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ABSTRACT

An aerial photographic census of Pacific harbor seals (Phoca vitulina richardii) was
conducted in California 22 May-1 July 2002 to document the number of seals hauled out during
the molt period. To compensate for latitudinal differences in the timing of the molt, the state of
California was divided into three sections and each section was surveyed on different dates. The
three sections were: (1) Channel Islands and mainland coast of southern California from the
U.S./Mexico border to Pismo Beach, (2) central California from Pismo Beach to Point Reyes and
San Francisco Bay, and (3) northern California from Point Reyes to the California/Oregon border.
Aerial photographic surveys at the Channel Islands and the mainland coast of southern California
occurred during the high-low tide cycle in the afternoon on 22-25 May and the low-low tide cycle
during the morning of 16 June. Surveys in central California and northern California occurred
during the low-low tide cycle at tides under one foot on 16-17 June and 28 June-1 July,
respectively. Color transparency photographs of harbor seals were taken with a 126-mm-format
camera equipped with image motion compensation. The geographical position of each
photograph was recorded by linking the camera to a computer and Global Positioning System
(GPS). Three observers searched for hauled-out seals and photographed them, as the aircraft was
flown over the coastline at 213 m (700 feet). A total of 467 haulout sites within the state of
California was found during the surveys. At the Channel Islands there were 3,878 seals counted
out of the water and 5 in the water near haulout sites. Along the mainland coast of California and
San Francisco Bay there were 17,555 seals counted hauled out and 136 seals counted in the water
near haulout sites. Statewide, a total of 21,433 seals were counted hauled out of the water and
141 seals were counted in the water. The mainland coast of California was stratified into nineteen
0.5 degree latitude segments with counts from the San Francisco Bay estuary making up the
twentieth stratum. Stratum 37.50° to 37.99° had the most seals (n = 3,005), most seals per
haulout site (n = 835), second highest number of haulout sites (n = 34), and third highest mean
number of seals per haulout site (x = 88.4). Of the eight Channel Islands in southern California,
Santa Cruz Island had the most seals (n =1,085) and Santa Barbara Island the fewest (n = 15).



INTRODUCTION

Pacific harbor seals (Phoca vitulina richardii) are widely distributed along the mainland
coast, 1slands and bays of California. California Department of Fish and Game (CDFG)
conducted annual aerial photographic surveys of harbor seals in California during the pre-molt
and molt period (when the expected greatest number of seals were hauled out) during early June
through early July from 1982 through 1995 (Hanan 1996, Fluharty 1999). Seals from those
surveys were counted from near-vertical aerial color-transparency photographs taken with a 70-
mm-format Hasselblad camera as the aircraft flew over the coastline at an altitude of 183-213
meters (600-700 feet).

In 1987, biologists from Southwest Fisheries Science Center (SWFSC) began to use
photographs taken with a 126-mm-format military recognizance camera equipped with image
motion compensation to census California sea lions, northern elephant seals, and Steller sea lions
(Lowry et al. 1996, Lowry 1999, Westlake et al. 1997). At a workshop on methods and timing of
harbor seal surveys in California (Barlow 2002), it was recommended that SWFSC should use
the 126-mm-format camera for the 2002 California harbor seal surveys. This report describes
methods and results of the harbor seal census in California conducted by SWFSC during May-
July 2002. In addition to providing a total count of harbor seals for California, counts were
stratified by 0.5 degrees latitude for coastal mainland sites, for each of the Channel Islands, and
for sections of California.

METHODS

The state of California was divided into three sections to adjust for latitudinal differences
in the timing of the molt by harbor seals: (1) Channel Islands and mainland coast of southern
California from the U.S./Mexico border to Pismo Beach, (2) central California from Pismo
Beach to Point Reyes and San Francisco Bay, and (3) northern California from Point Reyes to the
California/Oregon border (Table 1, Figure 1).

Aerial photographic surveys of harbor seals at the Channel Islands and the mainland coast
of southern California were scheduled during the lowest tide cycle in the afternoon (high-low
tide) in late-May through mid-June (Table 2) when previous studies at the Channel Islands
determined that the greatest number of harbor seals would be hauled out (Stewart and Yochem
1994). Surveys in central California were scheduled during mid-to-late June during the low-low
tide cycle at tides under one foot, however, Monterey Bay was scheduled at tides under 1.5 feet
(Table 3) based on recommendations made at the California harbor seal abundance workshop
(Barlow 2002). Surveys in northern California were scheduled in late-June through mid-July
during the low-low tide cycle at tides under one foot, however, Humboldt Bay was scheduled at
tides under a half foot (Table 4) based on recommendations made at the California harbor seal
abundance workshop (Barlow 2002). Optimal survey dates during favorable tides were
determined to be days with the least amount of difference in tidal height, which corresponded to
the troughs in the daily tidal cycle. Surveys were also scheduled after 0800 hours when light
conditions were optimal for locating and photographing seals.

A twin-engine, high-wing Partenavia PN68-observer model aircraft was flown at a
ground speed of 185 km/h (100 knots) and at an altitude of 213 m (700 feet) above sea level
(ASL). However, the altitude was raised at Elkhorn Slough to 305 m (1000 feet) and to 427 m



(1400 feet) at Southeast Farallon Islands due to permit restrictions, to 366 m (1200 feet) at Castro
Rocks (San Francisco Bay) due to Federal Aviation Administration (FAA) restrictions, and to
274 m (900 feet) at Humboldt Bay to limit disturbance to seals. The survey was conducted
counterclockwise around the Channel Islands and from south to north along the mainland.
During the survey, the aircraft was flown directly over the coastline or slightly offshore. Seals
were photographed as the aircraft traveled over the coastline, or if the seals were out of camera
range or sighted too late to be photographed, the aircraft doubled back to photograph them.
Multiple photographic passes were made over large rocks or islands to ensure that the entire rock
or island was photographed.

Harbor seals were photographed with a 126-mm-format Chicago Aerial Industries, Inc.
KA-76 camera equipped with image motion compensation (IMC) and operated at a cycle rate
that achieved 67% overlap between adjacent frames. The geographical position of each
photograph was recorded by linking the camera (mounted vertically inside the belly of the
aircraft) to a computer and Global Positioning System (GPS.). A 152 mm focal-length lens was
used for low altitude photography (i.e., altitude of 213 to 366 m) and a 305 mm focal-length lens
was used for higher altitude photography (i.e., altitude of 427 m). Kodak Aerochrome HS Film
SO-359, a very fine-grained, high-speed, color transparency film, was used. The camera was set
at an aperture of /5.6 with a shutter speed between 1/400 and 1/2000 second.

The survey team consisted of three observers and the pilot. The observer in the right front
seat looked for seals in front and to the right of the aircraft and entered data into the computer
linked to the camera and to a Garmin 12XL GPS unit. The second observer was seated on the
left rear side of the aircraft and looked for seals to the left and below the aircraft. During the
central and northern California surveys, the second observer also operated a second computer
that was linked to a Garmin GPSMAP 76 GPS unit for tracking the aircraft on a topographic map
displayed on the computer screen (National Geographic Topographic Maps of California on
CD’s were used) that was loaded with all known harbor seal haulout sites. Locations of haulout
sites were provided by Bob Read, California Department of Fish and Game. This computer
allowed us to know where the aircraft was in relation to previously known haulout sites as we
flew over the coast. Additionally, the second observer monitored the local tide level displayed by
the Garmin GPSMAP 76 to ensure that the survey was conducted at optimal tide levels. The
third observer looked for seals under the aircraft from the belly viewing port located behind the
camera, and operated the camera when seals were sighted. The pilot also looked for seals and
flew the aircraft over the coastline so that seals could be photographed without having to double
back to optimize the time available for surveying under proper tidal conditions and to cover as
much distance as possible during that day’s survey.

Aerial surveys were conducted on 22-25 May in southern California and Channel Islands,
on 16-17 June in the northern portion of southern California (from Point Mugu to Point Pismo
Beach), central California and San Francisco Bay estuary, and, on 28 June-1 July in northern
California (Table 1). Ground surveys were conducted at Purisima Point (34.738°N, 120.627°W)
on 12 June, and at Yerba Buena Island (37.807°N, 122.363°W) on 18 June (Debbie Green, pers.
commun. 20 June 2002; Table 1). The 22 May survey of the mainland coast from Point Mugu to
Pismo Beach was not completed due to military operations at Mugu Lagoon and due to
restrictions within Vandenberg Air Force Base (this survey was repeated on 16 June).



Commercial aircraft towing advertising banners made it too dangerous to survey the entire
southern California coastline; however, known or suspected harbor seal hauling areas were
surveyed in the following locations (Figure 1): (1) La Jolla (32.851°N, 117.271°W) to Point
Loma (32.663°N, 117.240°W), (2) Seal Beach (33.733°N, 118.098°W) and vicinity, (3) Palos
Verdes Peninsula from Point Fermin (33.708°N, 118.287°W) to Malaga Cove, Redondo Beach
(33.802°N, 118.393°W) , and (4) Pacific Palisades (34.038°N, 118.555°W) to Point Mugu
(34.085°N, 119.060°W). Within San Francisco Bay, the FAA restricted access to the central San
Francisco Bay area, however, the following areas were surveyed (Figure 2): (1) Richardson Bay,
(2) Tiburon Peninsula (Angel Island was not surveyed), (3) Richmond San Rafael Bridge and
Point San Pablo, (4) San Rafael Bay, (5) northern shoreline of San Pablo Bay, (6) Suisun,
Honker, and Grissly Bays, and (7) San Francisco Bay south of the San Mateo Bridge. Within
San Francisco Bay estuary the following haulout sites were not surveyed: (1) Alameda
Breakwater, (2) Brook’s Island, (3) Point lone, Angel Island, and (4) Point Blunt, Angel Island.

Surveys of the Channel Islands were conducted during afternoon hours at tides ranging
between 1.8 feet and 0.9 feet from mean lower low water datum reference (MLLW) on 23 May,
and at tides between 2.2 feet and 1.3 feet on 24 May (Table 2, Figure 3). Surveys of the
mainland coast of southern California from San Diego to Point Mugu were conducted during
afternoon hours at tides ranging from 1.3 feet to 1.2 feet on 25 May (Figure 3). Surveys of the
mainland coast of southern California from Point Mugu to Pismo Beach were conducted during
mormning hours at -0.2 foot tide from MLLW on 16 June (Figure 3). All surveys in central and
northern California were conducted in the morning at tide levels under one foot from MLLW
(and under a half foot in Humboldt Bay; Tables 3 and 4, Figures 4-7).

Harbor seal images were counted through a 7-70X zoom binocular microscope as the
photographs were illuminated on a light table. Images of animals were marked on a clear acetate
overlay as each was counted. Marks on the acetate were compared and verified with overlapping
photographs. If all animals could not be counted in one photograph, the overlay was placed on
the adjacent photograph at the exact location where the count ended previously and the count
continued. Seals were counted in this manner until all were counted. One count was made for
each rock, island, or mainland haulout site. Seals in the water were tabulated separately.
Haulout sites were defined as groups of seals or single seals found either on a rock, a group of
rocks, or a cove. Counts obtained for each haulout site were entered onto a spreadsheet and
tallied. A single latitude and longitude was assigned to each haulout site.

Counts were tabulated by 0.5 degrees latitude for coastal mainland sites (including the
Farallon Islands and Afio Nuevo Island), and for San Francisco Bay estuary, each of the Channel
Islands, and northern, central and southern California sections of the state. Summary statistics
were compiled for each group.

: RESULTS
Using our criteria for identifying a haulout site, we identified 467 haulout sites within the
state of California (Tables 5 and 6). In the Channel Islands there were 3,878 seals counted
onshore and 5 in the water near haulout sites at 144 haulout sites (Table 5, Figures 8 and 9).
Along the mainland coast of California and San Francisco Bay estuary there were 17,555 seals
counted hauled out and 136 seals counted in the water near haulout sites at 323 haulout sites



(Table 6, Figures 8 and 9). Statewide, a total of 21,433 seals were counted hauled out of the
water and 141 seals were counted in the water adjacent to a haulout site at 467 haulout sites
(Table 7, Figures 8 and 9). On average there were 26.9 seals per haulout site in the Channel
Islands , 54.3 seals per haulout site along the mainland coast of California, and 45.9 seals per
haulout site statewide (Table 7, Figure 10).

The counts of harbor seals at the mainland coast of California were stratified into
nineteen 0.5 degree latitude-segments with counts from the San Francisco Bay estuary making up
the twentieth stratum (Table 8). Stratum 37.50° to 37.99° had the most seals (n = 3,005), most
seals per haulout site (n = 835), second highest number of haulout sites (n = 34), and third
highest mean number of seals per haulout site (X = 88.4). Stratum 40.50° to 40.99° had the
largest median number of seals per haulout site (median = 70.0); stratum 34.00° to 34.49° had the
highest mean number of seals per haulout site (X = 134.3); and stratum 38.50° to 38.99° had the
highest number of haulout sites (n = 49).

The counts of harbor seals at the Channel Islands in southern California were stratified
for each island (Table 8). Santa Cruz Island had the most seals (n =1,085) and Santa Barbara
Island the fewest (n = 15). Santa Rosa Island and San Nicolas Island had the highest mean
number of seals per haulout site (x = 35.0 and x = 34.3, respectively). Santa Cruz Island also
had the most haulout sites (n = 38).

DISCUSSION

Based on counts obtained at all haulout sites in California during 2002, the population of
harbor seals in the state of California appears to be stable (Figure 8; Hanan 1996, Fluharty 1999,
Read and Roberts 2001'). Harbor seal counts at Channel Islands and along the mainland show
no increase from counts obtained during the early-to-mid 1990's. The number of haulout sites
found in 2002 were fewer than previous years and the average number of seals found per haulout
site in 2002 was greater than previous years (Figures 9 and 10). Possible reasons for these
discrepancies could be due to (1) differences in defining haulout sites between researchers, (2)
differences in surface area covered by different camera systems (e.g., 70-mm-format photographs
vs 126-mm-format photographs), or (3) accuracy in geographical positions of photographs
(Loran vs GPS). Although survey date is another possibility because the number of harbor seals
on land differs throughout the year, our surveys were conducted during comparable periods to
those conducted by CDFG. Future surveys by SWFSC may indicate if the difference in harbor
seal counts is real or due to methodological differences.

Many seals were foraging at sea; therefore, haulout counts are not a complete census of
the population. Studies have been made to estimate total abundance from counts of seals found
out of the water at haulout sites. These studies used radio transmitters on a subset of seals to
estimate the proportion of animals on land. Unfortunately, the majority of these studies
(reviewed in Boveng 1988) documented the proportion of seals out of the water during certain

'Read, R and E. Roberts. [2001]. Final report: Census/survey of harbor seals in
California. Report submitted to Pacific States Marine Fisheries Commission. Available from
Robert Read, California Department of Fish and Game, Marine Region, San Diego Field Office,
4949 Viewridge Avenue, San Diego, CA 92123.
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time periods of the day, instead of at an instantaneous time (as would occur when an aircraft flies
over during aerial surveys), and some were made during months that seals were not molting. The
only study that estimated proportion of seals on land during aerial surveys was Huber et al.
(2001). Their estimated correction factor is probably not appropriate for our counts because that
study was done in the pupping season and was north of our study area. For the California stock
of harbor seals, a correction factor of 1.3, derived from data of radio tagged seals collected by D.
Hanan (Barlow et al. 1997, Hanan 1996), is currently used for estimating total abundance of
harbor seals in California from counts obtained at haulouts (Carretta et al. 2001). Multiplying
21,433, the number of seals counted onshore at haulouts in 2002, by the 1.3 correction factor,
estimates the total harbor seal population in California to be 27,862.

Our 2002 survey of San Francisco Bay estuary and Point Reyes was conducted slightly
before the peak of the molt (Sarah Allen, pers. comm. 26 June 2002) and thus had the potential
for slightly lower counts. The counts we obtained were considered an adequate representation
based on past surveys of the area by local biologists (Sarah Allen, pers. comm. 26 June 2002).
The earlier survey was scheduled as a contingency against having to cancel the survey because of
fog. Fortunately, the fog did not present a problem on the first low-tide survey window and a
survey during the second low-tide cycle was not needed. As it turned out, the coast of central
and northen California was covered in fog during the later low tide survey window. Ideally,
when good results are obtained for the first survey a second survey should be conducted if
weather conditions allow, but that would add additional cost which would have to be weighed
against the benefit of getting a second count that may or may not be better.

The 126-mm-format camera was used successfully for censusing Pacific harbor seals in
California. This camera system could also be applied for censusing harbor seals in other regions
outside California. One advantage to using this camera system is that lengths of seals can be
estimated from the vertical photographs obtained by the camera system, a project that will be
undertaken at a later date. This project would be useful because it could be used to infer the
proportion of age classes represented in the census.

ACKNOWLEDGMENTS

We are grateful to Dan Richards of Channel Islands National Park, and to Kerri Danil,
Erin LaCasella, and Karin Fomey of the Southwest Fisheries Science Center (SWFSC) for
assisting us during our surveys. Aspen Helicopters, Oxnard, California, provided aircraft
support, and Tim McLaughlin was the pilot. We are also indebted to Wayne Perryman of the
SWEFSC for providing his camera equipment, and to Morgan Lynn of the SWFSC for
maintaining the camera. We thank all the participants of the harbor seal workshop held at the
SWEFSC during 28-29 March 2002 for helping us plan our survey, and Debbie Green of the
Richmond Bridge Harbor Seal Survey, San Francisco State University, Bill Sydeman and Peter
Pyle of PRBO Conservation Science, and Bob Read of California Department of Fish and Game
for sharing their unpublished data with us. The research was conducted under Marine Mammal
Research Permit No. 774-1437, and National Marine Sanctuary Permit No.
GFNMS/MBNMS/CINMS-04-98. The manuscript was reviewed by Jay Barlow, Robin Brown,
Sarah Allen, and Harriet Huber.



LITERATURE CITED
Barlow, J. 2002. Report of the California harbor seal workshop, March 28-29, 2002, Southwest
Fisheries Science Center.

Barlow, J., K. A. Forney, P. Scott Hill, R. L. Brownell Jr., J. V. Carretta, D. P. DeMaster, F.
Julian, M. S. Lowry, T. Ragen, R. and R. Reeves. 1997. U.S. Pacific marine mammal
stock assessments: 1996. NOAA Technical Memorandum NMFS, NOAA-TM-NMFS-
SWEFSC-248. 223 pp.

Boveng, P. 1988. Status of the Pacific harbor seal population on the U.S. west coast.
Administrative Report LJ-88-06, Southwest Fisheries Center, La Jolla, California. 43 pp.

Carretta, J. V., J. Barlow, K. A. Forney, M. M. Muto, and J. Baker. 2001. U.S. Pacific marine
mammal stock assessments: 2001. NOAA Technical Memorandum: NOAA-TM-NMFS-
SWFSC-307. 280 pp.

Fluharty, M. J. 1999. Summary of Pacific harbor seal, Phoca vitulina richardsi, surveys in
California, 1982-1995. California Department of Fish and Game, Marine Region
Administrative Report 99-1. 49 pp.

Hanan, D. A. 1996. Dynamics of abundance and distribution for Pacific harbor seals, Phoca
vitulina richardsi, on the coast of California. PhD Dissertation, University of California,
Los Angeles. 158 pp.

Huber, H. R,, S. J. Jeffries, R. F. Brown, R. L. DeLong, and G. VanBlaricom. 2001. Correcting
aerial survey counts of harbor seals (Phoca vitulina richardsi) in Washington and
Oregon. Marine Mammal Science 17:276-293.

Lowry, M. S., W. L. Perryman, M. S. Lynn, R. L. Westlake, and F. Julian. 1996. Counts of
northern elephant seals, Mirounga angustirostris, from large-format aerial photographs
taken at rookeries in southern California during the breeding season. Fishery Bulletin, U.
S. 94:176-185.

Lowry, M. S. 1999. Counts of California sea lion (Zalophus californianus) pups from aerial
color photographs and from the ground: a comparison of two methods. Marine Mammal
Science 15:143-158.

Stewart, B. S. and P. K. Yochem. 1994. Ecology of harbor seals in the Southern California
Bight. In W. L. Halvorson and G. J. Maender (editors), The Fourth California Islands
Symposium: Update on the status of resources, p. 123-134. Santa Barbara Museum of
Natural History, Santa Barbara, CA.



Westlake, R. L., W. L. Perryman, and K. A. Ono. 1997. Comparison of vertical photographic
and ground censuses of Steller sea lions at Afio Nuevo Island, July 1990-1993. Marine
Mammal Science 13:207-218.



Table 1. Dates and areas surveyed for harbor seals (Phoca vitulina) within three sections of California
during 22 May through 1 July 2002.

Boundaries of section Date Time
Section Survey coverage d d
Lat/Long Lat/Long Surveye Surveye
Port Hueneme to Point 22 May 2002 1320-1428
Conception
Mugu Lagoon 23 May 2002 1236-1240;
and Northern Channel Islands 1247-1550
(Anacapa Is., Santa Cruz Is.,
Santa Rosa Is., and San
Miguel Is.)
Southern _ ) Southern Channel Islands 24 May 2002
.o . U.S/Mexico  Pismo | (SantaBarbarals., 1301-1307;
California .
(Including border Beach San Nicolas Is., 1316-1345;
(32.533°N,  (35.139°N, [ San Clemente Is., 1404-1441;

Channel 179 1170wy 120.645°W) :

Islands) . . and Santa Catalina Is.) 1450-1527
Southern California mainland 25 May 2002 1403-1535
coast (Point Loma to La Jolla,

Seal Beach and vicinity, Palos

Verdes Peninsula, Pacific

Palisades to Point Mugu)

Purisima Point 12 June 2002 0820
Point Mugu to Pismo Beach 16 June 2002 0848-1005

Central Pismo Beach to Monterey 16 June 2002 1005-1238

California Pismo Point Reyes | Monterey to Point Reyes, 17 June 2002 1000-1211;

and San Beach o .

. o (37.995°N, | and San Francisco Bay estuary 1227-1353

Francisco  (35.139°N, 123.023°W)

Bay 120.645°W) ’ Yerba Buena Island, San 18 June 2002 1430

estuary Francisco Bay
Point Reyes to Fort Ross Point 28 June 2002 1001-1102

California/ | Fort Ross Point to Jughandle 29 June 2002 0836-1007
Northern Point Reyes Oregon State Reserve (6 km south of
ol (37995°N,  border | FortBrage)
123.023°W) = (42.000°N, | yyghandle State Reserveto 30 June 2002 0858-1159
124.212°W) California/Oregon border
S. E. Farallon Islands 1 July 2002 1009-1023
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Table 7. Summary statistics for the number of harbor seals (Phoca vitulina) counted onshore at
haulout sites for sections of California, and California statewide from surveys conducted during

23 May-1 July 2002.

Mean #

Median # Minimum Maximum

Sum of

) of seals of seals # ofseals # of seals seals Total #
Section of
per per per per from all haulouts
haulout haulout haulout haulout haulouts
Northern California 51.02 29.00 1 472 8418 165
Central California 54.54 30.00 1 835 7,744 142
Southern California, 87.06 37.50 5 444 1,393 16
mainland
Southern California, 26.93 19.00 1 154 3,878 144
Channel Islands
Southern California 3294 20.50 1 444 5,271 160
total
California mainland 5435 30.00 1 835 17,555 323
total
California total 4590 25.00 1 835 21,433 467
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Table 8. Summary statistics for the number of harbor seals (Phoca vitulina) counted onshore at
haulout sites by 0.5 degree latitude increments for mainland coastal sites (see footnotes), San
Francisco Bay estuary, and each of the Channe! Islands in southern California from surveys
conducted during 23 May-1 July 2002.

Mean# Median# Minimum Maximum  Sum of Total #
Latitude range, of seals  ofseals #ofseals # ofseals seals £
estuary, or island per per per per from all haulouts

haulout  haulout haulout haulout haulouts
41.50° to 42.00° 67.92 53.00 2 260 883 13
41.00° to 41.49 30.24 20.00 1 138 514 17
40.50° to 40.99° 97.06 70.00 17 242 1,553 16
40.00° to 40.49° 57.57 38.00 1 141 403 7
39.50°t0 39.99° 60.83 29.50 6 314 730 12
39.00° to 39.49° 36.81 24.00 1 155 1,141 31
38.50° to 38.99° 35.43 21.00 1 257 1,736 49
38.00° to 38.49° 72.90 25.00 1 472 1,458 20
37.50° t0 37.99° -2 88.38 30.00 1 835 3,005 34
San Francisco Bay 50.73 37.00 13 120 558 11
estuary °
37.00° to 37.49° 2 36.19 22.00 1 146 977 27
36.50° to 36.99° 71.72 48.50 1 332 1,291 18
36.00° to 36.49° 32.50 18.00 S5 134 455 14
38.50° t0 35.99° 35.04 26.00 1 175 806 23
35.00° to 35.49° 43 .47 36.00 11 114 652 15
34.50° to 34.99° 61.71 25.00 12 213 432 7
34.00° to 34.49° 134.33 37.50 5 444 806 6
33.50° t0 33.99° 0 0 0 0 0 0
33.00° to 33.49° 0 0 0 0 0 0
32.50° to 32.99° 51.67 64.00 8 83 175 3
Anacapa Island 14.44 10.50 1 41 231 16
Santa Cruz Island 27.76 15.50 1 128 1,055 38
Santa Rosa Island 35.04 21.50 1 134 911 26
San Miguel Island 25.21 24.00 1 124 731 29
San Nicolas Island 34.35 26.00 1 154 584 17
Santa Barbara Island 7.50 7.50 7 8 15 2
Santa Catalina Island 26.22 19.00 1 103 236 9
San Clemente Island 16.43 16.00 1 35 115 7

' SE Farallon Islands and Drake’s Estero are included in latitude segment 37.50° to 37.99°.
* San Francisco Bay estuary is excluded in latitude segments 37.50° to 37.99° and 37.00° to 37.49°.



N43 | L ! . | | i !

California-Oregon

N42- Border i

N41- -
Humboldt Bay

N40- -
Jughandie State Reserve

N39- Fort Ross Point -

San Francisco Bay
N384 Point

Reyes
N37- Farallon Monterey i
Islands Point Conception
N36- I

Point Mugu

Pacific Palisades
Palos Verdes

Peninsula
/ Seal Beach

N35- Port San Luis

Pismo Beach

N34+ S oo -

Channel Islands . . La Jolla to
N33- N ?lnt Loma|
N32 ] ]

Wi125  W123  W121 w119  W117

Figure 1. California coastline and Channel Islands surveyed for harbor seals (Phoca vitulina) in
California during 22 May-1 July 2002. Bold line shows survey coverage along the mainland
coastline and in San Francisco Bay; the coastline of all Channel Islands and Southeast Farallon
Island were surveyed. There are no known haulout sites that are within the unsurveyed portions
between La Jolla and Pacific Palisades.
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Figure 2. Coastline of San Francisco Bay estuary surveyed for harbor seals (Phoca vitulina)
during 17 June 2002. Within the bay area, seals were surveyed in Richardson Bay, Tiburon
Peninsula, San Rafael Bay, Point San Pedro, north shoreline of San Pablo Bay, Suisun Bay,
Grizzly Bay, Honker Bay, and San Francisco Bay south of the San Mateo Bridge.
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Bechers Bay, Santa Rosa Island, California
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Figure 3. Predicted tide cycle for dates that harbor seals (Phoca vitulina) were surveyed at the
Channel Islands (charts for Santa Rosa Island and San Nicolas Island are shown) and southern
California coastline (chart of La Jolla, California is shown). Bottom row of numbers for each

chart correspond to hour of the day; date and time of high and low tide heights are given at the
top of each chart.
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Figure 4. Predicted tide cycle for dates that harbor seals (Phoca vitulina) were surveyed in
central California (charts for Mugu Lagoon, Port San Luis, and Monterey are shown). Bottom
row of numbers for each chart correspond to hour of the day; date and time of high and low tide
heights are given at the top of each chart.
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Point Reyes, California
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Figure 5. Predicted tide cycle for dates that harbor seals (Phoca vitulina) were surveyed in
central California (charts for Point Reyes and San Francisco are shown). Bottom row of numbers
for each chart correspond to hour of the day; date and time of high and low tide heights are given
at the top of each chart.
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Figure 6. Predicted tide cycle for dates that harbor seals (Phoca vitulina) were surveyed in
northern California (charts for Point Reyes, Fort Ross, and Fort Bragg are shown). Bottom row
of numbers for each chart correspond to hour of the day; date and time of high and low tide
heights are given at the top of each chart.
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Figure 7. Predicted tide cycle for dates that harbor seals (Phoca vitulina) were surveyed in
northern California (charts for Humboldt Bay, Crescent City, and Point Reyes are shown).
Bottom row of numbers for each chart correspond to hour of the day; date and time of high and
low tide heights are given at the top of each chart.
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Harbor seals counted in California
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Figure 8. Counts of harbor seals (Phoca vitulina) in California (mainland and Channel Islands)
for 1982-2002. Data from 1982-1995 obtained from Hanan (1996) and Fluharty (1999); data for
2001 is unpublished data from Bob Read, California Department of Fish and Game; data for
2002 is from this report.
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Harbor seal haulout sites in California
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Figure 9. Number of harbor seal (Phoca vitulina) haulout sites found in California during annual
aerial photographic surveys. Data for 1982-1995 is from Fluharty (1995); data for 2002 is from
this report.
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Average number of harbor seals per haulout site in California
-+ Mainland -~ Channel Islands —e— CA State wide |

2
» 60
——
= ] |
[@]
3 4. —
=2 50
£ i o
o
S 40 |- e
£
8 p
® 30 1 - S
—
(o] 4
b
© o0 4 , : : . e . e
Ko
E
5 B
o 10
© 4 - S, - , - - - — - S
joy
© B
—
)]
> O T T T T
< - — - — - - - — — —_ -— - - - - -t —_ - N N N
o [o=] x [0 [+ (o] o] © © [{e] © © [{e} © ©
N w g [3,} (o] ~ @© [{e} o - N w = (3] D ~ o] o o - N
Year

Figure 10. Average number of harbor seals (Phoca vitulina) per haulout site found in California
during annual surveys in the molt season. Data for 1982-1995 obtained from Fluharty (1999);
data for 2002 is from this report.
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