CF

if

ns

L

: : R
. A Lo T e . - a =
E -, - _ﬁ-,ﬁq .
T =y

1
._;r.
A
‘.I.
v d
b AE:
', 1 Ll
R
)

B
4
}

Seabird distribution off British
Columbia and Washington

Terry R. Wahl,' Ken H, Morgan,” and Kees Yermeer'

13041 Eldridge, Bellingham, WA 98225
Canadian Wildlife Service, P.O. Box 340, Delta, B.C. V4K 3Y3

SCanadian Wildlife Service, clo Institute of Ocean Sciences, P.O. Box 6(X)0, Sidney, B.L', VHL 482

Abstract

Surveys of British Columbia and Washington offshore
scabirds have been limited seasonally and geographically.
Though few direct analyses of distribution and abundance
relative to biologic and oceanographic processes have been
done, birds appear to concentrate at fronts, outflows, areas of
upwetling, and seasonal prey concentrations. Overall numbers
generally decrease with depth, presumably reflecting
productivity and food availability. Numbers appear to vary
greatly from year to year, with differences especially noticeable
during abnormal oceanographic “events.”

Résumé

Les relevés des oiseaux marins pélagiques, effectués au
large de la Colombie-Britannique et de 'Etat de Washington,
sont limités sur le plan des saisons et des régions, Malgré le peu
d’analyses concrétes de la distribution et de "abondance en
fonction des processus biologiques et océunographiques, il
semble que les oiseaux se concentrent aux fronts océaniques,
aux lieux de débit sortant, aux licux de remontée des eaux
profondes et aux lieux de rassemblement des proies
saisonnitres. Leur nombre totul diminue paralltiement i la
profondeur de |'eau, comme il en va vraisemblablement de la
productivité et de la disponibilité de la nourriture. Le nombre
d’oiseaux marins semble varier considérablement d'une annde &
|'autre, Les ¢carts sont remarguables lorsgue surviennent des
épisodes océanographiques exceptionnels.

1. Introduction

The varied occanography of the offshore witers
(essentially between 20- and 2000-m depth) of British
Columbia and Washington (Fig. 1) reflects the area’s
complicated coastal bathymetry and circulation. Spﬁnmng about
900 km in latitude from the Columbia River to Alaska’s
southeast border, the continental shelf is relatively narrow (up
to about 60 km wide), and cut by a number of deep submarine
canyons, Shallow offshore banks are located off southern
British Columbia and northernmost Washington.

The coastal circulation is complex and seasonally
varigble in current flows, freshwater inputs, and upwelling
(Thomson 1981; Hickey 1989; Landry et al. 1989). The region
is not directly associated with the easterly flowing Subarctic
Current (Thomson 1981), This current system divides about
1000 km offshore into the southeasterly flowing California
Current, which barely affects the Washington continental shelf

Figure §
Mujor features of British Calumbia and Washington offshore region

P = locaton of major canyons: ® = location of offshore bankx Depth contour
In metres, ‘
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region (Thomson 1981: Hickey 1989}, and the Alaska Current,
which flows to the northeast and then north off the sheif, west
of the Queen Charlotte Islands (Thomson 1981). The Davidson
Current, which is perhaps the surface mamfc-smmn in winter of
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“1981). ts a feature of offshore waters, inshore

the northward-{lowing California Undercurrent (Thomson
of the California
Current. | | |

The character of coastal/continental shelf waters 18
strongly influenced by the freshwater inpul l’rm.n WInLCT riins
and summer snowmelt. These vary scasonally and hetween
vears (Thomson 1981; Carpenter and Peterson 19{%*)]. The
outflow from major rivers (Thomson 198 1), prinmpzflly Ihl?
combined Nass—Skeeni, the Fraser, and the Columbia, drains

large guantities of fresh water and sediment 1o estuarics, the

teansitional waters of the Strat of Juan de Fuca, Queen
Charlotie Sound. Hecate Strait, and Dixon Entrance, and
eventually into continemtal shell and oceanic waters. Offshore,
the low -~alinity plume from the Columbia River extends
outhwest Far offshore from Oregon in summer, and (o the north
off Washinetot in winter (Barnes-et al. 1972), From this mput
and rci-.mﬂ:l}-* low surface evaporation. Favortie ¢t al, (1976)
named the broad region offshore British Columbia und
Wishington with measarably dilute surface water the " Ditute
Domain,™ |

Seasonal. wind-driven upwelling is important to the
prreductn ity of the region, though itis highly vanable from year
to vear (Bakun 1973 [toceurs from ibout April to September

and generalhy decreises with latitude. The wind-driven
upwelhng zone penerally occurs 6-10 km oftshore (Hickey

Fok91, and Landry and Lorenzen (1989) reported farge standing

socks of zoophukton from about 10 ki offshore 10 at least

and -l m summer oft Washington, Off southwestern
Vancesiver Infand there are two broad fronts of primary
production over theopen eontinental shelf (Brinkhurst 1987), A
nuatune of seaw ard -moving estuarine water from the Strait of
Juan de Fuca and Tow-oxygen, nutrient-rich Caltlorni

U ndercarrent woter is entrained in ahand same 635 Kim long amd
approvniedy 2t wide, This constant supply of nutrients i
the summer monids contributes to priniry production at the
tnshare front atkd is responsible for matntatning the oftshore
front which paratlels the 80-m depth contour, some 35 km
oftshore, Production and biomass of species decrease with
dopth and/or distance offshore. For example, phytoplankton
pregmeitt biomass over the shed! was 8-12 tmes greater than

over the continrenttal stope and in occamic waters off Washington

tPeery e abl T98Y)L Inaddition, the Calitornia Undercurrent
abuts the shedl along ils entire margim, producing a weak
unwetiing and supplymg nutrients 1o the suclace waters in the
vicimity ol the outer canvons. Tihas weak upwelling crosses the
shelt and s entraned into the wind-driven upwetling regime of

Cthe inner shelt tHickey 1989), |

Scasurtace temperature of:the shell region ranges from
about 6 - H0°Cin winter to about 10-16"C in summer; summer
highs of up to I8°C depend on the extent of irregular intrusions
of warm oceanic waters (Thomson 198 1), Following the first
tall storms in Sepiember, the water column becomes mixed and
the sununer surface temperature pattern of warm oflshore/cold

-shelf waters breaks down,

2. Methods

- Comprehensive scabird surveys have been imited until
very recently. Sanger (1965, 1970, 1972) and Martin and Myres
(1969) reported carly observations, Most subsequent data for
nt“[“shurc walers have resulted from surveys conducted on ships
ol opportunity. Data from many of these systematic studies
have been used for descriptive purposes here. The methods of
data acquisition, platforms, effort, and habitat classifications

R

used ha#e differed considerably in the various surveys. The
resultant density caleulations have been derived from both line

transect counts and fixed-width transect counts. Some pertinent
surveys of adjacent inshore areas also exist (e.g., Savard 1979,
Wahi et al. 1981; Vermeer et al. 1983). Geographic coverage
has been greatest off southern Washington, and off south-
wostern Vancouver Island and northern Washington, though,
even there, scasonal coverage is uncven and winter data are

minimal,
Although long-term oceanographic studies have been

~ conducted off southern Washington (Pruter and Alverson 1972,

Landry and Hickey 1989), few scabird data have been collected.
Seabird associations with mesoscale features have been
dentified and characterizations of seasonal populations drawn,
but carrclations between seabirds and oceanographic features
have been quantified in very few cases.

R ) Resylts and discussion

1.1, Faunal overview _

Some 38 seabird species (Table 1) occur regularly over
continental shelf waters (to 2000-m depth). Another 17 species,
casual visitors from oceanic or inshore habitats, have been
recorded from the continental shelf arca (Table 2). Additionally.
a large number of species of waterfowl, shorebirds, and
passerines migrate through the region.

3.2, Geographic and seasonal variations
Although the overall species composition is similar
throughout the British Columbia-Washington offshore region,

“there are some differences from north 1o south, most likely

related more to breeding distributions (both coastally and
inland) than to tatitude per se (Hunt and Schneider 1987).
"~ To characterize variations, we have divided the year

(after Waht 1984) into six “scasons.” These seasons are: carly

spring = March, April; fate spring = May; summer = June; carly
fall = July. August: late fall = September, October: winter =
November—February. These corresponded generally with
patterns of migrations, breeding and wintering periods, as well
as the timing of an carly Septemmber weather change.

3.2.1. Larly spring

Nine species (listed as Abundant or Common in Table
1) make up most of the regional scabird poputation, with an
additional 16 occurring in smaller numbers, Fork-tailed and
Leach’s storm-petrels (Oceanodroma furcata and O. leucorhoa)
arrive to breed after being virtually absent all winter, aleids
move in from nearshore wintering regions and from areas
offshore, Black-footed Albatross Diomedea nigripes numbers
Increase, and Laysan Albatrosses D. immutabilis and Northem
Falmars Fulmarus glacialis decrease.

3.2.2. Late spring

Sooty Shearwaters Puffinus griseus arrive from the
southern hemisphere between late April and early May, and,
based on available data, move through the region to concentrate
in northern arcas, such as Dixon Entrance, the waters west of
the Queen Charlotte Islands, Queen Charlotte Sound, and
Hecate Strait (Vermeer and Rankin 1984, 1985; Waiil 1984;
Vermeer ¢t al. 1987; Morgan et al. 1991). The influx of
phalaropes, jacgers, and many species of gulls and terns
elevates the diversity of birds (o almost fall levels.
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Table 1
Scasonil status of seabirdy occurring regutarly in British Columbia and

washington offshore wuters, Seasons: ES = March-April, LS = May. 8§ = Junc,
EF = July-August, LF = September-October, W = November-Februury.

A = abundant (observed regularly in large numbers in appropriste habitat):

(' = common {ohserved regularly in moderate numbers): U = uncommon
(observed fess frequently or in small numbers) R = rare (hot always seen in

scuson, small numbers).

Cosnmon hame S {.S S fF bt W
sl A S AR — e

Black-footed Atbatroxs U ¢ C C ( {1
Laysan Afbatroxs R R R R R f
Northern Fulmar C U U C C A
Muattled Petrel U R R KR R R
Pink-footed Shearwater C ( C &
tlesh-footed Shearwaler U U {] {

Buller's Shearwater U L! {

Sooty Shearwaler v C A A A %
Short-taited Shearwater U L i
tork -tailed Storm-Petrel U N & C ( R
[cach's Slorm-Patrel U C { C ¢ R
Red-necked Phalarope A A A

Red Phalurope C ( U |
Pomarine Jagger R U {f C ¢ N
Parasitic Jucger U L ¢
Long-tuiled Jneger R C L

South Poliar Skua R U U 1!
Bonaparte's Guil {

Mew Gutl U R [ {
California Gull R U ¢ A A U
Herring Gull C U U (
Thayer's Gull L { (
Western Gult® C { ( ( (' {
Glaucous-winged Gul € C C { ( C
Glaucous Gul U 1§ l:
Black-legged Kittiwake  C L i L L {
Sabine's (ull C C L
Common Tem &

Arctic Tern C e 1]
Common Murre { C ( A A A
Thick-billed Murre R R R R R R
Pigeon Guitlemot ( R R L R R
Xantus' Murrelet {; § L

Ancient Murrelel C ¢ & { & 1’
Cassin's Auklet C & \ A A O
Rhinoceros Auklet C ¢ A A A\ ('
Tufted Puffin U U ( { { U
Horned Pultin R R K R R R

"Wncommoon off British Columbia,

3.2.3. Summer

In June, with fittle or no migration taking place. species
richness declines, with about 13 species dominating.
Albatrosses and shearwaters reside olfshore, adding (o
populations of storm-petrels, gutls, and alcids breeding in the
region. 1n addition, variable numbers of nonbreeding fulmars
and Black-legged Kittiwakes Rissa tridactyvia are present. From
northern Vancouver Island to the Aluskan border, storm-petrels
and alcids are especially abundant (Table 3, likely reflecting
the much greater availability of nesting habitat than exists
farther south. In addition to other numerous nesting aleids,
Ancient Murrelets Synthliboramphus antiguus breed in the
northert area atmost exclusively, and small numbers of
Thick-billed Murres Uria lomvia and Horned Putfins
Fratercula corniculata ure there exclusively, The southwest
coast of Vancouver Island and northernt Washington also has
offshore islands and rocks which provide seabird nesting
habitats, particutarly for storm-petrels, cormorants, gulls, wd
alcids, The southern coast of Washington his no offshore
islands, and nesting populations are made up aimost entirely of
Double-crested Cormorants Phalacrocorax auritus, gulls, and
Caspian Tems Sterna caspia, which nest on islands in estuaries.

~ Divmedey couwtu

Tuble 2 | .

Species of seabieds abserved inshore or offshore of Bratish Colutnbig wml

Washington. R = regulurly seen, C = casual, -~ = not reconded

SFI:L‘W!- Jnshiore O hore Heleremee |

Short-tailed Albatross O Grahy eval w72
Piomedva utbatrus _ . | |

Shy Albitross . ¢ Shipp 1982

Solander's Petrel - ( Waht. usipubl datas
Prervadromu solandr ” | -

Mana Shearwider . ¢ Wahlunpubl. data
Putfinuy puffing | |

Black vented Shearwater o O Campbell et al [RM)
Puftinis opisthometan | | )

Wilson's Storm. Petree! S Woshl, onpubl dals
fleednites peeanis i -

Red billed Tropichird : R Flabaut 19337
Phleethon wetherun

Bramdt's Cormoram R [' Wahl unputd data
Phoabac rocoray pesa diatin |

Brown Pelican - R { Wiht unpobi data

Laughing Guil £ wernc il . Wkt upeubl data

Franktin's Gull - ( { Wbl uapubd dut

Lty pupve un

Hevermann's Gl R Wbl unpyld data
King hitled Oalf R Wohh unpuhl data
Red fepeed Kithwake Y Wil unpubi data
Rivaid brevivosrin . | R ‘
Cuaspran Tern R { Wahl unpubi data
Miaehled Murteler R { Wbt unpubl dale

Hrac b ramplies marrioratiy
Parshee! Auklet o .
(v lerrhynchies pstttae ul

owett ot BSS
Morean et ab RS

| L LSBT e TATTL ALY I
M‘_m{m

; . . -

Tahle 3 | | |
Populttons of seabirds breedmg onthe vutet coits of Btk Colunitg and
Washington '

r m——— Ay mm s w7 A ey mm wk o T L el e '

\"i'.hhlurtu n

MEYRID Hotsh Celienhb
Fork taded Storm Peteel VAN W V1L &
Leach’'s Stopne Petrel | BTN 2§
Biandt' s Cormorang - | | L h S
Double cresfed Cormotant | | | AERYE
Poelavi Comperant LMY ESUN
CHavcous waeed Gult LR LE Lo, A(aT
Cuaspuant Tern Tan?
Commuon Mo - L hM RNTE T
ek Biiled Ve . Bl |
Precon Castlens | - . G L i
Varbicd Murrelet SENF LR RIS 12
Ancrent Murseles : 9.1 10N :
Cassin's Auklet PASLAR) X1}
Rbnoveros Aukle HNU TN | '."l MM
Tutted Puttin TN - iR
fiorned Pultin S(
§ 2T g an

ol - ,

T Trony Roddw a1 Veomeet 1984

h Speivh and Wahl VOSG rnoad e et date from TN

“Both species vorntinned ‘ |

e tudes Western Giud!

CPon: TS eddaprate 108 Fishand Wildhite Servsce. unpuhl dabi el

priog fu FOLTED N Sonthiem Ositlation v swas WNI ¢ Spcrch et Waht

jusy)
'Ewsis et al L this valume
¥ S AL Spewch, Wahl, and DAL Manuw al, utipubl daty

A few Ring-tilled Gulls Laray defawarensis nest there, alony
with many Western Laries occidentalny and Glavcous winged
[.. laucescens gulls. Western Crudls nest i numbers only from
the central Washington coast south, The oftshore distribution
of breeding species, whether umlborm o related o distance
from colonics. his not been deseribed tor the entire Britsh
Columbia-Washington region. (fshore populations of

41
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nonbreeding species may be essentially similar throughout t;w
region. although the movement in Mi})’ and June of efztrefne b{:
large numbers of Sooty Shearwaters into Heiate Strait may |
unique. The limited data indicate that fewer Sooty Shearwaters

occur off Washington than British Columbia in June, but that

numbers off Washington peak during spring and fall (Wahl
1984. unpubl. data; Vermeer et al. 1987). Xantus' Murrelet
Synthliboramphus hypoleucus, which breeds frme southern
California through Baja California, 1§ less rarc in sogthcm
Washington offshore waters than in British Columbia. although
the species has been observed there (Morgan et al. 1991).

324, Earivfall | |
During the July-August period the seabird populations

off Washington and British Columbia include young birds

raised both in the region and farther north and, along \:uilh th:s
late fall period, likely contain the largest total poputations of the
vear, atong with the greatest number of specics (20). Offshore
summer populations are supplemented by carly migrants, |
including small numbers of Buller's Shearwaters P. hullert
(Wahl 19%5), increased numbers of Sooty Shearwaters,.
ohalaropes, jacgers, and gulls, especially California Gulls

L. californicus, which arrive on the coast in July from infand
nesting arcas. Northward migration of musres from Oregon
and/or California begins, with adults and chicks moving
slowing north atong the Washington coast. Huge flocks of birds
forage in southern Washinglon estuarics starting in August,
When warm. oceanic water intrudes over the continental shelf,
Leach™s Storm-Petrels may torage closer 1o shore than usual, i
this oceanographie condition does oceur, it usually breaks down
11 carly September, *

323 Late fu”’

- Numbers of migrating phata,cpes, jacgers, Sabine's
Gulls Xema sabing, and Arclic ‘Temns S, paradisaea decrease,
though this i~ the season with the most (203 Abundant and
Common species taccording to definmitions in Table 1) present
during the year, Gull populations also increase over carly [all,

- with most Herning L. argentatus and Thayer's L. thayert gulls

appearing in October. Although shearwater populations in the

- northern arcas are notably smaller in the fall than in the spring

(Yermeer and Rankin 1984, 1985), shearwater numbers peak
oft Vancouver Island and northern Washington prior to
migration. Some Sooty Shearwaters penetrate the Strait of Juan
de Fuca, and many others forage near shore and in Grays

- Harbor and Willapa Bay in the south (Wahl 1984; Vermeer et

al. 19Y87). Alcids—murres and Rhinoceros Auklets Cerorliinea
monocerata—also torage inshore, and migrating murres move
all the way into the Strait of Georgia, Puget Sound, and other
inland marine waters for the winter.

326, Winter

From November to March most of the shearwaters and
storm-petrels are absent, and populations include only about 10
numerous spectes, including Northern Fulmar, gulls, and alcids.
Gull populations contain local residents, along with large
numbers of Mew L. canus, Herring, Thayer's, and |
Glaucous-winged gulls and Black-legged Kittiwakes. Ancient
Murrelets and Rhinoceros Auklets disperse offshore and south
for the winter, whereas Tufted Puffins Fratercula cirrhata
tnove to mid-ocean, Many individuals of a number of species
that breed both within the region and outside of it move to
winter in sheltered inland waters,

'
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3.3, Population estimates

Almost all of the approximately five million seabirds
breeding in the region (Table 3) forage offshore (>20-m depth),
with only cormorants, Caspian Terns, and some gulls foraging
predominantly near shore (<20-m depth). A large proportion of

" the breeding population consists of storm-petrels and smail

alcids, and the vast majority of these breed in British Columbia.

Nonbreeding populations are poorly understood.
Although seasonal standing stocks have been roughly estimated
for parts of the study area, the estimates perhaps reflect survey
coverage mote than true seasonal peaks, Maximum spring
numbers of about 1.4 million are possible for Dixon Entrance
(93 000 from censuses but with 1.4 million nesting nearby;

Vermeer and Rankin 1985), 2.2 million for the coastal waters
west of the Queen Charlotte Islands. and 6.5 million in Queen

Charlotte Sound and Hecate Strait (Vermeer and Rankin 1984),
Off southern Washington peak early fall numbers of about

1.2 million {excluding inshore populations) have been estimated
(Wahl 1984), No estimate of the seasonal populations off
southwestern Vancouver Island has been made. These
projections are subject not only to problems of censusing and
smali sample size but also to the use of averages which
understate maximal numbers. For example, a major portion of
the alcids which breed in British Columbia (about 3.5 million
adult Ancient Murrelets, Cassin’s Auklets, and Rhinoceros
Auklets [Table 3§ plus young and nonbreeders) transit

‘Washington's offshore waters during migrations. Similarly,

large numbers of fulmars and kittiwakes originating in Alaska
pass through the region to winter oftf Oregon and California,

Some geographic differences in abundance of
nonbreeding species (e.g., large tlocks of Sabine’s Guils
concentrating off sonthern British Columbia; Vermeer et al,
t987; Campbell ¢t al. 1990) probably relate to foraging
opportunities. Bonaparte’s Gulls L. philadelphia occur off
southern Washington and are only infrequently encountered off
the British Columbia coast, perhaps reflecting migrations to and
from infand nesting areas via the Fraser River. California Gulls
arc abundant from Vancouver Island south (Wahl 19735, 1984;
Vermeer et al. 1987) but have not been reported for Dixon
Entrance (Vermeer and Rankin 1985), suggesting fall migration
from the interior to coastal waters via the Fraser and Columbia
rivers..

3.4, Year-to-year variation

Only a limited area of the offshore waters off southern
British Columbia and Washington has been surveyed over a
period of years, Surveys elsewhere were done during only one,
two, or three years, with minimal sampling at best, so “average”
conditions are unknown. Even off southern Washington
intcrannual differences in most species numbers were not
statistically significant because of patchiness and variations in
census data (Wahl, unpubl. data), though differences were
intuitively apparent in many cases. Extremes stand out,
however, for a number of species (e.g., phalaropes: Fig. 2),
especially in years of major oceanographic anomalies. .

3.5, Proximity to nesting areas

| Birds appear to be seasonally more abundant offshore
from nesting colonies than in areas far from nest sites, For
example, Ancient Murrelets have been observed off
Washington, where few if any breed. However, great numbers
breed in northern British Columbia and, though numbers have
been seen offshore in April-May, low numbers have been
observed in pelagic waters at other times. Some “offshore”
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Figure 2 |
Annual Abundance Indices of phularopes in July-October off southemn

Washington (Wahl, unpubl. dutw). Abundunce index = birds observed/km®
welghted by hubitat area. RNPH = Red-necked Phalarope; REPH = Red

Phalarope.

30
7

Y w,

2 /

/ /

o 5 a"
2 20 / B

/ 7,

“- / /7

7 7

/ Y/

/ 7/

g / 1 &

/ r 7 V'

@ 7 / ‘8 7

10 / ’ Y, r

/ g ‘8 7

V,

/ / B 7

j ﬁ p; ’H 7

/ / . /N 7

A D / / / ‘BN 7

1977 1979 1961 19083 1988 1087

S RED PHALAROPE
ASD=NECKED PHALAROPE

species may forage during the nesting scason in nearshore
habitats rather than offshore. For example, during hmited
surveys off the entrance to the Strait of Juan de Fuca in
summer, Tufted Puffins were abundant in the immediale arca of
a colony. whereas few if any were found foraging offshore.
Farther from colonies, off the southetn coast of Washingion,
adult puffins at the same season were distributed farther
offshore to the edge of the continental shelf, though numbers
were low (Wahl, unpubl. data).

1.6,  Use of ncarshore waters

Sooty Shearwaters forage in huge numbers in shallow
ncarshore waters during August-September when northern
anchovies Engraulis mordax are present in southern
Washington (Wah! 1984), Also in Washington. the migratior: of
Common Murres from Oregon along the coast takes place m
both nearshore and offshore waters, Similar movements have
been observed off California (DeSante and Ainley {980: Briggs
et al. 1987). Many murres winter over the continental shelf, but
large numbers pass through the area to winter in infand marine
waters (Wahl et al. 1981), Rhinoceros Auklets, which winter
offshore and mainly south of the region, forage in very large
numbers in nearshore waters when prey is abundant there
(Wahl, unpubl. data). Conversely, nearshore resident species
sometimes use offshore waters, On several occasions, groups of
Pigeon Guillemots Cepphies columba were observed offshore of
Washington in the fall, possibly migrating north from Oregon
or California to winter in infand waters of Washington and
British Columbia (Wahi, unpubl. data).

37. - Major inlets off the open ocean

In northern British Columbia, very large numbers of
shearwaters forage seasonally in Dixon Entrance, Hecate Strat,
and Queen Charfotte Sound (Savard 1979; Vermeer and Rankin
1984, 1985; Campbell et al. 1990). Fulmars and some other
offshore species also enter Dixon Entrance in the fall, but other
offshore species like Buller's Shearwater do so rarely (Morgan
et al. 1991). Farther south, the Strait of Juan de Fuca is used

regularly by large numbers of migrating and wintering murres

(Wﬁnhl fel al. 1981) and Red-necked Phalaropes Phalaropus
Sulicarius in spring and fall, but by only relatively smail
numbers of other oceanic specics. -

3.8.  Oceanic waters offshore -
During the summer. seabird populations withim the spht

of the Subarctic Current into the California and Alaska current

systems {see Favorite ¢ al. 19761 and tving offshore of the

Cregion appear 1o be relatively small. In addition, the species mix

differs notably from those species found in either the adjacerit
oceanic water masses or the slope. shell, and coastat waters to
the cast (Wahl et al. 198, This suggests that, in the summer, o

least. there is little interchunge with populations nearer the coast,

3.9.  Associations with phyvsicad and hbrologicat processes
£.9.0. Fronts

Quantitative data are mmimal. but observanons and
anccdotal reports show that a puimber of species, espediably

phafaropes. conventrate at dntt bines and af cursent boundaries,

simitar to other arcas (Briggs ctal. 1983y,
£.92  Estuarine outflows

Large numbers of birds (e gL, Soots Shearaaters,
California Gulis, and Cassan’s Aukiets Pove horapiphis
calewtions in July-Augusty coneentrate to forage i tidad fronts
of f the entrance to the Strat of Juan de Fuca The combration
of feeding opportunities at fronts within the Strmt of Juan de
Fuca outlTow and over shaliow offshore banks explams the
large. reglonally unigue concentratiots of Sabme's Guilv ol
southwostern Vancouver Iland (Vermeer ot al, 1987,

S 3 Seq swrfuce temperature | |
Distribution of seatrds sebdom appears (o be related to
local sea surface temperature per e BEven exdreme sei surbaee
temperatures in the region subl fall within o NAFTOW Fangy
relative to the large-scale differences toond over the Nonth
Pacitie Ocean (Wahl ot al, 19X Presence of greates numbers
of vertain species (e, Butler's Shearsater: Aintey 1076 :
during years of “wart” water and the distrihution and
abundance of some other regularly occurmang species during
years of prjor anenyiies such as 1 N1 -Southern Osciflation
events (Wahl, unpubl. datad are likely related to targe-sealde
temperature patterns retlecting productivity,

Vermeer of al. (1990 however, foumd strong
correlations (POSHive OF NERALIve) berween sea surface
temperatures and the oceuIrting of many spevies (e, Black.
footed Albatross. Northern Fulmar, Pink-footed Shearwater
P creatopus, Buller's and Sooty shearwators, Bork - tuled amd
Leach's storm-petrels, Glaucous-winged and Caltforma gulls,
Common Murre. Cassin's and Rhinoceros auklets, and Tufted
Puftin) off Vanvouver bsland. Fork-tailed Storm-Petrels tend to
oceur primarity over the outer continental shelt, inshore of the
front separating colder, "green” water from warmer, “blue”
water offshore where Leach's Storm-Petrels occurred (Wahi,
unpubl. duta). Surveys off British Columbia in warm otfshore
waters indivate that there are few birds there other than Tow
nunibers of Leach’s Storm-Petrels and Black-footed
Albatrosses (Morgan et al. 1991, ;

194, Effects of depth

Off southern Washingian there is i relatively regulur
bathymetric transition from the nearshore 20-m depth contour
1o oceanic waters. Farther north, patterns of distribution relabive

4}
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Figure 3 |
Density indices of birds by de
(no satnples >2000 mi (Wahl,

pth oft suulhern Washingion in h{luy. 19721988
unpubl. data). Density Index = birds .
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o depth e complicated by estuarine outlows, farge nlets.

ottshaore banks. and. 1in some areas, o narrower shelf,
Cherddl, the s o pattern of decreasing seabird

- abundance wth icreaning depth. For example, Yermeer et al,

CL9RY) found signdicantly more birds over depths of <60 m
than >0 m. There are general patterns of different scabird
species aecarring in water of different depths, though these
patterns vary by scason fe.g., fags, 3and 4). Distributions are
uindoubtedty related 1o prey and their availability: but in
eeneral, ax Botsford et al, (1989) state, “the identification of the
wHuenee ot occanbgraphic conditions on fish stocks is al a

relatively pranitive stage in the Pacitic northwest as elsewhere.™

(O Washmgton, Sooty Shearwaters concentrate farther
ottshore in May (Fig. 3). when lood is relatively scarce (see
Chu 1984 thay in Augast, when northern anchovies are
extremely abundant nearer shore (Fig, 4), Ofl southwestern
Vancouver hland. Vermeer et al. (1989) found Sooty

Shearwaters present at higher depsities over the mid-shelf (han

erer nearshore or more oceanic waters, vermeer (unpubl,
dati) did not tind anchovies in stomach analyses of birds
collected off southwestern Vancouver Island during September
and October. This was tikely due to the fact that the occurrence

of anchovies i British Columbia is sporadic (Hart 1973).

Buller's Shearwaters off Vancouver Island are most
abundant beyond the shell break (>200-m depth: Vermeer et al.
987}, whereas off southern Washinglon the targest |
concentrations accur between 100- and 200-m depth (Wahl,
unpubl. duta). '

The disteibution of phalaropes off"southern Washington

varied somewhat from that found by Briges et al, (1984) off

LCalifomia. Red-necked Phalaropes were most abundant off
\%fashingmn over mid-shelf fronts and were seldom observed
with Red Phalaropes over the continenta) slope and oceanic
waters (Fig. 5, and sec Wahl et al. 1989). S

Figure 4
Density Indices of birds by depth off southem Washington in August,

19721988 (no samples >2000 m}
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3.9.85. Upwelling

Numbers of birds present during summer and fall
appeared o vary annually relative to the strength of upwelling

~ along the coast (Wahl, unpubl. data). Locally, phalaropes are

most often abundant in regions where wind-driven upwelling
takes place (ca, 10 km oftshore, 20-50-m depth, sce Fig. 5),

~ though within that region they tend to concentrate at fronts.

Other species wsually concentrate offshore of this region, often
at the edge of canyons and along the shelf edge whete decp
walers are upwelled toward the surfuce (Hickey 1989),

3.9.6.  Effects of major oceanographic events

During the 1983 E| Nifio event some seabird

abundances were far above the normal ranges, and others were
tar below. This, along with the northern extensions of several

specics, supported patterns reported elsewhere (Pearcy and
Schocener 1987), Ainley (1976) and Guzman and Myres (1983)
suggested that Pink-footed Shearwaters may move north in
greater numbers during El Nifio events, Numbers of a
Pink-footed Shearwaters off Washington were average ot
slightly higher in 1982-83 (Wahl, unpubl. data).

Patterns of distribution were also different during the

-1982-83 El Niflo than at other times. Density Indices close to

shore were greater (Wahl, unpubl. data) and included more

Brown Pelicans Pelecanus occidentalis. kittiwakes, and other
cormon species (and never-before-recorded Elegant Terns §.
elegans) than during other years. This pattern, featuring targer

numbers of birds that breed south of Washington, suggested
food shortages to the south.

3.9.7. Prey species
Although Density Indices of birds generally decreased

with distance offshore, some variations in this pattern were

evident and likely attributable to the location of prey species.
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Very high concentrations of birds near shore (especially Sooty
Shearwaters and Common Murres) were evident in
July—September (Wahl, unpubl. dat). That period coincides
with when anchovics are abundant and present in coastal
estuaries. These ncarshore concentrations varied with either
lime of day or tidal stage. with feeding fTocks often forming in
late afternioon. At these locations, shearwaters and murres
juined large numbers of Brown Pelicians, cormorants,
Heermann's Gulls L. hieermanni, Black-lepged Kittiwakes,
Caspian Terns, Rhinoceros Auklets, and other nearshore
species. The flocks were very mobile, and feeding was ofien
quite limited in time at any one location. Thus, the distribution
of many species of birds is likely affected by the location and
availability of anchovies in tate summer and ey fall, and of

Pacific herring Clupea harengus during the spring.

Additional prey-related observations include Fork-tiled
Storm-Petrels feeding, reportedly on Dungeness crab Cancer
magister farvae (D, Samuelson, pers. commun.), inside coastal
harbours during the El Nifio period in 1983, when they occurred
far inland in protected marine waters (Wahl, onpubl. data).

Except for prey data obtained from locally breeding
scabirds during the nesting season (e.g.. Wilson and Manuwat
1986), there are few data for Washington on offshore prey
taken by resident and visiting species at other seasons, though
there are more for British Columbia (Vermeer and Ydenberg
1989; Vermeer et al. 1989). Descriptions of the relation of birds
and prey species for a seabird colony, such as off northern
California (Ainley et al. 1990). or birds, food webs, and
environment (e.g., in Alaskan waters; Springer 1991) are,
however, much more thorough than is currently possible for
breeding and/or visiting scabirds off the coasts of British
Columbia and Washington.

3.10.  Associations with human activities and events

3.10.1. Fishing

| Commercial fishing activity attracts large numbers of
birds (Vermeer et al. 1989). However, the overal} efiects of this

on seabird distribution and abundance through provision of .
otherwise unavailable food arc unknown, Similarly. the extent
to which existing commercial fishing competes with scabirds -
for food is unknown. On many offshore transits approximately
)% of Black-footed Albatrosses, Sooty Shearwaters, and
California Gulls recorded were near fishing vessels i Wahi,
unpubl, data, and see Wahl and Heinemann 1979 and Vermeer
etal. 1989). The range of attraction of vessels aver time, and -
whether birds observed “away™ from vessels had been “at™
them previousty. are among questions uninswered 1o date.
Enhanced populations of some species te.p.. California Gually
may have resulted from increased industrial fiving, In the
19605, the Russian industrial tishing flect of dozems of vissel
which fished continually for days. entered the offshore waters
o capture Bake Merfuconn producius, The estabhshment of the
200-mile lmut and subsequent restriction of foreign fishing
eifort was apparently replaced at feast in part by increased
Cunadian and LLS, fishingctlort te g Vermeer el af, 19X,
‘The reports of exceptienalty igh numbers of California Guils
oftshore fe.g., Wabl 1978 Vermeer et al, TOXT) may sepresent
increases i mimbers of this ecies -

The offshore repion has had relabvels tew hird
mortalities causcd by nets. There i<ono derbinet cobtshore el
net) Tishery at present. Gill nets are widels ased: however, for
vabimon fishing winfand manne waters and i coastal estuates,
and. though mortality in not been guantificd. these fshenids dis
Kill birds cogr . Carter and Scealy 19845 Murres und crebes
appear to be the principal victima, thowgh earwatens huve
been Kitled in these inshore nets oW ahl, anpubt Satar N erfine
fishery in northertn Washington reportediy & Hied abour 2306
murres duriog the 1989 nesting season The ctieots of tho and
other fisheries one popolations ol oftshore speaies regare sidy
and concern, | h a

3102 (hi

Todite. the birds of the oftshere repion hasebeen
subjected o relanvely tow magor impacts of ol fo Jate TURKY
however, a magor sprl cthe “Nestueea®™ spily just oftshore of
southern Wishington otled an unknown number ot bardsNbouat
I 2000 were recos eted bront Washington ang Bretish Columbig
coostal beaches. Fhe great maoray ab otled bads cotlected
Washington were Common Musres, with murres and Casan s
Auklets predominatimg i Britih Columbna iBurger 1989

Afost of the other bieds Rilted were mshore specws loons,
erebes, scoters, and gulls though afew addinpnal eftshore

hieds 1 Thick - iled Murres, Parhect SuR RS O doed fiv e A
parttaectela, Hormed and Tutied puthing were also loednd

4. Conclusions and recommendations

Surveys need 1o-he expanded o mclude more thvaough
grugruphic atd seasomd voverape, L“'.I‘I.‘L'm“} trom '_‘n.ni by
thraugh Apnil (Wahl 1983 Vermeer and Raskn P985 Morgan
et al. 1991), The generahty of vhservations of populattons
associiting with physical/bathymeteie features thett edye,
canyons) needs to be tested to establish vilnerabslity esels
throughout the region,

Dict. especially of nonbreeding populabions. and
changes in extent of prey avitdability due to vitFhle
oceanographic conditions should be studicd ( Wauhl [YR4,
Verneer ot al. 1987) Analvsiy of the spatial ctiects of
upwelling through the water column and the process of
conversion of nutrients through the tood web (o bird prey
would greatly assist the undersiunding of the stuation. The

as



distribution and abundance of zooplankton and of important
fish prey such as anchovies, hetring, smell (H ypo{rrmfs.

Spirinchus}, culachon Thaleichthys pacificus, Paclﬁc saury |
Cololabis saira, and Pacific sand lance Ammodytes hexapierus

need further investigation. N |
| The impacts of human activities (especially petroleum-

related sctivities and commercial fishing) on breeding and

- nonbreeding populations require thorough study. Satellne

photos ol fishing vessels within the region in conjunction with
surveys of bird species at vessels could assess the degrees of
concentration and potential imipacts. The c_xtent*and the
potential impacts of inshore gillnetting on both m.s:hnrc and
offshore seabird populations should also be investigated.
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