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ABSTRACT

This paper examines spatial and temporal variation in herring spawn in British Columbia, from 1928 to 1998.  We present summaries of
temporal variation in indexes of spawn abundance for 6 different regions: (1) Queen Charlotte Islands (QCI), (2) Prince Rupert District
(PRD), (3) Central Coast (CC), (4) Johnstone Strait (JS), (5) Strait of Georgia (SOG), and (6) West Coast of Vancouver Island (WCVI).
Within the regions we also distinguish between ‘non-assessment’ areas and ‘assessment’ areas.  Assessment areas are the geographic
units applicable to the annual stock assessments, and they make up approximately 55% of the total coast.  In all regions the total amount
of spawn has fluctuated during the last 71 years, but the trend varies with location. The trend in spawn deposition for the last 20 years
has been to increase in 3 of the 5 assessment regions: PRD, CC and SOG.  No trend is clear for WCVI but there is a long-term decline
in QCI, although QCI spawn indexes have increased in the last few years.  There appears to be a decline in spawn indexes for most non-
assessment areas in the QCI, CC, and SOG.  Spawn has decreased in the JS, a non-assessment region, but increased slightly in the
non-assessment areas of WCVI.

In general, the geographical range of spawning areas is contracting.  The BC coast consists of 108 different geographic units called
herring sections, 101 of which have been used for spawning in one or more years since 1928.  The numbers of herring sections
receiving spawn is lower in 1998 than in all previous records since the 1930s, when the records were known to be incomplete.  In part,
however, this recent reduction could reflect declining survey effort in recent years.  Similarly, the duration of the spawning period is
becoming shorter, with later starts and early completions, in most areas.  Some but not all of this trend also could be attributed to the
reduction in survey effort.  In the 3 major areas where spawn indexes are increasing, they are increasing substantially, so that the total
coastal spawn deposition, if measured by the indexes presented here, is higher than in all previous assessment years.  Therefore, as a
generalization, we observe that spawning is contracting in space and time but increasing in abundance.  The recent trend for an increase
in spawn deposition is consistent with trends in spawning biomass reported in recent assessment documents, but the assessment
documents do not consider the declining spatial and temporal ranges of herring, or make any comment about spawn in non-assessment
areas.  The reasons for the spatial and temporal changes in spawn deposition are not clear, but could be related to one or more factors
including fisheries and climate change.  Unfortunately some of the apparent changes could reflect declining survey efforts, particularly in
the non-assessment areas.

RÉSUMÉ

Le document traite de la variation spatiale et temporelle de la ponte du hareng en Colombie-Britannique, de 1928 à 1998. Nous
présentons des résumés de la variation temporelle fondés sur des indices de l’abondance des œufs dans six régions : 1) Îles de la Reine
Charlotte (IRC), 2) district de Prince Rupert (DPR), 3) côte du Centre (CC), 4) détroit Johnstone (DJ)¸ 5) détroit de Georgia (DG) et 6)
côte ouest de l’île de Vancouver (COIV). Nous établissons aussi une distinction au sein des régions entre les zones de « non
évaluation » et les zones « d’évaluation ». Les zones d’évaluation sont les unités géographiques servant aux évaluations annuelles des
stocks; elles représentent 55 % environ de la totalité de la côte. Dans toutes les régions, la quantité totale d’œufs a fluctué au cours des
71 dernières années, mais la tendance varie selon l’endroit. Au cours des 20 dernières années, la ponte a augmenté dans trois des cinq
régions d’évaluation : DPR, CC et DG. Aucune tendance nette n’est décelable  en COIV, mais l’on note un déclin à long terme pour la
région IRC bien que l’indice y ait augmenté au cours des dernières années. Il semble y avoir déclin des indices dans la plupart des zones
de non évaluation IRC, CC et DG. La ponte a diminué en DJ, une région de non évaluation, mais s’est accrue légèrement dans les
zones de non évaluation de COIV.

De façon générale, la superficie des zones de frai diminue. La côte de la C.-B. est divisée en 108 unités géographiques, les sections du
hareng, dont 101 ont été utilisées pour le frai au moins au cours d’une année depuis 1928. Le nombre de sections où il y a eu ponte en
1998 est inférieur à celui de toutes les années depuis les années 1930, où les registres étaient incomplets. Cette baisse récente pourrait
cependant s’expliquer par un déclin de l’effort des relevés au cours des dernières années. De façon semblable, la durée de la période de
frai se raccourcit, débutant plus tard et se terminant plus tôt, dans la plupart des zones.  Une partie seulement de cette tendance peut
être attribuable à une réduction des relevés. Dans les trois principales zones où les indices de ponte sont à la hausse, l’augmentation est
appréciable de sorte que la ponte totale sur la côte, si elle était mesurée par les indices présentés ici, serait plus importante que celle de
toutes les années d’évaluation antérieures. Nous notons donc, de façon générale, une contraction spatiale et temporelle de la ponte,
mais une augmentation de son abondance. La tendance récente d’une augmentation de la ponte est cohérente avec les tendances de la
biomasse signalée dans les récents documents d’évaluation, mais ces derniers ne prennent pas en compte la réduction spatiale et
temporelle des aires de répartition du hareng ni ne font état de la ponte dans les zones non évaluées. Les raisons de cette variation
spatiale et temporelle de la ponte sont mal comprises, mais elles pourraient être liées à un ou plusieurs facteurs, comme la pêche et le
changement climatique. Malheureusement, une partie des changements notés pourrait s’expliquer par la baisse des efforts des relevés,
particulièrement dans les zones non évaluées.
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INTRODUCTION

The objectives of this paper are to (1) describe the spatial and temporal variation in herring
spawn distribution in British Columbia and (2) compare and contrast this variation between
within and between different geographical regions.  The Department of Fisheries and Oceans,
in conjunction with the (now defunct) Fisheries Research Board of Canada, has collected data
and records of herring spawning, for more than 70 years.  Earlier reports described the spawn
data and surveys (Haegele et al. 1981, Hay and Kronlund 1987, Schweigert et al. 1990,
Schweigert 1993).  Hay et al. (1989) described BC herring spawning in a detailed 6-volume
account of spatial changes in local areas.  More recently, Hay and McCarter (1997) described
changes in the Strait of Georgia, where spawn deposition appeared to be contracting to fewer
areas in shorter spawning periods, although total spawn deposition was near historical highs.
In this paper we extend the analyses to other regions of the BC coast.

For approximately 10 years, herring assessments and management have concentrated on 5
management or ‘assessment’ areas (Fig. 1).   The objective of the annual stock assessments
has been to estimate the spawning biomass in each of these areas.   In general, the
assessment areas are the largest spawning areas, receiving most of the spawn consistently
over time.  For the other areas, outside the ‘assessment’ areas and which we call ‘non-
assessment’ areas, there usually is no estimate of total biomass.  Exceptions are sometimes
made for several small areas, including parts of the West Coast of the Queen Charlotte
Islands and Winter Harbour on Vancouver Island.  The total area of the ‘non-assessment’
areas is about 45% of the total coast (46 of 101 sections).   The relationship between
assessment and non-assessment areas and other geographical definitions is shown in Fig 2
and described in Table 1.

Spawn records exist for the entire coast including both assessment and non-assessment
areas.  For many reasons it is important to monitor spawning in the non-assessment areas.
Many of these areas include geographically distinct marine waters, such as Knight Inlet or
Bute Inlet.  These areas usually have relatively small but consistent spawn deposition over
time - and these areas may represent distinct stocks.  Other locations within the non-
assessment areas may sometimes receive substantial amounts of spawn, but not regularly.
Knowledge of the spawning times, spawning areas, and relative spawn deposition is important
for protection of spawning habitat and as indicators of the well-being of herring that are not
fished.  Also, further information on non-assessment area herring stocks will contribute to
refinement of our understanding of herring stock structure and the role(s) of herring in marine
ecosystems.

To review changes in spawn deposition in the non-assessment areas we required an index of
herring spawn that would apply equally to assessment and non-assessment areas.  Usually,
data records consist of estimates of (1) spawn length in metres (or yards), (2) spawn width in
metres and (3) the thickness of eggs, expressed in units of intensity or, more recently, egg
‘layers’.  Hay and Kronlund (1987) noted that estimates of width were increasing in time, and
intensity was decreasing in time.  They attributed these time trends to gradual changes in
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survey methodology.  Without adjustment, these time trends confound attempts to compare
spawn deposition in time and space.  To address this problem, Hay and Kronlund (1987)
calculated section-specific, ‘coefficients of spawn’ based on the means of the spawn width and
intensity of each section.  These were calculated for each of the approximately 100 sections of
the coast, as they were defined in 1987.  For any given year, this index (which we call the
SECTION INDEX) was the product of the cumulative spawn length (m) and the spawn index.
In the present paper we have re-calculated this index based on the more recently defined
geographic sections (Haist and Rosenfield 1988). A weakness of the SECTION INDEX,
however, is that it does not recognize differences in spawning areas within sections.  We are
aware that adjacent spawning sites (within sections) can vary markedly in spawn width.
Therefore in the present paper, we present a refinement, called the LOCATION INDEX, which
is defined for each of the approximately 1300 different locations.  The location index is based
on median spawn widths and spawn intensity (or layers) and should better incorporate
information on geographical differences of spawning areas within sections.  Both the
SECTION and LOCATION indexes, which are defined precisely below, are intended to apply
equally to all areas of the coast, including assessment and non-assessment areas.  In
contrast, the spawn index used for the assessment models, which we call the ASSESSMENT
INDEX (Schweigert et al. 1998) applies only to assessment areas.

Each spawn index is based on an estimate of an area-specific coefficient of spawn width and
spawn intensity (or layers).  These coefficients are needed because of the strong time-trends
in the data. Since their beginning in 1928, spawn surveys have gradually increased in
complexity, from simple measurements of spawn length, made from shore-based or vessel
based surveys, to comprehensive SCUBA diver estimates spawn width, and in situ estimates
of the numbers of egg layers on different vegetation types (Schweigert et al. 1998).
Presently we distinguish between ‘surface’ surveys, made from shore or from small vessels,
and SCUBA surveys.  The intention of SCUBA surveys is to derive an estimate of the
number of eggs from which an estimate of spawning biomass can be determined.  SCUBA
surveys began in the 1980’s and by the 1990’s they were conducted routinely throughout all
major stock assessment areas of the BC coast, but not in the non-assessment areas which
are mainly examined by ‘surface’ surveys.  As SCUBA surveys became routine, there may
have been two other subtle changes in spawn surveys (1) a decrease in survey effort in non-
assessment areas and (2) a decrease in the effort to assess very early and very late spawns
in all areas.   As a consequence, the intention of the present paper to describe spatial and
temporal changes in spawn distribution may be partially confounded by the recent changes
in spawn methods.  The early spawn data, particularly before 1937, are incomplete in many
areas.  These earlier records are included, however, to illustrate the deficiencies of analyses
based on incomplete spawn data.  We cannot rule out the possibility that some of the recent
trends we observe in the 1990’s are not also a function of incomplete spawn survey data.

For additional criteria of spawn deposition, we include the estimates of the total cumulative
length of spawn and the annual number of spawn records. The variation in spatial distribution
of spawn is examined by comparing the number of herring sections and herring locations that
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receive spawn each year.  The temporal ranges of spawning times are estimated by
comparing the mean and ranges of spawning, by year, for all areas.

METHODS

Geographical Definitions

For the purposes of herring management, the BC coast is divided into 6 different regions:
(1) Queen Charlotte Islands (QCI), (2) the North Coast (NC), or Prince Rupert District (PRD),
(3) the Central Coast (CC), (4) Johnstone Strait (JS), (5) the Strait of Georgia (SOG) and (6)
the West Coast of Vancouver Island (WCVI) (Fig. 1). Within all regions except JS, there are
areas that are designated as ‘assessment areas’ that comprise the areas over which annual
spawn deposition is quantified to provide an estimate of spawning biomass.  The spawn in
areas outside of the ‘assessment areas’ is not usually included in the annual spawn
assessments, although until recently, surveys of spawn in these areas were made.

Each of the regions can be divided further into the Fisheries and Ocean Statistical Areas of
which subsets are called sections (Haist and Rosenfeld, 1988).  In total, there are 101
different herring spawning sections of roughly equal size, as can be seen in Figure 2.  Of
these 56 are included in the 5 major assessment areas, which correspond approximately to
each region, and 45 sections occur outside the assessment areas.  The numbers, however,
do not correspond exactly to ‘fishing’ areas because some areas, such as section 273
(Winter Harbour) are not in the assessment areas but have roe fisheries.  Others, such as
section 51 and 53 (Prince Rupert District) or Section 280, 290 (in the vicinity of the city of
Vancouver area) are in assessment areas but have never had roe fisheries. Note that
sections 132 and 135, from the southern JS region, are included in the SOG assessment
area.

In this paper, we distinguish between assessment and non-assessment areas as indicated in
Table 1.  The format for these follows exactly from the sections defined as assessment area
in the 1997 assessment document (Schweigert et al. 1998).  Table 1 shows the relationship
between regions, assessment areas and sections.  Note, for example that all of the PRD is
part of the assessment area, and nearly all of Johnstone Strait (except for Sections 132 and
135) is a non-assessment area.  Sections 132 and 135 are included as part of the Strait of
Georgia assessment areas.  All other regions consist of a mixture of ‘assessment’ and ‘non-
assessment’ sections.
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Spawn indexes

Herring spawn is quantified using two indexes, the LOCATION and SECTION index.   The
LOCATION index is derived from estimates of the median spawn width and median spawn
intensity, and is calculated for each of the 1303 different spawn locations.  The index is the
product of the length of spawn (m) by the estimate of median egg layers and median width,
determined for each location.   For continuity with the earlier literature, we also present a
SECTION index from Hay and Kronlund (1987) that estimates a spawn coefficient for each
section.  This coefficient is the arithmetic mean of the products of spawn width and intensity,
calculated for each section. Originally the coefficients were calculated for each herring
sections, as they were defined before changed in 1988 (Haist and Rosenfeld 1988).

The Hay and Kronlund (1987) SECTION index is the product of the spawn length and a
section-specific spawn coefficient (SCsec) estimated for each herring section as follows:

SCsec = 1/n ; (WrjDrj)

where Wrj is the spawn width of spawn record r in year j and Drj is the spawn intensity (or
spawn layers) for spawn record r in year j.    The spawn section index (SEC Isj), estimated for
a single section (s) in year (j), is the product of the cumulative spawn length (;Lj) in metres
by the section-specific spawn coefficient (SCsec) as follows:

SEC Isj = ;Lj (SCsec).

The index for larger areas (i.e. Statistical areas or assessment areas) is the sum of
composite areas.  Since the development of this index,  the geographical boundaries of
sections have changed and the intensity of spawn is replaced by an estimate of layers
(Schweigert et al. 1998).  Therefore in this paper, we re-calculate the spawn coefficients for
the re-defined herring sections as drawn in Haist and Rosenfeld (1988) and we substitute
layers for intensity.  These are relatively small changes to the original SECTION index.

A refinement of this index, called a LOCATION index, has two modifications. (1) Area-
specific coefficients are estimated constants for all of the 1313 different ‘locations’ used to
document spawn.  There are between 153 and 306 different spawn locations within each of
the herring regions and 1313 different locations for the entire coast. (2)  We used median
estimates for spawn width and layers to avoid potential errors associated with skewed width
and intensity (layer) data.  For each location we estimate a spawn coefficient (SCloc)  as
follows:

SCloc  = (median width) x (median layers)
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The spawn location index ( LOC Ikj) estimated for a single location (k) in any year (j) is the
product of the cumulative spawn length (Lkj) in metres and the location-specific spawn
coefficient (SCloc):

LOC Ikj = ;Lkj (SCloc)

For any year the spawn index for larger geographical groupings (section, statistical area or
Region) is simply the sum of the component parts.

Data and Analyses

The herring spawn data (approximately 26,000 records) were imported into Systat© and
Minitab© for further analyses.  All analyses and plots, including the line-fitting ‘LOWESS’
functions,  were made using Minitab© statistical software.  For most plots we included a
LOWESS line which fits a smoothed line between two variables (Minitab Reference Manual
1998). All of the data used in these analyses are summarised, by region, in Appendix Tables
1-6.  The spawn index used for 1997 assessment was extracted from Appendix Tables 2 in
Schweigert et al. (1998).  The assessment index is a combination of historical survey data
and detailed estimation of absolute egg numbers from SCUBA surveys (Schweigert et al.
1990, Schweigert 1993).  Subsequently we refer to this index as the ‘ASSESSMENT’ index
(upper case) which we distinguish from the others called the ‘LOCATION’ and ‘SECTION’
indexes (uppercase).

RESULTS  AND DISCUSSION

Changes in estimates of mean width and egg layers

Estimates of mean spawning width have increased with time and are particularly high in
recent years, especially 1998 (Fig. 3a).  The trend for an increase with time occurs mainly in
the assessment areas (Fig. 3b) and not in the non-assessment areas (Fig. 3c) except for
1998.  The particularly wide widths for 1998 appear to be associated with the unusual
spawning in WCVI.  Estimates of mean layers have decreased with time (Fig. 4a) both in the
assessment (Fig. 4b) and non-assessment (Fig. 4c) areas.  Hay and Kronlund (1987)
concluded that these trends (to increase width and decrease intensity of layers) were related
to changes in survey methodology.  It is surprising, however, to see that the trajectories of
these trends remains the same through the 1990’s.  In recent years, most observations in
assessment areas have been made by SCUBA divers, so it is unclear if the continuing
changes have been affected by methodological changes.

The mean spawn coefficients for each index, shown for the whole coast and the assessment
areas   (Figs. 5a-b) do not show strong time trends.  Except for the last 3-4 years, the
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estimates of the mean spawn coefficients, calculated from the mean width and layers (for the
SECTION Index) or the median width and layers (for the LOCATION Index) do not appear to
be either increasing or decreasing.  There appears to be a long-term decline in the indexes
for the non-assessment areas.

Record numbers

The numbers of spawn records have declined in almost all areas (Figs. 6a-c), but the
reasons are not clear.  In part this decrease seems to be associated more with the use of
SCUBA surveys which make many detailed records that are synthesized into a single record
(C. Fort, personal communication).   Therefore the apparent decline in records is not
necessarily meaningful, but we included them here as an illustration of the continuing
changes in data collected from spawn surveys.

Spawn length

Since 1980, the cumulative spawn length has increased in 3 assessment areas (PRD, CC,
SOG) and decreased in 2 (WCVI and QCI) (Fig. 7).  The length decreased in 3 non-
assessment areas (QCI, CC, and SOG) but increased in 2 (JS and WCVI).  In some ways,
the estimate of length is the most unbiased estimate of total spawn, but only if examined
within areas.  For instance, some regions have generally wider spawning areas than others
do, so comparisons of spawn length between areas might be misleading.  On the other hand,
consistent changes within areas probably are meaningful.  Therefore, we suggest that the
general trends in spawn deposition, as seen in Fig. 7, may be roughly accurate, but that the
cumulative lengths may not provide a basis for quantification of spawn.  Therefore, estimates
of 200 km of spawn in WVCI in the 1970’s do not necessarily mean that there was twice as
much spawn there compared to SOG during the same period, when cumulative lengths were
about 100 km.

Spawn indexes: comparison of the SECTION, LOCATION and A SSESSMENT Indexes

Since 1980, all spawn indexes have increased within the assessment areas in PRD, CC and
SOG (Fig. 8) which are now the major spawning sites on the coast.  All indexes have
declined in the QCI assessment areas.  The temporal trend is inconsistent in WCVI, where
the LOCATION index shows a decline since 1980, although the last 3 years show an
increase.  In contrast, the ASSESSMENT index appears to increase.   The SECTION and
LOCATION indexes have declined in non-assessment areas in QCI, CC, JS, and SOG but
increased in WCVI, although the last 5 years show a decline.
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Comparisons of Figs. 7 and 8 show that the major trends in the indexes are roughly similar to
the changes in spawn length.  Spawn indexes are decreasing in QCI (except for the last 2-3
years) and increasing in PRD, CC, and SOG.   The major difference between Figs. 7 and 8 is
the scale.  For instance, the spawn indexes are much greater in SOG compared to WCVI,
although this is not the same for a comparison of lengths.  There also are some interesting
similarities and differences between the indexes, particularly the LOCATION index, and the
ASSESSMENT index.  In general, in most regions, these indexes are very similar during the
years prior to 1980, but they diverge in more recent years – although the smoothed
LOWESS-line trends (increasing or decreasing) are approximately the same.  As the
ASSESSMENT index has no reported dimension, (i.e. It does not represent a discrete area
or volume) comparisons of the absolute numbers with the SECTION or LOCATION index are
not meaningful.  On the other hand, the post-1980 divergences may reflect some distinct
difference in the behaviour of the ASSESSMENT index with the LOCATION index presented
here.  Specifically, we suggest that the ASSESSMENT Index may be too conservative in
recent years.  (Alternately, it may be too liberal in earlier (i.e. 1950’s) years, although this
seems unlikely because for most years in the 1950’s, estimates of spawning biomass are
much lower than the estimated catch.)

The SECTION and LOCATION indexes are approximate estimates of area (in square km).
They represent a length (m) multiplied be a width (m) adjusted according to constant density
of eggs.  For the purposes of illustration, the units are adjusted to represent square km.  We
can, however, compare the relative estimates among regions, as shown in Table 2.  For
instance, the mean LOCATION index and ASSESSMENT index are roughly the same for
QCI, CC, and WCVI, but the LOCATION index is about 50% greater than the ASSESSMENT
index for PRD and SOG.   Ignoring the recent divergence in the ASSESSMENT and
LOCATION indexes, the LOCATION index seems to provide a reasonable approximation of
total spawn in non-assessment areas, at least within a factor of 2.  Therefore comparisons of
total spawn between assessment and non-assessment areas, within regions, provides an
approximate estimate of the total spawn that is not included in the annual assessments.  For
the QCI, the spawn indexes in the non-assessment areas are approximately equal to those
in the assessment areas (compare the QCI panels between Figs. 8 and 9).  Similarly,
although the recent estimates of total spawn in the non-assessment areas of CC is much
less than the assessment areas, this was not the case in the 1960’s and early 1970’s when
spawn deposition was highest in non-assessment areas.

Total spawn in JS (a ‘non-assessment’ area) has never been high, but present levels may
exceed those in the QCI (an ‘assessment’ area).   Spawning in non-assessment areas of
SOG is negligible at the present time, but for a short period in the 1960’s and 1970’s it was
substantial (Fig. 9).  The spawn in WCVI non-assessment areas in increasing, and if the
present long-term trend continues (see LOWESS line in Fig. 9) it could equal that of the
WCVI assessment areas.

When the spawn indexes are all standardized (to a percentage by year) the general trends
(seen by comparisons of the LOWESS lines in Fig. 10) are similar but there are some
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notable differences, mainly in PRD and SOG.  In those two areas the assessment index,
compared to the LOCATION and SECTION index), is higher in earlier years (1950’s) and
lower in recent years (late 1980’s and 1990’s).  The shift (from higher to lower) begins
approximately when spawn surveys started to use SCUBA diver data.  A potential implication
is that the Assessment index may be slightly underestimating spawn in these areas (relative
to the past) or that the Section and Location Indexes are slightly inflated.  In this present
paper we cannot distinguish between these (or other) explanations, but some further
research may help to clarify the reasons for these divergences in the indexes.

Changes in the spatial diversity of spawn - numbers of sections and locations

The numbers of sections receiving spawn has declined in all regions, including those in
which the spawn indexes have increased (Fig. 11).  The numbers involved were too low to
distinguish between assessment and non-assessment areas within regions).   Remarkably,
the numbers of locations has not necessarily declined with time in the CC, WCVI, or SOG
and in JS the numbers of locations are increasing (note, however, that no 1998 data are
reported for JS because no surveys were conducted in 1998 in that area).  The numbers of
locations have declined in QCI and PRD.   In all areas except QCI, these declines in spatial
range could reflect deteriorating survey effort, particularly at times that are relatively early or
late relative to usual spawning times.  (See the next section for more discussion on this
point.)  This apparent contradiction between a decline in the number of sections, but no
change, or increases in the numbers of locations, is consistent with the idea that more
herring are concentrating in fewer sections, and therefore forced to spread their activity
spawning within the Section, hence, using more locations.  This also is consistent with the
apparent recent increases in spawn length and spawn indexes.  If spawning herring are
concentrating in fewer larger areas, they may be forced to ‘spread-out’ laterally, perhaps
through some form of density-dependent control of spawning behaviour (Hay 1985) and
therefore use greater spawning widths within locations.

Changes in spawn timing – mean, first and last dates

The range of spawning times has declined steadily in the QCI, and there seems to be a
decline in the long-term mean (12).  Almost certainly, these QCI data are incomplete for
some areas and some years.  Probably there is a small population spawning in Masset in
late June or July, which rarely gets reported.   In the late 1970’s and early 1980’s there was
an unusually early (February) spawning of herring in Naden Harbour that accounts for some
of the earliest spawns.

Since 1970, the PRD timing data show nearly identical trends to that of QCI, with a reduction
in the range of spawning dates and a decline in the mean date.  It is interesting that the PRD
herring also had an episode of early spawners at approximately the same time as the QCI
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fish.  This is indicated on Fig. 12 with an arrow pointing to the two approximately
synchronous events.  The long-term mean and range of spawning times in the CC are
relatively steady, although since 1990 there appears to be a reduction in the number of early
spawning events.  Similarly, there are no particular changes in the mean dates or range of
JS fish.

The SOG shows a striking contraction of the range of spawning times, mainly from the loss
of early spawning fish, which mainly spawned in the vicinity of the Gulf Islands and Boundary
Bay.  There may also be a reduction in late spawners.  The mean WCVI spawning seems
consistent with time but, like SOG, the early spawnings no longer occur.  Both in SOG and
WCVI, this change might be attributed to declining survey effort, but it seems probable that if
the early spawns occurred regularly, as they did in the 1950’s and 60’s, then at least a few
would have been reported in recent years. This is especially true for SOG where most of the
early spawns occurred in the vicinity of coastal habitat where they would be easily observed
and reported.

Synthesis - Trends in spawn deposition from spawn indexes

The longer-term trends (20+ years) in British Columbia spawn deposition can be summarized
as follows:

(1) - an increase spawn deposition in PRD, CC, SOG, and in the non-assessment areas of
WCVI;

(2)  - no clear trend for the assessment areas of WCVI where the SECTION and
ASSESSMENT indexes have increased but the LOCATION index has decreased;

(3) -  a general decrease in spawn indexes for the QCI assessment areas, at least until 1997
or 1998 when the indexes may have started to increase;

(4)  - a decrease in most non-assessment areas including the QCI, CC, JS and SOG;
(5)  - an increase in the non-assessment areas on the WCVI, mainly Area 27.
(6)  - the spatial range of spawning is decreasing, with fewer parts of the coast receiving

spawn;
(7)  - the duration of the spawning period is becoming shorter.

Total spawn deposition, for the whole coast (assessment and non-assessment areas) is
summarized in Fig. 13.  The cumulative spawn length, and both the LOCATION and
SECTION indexes are at historical highs in the 1990’s.  The recent increase in these spawn
indexes however, has occurred in fewer sections (Fig. 14) and the spatial diversity in at
historical lows.  If the apparent decline in spatial diversity can be attributed to declining
survey effort, then it is probable that recent estimates of the spawn indexes, although near
maximal in the time series, may be under-estimated.

In a general way, the results indicate that spawn has increased in most areas that have had
fisheries (assessment areas) and decreased – or ‘appeared’ to decrease - in areas with no
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fisheries (non-assessment areas).  A problem with this tentative conclusion, however, is that
many of the present ‘non-assessment areas’ were once included in herring fisheries and
some critics have claimed that these fisheries have led to local depletions, particularly in
areas such as the southern and eastern parts of SOG and JS.  The trends in the data from
the present paper do not necessarily contradict those assertions.  They do show, however,
that most areas with relatively long-term roe fisheries still have abundant spawn deposition,
and indeed, most have had distinct increases in spawn.  Therefore, over the time scales of
the roe fishery (about 25 years) fishing activity has not necessarily led to depletions in the
areas where fishing has occurred, as is sometimes suggested. Rather, if any trend has
occurred, it has been for a concentration of spawn in the areas that have supported the
largest fisheries.

The probable explanations for many of the changes in spawn deposition are (1) changes in
ocean climate, particularly temperature, that affect pre-spawning herring distributions and (2)
changes in the quality of the database.  Addressing these issues is beyond the scope of the
present paper, which set out only to document and describe the changes.  Explaining the
changes is the next step, but we can make one comment at the present time, particularly with
respect to the second point: the quality of the database.  We have suggested that some of
the apparent decreases in spawning areas and spawning times may be associated with a
reduction in survey effort, relative to that of previous years.  There is firm evidence that this
has occurred in JS in 1998: no 1998 data were collected in JS.  This is the first time that the
entire area has been missed in the last 60 years.  There also are some concerns about the
incorporation of collected data into the present database.  On the other hand, managers
present at the 1998 PSARC meetings felt that the spawn surveys in most other areas of the
coast were well done and complete (D. Chalmers, V. Fradette, pers. comm).  Even if there
were some systematic deterioration of survey effort, we still see evidence of long-term
increases in spawn deposition in 3 assessment areas: GS, CC and PRD.  All are at, or near,
historical highs.  Therefore, any impact of declining survey effort in these areas, and other
areas, will be to underestimate the spawn in recent years.  If so, perhaps the spawning
biomass was greater in these areas, and perhaps in all areas, than the data would indicate.
Unless spawn surveys are re-established in all areas, however, we may never know and
management decisions could appear to be wrong, even if they are not.
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Table 1.  Relationship between the regions, sections, non-assessment (NON-ASSESS) and
assessment (ASSESS) areas for the BC coast.  The total number of spawn records is shown for each
section.  Sections 132 and 135 (underlined) in Johnstone Strait are included  within the Strait of
Georgia assessment area (See Fig. 2).

                REGION           SECTION     NON-ASSESS  ASSESS                                              REGION      SECTION  NON-ASSESS     ASSESS

QCI 1 1 63 0 JS 4 111 8 0
1 2 228 0 4 112 103 0
1 3 204 0 4 121 11 0
1 4 30 0 4 122 207 0
1 5 180 0 4 123 186 0
1 6 0 244 4 124 79 0
1 11 30 0 4 125 323 0
1 12 132 0 4 126 656 0
1 21 581 0 4 127 778 0
1 22 378 0 4 131 1 0
1 23 0 228 5                      132                                 0                 186
1 24 0 301 4 133 74 0
1 25 0 538 4 134 302 0

PRD 2 32 0 39 5                      135                                 0                 206
2 33 0 303 4 136 40 0
2 41 0 6 SOG 5 141 0 15
2 42 0 849 5 142 0 675
2 43 0 442 5 143 0 369
2 51 0 42 5 151 0 17
2 52 0 817 5 152 0 374
2 53 0 116 5 161 0 1

CC 3 61 14 0 5 162 0 54
3 62 99 0 5 163 0 226
3 63 140 0 5 164 0 62
3 64 35 0 5 165 0 134
3 65 15 0 5 172 0 549
3 66 49 0 5 173 0 960
3 67 0 1066 5 181 0 950
3 72 0 870 5 182 0 188
3 73 0 125 5 191 0 80
3 74 0 1264 5 192 0 4
3 75 0 179 5 193 0 75
3 76 0 469 WCVI 6 202 8 0
3 77 0 138 6 220 1 0
3 78 0 124 6 231 0 124
3 82 45 0 6 232 0 1215
3 83 230 0 6 233 0 84
3 84 213 0 6 241 0 55
3 85 0 587 6 242 0 221
3 86 0 87 6 243 0 413
3 91 40 0 6 244 0 325
3 92 116 0 6 245 0 1131
3 93 351 0 6 251 0 11
3 102 373 0 6 252 0 255
3 103 57 0 6 253 0 772

6 261 58 0
6 262 169 0
6 263 139 0
6 271 8 0
6 272 163 0
6 273 468 0
6 274 29 0

SOG 5 280 0 39
5 291 0 15
5 292 0 4
5 293 0 88



16

Table 2.  Summary and comparison of spawn indexes.  The variables describe the mean and
variation of the annual mean index for each area, with the number of years indicated by ‘N’.
The ASSESSMENT index is presented in the 1997 herring stock assessment document, and
has been scaled (divided by 105 ) to allow comparison with the other 2 indexes.   The
LOCATION index is presented in this paper and the SECTION index was presented by Hay
and Kronlund (1987).  After scaling, the mean ASSESSMENT index (bold underlined) is
approximately the same as the mean LOCATION Index (bold underline italics) for the Queen
Charlotte Islands, Central coast, and West Coast of Vancouver Island.  The LOCATION
index  is about 50% greater both for the Prince Rupert District and the Strait of Georgia.

Place/Variable N Mean StDev SEMean Minimum Maximum

Queen Charlotte Islands
Assessment Index 47 0.915 0.650 0.094 0.071 2.501
Location Index 58 1.094 0.757 0.099 0.020 3.003
Section Index 58 1.439 0.925 0.121 0.030 3.473

Prince Rupert District
Assessment Index 47 1.746 0.962 0.140 0.084 3.661
Location Index 62 2.524 1.307 0.166 0.153 5.678
Section Index 62 4.366 2.352 0.299 0.271 10.180

Central Coast
Assessment Index  47 1.473 0.988 0.144 0.177 4.621
Location Index 63 1.502 0.997 0.126 0.139 4.621
Section Index 63 3.151 2.026 0.255 0.546 10.442

Strait of Georgia
Assessment Index 47 4.841 2.530 0.369 0.511 10.051
Location Index 71 7.102 5.136 0.610 0.152 19.970
Section Index 71 11.684 7.614 0.904 0.205 30.929

West Coast of Vancouver Island
Assessment Index 47 2.980 1.595 0.233 0.458 6.366
Location Index loc 65 2.811 2.071 0.257 0.039 8.432
Section Index sec 65 4.917 2.482 0.308 0.133 9.940
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Appendix Tables – Explanation of columns

Data for years prior to 1937 and year 1998 may be incomplete.  Columns 1 the year. Column
2 is the Assessment index from Schweigert et al. (1998).  Columns 3 and 4 are the
LOCATION indexes for assessment and non-assessment areas as defined in the text.
Columns 5 and 6 are the SECTION indexes for assessment and non-assessment areas as
defined in the text.  Columns 7 and 8 are the cumulative spawn lengths for assessment and
non-assessment areas as defined in the text.  Columns 9 and 10 are the number of spawn
records in assessment and non-assessment areas. Column 11 is the number of sections
with herring spawn in any year. Column 12 is the number of locations with herring spawn in
any year.  Columns 13-15 are minimum, mean and maximum spawning dates, shown as the
DOY (day of the year).
























































