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ExeBCcUTIVE SUMMARY

In 1996, the Farallones Marine Sanctuary
Association (FMSA) in collaboration with the Gulf
of the Farallones National Marine Sanctuary
(GFNMS) started SEALS, a harbor seal monitor-
ing and interpretation program along the central
California coast. The SEALS program was devel-
oped to respond to high levels of disturbance to
harbor seals and strives to achieve the following
goals: '

¢ Minimize disturbance to harbor seals and help
maintain the integrity of rookery sites in the Gulf
of the Farallones National Marine Sanctuary;

¢ Preserve the harbor seal colony size in the Gulf
of the Farallones National Marine Sanctuary;

¢ Increase stewardship in the Gulf of the
Farallones National Marine Sanctuary;

e Educate the general public about harbor seals
and their habitat in the Gulf of the Farallones
National Marine Sanctuary.

In order to achieve these goals, FMSA and
GFNMS train local citizens to interpret and moni-
tor harbor seals. SEALS volunteers complete an
intensive 33 hour training course on harbor seal
natural history, bay and lagoon ecology, interpre-
tation and monitoring techniques, research proto-
cols, and the history of the GFNMS.

From February 1997 to June 2000 in Marin
County, California, FMSA has managed a harbor
seal interpretation site on Clam and Seal Islands
in Tomales Bay and two harbor seal monitoring
sites, one on the east shore of Bolinas Lagoon and
the other on the cliffs of Tomales Point overlook-
ing Clam and Seal Islands. Volunteers with staff
supervision conducted the interpretation and moni-
toring.

In 1998, 1999, and 2000 GFNMS coordi-
nated a central California seal census, and FMSA
collated, entered, and analyzed the data. Volun-
teers from Point Reyes National Seashore (PRNS),

Harbor seals (P. virulina) hauled out in the GFNMS.

SEALS volunteers learn about tidal ecosystems.



Children watch harbor seals (P, vitulina) with SEALS staff.
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Golden Gate National Recreation Area (GGNRA),
GFNMS, FMBA, Seal Waich Jenner, and Seal
Watch Sea Ranch simultaneously counted seals at
a number of haul-outs from the southern border of
San Mateo County to the northern border of
Sonoma County.

Tomares Bay, Cram & SEaL Isianps Havi-Ours

The objective of establishing interpretation
sites on Clam and Seal Islands was to reduce the
number of disturbances to pupping harbor seals
from clammers (clam diggers). During previous
harbor seal studies in the PRNS area it was found
that the seals on Clam and Seal Islands were dis-
turbed on 81?% of the observation days—almost
double the percent noted a decade earlier.
Clammers and fishers were associated with 51%
of the disturbances (Allen and King 1992). Over-
all, humans were associated with 1.33 disturbances
per hour in 1991, which was the highest rate of
disturbance ever reported on the West Coast
(Mortenson, 1996).

During the 2000 pupping season, teams of
SEALS docents spent 89 volunteer hours on the
Islands. The objective of establishing a monitor-
ing program on the Tomales Point cliffs above
Clam and Seal Islands was to measure the effec-
tiveness of docents and the visible buffer at the
seal haul-outs. During the 2000 monitoring sea-
son, the maximum number of seals recorded by
Tomales Point observers was 462 in May compared
to the 1999 maximum of 397 seals and to the 1998
maximum of 493 seals. The maximum number of
pups recorded was 81 in May 2000 compared to
&7 pups in 1999 and to 27 pups in 1998.

There was 161% more activity on the Is-
lands during the 2000 monitoring season compared
to the 1999 monitoring season (53.15 activities /
hour in 2000, 20.33 activities/hour in 1999, 93.48
activities/hour during 1998). The increase in ac-
tivities represented continued changes in Tomales
Bay user patterns following the 1999 cancellation
of the CLAM CLIPPER, a specialized vessel that
traditionally transported clammers to and from the
Islands. More people operated motorboats in the
Bay in 2000 compared to the previous monitoring



years. The cbservation rate for motorboats seen
in the Bay nearly doubled in the 2000 monitoring
season (13.71 motorboats/hour in 2000, 6.79 mo-
torboats/hour in 1999, and 7.36 motorboats/hour
in 1998). The frequency of clammers in 2000
increased 230% (38.49 clammers/hour) from 1999
(11.65 clammers/hour), when the CLAM CLIPPER
first stopped operating. However, the frequency
of clammers per hour in 2000 was still less than
the frequency in 1998, the last year the CLAM
CLIPPER operated (83.53 clammers/hour). The
number of flushes per hour rose 191% in the 2000
season (1.72 flushes/hour in 2000, 0.90/hour in
1999, 0.70/hour in 1998).

Some key results regarding harbor seal
flushes remained constant over the three years.
Despite the variation in their numbers, clammers
were still the most frequent activity in 2000, yet
they retained a low flush rate—less than 1% of
clammers were associated with flushes in each
monitoring season. Motorboats were the leading
activity associated with flushes all three years (1.24
flushes/hour in 2000, 0.24 flushes/hour in 1999,
0.28 flushes/hour in 1998).

During 1999, a PRNS enforcement boat
patrolled Tomales Bay, which may have reduced
disturbance rates from motorboats that year. Park
rangers often approached violators of the Marine
Mammal Protection Act, issued warnings or cita-
tions, and encouraged boaters to be more cautious
around the harbor seal haul-outs. During 2000,
the boat was in dry dock until the exd of the clam-
ming season; the reduced presence of wildlife en-
forcement may have been a factor in the increased
rate of disturbance observed.

When human related activities were ana-
lyzed separately, the flush rate for 2000 was 1.51
flushes/hour, compared to 0.53 flushes/hour in
1999 and 0.62 flushes/hour in 1998. The flush rates
associated with human activities during both 1998
and 1999 were much lower than the rate (1.33
flushes/hour) reported by Allen and King in 1991,
but the 2000 flush rate exceeded this value. The
decommissioning of the CLAM CLIPPER may
have caused an increase in motor vessel traffic and
related harbor seal disturbances in Tomales Bay.

Prior to 1999, the CLAM CLIPPER transported clammers to
Clam and Seal Islands.



SEALS volunteer counts harbor seals (P. vitulina)
on Channel haul-out in Bolinas Lagoon.

Bormas Lacoon, CHANNEL & PICKLEWEED MUDFLATS

The objectives of the Bolinas Lagoon
monitoring program were to determine what ac-
tivities are associated with harbor seal disturbances,
to determine if the rate of disturbance is increas-
ing, and to monitor harbor seal population changes.
In 1978 and 1979, Allen et al. (1984) found that
harbor seals were flushed 0.09 times/hour at Kent
Island and 0.05 times/hour at Pickleweed mudflat
in Bolinas Lagoon. In 1992, Morgan and Swift
observed 0.41 flushes/hour on Kent and
Pickleweed mudflat combined.

In Bolinas Lagoon, SEALS observation
tearns monitored Pickleweed and Channel mudflats
year-round. The observation teams conducted 60
baseline studies in 2000. The seals were monitored
during three-hour shifts from either 1000 to 1300
hours or from 1300 to 1600 hours. Observation
teams also surveyed and mapped the distribution
of seals throughout the entire Lagoon once each
shift.

During the monitoring year from July 1999
to June 2000, the highest monthly mean number
of seals recorded in the Lagoon was 169 (maxi-
mum 234) in July 1999 compared to the previous
monitoring year’s maximum monthly mean of 128
(maximum 235) during July 1998 and 152 (maxi-
mum 212) during July 1997. The lowest monthly
mean number of seals recorded in the Lagoon was
24 during December 1999, compared to 14 during
December 1998 and 9 during December 1997. The
highest mean number of pups recorded was 26
during April 2000 compared to 22 during May 1999
and to 19 during April 1998.

Observers recorded 15 different activities
over 163 observation hours. The most numerous
activities were roadside visitors to the Lagoon
(2,321) followed by shoreside hikers (366). The
roadside visitors were associated with no flushes;
the hikers, who tended to stay longer, were associ-
ated with three flushes (0.02 flushes/hour). Out of
nine canoes recorded, four were associated with
harbor seals flushing into the water (0.03 flushes/
hour). Out of eight kayaks recorded near the haul-
outs, one was associated with seals flushing into
the water (0.01 flushes/hour). The rate of flushes



per hour associated with the relatively few water-
borne human activities (0.03 flushes/hour) was
higher than the rate for the far more numerous land
based hikers and roadside visitors (0.02 flushes/
hour).

Harbor seals were flushed at a rate of 0.09
per hour in the 1999/00 monitoring season, 0.14
per hour during the 1998/99 monitoring season,
and 0.19 per hour during the 1997/98 monitoring
season at Pickleweed and Channel mudflats. This
disturbance rate cannot be directly compared to the
0.41 flush rate of Morgan and Swift’s 1992 study
because the current observation sites do not include
the Kent Island haul-out. However, the flush rate
for 2000 seems relatively low compared to Mor-
gan and King’s flush rate.

CENTRAL CALIFORNIA HARBOR SEAL CENSUS

The objectives of the Central California
Harbor Seal Census were to ascertain and detect
changes in overall harbor seal numbers and to
gauge reproductive success at different types of
haul-outs along the coast. The 2000 census in-
cluded haul-outs from the southern border of San
Mateo County to the northern border of Sonoma
County, and added new sites in the GGNRA and
northern San Francisco Bay. There was no evi-
dence for substantial changes in seal numbers in
central California, although the size of haul-outs
varied across the region.

Boarer Epvcarion CAMPAIGN

The information collected from the SEALS
program has been used to develop educational
materials for kayakers and boaters. FMSA in co-
operation with the GFNMS, Marin County Open
Space District, Sierra Club, California Department
of Fish and Game, and Bay Area Sea Kayakers
has developed a Paddler’s Etiquette placard that
outlines responsible wildlife viewing guidelines.
Our goal is to have the placard distributed with all
kayaks sold. FMSA is also working with kayaking
outfitters and recreational groups to spread the

Ly

Sign on Bolinas Lagoon advising boaters to use a different
launch site and to be cautious around resting harbor seals (P
vitulina).



Motorboat drives around Clam and Seal Islands in Tomales
Bay.

FMSA’s new challenge is to reduce the rate
of disturbance to harbor seals from motorboats.
FMSA will be forming a committee to develop a
plan on how to address the increase in disturbance
from motorboats. Data collected from the SEALS
program will be used to evaluate the effectiveness
of FMISA’s educational materials and programs.

FuUturE PrOJECTS

. In July 2000, FMSA expanded the SEALS
program fo Kent Island in Bolinas Lagoon. Vol-
unteers will monitor harbor seal behavior and hu-
man activities around the Island. This informa-
tion will provide a clearer picture of human activi-
ties and harbor seal disturbances in the Lagoon.
FMSA can then compare the present harbor seal
disturbance rate to past studies and evaluate if the
rate is increasing or decreasing.

FMSA has been asked by the GGNRA
and the Marin Headlands Institute to help ad-
dress harbor seal disturbance at Point Bonita in
the Marin Headlands. FMSA will work with the
Park and the Institute to develop a harbor seal
monitoring program for students. We believe
that through education people will begin to make
the connection between their actions and a
healthy, thriving marine environment.



INTRODUCTION
THE PROBLEM: Hior LEVELS OF DISTURBANCE

The Gulf of the Farallones National Ma-
rine Sanctuary (GFINMS) was established to pro-
vide a secure habitat for marine species. The Sanc-
tuary encompasses 949 square nautical miles of
water off the California coast west of San Fran-
cisco (Figure 1).

In the GFNMS, Point Reyes National Sea-
shore (PRNS) and the Sonoma coast state beaches,
there is a long history of concern that humans are
disturbing resting harbor seals (Allen, Ainley and
Page, 1984). When the number of flushes per hour
was compared for haul-outs on the North Ameri-
can west coast (Mortenson, 1996), observations at
Tomales Bay, Bolinas Lagoon, and the Russian
River spits showed the highest rates of disturbance.

In California, the human population is pro-
jected to nearly double from 1990 to the year 2040
(Heim, 1998, Figure 2), and recreational use of the
coast is anticipated to steadily and substantially
increase. With the growing number of Californians,
how much disturbance can harbor seals tolerate
along the shoreline, especially at heavily visited
haul-outs? How can recreational use be managed
so that people and seals can share the coast?

The conflict between increased recreational
use of the coast and undisturbed resting areas for
wildlife is worldwide. Already half the people in
the country and the world (Weber, 1994) live along
the coasts. By 2050 it is projected that more than
70% of the nearly 400 million Americans (U.S.
Bureau of the Census, 1995) will live near the
ocean. How will coastal species tolerate the mil-
lions of new shoreline dwellers? Perhaps success-
ful programs to conserve seal colonies can help
guide us in protecting all coastal species in the fu-
ture.

THE SOLUTION: SEALS

In 1996, the Farallones Marine Sanctuary
Association (FMSA) initiated a harbor seal advi-

Cordell Bank |

Gulf of the Farallones,

Monterey Bay
NMS

-~

Figure 1. Map of Gulf of the Farallones National Marine Sanc-
tuary.

Projected Population in Millions

1990
1994
1998
2002
2006
2010
2014
2018
2022
2026
2030
2034
2038

Year
Figure 2. Projection of California population to the year 2040,
Drawn from data in Heim, 1998,



Harbor seals (P. vitulina) hauled out in Tomales Bay.

sory commitiee consisting of representatives from

GFINMS, PRNS, Audubon Canyon Ranch, Marin
Open Space District, and the Golden Gate National
Recreation Area (GGNRA) to determine what type
of program was needed to protect harbor seals and
their habitat in Bolinas Lagoon. The recommen-
dations from the advisory committee were to de-
velop a harbor seal monitoring program in Bolinas
Lagoon and combine the Bolinas Lagoon efforts
with the GFNMS Tomales Bay harbor seal docent
program. In 1996, GFNMS had begun an inter-
pretive program to reduce disturbance of harbor
seals on the Tomales Bay mudflats.

In 1997, FMSA in collaboration with the
GFNMS developed SEALS (Sanctuary Education
Awareness ahd Long-term Stewardship), a volun-
teer harbor seal monitoring and interpretation pro-
gram. Volunteers were recruited and trained in
natural history and interpretation techniques. In
the spring of 1997, the SEALS program started to
schedule docents for Clam and Seal Islands in
Tomales Bay during the pupping season, and in
the summer of 1997 commenced year-round moni-
toring of Channel and Pickleweed mudflats in
Bolinas Lagoon. Inthe spring of 1998, the SEALS
program added a harbor seal monitoring site at
Tomales Point to evaluate the effectiveness of the
volunteers on Clam and Seal Islands. During 1999,
FMSA collaborated with Fitzgerald Marine Re-
serve (FMR) to extend the harbor seal monitoring
and protection program into San Mateo County.
In 1998, GFNMS and FMSA began coordinating
a harbor seal census to evaluate the harbor seal
population size and distribution along the central
California coast.



ToMALES Bay

Clam and Seal Islands near the head of
Tomales Bay are home to a colony of harbor seals,
whose numbers have rebounded since the passage
of the Marine Mammal Protection Act m 1972.
Since 1982 Allen and her colleagues have studied
the harbor seals of Tomales Bay as part of a re-
gion-wide inventory of pinnipeds (Allen et al,,
1984, Allen, 1988). Seal numbers on the mudflats
were highest during the winter (mean 194) and
lowest during the breeding season (mean 156),
unlike the pattern at other PRNS haul-outs, where
peaks were highest during breeding and molting
periods. The winter peak seal counts coincided
with herring spawning in Tomales Bay, and the low
summer counts coincided with the clamming sea-
son and high summer recreational use of Clam and
Seal Islands. The percentage of pups seen in
Tomales Bay was less than at other sites in the
PRNS. Seals at Clam and Seal Islands in Tomales
Bay had the highest disturbance rate of all haul-
outs in the Seashore. Seals were flushed on 49%
of the observation days compared with 29% at
Double Point on the more remote outer coast of
PRNS.

Allen and Huber’s 1984 analysis of the
original data from 1983 and 1984 showed that 51%
of the disturbances were caused by clammers and
fishers, followed by boaters (30%), hikers (14%),
and dogs (5%). Seals rehauled more than half the
time (58%) but were much more likely to shift
sandbars (28%) than at other haul-outs. The num-
ber of seals that rehauled was also lower than at
less disturbed areas, such as Double Point.

In 1991, Allen and King (1992) began an
observational study of Clam and Seal Islands from
Tom’s Point on the eastern shore of Tomales Bay.
They counted seals and recorded disturbances as-
sociated with humans as part of a regional, long-
term monitoring program. Human disturbances
were defined as cases in which seals left the haul-
out in response to people. They noted that on 81%
of the observation days seals were disturbed. This
was more than 1.5 times the disturbance level noted
during the 1980°s. The average number of people

SEALS volunteers observe Clam and Seals Islands from
Tomales Point.



Lawson’s
Landing

Tomales
Point

Figure 3. Map of the mouth of Tomales Bay. Star marks lo-
cation of docents, lines show frequent harbor seal haul-outs,
and dashes show commen clamming areas.
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counted during 1991 was 350 per day; the maxi-
mum was 1,225 in one day. Overall, 1.33 distur-
bances associated with humans were recorded ev-
ery hour during 1991, which was the highest rate
of disturbance ever reported on the North Ameri-
can west coast (Mortenson, 1996). A significant
finding of this study was the near abandonment by
seals of Hog Island just to the south of Clam and
Seal Islands in Tomales Bay.

In 1996, GFNMS trained volunteers to
serve as docents on Clam and Seal Islands in
Tomales Bay. The purpose of the program was to
reduce and possibly eliminate the disturbance to
harbor seals by clammers during the pupping sea-
son. Docents marked the colony location and of-
fered interpretafion to visitors. In the first two years
the docents reported a low incidence of disturbance
by clammers suggesting that the program was ef-
fective. However, accurate seal counts and distur-
bance observations could not be made from the
Islands’ mudflats due to the slope of their banks.
Therefore, in 1998, GFNMS and FMSA estab-
lished a monitoring site at Tomales Point, which
overlooks Clam and Seal Islands, to accurately
assess the effectiveness of the docent program.

MeTtnop

Cram & Sear Isanps DOCENTS

Docents were present on Clam and Seal
Islands during the harbor seal pupping season be-
tween the months of March and June, 1996-1999.
During 1996-1998, the volunteers arrived at the
Islands on the CLAM CLIPPER, a specialized
transport and landing vessel run by Lawson’s Land-
ing. Two docents were stationed on each island
(Figure 3). In 1999, Lawson’s Landing suspended
the CLAM CLIPPER trips. Thus, arrangements
were made to transport the volunteers to the is-
lands initially by skiff and later by PRNS patrol
boat. Early in the 1999 season volunteers went to
both Clam and Seal Islands as in the past. How-
ever, the National Seashore boat could not land on
Clam Island, and after mid-April only a single team
on Seal Island was present.



For the first seven observation days of the
2000 season, teams of docents went out to Seal
Island (Figure 3) on skiffs departing from Lawson’s
Landing. The PRNS Service Patrol boat was out
of service in the early part of the season but trans-
ported SEALS docents during the last two obser-
vation days. In all docents were present on 9 days,
spending a total of 28 observation hours and 89
volunteer hours (Table 1). In addition, Tomales
Bay docents traveled a total of 2,545 miles and
spent 57 hours to reach the launch sites for the Is-
lands.

Once on the Islands, SEALS volunteers
marked a visual boundary using cones or flags at
least 90 m (300 ft) around the seal haul-outs and
set up an interpretive station with a spotting scope
and educational materials. Since 1997, the docents
have tallied all interpretations, counted all human
activitiés they could see from their position on the
mudflats, counted any dogs on the Islands, and
recorded observations of the seals. Human activ-
ity categories were clam digging, jet skiing,
motorboating, kayaking, sailboating, and other. In
the 1998 season, almost all clammers arrived on
the CLAM CLIPPER, which discharged all of its
passengers at once. Thus clammers were initially
concentrated at one point of an island, away from
typical haul-out sites, and then spread around the
Islands. In 1999 and 2000, clammers arrived at
many points on the Islands from small boats.

Cram & Srar IsLANDS MONITORING PROGRAM

Ed

A two to four person team m;)nitored Clam
and Seal Islands from Tomales Point (Figure 4) on
the western side of Tomales Bay. The dates and
times of observations corresponded with the days
docents were scheduled to visit the Islands—typi-
cally, negative and zero tide weekends and holi-
days. The monitoring sessions from the Point be-
gan 30 minutes before the docents arrived on the
Islands and ended 30 minutes after they left, last-
ing approximately 4 hours per session. In the 2000
season, 11 days were monitored totaling 48 obser-
vation hours and 149 volunteer hours (Table 2).
Tomales Point volunteers traveled a total of 2,014
miles and spent 53 hours to reach the monitoring
site.

11

Table 1. Total number of chservation days, volunteers, ob-
servation hours, and volunteer hours at Seal Island during
2000.

Month Observation Number of Observation Volunteer
Days Volunteers Hours Hours
April 3 10 8 26
May 2 5 7 17
June 4 14 13 46
Total 9 29 28 89

FLawson’s
Landing

Tomales

= A%«a ‘@;ﬁg& W?"

Figure 4. Map of the mouth of Tomales Bay. Grid encloses
the observation area around Clam and Seal Islands. Star
marks the Tomales Point monitoring location.



The observation area was 1,260 m by 1,260~

m (4,200 {t by 4,200 ft) and encompassed most of

Clam and Seal Islands and a portion of the sur-

rounding waterways (Figure 4). To estimate dis-

Table 2. Total number of observation days, volunteers, ob- tance within the monitoring area a grid was laid
servation hours, and volunteer hours at the Tomales Point  gyer a map of Tomales Bay, which was accurate

monitoring site during 2000. within an error of £90 m (300 ft). Spotting scopes
Month Observation Number of Observation Volunteer were used to monitor seal behavior and human
Days Volunteers Hours Hours activities within the g rid.

March 1 4 3 12 At half-hour intervals, volunteers counted
?gvﬂ 2 ié g jg the number of seals hauled out on the Islands and
June 4 10 18 44 noted their locations. Pups were counted from the
beginning of March to June 15. After mid June it

Total H 33 48 149 becomes hard to discriminate between small, newly

molted yearlings and large, older pups. The num-
ber of red pelage seals and wounded seals were
also noted. Féllowing these counts, observers re-
corded the number of head alerts for a focal group
of seals during a 3 minute period to measure the
seals’ vigilance (Terhune, 1985). A head alert was
defined as a seal raising its head and clearly look-
ing around.

In addition to the half-hour counts, volun-
teers collected environmental data, monitored har-

450
@ 400 bor seal behavior, and enumerated human and other
[ 0 o e s - ° 0 .

& 380 activities within the monitoring area. Environmen-
53007 o tal data recorded included tide height, wind speed,
2 250 B Adulis & Pups el

E 200 ® pups cloud cover, precipitation, and temperature. Seal
Z150 behavioral data included head alert, approach wa-
g, |

gt (5)3 ter (seal movement towards the water but not com-

pletely into the water), and flush (seal entering the

S 38883323 ¢ S S water in one continuous movement). Time, dura-
2223383 © 2 tion, and location of the seal behavior and activity
~ <t —~ ~ w0 ~ ~ [{s] ~— ~ .

® v 00 © © type were logged. Seal behaviors were recorded

Date of Observation o e .
‘ regardless of human or other activities and vice-

Figure 5. Mean daily seal counts on Clam and Seal Islands versa. Any association observed between an ac-

observed from Tomales Point, 2000. tivity and a seal behavior was noted. The “un-
known” activity classification was special; it served
as the default category when seals were observed
flushing or approaching the water for reasons un-
known to the observer. Unknown was different
from other activity types in that it was defined by
the seal’s behavior, and 100% of unknowns were
associated with flushes and/or approach waters. All
recorded seal disturbance behaviors were associ-
ated with an activity, known or unknown.

g
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Conventional descriptive statistics were
performed on the data. Most relationships are de-
scribed as correlations (R) while the strengths of
the relationships are reported as proportions of
variances (R?).

ResuLts
Sear NUMBERS & VISITORS

In 2000, harbor seal numbers peaked dur-
ing May with a maximum of 462 seals observed.
Numbers of pups peaked during May with a maxi-
mum of 81 pups observed. The first pup of the
2000 season was seen on April 9. The mean counts
for the 2000 pupping season were 262.1 total seals
and 27.7 pups (Figure 5).

Figure 6 shows that in 2000 there was no
strong relationship between the number of seals
hauled out and the overall rate of human activi-
ties.

Acrvities & FLUSHES

In 2000, clammer was the most frequent
activity at the Islands, at a rate of 38.49 clammers/
hour, followed by 13.71 motorboats/hour, 0.61
docents/hour and 0.36 kayaks/hour (Table 3).
Seals reacted 12 times to unknown causes at a rate
of 0.21/hour. All other activities had less than 10
occurrences. Less than 1% of clammers were as-
sociated with flushes, while 9% of motorboats and
29% of kayaks were associated with flushes. There
were a total of 82 flushes in 2000, at a rate of 1.72
flushes an hour. ?

The data for 2000 revealed little correla-
tion between the rate of waterborne activities and
the flush rate (R = 0.01, R? = 0.00) but a negative
relationship between the pedestrian activity rate
and the flush rate (R = -0.29, R* = 0.08). Water-
borne activities included kayak and motorboat;
pedestrian activities included clammer, docent, and
dog.

In 2000, distances at which flushes oc-
curred from activities ranged from 0-382 m (0-
1,272 ft). The mean distance at which flushes oc-
curred was 110 m + SD 66 m (368 ft + 219 ft).
Figure 7 shows the mean distances between flushes
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Figure 6. Mean number of seals and number of human ac-
tivities per hour observed from Tomales Point, 2000.

Table 3. Total number of occurrences, occurrence rate, num-
ber of associated flushes, associated flush rate, and percent-
age of activity occurrences associated with flushes for all
activity types observed at Clam and Seal Islands, 2000.

Activity Number of Occurrence Number of Associated % Occurrence

Type  Occurrences  Rate Associated Flush Rate Associated
Flushes with Flushes
Aircraft 2 0.04 2 0.04 100%
Clammer 1,833 38.49 4 0.08 <1%
Docent 29 0.61 1 0.02 3%
Dog 9 0.19 0 0.00 0%
Fisher 1 0.02 0 0.00 0%
Kayak 17 0.36 5 0.11 29%
Motorboat 653 13.71 59 1.24 9%
Rowboat 2 0.04 1 0.02 50%
Sailboat 1 0.02 0 0.00 0%
Unknown 12 0.25 10 0.21 83%
Totals 2,559 53.15 82 1.72 3%
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Figure 7. Mean distance between flushing seals and associ-
ated activities at Clam and Seal Islands, 2000. T-bars show
standard deviations (Docent and Rowboat 8D = 0).
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Figure 8. Percentage of flushes occurring between 90 and
450 m at Clam and Seal Islands, 2000.
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and different activities. All flushes occurred within
450 m (1,500 ft) and most were within 90 m (300
ft, Figure 8). The number of seals that flushed was
higher the closer the associated activity (Figure 9).

Harpor Sear HEAD ALERTS

In 2000, the head alert rate showed a nega-
tive relationship to the number of seals (R =-0.41,
R2?=0.17). The head alert rate revealed no strong
relation with flush rate (R = 0.12, R* = 0.01).

DiscussioN

SEAL NUMBERS & VISITORS

The pattem observed in harbor seal num-
bers during the 2000 pupping season was consis-
tent with that observed during 1999 (Mortenson et
al., 2000) and 1998 (Mortenson et al., 1999). Har-
bor seal numbers peaked at the end of April or be-
ginning of May when pups were most abundant
and peaked again in mid-June at the start of the
molting season. There was little difference in the
mean number of seals observed over the three years
(238.71in 1998, 245.9 in 1999, and 262.1 in 2000).
However, the mean number of pups varied each
year (8.8in 1998, 34.21in 1999, 27.7 in 2000). The
weather in the 1998 season was affected by the
strong 1997/98 El Nifio-Southern Oscillation
(ENSO) Event which may explain the low pup
numbers that year. During El Nifio, increased pup
mortality, low pup weights, less maternal atten-
dance, and female out-migration have been ob-
served in California sea lions (Bonness et al., 1991,
Francis and Heath, 1991, Huber, 1991). If such
effects occurred in harbor seals, lower pup counts
might be expected.

Beginning in 1982 and ending in 1995, the
California Department of Fish and Game (CDFG)
conducted an annual census of harbor seals in Cali-
fornia. The CDFG counts were based on aerial
photographs from fly-overs during the last two
weeks of June and were supplemented by ground
counts during the census week. The most compa-
rable data from the SEALS study were collected
in late June 1998, 1999, and 2000 (maximum 366,
377, and 292 harbor seals, respectively). Although



the methods varied and a direct comparison is not
possible, any radical shifts in population trends
should be evident from the two data sets. The
SEALS counts fall within the range of the most

recent CDFG counts for Tomales Bay (196 to 431 122 | |
harbor seals, Fluharty 1999) suggesting that the 2 a0 -
Tomales Bay harbor seal population is stable. g 70 i
The unclear relationship between the over- 2 ;2 - . :
all rate of human activities and the number of seals § 407, g : -
hauled out in 2000 (R = 0.15, R* = 0.02) was simi- _;g 30 g o I
lar to previous years (1999, R = 0.00, R* = 0.00, § fg \5&& oo -
1998, R = 0.14, R* = 0.02). 0 8
In 2000, there was a positive correlation o e
between the pedestrian activity rate and the num- o 9&8;:; ;} iiﬁvif :)m>290 240 890
ber of seals (R = 0.34, R? = 0.12) possibly result- Y =20.172 - 074 " X; R'2 = .083

ing from both sharing preferences for low tides. Figure 9. Number of seals involved in a flush and the dis-
Clammers may be landing at the lower tides strictly tance from the associated activity, Clam and Seal Island,

to clam and not to view the seals. 2000.

AcTiviTies & FLUSHES

In 2000, the overall human activity rate
was 53.15 activities/hour, in 1999 it was 20.33/
hour, and in 1998 it was 93.48/hour (Figure 10).
In 1998, clammers constituted the overwhelming
majority of human activities at the Islands and
nearly all the pedestrian visitors. In 1999, during
the absence of the CLAM CLIPPER, the pattern of
recreational use on and around Clam and Seal Is-
lands changed. The Islands often had dozens of
pedestrian visitors each day instead of the hundreds
observed in past years (daily means of 45.2 visi-
tors in 1999 and 366.1 in 1998). Rather than be-
ing dominated by clammers, the Islands were more
equally visited by motorboats and clammers. With .. -
the suspension of the CLAM CLIPPER the fre- 1998 1999 2000
quency of activities decreased in the monitoring Year
area, but human related activities other than clam- Figure 10. Clamming and Motorboat occurrence rates ob-
ming, such as motorboating and kayaking, showed served during 1998, 1999, and 2000 at Tomales Point.
little change over the first two years (daily means
of 29.6 motorboats in 1999 and 35.7 in 1998). In
2000, the daily mean number of pedestrian visi-
tors increased to 166.6, and the daily mean num-
ber of motorboats increased to 59.4. More
clammers arranged independent boat travel to the
Islands during 2000. Recreational use patterns con-
tinue to shift each year in response to the absence
of the CLAM CLIPPER.

Clammer
B Motorboat

Number of Activities per Hour
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A harbor seal (P, vitulina) moves towards the water in an
approach water or flush.

Harbor seals (P vituling) raise their heads as a motorboat
moves past their haul-out in Tomales Bay.

By
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There was a total of 82 flushes in 2000,
with a rate of 1.72 flushes an hour. Most were
associated with motorboats (59 flushes at 1.24/
hour), then with unknown sources (10 flushes at
0.21/hour) and then with kayaks (5 at 0.11/hour).
In contrast, 41 flushes were observed during the
1999 season at a flush rate of 0.90/hour. In 1999,
fourteen unknown activities were the highest con-
tributors to the flush rate at 0.3 1/hour, followed by
eleven motorboats at 0.24/hour, and six kayaks and
clammers, both at 0.13/hour. In 1998, the rate was
even lower: 43 flushes were observed at a rate of
0.70/hour, and the leading causes were motorboats
(17 at 0.24/hour) and kayaks (11 at 0.13/hour).

Despite the changes in their numbers, clam-
ming has been the most frequent activity in all years
(38.49/hour in 2000, 11.65/hour in 1999, 83.53/
hour in 1998). Clammers were associated with a
low flush rate in all three years (0.08 flushes/hour
in 2000, 0.13 in 1999, and 0.08 in 1998). In all
three years, 1% or less of the clammer’s occur-
rences were associated with flushes. Once the
major cause of harbor seal disturbance, clammers
now seem to have little effect on the seals. The
Tomales Bay docent program appears to have been
successful in this regard. However, although
clammers were associated with flush events only
4 times during 2000, these events flushed the en-
tire haul-out. Often seals did not return to the haul-
out for the remainder of the shift. Docents were
unable to prevent these flushes because they oc-
curred on Clam Island (2 times) where the docents
were not present and on Seal Island (2 times) from
a motorboat drop-off inside the cone boundary set
up by the docents. In these cases, motorboats ini-
tially flushed all of one haul-out, and then clammers
got off the vessel and flushed the neighboring haul-
out. Designing an outreach program to target visi-
tors who arrive from individual vessels and dock
at many points on the Islands is much different
from addressing groups of visitors who arrive on a
single vessel at a standard landing point. A new
education strategy may be necessary to address
disturbance from motorboats.

Each year waterborne sources (kayak and
motorboat), despite being far fewer in number,
were associated with more flushes than pedestrian



sources (clammers, dogs, and docents). During
all 3 years, motorboats were associated with the
highest rate of flushes (59 at 1.24/hour in 2000, 11
at 0.24/hour in 1999, and 17 at 0.28/hour in 1998).
During 1999 the PRNS rangers patrolled Tomales
Bay and may have helped lower the motorboat
flush rate. In 2000 the PRNS patrol boat was not
operating for most of the clamming season, and its
absence may have contributed to the rise in the
motorboat flush rate. In addition the number of
motorboats recorded each hour almost doubled
(13.71/hour in 2000 and 7.36/hour in 1999). This
increased rate of boats most likely contributed to
the large increase in motorboats associated with
flushes.

Although far fewer in number than motor-
boats, kayaks have been associated with a high
flushing rate compared to all sources. During the
past 3 years, though, the percentage of kayaks as-
sociated with flushes has decreased from 48% to
29%. In 2000, 29% of the 17 kayaks were associ-
ated with flushes (0.11/hour), in 1999, 38% of the

16 kayaks were associated flushes (0.35/hour), and

in 1998, 48% of 23 kayaks were associated with
flushes (0.38/hour).

When human related activities were ana-
lyzed separately, the flush rate for 2000 was 1.51
flushes an hour, for 1999 0.53 flushes/hour and
for 1998 0.62 flushes/hour. In 1999 and 1998, the
human related flush rates were lower than the 1.33/
hour reported by Allen and King in 1991. How-
ever, the 2000 human related flush rate exceeds
Allen and King’s rate from a decade ago and may
represent what might be expected with the increase
in motorboat activity without the CLAM CLIPPER.

Although the average flush rate was high
during 2000, it should be noted that there were two
days on which an extraordinary number of flushes
were seen (Figure 11) and which influenced the
season average. There was no obvious reason for
the increased reactivity observed in the seals on
these two days. High reactivity in seals has been
noted after a shooting or shark attack (Mortenson,
personal communication), but there was no evi-
dence of either of these types of events.

The Point Reyes National Seashore (PRNS) boat on Tomales
Bay.

Flushes per Hour

3/19/00
4/9/00
4/10/00
4/24/00
5/7/00
5/21/00
5/22/00
6/4/00
6/5/00
6/18/00
6/19/00

Observaiion Day

Figure 11. Daily flush rates observed from Tomales Point,
2000.



A harbor seal (P, vitulina) head alerting.
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HAarBOR SEAL HEAD ALERTS

The mean head alert rate for the 2000 sea-
son was 0.48 alerts/seal/minute, for 1999 0.66 head
alerts/seal/minute, and for 1998 0.48 head alerts/
seal/minute. In 2000, the head alert rate showed a
clear negative relationship to the number of seals
(R=-0.41,R*=0.17). The head alert rate revealed
no strong relation to the flush rate (R = 0.16, R? =
0.01). During 1999, there was a weaker negative
correlation between the number of harbor seals
hauled out and the head alert rate (R = -0.29, R? =
0.08). In 1999, when the head alert rate was com-
pared with the flush rate, a weak positive correla-
tion was found (R = 0.26, R? = 0.07). Likewise,
data from 1998 were similar to 1999 with weak
trends for both of these comparisons.

In all three years, higher harbor seal counts
were correlated with lower head alert rates. This
is expected from vigilance theory (Terhune, 1985)
and indicates that individual harbor seals may be
less wary in large groups. Finally, SEALS data
suggest that the head alert rate may not be a good
indicator of harbor seal disturbance since the alert
rate and flush rate were only weakly correlated if
at all.



Borinas LAGOON

Bolinas Lagoon lies on the San Andreas
Fault where it emerges from the sea north of San
Francisco. Roads, fields, and houses surround this
triangular lagoon. Allen et al. (1984) studied seal
disturbance at Pickleweed mudflat and Kent Island
in Bolinas Lagoon in 1978 and 1979. Time lapse
movie cameras recorded activities near the haul-
outs, and the movie data were supplemented by
daylong monitoring sessions each month. At the
largest haul-out on Kent Island, the seals were dis-
turbed on 71% of the days monitored. Canoes were
the greatest source of known disturbance. At Kent
Island most known cases of disturbances occurred
within 100 m of the seals. Statistical analysis in-
dicated the closer the people, the more probable a
reaction.. In all, seals were flushed 0.09 times an
hour at Kent Island and 0.05 per hour at Pickleweed
mudflat.

In 1992, Morgan and Swift of The Marine
Mammal Center briefly studied seal disturbances
at Bolinas Lagoon. Volunteers observed the seals
at Kent Island and Pickleweed mudflat on week-
ends during the fall. The observers were asked to
note all human activities within 500 m of the haul-
outs regardless of whether a flush occurred, the
type of response made by the seals, the number of
seals flushed, the distance at which the flush oc-
curred, and the amount of time it took the seals to
rehaul. During the 109 hours of olzservation 68
possible causes for disturbances were noted.
Flushes were seen in 45 of the 68 potential occa-
sions and on 21 out of 23 weekend days. Canoes
and kayaks accounted for more than half of the
disturbances. Most flushes were caused by hu-
man activities occurring near the seals (< 100 m).
Overall, Morgan and Swift observed 0.41 flushes/
hour from all causes.

Residents of the Bolinas Lagoon area have
recently been concerned about the numerous cars
stopping alongside Highway 1. Many of these
motorists leave their vehicles to walk along the
Lagoon shore. Are these visitors disturbing the
seals? If they are, is the level of disturbance at the
Lagoon severe enough to merit intervention?

i%

Harbor seal (P, vitulina) pup in the GFNMS.

Visitors stop along Highway 1 and approach a vantagepoint
to view harbor seals (P, vitulina) in Bolinas Lagoon.
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Figure 12. Map of Bolinas Lagoon. Star marks point of ob-
servation at McKinnan Gulch, box indicates area monitored
for seal and human behavior.

Table 4. Total number of observation days, volunteers, ob-
servation hours, and volunteer hours at Bolinas Lagoon, July
1999-June 2000. :

Month Observation Number of Observation Volunteer
Days Volunteers Hours Hours

July 9 23 23 59
August 6 14 18 42
September 1 2 3 6
October 5 11 - 15 34
November 6 13 i1 27
December 6 13 i7 38
January 4 7 12 21
February 1 2 3

March 6 15 18 45
April 5 10 15 30
May 6 14 15 35
June 5 12 13 33
Total 60 136 163 376

To further the preservation of harbor seal
rookeries and to develop methods to reduce dis-
turbance, the SEALS program launched an inves-
tigation of activities along Highway 1 near the
Lagoon and their relation to seal numbers and be-
haviors. The first two study years (Mortenson et
al., 1999, 2000) suggested that land-based activi-
ties were associated with few flushes, while aquatic
activities were associated with more flushes. It
appeared that the seals were attracting visitors and
determining a major usage pattern at the Lagoon.
The SEALS program continues to study the effects
of human recreation on harbor seals in Bolinas
Lagoon and now has expanded to include the haul-
outs near Kent Island in 2000-2001.

MeTHOD

Teams of two to four observers were posted
year round at a small spit of land by McKinnan
Gulch (Figure 12). The monitoring area included
the Channel mudflat from its eastern curve north-
westward to the line perpendicular to Mile Marker
14.47 on Highway 1. If a haul-out remained ex-
posed for two hours, an observation took place for
three hours; if the haul-out was not exposed, ob-
servations were made for an hour. At half-hour
intervals, the observers counted the seals on
Pickleweed and Channel mudflats within the moni-
toring area. Pickleweed counts were conducted
on the northeast side of the mudflat. Protocol was
similar to that at Tomales Point. Observers re-
corded head alerts for a focal group of seals, col-
lected environmental data, and enumerated and
timed human activities along the east shore of
Bolinas Lagoon. Hikers were a special category
defined to include anyone who visited the Obser-
vation Spit or who came in close proximity to the
shore between the Observation Spit and Mile
Marker 14.47. Visitors were classified as people
in or out of cars east of the hiking area and further
away from the seals. Seal behaviors were logged
and activities noted. Compass bearings and
rangefinder readings were taken to determine the
distance of activities from the seals. Volunteers
also censused the entire Lagoon once each shift
and mapped the distribution of seals. From March



15 through June 15 pups were counted.

Data were collected from July through June
each research vear, beginning in 1997. The first
year of data collection (Mortenson et al., 1999) took
place during the strong ENSO event of 1997/98;
the second year of monitoring was largely con-
ducted during the La Nifia years of 1998/99
(Mortenson et al., 2000).

Volunteers monitored Bolinas Lagoon 65
times in 1999/00, which represented 163 observer
hours and 376 volunteer hours (Table 4). In addi-
tion Bolinas Lagoon volunteers traveled 10,770
miles and spent 246 hours to reach the Observa-
tion Spit.

REsuLTs

SEar NUMBERS & VISITORS

The annual pattern of seal numbers counted
within Bolinas Lagoon is illustrated in Figure 13.
These monthly mean seal numbers were generated
from censuses conducted once during each shift
and represent the entire Lagoon. There was a peak
in summer counts during July (monthly mean 168.9
seals, monthly maximum 234) followed by a win-
ter low during December (monthly mean 23.8 seals,
monthly maximum 34), increasing to a spring high
during April (monthly mean 129.2 seals, monthly
maximum 206). The mean seal count for the en-
tire Lagoon for the 1999/00 research year was 90.7
seals, obtained by averaging the means for each
month. ‘

Figure 14 shows the monthfy mean overall
seal and pup counts for the study area at Channel
and Pickleweed mudflats. The average number of
seals was 26.7, again calculated by averaging the
means for each month. The maximum number of
pups (Channel and Pickleweed haul-outs com-
bined) was 23.

As Figure 15 shows, the number of road-
side visitors per hour in 1999/00 tended to be higher
when more seals were present at Channel mudflat
(R =0.61, R? = 0.37), but the relationship of visi-
tor rate to seals at Pickleweed mudflat was weak
(R=0.13,R?=0.02). The number of hikers walk-
ing along the shoreline at Bolinas Lagoon was
positively related to the number of seals at Chan-
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Figure 13. Mean monthly seal counts for all of Bolinas La-
goon, July 1997-June 2000.
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nel mudflat in 1999/00 (R = 0.35, R* = 0.12) but

not clearly related to Pickleweed mudflat (R = 0.09,

8o B S R*=0.01).
¢ In the 1999/00 research year, the number

707
607 of seals at the Channel mudflat and the hourly rate
g 50 ] of visitors were both negatively related to tide (R
5‘6 zg b =-0.19 and -0.26, R? = 0.04 and 0.07 respectively). 7
> 207 Acrviries & FLUSHES
107
12 | I S ' Table 5 lists all activities observed within
20 0 - 20 40 60 80 100 120 the monitoring area including those associated (14)
Mean Number Seals at Channel with seal flushes. Most activities associated with
Y =8194+ 4287 X R'2 = 367 flushes were human related (9), while all the other

Figure 15. The roadside visitor rate and the average number flushes had no observable cause (5) and were clas-
of seals at Channel haul-out, July 1999—June 2000. sified as u nkilown. There were no flushes associ-
ated with other animals, as in the two previous re-
search years. Large percentages of canoes and
kayaks were associated with flushes, 44% and 12%
respectively. Only 3% of fishing activities were
Table 5. Tcte‘ll number of occurrgnces, occurrence rate, num- associated with ﬂushes, and 1% ofhikers, the most
ber of associated flushes, associated flush rate, and percent- . .. . .
common shoreside activity, were associated with

age of occurrences associated with flushes for all activity : -
types observed near Channel and Pickleweed haul-outs, July flushes. Roadside visitors to the Lagoon were as-

1999-June 2000. sociated with no flushes in 1999/00.

Activity Number of Occurrence Number of Associated % Occurrence Th.e meat} dlStan?e‘S‘at which ﬂUShlng

Occurrences  Rate  Associated Flush Rate Associated | occurred during various activities ranged from 60
Flushes with Flushes | 15 117 m (195 to 380 ft). The mean distance be-

Aireraft 3 0.02 0 0.00 0% tween an activity and flushing seals was 89 m +

Ambulance 1 0.01 0 0.00 0% -SD 21 m (290 ft + SD 69 ft).

Automobile 37 0.23 0 0.00 % Although few flushes were associated with

3 0, o o e . o s g

Bird 2 0.01 0 0.00 0% individual pedestrian activity types (hikers and

Canoe ’ 0.06 : 0.02 NG fishers), there was a positive correlation between

Chainsaw 7 0.04 0 0.00 0% ’ p . )

Dog 14 0.09 0 0.00 0% the hourly rate of all pedestrians combined and the

Fisher 18 0.3 1 0.01 3% rate of flushes (R = 059, R?= 035) The data also

Harbor Seal 2 0.01 0 0.00 0% revealed a positive correlation between the hourly

Hiker 366 2.25 3 0.02 1% rate of waterborne activity and flush rate (R = 0.58,

0/ . I .

Hom 28 0.17 0 0.00 0% R?=0.33). Waterborne activities were comprised

Kayak K 0.05 ! 0.01 12% of canoes and kayaks; no motorcraft were ob

Loud 1 0.01 0 0.00 0% yaxs;

Noise served.

Motorcycle 43 0.26 0 0.00 0%

Unknown 13 0.08 5 0.03 38% H4rBOR SEAL HEAD ALERTS

Total 9 1 . .

Fotal 372 351 14 0.09 0.98 Head alert rates did not show obvious cor-

relations to the numbers of recreationists and seals
in the 1999/00 data set. Data from all three study
years were combined to increase the sensitivity of
analysis and better detect any relationships. The
mean head alert rate at Channel mudflat was 1.02/

[N
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seal/minute and at Pickleweed mudflat was 0.85/
seal/minute. Daily head alert rates at Channel and
Pickleweed mudflats showed no clear relationship
to the daily rate of pedestrian (Channel, R =-0.09,
R? = 0.01, Pickleweed, R = -0.01, R* =0.00) or
aquatic activities (Channel, R = -0.06, R? =0.00,
Pickleweed, R = 0.16, R* = 0.03). The average
head alert rate was inversely related to the number
of seals present at Channel (R =-0.17, R* = 0.03)
and Pickleweed (R =-0.16, R? = 0.03). However,
these relationships between head alert rate and
number of seals were not strong.

Discussion

SEAL NumBERs & VISITORS

The monthly mean number of seals and
pups counted for the Lagoon in 1999/00 followed
the patterns reported for the previous research years
(Mortenson et al., 1999, 2000). There was a peak
during summer, a decline during fall, and a mini-
mum during the winter. The highest monthly av-
erages were in July each year (1999/00, 168.9 seals,
1998/99, 128.1 seals, and 1997/98, 151.6 seals).
The lowest monthly averages were in December
or January (1999/00, 23.8 seals, 1998/99, 14.8
seals, and 1997/98, 9.0 seals).

The mean count of 90.7 seals (maximum
234) for the entire Lagoon during the 1999/00 re-
search year was greater than the mean count of
58.2 during 1998/99 (maximum 235) and 64.8
during 1997/98 (maximum 212). * However, the
mean number of pups remained similar in all three
years (11.7 pups in 1999/00, 10.8 pups in 1998/
99, and 10.1 pups in 1997/98, all averages weighted
by months).

Three years of SEALS data are not enough
to establish a trend for Bolinas Lagoon, especially
given the variability of seal numbers and the two
recent weather extremes. However, a rough com-
parison can be made with past CDFG census counts
at Bolinas Lagoon. SEALS maximum counts for
June 1998 (102 seals), June 1999 (168 seals), and
June 2000 (188 seals) fall within the recent range
of values obtained from CDFG censuses (54 to 319
seals between 1982-1995, Fluharty, 1999). Thus,
there is no compelling evidence of any recent ma-
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Harbor seal (P, vitulina) scanning its surroundings.



The harbor seal (P, vitulina) haul-out on Channel mudflat in
Bolinas Lagoon.
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Figure 16. The roadside visitor rate and mean number of
seals at Channel haul-out, July 1997-June 2000.
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jor increases or decreases in harbor seal numbers
in Bolinas Lagoon.

The mean seal count for the study area at
Channel and Pickleweed mudflats (26.7 seals)
more than doubled from the preceding research
year (10.4 seals), reaching a level similar to the
first research year (24.1 seals, all averages weighted
by months). This indicates that seal haul-out pref-
erences within the Lagoon vary from year to year.

As in the previous research years
(Mortenson et al., 1999, 2000), the number of road-
side visitors in the observation area was highly
correlated with the number of seals at Channel
mudflat (R = 0.61, R? = 0.37) but to a lesser de-
gree with the seals at Pickleweed mudflat (R=0.14,
R? = 0.02). When the three research years are
combined, nearly half the variance in visitor rate
is accounted for by the number of seals at Channel
mudflat (R = 0.70, R? = 0.48, Figure 16).

The number of shoreside hikers this study
year was also positively related to the number of
seals at Channel mudflat, just as in previous years.
When data for all three study years are pooled, there
is a moderate relationship (R = 0.34, R? = 0.12).
However, the number of fishers counted over the
three years bears no apparent relationship to the
number of seals (R = 0.00, R? = 0.00).

The number of aquatic recreationists (boat-
ers of all types) is also related to the presence of
seals in the study area. To test this relationship, all
three research years were pooled and a Chi-square
was computed which showed that the presence of
aquatic recreationists was highly, significantly re-
lated to the presence of seals (phi = 0.252, Chi-
square P=0.0001). The same trend appeared when
the presence of kayakers and seals were compared
(P=0.001, phi=0.211), and when the presence of
canoeists and seals were compared (P = 0.011, phi
=(.167).

Three years of consistent, positive corre-
lations between the number of recreationists at
Channel mudflat and the number of seals suggest
that seals may attract recreationists to Bolinas La-
goon. This theory is further supported by the nega-
tive correlation between the number of visitors and
tide height. Seals tend to haul out when low tides
make the mudflats accessible. Visitors also tend



to appear at low tides when seals tend to be present.
These inverse relationships to tide have been seen
in all three research years and also when all three
years’ data are pooled for analysis for seals (R = -
0.19, R? = 0.04) and for visitors (R = -0.28, R* =
0.08). The presence or absence of harbor seals may
determine some of the major spatial and temporal
patterns of recreational use in Bolinas Lagoon.

AcTIviTiES & FLUSHES

This year’s study replicates the key find-
ings of the preceding research years. Shoreside
activities were associated with few flushes, and
waterborne activities were more likely to be asso-
ciated with flushes. Five out of 9 canoes (44%)
were associated with flushes at a rate of 0.06
flushes/hour, and 1 out of 8 kayaks (12%) was as-
sociated with a flush at 0.01 flushes/hour. In 1993/
99, 3 out of 9 canoes (33%) were associated with
flushes at 0.01 flushes/hour, and 7 out of 27 kay-
aks (29%) were associated with flushes at 0.03/
hour. In 1997/98, 2 out of 7 canoes (29%) were
associated with flushes at 0.01/hour, and 11 out of
41 kayaks (27%) were associated with flushes at
0.06/hour (Mortenson et al, 1999, 2000).

In this year’s study, hiking, the most com-
mon shoreside activity, was associated with flushes
in 1% of the cases (0.02 flushes/hour), compared
to 3% of the cases in 1998/99 (0.03 flushes/hour)
and 2% of the cases in 1997/98 (0.02 flushes/hour).
Roadside visitors to the Lagoon were associated
with zero flushes in 1999/00 and with a single flush
during each of the two previous research years
(0.04% of all visitors in 1998/99 at 0.005 flushes/
hour, 0.03% of all visitors in 1997/98 at 0.005
flushes/hour). The low rate of disturbance associ-
ated with land-based recreationists along the east-
ern shore of Bolinas Lagoon is impressive. The
presence of SEALS volunteers may cause
recreationists to be cautious around the seals re-
sulting in low disturbance rates. The degree to
which shoreside visitors disturb seals when vol-
unteers are not present is unknown.

QOver the last three years there has been a
decline in the number of flushes observed/hour.
The overall flush rate in 1999/00 was 0.09/hour,

iy

A harbor seal (P, vitulina) rests in the GFNMS.



Harbor seals (P, vitulina) alert to something in their environ-
ment.
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in 1998/99 it was 0.14/hour, and in1997/98 it was
(.16 times/hour.

The flushing rate during each research
cycle was slightly higher than or similar to what
Allen and her colleagues recorded separately for
Pickleweed mudflat (0.05/hour) and Kent Islands
(0.09/hour) in 1978/79 (Allen et al., 1984). The
flush rates from the SEALS studies were lower than
the 0.41/hour recorded in 1992 by Morgan and
Swift for Pickleweed mudflat and Kent Island com-
bined. Again, it is difficult to compare the flush-
ing rates, since the sites in the Lagoon were differ-
ent and the methods varied. Nonetheless, Morgan
and Swift’s study suggests that flushing rates may
have been higher in 1992. It could be that the rate
of disturbaiice has fallen over the years, as people
have become more sensitive to wildlife. It could
also be that the seals have become more habitu-
ated to people in the last two decades. Finally, it
could be that the presence of SEALS monitoring
teams inhibited recreationists from boisterous ac-
tivities and thus lowered the flush rate.

Harsor SEaL HEAD ALERTS

The average head alert ratio was inversely
related to the number of seals present at Channel
mudflat (R =-0.17, R?> = 0.03) and at Pickleweed
mudflat (R = -0.16, R? = 0.03) when data for all
three research years were pooled. However, this
relationship accounted for only a small fraction of
the variance. The tendency for lower head alert
rates to be associated with higher seal numbers is
to be expected based on the theoretical concept of
vigilance. According to vigilance theory, larger
groups spot predators more readily, since more
animals scan their surroundings. Individuals can
scan less and conserve energy, since overall the
group scans more.



CeNTRAL CALIFORNIA (COOPERATIVE
HAarRBOR SeAL CENSUS

One of the objectives of the SEALS pro-
gram is to determine harbor seal population trends
within and around the GFNMS. The first census
was organized by the GFNMS and was conducted
during the 1998 pupping season. These counts
provided estimates of the number of adult seals
and pups from southern San Mateo County to
northern Sonoma County. In 1999, sites in San
Francisco Bay were included and the time for the
census was extended into the summer molting pe-
riod when seal counts can be highest (Allen and
Huber, 1983). In 2000, sites at Point Bonita in the
GGNRA and at Corte Madera in northern San Fran-
cisco Bay were added. The central California
breeding and molting counts provide essential in-
formation on trends in harbor seal populations.
Fitzgerald Marine Reserve (FMR), GFNMS,
GGNRA, PRNS, FMSA, Seal Watch at Jenner, and
Seal Watch at Sea Ranch collected data. PRNS
and GFNMS coordinated the counts, and FMSA
provided data entry and analysis.

Harbor seals (P, vitulina) hauled out on a beach in PRNS.

METHOD

Ground counts of harbor seals during 1998
were made from April 18 through June 14. Semi-
monthly counts were made during the breeding
season at prominent harbor seal haul-out areas from
San Mateo to Sonoma Counties.

Counts during 1999 were made on selected
days from April 18 through July 28. Count days
were chosen to maximize the number of personnel
available in order to allow the best coastal cover-
age and to include a low rising tide. Teams were
asked to census at times when they would expect
numbers to be highest. In general, seal numbers
are highest in early afternoon during a low tide.
However, this is not always the case. At some sites
like the Russian River in Sonoma County, human
disturbance can lower numbers during mid-day
(Mortenson, 1996, 1997, and 1998). These haul-
outs were censused early in the day.
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Figure 18. Mean seal counts for various regions of the Cen-
tral California Cooperative Census, 1998-2000 (all years
combined). Pups counted April-May (1 pup was observed
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Figure 19. Proportion of the total number of seals repre-
sented by pups at congistently monitored haul-outs, 1998—
2000 (all years combined). Pups counted April-May.

Counts for 2000 were made on selected
days from April 30 through July 7. Again the days
were selected to optimize personnel available and
to include a low tide. (In some cases, counts were
included that were made on other days in the cen-
sus weeks).

REesuLrs

Sites that were consistently monitored for
all three years were compared for total seals and
pups (Figure 17). These sites were separated into
three regions: Point Reyes, the Russian River, and
Sea Ranch. The data showed evidence of stability
in the total number of seals and pups.

The'size of the haul-outs varied between
different regions of the census (Figure 18). Point
Reyes National Seashore haul-outs were the larg-
est on average, San Francisco haul-outs were in-
termediate, and Point Bonita, San Mateo, Russian
River, and Sea Ranch haui-outs were smallest.
PRNS haul-outs had more pups than any other re-
gion, and Point Bonita had the least, only one pup
having been seen in the 2000 census late in the
count period. The regions differed in the average
proportion of pups observed at haul-outs in April
and May, which are the primary pupping months
(Figure 19). The mean proportion of pups was
highest for haul-outs surveyed at Point Reyes and
Sea Ranch and was lowest for the Russian River
haul-outs. )

Table 6 presents the seasonal mean num-
ber of seals and pups, maximum number of seals
and pups, and percentage of pups seen at all regu-
larly censused sites during the census.

ISCUSSION

There was no obvious trend in overall seal
numbers from 1998 to 2000 at the consistently
counted sites, despite the successive ENSO and
La Nifia years represented in the census. It could
be that harbor seals may not be as severely affected
as other pinnipeds during ENSO events. The har-
bor seal population appears to be stable in central
California (comparison of the current values with
long-term data from Fuharty, 1999; Mortenson and
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A SEALS volunteer keeps an eye on harbor seals
hauled out in Tomales Bay.

Twohy, unpublished data; Sarah Allen, personal
communication).

New sites were added in 2000 at Point
Bonita, Corte Madera, and along the San Mateo
coast. The more completely our surveys cover the
coast, the better we will be able to determine and
track the harbor seal population of the central Cali-
fornia coast.



SUMMARY

Clamming continues to be the most fre-
quent activity on Clam and Seal Islands in Tomales
Bay. However, during the past three years, with
SEALS docents on the mudflats, clamming has
been associated with a low flush rate (0.08 flushes
per hour in 2000, 0.13 in 1999, and 0.08 in 1998).
One percent of the clammers has been associated
with flushing the seals. Prior to the SEALS pro-
gram, 51% of the clammers and fishers were asso-
ciated with flushes.

For the third year in a row, boating was the
dominant human activity associated with harbor
seal disturbance in Tomales Bay. In 2000, the mean
daily number of motorboats increased from 29.6
t0 59.4 and the associated flush rate increased from
0.21 in 1999 to 1.24 in 2000. Transportation pat-
terns of clammers to the Islands has shifted from
arriving to the Islands by barge to arriving by small
motorboats. In 1999, the PRNS rangers patrolled
Tomales Bay and counseled recreationists on how
to avoid wildlife disturbances. The presence of
the patrol ranger may have lowered the motorboat
flush rate. However in 2000, the PRNS patrol boat
was unable to operate for most of the clamming
season, and its absence may have influenced the
increased motorboat flush rate. The increase in
motorboats presents a new management challenge
for the Gulf of the Farallones National Marine
Sanctuary. In response to the increase in distur-
bance from motorboats, the Farallones Marine
Sanctuary Association will be f()rmii}g a commit-
tee to develop a plan on how to address this prob-
lem. Potential solutions include increased boater
education and enforcement.

Although a high percentage of the kayakers
have been associated with flushes over the past
three years, in Tomales Bay there has been a 40%
decline in associated flushes. In 1999/00, 29% of
the kayakers were associated with flushes com-
pared to 38% in 1998/99 and 48% in 1997/98. In
Bolinas Lagoon, the percentage of kayakers asso-
ciated with flushes dropped from 27% in 1997/98
and 29% in 1998/99 to 12% in 1999/00. How-
ever, in Bolinas Lagoon the percentage of canoe-
ist associated with flushes has increased from 29%
in 1997/98 and 33% in 1998/99 to 44% in 1999/

31

Clammers dig deep on Seal Island, Tomales Bay.



SEALS volunteers count harbor seals (P. vitulina) around
Kent Island at the new monitoring site on Bolinas Lagoon.

2000. Over the past two years, the Farallones Ma-
rine Sanctuary Association has been working with
the kayaking community to educate members how
to avoid disturbing wildlife. The Farallones Ma-
rine Sanctuary Association will continue its
kayaking education work and will address the in-
crease in disturbance from canoeists at the Bolinas
Lagoon Technical Advisory Committee’s wildlife
subcommittee.

The SEALS program was initiated in
Bolinas Lagoon to address the community’s con-
cern that shore-side visitors were disturbing rest-
ing harbor seals. Over the past three years, the
SEALS program has observed very little distur-
bance from shore-side visitors. One percent of the
hikers was associated with a flush in 1999/00 com-
pared to 3% in 1998/99 and 2% in 1997/98. Road-
side visitors were not associated with any flushes
in 1999/00.

During the last three years in Bolinas La-
goon there has been a decline in the number of
flushes observed per hour. The flush rate was 0.09
per hour in 1999/00 compared to 0.14 in 1998/99
and 0.16 in 1997/98. In July 2000, FMSA expanded
the SEALS monitoring program to observe the

~seals on the mudflats near Kent Island in Bolinas

Lagoon. This information will provide a clearer
picture of human activities and harbor seal distur-
bances in the Lagoon. FMSA can then compare
the present harbor seal disturbance rate-to past stud-
ies and evaluate if the rate is increasing or decreas-
ing.

In 2001, FMSA will be working with the
Golden Gate National Recreation Area and the
Marin Headlands Institute to help address harbor
seal disturbance at Point Bonita in the Marin Head-
lands. FMSA will work with the Park and the In-
stitute to develop a harbor seal monitoring program
for students.

Overall the harbor seal population along
the central California coast appears to be stable.
The Farallones Marine Sanctuary Association will
continue to encourage other researchers to join the
Central California Cooperative Harbor Seal Cen-
sus. With more sites included in the census, we
can create a more complete picture of the central
California harbor seal population and can deter-
mine habitat areas at greatest risk.



LITERATURE CITED

Allen, S. G. and H. R. Huber. 1989. Population dynamics of harbor seals in the Gulf of the Farallones,
California. California Fish and Game, 75 (4), pp. 224-232.

Allen, S. G. and H. R. Huber. 1984, Assessment of pinniped/human interactions in Point Reyes, Cali-
fornia 1983~1984. Initial Report to the Sanctuary Programs Office, National Oceanic and Atmo-
spheric Administration 1984, 71 pp.

Allen, S. G., and H. R. Huber. 1983. Pinniped assessment in the Point Reyes/Farallon Islands National
Marine Sanctuary, 1982-1983. Final Report to U. S. Department of Commerce, Sanctuary Pro-
grams Office, 79 pp. '

Allen, S. G., and M. E. King. 1992. Tomales Bay Harbor Seals: A Colony at Risk. Proceedings form
the 3rd Biennial State of Tomales Bay Conference, pp. 33-37.

Allen, S. G., C. A. Ribic, and J. E. Kjelmer. 1988. Herd segregation in harbor seals at Point Reyes,
California. Calif. Fish and Game, 72 (1): 55-59. ,

Allen, S. G., D. G. Ainley, and G. W. Page. 1984. Haul out patterns of harbor seals in Bolinas Lagoon,
California. Fishery Bulletin, 82 (3): 4900.

Allen, S., and H. Markowitz. 1999. Monitoring the Potential Impacts of the Seismic Retrofit Con-
struction Activities at the Richmond-San Rafael Bridge on Harbor Seals (Phoca vitulina): May -
December 1998. THA Interim Report, 27 pp.

Calambokidis, J. and S. J. Jeffries. 1991. Final Report. Censuses and disturbances of harbor seals at
Woodard Bay and recommendations for protection. Prepared for the Washington Department of
Natural Resources. Cascadia Research Collective, Waterstreet Bldg., Suite 201, 218 1/2 W. 4th
Ave, Olympia, WA, 44 pp.

Da Silva, J. and J. M. Terhune. 1988. Harbour seal grouping as an anti-predator strategy. Animal
Behaviour (36):1309-1316.

DeLong, R. L., G. A. Antonelis, C. W. Oliver, B. S. Stewart, M. C. Lowry, and P. K. Yochem. 1991.
Effects of the 1982-83 El Nifio on several population parameters and diet of California sea lions on
the Californian Channel Islands. ‘In Pinnipeds and El Nifio. Edited by F. Trillmich and K. A. Ono.
Berlin: Springer-Verlag, pp. 166-172.

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

1,49 pp.
Francis, J. M. and C. B. Heath. 1991. The effects of El Nifio on the frequency and sex ratio of suckling

yearlings in the California sea lion. In Pinnipeds and El Nifio. Edited by F. Trillmich and K. A.
Ono. Berlin: Springer-Verlag. pp. 119-128.

Gaspari, S. 1994. Haul-out behaviour, site fidelity and vigilance of common seals (Phoca vitulina) and
grey seals (Halichoerus grypus) in the Tees Estuary. M. A. Thesis, University of Durham, England,
71 pp.

Heim, M. 1998. County Population Projections with Race/Ethnic Detail. State of California, Depart-
ment of Finance, Sacramento, California, December 1998.



Huber, H. R. 1991. Changes in the distribution of California sea lions north of the breeding rookeries
during the 1982-83 El Nifio. In Pinnipeds and El Nifio. Edited by F. Trillmich and K. A. Ono.

Berlin: Springer-Verlag, pp. 129-137.

Morgan, L. and Swift, R. 1992. The effect of disturbance on harbor seal haul-outs in Bolinas Lagoon,
California. Marine Mamumal Center Marin Headlands GGNRA Sausalite, CA 94965.

Mortenson, J. 1996. Human Interference with Harbor Seals at Jenner, CA 1994-1995. Stewards of
Slavianka, Sonoma Coast State Beaches, Russian River/Mendocino Park District, California State
Parks. Duncan’s Mills, CA, 48 pp.

Mortenson, J. 1997. Breaching of the Russian River and its Effects on Humans and Seals in 1996. In
Biological and Water Quality Monitoring in the Russian River, 1996. Report submitted to the
Sonoma County Water Agency by Merritt Smith Consulting, Lafayette, CA, 19 pp, 67 app.

Mortenson, J. 1998. Breaching of the Russian River and its Effects on Seals in 1997. In Biological
and Water Quality Monitoring in the Russian River, 1997: Second Annual Report. Report submit-
ted to the Sonoma County Water Agency by Merritt SmithiConsulting, Lafayette, CA, 25 pp, 114
app. ) v

Mortenson, J. and Twohy, E. 1995. Harbor Seals at Jenner, CA 1974-1993. Duncans Mills, CA:
Stewards of Slavianka, Sonoma Coast State Beach, California Department of Parks and Recre-
ation, 34 pp.

Mortenson, J., J. M. Brown, J. Roletto, L. Grella, L. Culp, and J. Kinman. 2000. SEALS Annual
Report: July 1998-June 1999. Unpublished Report, National Oceanic and Atmospheric Adminis-
tration, Gulf of the Farallones National Marine Sanctuary, San Francisco, CA, 40 pp.

Mortenson, J., J. M. Brown, J. Roletto, L. Grella, and J. Campo. 1999. SEALS Annual Report: July
1997-June 1998. Unpublished Report, National Oceanic and Atmospheric Administration, Gulf of
the Farallones National Marine Sanctuary, San Francisco, CA, 19 pp.

Terhune, J. M. 1985. Scanning behavior of harbor seals on haul-out sites. Journal of Mammalogy ,
66(2): 392-395

U.S. Bureau of the Census, Current Population Reports, Series P25-1130, “Population Projections of
the United States by Age, Sex, Race, and Hispanic Origin: 1995 to 20507, March 1996.

Weber, P. 1994. It comes down the coasts. Washington, D. C., World Watch. March/April, pp 20-29.



ACKNOWLEDGMENTS

STAFF

Sanctuary Manager: Ed Ueber, Gulf of the Farallones National Marine Sanctuary

Executive Director: Maria Brown, Farallones Marine Sanctuary Association

Research Coordinator: Jan Roletto, Guif of the Farallones MNational Marine Sanctuary

Volunteer Coordinator: Leslie Grella and Dave Osorio, Farallones Marine Sanctuary Association
Data Manager: Joe Mortenson, Farallones Marine Sanctuary Association

Research Associate: Leah Culp, Farallones Marine Sanctuary Association

ADVISOR

Dr. Sarah Allen, Point Reyes National Seashore

SEALS & CentraL CALIFORNIA COOPERATIVE HIARBOR Seal CeNsus VOLUNTEERS

Birgit Acar, Viki Adam, Hillary Adams, Adan Araya, Lisa Araya, Kim Austin, Chaz Benedict, Gordon Bennett, Amy
Bohorquez, Denise Boltas King, Caroline Bolthouse, Ellen Braithwaite, Judy Bray, John Brewder, Priscilla Burgess, Sandy
Bush, Mary Cantini, Catherine Cao, Kate Carolan, Eva Coffin, Sarah Courbis, Dru Devlin, Katie Eckert, Susan Edwards,
Patricia Faria, Ginger Flath, Mary Follis, Linda Franke, Lee Franks, Teri Fructman, Darren Fung, Michael Galloway,
Gilbert Gonzales, Debbie Green, Emma Grigg, Lisa Hamilton, Dan Howard, Rea Inglesis, Sue Johnson, Jeni Kardinal,
Jessica Kinman, Eric Larson, Joanne Lasnier, Christer Lewenhaupt, Belita Lewis, Ed Martinez, Quentin McCart, Tina
Mori-Prange, John Mulliken, Barry Nickel, Judith Novak, Cathy O’Brien, Araba Oglesby, Jen Osborn, Kathy Petrick, Tami
Piccone, Lin Renner, Miriam Rodstein, Regan Rostain, Kristin Rothballer, Suzanne Roy, Karen Sass, Patti Schick, Allan
Schreiber, Ligia Sequeira, Kevin Shaw, Susan Sherman, Colin Smith, Alice Straus, Angelica Tercero, Cassidy Teufel,
Susan Tompkins, Gwen Toney, Marilyn Travis, Tina Tucker, George Kunio Uehara, Jerry Vurek, Laurie Walcutt, George
Wenzel, Dale Wenzel, Wendy Wiler, Chris Wilmers, Robert Wilson

ADDITIONAL SUPPORT

Chuck Morton, CalTrans

DoNATIONS

Hakuba USA

Teri Fructman
Mimi Mengis

Jerry Vurek

FunpERS

Gulf of the Farallones National Marine Sanctuary
Marin Community Foundation
County of Marin



