





dedicated aerial surveys designed for
those species.”

Overall, shore-based observers were
limited by their ability to identify spe-
cies at great distances, and “Big Eye”
observers were unable to survey within
0.6 km of shore. Aerial surveys were
conducted at 305 m (1,000 ft) altitude,
ideal for viewing large whales and large
schools of dolphins but not for smaller
cetaceans that tend to travel alone or in
small groups.

Oceanography

The increased diversity of cetacean
species observed after 1980 off central
California (Dohl et al.'?; our study)
may, in part, be because of oceano-
graphic warming observed from the
1980’s through the 1990°s (Lluch-Belda
et al., 2001, 2003, 2005). This was
evident in the number of warm months
that occurred during gray whale census
operations after 1989 (Table 9). A simi-
lar increase in diversity of odontocete
species in Monterey Bay was observed
following the onset of the 1997-98 El
Nifo (Benson et al., 2002).

Northward dispersal of fauna during
warm periods has been described for
a number of southern California spe-
cies (Lluch-Belda et al., 2003, 2005).
These faunal assemblages include prey
important to cetaceans such as sardines,
Sardinops sagax; anchovy, Engraulis
mordax; squid, and zooplankton. Ge-
netic analysis of population structure
of the market squid, Loligo opalescens,
a common prey species of many of the
odontocetes described here, suggests a
north and south migration within shelf
waters (Reichow and Smith, 2001) as
well as inshore and offshore move-
ments during the spawning season
(Spratt, 1979). Warm waters play a
key role in the spawning cycles and
locations used by many of these prey
species (Hernandez-Vazquez, 1994;
Lluch-Beldaetal.,2001), and the range
of some of these species has extended
north to Alaska during strong El Nifio
years (Wing and Mercer, 1990; Wing
et al., 2000).

The 1977 and 1989 Pacific regime
shifts also affected abundance, recruit-
ment, and biomass of a number of
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Figure 9.—Cetaceans in the Granite Canyon study area observed through “Big Eye”
(25%) binoculars (see also Fig. 4) during systematic watches of the southbound
migration of gray whales, 1992-2007. Symbols denote Pacific white-sided dolphins
(black triangle), Dall’s porpoise (gray square), northern right whale dolphins (open
circle), killer whales (black star), Risso’s dolphins (gray cross), harbor porpoise
(gray diamond), minke whale (open diamond), common dolphins (open square),
and bottlenose dolphins (open cross). Boxes A, B, and C zoom in on the cluster of

sightings closer to shore.

cetacean prey species. Small pelagic
fishes appeared to benefit from warmer
temperatures while declines were noted
in a number of larger pelagic fishes (e.g.
Pacific salmonids) and groundfish (see
review in Benson and Trites, 2002). In
particular, after the 1989 regime shift,
production improved off California for
Pacific hake, Merluccius productus;

herring, Clupea pallasi; and sardines
(Benson and Trites, 2002). The distribu-
tion of hake and sardines northward was
also observed after 1989 (Benson and
Trites, 2002). It is possible that sight-
ing rates of common, Risso’s, Pacific
white-sided, and bottlenose dolphins
were also driven by these shifts in prey
availability (e.g. Keiper et al., 2005).
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Forays into waters north of Point Sur
during the winter months by common
dolphins (Fiscus and Niggol, 1965)
and bottlenose dolphins (Wells et al.,
1990; Feinholtz, 1996) appeared to be
uncommon before the 1982—-83 El Niiio.
The studies by Fiscus and Niggol (1965)
and Dohl et al.'? happened to coincide
with strong El Nifio events followed
by protracted warm periods that lasted
well after the tropical signal had disap-
peared (McGowen et al., 1998; Lluch-
Belda et al., 2005). These events may
explain why a large group of common
dolphins was observed well north of
our study area, near San Francisco Bay
in February 1959 (Fiscus and Niggol,
1965). Common dolphins are considered
intermittent visitors to this region and
are strongly associated with warmer
waters (Benson et al., 2002). Bottlenose
dolphins along the California coast have
also been described as warm water spe-
cies (Wells et al., 1990).

In the mid to late 1800’s, a prolonged
warm water period occurred with a
number of moderate to strong El Nifio
events (Quinn, 1993; Engstrom, 1994).
Warmer water fishes moved northward
and persisted in the waters near Mon-
terey (Hubbs, 1948). A few specimens
(jawbones and skulls) of bottlenose
dolphins from this time period were
collected near Monterey and San Fran-
cisco Bay (Andrews, 1911; Kenyon,
1952; Orr, 1963). Banks and Brownell
(1969:269) noted these possible links
between warm water events and shifts
northward in the range of bottlenose
dolphin as they followed their preferred
prey.

Risso’s dolphins were found year-
round in offshore waters of central Cali-
fornia but movements inshore seemed to
occur during warm periods, particularly
where the continental shelf narrows in
the Monterey area (Leatherwood et al.,
1980; Dohl et al.!2). Dohl et al.! 2 found
that in winter Risso’s dolphins were in
greatest abundance and closer to shore
(approaching the 183 m isobath) than
during any other season (see also Fig.
6). Pacific white-sided dolphins are
also found year-round in the study area
(Black, 1994). Black (1994) noted when
sea surface temperature anomalies were
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Table 9.—Monthly graphic anc

observed during the census of southbound migrating gray whales

(1967-2007). The number of warm and cold sea surface temperature (SST) months and negative and positive
upwelling indices (Ul) months are shown for periods before and after Pacific regime shifts (Mantua et al., 1997;

Hare and Mantua, 2000; Benson and Trites, 2002).

Number of census months

Monthly anomaly Before 1977 1977-1989 After 1989 Total p-value
Warm SST 7 1" 17 35 0.003"
Cold SST 20 10 6 36

Negative Ul 20 19 17 56 0.11
Positive Ul 7 1 7 15

1 = total anomaly months were significantly different among

high, Pacific white-sided dolphins were
more abundant and closer to the shelf
edge. Foraging Pacific white-sided dol-
phins were also found closer to the shelf
edge and in shallower water than during
any other activity (Black, 1994:39).

Overview and Conclusions

Shore-based sites south of Carmel
were selected for counting gray whales
during their southbound migration
because these whales pass close to the
shore in this area, apparently an effect of
having just crossed some deep maritime
canyons to the north. Results from these
gray whale counts have been published
in numerous journals (see Literature
Cited section), but a valuable part of the
dataset that was ignored in these publi-
cations was the record of other cetaceans
also seen from these research sites. Al-
though there were unknown numbers of
animals missed by shore-based observ-
ers, the consistent search effort from
early December to mid February with
one person searching at a time provides
a documentation of sighting rates that
can be compared across the 40-year
history of this project. Some aspects of
the research protocol have changed, es-
pecially in the late 1980’s with increased
emphasis on detailed records of sighting
time and location (Laake et al., 2009),
but the methodological changes have not
significantly altered the search effort.

A consistency in effort has been im-
portant to the goals of the gray whale
census because accurate estimates of
whale abundance and trends require
consistent, predictable effort. By follow-
ing a strict, systematic research protocol,
the search effort lends itself to tests of
the system, allowing for correction fac-
tors that can improve the accuracy of
abundance estimates, which is vital for

regime periods.

species management. This uniformity in
effort has provided an excellent platform
for the current study, documenting ceta-
ceans seen during the gray whale census.

Despite difficulties in detecting and
identifying the variety of cetaceans in
coastal waters of central California,
there seemed to be an increase in the
diversity of species and sighting rates
through the study period, 1967-2007.
Warm periods and El Nifio events
likely played a role (e.g. Benson et al.,
2002; Dohl et al.!?). The warm period
observed during the 1990°s (Table 9)
may partially explain the increase in
sighting rates and diversity observed at
the census site compared to the much
cooler temperatures of the 1970’s. This
suggests a response to regime change
(e.g. Fiedler, 2002; Chavez et al., 2003)
rather than shorter scale variability such
as a warm or cool year. Unfortunately,
gaps in the census dataset exist during
particularly strong El Nifio and La Nifia
events in the 1980’s and 1990’s. Overall,
this time-series is unique in that it spans
four decades and provides some insights
into cetacean habitat use in central Cali-
fornia during winter months.
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