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Abstract

In this paper. we present an overview of the seabird
communitics of the California Cuarrent System, refating
large-seade patterns of abundance. distribution, and species
diversity to physicat and biologicat characteristics of the ocean
habitat.

The population of seabitds that feed in waters of the
Calitorma Current System during the hreeding season is about
EO million individuals, comparable 1o populations in the
Benguels and Senegal upwelling systems. Excluding terns and
other nearshore mhabitants, 19 species have breeding
poputations exceeding 1000 individuals, The Common Murre
Uria galee s the premuer breeding species, accounting tor
about 434 of the Calttormia Current totad. Size and specites
compositton of Caliternia Current breeding populations vary
with latitude. More thas 80% of the breeding seabirds nest
dlong the coasts of Oregon and northern California in the zone
Oof strongest and most persistent upwelthing, A distinet change in
Taunal composition occurs in the vicinity of Point Conception.

Occaographic conditions, species composttion, and
totat abundar ce of bird populations at sea vary with latitude,

Cseivon, and distimee from shore. Surface waters are generally
coter, less sahine, wid richer in organic nuirients at higher
latituddes. Lattudinal trends in seabird distribution are seasonal:
I winter. average density is highest oft southeen California, but
density iy fowest there in sununer. Primary production and
seabird bromass are highest over the continental shelf, moderate
over the sfope, and lowest in deep (>2000-my offshore waters.

- Bird density at sea is highest during spring and fall
mgration and higher in summer than in winter, Species |
diversity s ughest during migration and lowest in midsummer.

- In sumimer, the avitauna consists primarily of local breeders and

visitors from nesting colonies in the southern and central
Pacific. The Sooty Shearwater Puffinus eriseus is the most
u}‘lumlunl species over the shelf and slope during this season.
]_h¢ wanter fauna consists primarily of Tocat breeders and
visitors from boreal and infand colonies; guils and alcids are the
predominant species, achieving their southemmost dispersal in
lhis season. Year-to-year variability in the abundance,
distribution, and composition of hird populations at sea results
from EI N ino-Southern Oxscillations and other large-scale

- events,

The primary threats to California Current seabird
populations are fisheries, floating oil, and toxic chemicals.
Bregdin g populations are vulnerable also to colony disturbance
the wntroduction of nonnative predators, and habitat loss, |
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Résumé

Dans cette ctude, les auteurs présentent un apergu des
collectivités d'oiseaux marins dans les régions du courant de
Californie, en comparant les schémas, a grande échelle,
¢ “abondance, de distribution et de diversité des especes aux
caractéristiques physiques et biologiques de 'habitat océanique,

La population d'oiseaux qui s'alimentent dans les
répions du courant de Californie durant la période de
reproduction compte environ 1,9 million d’individus . se
compare aux populations des courants ascendants de Benguela
et du Séndgal. Exception faite des sternes el des autres oiseaux
cOtiers, 19 especes ont une population de nicheurs supérieure §
| 000 individus. La Marmette de Trott Uria aalge est 'espece
reproductrice dominante, puisqu’elle représente environ 43 %
de tous les oiseaux marins du courant de Calitornie. La taille et
la composition en especes des populations varient selon la
latitude. Plus de 80 % des reproducteurs nichent le long des
cotes de 'Oregon et du nord de la Californie, la ot les eaux
ascendantes sont les plus vives et les plus constantes. La
compaosition de 'avifaune subit un changement brusque prés de
la pointe Concepcion. |

Les conditions océanographiques. la composition en
espeees et 1'abondance totale en mer varient selon la latitude, a
satson et Péloignement du rivage, Aux latitudes supérieures, les

~eaux de surface sont habituellement plus froides, moins salées

ct plus riches en substances organiques. Les tendances de
distribution en fonction des latitudes sont des tendances
saisonnieres. En hiver, la densité moyenne atteint un sommet au
large du sud de la Californie. En été, on y observe le

phénomene contraire. La productivité primaire et la biomassc

d oiseaux marins sont supéricures au-dessus de la plate-forme
continentale, moyennes au-dessus de la pente continentale et
inférieures dans les eaux du large (> 2 000 m).

La densité de I'avifaune cn mer atteint un sommet
pendant les migrations du printemps et de 'automne, Elle est
plus forte I’été que I'hiver, La diversité des espéces atteint un
sommet pendant les périodes de migration et un creux au milieu
de 'été, Pendant la saison estivale, 1*avifaune comprend surtout
des nicheurs locaux et des visiteurs provenant des colonies
Ctablies dans les régions australe et centrale du Pacifique. Le
Puffin fuligineux Puffinus griseus est I"espéce la plus
abondante, en été, au-dessus de la plate-forme et de la pente

- continentales. En hiver, I'avifaune comprend surtout des

hicheurs locaux ct des visiteurs provenant des colonics étublies
dans les régions boréalés et dans les terres. Les especes
domlpames sont alors des mouettes, des goélands et des alcidés,
des oiseaux dont I'aire de dispersion est pendant cette saison la




¢

lus méridionale. La variabilité d'une anndée i 'autre de

‘ “é I*abondance, de la distribution et de la composition des

“ populations en mer est attribuable & I"épisode EI Nifio-
" oscillation australe et aux autres événements climatigues de

grande envergure,
Les populations d’oiseaux marins des régions du

courant de Californie sont menacées d abord ¢t avant toul par
les activités de péche, les nappes d hydrocarbures et tes
substances toxiques. Les populations de nicheurs souffrent
également de la perturbation des colonies, de introduction de
prédateurs non indigenes et de la destruction de feur habitat,

L. Introduction

Marine bird communitics of the Paciic coast of North
America, from Baja California (Mexico) to Washington, are
structured primarily by oceanographic conditions in the
California Current, an eastern boundary current, Eastern
houndary currents are zones of intense upwelling, rich in
temporal and spatial variability. and are highly productive.
supporting some of the world’s richest fisheries and farge
populations of marine birds (Cushing 19715 Parrish et al. 1981
Flament et al. 1985; Landry and Hickey 1989). The California
Current supports almost two miltion nesting scabirds and al
least twice that many scasonal visitors (Briggs et al, 1987,
1992). In this paper, we present an overview of the seabird
communities of the California Current System (CCS). relating
large-scide patterns of abundance, distribution, and species
diversity to physical and biological chuaracteristics of the ocean
¢nvironment, .

The key to understanding the relationship between

seabirds and their marine habitat is knowledye of the patterns of

nrey distribution: and abundance and of the oceanographic

processes and conditions that influence these patterns. Recentdy.,

we have begun to understand that spatial and tenpora?
vatiability in prey persistence and predictabifity should be
reflected by the distribution patterns of seabirds (e.g., Briggs ¢f
al, 1987), By examining the scales over which birds aggregate,
it is possible to infer which oceanographic processes are likely
1o he of trophic importance. It is necessary, however, o
consider variability in bird distribution and community
cormposition over a range of temporal and spatist scales (Hunt
and Schneider 1987). For example, large oceanographic

features Hike the California Current comprise numerous sigller-

scale (10°-10° km) processes and features that may be
important to birds, The refevant time scales range Trom century -
and decade-long events to annual, scasonal, and daily variaton
(Stommel 1963 Haury et al. 197%).

The seabird populations and the oceanography of the
California Current have been relatively well studied. Ship and
airplane surveys at sca (Briggs ci al. 1987, 199.0) and colony
censuses (Sowls et al. 1980; Hunt et al. 1981; Ainley and
Boeketheide 1990; Carter et al, 1990, 19921 have described
variation over time scales of days to months or years and spatial
scales of 10"-10° km. By considering the results of these
surveys cumulatively, we can appreciate some of the
currentwide distribution patterns and the driving processes thitt
shape them, |

2.  Oceanographic overview
The California Current is the castern limb of the clock-

wise circulating North Pacific Gyre (Fig. ). Fed from the north
by the easterly flow of the West Wind Drift, the California

Flgure | .
Map of the Cahfornia Current System =
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Reitiah Columbia Gabout SO N Tatituden and ow s wouthwands
For 2800 hm betore turmine southw et waany from the contment,
off Baga Calttorni, Mexwo tabout 25 N atitudes

Eastern boumdarsy currents are consadered broad,
Jdow -moving, untlorm sheets at cool water. butl i fact they are
compley current systems. fn the CON, the miin surtace How ae
200-m e ptiyy paralicls the shorelime. franmporting cool, tresh,
nutrient-rich, subarctic water southwards, The physacal and
chemical chiracter of the surbice waters changes with latiude
ax the subaretic watter mies svith the warrmer saltier, putnent
and oxveen-limited centril gyre watess fromd the west Strfiacy
Maw is contred 250- SO0 A otfshore and s stroagest (8 S m/s

i spring and summer. Embedded w ithin the Tow are snialler

mesoscale (105107 ke features, such as cddies medndere. and
wirfiee jeis, which persist tor i few days orup to NAYUHL

months (Hickey 1979 Mooers iand Robinson AURSY, S resalt
the {low at any givcn \pol may be Laster than of even oppesiie

in direetion to the current’s mean ow (Owen F9R00Smpson e
4l 19R4). i some arcas, hydrography over the inner Ccomtimental
shelt s strongly influenced by freshwater outflow from farge | .
rivers (¢.g.. Columbia River) i estuatrivs (v, San brancisco
Bav). These outtlow plumes feature high turbichty due to
Sll!i:pt!l‘ldt‘ll sediments and pronouneed thermohahne gradients

their margins,
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The second major component of the CCS is a poleward
jet. the California Undercurrent, which flows all year at depths
of 100--300 m over the continental slope and (ransports warm,
salty, oxygen-poor, but phosphate-rich equatl:mal walters to
higher latitudes. During winter, when the main southward
surface flow decreases and moves fasther offshore, this
poleward flow surfaces and moves nearer shore. Poleward ﬂqw
“over the shelf is sometimes called the Davidson Current (Bolin

and Abbou 1963),
o The CCS is also characterized by strong upwelling,

especially over the continental shelf (Hickey 1979; Huyer
1983). Equatorward wind stress leads to oftshore transport of
nearshore surface waters which are replaced by cold, saline,
nutrient-rich waters from betow (to depths of 100 m). The result
s increased phytoplankton production near the surface and,
where upwetled waters intrude into the warmer, stratified
“waters of the main current flow, the formation of structurally
complex “fronts.” Upwelling fronts are areas of strong
horizontal property gradients thought to passively trap
- zooplankton used by feeding seabirds (Briggs et al. 1984,
19871, Up to 10" km wide and 107 km in length, and lasting up
to several weeks, these fronts typrcally overiie the conlinental
stopke,

Regronal variation in upwelling intensity has been
discussed by Bakun and Nelson (1977), Parrish et al. (1981),
ana Huyer (1983, South of Cape Blanco (Oregon), mean wind
direction ts favourable all year, so that upwelling can oceur in
any month. Upwelling is most persistent and intense in
midsummer between Cape Blanco and San Francisco. From
Point Conception anrth, coastal upwelling may be reinforced
seasemid by by ocearc upweling, resulting from positive curl in
the wind stress ficka seaward of the shelf break (Chelton et al,
LOR D) OFF the coasts of northern Oregon and Washington,
mean wind stress is poieward. and thus untavourable for
upwelling. except iy summer. At these latitudes, upwelling
resultng trom estuarine tidal fuex. river runoff, and complex
shelf-edge dynamics may be of greater general significance for
eeding seabirds than is wind-gencrated upwelling (Landry and
Hickev 19R9: Wahl et al . this volume).

The result of these ditferent influences is pronounced
seasonal and regional variabifity in occanographic conditions.
Strong meridional morth-south) and zonal (Cast--west)
gradients exint in physical and chemical properties, such as
temperature, saltimity, and organic nutrients, This heterogeneity
PN l'L‘ﬂE‘L‘lEl! i the compaosition, di\’cr:ﬁ.i{}*, and ceology of
seabtrds nestng in and visiting ditferent parts of the current
ssfem, | | |

J. Breeding populations

- The breeding population of the CCS totals about

1.9 miliion individuals, a figure comparable to populations in
the Benguela and Senegal upwelling systems (Brown 1979:
Abmm and Griffiths 1981: Duffy and Siegfried 1987). |
| Brr;f;dlng populations in the Gulf of Alaska (inctuding coastal
British Columbia) are conistderably larger, but are predominated
by refatively fewer species (Sowls etal, 1978).

~ Breeding populations in the CCS have undoubtedly
varied during the last 500010 000 years, not only in response
to climatic change but also because of human exploitation and

interference (Ainley and Lewis 1974; Warheit 1990: Dutfy, this |

volume). Still. large, stable nesting colonies are believed to

, f“"". where oceanographic conditions promote abundant and
predictable food resources over the long term. Thus, the
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Table ! _ ‘ o
Numbers (thousunds of individuais) of breeding seabirds in the Cnlifomia R
Current System. The northern Californin region includes colonies north of
Point Conception and on San Miguel Island; the southern California region

includes colonies from Point Conceplion south to Punta Abreojos, Baju
California, P = Breeds in low numbers,

-w

Region
Faunal groups Northern  Southem
and species Washington Oregon California California  Totul
e eere—— e W
California Current endemic

A — —

Black-vented Sheurwater 0 0 0 i4.{) 14,0
Ashy Storm-Petrel {) () 4.1 P 4.
Brandt's Cormorant 0.6 23.0 54.0 17.0 94.6
Western Gull — 16.4 35.9 40,0 92.3
Xantus' Murrelet 4 ¢ 03 200 203
Boreal

Fork-tailed Storm-Petrel 3.9 1.0 0.4 0 5.3
Pelagic Cormorant 2.6 (2.0 11.8 2.4 28 %
Glaucous-winged Gull 16.5% 0 0 0 16,5
Common Murre 21.4 43K.1 351.0 0 RBl10.5
Pigecon Guillemot 0.4 3.5 12.8 2.7 19.4
Rhinoceros Auklet 4.2 1.0 1.7 { 269
Cassin's Auklet 88.0 0.5 52.3 10,0 1508
Tufted Pulfin 23.7 5.0 ¢ |8 0 290
Marbled Mutrelet 24 20 18 0 0.2
Northeast Pacific

Leach's Storm-Petre! 36,0 435.0 10.8 0.0 491 8
Double-crested Cormorant 2.2 34 715 40 174
Subtropical '
Least Storm-Petrel 0 0 O 15.0 (5.0
Black Storm-Potrel 0 . 0 0 10,0 100
Brown Pelican N L . 20,0 20.0
Total 2219 940.9 544.7 [65.1 (8726

Sources: Wushington and Oregon—Speich and Wahl 1989; Briggs et al. 1992;
R. Lowe, pers. commun. Northern California and southern California -
Sowls et al. 1980; Carter et al. 1990, 1992; W. Everett, pers. commun

! Includes some Western Gulls and Glaucous-winged/Western hybrids.

present-day locations of nesting colonies provide our best
estimate of long-term (decades to centuries) distribution
patterns. Furthermore, the specific oceanographic conditions
that support large colonies today provide a fair indication of
conditions that have been important over long time scales.

We will focus on coastal colonies south of the
U.5.-Canada border and north of Punta Abreojos, Mexico.
These boundaries are somewhat arbitrary because we sispect,
for example, that some birds from colonies in southern British
Columbia feed in California Current waters whereas others do
not. Colonies south of Punta Abreajos include Brown Pelicans
Pelecanus occidentalis and Double-crested Cormorarits
Phalacrocorax auritus, but they also feature nesting boobies
(Sula spp.) and Magnificent Frigatebirds Fregata magnifi-
cens—species that are clearly of tropical affinity.

Excluding terns, waders, and other nearshore species,
the CCS breeding fauna consists of 19 species with populations
of more than 1000 individuals (Table 1), Nine of thesc specics
(Fork-tailed Storm-Petrel Oceanodroma furcata, Pelagic
Cormorant Phalacrocorax pelagicus, Glaucous-winged Gull
Lm_-mr glaucescens, Common Murre Uria aalge. Pigeon
Guillemot Cepphus columba, Rhinoceros Auklet Cerorhinca
monacerata, Cassin's Auklet Prychoramphus aleuticus.
Tufted Puffin Fraterculq cirrhata, a:d Marbled Murrelet
Brachyramphus marmeratis) have breeding ranges centred in
the boreal zone; this group accounts for almost 60% of the
mc!w:duals. Five species (Black-vented Shearwater Puffinus
opisthomelas, Ashy Storm-Petrel Oceanodroma homochroa.
Brandt's (?ormorant Phalacrocorax penicillatus, Western Gull
Larus occidentalis, and Xantus’ Mutrelet Synthliboramphus
hypqleucm) are endemic to the California Current, although not
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Figure 2

Numnber (in thousands of individuals) and biomuss (in thousands of kilograms)
of CCS breeding birds by taxonomic group (abbrevintions as Follows:
ALCIDS = alcids; PETR = storm-petrels; GULLS = gulls;

CORMS = cormorants; PELS = pelicans; SHEAR = shearwaters) |

Californla Current seabirds
Tolal breeding poprilations and bomese
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Figure 3

Number and biomass of CCS breeding hirds using different feeding micthods,
Feeding categories are as follows: diver-—feeds ot depths of 3 myand helow,
plunges—{feeds at depths of 1--3 in; surface seizer-—feeds within the upper 1,
neuslon feeder—teeds only at the sea surfuce,
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overly numerous. Three subtropical species (Least Storm-Petrel
Oceanadroma microsoma, Black Storm-Petrel O. melunia, and
Brown Pelican) and two species that nest throughout the
northeast Pacific (Leach's Storm-Petrel Oceanodromu
leucorhoa and Double-crested Cormorant) make up the
remainder of the nesting fauna, Alcids makeup more than a
third of the species and over half of the breeding population
(Fig. 2). Storm-petrels also are numerous, with over SO0 (00
nesting birds, Several foraging methods are represented. but the
breeding fauna is predominated by divers which comprise mote
than 65% of the population and 85% of the biomass (Fig. 3).
The Common Murre is the dominant breeding species of
the CCS, uccounting for 43.3% of the population (Table 1). The
next four most abundant species, Leach’s Storm-Petrel,
Cassin's Auklet, Brandt's Cormorant, and Western Gull, in
combination account for another 44.3%, No other species
makes up more than 1.5% of the total.
1. Regional (latitudinal) variation
The size and species composition of CCS breeding
populations vary significantly with latitude. In this section, we
compare the nesting faunas of four regions (Fig. 1)
Washington, Oregon, northern California (Point Conception

m___—_*“ |
Figure 4 - -'

Number and biomass ot breeding Mirds wllhm subrevions of the 708
(ubbrevimtions as follows: WA = Washigton, OR = Cregen, NCAL = ponthient

Cwlifomia, "1( Al = -uuﬂn:-rnt uhlumml

California Current seabirds
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1200 a ' : e S
! |
.. 1000 B (YA
) ’.-' ' - . "':
. e | : .
5 H’[}rj'* :. :l | - !‘!!-’ "-'-
g A .':'
L " i. .
2 moo- N M .ﬁ
! } & i._.".r. ‘.f
. I LU &
Lo 1 7] ‘LA
2T T e ) 4' v J
2 | | L ol | £
B 200 - woe Y b o e &
S : v .
o i * w o
W - E[ '1‘ '1.‘: H : .
ar Folo . el - A _ b
WA 912 LA NUA
Caklornia Cutrert tagior
H;.urt- -

Feeding methods of brecdmg w abids within subreians 1! the C OS5 Sy Bigure
4 Tor subreion abbreyatons and Frgare 3 tor feederg catepenes

&00 -

450 o
409 , |
350 |
300 L b
250 - o
EDD - ... .-?"."'-*," SEREREEE
189 _
l . S TEPEIL CRTIN ot L. PR

taoe

50 -

; L I h e

Cir sam

MortRers
Loy b I g
r;:. : '__i.""-i-."‘:'r

:’ .‘]1:*_;'_!!

Washngton

north, includimye San Miguel ichandi and southern Cabibormg
(Point Conception south to Purta Abreojos, Bapis Calitornn,

More than halt of the breeding scabirds of the COS nes
along the Oregon coasd (g, 4, Table o divers and neoston
feeding storm-petrels |'1ruimnlll.m (B, 5). The colomies of

northern Californa, which feature fewer storm petets iud muore
cormorants, support fewer breedimg indsvaduals 4 ol the
CON total) but comparible breedmyg bromiass thigs b The
colonies of Washingion and southern Calitorma comned
support less that 207 of the syatem’s breeding indavaduals o1
biomass,

Oregon colomes support a nesting population o ..:Inmq
a million birds (Table 1) Washington colonmes Feature imost of
the same species, but only abeut 220 000 birds - Dne reason 1o
the disparity is that Washington has only half i~ much outet
coast and fewer colony sites, espectally in the southem
and central parts of the state, Also, as much as 237 ol
Washingtot's breeders nest in bays, the Strast of Juan de Fuca,
and Puget Sound (Speich and Wahl 1989},

Additionally, the Calitornia Current has little inflocnce
ot continental shell waters oft ‘N'lﬂhinblml espectaily north of
Grays Harbor (Hickey 1989). The shelt s relatively wide
(2560 km) and this tends o isolate nearshore w.:lcrx from the



~ nutrient-rich waters of the main southward flow, Favorite et al,
(1976) described a broad region offshore of Washington as the
“Dilute Domain™ due to the input of fresh water from bays and

“rivers and low surface evaporation, Nearshore WaLers are also
influenced strongly by estuarine outflow. Due to the incon-
sistency of favourable winds. the intensity and scasonat
duration of coastat upwelling are much reduced north of Cape
Blanco (Bakun 1973 Huver 1983; Hickey 1989). Steep |
honzontal property gradients-associated with the edges of |
upweltings (Cupwelling fronts™) are less prevalent here (Briggs
et al. 1992), and we may speculate that convergent flow liclds
ta mechanism promoting passive coneentration of poorly motile
plankton) are also less promineat. Addittonally, off central and
northern Oregon, summer upwelling 1y restricted 10 a narrow
band neur shore due to the barrier formed by the surface plume
rom the Columbia River estuary (Hickey [989): fronts seaward
of the shelb are suppressed or masked by o thin film ol over-
v i estuarine water, Shelf-edge eddies (within the main
current How ). whtch enhance the complexity of seabird
lorazing habitat, are less prevalent off Washington than off
Cultfornia (Hickey 1989), In contrast, Parrish et al. (1981) have
suggested that the shoreward transport ol surface walers, which
bmats upw cHing during most of the year, also prevents offshore
dispersion ol Larval [ish, leading (o increased stocks of northern
anchovies Fuoraadis morday and other schooling fishes in shelf
waters of northern Oregon and Washington,

Fhis s not to imply that upwelling has no effect at the
northern edpe of the CCS, Chelton et al. (1982) have shown that
annual s atation i zooplankton biomass s determined mostly
by the intensity of southward tansport of subarctic water,
AMony the Washington and northern Oregon coasts, this flow
strengthens fenhanced at the surfuce by horthweslterly winds)
aid moves nearce 1o the shore coincident with the onset of

seabrd nesting i April and May. Although prevaiting winds
don’t become equatorward until midsummer., short periods
(2 H0 davsy ol Givourable winds., associated with large-scale
weather esents, produce eventscale pulses of upwething, which
cnhance focal primary pradiction in late spring (Landry et al,
1989). This bloom in productivity contributes 1o support of
“nesting seabirds, even without the benefit of widespread.
persistent upweliing, |

Colontes in northern Washinglon benefit also from
upwethng induced by tidal flows pinging on shelf-edge
Danks and canmyons (Wahl et al., this volumie), The coolest

- owaters north of Cape Blanco (and., accastonally, strong thermal
grachients) are tound over the shelf southwest of Vancouver
Island. especially at the edge of the Juan de FFuca submarine
canyon, where there is strong, lopographically induced
upwelling. The mixture of estuarine water with nutrient-rich
Calitornia Undercurrent water produces broad productive fronts

~over the shell (Brinkhurst 1987; Landry and Lorenzen 1989),
Mnrgam ctal. (1991y and Briggs et al. (1992) found persistently
hlgh seabird numbers over La Pérouse and Swiftsure banks
.uq jacent to the cam}rnm,'l‘liu warm, fresh waters of (he Columbig
| River p]umu. which are udvgclud oftshore and to the south In
i s oo vty
aline fronts at the shelf break off
northern Oregon,
| The largest percentage of the fauna nests from Cape
BIa_qcu to Point Conception, the zone of strotgest and most
persistent upwelling, Within this region, the largest L‘Ulﬂny'
L ' sorbered r1edd e '
B c;:ﬁ[zt,x;:”irte EE:LL(LS}I:L[::; :: ZT(TEI]'{O”SS* s‘uch. as Capfl
: significantly affect upwelhn ‘ ~0rl r?l Unlaep'l‘llon, which
| 3 g (through coastal wind jets” and

- T ey - [T
TR S Foey e v N
. A . o . 3 F T e =ra [ LB W] i -

topographic steering of currents). At these upwelling centres,
the mesoscale (10'-10° km) fronts so important to feeding birds

are recurrent, somewhat predictable, and relatively persistent,
lasting up to several wecks (Briggs et al. 1987), Perhaps pEN
because surface waters are transported offshore during much of *ﬂ

the year, midwater schooling fishes such as anchovies are
abundant only seasonally off northern California and do not
spawn there. Instead, seabirds eat rockfish Sebastes Spp. .
flatfish, squid, and micronekton stich as large euphausiids and
copepods (Baltz and Morejohn 1977, Chu 1984; Briggs and
Chu 1986; Ainley and Boekelheide 1990).
In the southern California Bight (SCB). the wide shelf
area southeast of Point Conception, nesting populations are
modest. Potential nesting habitat is abundant on the eight
istands and island groups, but human activities and the
introduction of nonnative species have greatly reduced the
number of usable sites. At this latitude, the subarctic waters of
the main current flow have been diluted by the waters of the
central ocean gyre, and their influence on coastal production is
limited by the width (up io 200 km off San Diego) of the
continental borderland (shelf and slope). Except at Point
Conception, there i little persistent upwelling in the region
(Huyer 1983). Circulation and hydrographic conditions in the
northern SCB are controlled in part by the so-called southern
Cahifornia Eddy, a cyclonic flow centred over the Santa
Rosa—Cortés Ridge. The area north and west of the ridge

features southward surface flow and cool waters gencerated by

upwelling at Point Conception. Nesting birds from the Northern
Channed Istands and San Nicolas Istand that feed in these
walcers eat mainly euphausiids and juvenile rockfish (Hunt et al.
[981). East of the ridge and throughout the southern part of the
SCB, surface waters are warm and well stratified: the
thermocline is 30-60) m deep (compared to 106-20 m off
northern California).

Along the coast of Baju California, winds are favourable
for upwelling all year (Huyer 1983). In January, however, the

- cool surface temperatures resulting from upwelling are

restricted to northern Baja; south of Punta Eugenia, surface
waiers are warm (18°C or above). In May, wind-generated
upwetling ts strong along exposed coasts from San Diego to
Punta Baja and from Punta Eugenia to the north side of Caho
San Lazaro, Most of the important nesting Islands’ (including
Islt Cedros, Islas San Benito, Isia Natividad, and Isla Asuncion)
are jocated in these upwelling zones, cspecially over the outer
shell near Punta Eugenia (Everett 1988). Birds from these
colonies most likely forage in the narrow zone of strong
temperature gradients located within 30 km of shore,

The composition of the nesting fauna varies with
latitude (Table 1). For example, of the nine boreal species, eight
nest in the three northernmost regions (Washington, Oregon,

. and northern California), whereas only three (Pelagic

Cormorant, Pigeon Guillemot, and Cassin's Auklet) nest in
southern California, Conversely, of the cight California Current
endemics and subtropical species, all nest in the southernmost
Fegion, and only two (Brandt's Cormorant and Western Gull)
nest north of California, Clearly, there is a distinct difference in
lhc. nesting faunas north and south of the San M iguel Island-
Point Conception area (Ainley 1976), -~"f-
~ Dominated by divers (Fig. 5), especially alcids, the B
nesting fauna of the Washington coast also is transitionat )
between that of the upwelling zone to the south and that of
higher latitudes, Currentwide pedks in numbers of Fork-tailed
Slonp-?etrelm Glaucous-winged Gulls, Rhinoceros Auklets, R
Cassin’s Auklets, and Tufted Puffins breed here. Higher ’ﬂ
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numbers of burrow-nesting storm-petrels and auklets and lower
numbers of surface-nesting murres in Washington and British

Columbia likely relate in part to the type of nest habitat

gvailable (Manuwal and Campbetl 1979: Varoujean und Pitman
1980; Speich and Wahl 1989), |

Divers also predominate in the central upwelling region
(Fig. §). Peak populations of Common Murres, Pigeon
Guitlemots, and the three cormorants are found here. All inhabit
the turbid waters of the continental shelt, The system’s largest
population of Leach’s Stonn-Petrels nests in this region, as
does virtually the entire world population of Ashy
Storm-Petrels, Leach’s Storm-Petrels forage in clear oceanic
and continental slope waters, whereas Ashy Storm-Petrels feed
at the edges of upwellings over the outermost shelf and upper
sfope (Briggs ct al. 1987, 1992),

In southern California, the major foraging modes arc

more equally represented (Fig. 5). The surface-teeding Western

Gull is the ntost abundant nester followed by the Brown
Petican, Xantus™ Muerelet, and Brandt's Cormorant (Hunt ot al,
1981; Carter et al. 1992), These four species account for more
than half of the nesting birds (Table 1). The four species of
stotiii-petrels comprise one-quarter of the population but
account for little of the biomass. The only breeding shearwater
of the CCS, the Black-vented Shearwater, nests near the
upwelling centres of Baja California (Everctt 198%).

3.2, Annual vartation

The strength and duration of the main tflaw of the
California Current (1.c., the southward surface transpon of
subarctic waters) vary considerably from year to year, as a
result of E Nifo-Southern Oscillation (ENSO) and anti-ENSO
events, and perhaps other basin-wide wind patterns. This
fluctuation leads to CCS-wide differences in productivity and
sovplankton stocks (Bernal and McGowan 1981 Chelton et al,
1982) and in seabird nesting success (Hodder and Gravbili
[985: Ainley et al. 1988: Ainley and Boekelheide 19903, In
years of strong southward transport, primary production is high
(Smith and Eppley 1982), leading to large standing stocks of
rooplankton and the schooling fishes preyed upon by seabinds,
Years of weakened southward transport, especialty those wiih
strong ENSQ events, are characterized by low primary and
seconditry production. In these years, nearshore concentriions
of warm, saline water resulting from increased countercurrent
flow and deep, stable thermoclines resulting from reduved
surtace mixing impair the upwelling of nutrients (Chelton T98(:
McLain 1983),

Nesting failure resulting from reduced upwelling during
years of very low southward flow has been well documented
the Farallon Islands (Ainley and Bockelheide 1990). During the
1982-83 ENSO event, sea surface temperatures averaged
I-3°C warmer than normal, and prey species such as
cuphausiids and juvenile rockfish, typically important to
nesting birds, were absent from seabird dicts. All species of
alcids and cormorants suffered nesting failure. Only the
Western Gull, which relied upon garbage, and the
offshore-feeding Leuch's Storm-Petrel raised chicks.
Species-specific responses were similar for Oregon colonies
(Graybill and Hodder 1985),

4. Bird populations at ses

Observations of birds at sea reveal considerable
varigtion in relative abundance and species composition with
latitude, distance from shore, and season. To address variability

in distributions at sex, we use ship and airplane survey dita
gulhurud vince 1975, Unfortunately. not all parts of the CCS
have been equally well studied. Seabird distribution oft
Calitornia has received the most attention (Briggs ¢t ul 1Y87)
and acrial surveys were recently completed for the wiivis of f
Oregon and Washington (Briggs et al. 1992), The waters off
Bajit California have never been studied vystemitticably, not
have many sections of the CCS seaward of the continentat sJopie.
More than 100 species of marisie birds have been
recorded from California Current waters. of which about 40 are
abundant enough to play significant roles in pelagie coerpy
cycling (Briggs etal 1987, 1992 Over half of these domiant
species are present only seasotally as visitors from other
breeding demains (Tables 2 and 3. The four species or species
pitirs (Sooty Shearw ater, Common Murre, Cisain's Auklet, Red
Phalaropus fultcarins and Red-necke! 2 {obatns phalaropess
[t attain osxtimated populations greater than one nuylhon
individuals reach amnual praks in ditferent seavons,
| The total number of binds supported by the CCS 1
unknown: bowever, estimates of maamum mskntaneous
populations are 3.5-6 muthon turds oft Calitorni ctBnigges o o
F987) and 1.8 million bards off Oregon and Washington (B s
etal. 1992 Thewe numbers are comparable to those wporied
for the Benguela Current oft Afnica i Nbrams and Girtfiths
TOS T Schnewder and Dutfy 1955 amd ngher than those tor the
senegal apwelhing system (Brown 197w |

1 Latttudinal vanation .

Spanning almost 25 degrees of Jabitude, the CCS
includes i range of occanooaphic, limatic, and taunal tegunes
There s oa pronounced north sonth trend in the oceanoeraphine
character of surface walers, 1pnonng seasonal amd focal
vartabthty ) waters are geoerally cooler, foss saline, and nchor i
orgamc nutrients al higher fatitudes cRowd et al 193X Hickes
1979 Bernal and MeGowan [98 Ty Phnslattudinal thermad
eradient is grestest i sununer, when surface waters it
sotithern Calttorni imay be 10 C wanmer than thase oft
Washington. Moving from gorth to south, air temperatures aned
weither pattermns becone gradually soore tropacad o genersl
the importianee of species of boreal ailingts ipcredases wth
latitude. and the relati e importance of sabtrojucal speces
deercases (Ainley 19760

Refative abundance and species u"-m;'u.a'xnu'm ol af ~ea
bird popubations m the COS sary considerably with Liade, byt
the srnportant Latstudinal tremds tollow dishinctly seisonal
cveles: for exampie, in winter averige Jensiy mereases trom
north to sotth, ahercas summer populations at sea e smadlest
oft southern Cahfornn. Many northern nesting speaies reach

~their southern timit of dastabution in the SCR o ot Baga

Calitorni during wanter In late sustimer, southern COS nesters
and other subtropreal species dispierse 1o the northem edge ot
the CCOS. |

4.2 Longiudinal vanaton |

n general, fongitude correlates weeth wth distance from
shore, water depth, and sea sustace temiperature (5SS T Inmosy
of the COS. water depth and SSTincreine as one moves
seawitrd from the coastline. In the SCBL howeser the sheit
physiography and circulation are complex: There. deep waler
(> 2000-m deptin occurs within SO kmof the coast (e p . Santa
Cruz Basim) and shadtow water {<30-n depth) s Tosmi 50 km
oftshore (e, Tanner and Cortes banks ). SST s simdasty
variable. : - |
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Table 2

Mean denvity (hirds/nt®) at sea of predominant seabird 5micﬁ of the
Calitornia Current System during July. Northem California includes waters

north of Point Conception; southern California includes U.5. walers south ol

Table 3

Mecan density (birds/km?) at seu of predominant seabird species of the
California Corrent System during December. Northern California includes
waters north of Point Conception; southern Califorpia includes U.S. waters

south of Point Conception.

#ﬂ___—‘_ﬁ

Point Conceplion. _ L O
Oregon and Northern Suulhur:n ) | OI’ll'gtlm tind Nt?r_thur:n Suuthem
Fuaunal groups Washington - Calilomia Calitomia Faunal groups Wuﬁlynglun Cu!!l;}rnm Cuﬂfumm
and upcl;w-. xtse x T, x e and species o x % s, Xtse, X + sc. i
i IR Breeding specices T
Breeding species s
HE;u-L-ntu-ﬁ: Shesrwater (0 0 0 Black-vented Shearwater 0 0 0.09 £ 0,30 f"s
Axhiy Slunﬁ-l‘i:lrﬂ[ () 001 2 0.04 0.13 (.44 Ashy S!unn-Pclml { 0.4 2012 0
Fork-tailed Stonn-Petrel Lot T 144 0172048 0 Fnrk-tfulc‘d Storm-Petrel 0.0720.10 0.10 f (.24 { ‘
Leach™s Storm Peteel 1474187 0842140 0052000 Leach's Storm-Petrel 0 0.5 = 0.10 0
Brown Pelican 0.02 *0.01 0,19 1 {42 08T 016 Brown Pelican 0 O (1,28 £ 0.3%
Brandt's Cormorant (LD .00 1.65 % 5,56 0.0210.05 Brandt's Cormorant 0.01 £0.08 0.10 %021 0.04 £ (.12
Westetn CGull 0,74 & 1.34 1OV 2,07 2791872 Western Gull — 0.8 (.87 058 T 1,18
Glaucous-winged Gull (35413 { { Glaucous-winged Gull [}.67__1 NE 0..1210.20 0.0] o.M
Commpn Murre 1751 388 51441282 007 2,25 Common Murre 0.95 % 1.90 3.5¢ %7 0,55, 1137
Rhmoveras Auklet IRFIREIRR 0.4 T O.88 0 Rhinoceros Auklel 0.84 £ 1.55 L9 2757 1591224
Cas«an's \uhlet .02t 388 218470 0,07 .18 Cassin’s Auklel 0.01 £ 0.0t 2.51 23,06 0.1820.26
Futted Pultin (.31 2077 0.01 * .01 0 Tufted Puffin 0 0 .01 £0.03
Nantus” Murrelet (} 0 0.04 & 0.0 Xantus' Murrelel 0 0.01 £ 0.01 0.04 £ 0.0
Breeder o) 930 11.29 3,30 Breeder total 343 8.80 3.41
Visiting species Visiting species
Bhick Tooted Athatross N6l Lty (.24 £ 0,50 0.01 £0.0] Pacilic Loon ) 0.00 £ (.24 1.3§ £ 4 .44
Northers ubimae 2932|508 (.00 + 0,12 £.01 £ 0.01 Black-footed Albatross 0.00 £0.21 0 0.01 £ 0.01
Pk dooted Shearsates - G101 (023 boi 27,27 (.79 % 106 Laysan Albatross 0.04 £ 0.09 0 ()
Byiler's Shearwater 0221 106 (L01 £ 0.0 () Northem Fulmar 0,301 032 0.46 % (.48 2631966
Saaty Shearw ater RAILSRY 24216660 647 10,38 Pink-footed Shearwater 0 0 0.02 £ 0.04
Phalarape spp 6.76 210 4.84 £ 15.50 0.0] £0.01 Sooly Shearwater () 0 0.01 £ 0.01
Votmaruie Leger 001 1 0048 0,01 20,03 (101 ¥ 0.01 Phuiumpc Spp. () 0.80 % 2.12 0102012
Bonaparte s Gl U 00?2 () 0.01 1 0.0 Pomarine Jueper (} (.08 £ (.07 0.06 ¥ 0.07
Heensmann s Gull 3.0 1002 001 £ 0.02 009 027 Bonaparte 's Gull {} 0.04 2 0.08 851229
{'_lu".lunluf {.i“” D101 018 001 2002 () Heennann's Gull 0 0 0.66 3 01
ifvrrm;:f:anl | Lol PO . () t California Gull .04 £0.02 131 22,57 1274 £27.40
¢ HHUHUHJ Arcte Tern (1Y : (1. 34 {110 =046 0 l'lt‘ﬁ'iﬂg Gull .40 + 3 46 0.78 t 1 .83 021402
.-\rﬂtcwnl Murrrlct .03 40| ]: { () Hlack-legped Kittiwake .52 £ 0.59 124+ 136 (.65 T 0.8%
__T"*_J:”‘Ejj_‘!f_il o 148 353 7.40 Ancient Murrelet 0062019 () (O
Total 4.3 1282 HL76 Visitor tolal” 4,17 6.6 19.%0)
. - r W_ " '1" '-"""_n— — — P AT— - -
Soveces: Washigter and Oregon --Briggs ot al, 1992; nonthern Californig— Folal 7.60 14.96 22.91
LR o % X ! ah ) | . T ———
R Hr:l;_]jr_.j. }:..]I_ IUH muﬂu:r.nF ah!fn‘nm: -_---Hnggn ot ;nl. 198 1a. Sourees: \-v';:mhmgtm and Oregon—Briges ¢f al. 1992; northern Calilornia-—
Cludes auditional species and birds not identitied 1o species, | Briggs el al. 19R3: southern Californin—Briggs et al. 19814,
- * Includes additional species and birds not identified 1o species,
mruinm::-il] t:llxliill;:u::“l:l; :ﬁt(‘) T;cul:lrd Idcnmty;r hlghf:ﬂl. OVer the topography, including promontories, islands, submarine banks
doc ‘}1{;{}0 . ;‘rt‘l‘ﬂ:vr; ;t:\;r {l ':]:!-; {III:;‘?‘}‘E'HBITFWCH in ih{:-1L and canyons, and variable benthic and coastal substrate. Tida
o0n \’anhl e f\’l}ltlttllﬁ}h(){'f“’l(‘l' 15 riggs cral. 1987, ftux, river and estuarine outflow, and upwelling all contribute to
't‘-’t:!':l‘gc :I mm; - n-lu_l;: O t: 1 nl}rlml..h Iulr example, hydrological heterogencity and may serve as prey-concentrating
. . SMIC N Yy The ’ ‘ s ety e ‘ : ,
Tahore (110 e 6 b A ‘;ht'H'I‘]] ‘Ls.lu_. 1er than that mechanisms. The result is an abundance of seabird prey and a
o those renorted for unwelling : P‘F""’"‘ﬁ-“ are comparable diversity of seabirds not found in the more homogencous
el ”?mw o Iili : 1:21. fpnT in nllhr.r castern boundury surface waters offshore.
S OHSNOre denstties are sumlr 5¢ T ‘ it PP SO
open ocean gyres, This (énd holds d‘uril:: 'l 'llllilsi ?J:;‘::TE% 10!‘. | 'Hdb“dl omogeneily is maintained at much smalier
least pronounced in midwinter Of'!‘ C alifﬁr‘ni'; : " N It'II ih ¥ Mf“les* n the past-west direction than in the north-south
dees not vary significantly among deﬁlh mm; s g:lcluhi .I.‘:'#:.I‘hll} direction (Briggs et al. 1987, 19884). Some seabird species
richness does. u:*crnginﬂ 1.5-2 times more Hpé;:ieq 0 E::;‘e' (C:g-.. Cm]mmn Mun'e, Cassin’s Auklet, and the phalaropes)
/ - - : : - ¢ S§-SIECHE scales,
- everal factors contribute to high seabird density and HIC Sees
species richness i shelt waters, Undoubtedly because of their 4.3, Scasonal variati
p "y 10 the maiiand and nearshore islands, these waters Within th . . vy
are used by roosting and nesting birds. However mote | duri I-l ' the CCS as a whole, bird density at sea is highes!
importantly, primary production is greatest uﬁcr‘thc shelf. For e (B and fall migration and higher in summer than in
example, off Washington phytoplankton biomass & 3-—12.timeq ;nn.tcr ( B'rlgg{i et al. 1987, 1992). Specics richness is highest
higher in shelf waters than over the stope (Perry et al, 1989) | Hng migration and lowest in midsummer.
p ‘ }ll}l)]cg I‘dl_'{ii} affects waters deepf:r than 100 m; in deeper 4.3.1. Summer t i
waters, benthic and suspended organic nutrients are below the The s - het A raie
- level where they can be recycled into the photic zone. As a reflects th N humn‘!{?mme buttern of bird distribution at sea ff
eCts that described previously for nesting colonies: that is, 2

result of upwelling, secondary production and standing stocks

- of zoopilankton, micronekton, and schooling fish are highest |
over the shelf. Additionally, the shelf has more physiogrup;hic

heterogeneity, featuring variable bottom and shoreline

large numbers of birds in the central and notrthern regions of the
CCS and re!a?lively few in the south (Table 2). In this scason,

the CCS avifauna comprises primarily two major elements—the
local breeders and visitors ¢ rom nesting colonies in the southern
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and central Pacific. Visitors outnumber breeders at all latitudes.
but the pattern is most pronounced from Point Conception to
Cape Blanco, where the ratio is approximately 3:1,

Throughout the CCS during summer, shearwaters are
the most abundant birds over the shelf and slope. The Sooty
Shearwater is the dominant species at all latitudes, The
Pink-footed Shearwater Puffinus creatopus is an order of
magnitude less numerous than the Sooty Shearwater off
California (Briggs et al. 1987), and even less abundant off
Oregon and Washington, where the sutface-feeding Buller's
Shearwater Puffinus bulleri is more common (Briggs et al.
1992). Shearwater density off California increases in March and
April and, during the June-July peak, the statewide population
is estimated between 2.7 and 4.7 million birds. Shearwaters are
transient and large flocks can appear anywhere. but average
density is highest in the strong upwelling zone from Morro Bay
to Cape Blanco. There, the birds often aggregate near or
downstream from stable upwelling centres, especially those
with thermohaline fronts at the seaward edge (Briggs et al,
1987). Off California, shearwaters eat primarily juvenile
rockfish durirg the upwelling season (May-July). then switch
to northern anchovics and squid (Lofigo sp.} when upwelling
decreases in August and September (Chu [9R4),

Shearwaters are less abundant off Oregon and
Washington in May and June, but their numbers increase ir.
July-September. perhaps in response to seasonal concentrations
of spawning anchovies in ncarshore and estuarine waters
(Richardson 1981; Wahl 1984; Briggs et al. 1992). The lurgest
shearwater flocks occur off the Strait of Juan de Fuca, where
tidal flux conspires with shelf-edge canyons and banks to create
an important upwelling complex over the shelf (Freeland and
Denman 1982), The relationship between shearwaters,
summer-spawning anchovies, and the Columbia River plume is
paorly understood but probably very important (Wahl ¢t al.. this
volume), The plusne provides vertical stability adjucent to the
otherwise very hydrographically dynamic coastal zone in
southern Oregon.

During summer oft Qregon and Washington, the
Northern Fulmar Fulmarus glacialis is second in abundance to
the Sooty Shearwater (Table 2). Moderate fulmar density here
(2.94 birds/km®) reflects the proximity of a large nonbreeding
population associated with Alaskan colonies. The hydrotogy
and trophic structure of shelf-edge habitats oft Washington are
much more similar to those in southern Alaska than is the case
farther south, Fulmars may also be attracted to this arca to feed
on otfal generated by a large international trawl fishery, which

is not present farther south. Black-footed Albatrosses Diomedea

nigripes are also numerous here (0.61 birds/kim®): the location
of trawlers appears to influence this species’ distribution, but
effects of the fishery on the size of the population in the region
are unknown (Wahl and Heinemann 1979; Briggs et al, 1992),
For the most part, nesting specics are found at sea
udjacent to their colonies in numbers proportionate to colony
size. An exception iy the larger-than-cxpected number of
Leach’s and Fork-tailed storm-petrels off Oregon and
Washington, Leach's Storm-Petrels, probably from the colonies
near Cape Blanco, forage along the scaward side of the shelf
break, while Fork-tailed Storm-Petrels, possibly from colonies
in British Columbia, feed over the outer shelf (Wah) 1984
Briggs et al. 1992). Both species freguent the margins of the
Columbia River plume. Also, large ( 10°) feeding assemblages
of Fork-tailed Storm-Petrels are seen at the margins of
shelf-edge banks (e.g., La Pérouse and Swiftsure in British

Columbia; Hecata-Stonewall in Oregon), where sooplankton
and micronckton are known to accumulate. ~ -
- Off central and northern California, breeders account for
most of the population at sea, other than shearwiiters ( Table 2).
Common Murres, Cassin's Auklets. Brandt's Cormorants. and
Western Gulls exhibit average densities above 1.0 birds/km’.
The strategies by which different species exploit prey in the
hydrographically dynamic upwelling zone are not well
understood. but Briggs et al. (1988a) comparzd toraging and

diet of twao divers, the Common Murre and the Cassin’s Auklel,
nesting on the Farallont Islands. Prioe to the establishment of

persistent upwelling, murres ate euphausiids over the outer
shelf in waters intermediate in character between recent
upwellings and estuarioe outflow: at the onset of upwelling,
they switched to juventle rockfish and. nearer shore, to-
schooling fishes tanchovies, smelt) assocuted with the murky
waters of the estuarine outflow from San Francisco Bay. At

the start of egg-laying (late March). Cassin’s Auklets moved

shoreward from offshore waters (where they ate mostly
cuphausiids) and formed dense aggregations over the
continental slope. Once upwelling intensified, farge numbars of
birds ted on surface-swarming copepods Thysanoessa spintfer.:
in the edges and cores of cold upwelling filaments of the outer
shelt, Some auklets (possibly nonbreedersy captured jus enile
rockfish over the shelf break, where moderately clear roprical
depth S=7 m), warm surface waters Jay over a strong shaliow

( 15--30 m) thermocline, |

In the SCB. the at-vea distributicon of breeding birds iy
determined primanly by ¢olony tocation. Nesting birds
(espectally Cassin's Auklets and other divers) from the notthern
Channel Islands and San Nicobas Istand und large numibers of
shiearwaters teed (matnly on cuphausitds and juvemle rocktish)
west of Point Conception, i outer Santa Barbara Channel, and
along the Santia Rosa-Cortes Ridge. AL these sifes coul
upwelled water interacts with subtropical water tormnng strony
surface thermal fronts tup 1o O.587C/km: Hunt et al. 1TU81: Briggs
et al. 198, Among the storm-petrels, which often forage
tarther from their colontes than othes species, Ashy
Storm-Fetreds frequent the edges of the major upwellings at
Point Conception, Leach’s Storm-Petrels inhabit clear oftfvhore
waters, and Black Storm-Petrels are most common near shore,
in the southeast part of the bight (Briggs et al {981y,

Birds nesting on islands in the lower SCH teed in
warmer surtace waters primaitls on the porthen anchovy, the
most abundant schooling fish tHunt etal 1980, Xantus”
Murrelets, which eat larval anchovies and rocktish, torage
0.5-12.8 km wost of Santa Barbara Island. the principal colony
site. Nesting Brown Pehicans are almost entirety dependent on

anchovies (Anderson and Anderson 1976), Anchovy population |

siz¢ and distribution in the SCB vany in response 10 Lge-seale

oceanogriphic and weather patterns, but pehican nesting (iming

and successy is controfled by anchovy abundance within about
JOkm of the colonies during the tive-muonth nesting season

(Anderson et al. 1982), Pelicans usuidly began 1o nest in Magch,.

but start as carly as December when prey are avislable
(Anderson and Gress 1983, For nesting adults, foragimg ts
restricted to waters near the colonies at Anawapa Island, Islds
L.os Coronados, and Santa Barbara Island. Once imnugration

from Mexico begins (by June), pelicans forage within 40 km of '

shore throughout the SCB, but especially in Santa Momca Bay
and eastern Sunta Barbara Channe! (Gress et al. 1980; Briggs ot
al. 1981b). | S |



4.3.2,

Fall. | |
During fate summer and fall, the oceanographic

character of the CCS changes. Equatorward winds and |
upwelling are less intense.and less persistent. The muin surface

flow weakens and moves offshore, often resolving into farge

oddies (100=300-km diameter), which transport clear, well-

stratified oceanic waters onto the continental shelf (Reid et al.

1958: Bernstein et al. 1977; Hickey 1979: Broenkow 1982).

“The results are annual maxima in sea surface temperature,

ereater water clarity over the shell, and deeper thermoclines.
especially off central and northern Catifornia. Also, anchovies
from the southern California stock migrate into the waters of
the northern falt of the state (Parrish et al. 1981).

During this season, birds that have nested in Mexico and

southern Califoinia, including Brown Pelicans, Heermann's
Gulis Larns heermanni, Xantus” Murrelets, and Black
Storm-Petrels, achieve maximal northward dispersal. Brown
Pelicans range north to British Cotumbia and are abundant over
the shelb off central Califorfua through November (Briggs et al.
TOR Y baques et all 1992) Farge mixed flocks of storme-petrels

& -k

“(primarsly Ashy and Black) form repatarty over the submarine
<anvon ik Monterey Boy (Stadleup 19706).

Migrants contnibute to elevated density and species
diveraty dunng this scason. Bonaparte™s Gulls Laras
phifadyiphia are abundant over the shelt during October and
November, and Pomarine Jacgers Stercorarins pomarins and
Avctic Tems Sterng paradisaea are numerois over the slope
Briges er sl TOSTY Afer following the Fraser, Columbia. and
otdier risers o retan to the coast from infand colonies (Wah! ¢t
ab. ths volumer. Cabifornia Guils move south over the shelt' in
a hrowd front. The most abundant birds at sea off central and
northern Cafifor a dueing tate summer and {all are the
souiiward mrgreang phabuopes (Table 2) Mixed Tocks of Red
and Red necked phalaropes are widespread in shelf waters, but
only the Red Phalarope is numierous further from shore (Briggs
ctad 19870 Waht etal. this volume). Density is highest over
the owter shell and stope, where Mocks concentrale along the
shorew ard cdges of surtace vonvergences (Briges et al. 1984),
Hereas elsewhere at sea, phatwropes rely on CONVETgences and
other physical processes to concentrate zooplankton (espectally

cuphausids and Cafanns copepods near the surtace (of. Brown
FORG: Haney TIRS), tn the CCS, optimal foraging conditions for

phataropes appear 10 occur downstream from active upwelling
centres, whiere phytoplankton and zovplankton 2razers have
attaned large populations,

b abso marks the transition (o the winter faunal
reeime. As the North Pacific storm track develops., shearwaters
ufn.l other South Pacific nesters depart the regron and southern
COS nesters withdraw to lower latitudes. Bieds from inland and
boreal nesting colonies arrive in the CCS and gradually disperse
sotthwards through the season.

435 Winter

~Average seabird density in the CCS s signtficantly
Inj.n.cr in winter than in summer (Tables 2 and 3}, The
wintertime Launa consists primarily of visitors from northern
and Infand cotonies, plus the local breeders. Populations of
hreeding species outnumber visiting populations off central and

northern Calitornia. In contrasl, visitors account for 83% of the

birds in the SCB. Borcal nesting species, especially gults and
alcids, are most abundant at all latitudes. achieving lht‘:il" 50uth-
ernmost dispersal in this season, Shearwiaters and alhauro:-;qeq
are SCaree, ::md Brown Pelicans and other subtropical ncs;:;ru: are
hearly restricted to the SCB. Conspicuous by their near ;lbséncc

~ are storm-petrels, which appear to move southwards or well

(7.6 birds/km?), off Oregon and Washington, where breeders

offshore, possibly out to the zone of maximum southward flow.
Total bird density at sea is lowest in the north

and visitors are present in about equal numbers, Here, alcids
and boreal gulls are numerically predominant (Table 3). i
Rhinoceros Auklets, Herting Larus argentatus and Glaucous- .
winged gulls, and Black-legged Kittiwakes Rissa tridactyla are i
present in higher densities, relative to summer, The Common i
Murre is the most abundant aicid off Oregon and Washington,
but average density at sea is lower than during breeding scason;
some murres from Oregon colonies are thought to winter on
inland marine waters of Washingion (Wahl et al. 1981).
Numbers of Cussin’s Auklets and Northern Fulmars are much
feduced and pulffins are absent, but a few Ancient Murrelets
Svathliboramphus alcuticus are present, Small numbers of
Black-footed and Laysan Diomedea immutabilis atbatrosses

-~ oceur over the continental slope.

Most specics that nest in colonies off Canada and

Alaska pass quickly along the Oregon and Washington coaust, en
route 10 Calitornia where, presumably, prey availability or
foraging conditions are better, Production off the coast of
Oregon and Washington is much lower in winter than in
summer (Perry et al. 1989). This results from several fuctors.
There, southward transport of subarctic waters is reduced and
cerdred far offshore, and the prevailing surface current over the
shelt is the poleward-flowing Davidson Current. The tropical
character of the water in this flow is confirmed by the
predominance of copepods of southern affinity, species that are
not present in other seasons, Prevailing winds also are
poleward. contributing to coastal convergence or downwelling.
Additionally, incident light in December is only half that in
June, and cloud cover can reduce these winter values an
additional 25% (Perry et al. 1989). Finally, the frequent storms
break down frontal structure and deepen the mixed laycr by
2-3 times, thereby inhibiting phytoplankton blooms. The result
s low primary and secondary production, poor vertical and
hartzontal stratification (eliminating some physical concen-
trating mechanisims for bird prey). and frequently wrbulent
loraging conditions, In this scason, bird densities off Qregon
and Washington are often highest over the inner shelf and on
!}‘uys .un:.l other inland marine waters (Wahl et.al., this volume).
The tew ocean frontal boundaries found in the northern CCS
In winter and spring are associated with the Columbia River
plume oft Washington or the tidal discharge from the Strait of
Juin de Fuca (Briggs et al. 1992),
- Moderately high average densities (15 birds/km®) are
lound off central and northern California, Alcids predominate.
especiatly murres and Cassin's and Rhinoceros auklets, which
together comprise over 50% of the population at sea (Table 3).

| Breeding species account for a larger percentage of the
winter population off central and northern California than do
visitors (Table 3), but this is somewhat misleading. Average
qunsmes of Cassin’s and Rhinoceros auklets are higher in
winter than i‘n summer, due te immigration from northern
colonies. This is also the case for murres, although in December

(Table 3) populations in California have no* yel been |
‘?ngmcnted by immigration. Some local nesters are relatively R
scdentary: for example, murres are most abundant within 50 km

;f colonies. Still, large concentrations of murres notth of Point
rena are thought to be mainly immigrunts. Murre densities are

hiigh?st (averaging up to 35 birds/km®) in the turbid waters of e
the continentat shelf. In contrast, the two suklets are most o

iumerous in deeper waters scaward of the shelf break.
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Rhinoceros Auklets are distributed somewhat farther offshore
than Cassin's Auklets, which often form dense aggregations
over the continental slope (Briggs et al. 1987). Over the sheif,
California, Herring, and Western gulls are numerous (Table 33,
Large numbers of kittiwakes and some fulmars arc present
scaward of the shelf break, Phalaropes are present, but QVerige
density is much reduced from that seen in fall, and the birds are
restricted to offshore waters.

In contrast with all othet scahmh. average bird density
at sca in December peaks (more than 22 birds/km®) in the SCB
(Table 3), where productivity and prey stocks appear to be
highest. The SCB is protected from most winter storms,
permitting development of stratified (stable) surface waters,
Midwater schooling fishes, especiatly anchovies, exploit this
environment for spawning (Parrish ¢t al. 1981), Newly hatched
anchovy larvae are critically dependent on stable patches of
nhytoplankton. The combination of low vertical mixing and the
influx frot the south of equatorial water results in high
phytoplankton production in the SCB in winter. As a result,
anchiovy standing stocks are higher in the SCB than elsewhere
in the CCS. probably leading to enhanced feeding conditions
for a varicty of scabirds (Parrish et al. 1981 Hunt et al. [981;
Briggs ot al. 1987),

The relatively large winter seabird population in the
SCB is made up primarily of species visiting from northern and
infand areas: breeders are much less numcrous (Table B, The
most abundant species, the California Gull, accounts for up to
55% of the birds in the region (12.74 birds/km). and is
ubiquitous aver the shelf, Bonaparte's Gulls and local breeders
stich as Western Gulls, pelicans, and cormorants inhabit
shallow waters along mairtland and island shores, At the
western edge of the SCB, the true continental margin. there are
large numbers of visiting boreal species, especially Rhinoceros
Aukiets, fulmars. Herring Gulls, and kittiwakes. i other words,
he coolest waters at the western edge of the SCB -support a
auna characteristic of the Gulf of Alaska. This boreal faunia s
resent over the outer sheltl and slope the fength of the COS (o
tbout Punta Eugenia,

44,  Annual variation

Year-to-year variability in the abundance, distribution,
and compoasition of bird populations at sea resilts prumarily
from ENSOs and other targe-scale events. During the ENSO
events of 1977-78 and 1982-83, Briggs et al. (1987) observed
lower overall at-sea densities oft Calitornia, higher refative
percentages of warm-water species, and reduced numbers and
southward dispersal by northern nesters. Annual varation i the
number of birds off Washington in summer and fall also
correlates with upwelline intensity (Wahl et al., this volume).

During periods of anomalous oceanographiv conditions,
seabirds often forage in unusual regions or habitats. For
example, off Catifornia, Common Murres were 60% less
numerous at sea in midwinter amd they foruged unusually tar
from colonies during the 1982-83 ENSO (Briggs et al. 1987:
Croll 1990), In Washington, southern visitors and resident
species fed nearer shore during ENSO conditions, perhaps
because detritus-based estuarine systems are fess affected than
upwelling systems (Wahl et al., this volume), Also, ENSOs

may force birds to use alternative prey: tor ummplc Fork-tatled
Storm-Petrels have been seen eating crab larvae in the harbours

of coastal Washington (Wahi et al., this volume). In Monterey
Buy and the SCB. Western Gulls and other neasshore feeders
ate pelugic red crabs (Plewroncodes sp.). a tropical species,
during fall 1982 (Stewart et al. 1984).

s, Conservation

At present, the primary threats to at-sea hsrd mpul.ﬂmnu
in the CCS are human fisheries, floating oil. and in a few places
toxic chemicals, Breeding populations are vitinerable also to
colony disturbance. the introduction of noanative predators, and
habitat loss,

Poteritial impacts of fisheries on w.,nhlrdu. i lude
competition for prey species. incidental mortality, and changes
in trophic systems. O W, lahmg.lun and Orcgon, the Lrge
internationad trawi fishery s of yreatest concemn. The Fishery s
knows to influence the distribution of some seabird speoies; for
example. Calitornia Gulls occur much farther oftshore when
accompanyving hishing boats than they do in regions without
hoats (Wahl and Hememann 1979, Although the Sshery s o
source of tood toftal) for some species, the attniction of species
from other regrons nm'ht Iead 1o incteased wm[x{llmn fosr
natural prey resources, -

OH Califorma, the nearshore grinet Lishers has been
shown o cause considerabie mortality of murres shearswatere,
and other divers tHeneman P984 Takekawa et il 1990y
Recent legedaton restricting gilinetting 1o deeper waters
appears o have reduced the rate of mortalite, by Wishingron,
there s a gillonet Bishoery for salmon in miand marme waters and

estuartes, which s also-know s to kall murges, LHhL'H andd
shearwaters tWahl et ai thes volumer |

Cases where overfisting by humans has led 1o crashes
in bird popalations are well documented (e e Doty ot al
FORG), Iy the SCB, Brow e Pehicans dond peshiaps other species)
are vulnerabie to human denlenion of the northorm anchosy
cADnderson et al. FORG Gress and Anderson 1983 dn 1S
waters, there s po longer a reducnon fishers, but some
anchovies are caught tor bait Tor recreational tishing fhe
anchovy stock that teeds pelicans mosouthern Caldbornig e
Fished by the Mo tect ot Baga, shich operates sndss very
dJitfererit Fl.thﬂl“i‘ﬂ\ than those in cffedtn LS. waters
CAnderson amd Grosy [USA)

There has boeen only o signhicant otbapil} cn 196Y)
front plattormis off southern Califorma, but transportdion
decidents have been commaon, espectally ot centel Cadifotm
where barge and tanker spdis hase acconnted tor more than 10
bird mortidtties sinee 1977 (Sounl et al, 1072 Carter et al
FOOU: Anderson et al P21 As ver, tramsportation acodengs
have been relatively infregquent i the Pactie Narthwes
atthougin, following the recent “Nestucea barge spill dutside
Giravs Harbor, F3 000 ogled birds were recovered trom beaches
i Washingion and Bnlnh Columa IHUFLH ot al HH*J \'u ahl
ef al, thix volumer, |

Tovic chetingcads ave been unphlicated asa threat (o
seahirds in the SCB and elsewhere iOhlendort of al 1990, In
the late 19608 and carly 1970s, dumping of DD mto copstal
waters led to pesticide-imduced exgshell thinmng and nesy |
tatlure of Brown Pehoans and [owuhle crosted Cormoranis i
colonies in the SCB and northern Baga Cabitormma oKenth et ol
1971 Gress et al 117 3), Reprodudtion at these colonies bas
improved considerably vince TY80O, but lmgenng. chrongg
OXICIEY Dl 10 part be prey citing pehcans m the SCB trom
achieving the tledging rates seen o culomes i the Gulf of |
Caltfornmia (Gress ¢t al, 1992 There continues (6 e concem
about DDE and PCB residues bemg stowly rebrased trom -

sediments off Los Angeles. These compounds are hknown to
contaminate some fish species and mav sull attect bird |

reproduction,



Some nesting colonics in the CCS have experienced
nopulation declines in recent years. In the most flramatlc
example, the number of Common Murres breeding on the
Farallon Islands decreased by 47% during ll98(l}-l986 |
(Takekawa et al. 1990). Mortality from gillnetting apd oil |
contamination, compounded by prey shortage associated with

- an ENSQO event. contributed to this decline (Carter et al. 1990).

This case detnonstrates that populations can decline signifi-
cantly over short time periods when several damaging factors
occur simultancously.

Human disturbance of coastal colony islands 15 not
currently a widespread problem in the CCS, except off Baja |
California s Anderson 1988). However, in the future, the risk of

- disturbance. development, and the introduction of exotic

predators may well increase everywhere as human populations
expand, In addition. threats to mainland shoreline habitat are of

great concern. Logging of the old-growth torests may be

contributing o population dechines of Marbled Murrelets
(Leschner and Speich 198Y; Nelson 1991). Within the CCS.
Murbled Murrelet nesting is restricted to old-growth forest
within 530 km of the coast, habitat which is rapidly disappearing
dae to explotation by the tmber industry. |

6. Conclusion

The processes winch aftect the day-to-day and
hour-to-hour dectsions of individual birds most likely operate
on shorter ~eales than those we have dealt with here. Still,
larger-scade distribution patterns retlect the summation of all the
chotees of all the individuals in the populations or communitics
av well as the overall suitability of habitats, Resolution of
patierns at smaller scatles will require much intensive,

“process-one-ted work, whereas variability at large scales can

Oty be uppreciated with time series. Both are needed for the
CCS as welb as cewhere. We urge that etforts be made to fil)
the remaming major gaps in the CCS picture: that is. the waters
off Baga California and the outer waters of the current at all

latitudes should be surveyed systematicatly, Other questions

deserving attention include the following: What are the effects
on seabind and prey populations of the Columbia River plume
and tidal upwelling from the Strait of Juan de Fuca? What are
the similarities and differences among the Cape Blanco, Point
Arena/Point Reyes, Point Conception, and Punta Eugenia
upweting centres? Does thermoceling depch.influence the
distribution or nesting success of divers in these upweltling
cones? Finally. our challenge is to build on the general
ecological information now available by examining the factors
influcncing habitat choices by individual birds and determining

- the costs and benefits of those choices.
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