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EXECUTIVE SUMMARY

This report summarizes the photographic identification research conducted in 1993 both
from the SWFSC (PODS) cruises and those conducted during coastal surveys. It provides new
abundance estimates and information on whale movements. A total of 128 blue whales and 247
humpback whales were individually identified during these surveys. Abundances were estimated
primarily using the Peterson capture-recapture model with samples consisting of identifications
in different years or samples based on survey procedure (SWFSC systematic surveys vs.
Cascadia’s coastal effort). The coefficients of variation for these estimates were calculated both
using conventional methods as well as new more conservative jackknife procedure that treated
subsamples as all the identifications in a region in a given time period. :

The best estimates of blue whale abundance were 2,038 (jackknife CV=0.33, left side)
and 1,997 (CV=0.42, right side) based on comparison of all photographs taken on the 1991 and
1993 SWESC cruises and the identifications from the coastal surveys for the same period. These
estimates of about 2,000 blue whales are twice that obtained in previous capture-recapture
analyses and are similar to the estimates obtained from line-transect estimates for the California
coast. '

The best estimate of humpback whale abundance was 597 (CV=0.07) based on all
samples obtained from surveys in 1992 and 1993. Using similar pairs of years since 1988,
abundance estimates increased steadily from 498 to 597, or about 5% per year. These abundance
estimates were in good agreement with those obtained using other capture-recapture methods
(Jolly-Seber) as well as those obtained using line-transect methods.

Additional data were obtained in 1993 on blue whale movements and distribution along
the California coast. Three individual blue whales were photographed in both the 1991 and 1993
SWESC surveys, a surprisingly high number. Although evidence of preferences by some blue
whales for coastal and others for offshore waters was again found, several individual whales were
seen in both offshore and inshore waters during a season or between seasons.

Most humpback whales identified during the SWESC cruises were seen in coastal waters
with only six identifications made in offshore waters outside the typical range of the coastal
surveys (more than 50 nmi offshore). All but one of the six identifications made farther offshore
were of whales that had been seen at other times in coastal waters. These findings canfirm that
most humpback whales use coastal waters and the few seen farther offshore are part of the same
aggregation using coastal waters. Although a higher proportion of humpback whale calves were
seen in 1993 (4.4 to 5.0%) compared to past years, this proportion remains low compared to
studies of humpback whale populations in other areas. :
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INTRODUCTION

Humpback whale (Megaptera novaeangliae) and blue whale (Balaenoptera musculus)
- populations were depleted by whaling that continued off California until 1965 (Rice 1963, 1974).
Abundance estimates of these two endangered species have been made recently using two
techniques: capture-recapture methods through photo-identification research (Calambokidis et al.
1993) and line-transect methods from ship surveys (Barlow 1994, 1995). Long-term photo-
identification research on these whales began off central California in 1986 (Calambokidis et al.
1989a, 1989b, 1990a, 1990b) and was expanded to include all coastal waters off California in
1991 (Calambokidis et al. 1993). Ship surveys, using line-transect methodology off California
since 1979 (Hill and Barlow 1992, Lee 1993), were used to estimate the abundance of many
cetacean species (Barlow 1994, 1995). Estimates of abundance using the two techniques were
similar for humpback whales (581 (C.V.=0.03) from capture-recapture for 1991-1992 and 626
(C.V.=0.41) from line-transect surveys for 1991) but for blue whales, capture-recapture estimates
were about half of that made from vessel surveys (904 to 1112 from capture-recapture and 2250
(C.V.=0.38) from transect) (Calambokidis et al. 1993, Barlow 1995).

Long-term photo-identification research on humpback whales oft California has been
valuable by providing information on migratory pathways (Calambokidis et al. 1993, Steiger et
al. 1991), stock separation (Calambokidis et al. 1993, In press), and reproductive histories of
females (Steiger and Calambokidis, In prep.). We can define the group of humpback whales that
feeds off California each summer and fall as a separate sub-population that ranges from southern
California and Washington (Calambokidis et al. 1993, In press). Our research was limited,
however, because it covered only the nearshore waters out to 35 nautical miles (nmi). While
humpback whales appear to have a nearshore distribution, blue whales were seen over 100 nmi
offshore during vessel transect surveys (Barlow 1995). The relationship between these animals
and those studied nearshore is poorly understood. Data from a sample of photographs taken by
SWESC in 1991 (CAMMS surveys) suggested that the offshore and inshore groups do not
intermix randomly (Calambokidis ez al. 1993).

Cascadia Research was contracted by Southwest Fisheries Science Center (SWFSC) to
obtain identification photographs of both blue and humpback whales during their vessel surveys
(PODS-93) in 1993 on board the McArthur. This report summarizes the photographic
identification research conducted in 1993 both from the SWESC (PODS) cruises and those
conducted during coastal surveys and provides new abundance estimates and information on
whale movements.




METHODS

Photographs were taken in conjunction with the SWEFSC (PODS-93) cruises that
conducted line-transect vessel surveys for marine mammals using the NOAA ship McArthur.
During these cruises, a 5.7 m inflatable boat, the AR-1, was launched on 17 days between 28 July
and 27 October 1993 to approach and photograph humpback and blue whales for photo-
identification research (Table 1, Figure 1). The AR-I was launched in areas of expected
encounters with blue whales or upon encountering humpback or blue whales. Some identification
photographs were taken directly from the McArthur on at least 12 days. Locations of
identifications of blue and humpback whales from the 1991 and 1993 SWFSC cruises are shown
in Figures 2 and 3. #

We also conducted photo-identification surveys along the California coast out to 30 nmi
(Figure 1) in a 5.3 m inflatable boat. Twenty-seven coastal surveys were conducted from 20
August and 22 October 1993 (Table 2). Between 28 August and 24 September 1993, effort was
focussed off central California (between Monterey Bay and Half Moon Bay) and was in
conjunction with satellite tagging efforts by Oregon State University led by Bruce Mate. All
other surveys attempted to sample as many humpback and blue whales as possible along
California; effort was focussed between Pt. St. George and the Gulf of the Farallones. Additional
data and identification photographs were contributed to our study by collaborators including
Oceanic Society (Nancy Black and coworkers), Oregon State University (Dr. Bruce Mate and
coworkers), and others (see Acknowledgments for full list of contributors). These photographs
were generally taken opportunistically in the course of other activities, or in one case, a survey
was conducted to collect photographs for us (Tom Kieckhefer).

We used data from previous research for comparison to the 1993 data in this report.
These included whales identified during the SWFSC (CAMMS) line-transect ship surveys in 1991
and data from coastal surveys that were reported by Calambokidis et al. (1993). The numbers
of humpback and blue whales that were identified by region and year are summarized in Tables
3 and 4.

The movement of each vessel and the survey conditions were recorded including: time,
latitude and longitude, and weather conditions. Additional data were collected during each
closing (when whales were approached and followed to photograph). Closing data included: start
and end times of closing effort, locations, number of whales, number and species of birds within
300 m of the whales, roll and frame numbers shot by each photographer, and whale behavior.
Whales were approached slowly from behind or for blue whales, from the side.

Photographic identification

Humpback and blue whales were identified photographically by natural marks as
described in previous reports (Calambokidis et al. 1989a, 1989b). For humpback whales, the
ventral side of the flukes was photographed; for blue whales, the right and left sides of the region
surrounding the dorsal fin of blue whales were photographed. Iiford HP-5 Plus black-and-white
negative film was shot with Nikon motor-advance 35mm cameras with 300mm f4.5 lenses.
Shutter speeds were 1/1000 or faster when lighting conditions permitted. The film was exposed
for ISO rating 1200 and development times were adjusted accordingly.
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Humpback whales were matched from the black-and-white negatives; each frame was
matched to a catalog of humpback whales identified previously off California, Oregon, and
Washington. Photographs of all unidentified whales were printed and then rematched. For blue
whales, the best shot of the right and left sides of each whale was selected from the negatives
to print and then match. Prints were custom enlarged on RC paper. Some collaborating
researchers provided color slides. These were copied with a duplicator onto black-and-white
negative film and custom enlarged.

Capture-recapture analyses

Capture-recapture population estimates were based on individually identified whales and
conducted as described in Hammond (1986) and Seber (1982) and previously conducted for this
population by Calambokidis et al. (1993). Annual samples for capture-recapture calculations
included only single recaptures of an identified whale. The Chapman modification of the
Peterson estimate (Seber 1982) was used because it was appropriate for sampling without
replacement . (Hammond 1986). For humpback whales, samples primarily consisted of
identifications in concurrent years. Samples from concurrent years maximizes the opportunity
for mixing between seasons while minimizing the violation to closure due mortality/natality. For
blue whales, the primary samples were based on platform with identifications from SWESC ship

surveys consisting of one sample and the other sample consisting of all other effort (primarily

CRC coastal surveys). This approach was chosen because the SWFSC effort sampled the entire
region (including offshore waters) systematically and was independent from the Cascadia coastal
effort, therefore avoiding heterogeneity of capture probabilities due to resampling the same
geographic region.

Unless otherwise noted, capture-recapture analyses included all photographs of identifiable
whales. Humpback whales were cataloged only if the photograph was judged to be of sufficient
quality to insure a match would be found if it existed. Some matches are likely missed, however,
as demonstrated by an occasional reconciliation of two different photographs of the same whale
that have been found to match only after a better quality photograph was obtained later on. For
blue whales, all photographs were graded into three categories based on photographic quality.
Different capture-recapture computations were conducted using only photographs of a certain
quality and the outcomes were compared. Some matches could be missed between lower quality
photographs. Separate abundance estimates were calculated for left and right sides of blue
whales. Some blue whales were only identified by left sides and some only by right sides.
Because we could not match right to left sides, it was necessary to compute separate estimates
based on each side.

A new, more conservative method for calculating the variance of Peterson capture-
recapture estimates based on the jackknife procedure was employed here. Traditional estimates
of variance from capture-recapture estimates may be biased downward because identifications are
not independent events. Geographical clumping of animals into areas of concentration often
resulted in heavy research effort sampling these regions. Other concentrations of animals may

have not been noted and not sampled. Although humpback whales often range widely along the -

coast of California, Oregon, and Washington during the season, animals show a preference to
return to similar areas each year (Calambokidis et al 1993). To incorporate the variance
introduced by this geographic clumping of whales and sample effort, a jackknife estimate of
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variance was calculated using entire regions as samples. Each sample was divided into five to
eight subsamples based on regions and time period. To obtain similar sample sizes, some regions
were pooled together and some areas of high coverage divided into subsamples by season (see
Tables 5 and 6 for detials on subsamples used). For humpback whales, annual samples from the
Gulf of the Farallones were divided into three samples based on month. Because blue whale
capture-recapture calculations were based on multi-year samples taken from different platforms
(SWESC vs. other), each platform was divided into five roughly equal subsamples based on year
of sample and broad regions. Pseudovalues for generating the jackknife variance were calculated
by excluding each sample from the estimate. Because the Peterson estimate is based on two
samples, between 10 and 14 pseudovalues were calculated for each estimate.

Variance was calculated using the following formula from Efron (1982):

w11/ -p.)2
VAR=—" X (B=By)

where n is the number of estimates, P; is each of the abundance estimates calculated by excluding
one set of samples, and P is the abundance estimate using all data.

Humpback whale reproductive rates

Gross reproductive rates were estimated using 1) the proportion of all humpback whales
approached (including calves) that were calves, and 2) the number of cows with calves identified
as a percentage of the total number of whales identified (including cows). Cow identifications
were used instead of calves because calves fluked less often and therefore were sometimes not
identified. For these analyses, only data from Cascadia personnel were used to insure the criteria
used for calf determination were consistent.




RESULTS

Blue whales were identified on 218 occasions in 1993, 70 from the SWFSC surveys and
148 from the Cascadia coastal surveys (including collaborators). This yielded a total of 132
individual whales, after subtracting matches of the same whales. All but four of these, 128
(Table 3) were from waters off California. The other four were from the David Star Jordan off
southern Baja. Humpback whales were identified on 499 occasions off California in 1993, 65
from SWESC surveys and 434 from Cascadia coastal surveys. These yielded 247 individual
humpback whales (Table 4).

Abundance estimates

Blue whales

Blue whale abundance estimates were based primarily on comparison of the
identifications obtained during the 1991 and 1993 SWFSC cruises and those for the same period
(1991-93) from coastal effort by Cascadia Research (Table 5). Eight estimates (four quality
criteria and two sides), yielded abundances from 1,924 t0°2,639. Surprisingly, estimates based
on only the highest quality photographs yielded higher estimates than. those based on less strict
criteria, indicating there was not a detectable upward bias in the other estimates using a wider
range of photographic quality due to missed matches. The estimates based on the strictest quality
criteria, however, had high coefficients of variation (CVs) due to the small sample size that made
them of little value.

The best estimates of blue whale abundance were 2,038 (jackknife CV=0.33, left side)
and 1,997 (CV=0.42, right side) based on all photographs (no quality criteria). These estimates
were considered best because they yielded similar estimates as with quality criteria but the larger
sample resulted in lower variance estimates. CVs calculated using the new jackknife procedure
and regional/seasonal subsamples gave higher variances than those computed using conventional
methods cited by Hammond (1986) and Seber.(1982). This was expected because any bias
contributed by geographic heterogeneity of capture probabilities would be reflected in the
jackknife variance. The jackknife variance gave very high variance estimates for estimates based
on the smallest samples.

We were surprised to find three matches between the 1991 and 1993 SWESC samples.
It was not expected that these samples would be large enough to provide matches that would
allow them to be used for an independent abundance estimate. All three of the matches were
based on right side photographs only; an abundance estimate using these two samples would have
yielded only 371 whales. The presence of three matches between these two small independent
samples is troubling but could be an artifact of the small samples involved. The locations of
these matches are discussed further (see Movements section).

The estimates of about 2,000 blue whales are twice those based only on the 1991 SWESC
survey and reported in Calambokidis er al. (1993). The inclusion of the 1993 surveys almost
tripled the sample size with a higher proportion of good quality photographs. The higher
estimates from the combined 1991/1993 sample stems from 1) the lower overall proportion of
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matches obtained from the 1993 sample and 2) because some of the matches between both of the
SWESC samples and the coastal sample were of the same whale which was then be counted as
a single match. One other difference between the estimates reported here and those in
Calambokidis et al. (1993) is that the coastal sample used here does not include identifications
off Baja obtained by Mingan Island Cetacean Study (Sears 1987). A comparison of blue whales
obtained by MICS through 1993 to those from the 1993 SWESC surveys was not conducted for

this report.

The estimates of 2,000 blue whales reported here are in closer agreement with the
estimate of 2,250 (CV=0.38) found using line-transect methods from the 1991 SWESC surveys
(Barlow 1995). Given the large variances associated with both line transect and the capture-
recapture estimates, this is surprisingly close agreement. These abundance estimates, however,
measure different things. The line-transect estimate covers only the blue whales actually present
in waters off California out to 300 nmi at the time of the surveys. The capture-recapture method
estimates the entire population that could inhabit these waters even though all might not be
present at any one moment in time. The capture-recapture estimate would be expected to yield
a higher value if it was unbiased and if there is a portion of the population outside the line-
transect study area at the time of the surveys. The identification of some blue whales off Baja
during the 1993 surveys and the reported presence of blue whales off Oregon and Washington
in 1994 suggests this would be the case.

Humpback whales

Abundance estimates of humpback whales calculated from all survey data using pairwise
annual samples yielded estimates that increased from 498 to 597 (Table 6). The four estimates
from 1988 to 1993 (excluding 1989 when effort was limited) increased at about 5% per year.
The most recent estimate was 597 for the years 1992 to 1993. CVs for the estimates based on
jackknife estimates of precision ranged from 0.07 to 0.29. Similar results were obtained using
the open Jolly-Seber model for the three years with the best geographic coverage (1991-93)
which yielded an estimate of 531 (for 1992) with a CV of 0.05.

An abundance estimate of 655 (CV=0.15) was also calculated using the identifications
from the 1991 and 1993 SWFESC surveys (Table 6). Because sample sizes from each cruise were
small, the 1991 and 1993 were combined into one sample and compared to Cascadia’s total
sample for 1992. Additional years were not included in the Cascadia sample because some of
the identifications obtained in 1991 and 1993 were not independent from those obtained during
the SWESC cruises. This occurred most dramatically on 24 September 1993 when the largest
sample of humpback whale identifications were obtained from the NOAA ship and inflatable
while operating in the same area at the same time as a separate Cascadia team was obtaining
identifications. The estimate of 655 may be biased upward in part by the violation of closure
due to natality and mortality occurring over a longer period than the estimates based on adjacent
years.



Movements

Blue whales

Identifications made from the 1991 and 1993 SWESC surveys provide important new
insights on blue whales movements off California. The interchange of blue whales between
inshore and offshore areas of California is particularly important because of its relevance to the
capture-recapture estimates. Overall, 21 of the 86 blue whales identified in the SWESC surveys,
including both whales seen near shore and far offshore, had been seen at some other point in time
in the coastal effort. Resightings of blue whales among regions for all years (1975-93) is shown
in Table 7. Blue whales seen in offshore waters (more than 30 nmi from the coast) of southern
California (code 39) and offshore of central and northern California (code 59) have been seen
in numerous other areas, though with a lower resighting rate than for coastal regions. Of 56
whales identified offshore of southern California and 12 identified offshore of central and
northern California, resightings were made in a number of areas including the Santa Barbara
Channel, Monterey Bay, the Gulf of the Farallones, and off Fort Bragg (Figure 4, Table 7).

Locations of blue whales that were seen during the 1991/1993 SWFSC surveys and in
our coastal surveys (1991-1993) included whales that moved between inshore and offshore areas
(Figure 2). Four of the blue whale matches were expected because they were photographed on
nearshore legs of the SWFSC surveys in areas near the Gulf of the Farallones, Half Moon Bay,
and near the entrance to the Santa Barbara Channel, all areas sampled as part of the coastal
surveys. However, most of the matches were of animals seen farther offshore from Cascadia’s
effort. Two of these offshore animals were from areas off central and northern California and
five were from areas offshore of southern California (south of 35°N).

Four blue whales identified from the SWEFSC surveys were seen on multiple days in the
same year (Figure 5). Two of these involved offshore/inshore movement of whales: 1) whale
ID# 629 was seen close to shore on 17 July 1991 and then was seen over 100 nmi west on 24
September 1991, and 2) whale ID# 303 was seen more than 100 nmi offshore on 30 July 1991
and then moved inshore and more than 300 nmi north off Bodega Bay by 30 October 1991. Two
other intra-year matches showed little change in position: 1) whale ID# 853 was seen in the
Southern California Bight during both the SWESC surveys on 30 July 1993 and then again on
14 August 1993 by an independent researcher, and 2) whale ID# 636 was seen far offshore of
central California on 26 September 1993 and 4 October 1993. Even though blue whales using
offshore and inshore waters do not intermix as frequently as whales using different coastal
waters, interchange of whales between offshore and inshore areas does occur.

Additional inter-year matches of blue whales were made from 1991 to 1993 involving
whales seen during the SWFSC cruises and coastal surveys. In nine cases, blue whales seen from
SWESC surveys were seen during coastal surveys in the same period (1991-93) but not during
the same year. Additionally, three whales were seen on both the 1991 and 1993 SWESC surveys,
sometimes in very different areas (Figure 5). Whale ID# 620 was seen during both 1991 and
1993 SWESC cruises in offshore waters of southern and central California and was seen in
coastal waters of northern California during the coastal surveys in 1992. Whale ID# 636
(mentioned above for an intra-year match) was seen on three occasions in 1991 and 1993, all of
which were some of the farthest offshore sightings of blue whales made off southern and central
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California. Whale ID# 650 was seen in both 1991 and 1993 off the Southern California Bight
outside the Channel Islands.

Blue whales seen in offshore waters of California had a lower matching rate with whales
seen in coastal waters of Mexico. Though matching of the 1993 blue whales with the Mingan
Island Cetacean Study collection from the Sea of Cortez has not been conducted, only one blue
whale from offshore waters has been matched to locations in Mexico. This compares with the
10-20% of whales from most coastal regions that have been matched to Mexican waters. More
matches may be found with the additional comparisons to Mexico, but it is unlikely to greatly
alter the disparity.

Humpback whales

All but 5 of the 60 individual humpback whales identified during the 1991 and 1993
SWESC cruises have been seen at some other time or location. This is consistent with the high
proportion of the entire humpback whale population that has been photographically identified
indicated by the similarity between the total number of whales identified and the overall capture-
recapture estimate. Resighting histories of the animals identified in the SWFSC surveys is
detailed and complex. Table 8 shows the resighting locations of animals seen in different regions
of California, Oregon, and Washington.

As with blue whaleés, the resighting histories of humpback whales seen farther offshore
than the typical coastal effort is one of the primary insights provided by the SWFSC surveys.
Three humpback whales were identified in offshore waters of southern California and three in
offshore waters of central California (Figure 3, Table 8). One of these whales was seen in
offshore waters of both southern and northern California, yielding a total of five offshore whales.
All but one of these whales had been seen at some other location and resighting locations for
these animals included numerous locations around southern and central California. Within the
1991-1993 period, three of the five whales had been seen in other areas (Figure 6).

Reproductive rates of humpback whales

Ten humpback whales that we identified were noted as cows that were with calves in
1993 (including one whale with a possible calf). Identification photographs of four other cow-
calf pairs were provided by collaborators. Four of the cows seen with calves in 1993 were seen
with calves in previous years (Figure 7). ‘

During our effort in 1993, 4.4% (23 of 527 whales) of humpback whales seen were
calves. From photo-identification, 5.0% of all whales identified were cows with calves (10 of
199 whales identified by our personnel). Since 1986, the number of calves has ranged between
0.6% and 6.0% of all whales seen, and cows identified with calves have comprised 1.1% to 4.8%
of all humpbacks identified (Steiger and Calambokidis, In prep.).

Although the proportion of calf sightings and identification of cows with calves were
higher in 1993 than in most years, they remain low compared to reproductive rates determined
for humpback whales in other areas. The proportion of calves determined at other feeding
grounds through photo-identification studies averaged 7.9% in the Gulf of Maine (Clapham and
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Mayo 1987, 1990), 9.5% in Prince William Sound (von Ziegesar et al.-1994), and were 12.5%
in 1986 in southeastern Alaska (Baker et al. 1992). Studies based upon whaling data and
sighting surveys have estimated reproductive rates between 4% and 13% (Chittleborough 1965,
Herman and Antinoja 1977, Whitehead 1982).

It not possible for a population with 4% calves to be increasing at 5% a year (from this
report) given natural mortality and no signs of immigration. It is unclear whether the low
reproductive rate reflects a bias in our sampling, a low reproductive rate, or high neonatal
mortality before arrival on the feeding grounds. Steiger and Calambokidis (In prep.) examine
many factors that could have caused bias, such as possible geographic segregation of cows with
calves, differences in arrival and departure times by gender or age-class, or early weaning and
separation of cows and calves that could cause animals to not be classified as calves. We could
find no strong evidence for any bias. At this point, we cannot reconcile a low reproductive rate
of humpback whales off California with the evidence supported in this report and by Barlow
(1994) that this population is increasing.
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Table 1. Dates and locations of photo-identification surveys conducted
using an inflatable (AR-1) launched from the NOAA ship McArthur in

1993,
Date Start position End position Spp seen Personnel
Hump Blue -
28-Jul-93 32 36N 11724W 32 39N 117 32W JAC
29-Jul-93  3138N 11843W 32 23N 118 19W JAC,RS
30-Jul-93 33 05N 118 01W 33 15N 118 08W x JAC,RS
31-Jul-93 33 05N 118 48W 32 50N 119 54W x JAC,RS
02-Aug-93 33 09N 120 55W 33 33N 120 30W x JAC,RS
03-Aug-93 33 38N 120 33W 34 22N 120 21W x JAC,RS
04-Aug-93 35 02N 120 45W 34 44N 121 37W X x JAC,RS
05-Aug-93 36 30N 122 22W 36 56N 121 59W X JAC,RS
07-Aug-93 36 10N 125 39W 36 04N 125 56W x JAC,RS
15-Aug-93 39 06N 124 47W 39 13N 125 00W X JAC,RS
17-Aug-93 41 45N 124 30W 41 56N 124 30W X JAC,RS
21-Aug-93 40 35N 124 28W 40 40N 124 31W X TEC,RS
31-Aug-93 37 18N 122 33W 36 06N 122 29W X x TEC,RS
01-Sep-93 35 46N 122 38W 35 35N 122 24W x  TEC,RS
07-Sep-93 34 14N 123 19W 34 38N 122 13W x  TEC,RS
24-Sep-93 37 39N 123 03W 37 39N 123 00W X RS,DG
26-Sep—93 38 30N 126 49W 38 30N 126 40W x RS
11-Oct-93 37 15N 124 53W 37 08N 124 48W X RS,WA
12-Oct-93 35 53N 125 38W 35 49N 125 39W X RS,WA
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Table 2. Dates of coastal survey effort by Cascadia Research in 1993.
Collaborator effort is not included.

Date Ves Region Start End Spp seen  Org

: Hump Blue
20-Aug-93 Nov Pt St George Crescent City Crescent City . CRC
22-Aug-93 Nov Pt St George Crescent City Crescent City CRC
25-Aug-93 Nov Pt Pinos Santa Cruz Santa Cruz X x CRC
26-Aug-93 Nov Pt Pinos Santa Cruz Santa Cruz X %, CRC
27-Aug-93 Nov central California Bodega Bay Santa Cruz X x CRC
28-Aug-93 Nov Pt Pinos Santa Cruz Santa Cruz X x CRC/OSU
29-Aug-93 Nov Pt Pinos Santa Cruz Santa Cruz X x CRC/OSU
30-Aug-93 Nov Pt Pinos Santa Cruz Haul Moon Bay X CRC/OSU
31-Aug-93 Nov Half Moon Santa Cruz Half Moon Bay b x CRC/OSU
01-Sep-93 Nov Half Moon Half Moon Bay Half Moon Bay x  x CRC/OSU
05-Sep-93 Nov Gulf of Farallones Bodega Bay = Bodega Bay ' CRC
06-Sep-93 Nov Gulf of Farallones Bodega Bay SE Farallon Is X x CRC
07-Sep-93 Nov Gulf of Farallones SE Farallon Is Bodega Bay X x CRC/OSU
08-Sep-93 Nov Half Moon ‘Half Moon Bay Half Moon Bay > CRC
09-Sep-93 Nov Half Moon Half Moon Bay SE Farallon Is X CRC/OSU
23-Sep-93 Nov Half Moon Half Moon Bay Half Moon Bay X x CRC/OSU
24-Sep-93 Nov Half Moon Half Moon Bay Half Moon Bay X x CRC
25-Sep-93 Ach Gulf of Farallones Bodega Bay Bodega Bay % X SHCRE
26-Sep-93 Ach Gulf of Farallones Bodega Bay Bodega Bay X X CRC
12-Oct-93 Ach Gulif of Farallones Sausalito Sausalito X CRC/PEL
13-Oct-93 Ach Gulf of Farallones Sausalito Sausalito X CRC/PEL
15-Oct-93 Ach Gulf of Farallones Bodega Bay Bodega Bay X CRC
17-Oct-93 Dar Gulf of Farallones Sausalito Sausalito CRC/PEL
19-Oct-93 Ach Gulf of Farallones Bodega Bay Bodega Bay X x CRC
20-Oct-93 Ach Ft Bragg Ft Bragg Ft Bragg X CRC
21-Oct-93 Ach Cape Mendocino Eureka Eureka CRC ,
22-0ct-93 Ach Pt St George Crescent City Crescent City % CRC

CR(C-Cascadia Research Collective
OSU-Oregon State Univ
PEL-Pelagikos

18




(A7) 87l . S8T 9L 80T LL cl 671 08 (i SeaIe [y
) 0 v b 0 0 0 0 0 0 , 931090 1S ‘Id
S6 0 6 z 0 0 0 0 0 o OUIdOPUSAl 9deD-Bualy 14
71 6 0 € 0 0 0 0 0 0 9IOYSJJO-BILIOJI[Ee) ')
9¢ 0 0T 0 0 I A 0 0 0 BUAIY 1d-B3opog
87¢ ST 60T LT 01 9  S6 YL 9¢ 3 SOUO[[BIB/[[opI0)  —
37 S I 0 T 0 0 0 0 0 Aeg uoo JBH
GST 81 9 0 0 ST ST 29 157 6 Aeg Koivuol
8 ¥ 0 % 0 0 0 0 0 0 g 14 - uondaduo) 34
96 43 0 0z 0 0 0 0 I € 2IOYS}JO-BIUIOJI[RD) S
801 0 80T O 0 0 0 0 0 0 [ouuey)) Bleqieq ejues
8T S 61 I 0 0 0 0 T I 31g eruIofe) ‘N
0¢ 6 0 LT b 0 0 0 0 I 3ig eruroye) s
SIKTIV €6 76 16 06 68 88 L8 98 98-91d uo13ay
Jea A

"BILIOJITE)) J]JO 180K puE UOISoI Aq PAIJIIUSPI SO[BYM an[q JO JoqUINN ¢ J[qeL,



G¥9  LYT T RRE T ATRR . AN § A P >/ AR ¢ 1 SR & 0T seare [V
€ 0 0 0 0 0 [4 0 0 0 punog Jo3ng
S 0 0 0 S 0 0 0 0 0 1SB00 UO)TUIYSE A
9 0 9 0 0 0 0 0 0 0 uoga10 N
e 0 0 0 (44 0 0 0 0 0 u0331Q Ju)
Z = =0 Z 0 0 0 0 0 0 0 uo3aIQ §
vel 91 0S 8 0 0 3 0 0 0 981009 1S 'Md
91 172 0 14 0 0 8 0 0 I yjoquiny
LL 7 €L 14 0 0 0 0 0 0 OuIdOpudIN 2de) S
€ € 0 0 0 0 0 0 0 0 "JI[eD [eNUad 310YSHO
L 9 €9 0 0 0 S 0 I 0 BUSIY ‘14
Wy ILT ILT 98 86T 11T €€T I¥T 06 o1 SOUOT[BIR/[[SPI0D) N
9% LT 0 0 61 0 z 0 0 0 eg uoo jleH
LET  SP €9 €l €l 4 ¢1 14 0 ¢ Keg Aa19juoy
14! 0 B W I 0 € 0 0 0 Aeg OLIO
611 1 4 6L 0 0 8S 8 0 0 SIN"] Ues
€ 0 0 € 0 0 0 0 0 0 BILIOJI[ED *S 2I0YSO
L0 6 L6 ST 9 0 ¥ 0 0 0 [ouuey)) eleqleq BIUBS
9 I € 0 I 0 I 0 0 0 Wy31g eruiofie) ‘N
9 S 0 I 0 0 0 0 0 0 W3ig eIuIofie) 'S
[eI0L €6 26 16 06 63 88 L8 08 98-21d uorday
Ieox

“S10JeJOqR[[0d PUB ‘YoIeasay S[BYM 10} JIUa) ‘YdIeasay BIPEISE)
woj eep. sapnyou] ‘1eak pue uordar £q payIuSp! safEYM yoeqdwny jo 1oqunN ‘ 9[qelL,



I8 1€661 -€9-19 ‘PS-Tv ‘€€-1€ ‘T661 I8 1661 S 8):(0)

€9-14 ‘(quowr Aq saqdures 7) 6¢-1¢ €661 ‘€9-1t ‘6€-1€ 1661 S DSAMS

sojdwes 10J posn SUOSBIS pue SUCISIY U [9SSOA
:MOTaq umoys se sajduresqns /m ojiuppoel uisn UOKBIIBA JO JUSIDIJJA0D-7AD
"(7861) 10qaS woiy spoylow arnjdessr-armded Suisn UOHBIIBA JO JUSIONJA0D-TAD
*ATuo ap1s auo woij sydei3ojoyd Suisn 9JeWIISS 20UBPUNGY—"1SH
so[dwes om} Y} UsaM}aq SaYOdJBW JO JOqUINN-"Jeul
*SOPIS JYS1I J0 3JO[ IoyIIe wolj ofdwes Ul S[eNpIAIPUl JO JOQUINN-U
"1810M-)) 0} 1590~V woJj ojdures yoes 10} Ayenb owgdei3oloyd wnwiriuip--1end)
CIEC 660 SS0 6£9C 90°'T 660 0661 3 e v V-V
VLIT 70970 6EQ LEEC 86'0 8t'0 0661 9 9YC 98 V-4
d~d
=D

21

6861 €¢°'0 670 ¥SOC 8€°0 0€°0 vTel ¢l - ebE 98
8107 v'0 970 L661 €0 6C0 8t0C ¢l CLiE 98
CAD TAD '18H S TAD AAD, IS e 7u U 7u-JU

UBI\ opIs y3ry SpIs =1 SpIs Iyl ‘Tend
"JSB0D J5om eleg wol] 1noj 1daoxa BIUIOJI[e)) WOI]

SAL IV "€6-1661 I0J 110]J2 [BISBOD BIpEOSE)) WOl 7 o[dwes pue 1wy Q¢ o}
INO JSBOD BIULIOJI[BD) 211U JO SA3AINS DSHAMS €661 PUB [66] woij si | ojdueg
‘spoyjow ainjdedsar-yIew uosIo)eg Suisn sojeym 9n[q JO 20UBpUNQY G S[qQR]




*(M0[oQq 998) UOSEd

s pue uoigal A
"(7861) 1°g9S WO} SPOYId

€9-79 ‘66 ‘€S ‘TS-1S ‘Th-€E ‘€661

€9-79 ‘€S ‘6€ ‘1661

€9-¥G ‘(syjuows €) €6 ‘Z6-0S ‘6v-1¢€

€L-€9 ‘19 ‘S ‘(Spuow €) €6 ‘TG-Ty "€e-1€
€9-09 ‘(syiuow €) yS-€S ‘TS-€Y “Th-1¢
GL~S ‘(spuows €)¢S ‘TS-T¢€

6L~vS “(spuow €)¢S ‘T6-Ty ‘Tr-1¢

Vv \O o \O o0

9

19

Lyt
LGE
$9C
¥0C
e1c

suordoy sojdureg U

€661

% 1661

€661
2661
1661
0661

8861
TeaX

ojdwes

DSdMS

sojdwes

D¥D pue
paulquIoD)

q sopdwes Yy poyiouwt appyoel Suisn uonELIBA JO JUSIOYJS0D-TAD
w armdeoai-arndeo Suisn uoneLr A JO JUSIOYS0D-TAD

souepunge pejewnsg- 1Sy

srewnse oxmdeos1-yrew ul pasn ojdures ul S[ENPIAIPUI onbrun jo JaquInN-U

porrod Supmp sUONEIYNUAPI JO ISQUINN -"JUSP]

cI’'0 010 999 9¢ 166 6101 7661 DSHMSUON 19 18 €-1661 A[U0 DSHMS

L00 €00 L6S P9l YT 66V €661 VM-VOIV L6€ 6101 T661 VM-VOIV

L0'0 €00 695 V8l L6€ 6101 T661 VM-VDIIV ¥9C 199 1661 VM-VD IV

620 S0'0 zes 101 $97 199 1661 VM-VOIIV Y0T S6¢ 0661 VM-VD IV

61°0 900 86¥ L8 Y07 S6E 0661 VM-VOIIV AYASlY 8861 VM-VD IV

ZAD 1AD ¥sH UKW u "JUop] JBIX o[dwes U "Juop] IB3ak ojdureg
7 9[dures [ o[dures

syewnss yuppoel e ST ooueLIeA Ul
" sopdures yim SAIBWNSI 21mdedax

-sojdwes se suoigal Juneal} uo paseq

1d p[oq UL UMOYS SI SJBWINSS 153g  "S[OSSIA IO s1eak uo paseq
—jIew uosId)ed Juisn 2dUBpUNgE S[BYM yoeqdumny ‘9 9[qeL

22



0 0 I 0 9 0 I 0 0 0 0 0 8 €9 931090 1§ "Id
I I IT 8 ST LI 0 € 6 I ¢ S6 19  ouropudly aded-33erq 34
0 0 z 0 I 0 z 0 0 0: F 2l 68 SI0YsJjo—eIUIOJI[RD) "D
z & L 8 0 0 L 0 0 98 . ¥C BUSIY "}d-edapog
61T 0 #9 ¢ ¢ €€ 1 € 8¢ €6 [19p10)/S3uO[[BI., JO J[ND
0. S 090 00y Ti .00 i 8 @S feg wooN-jJreH &
61 T S ) I € 86T IS Keg Aa1o1uo
0 0 I 0 0 8 v Ing "1d--1doouo) g
0 I I e 9¢  6€ 9I0YSJJ0-BIUIOJI[R) S
0 I Z 80T €€ [Suuey)) BIRQIRY BIUBS
0 0 8T ¢ W3ig euIoje) "N
I 0¢ 1£3 y3ig eruIoje) 'S
8 6 T 9 8¢ 8% 8SI 8 ¢ 801 8 0t U 3po) uorday

£9 19 65 yS €S [4S IS -1y 6¢ %3 43 |43
9p0d uoIdoy

"U33S 2I0M SI[BUM ]SOUI 3I3YM UOIS2I UI UOHEIO]
10 SILIEPNOQ I3Y)Id S)BOIPUT SIWRU UOTSRY “pajood a1am suorSal awog *(110332 uo juapuadap) s1eak usamiaq sayojew Jo
IaquInu ) S7eDIPUT UOLIII SUIES ) USIMISQ UMOYS SIYDIBIA "sIeak [[e 10J SuOISoI USomIaq SIYOIRI S[ByM aN[g “/ J[qEL




o o o o 0o o o o0 O O o o0 O O 0O O O .. 0 G -6 punog 328nd
6 B E . FLnig e e L e e T g, 0l B SL 15800 UOIZUIYSEM
0 I 0 I 0 I G @ P I o o o0 o0 o0 0 0 .9 €L uoda1Q N
o o O € € ©O0 ¢ € T T O O 0 O 0 0 7w U uogdaIQ Ju3)
. o..T 6. 6 "0 .0 T-0 0 ©0- 0 ©. 60 -0 0.C . I uo3a1Q §
[z 6 S O 8 0 v 6 o0 ¥ o0 ¥ 0 1T VI €9 981090 1S 1d
< Z 0+ % 8 % @0 @01 0-00..0" "9 .9 Jjoquny
7¢ 07 65 % o01'..0..9 0.-8:.01. 0 L- 19 ourcopusy ode) °s
0o -0 ¢ 0 0.0 1 I I 0 0 - & 65 “Ji[eD [e1USD 2I0YSIIO
I S99 ¢ #1 1 9 0 9 0 0 ¥L %S BUQIY 1
E8C. BC. BL L 09 Tal @R TR 2hb £5 souojjele,j/[[9p10D
7 8.1 ol O ¥ 0. 0 9. TS Aeg uooly jieH
o0z € #€ 1. 08 0 - T.. LE€1 1S Aeg Aarsyuoly
0O 2 0 8 0 I AN 44 Aeg o110
¥ 0 Sy T 1 61l 1Y sm ueg
0 T 0 0 € 6F BIUIOJI[ED) S 3I0Ys)JO
61 ¥ S LOT €€ [ouuey) BlEqieq EUES
g 979 @€ Wy3ig enuojie) ‘N
0 9 I€ 31g eruiojife) S
7 ¢ 9 T T ¥ o9l LL € vL Tvy 9 Lel I 61T € LOL 9 9 ® 3oy
6L SL €L TL IL € T 19 65 ¥S € TS IS T Ir 6¢ €€ CE It

opoo w0139y

‘UGS 0I9M SO[BYMm JSOW QIoyMm UOIZSI Ul UOTJBOO0] 10 SalIepnoq
1oUy1e SjeoIpUl seueu uoiday °(110j3e uo juspuadap) S1EaA USMIaq SIYOIEW JO JeqUINU By} 51EdIpul uoIga1 sures alf) USIM]Sq UMOYS SIYOIEIN
‘(66T USnoxy) sieak [[e Ioj SUOISSI USIMIS] SSYDJEW PUE UOIFAI Yora I0] So[Eym yoeqduny Jo suOT}EdNUSPI JO IsquInN ‘g d[qe],

24



Figure 1.

[ |

| I I I [ I I

125 120
Locations of dedicated photographic identification survey effort in 1993 including

both that conducted from an inflatable launched during the SWFSC surveys and
Cascadia's coastal effort. Does not show opportunistic identification effort from
the NOAA ship MacArthur.
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Figure 2.
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Locations of blue whales that were identified photographically during SWFSC ship

surveys in 1991 and 1993.
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Figure 3. Locations of humpback whales that were identified photographically during

SWESC ship surveys in 1991 and 1993.
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Figure 4. Locations of blue whales that matched between the sample of photographs taken

during the SWESC ship surveys in 1991 and 1993 and sample collected during
coastal surveys between 1991 and 1993.
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t Figure 5.

— 40

Intra-year matches (solid lines) of blue whales seen during 1991 or 1993 SWEC
surveys and inter-year matches (dotted lines) of blue whales seen in the 1991 and

1993 SWEFSC surveys.
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Figure 6. Intra-year (solid lines) and inter-year (dotted lines) matches during 1991-93 for

five humpback whales seen in offshore waters during SWESC surveys. The two
sightings with no connecting lines show the two whales that were not seen at any
other time between 1991 and 1993.
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Figure 7. Reproductive histories of fourteen humpback whales cows that
were seen with calves off California in 1993. Whales were not
seen in years where the box is blank.
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