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Abstract
Acr ia lsur\eyswefeconducteddur ingJuuaryandNlarch. |990. todererminethewidthoi thcgraysh^lc(Eul ] i t l t t iusrobunu')
southbound and nofihbound migralion corridor\ along Oregon and \\ra\hirgtor. Nligralirg gray t!hales occurred significantly
farther offshore during ihe southbound migraljon co pared to the nofthbound migralion. Al!r'. whalcs occuned significantl)
iarlhcr ofihore Whshingtm th.rn Oregon duing bo$ migration l)eriods. which we attribute to ,t poflion fic $halcs tbllo\\ing a
more direcl oi\horc roule between approxinately &e Clolurnbia River mouth and centfal\'rLncouver Island fttlher than a longcr
neafshore route pen Capc Flattery. When conrpared \t ith pre!ious sludies. rhe migration coffidor along the co.rsls Lrf Oregon and
\\h\hingt(nl appean |tl bc botl seilsonall) and rnnu.rlly elastic. and in solnc locations expanding x\ frr offshore s .13 kln. These
results question lhc lcasibilily of conducting rccufrte shore b.rsed gra) whalc censuses along these coasts becruse of the high
propofiion ol wh,rlcs trarcling he,vond a shore-based observcr's rangc of vje$'. Ihese results.Ll\o suggest that the nigration
coffidor is sullicicnlly wide. especiall] durhg the sourhbound nrigrarion. drat it might olerlap potemtial oftshore oil dcvcloprncnl
arers 0n rhc conrincntal shelf.

lntroduction

Nearly the entire population ofapprorimately
21.000 (Bre iw ick  e t  a l .  1988)  -q ray  wha les
(Escltriclttius rrbr.rlr.r) passes through the wa-
tcrs off Oregon andWashington twicc yculy while
migrating bctween wiDter calving lagoons in
Mexico ard summer'leeding grounds in thc Bering
and Chukchi seas (Wolman 1985.1. The southbound
migration generally pcaks off Oregon and Wash-
ington during Decembel and January with approxi-
mately 907r passing Yaquina Head, Oregon. be-
tween Dccember l9 and January 23 (Herzing and
Mate 198.1). The first phase of the northbound
migration pcaks in nid March, typically tbllowcd
7 to 9 weeks later by a second (cow/calf) phase
(Herzing and Mate 1911:l).

Migrating gray whales gcncrally travel close
to shore, remaining within 3 km throughout most
of the route (Hessing 1981, Braham 198.1. Rugh
1984, Herzing and Mate 198.1. Brueggeman et
al. 1987, Breiwick et al. 1988). For instance, land
based observations by Hcrzing and Mate (1984)
irdicated that nearly all southbound and north-
bound (fiIst phase) migrants passed rvithin 5 km
ofYaquina Head, Oregon, l 'ron 1978 l98l.How-
evcr, gray whales have been observed traveling
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through the Channel Islands 80-200 km l'rom the
southern Califomia mainland (Rice 1965, Rice
and Wolman 1971. Leatherwood 197,1, Kent et
l l .  1080.  Jone.  rnd  Su rnz  lo87 t  l i r l l ,  ' u  ine  r  m,  ' rc
dircct route past the California Bight. Also. Poole
(198,1) observed that the first phase ofnofihbound
migrators in Califbmia traveled a straight line rcute
past Estero Bay while the second cow/calf phasc
tbllowed the longer coastal conidor inside the bay.
Fufthemorc. in the 1960s, Wilke and Fiscus (1961)
and Pike (1962) observed nurnerous gray whrles
migrating 8 to 2li km offshore of the Columbia
River mouth and the Washington outer coast, aDd
Pike ( 1962) reported a single sighting ol3 whales
37 km west of Cape Flattery.

ln 1989- 1990. we conducted aerial sun'eys fbr
marine tauna (marine mammals. seabirds. and sea
tufiles) occuring within 185 km ofthe Oregon and
Washington coasts as pafi ofan impact assessment
of potential offshore oil development. One objec-
tive of the study was to dctemine the breadth of
the gray whale migration corridor along Orcgon
and Washington relative to the 1990 southbound
and first wave of the northbound migration pcriods
to identify where the coridor night overlap with
potential oil devekrpment areas. This paper repofts
the results of this investigation.

Study Area and Methods

Aerial surveys were conducted during 3-12 January
(southbound gray whale migration) and l1-16
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March (first phase northbound), 1990. along 32
cast-west odenlcd transect l ines located between
Cape Flatterv. Washington, and the Oregon/Cali-
firlnia border. Spacing betr','een transcct lines varied
lo  (nsur<  c i , \e rJEe o I  a re l :  u  here  mf f ins  mJm-
nals and seabirds arc kno$,n to conccntrate (bays.
river mouths, oceanic banks. etc.). but averaged
approximately 22 kn. Transect line lengths also
varied rvith ?5% ofthem extending froor the coast
to thc 1,000-1n isobath (50-75 km offshore) and
25% extending fiom the coast to 1lJ5 km offshorc.
This variation in l ine lengths were established to
lirnit suney eflbrt in typically less productive
oftihore wate$.

Surveys were flown in a 300 series DeHavilland
Twin OtLcr aircralt equippcd with bubble winckrws
providing forward and downward visibility. The
malinc mlmmal survcv team consisted of two
observers (onc located on each sicle of the air-
claft) and a data recorder. Surveys were flov"'n at
a 60-m altitudc and a 185 kn4rr ground speed.

St l t i s t ie r r l  r , , tnpr r i :on .  he lueen migr l t r ( 'n
peliods and belween states (Orcgon rnd Wash-
ington) were made using Student's t test (ZJr 197,+).
Centers and directions ofmigration corridors were
approximated using l incar regression (Ncter and
Wasserman 197,1). Data were log-nornral trans
lbrmed befbre analysis.

Results

A total of :14 groups of 85 gray \\,hales wcre ob-
served during thc January 1990 survey of the
southbound migration and68 groups of 124 whales
during the March 1990 sun'ey of the tirst wave
of the northbound migration. Nearly 66% of the
southbound migrating groups were >10 kln fronr
shore compared to 24'l,: ofthe nothbound groups
(Figure 1). Gray whalcs occuned significantly (t
= 4.78, p < 0.0001) farther fronr shore during rhe
southward nigration ( i = l:1.3 km t 8.2 SD) rela-
tive to the north\r'rd ( - = 8.0 knr + 3.9 SD).

Gray whalcs occured significantly (t = 3.10,
p < 0.007) larther offihore Washingbn ( x =18.5
knr 1 11.9 SD) than Oregon ( x= 9.2 km 1,+.2
SD) when data fiom both migration periods werc
combined. This dift'ercnce was especially appal
cnt during the southbound migration whenWash-
rngton obscrvlt ions (x= 2,5.2 km + 13.2 SD) were
on average over 13 krn larther offihore than Or-
egon obsen'ations (i = 11.9 km + 3.9 SD; t =
2.81. p < 0.025). Differences during rh(] north-
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bound migration period were less significant (t =
2.21. p < 0.059) although Washington sightings
(x= I 1.8 km + 5.,1 SD) sti l l  averaged over ,1 km
fiulher offshore than Oregon sightings (i= 7.5 km
+ 3.4 SD). The farthcst off.shore distance during
the southbound migration offWashington was 43
km (5 groups) and o1'f Oregon 23 km (2 groups).
During the northbound migmtion the tarthest off-
shore sightings were 20 km off Washingbn (l
group) and 19 km offOregon (l group).

The lineaf r'egression analysis showed that ths
center of both the southbound 1rr = 0.0003) and
northbound (r']= 0.033) corridors did not change
rn respect to ldtitude offOregon, while off Wash
ington the distance whales traveled liom shore
increased dramatically with increasing latitude
during both migration periods (southbound. 12 =
0.803; northbound, rr = 0.636) (Figure 2).

All whales observed on full effon (2 observ-
ers at full attcntion) transects m igrating pastWash-
ington were >5 km oft'.shore. Eight whales, how-
ever, were incidently observed migrating within
5 km of the Washington coastduring transitflights.
Although gray whales were generally fbund closer
to shore along the Oregon coast, only l6% ofthese
whales were observed within 5 km.

Discussion

Although gray whale migration patterns are rela-
tively prediclable with respect to timing and Jo-
cation, the extent of the migration cQrridor may
change annually. Our obser.,'ations off Olegon (only
16% of aJl whales passing within 5 km of shore)
are ln contrast with Herzing and Mate's (1984)
shore-basedobservations ofnearly all southbound
and first phasenorthbound migrants passing within
5  km o l  Yr rqu in r  Head.  Oregon.  .ugges t ing  a
change in the offshore distribution has occurred
since thcir study ended in 198 [. Past studies have
also suggested that the width or location of the
mlgration corridors nay f'luctuate over time. For
instance. Hubbs (1959) and Rice and Wolman
(1971) suggested that the few whales observed
along traditional migration routes off Calilbmia
in the late l800s and early 1900s (Townsend 1887,
Andrews 1914, Howell and Huey 1930) was due
to animals tavcling tafiher off.shore to avoid shore-
based whaling pressure rather than an overall
population decline.

That gray whales migrate within 5 km past
Cape Flattery can not be refuted based on
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Figure 1 . Distances lioln shore of migr ting gftry whales comprfing betlveen Oregon and $:r$ ington. a.d bet\| een thc lour hbound
.rnd f i rs t  Dhase of the nof thbound nl isrr t ions.  1990.
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observations by Pike ( 1962) and Hatler and Darling
( 1 97;1). Howcvcr'. our sightings of whales travel
ing 5-.13 km offshore ofWashington coupled with
obsenations byWilke and Fiscus ( l96l ) and Pike
( 1 962) of whales travcling 9-37 km off Washing
lon suppolt the occurrence ofeither a single. very
broad corridor or an altcrnatc offshore route. We
suggest that the some portion of the population
take a nrore dircct routc to and from the central
coast of Vancouver Island therebl' avoiding the
longer coastal route past Cape Flattery. Previous
researchers in Calit irrnia have notcd migraling
whalcs lbllowing nore dilect loutes past coastal
indentations such as the Cali l irrnia Bight (Ricc
1965, Rice and Wolman 1971. Leatherwood 1974,
Kent et al. | 980. Jones and Swaftz 1987) and Estero
Bay (Poolc 1984). Thc Washington offshore route
also allows whales to cross the deep (250-650 m)
Juan de Fuca submarine canyon !t its narrowest
p()int (r pattcrn rcported by Brueggeman et al.
l l987l in the southeastern Gulf of Alaska). rnd
thc whalcs arc rble to travel in relatively shallow
(100-150 m)  \ \ 'a te r  o t f  the  nor th  coas t  o f

12 = 0.803

Oregon Washington

12 = 0.636

Washington as the continental shelf (water <200
m deep) here extends nearly 75 km fiom shore.

Our stud.v also suppofis previous obser,/ations
(Pike 1962, Braham 198:1. Brueggeman et al. 1987)
that the sou$bound migration in general occurs
fafiher offshore than the nofihbound, and further
suggests that the southbound migration coridor,
in particular, could overlap potential oft'shore oil
dcvclopmenl areas.
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