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ABSTRACT

We sudied grey whales (Eschrichtius  robustus) off the central coast of mainland
B.C. near Cape Caution from 1994-1999, with al observations between late June and
ealy September each year. Individua identification of grey whaes using photographs of
naturd markings enabled us to make repeated observations of the same individuds over
sx years of study. All whaes identified in this study were congdered summer residents.
We identified a totd of 78 animas over six summers. Of these, 56% (44 of 78) returned
in more than one summer. Some individuas were identified in as many as four or five
summers. Grey whae abundance (the number of individuas identified per day of survey
effort) was highest in 1997 and lowest in 1998 and 1999. Intraryear abundance was
highest in September in most years of observation. Individuas moved in and out of the
dudy area each summer indicating that the range of most if not al animals extended
outsde our study area. Residency patterns were similar for dl years from 1996 to 1999,
however whales appeared to spend less time in the study area in 1998 than in other years.
Within our study area whales varied in the degree of gdte fiddlity they exhibited both
within and between years. While the population as a whole fed adong most of the
coadline in 1996 and 1997, habitat utilization patterns changed in 1998 and 1999. In
these years, whaes were sghted most frequently in and around primary feeding stes
while secondary and tertiary feeding sites experienced reduced use. Seasond and annud
vaidion in grey whae abundance, residency and habitat utilization most likely coincided
with changes in food availability in the sudy area. Changes in grey whale feeding
behaviour in 1998 and 1999 were probably a least in part due to decreased food

avalability in our sudy area as a reult of the 1997-1 998 El Nino event.
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INTRODUCTION

Cdifornia grey whaes (Eschrichtius robustus) migrate annualy between winter
breeding grounds off the coast of Bga California and summer feeding grounds in the
Bering and Chukchi Sees (Pike 1962, Rice & Wolman 1971, Braham 1984, Clarke et al.
1989). Breeding and calving occurs in the warm, shalow, protected waters of lagoons
dong the Mexican coast from early January to the end of February (Pike 1962, Rice &
Wolman 197 1). The northward migration extends from mid-February to October with the
pesk abundance of grey whales off Alaska occurring from April to June (Rice & Wohnan
1971, Braham 1984). The southward migration occurs from October through January
(Pke 1962, Rice & Wolman 1971). Mog individuas travel more than 18,000 kilometres
to complete the migration from subtropica breeding waters to Arctic feeding grounds
(Rice & Wolman 1971). Earlier observations of grey whales lingering adong the coasts of
Cdifornia, Oregon, Washington and British Columbia suggested that some whaes
occupy summer feeding grounds south of Alaska rather than completing the full
migraion (Pike 1962, Pike & MacAskie 1969, Rice & Wolman 197 1, Hatler & Darling
1974).

Recent obsarvations in British Columbia have confirmed the existence of a
summer resident population of grey whales dong the west coast of Vancouver Idand
(Hatler & Darling 1974, Darling 1978, Darling 1984). Hatler and Darling (1974) found
that grey whale occurrence along the outer coast of Vancouver Idand was common
during the summer months and some individuas appeared to remain in the area dl year.
Daling (1978, 1984) later identified individua whales returning to Vancouver Idand

over severd years. From these observations, he estimated that a resident population of



35-50 grey whaes occupies summer feeding grounds off the west coast of Vancouver
Idand from about April to December, between northern and southern migrations.
Resdent grey whaes range from Victoria to Cape Scott, apparently moving among
feeding stes (Darling 1978, 1984).

Grey whaes exploit several prey types off Vancouver Idand. These include both
benthic species such as amphipods (Ampelisca spp.) and ghost shrimp (Callianassa
californienss), and planktonic species such as mysids (Holemsimysis sculpta, Neomysis
rayii, Acanthomyss spp.) and crab larvee (Cancer magister megdops) (Hatler & Darling
1974, Murison et al. 1984, Darling et al. 1998). Daling et al. (1998) found that there is
year-to-year variability in both the feeding locations and prey types exploited by grey
whales off Vancouver Idand.

Previous studies have aso documented the presence of grey whaes aong the
B.C. manland coast northeast of Vancouver Idand (Darling 1974,1984, Daling et al.
1998). However, grey whae abundance, distribution and habitat utilization in this area
remain poorly understood. We observed grey whaes off the centrd coast of mainland
B.C. near Cape Caution, just north of Vancouver Idand, from 1994 to 1999. Individua
identification of grey whales usng photographs of naturd markings enabled us to make
repeated observations of the same individuals over Sx years of study. Grey whaes bear
unique patterns of black and white pigmentation on their flanks and flukes making them
reldively easy to identify. Photo-identification has been used previoudy to identify
individua grey whaes (Hatler & Daling 1974, Darling 1978, 1984, Caambokidis et al.
1994) and smilar techniques have been used to identify other cetacean species including

humpback whales, Megaptera novaeangliae (Katona et al. 1979, 1980), killer whales,



Orcinus orca (Bigg 1982), blue whales, Balaenoptera musculus ( Sears 1984, Searset al.
1987), and minke whales, B.acutorostrata (Dorsey 1983).

The objectives of this study were: (1) to estimate grey whae abundance off the
centrd coast of mainland B.C. from 1994 to 1999, (2) to determine the spatid and
tempord distribution of grey whaes and (3) to describe habitat use patterns of the
population.

The data from this study may further be used in conjunction with other grey whale
sudies to determine the movements of grey whales over their entire summer range.
Darling (1984) speculated that the animas off the west coast of Vancouver Idand form
pat of a larger northwest population. He speculated that a least 100 animas occupy the
British ColumbiaWashington-Oregon aea during the summer. The results of this study
will describe the ecology and behaviour of grey whaes ranging onto the centrd manland
coast of B.C. and improve our understanding of the feeding ecology and movement of

grey whales over their entire Pacific Northwest summer range.

METHODS
Study Area and Grey Whale Surveys
This study operated northeast of Vancouver Idand in the area extending from Port
Hady to Bdla Bdla B.C. All surveys for grey whales focused on the central coast of
manland B.C. extending approximately 50 kilometres from Shelter Bay to Rivers Inlet
(centred on Cape Caution & 51.16 N, 127.79 W, Fig. 1). This part of the B.C. coast is
characterized by rocky shores and cliffs as well as sandy bays. Nearshore kelp

(Nereocystis luetkeana) beds are common on reefs aong the coastline.
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Figure 1. Map of study area and zone boundaries.




All data in this study were collected during the months of June to September from
1994 to 1999. Surveys were conducted by observation crews of 2-8 people aboard severd
vessdls (Table 1). All surveys were conducted during daylight hours (0630 - 2100). Most
surveys were within 2 km of shore since this is where the maority of grey whaes were
observed (Darling 1984). However, our surveys extended more than 2 km from the
mainland in some aress to include idands and reefs where whaes were regularly
observed (Fig. 1). Shore sightings from our camp were aso recorded.

The survey area was divided subjectively into 13 zones (Fig. 1). Zones were
determined such that a whale present within a particular zone could be seen from al
points within that zone. Dividing the study area into zones smplified our subsequent
andyss of survey effort dong the coastline. We atempted to alocate equal survey time
to dl zones from Shelter Bay to Rivers Inlet within each year of observation to ensure an
accurate description of grey whale didribution and habitat use. We adso atempted to
equalize survey effort in al zones between years to ensure an accurate description of grey
whale abundance over the six years of study. Table Il summarizes survey effort from
1994 to 1999. Totd survey effort was low in 1994 and 1995 compared to the following
years of study. Additiondly, in 1994, surveys were conducted only in the southern part of
the sudy area (Shelter Bay to Burnett Bay), and in 1995, survey effort was highly
concentrated in this same area. To diminate any biases in the data resulting from unequa
survey effort, we excluded data from 1994 and 1995 in some of our anayses.

From 1996 to 1999, we designed our survey effort to monitor the presence or
absence of individuas within the entire study area over the course of each summer

observation period and over each year of study (Fig. 2). Effort within zones was



Table |. Boats used to survey for grey whaes (X= used)

1994 1995 1996 1997 1998 1999

"MV Lagtime ,53 m motorboat X X X X X
SV Fed Free, 170 m sailboat X

SV Dagon, 130 m sailboat X X X

MV Etta Pace, 6.0 m motorboat X

MV Sedoreeze, 11.6 m ex-forestry boat X
FV Sar Dug, 126 m ex-gilnetter X

MV Theodore, 8.0 m crew boat X




Table II. Survey effort for grey whaes off the centra coast of mainland, B.C.. 1994-1, 999

o 1994 1995 1996 1997 1998 1999
Period of observation July 24 July & June 16 June29- June2 1= June 26-
Sept. 10 Sept. 2 Sept. 7 Sept. 13  Sept. 12 Sept. 10

Number of weeks of

observation 7 7 12 11 12 11

Number of days of

observation u 37 58 64 57 70
Number of hours of

observation 38 226 366 468 307 358

Mean (+SE) hrs. of

_qbservation per week 5£2 2615 36+3 0H+4 25+3 B2
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Figure 2. Survey effort per zone, 1996 1999. Values represent the number of days we
surveyed for grey whales in each zone. Figure 1 shows zone boundaries.




unequa, with the greatest effort in zone N, the location of our camp. Effort decreased in
the northernmost and southernmost zones, and zone X (encompassing the offshore Storm
Idands, Fig. 1). All zones were surveyed on at least one day of each week, with the
exception of zone X, the Storm Idands, and zone Y, Shelter Bay. Shelter Bay was not
included in our weekly surveys until 1999, and the Storm Idands were surveyed only
occasondly in dl four years.

We assumed that individuals not photographed within a given year were not
present in the study area that summer. We could not say for certain whether a whale was
present in the study area for dl days between the first and last sighting in each summer. If
whales |eft the study area for a period of time and then returned, using the number of
days between firgd and last sSghtings would have overestimated individua occupancy
time. To dleviate this bias, we used weekly intervals to measure individual occupancy
time from 1996 to 1999. In these years, we surveyed the entire coastline within the study
area each week by making one complete survey from the southernmost portion of the
study area to the northernmost portion of the study area in one day and the reverse survey
route in another day of that week. On al other days in each week we surveyed only
specific portions of the study area in a given day. Using this survey method we assumed
that if a whale was present in the study area it would be sghted in a given week of
surveys. We then used the number of weeks tha an individud was sighted in one summer
as our measure of occupancy time. Occupancy time will only be overestimated using this
method if whales were not present in the study area for the entire week in which they

were sghted.



Individual Identification

Photo-identification was based on photographs taken usng SLR cameras with SO-
300mm zoom lensss and Kodak 3200 ASA black and white film. Individud whales were
recognized by the light and dark skin patterns on their right and left flanks (sides) and the
ventral surface of ther tal flukes. Natura markings were usudly white or grey on a dark
background. For each whale sighted, we attempted to obtain photographs of both flanks
and the ventrd tal surface. All photographs of flanks were taken when whales surfaced
to breathe. Tal fluke pictures were obtained when whaes “fluked” (displayed the tall
above the surface of the water a the onset of a deep dive). Visud identification of each
whae was made in the field and later double-checked using the photographs to ensure
that a correct identification had been made.

We developed the negatives of the photographs and scanned them using a
Hewlett- Packard Photosmart scanner and software developed in our lab for grey whae
photo identification. We egtablished a digita photographic-catdlog of dl grey whaes
dghted in the survey area over the six years, catdogued by year to establish a record of
repeated sghtings. A hard copy of this catalogue was carried on al surveys in 1999 to ad
in immediate visud identification of individuds in the fidd. Some whaes had more
obvious markings than others but al individuds were identifiable by photographs, Figure
3 shows the different patterns of natural markings on the right sSdes of three whales
identified in this sudy

Grey whaes are born with their markings and appear to maintan them throughout
their lives (Rice & Wolman 1971, Darling 1984). Darling (1978, 1984) found that some

grey whale markings did change or dissppear over time, but most were permanent. In

10
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most cases, we used severd details in the skin pattern to identify animas, so small
changes in a few natural markings did not affect identification. Notice that the patterns on
the left sde of whae G051 changed very little from 1994 to 1999 and are easly
identifiable in both years (Fig. 4).

Grey whales dso have scars, barnacle (Cryptolepus  rhachianceti) paiches and
cyamids (C, scammoni, C. ceti, C. kesderi). Barnacles are most often found in clusters on
the mogt anterior part of the back and dorsal aspect of the rostrum while cyamids cluster
around barnacles and wounds (Rice & Wolman 1971). Scars were sometimes used for
identification, as in the case of whae G017 (Fig. 5), while barnacles and cyamids were
never used for identification since they are hard to distinguish in photographs. Scars were

dways used in conjunction with other skin patterns for identification.

Abundance

We did not use a mark-recapture model to estimate abundance since the
population did not meet the assumption of homogeneity of capture (Hammond 1986) as a
result of inherent differences in the behaviours of individuas and their degree of ste
fiddity. Yearly relative abundance was taken to be the number/of grey whaes identified
per day of survey effort. Days of effort were used instead of hours of effort since hours of
effort tended to depend on the abundance of whales, more hours per day were spent

photographing and observing whales when there were more whaes in the study area.

Digribution and Habitat Use

For each grey whale sighting, we aso recorded the animd’s location in order to
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F|gure 2 Photograpﬁ of e 137506 of Whde ¢ GOSN
indicate three common reference points.

Flgure 5. Photograph of whale GO I 7 in 1999. Arrow 1nd1cates the scar on the left :5de
used for identification.
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determine the digtribution and habitat use patterns of the population. The location of each
whale was recorded as the distance and direction from a nearby landmark (idand, point,
bay etc.). We later estimated GPS coordinates for al sightings of al whaes from 1996 to
1999 by plotting the location relaive to nearby landmarks onto digitd maps using
Fugawi Navigation software (Northport Systems, Inc., Toronto). These coordinates were
plotted aong a linear transect from Shelter Bay to Rivers Inlet, centred on Cape Caution.
The transect ran due north and southeast of Cape Caution: postive vaues for whae
locations indicated postions due north of Cape Caution, while negative vaues indicated
positions southeast of Cape Caution (Fig. 1).

Home range Size was calculated as the grestest distance between sightings for
each individud aong this transect. Only those individuads sighted more than once in a
given year were included in our andlysis of home range Sze. The digtribution of al grey
whae sightings in each year was determined using the number of sSightings at each
location aong this transect. The number of sightings was corrected for effort by dividing

by the number of days of effort spent surveying at each location.

Statistical Analyses
We used IMP IN Start Statistics software (Sall & Lehman 1996) for dl datidtica
andyses in this study. Non-parametric tests were applied since the data did not meet the

assumptions of normdity and equa variances. P- values of 0.05 were used to determine

datigtical sgnificance. Descriptive dtatistics are expressed as means (#+ SE) in this paper.

14



RESULTS

Individual Identification

We identified 78 different grey whaes in the study area from 1994- 1999 using
photographs of their natura markings. Figure 6 shows the cumulative discovery rate of
grey whaes from 1994 to 1999. Mog individuas were identified by 1997, and the
number of new individuals identified each year was lower in 1998 and 1999 than in dl
other years (Fig. 6, Table 111). We obtained pictures of both flanks of al individuas
identified in 1994. In 1995, we photographed only the right flank of 3 individuas, and
only the Ieft flank of 1 individud. Thus, we may have double-counted 1 individud in
1995. From 1996 to 1999, we photographed only the left flank of 7 individuds, and only
the right flank of 2 individuals. Thus, we may have double-counted 2 individuas in these
four years, one in 1998 and one in 1999. From this we concluded that a minimum of 75
whales ranged onto the centrd coast of mainland B.C. from 1994 to 1999.

The largest number of whales identified in one summer was 5 1 in 1997 (Table
[1). The low number of whales identified in 1994 reflects our survey effort for that
summer (Tables Il and II1). Fewer whales were sghted in 1998 and 1999 than in the
previous 3 years despite higher survey effort in 1999. The number of new whales
identified in one summer was highest in 1995 (25 individuas) and lowest in 1998 (3
individuds) (Fig. 6, Table Il).

Of the 78 grey whaes we identified between 1994 and 1999,34 individuds were
dghted in only one summer (Tables Il and 1V) and 44 individuas were Sghted in more
than one summer (Table V). None of the 44 animds that were sghted in multiple years

were dghted in dl 6 summers. Nine individuds were sghted in 5 years, 10 individuds
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Figure 6. Discovery rate of grey whaes off the central coast of mainland B.C. Totd
identified individuals and new individuads shown separately.
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Table 1ll. Grey whae identification off the

B.C., 1994 - 1999

central coast of mainland

1994 1995 1996 1997 1998 1999
Rt LSS 14 32 33 5t 21 22
Number of new whaes
Identified 14 25 12 18 3 6
Number of whales seen in
only this year 2 7 6 10 3 6
Number |dent|f|eg er unit
effort (days of observation) 127 086 057 0.80 047 031
Number of new whaes
identified per unit effort 127 066 057 032 0.05 0.09

(days of observation)

17



Table IV. Grey whaes identified in only one year off the centrd coast of manland B.C,
1994-| 999. Vaues represent the number of days each whae was sighted each year.

Whale ID 1994 1995 1996 1997 1998 1999
G002 2
GO53 1
GO18

G019

G025

G027

G034

G035

G044

G045

G047

G048

G050

GO56

G020

G023

G058

G059

G060

G062

G065

GO66

G068

G069

G072 2
GO73 !
GO75 |
GO77

GO78

GO79

G080

G081

G082

._\HH._\HH
— W N = Ol

o = NN 0w Ww

— NN Lo PO —

Total 2 7 6 10 3 6
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Table V. Grey whaes identified in more than one year off the centrd coast of mainland
B.C., 1994 1999. Vaues represent the number of days each whae was sighted each year.

V\/hale ID 1994 1995 1996 1997 1998 1999

001> 1 ! 1 16 4
2 4 16 14 2
! 10 9 14 2
3 14 20 21 17
1 3 15 15 12
1 2 4 2 9
2 4 8 15 4
1 9 16 2
! 7 17 5
1 9 18
6 ! 8
1 9
! 34 7 14 33
! 5 9 4 20
! 7 8 11
! 2 17 1
! 2 2 3
2 1 !
3 10 13
2 3 4
1 9 2
5 3 2 13
1 13 3 3
1 ! !
11 9
! 2
f/ ! 8
024 2 5
&;’657 ! 2
N ! 1
<G040) 8 13 17 10
G041 4 7 4 11
(G054 ! 27 4 2
046 ) ! 14 !
039 3 2 !
G036> 14 3
G067 ! ! 2
G043 9 9
G061/ 5 2
G063> 2 !
(G064 4 !
G02% 13 2
o o
055" 4 1
Total 12 25 27 41 24 16

19



were gghted in 4 years, 10 individuds were sghted in 3 years, and 15 individuas were
sghted in 2 years. Of the whaes returning in more than one summer, 21 individuas were
not seen in 1 intervening summer, 1 individud was not seen in 2 intervening summers,
and 1 individud was not sighted for 3 intervening summers (Table V).

Figure 7 shows the discovery rate of grey whaes each summer (1996 1999). The
discovery rate was highest a the beginning of each study period (June - July) and then
leveled off, suggesting that mogt individuas in the study area had been identified by the
beginning of August. A few new individuas were identified a the end of August and
beginning of September each year. We were unable to account for whales ranging into
the study area before the third week of June or after the second week of September (ie.
outsde our observation period). Thus, our results most likely underestimate the actual

number of whales that used our study area as part of their summer range.

Abundance

Grey whale abundance increased from 1996 to 1997 and decreased from 1997 to
1999 (Fg. 8). Grey whae abundance was lowest in 1998 and 1999. Our preliminary
surveys for grey whales in 1994 and 1995 did not cover the entire study area, so data
from these years were excluded from this analyss.

Grey whale abundance generdly increased from June to September (1996- 1999
averaged, Table VI). The wide range in abundance at the beginning of September (0.6 -
8.7 whaes identified per day) over the four years led to a large standard error in mean
abundance for this period (Table VI). Despite this varigion, whae abundance was
highest a the beginning of September in three (1996, 1997,1999) out of the four years

(Table VI); grey whale abundance decreased in September.
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Table VI. Grey whae abundance per haf month off the central coast of manland B.C,
1996-1 999. Abundance is the number of whaes identified per day of survey effort.

- 1996 1997 __ 1908 1999 __ Average
June 15-30 1.0 2.0 0.0 0.3 0.8 +/-0.5
Jdulyl - 15 1.1 1.4 1.0 0.4 1.0+/-02
July 16 - 31 1.1 2.6 1.0 0.6 13+-04
Augustl -15 0.6 2.3 1.0 0.8 1.2+/-0.4
August 16-31 1.6 1.9 1.3 0.9 1.4+/-0.2
Septemberl -15 ) 8.7 3.1 0.6 1.5 35+-1.8

23



Residency
Grey whales were sghted in the study area in dl months we conducted surveys

(June - September). Individuas were identified as early as June 22 (G014, 1996) and as
late as September 11 (G014, 1998). Since we made no observations before June or after
September in any year, we do not know if whales were in the study area from April to
May or from October to December as suggested by Darling (1984) for Vancouver Idand
grey whaes. The longest duration between fird and last sghtings for any individud in
one summer was 76 days. in 1996, GO 14 was first sighted on June 22 and last Sighted on
September 5 (GO14 was sghted 34 times in 1996, Table V). At the other extreme, severd
individuals were sighted on only one day in a given summer. This demondrates that there
was a high degree of individud variaion in the amount of time whaes occupied the
study area during the summer.

Figures 9-12 summarize dl grey whae sghtings by week from 1996 to 1999.
Some individuals were sighted in the study area in al weeks of observation (eg. G014
was present for 12 consecutive weeks in 1996 and 11 consecutive weeks in 1999; GO54
was present for 11 consecutive weeks in 1997). Mogt individuas were absent from the
study area for one or more weeks during the summer. An ‘absence’ refers to a period of
time that a whale was not present in the study area between firgt and last sightings,
suggesting that an individua left the study area and returned. Some individuas left and
returned on more than one occasion (eg. in 1997, GO37 left the study area and returned
on three separate occasions after absences of one, one and two weeks respectively).

The amount of time individuas were absent from the sudy area varied from one
to five weeks, not necessarily consecutive (Table VII). The longest absence from the

Sudy area was five consecutive weeks (GO4 1 was identified on July 9,1996, departed for

24
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Figure 9. Summary of grey whale sightings by week, 1996. Numbers indicate the number of days each individual was sighted each
week.
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Figure 10. Summary of grey whale sightings by week, 1997. Numbers indicate the number of days each individual was
sighted each week.
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Figure 11. Summary of grey whale sightings by week, 1998. Numbers indicate the number of days each individual was
sighted each week.
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Figure 12. Summary of grey whale sightings by week, 1999. Numbers indicate the number of days each individual was
sighted each week.
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Table VII. Grey whale absences from the study area, 1996 1999. The numbers in
parentheses represent the percentage of adl whaes identified that year that were absent for
the given number of weeks.

1996 1997 1998 1999

Number of weeks of observation 12 11 12 11
Number absent for 1 week [ (3%) 8 (16%) 2 (7%) 2 (9%)
Number absent for 2weeks I (3%) 7 (14%) 2 (7%) 2 (9%)
Number absent for 3 weeks 5 (15%) 5 (10%) 3 (11%) 3 (14%)
Number absent for 4weeks 2 (6%) 2 (4%) | (4%) O (0%)
Number absent for 5weeks 5 (15%) 0 (0%) 0 (0%) O (0%)
Total 14(42%)  22(44%) 8 (29%) 7 (32%) |
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five weeks and was re-sighted on August 21,1996). The percentage of whales leaving the
sudy ares and returning was lowest in 1998 (29%, Table VII), i.e. mogt individuds did
not return after leaving the study area. Whether or not they returned after we ended our
observations for the year is unknown. In 1998, none of the whaes identified were present
in the sudy area in every observation week.

We used the number of weeks that an individud was sighted in one summer as a
measure of resdency time. There was no difference in residency time among years
(1996-1999, Kruskd - Walis Rank Sums, x’= 6.84, of=3, P= 0.08; Fig. 13). Residency
time was lowest in 1998 (25 05 weeks, Fig. 13) and the percentage of individuals
dghted in only one week was highest in 1998 (48%, Table VIII). From 1996 to 1999,
mean resdency time for dl whaes sghted off the centra coast of mainland B.C. in one
summer was 4.6 +0.2 weeks.

Identifying patterns of residency proved difficult in this study due to large
individual variation in the amount of time animas occupied our sudy area (Figs. 9-12).
Some individuals were sighted throughout the observation period suggesting thet they
may spend the entire summer off the centra coast of mainland B.C. Some individuas
were dghted for severd weeks and other individuals were sighted in only one week.
Some individuals occupied our study area for several consecutive weeks but did not
return ater leaving the study area. Other individuals left and returned to the study area on
more than one occason in one summer. Mogt individuads aso showed year-to-year
variaion in their resdency paterns (Figs. 9-12). For example, whae GO54 was sighted in

one week in 1996,11 weeks in 1997, and 2 weeks in both 1998 and 1999. Whae GO36 as
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Figure 13. Residéwcy time of gfe"y”v%ales off the centrd coast of mainland B.C., 1996 -
1999. Bars represent the mean number of weeks (£SE) individuas were sghted in the
dudy area during each summer. Numbers on bars indicate sample sizes.
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Table VIII. Grey whaes sighted in only 1 week
off the centrd coast of manland B.C., 1996-1999

1996 1997 1998 1999

ber of whd
Mo, jof whaies 33 51 21 22
Number of whales
sighted only 1 week 7 15 13 7

Percentage of whales
sighted only 1 week 21%  29% 48% 32%
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sghted in 8 weeks in 1996, but sighted inonly I week in 1997, and never sighted in 1998

or 1999.

Didribution and Habitat Use

Grey whaes were sghted from Shelter Bay (50.967 N, 127447 W)  to the
southernmost entrance of Rivers Inlet (51.377N, 127.790 W)  over the six years of study.
The locations of dl sghtings for each whale (1996 1999) were plotted adong a linear
transect from Shelter Bay to Rivers Inlet, centred on Cape Caution. Figure 14 shows the
frequency of sghtings per day of survey effort aong the coastline encompassed by our
dudy area. Grey whade sightings were distributed dong most portions of the coadtline in
1996 and 1997 (Fig. 14ah). In these years, there were few locations within the study area
a which grey whales were not sighted. Whales were most frequently sighted around
Allison Harbour (zones T, A, N in Fig.l) and north of Cape Caution in 1996 (north of
zone C in Fig. 1). In 1997, whaes were most frequently sighted around Allison Harbour,
with the remaining sghtings being farly evenly distributed dong the rest of the coadtline.
In 1998 and 1999 the frequency of sightings per day of effort was lower adong the entire
coadline (Fig.14cd). In these years, there appeared to be three areas used most often by
grey whaes. the area around Allison Harbour; the area from Slingsby Channd to Hoop
Bay (zones P, B, C, G, and H in Fig 1, including Burnett Bay, Sylvester Bay, Cape
Caution, and Blunden Bay); and the area around Table Idand (zone S in Fig.1). This
trend was especidly evident in the habitat utilization patterns of grey whaes in 1998

(Fig. 14c). Whaes were mogt frequently sighted in and around Burnett Bay (zone B in
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Figure 14. Frequency of all grey whale sightings along a linear transect centred on Cape Caution (1996-1999). Values represent
the total number of sightings at each location divided by the number of days spent surveying at each location to correct for effort.
The locations of certain landmarks are also indicated for reference.




Fg. 1) in 199 (Fig. 14d). Whaes were dso frequently sighted near Allison Harbour in
1999, and less frequently sighted near Table Idand (Fig. 14d).

The locations a which grey whales were most frequently sighted likely represent
primary feeding Stes. Those areas where whales were sighted less frequently were
identified as secondary and tertiary feeding Stes. Whales usudly fed in and around
nearshore kelp beds, primarily on mysids. Systematic sampling of kelp beds in our study
aea by researchers in our team using SCUBA gear reveded the presence of mysd
agoregations (L. Stelle, Dept. of Organismic Biology, Ecology and Evolution, Universty
of Cdifornia, perscomm.). On August 9,1999, we observed three whaes bottom feeding
in shdlow water close to shore in Burnett Bay where no kelp was visble. Underwater
examination by SCUBA divers reveded large excavations typicd of grey whaes feeding
on benthic prey (Nerini 1984, Oliver et al. 1984). This was our only confirmed
observation of grey whales bottom-feeding in our study area during the course of our
observations.

We edtimated home range Sze as the greatest distance between sightings in one
summer for each individud. Home range size was cdculated for al individuds sighted
more than once in a summer. Home range Sze did not vary between years (1996-1999;
Kruskd-Walis Bank Sums, x= 1.74, d=3 P= 0.63; Fig. 15). Mean home range size
from 1996 to 1999 was 20.2 # 1.4 kilometres. These values represent home range size
only within our study area, and by no means represent the full range of grey whales
beyond our study area

Grey whales showed various degrees of mobility within the study area We

subjectively divided home range size into three classes: Ol 0, 1 0-25 and 25-50
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Figure 15. Home range sSize of grey whales off the centrd coast of manland B.C., 1996 -
1999. Bars represent means (+SE). Home range Size was estimated as the greatest
distance between sightings aong a linear transect centred on Cape Caution for each
whale. Numbers on bars indicate sample sizes (the number of whaes sighted a least
twice that year).
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kilometres. In 1996, 1997 and 1999 there were similar percentages of grey whales in each
class and individuds were fairly evenly divided among the three classes (Fig. 16). In
1998, a higher percentage of whales had larger home ranges than in the other three years
(Fig. 16). Most whaes did not range throughout the entire study area in a summer (the
distance from Shelter Bay to Rivers Inlet is gpproximately 50 kilometres).

Individuds aso varied in the areas over which they ranged. In al yeas, there
were individuals that restricted their movements to locations north of Cape Caution,
individuals that restricted their movements to locations south of Cape Caution, and
individuas that ranged both north and south of Cape Caution (Tables IX and X). In 1996
and 1998, the percentage of whales ranging only to the north or only to the south of Cape
Caution were smilar. In 1997 and 1999, a smdler percentage of whaes ranged to the
north than to the south of Cape Caution (Table X).

Individuals did not necessarily range over the same aress in al years they were
identified. Twelve individuds (34% of dl individuds Sghted in more than one summer
from 1996 to 1999) ranged over the same aea in dl years they were sighted (Table 1X).
Three of these individuas aways ranged to the north of Cape Caution, 2 individuads
dways ranged to the south of Cape Caution and 7 individuas aways ranged both to the
north and south of Cape Caution. Five individuds (14% of dl individuds sghted in more
than one summer from 1996 to 1999) ranged to the north of Cape Caution in one summer
and ranged to the south of Cape Caution in a later summer or vice versa (Table 1X). In
three of these cases, the animas aso ranged to the north and south of Cape Caution in

one summer.
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Figure 16. Home range size of grey whales off the central coast of mainland B.C., 199%-

1999. Vdues represent the percentage of grey whaes sighted more than once in a
summer with home ranges of O-10, 10-25, and 25-50 kilometres. Numbers above bars

indicate sample Sizes.
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Table IX. Home ranges of grey whales, 1996-| 999. S= south of Cape Caution, N= north of Cape
Caution, B= both north and south of Cape Caution. Light grey shading indicates whales that
ranged in the same location each year. Dark grey shading indicates whales that ranged north of
Caoe Caution ore yer and south of Cgpe Caution a later year or vice versa.

GWID 1996 1997 1998 1999
G001 ] b b
G003 S B
G004 S S B
G005 B S B
G006 B S S
G007 N N B
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Table X. Home ranges of grey whales off the centra coast of manland B.C., 1996 999.
Numbers in parentheses indicate the percentage of dl whaes sighted that year that
-fanged over the given arees.

__ 1996 1997 1988 1999

North of Cape Caution 9 (33%) 8 (17%) 7 (26%) 2 (9%)
North and South of Cape Caution 11 (41%) 21 (46%) 13 (48%) 9 (41%)
_South.of Cape Caution 7 _(26%) 17 (37%) 7 (26%) 11 (50%)
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DISCUSSION
Individual |dentification

In agreement with Darling (1978), we concluded that grey whales present aong
the central coast of manland B.C. between late June and early September were summer
resdents. It is unlikely that any of the whaes we identified were migrating to Alaska for
the summer; northerly migration past Vancouver Idand begins in February, peaks in lae
March, and ends by late May or early June (Rice & Wolman 197 1, Darling 1978, 1984).
Similarly, animals identified from June to early September were present too early to be
southward migrants; these pass Vancouver Idand beginning in late September, pesking at
the end of December and ending in January (Pike 1962, Pike & MacAskie 1969, Haler &
Darling 1974, Daling 1978, 1984).

Descriptions of the grey whae migration route dong the B.C. coast may provide
further evidence that the individuas sghted in our study area were probably not migrant
animas, Grey whaes cross the Straits of Juan de Fuca from the Washington coast and
follow the west coast of Vancouver Idand to Cape Scott (Pike 1962). From Cape Scott
migraing whaes are next sghted aong the Queen Charlotte Idands, approximately 300
kilometres north of our study area (Pike 1962, Pike & MacAskie 1969, Haler & Darling
1974). Therefore, it appears that migrant animas continue due north after reaching Cape
Scott rather than turning east towards the B.C. mainland at the southernmogt tip of Queen
Charlotte Sound (our study ared). Alternatively, the described migration route may reflect
lack of effort a finding whales aong this part of the coast during months of northern and
southern passage off B.C., so whaes may enter our study area unobserved during the

migration  periods.
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Our results show that 56 % (44 of 78) of the individuas identified from 1994 to
1999 returned to the study area in more than one summer. Some individuas were
identified in as many as four and five years. Individuas not identified in a summer, but
identified in a subsequent summer, probably spent that summer feeding in other aress
dong the northwest coast. Individuals not sighted in a subsequent summer may have died
or emigrated to another area. Darling (1984) proposed that the resident whales off
Vancouver Idand form pat of a larger northwest coast population. He estimated that
there are a least 100 whaes in the British Columbia-Washington-Oregon area
Confirmed sightings of grey whaes off the coasts of Washington (Pike 1962, Rice &
Wolman 197 1, Daling 1979, Cdambokidis et al. 1994) and Oregon (Pike 1962, Rice &
Wolman 1971) during summer months further support this notion. Our data indicates
some permanence to the population occupying the central coast of mainland B.C. in the
summer; exchange with other areas of the northwest coast probably explains the periods
of absence that some whales exhibited.

Each year a few new individuds were identified a the end of August and the
beginning of September. These were probably individuds arriving from other parts of
their summer range rather than individuas passng on ther southward migration. Grey
whaes probably ranged into the Study area at this time to exploit the greater abundance
of prey following the mysd reproductive period in mid-August (L. Stelle, pers. comm.,
see the next Discusson section on abundance). Darling (1978) reported that severd grey
whales that were sighted off Vancouver Idand early in the summer (May-June) departed

and then returned in August and September. We don’'t know if whales identified towards
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the end of our study period ranged onto the centra mainland coast prior to our presence

in the study area.

Abundance

Grey whde abundance off the centra coast of mainland B.C. varied from year to
year; abundance was relaively high in 1997 and relatively low in 1998 and 1999
(excluding data from 1994 and 1995 due to incomplete survey effort in those years, see
Methods).

Grey whales summering off the B.C. coast are most likdy moving among feeding
dtes (Daling 1978, 1984). Whales in our study area fed mostly in and around nearshore
kelp beds, primarily if not exclusvely on mysids (L. Stelle, perscomm.). Murison et 4.
(1984) dso determined  that grey whales summering off the west coast of Vancouver
Idand fed on mysd swams in kelp beds. Yealy vaiability in zooplankton biomass
might account for the observed variability in grey whae abundance in our study area. In
years when plankton abundance was low in our study area, grey whaes most likely fed in
other parts of their summer range where plankton was more abundant or where other prey
types could be exploited.

The 1997- 1998 El Nino Southern Oscillation (ENSO) event severely affected the
nutrient content of oceanic waters off British Columbia and in the Gulf of Alaska In
1998, nitrate concentration was severely depleted in al regions of the Gulf of Alaska
including Queen Charlotte Sound (a late El Nino impact; F.A. Whitney, Inditute of
Ocean Sciences, pers. comm.). Primary production is about 40% less in nitrate-depleted

oceanic waters than in those that are nitrate-rich (Whitney et al. 1998). Since mysids
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consume phytoplankton, reduced productivity in Queen Charlotte Sound during El Nino
might have reduced mysid abundance off the centra coast of B.C. This may account for
the lower abundance of grey whales feeding in our study area in 1998 and 1999.

Opportunistic sampling of mysd swarms in our study area reveded that there
were fewer mysids in 1998 than in 1999; mysd swarms were smaler and generdly less
dense (L. Stelle perscomm.). There are no data on the mysid population prior to 1998, so
we cannot compare mysid abundance during the El Nino event to abundance in earlier
years. While mysid abundance was higher in 1999 than in 1998, grey whae abundance
was lower in 1999 than in 1998. Mysd abundance in 1999 may have dill been
sgnificantly lower than norma, thus continuing to make foraging in our study area
energeticdly unfavourable  for grey whales. Alternatively, there may have been fewer
whales returning in 1999 due smply to lack of feeding success the previous year. If
mysid abundance reached norma levels in 1999, and should it remain relaively high,
grey whae abundance is likely to increase in the next few years.

It would be interesting to know whether the decrease in grey whae abundance
1998 and 1999 was a direct result of changes in nutrient supply during the El Nino event
or whether we were observing a broader trend that will continue. While the El Nino event
had an acute effect on the nutrient content of B.C.'s coastal waters, certain chronic
oceanic trends have aso been observed. FA Whitney (pers.comm.) has documented a
warming trend in oceanic waters off Vancouver Idand of approximately 0.01 C per year
over the past five decades. Increased temperature in coasta waters reduces the depth of
winter mixing and shdlower mixing coincides with lower nitrate levels (Whitney et al.

1998). A shdlowing trend in the depth of the mixed layer has been recorded over the
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same period (FA. Whitney, pers. comm.). Zooplankton biomass has aso been decreasing
dong the coast of Vancouver Idand over the past five years, not just during the 1998
ENSO event (D. Mackas, Ingtitute of Ocean Sciences, pers. comm.). Changes in grey
whale abundance over the next few years will help us determine if we were observing
temporary or long-term changes in the feeding ecology of grey whales in our study area.

Grey whae abundance was lowest a the beginning of our observation period (late
June) and highest at the end of our observation period (early September). The abundance
of whaes coincided with food avalability over the summer. In 1999, mysd abundance in
our study area was lowest in early July and highest from mid-August to early September
(L. Selle, pers. comm.). Mysd abundance was highest when there were large, very dense
swvarms of smdl juveniles following a peak in reproductive activity in mid- August ]
L.Sdle  pers. comm.). Data on mysid abundance were collected over the entire
observation period in 1999 only, however smilar patterns in abundance probably existed
in 1996 and 1997 (the other summers in which grey whae abundance increased in
September).

In 1998 by contrast, grey whale abundance decreased at the beginning of
September. Fewer grey whales returned to the study area after leaving to forage in other
parts of their summer range in 1998 than in other years (see the next Discussion section
on resdency). This may be due to decreased prey abundance in our study area in 1998 as
a result of El Nino Higher foraging efficiency in other areas might have encouraged
whales to remain in areas where prey abundance was high rather than to return to our

sudy area later in the summer.
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It is dso possible that grey whae abundance increased a the beginning of
September because individuas were able to exploit new prey types (1998 excluded), We
obsarved three grey whales bottom feeding in Burnett Bay on August 9, 1999. Darling et
al. (1998) found that the number of bottom-feeding whaes increased in mid-August and
later off the west coast of Vancouver Idand. Since we made only one confirmed
observation of grey whales bottom-feeding we do not have sufficient data to make any

definite conclusions about a seasond shift in benthic feeding in our study area.

Residency

Quantifying the exact duration of resdency of individuas in the study area in a
given summer would have necessitated surveying the entire study area each day. We
were limited practicaly to approximating residency to the nearest week, and could
confidently assume that a whae was absent from the study area if it was not sighted in
one week of surveys. Residency time was similar for al years from 1996 to 1999,
however our data suggested that whales spent less time in the study area in 1998 than in
other years. Whales that left the study area were less likely to return to the study area a a
later date in 1998. This may have been due to decreased food avalability as a result of
the 1997- 1998 El Nino event and its impacts on productivity in these waters (discussed
above).

In a given year, whaes sighted in al weeks of observation may have spent the
entire summer within our study area. Darling (1978) found that some whales spent up to
severd months in their study area off the west coast of Vancouver Idand. Similar to

Darling's (1978) findings, most individuals were absent from our study area for one or
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more weeks over the course of the summer. Individuals that were not observed for one or
more weeks had mogt likely travelled to other parts of their summer range. In addition to
the west coast of Vancouver Island, resident grey whales have been sighted at the
northern tip of Vancouver Idand at Cape Scott (Darling 1978,1984) and north of our
dudy area a Cavert Idand (Pike 1962, Pike & MacAskie 1969, Darling 1978, 1984,
Daling et al. 1998). We saw one whae on the northeast coast of Vancouver Iand near
Port Hardy in 1998. Whales have aso been seen at the Storm Idands (present study), but
we surveyed there only infrequently. Darling (1984) found that whaes travelled among
feeding Stes at least 80 km gpart in one summer. Cavert Idand, Port Hardy, and Cape
Scott are gpproximately 30,40, and 75 kilometres from Cape Caution respectively. The
Storm Idands are located within our study area, approximately 7 kilometres offshore.
Therefore, it seems feasible that individuas travelled between these feeding Stes over the
course of a summer. Ongoing collaboration with other grey whale researchers in the
Pacific Northeast will improve our understanding of grey whae movements between
different areas of their summer range.

Individuals varied in the amount of time they occupied our Sudy area in a given
year. Mog individuds adso showed year-to-year variation in thelr resdency time. We
don't know what factors determine residency patterns of individua whales but food
avallability and the carrying capacity of the environment are likely to be important.
Research on prey dynamics and the relaionship between grey whaes and their prey may
help us understand the ecological factors determining the residency patterns of grey
whales in our sudy area. Competition and other socid interactions may aso play a role

by excluding some individuas from the sudy area a certain times. Describing socia
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behaviour in marine species that can be observed only sporadicaly and only at the
surface, can be extremely difficult. Radio tags designed to record underwater swimming
patterns may be a first step towards observing grey whale socid interactions below the

surface.

Distribution and Habitat Use

Grey whales were dghted dong the entire coadtline from Shelter Bay to Rivers
Inlet from 1996 to 1999. Individuals moved in and out of the study area over the summer
indicating that the range of mogt if not dl animas extended outside our study area. For
this reason, the maximum home range size is unknown. Individua differences in the
number and duration of absences from the study area are consistent with differences in
maximum home range Sze. Individuas that were absent from the study more frequently
and/or for longer periods probably ranged more extensvely than individuds that were
present in the study area for most of the summer.

Grey whaes adso varied in their degree of mobility within our Study area. Some
whales had relatively extensve home ranges (25-50 kilometres) while others had much
sndler ranges (O- 10 kilometres). Some whaes had intermediate home range sizes within
our study area (1 O-25 kilometres). This demondtrates individua variation in the degree of
dte fiddity. Whaes that ranged over larger distances exhibited less dte fidlity than
whaes that ranged over very smal distances. Most whaes did not range over the entire
dudy aea in a summer. While our results suggest site fidelity among grey whaes, we
were unable to quantify the degree of gte fiddity. A more detaled andyss of grey whae

ranges might show that whales have preferred bays or reefs within the study area
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Individuals that returned to the study in more than one summer did not necessarily
have the same range each year. Some whaes ranged over the same areas of the study area
in dl years in which they were identified but mog individuas varied in range in different
years. Thus, grey whales agppear to vary in the degree of dte fidelity they exhibited both
within and between years.

The grey whae population as a whole exhibited some year-to-year varidion in its
use of particular feeding stes. Grey whaes were sighted most frequently around Allison
Harbour and in areas north of Cape Caution in 1996. In 1997, whaes were most
frequently sighted around Allison Harbour with dightly fewer sightings near Table
Idand. The locations a which grey whales were most frequently sighted probably
represented primary feeding Sites. Other locations where grey whaes were sighted less
frequently probably represented secondary and tertiary feeding Stes. Changes in feeding
dtes in different years were probably due to changes in prey avalability in particular
aeas. Since grey whales seemed to be feeding primarily on mysids in our study ares,
these changes are most likely due to mysid population dynamics. Future research should
examine the dynamics of mysd populations and should identify factors that determine
mysd abundance and distribution.

The overadl number of sightings per day of effort was severely reduced
throughout the study area in 1998 and 1999, a direct result of lower whale abundance in
those years. In 1998 and 1999, the digtribution of sightings was aso concentrated in
primary feeding gtes while secondary and tertiary feeding Sites experienced reduced use.
This coincides with the findings of Darling et a. (1998) that certain feeding Stes off

Vancouver Idand experienced extended periods of non-use by whaes. The area in and
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aound Burnett Bay remaned a primary feeding sSte in 1998 and 1999, as did the area
aound Allison Harbour and Table Idand.

In 1998 and 1999, it appeared that grey whales limited their feeding activity to
particular areas rather than reducing their foraging activity evenly over the entire
coastline. This change in habitat use patterns in 1998 and 1999 may be a result of reduced
zooplankton biomass, as suggested by the data showing nitrate depletion in these waters
during the 1998 ENSO event (F.A. Whitney perscomm., see discusson above). Even if
plankton abundance were reduced in these years, the habitat utilization of grey whales
could reflect (a) a reduced abundance of good feeding gStes, (b) a behavioura response to
severely lower food availability, (c) some other factor, or (d) a combination of factors.
We did not measure plankton abundance, so we know neither overal abundance nor how
food was distributed within the study area over our years of study. Future research should
examine the variables affecting feeding behaviour in grey whales, the dynamics of prey

populations, and the interaction between these factors.

Implications for Conservation and Management of Grey Whales

Grey whaes were hunted amogt to extinction in the late 1800's and early 1900's
(Gilmore  1955). The 1937 International Agreement for the Regulation of Whaing
forbade the killing of grey whaes in the United States, Canada and Mexico. The 1947
International  Convention for the Regulation of Whaing was ratified by the governments
of 17 naions including Canada, Japan, Mexico, the Soviet Union, and the United States.
This convention aso forbade the killing of grey whales, except by aborigines or a

government on behdf of aborigines, and only when the meat was to be used for
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consumption. International protection alowed grey whae numbers to recover
successfully and the Internationd Whding Commission (IWC) reclassfied the Cdifornia
grey whale, moving it from protected to sustained-management status. The population
was estimated to be between 15,000 and 20,000 as of 1980 (Reilly 1984).

Appropriate conservation and management policies need to be developed to
ensure that grey whales continue to thrive throughout therr range. British Columbia must
alddress the needs of both migrating and resident whales when establishing policies to
preserve grey whale habitat and protect grey whales using its coastd waters. Industrid
activities, fishing, commerciad whale watching, and private boating should not obstruct
the progress of migrating whales and should not interfere with the foraging behaviour of
resdent whales. Plans for coastd development need to ensure that the feeding habitat of
grey whales is protected. Also, now that the grey whae has been removed from the
endangered species ligt, pressures to re-open the commercid hunt are growing from
native groups dong the coasts of Washington (Makah) and Vancouver Idand (Nuuh-
chah-nuulth). A better understanding of grey whae population dynamics is necessary
before deciding whether whaling can be sustainable in British Columbia

The government of British Columbia is currently developing a Land and Coastdl
Resource Management Plan (LCRMP) for its central coast. Figure 17 shows the Centra
Coast LCRMP plan area encompassing our study area. The plan identifies how B.C.'s
resources will be managed such that growth and economic development are promoted
while socid and environmental needs are met. The Centrd Coadt is the firs LCRMP in

the province to ded with the use and management of both coastal and land resources.
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There is currently a proposad to have most of the Queen Charlotte Sound declared a
Marine Protected Area. The hedth of the nearshore marine ecosystem needs to be
considered in the management plan such that grey whale feeding habitat is properly
managed. Strategies might include protecting kelp beds to ensure grey whae prey
consarvation; mysids serve as the primary food source for a diverse group of species
other than grey whales, and as a secondary food source for a number of additiona
species. Conservation and management of the mysd populations would tend to ensure
the overdl hedth and dability of the marine ecosystem.

The impact of the growing eco-tourism industry should aso be taken into account
when establishing conservation and management priorities for grey whales aong the
central coast. There is no direct evidence that commerciad whale-watching is having a
deleterious impact on whales but as the number of whale watching vessdls increases, the
behaviour of grey whales may be affected. Regulations need to be edtablished and
properly enforced to prevent whae-watching boats from interfering with the norma
behaviour of migrating and/or feeding whaes adong the centra coadt.

Developing and implementing conservation and management drategies requires
extensve knowledge of the behaviour and ecology of grey whaes. The long-term
research conducted by Coasta Ecosystems Research Foundation (present study) and
other grey whale researchers forms an integral part of grey whae conservation. Further
research related to grey whale movements in the northeast Pecific and the ecology of grey
whales and their prey is a necessary first step towards the comprehensive management of

this species and other components of British Columbia's marine communities.
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