
change in the mean spawn coefficient reflects a disproportional 
increase in the relative number of low-intensity, narrow-width 
spawn records, particularly from northem British Columbia, 
which generally has narrower spawn widths. No systematic 
decrease in the mean spawn coefficient occurs when it is 

Biomass of Spawning Stock 

To determine whether total spawning biomass affected the 
spawn dimensions, mean lengths, widths, and intensities were 
compared with an independent estimate of biomass, calculated 
only from analyses of age structure (Haist et al. 1985). Esti- 
mates sf spawning biomass were made, from five major divi- 
sions of the British Columbia coast. Annual mean estimates of 
spawn length, width, and intensity were compared, by anal- 
yses of regression, with annual spawning biomass estimate. As 
shown above, however, there are strong time trends in esti- 
mates of mean width and intensity which can be attributed to 
methodological changes in the way the data were gatherd. 
There also is a time trend in the magnitude of catches, which 
are smaller in recent years. Consequently, spawning escape- 
ment usually is greater in recent years. Therefore, to separate 
and evaluate the effects of biomass and the time trends, multi- 
ple regressions of spawn dimensions were compared, in steps, 
with time (year) and biomass. Then the variation attributable to 
biomass was evaluated (Table 3). 
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TABLE 3. Comparison of mean spawning lengths, widths, and intensities with an independent estimate of spawning biomass and year (between 
1951 and 1984). Multiple regression examines both factors, biomass and year, simultaneously. For each comparison, the coefficient of 
determination (R')  and the F  statistic are shown. Degrees of freedom were 1,33 and 2,33, respectively, for the single and multiple regressions. 
Significance is indicated by a single asterisk for p < 0.05 and by two asterisks for p C 0.01. The multiple regression shows two F  statistics: 
( I )  one for the significance of the multiple regression and (2) F(B) which indicates the degree to which the multiple regression can be attributed 
to biomass. Degrees of freedom are 2,38 for the multiple regressions and 1,31 for the F(B) statistics. The Queen Charlotte Islands correspond 
approximately to Statistical Area 2, the north includes all of Statistical Areas 3-5, and the central coast includes most of Statistical Areas 6-8. 
The west coast includes all of the west coast of Vancouver Island; the Strait of Georgia includes Statistical Areas 84- 18, 28, and 29. 

Biomass X Year X Biomass x year x 

mean mean mean mean mean mean mean mean mean 
length width intensity Hength width intensity Hength width intensity 

Queen Charlotte Islands R' 
F 
F ( B ,  

North coast R' 
F  
F ( B ,  

Central coast R' 
F  
F ( B )  

Strait of Georgia R2 
F  
F ( B )  

West Coast of Vancouver R2  
Island F  

F ( B )  

TABLE 4. Correlation between total annual spawn 
deposition and sea-surface temperature in the 
same and previous years. 

Spawn index in y e a  
N X temperature 

in year: P P 

ob 
I I I I L 

50 800 150 200 250 

CATCH Bthsusends sf tonnesl 

Fnc. 6. Effect of catch on total spawn deposition. During years with 
Iarge catches, spawn deposition is lower; during years with smaller 
catches, spawn deposition is greater. 

nounced than the time trend and could account $br nearly 40% 
of the variation in spawn intensity. One explanation for 
changes in intensity is that during years with high biomass, 
herring may spawn in locations which promote higher inten- 
sity. Another, simpler explanation is that in some locations, 
spawn deposition varies directly as a function of biomass. 
Higher intensity might be expected if spawning habitat were 
limited, thus forcing herring to confine spawning to restricted 
areas. For the coast at large, it seems that there is ample 
spawning habitat; in a single year, herring spawn in only a 
small proportion of the total area that has ever been used (Hay 
1985). However, it is possible that under certain tidal condi- 
tions, and' other factors, spawn dimensions could depend on 
the concentration, size, and density of prespawning aggrega- 

Of the five geographical divisions examined, none show any 
significant effect of biomass on mean spawn length or width 
(Table 3) although d l  divisions show strong time trends in one 
OH more of the spawn dimensions. In two areas, the north coast 
and the west coast of Vancouver Island, we found a statis- 
tically significant effect of biomass on spawn intensity. 
Although significant, the effect of biomass on intensity in the 
north coast is slight, accounting only for about 5% of the 
variation in intensity. Also, there is a nearly significant cor- 
relation of biomass on spawn intensity in the Strait of Georgia, 
but again the effect is slight. However, the biomass has a 
strong effect on spawn intensity on the west coast sf 
Vancouver Island. There, the effect of biomass is more pro- 
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TABLE 5. Multiple regression equations relating spawn (krn') to catch (tonnes) and 
sea-surface temperature ("@I. The best fit occurs when spawn and catch are regressed 
to temperatures 4 yr earlier. 

Temperature 
1% (YF) Equation F r 

Spawn = 5.67-0.0251 
Spawn = 3.92-0.0254 
Spawn = 1 1.4-0.0237 
Spawn = 12.2-0.0229 
Spawn = 14.7-0.0241 
Spawn = 12.6-69.0262 
Spawn - 9.09-0.8256 
Spawn = 7.U-0.0271 
Spawn = 6.65-8.8267 

catch-0.01 16 temp 3.59 14.0 
catch-0.0145 temp 3.48 14.0 
catch-0.0936temp 7.07 24.9 
catch-0.1MOternp 4.80 24.9 
catch-0.1400 temp 9.56 32.3 
catch-0. I I00 temp 6.69 25.5 
catch-0.0595 temp 4.05 17s6 
catch-0.0414 temp 4.05 17.9 
catch-0.0243 temp 3.73 16.9 

Y E A R  

FIG. 7. (a) Temporal pattern in sea-surface temperature in the Strait of 
Georgia; (b) temporal pattern in total spawn deposition within the 
Strait of Georgia. 

tions (discussed later). 
A significant correlation between spawning biomass and 

spawn intensity introduces bias into the spawn index, which 
holds intensity, at each section, constant over time. Con- 
sequently, the index will tend to underestimate dense spawns 
and overestimate light spawns - or appear to "darnpen'? the 
true oscillations. However, this will be significant only for the 
west coast of Vancouver Island. 

Fisheries 

catches (Fig. 6). The reduction in the spawn index, examined 
by analysis of regression, is statistically significant 
( p  < 0.01). Large catches also might alter geographic spawn 
distributions, especially if the fishery were geographically con- 
centrated. This is possible in recent years when roe fisheries 
have occurred during spawning time in specific locations (Hay 
et al. 1984). Also, removal of fish from the spawning grounds 
might alter any density-dependent factors c6sntroHing spawn 
deposition parameters by reducing the biomass available to 
spawn in a limited area. 

A Relationship Between Temperature and Spawn 
Deposition 

Within the Strait of Georgia the annual sea-surface tem- 
perature records roughly show three cycles (Fig. 721). The 
temperature estimates are based on mean of daily records taken 
from January 1 and March 31 for each yeao The data were 
collected at Entrance Island in the Strait of Georgia. Data until 
1872 are from Hollister and Sandnes (1972). Data collected 
since 1972 were provided by A1 Dodimead of the Pacific 
Biological Station. Spawn deposition also shows three cycles, 
with maximum depositions wcuning during the early 1940s, 
late 1 95QBs, and late 1970s (Fig. 7b) but spawn and temperature 
are out of phase by several years. The cornlation coefficient 
between the sea surface temperature and spawn deposition in 
subsequent years is significant for lag times of 2-5 yr (Table 
4). A lag of 4 yr provides the most significant negative canela- 
tion between temperature and subsequent spawn deposition. 
The combined effects of the catch and sea-surface temperature 
were examifled by multiple regression (Table 5). The best least 
squares fit occurs with a 4 y r  lag in the temperature so that total 
spawn deposition is most sensitive to sea-surface temperatures 
4 yr prior to the spawn. The probable explanation for this is 
that temperature must affect, or be strongly comlated with, 
another factor that affects recruitment and year class strength 
(Stocker et al. 1985). Ht appears Q take several years for 
favourable (or unfavourable) temperatures to have an effect on 
subsequent spawn deposition. Although highly significant 
(p << 0.0%), the total effect is still relatively small: the 
combined effect of catch and temperature does not explain 
more than 32% of the total varia&e. 

Hening catches have been mainly of maturing fish during Interactions Between Adjacent Spawning Areas 
winter and spring months, prior to spawning. The removal of 
large propo%aions of the population results in a substantial One explanation for changing distribution of spawns 
reduction in the total spawn deposition in years with large between years is that individual herring may spawn in different 
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TABLE 6. Annual index s f  spawn deposition expressed in thousands of square metres among the major geographical 
divisions of the British Columbia coast. These estimates are not intended to be absolute estimates of area; rather they 
are relative estimates for comparisons among areas and between years. 

- - -  - - 

Queen North Centr-1 Strait of Georgia West coast of 
Charlotte Is. coast coast (Areas 12- 19, Vancouver Is. Total 

Yew (AreasO-2) (Areas%-5) (Areas6-11) 28, 29) (Areas 23-27) coast 

places in different years. For instance, it is conceivable that 
environmental conditions or other factors could promote 
spawning within the Strait of Georgia one year and somewhere 
else, such as the west coast sf Vancouver Island, in another 
year. If herring spawns did shift amng areas, then an inverse 
relationship in spawn deposition might be expected: when 
spawn deposition is high in one area. it should be low in 
another. 

To test this, the total spawn deposition was summed 
annually for each major geographic "division" (Table 6) .  Of 
the 10 comparisons sf annual spawn deposition among major 

areas examined, all are positive and 8 are significant 
( p  < 0.05) (Table 7). This indicates that periods of abundant 
spawn deposition mong different regions are positively corre- 
lated. Therefore, a decrease in spawn deposition within a 
division, such as the Strait of Georgia, is not necessarily 
explained by a mass movement sf fish to other areas. This 
csnclusion, however, does not necessarily apply to smaller 
geographical scales. The same correlation analysis, when 
applied among statistical areas within the Strait of Georgia, 
often shows negative correlation between some statistical areas 
(Table 8). For instance, there are significant negative correla- 
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TABLE 7. Correlation matrix of the spawn deposition compared 
among major geographical divisions of the British Cdurnbia coast 
from 1928 to 1984. Single and double asterisks indicate significance 
at the 0.05 and 0.01 probability Bevels, respectively. 

Queen North Central Strait of 
Charlotte Is. coast coast Georgia 

North coast 0.379** 
Central coast 0.682** 0.463** 
StraitsfGeorgia 0.667** 0.256 0.451" 
West coast of 

Vancouver Is. 0.558** 0.257 0.285* 0.633** 

tions between spawn deposition in Area 14 and each sf Areas 
16, 18, 28, and 29. There are, however, positive correlations 
between other areas. Throughout the history of spawning in the 
Strait of Georgia, some areas such as Statistical Area 14 
receive herring spawn intermittently. When this occurs, it 
seems to cause a decrease in spawn abundance in adjacent 
areas. Aside from Area 14, there are generally positive correla- 
tions for annual spawn deposition among other areas. 'This 
result is consistent with conclusions about stock structure 
based on tagging data by Hourston (1982) who estimated that 
77-9496 of herring "homed" or where recovered within the 
same geographical division in which they were tagged. The 
divisions used in the tagging analysis were identical to those in 
Table 6 except that Johnstone Strait (Statistical Areas 1 1  and 
12) was separated from the Strait of Georgia. Lower "homing" 
estimates were made on smaller geographical units. Similarly, 
the correlation matrices of the annual spawn index indicate that 
there is no evidence of shifts of spawn (indicated by negative 
correlations) between the large geographical divisions, but 
there is evidence of shifts among smaller, adjacent areas. A 
discussion of possible movements of herring among spawning 
locations will be discussed elsewhere. 

Density-Dependent Effects on Spawn Distribution 

Prespawning aggregations of herring usually congregate in 
the vicinity of a spawning beach several days prior to 
spawning. The first spawning appears to be initiated by males; 
females move in slightly later (Hay 1985). Large, long 
spawnings tend to begin at one end or at several different sites 
and proceed along the shore as spawning progresses. The 
duration of larger spawnings can be 3 d or longer. During the 
spawning there must be some mechanism, perhaps a biological 
feedback, which acts to limit egg density and promote the 
movement to fresh spawning sites along the beach. Such a 
feedback mechanism might operate through milt density (Hay 
1985) or through fish density. Aerial observations sf 
spawnings indicate that fresh or current centers of spawning 
activity can often be distinguished against the background of 
older milt. These small fresh milt deposits are evidence that 
very large spawnings may be accumulations of much smaller, 
discrete spawning acts. A large single spawn deposition may 
be many kilometres long and involve thousands sf tonnes of 
fish, but it appears that the actual milt deposition and egg 
release occur in smaller units (schools). For instance, it would 
sometimes be physically impossible for one very large school 
of herring to deposit all of its eggs at one geographical focus. 
The potential spawn width and intensity are limited by the 
topography and surface area or foliage of the submergent and 
intertidal vegetation: steep-sided locations with nan-ow bands 

of sparse vegetation tend to have nmow, low-intensity spawn 
deposition. In contmst, wide locations with dense vegetation 
have the potential for wide, high-intensity spawn deposition. 

The lateral movement of a spawn along a shoreline could 
occur both as a result sf tidal movements or currents and 
perhaps biological factors such as fish density or concentration 
of milt (Hay 1985). Spawning usually does not occur in the 
immediate vicinity sf heavy surf activity, which often is found 
on open coasts. In these circumstances, spawning is confined 
to the protected sides of islands or even to completely sub- 
merged shallow reefs. 

Within very nmow locations (i.e. <5 m), maximum spawn 
width nearly always would be achieved quickly, even with 
small schools. Within wide locations, it would take longer to 
reach the maximum width; possibly lateral movement along 
the shore could occur before the maximum spawn width 
occurred. This can be illustrated as follows. Suppose the aver- 
age intensity of spawning were constant at 588 000 eggs/m2 
(a density commonly observed; Haegele et al. 1981). Then a 
1806)-t aggregation would deposit approximately 10" eggs 
based on an average relative fecundity of 108 eggs/t (Hay 
11985). A total area of 2 x 18' rn2 (i.e. 10" / (5 X 10')) would 
be used for spawning. 'The theoretical length of this spawn in a 
location with a width of 10 rn would be 2 x 104 rn or 20 km 
(i.e. 2 x 10%~/1O-m width). The normal duration of a 
spawn of this magnitude might be roughly 2 d. If spawn 
deposition occurred evenly over these 48 h, then the expected 
area coverage would be roughly 2 x 10% m2/48 h or 4200 m2/ 
h (about 78 m2/min). However, it is probable that this deposi- 
tion rate would occur more slowly at the beginning, followed 
by acceleration as spawning activity reached a peak, followed 
again by deceleration as the spawning was completed. Hn many 
regions of the coast, the tidal velocity normally reaches 4-5 
km/ h (2-3 knots) or more. Spawning herring can swim suffi- 
ciendy well to stem this tidal velocity, but sperm (or milt) in 
the water could not. To ensure fertilization, females must 
remain in the vicinity of milt and, presumably, follow the 
tides. Therefore, at maximal tidal velocity, milt-containing 
water should move aver the spawning grounds at 60-80 m/ 
min or about 1 m/s. If a spawning location had a width of 
1 0 0  m and a 1W0-t school could deposit eggs at an average 
rate of 70 m2/s, then a full spawn width of 100 m might not be 
achieved. In a location with a width of only 10 m, a 1008- 
tonne school could utilize seven times the maximal width and 
would require more than one center of spawning activity. 
Although these estimates are rough, they illustrate that within 
specific locations, spawn widths could depend on school size, 
tidal velocity along the shore, and the time of spawning within 
the tidal cycle. 

Applications and Implications for Management 

Within industry and government, there have been concerns 
that the recent (post-1978) roe fishery may be causing '"shifts" 
of spawn, mainly from the south to the north. The analyses in 
this paper do not support such concern: in general, spawn 
deposition tends to be positively related between different 
major regions. Rere  have also been concerns that the stocks 
have not fully recovered since the drastic decline of the late 
1960s. Our results indicate that total spawn deposition in 
recent yeas is at least equal and perhaps greater thm those of 
earlier (1930-60) years. Schweigert and Stocker (1987) 
reached a similar conclusion based on their work which 
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TABLE 8. Correlation matrix of spawn deposition within the Strait of Georgia. The annual spawn 
deposition in each statistical area is compared with each of the other areas. Statistical Areas 19. 28, and 
29 are poled. Significant positive and negative correlatio~ms are noted with one or two asterisks 
indicating 0.05 and 0.0 1 levels of significance, respectively. 

Area 

Area 12 13 14 15 16 17 18 

attempts to derive an absolute estimate (tonnes) of spawning 
biomass. Yearly variation in the absolute biomass estimate is 
closely correlakd with the relative spawn index used in this 
pager, with a correlation coefficient of 8.96 for the British 
Columbia coast as a whole. To derive their estimate of tonnes 
of spawners, they compared Fishery Officer spawn data with 
that collected by SCUBA diving surveys. Correction factors 
were derived to convert egg intensity to the more recent "egg 
layers," and they developed a correction factor to adjust for the 
possible underestimate of widths by Fishery Officers. The 
correction factors are derived from and applied to large geo- 
graphic areas, such as the entire west coast of Vancouver 
Island or the Queen Charlotte Islands, but finer geographic 
adjustments may be possible following future work in this 
topic. In the absence of SCUBA diver observations on spawn 
deposition, a relative spawn index, like the one used here, 
should be suitable for monitoring temporal changes in 
spawning abundance even within relatively small geographical 
areas such as a "section" or "statistical area" (Fig. I). From the 
time trend In this index, it is clear that total spawn deposition 
from 1980 to 1984 exceeded that of the period from 1940 to 
1965, when a major reduction fishery was conducted. By 
1967, following years of very high catches, the stocks col- 
lapsed, but in the early 1970s they had apparently recovered 
sufficiently to begin a new roe fishery. It is not clear, however, 
if the total prefishery stock levels throughout the coast during 
the current roe fishery are as great as those made during the 
earlier reduction fishery. Very large catches of mature and 
immature fish during the reduction fishery make the issue 
complex. There is no question, however, that spawn deposi- 
tion has fallen sharply since 1983. This decline, which may 
have begun before 1983, occurred in southern British 
Columbia areas and Washington State (Penttila 1986). Also, 
spawns have declined in many areas that have not been 
exposed to roe fisheries. The explanation for this decline is 
unclear but is probably related to unfavourable temperature 
regimes in the early 1988s (B. Ware, Pacific Biological Sta- 
tion, pers. comrn.). This contention is supported by the results 
of this paper which show that spawn deposition is significantly 
correlated to January - March temperatures 3 -6 yr earlier. 

Herring spawn surveys Rave been, and continue to be, an 
essential and integral part of the herring stock assessment and 
management process. Since 1984, the spawn index presented 
here has been included in that process. On the west coast of 
Vancouver Island, low spawn deposition in 1984 and 1985, in 
addition to other criteria, led to fishing closures in both of the 
following years, 1985 and 1986. In the Strait of Georgia, a low 

spawn deposition in 1984 and 1985 led to a reduction of the 
1985 fishery and a closure in 1986. These low spawn deposi- 
tions, indicative of a reduction of spawning stock size, have 
been corroborated by other assessment methods including age- 
structure analyses (Haist et al. 1986) and hydroacoustic sur- 
veys (Armstrong J 986). Decisions concerning quotas, fishery 
openings, and closures are made after a thorough review of 
stock assessment and related analyses as well as input from 
Fishery Officers throughout the coast (Waist et al. 1985. 1986). 

In contrast with the low spawn deposition in southern British 
Columbia and Washington State (Pentilla 1986), central and 
northern British Columbia stocks in the mid- 1980s have excep- 
tionally high spawn deposition, in some cases exceeding pre- 
vious records (Waist et al. 1986). However, there was a sub- 
stantial improvement in 1986 spawning in southern waters, 
and fisheries for 1987 are planned for all locations on the 
British Columbia coast. The continued effective management 
of this fishery will require the continuation of annual spawn 
surveys into the Bbreseeable future. 

@. W. Haegele, J .  F. Schweigert, and B. Ware provided con- 
structive criticism on earlier drafts. @. Roy typed and prsofed 
and drafts. K. D. Cooke, T. Harmon, P. B. McCarter, and 
N. Kanachowski assisted with the revision of the spawn data base. 
G .  Taylor compiled and edited the spawn data prior to 195 1. V. Haist 
and L. Wosenfeld pointed out errors in the spawn data base. 
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