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Seasonal Surface Currents Off the Coasts of Vancouver Island

and Washington as Shown by Drift Bottle Experiments,

1964-65

W. JAMES INGRAHAM, JR. and JAMES R. HASTINGS'

ABSTRACT

Release of a total of 1 ,044 drift bottles during four periods from April 1964 to January 1 965 off the coasts

of Washington and Vancouver Island, British Columbia, indicate a seasonal reversal of flow, southward in

April and July and northward in November and January, within 200 km (108 nautical miles) of the coast. This

study supplements those conducted off the Oregon and California coasts by other agencies.

INTRODUCTION

The Northwest Fisheries Center of the National Marine

Fisheries Service, Seattle, Wash. (Biological Laboratory of

the Bureau of Commercial Fisheries prior to 1970), has

conducted far-ranging research on fisheries problems

throughout the subarctic Pacific region from local coastal

waters of Washington to the central North Pacific Ocean and

the Bering Sea. Oceanographic conditions that affect the

distribution and abundance of fish stocks have been studied in

conjunction with fisheries research since 1955. Studies of

local ocean currents off the coasts of Washington and

Vancouver Island were emphasized in the oceanographic

research program from 1963 to 1964 (Ingraham 1967). The
purpose here is to summarize results of drift bottle

experiments in 1964 and 1965 which were not reported by

Favorite and Fisk (1971) nor by Fisk (1971).

Although the general oceanic flow may appear as a simple

onshore movement, eddies form complex flow patterns

within about 500 km (270 nautical miles) of shore as the land

boundary causes the current to diverge toward the north and

south. These complexities were shown by dynamic
computations and from records of water properties for

several isolated studies at different times (Doe 1955;

Bennett 1959; Reid 1960; Budinger et al. 1964). Other

studies, using drift bottles to estimate surface water drift,

have shown some details of flow within 200 km (108 nautical

miles) of shore where reversals occur, with flow from the

north in summer and from the south in winter ( Dodimead and

Hollister 1958; Schwartzlose 1963; Burt and Wyatt 1964).

Four oceanographic cruises were conducted aboard the

RV George B. Kelez in April, July, and November 1964 and

January 1965, which helped provide areal continuity in

nearshore ocean sampling between the Oregon and Canadian

coasts.^ During these cruises 1,044 drift bottles were
released along two lines normal to shore— one from Willapa

Bay, Wash., to Cobb Seamount and the other from Cobb

'Northwest Fisheries Center, National Marine Fisheries Service,

NOAA, 2725 Montlake Boulevard East, Seattle, WA 98112.

Mngraham, W. J., Jr., and D. M. Fisk. 1966. Oceanographic

observations off the coasts of Washington and British Columbia— April,

July, and November, 1964 and January 1965. Unpubl. manuscr., 96 p.,

Northwest Fisheries Center. Natl. Mar. Fish. Serv., NOAA, Seattle, WA
98112.

Seamount to Estevan Point, Vancouver Island, B.C. Twelve

corked, unballasted, short-necked (17 cm long with a 4'/2-cm

base) drift bottles were released at 21 stations during each

cruise. Ballast sand was not placed in the bottles to save

handling time. These particular empty bottles already floated

about 80% submerged and any improvement would be minor

compared to other inherent errors in the method. Only

minimum speeds are inferred by drift bottle data because

there is no way of knowing how long the bottle was on the

beach before recovery. Each contained a folded data card

with instructions in English, Russian, and Japanese and

four-digit serial numbers ranging from 6001 to 7044. A
reward ($1.00) was offered for the return of each card.

Recoveries from each cruise are discussed separately below.

APRIL 1964

From 20 to 28 April 1964, a total of 288 drift bottles was

released at 21 stations and 77 recoveries (27%) have been

reported (Fig. 1, Table 1). The recoveries suggest two

distinct regions with different flow features; 1) a southerly

drift at speeds of 15 to 30 cm/s about 167 km (90 nautical

miles) wide nearshore and 2) an offshore region of

questionable flow from which no recoveries have been

reported. These features are the same along both of the

tracklines.

The 41 recoveries from the six inshore stations along the

trackline normal to the Washington coast were from the

Washington and Oregon coasts southeast of the release

locations. All 7 of the recoveries from the nearest inshore

station were reported from the southern Washington coast,

whereas, all of the remaining 34 recoveries were from the

Oregon coast. These reflect a dominant southerly flow of

surface waters at this time. A northward flow was reported in

April 1959 and 1960 (Schwartzlose 1963), and mixed flow

toward the north and south was reported in April 1961 and

1962 (Burt and Wyatt 1964).

Along the trackline normal to the west coast of Vancouver

Island, 36 recoveries came from 72 releases at the six inshore

stations. Of the 15 recoveries reported from the three

stations shoreward of the 100- fathom curve, four were

recovered on the west coast of Vancouver Island north of the

drop location, indicating some localized northerly flow of

surface waters along the west coast of Vancouver Island. The

remainder of the recoveries from these three stations and 20
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Figure 2. — Locations of drift bottle releases and recoveries, RV
George B. Kelez, 20-26 July 1964.

of the 21 recoveries from the three seaward stations were
recovered along the Washington and Oregon coasts. No
recoveries to date have been reported from the two offshore

stations along this trackline.

On 14 May 1964, a transponding telemetry buoy was
launched at lat. 48°00'N, long, 131°53'W (Favorite et al.

1965). An additional 48 drift bottles were released at this

site, but no recoveries have been reported. The buoy drifted

east-southeast (115° true direction) for 595 km (320 nautical

miles) at an average speed of 11 cm/s. This suggests the

drift bottles released offshore may have moved onshore but,

before coming ashore, they were carried offshore into the

eastern edge of the subtropical North Pacific gyre.

JULY 1964

There were 37 recoveries (16%) from 228 releases at the

19stationsoccupiedduringthe July 1964 cruise (Fig. 2, Table
2). They numbered less than one-half the recoveries reported
for the April 1964 cruise. In general, the fewer returns are

consistent with the expected usual July conditions of

northerly winds which transport surface water offshore.

Recoveries are probably associated with sporadic short-term
events in which southerly winds transport bottles that have
remained nearshore onto the beach. Features of surface drift

are very similar to those of April— a slower southeasterly

flow at 5 to 11 cm/s (minimum) within about 185 km (IOC

nautical miles) of shore and no returns from offshore.

Recoveries were made from only 4 of the 11 stations along

the trackline normal to the Washington coast during this

cruise. Of the 13 recoveries, 6 drifted from the station closest

to shore onto the northern Oregon coast. No recoveries to

date have been reported from releases at the next three

seaward stations, but four recoveries, ranging from southern

Washington to northern Oregon, have been made from the

fifth station from shore. From the remaining four stations on

this trackline, there were only three recoveries; all were from

south of the mouth of the Columbia River, with the recovery

from the most seaward station coming from northern

California (lat. 38°N).

Almost twice as many recoveries were reported from the

trackline normal to the west coast of Vancouver Island as the

trackline normal to the Washington coast— 24 recoveries

from 96 released. Nine recoveries were released from the

three stations nearest Vancouver Island, five from the west

coast of Vancouver Island. Two of these five recoveries were
from northwest of the launch site, indicating some deviation

from the general southerly flow along the coast during this

time of year. The other three recoveries were made near

Estevan Point on Vancouver Island. The 19 other recoveries

were made along the coast from central Washington to

northern California. It appears that during this season the



Table 1 . — Release and recovery locations for drift bottles released in April 1964.

Serial



Table 1.—Release and recovery locations for drift bottles released in April 1964, continued.

Serial

number
Date

released

Location

Lat. N Long. W
Number
released

Number
recovered

Serial

number
Date

recovered

Location

Lat. N Long. W

6181-6192 4/27/64 48°58' 127°15' 12

6193-6204 4/27/64 49"'04' 127"'07' 12

6205-6216 4/28/64 49°11' 126°54' 12

6217-6228

6229-6240

6241-6288

4/28/64

4/28/64

5/14/64

49°16'

49°20'

48"OC

126"'46'

126°37'

131°53'

12

12

48

10

6183



Table 2. — Release and recovery locations for drift bottles released in July 1964.

Serial
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Figure 3. — Locations of drift bottle releases and recoveries, RV
George B. Kelez, 6-16 November 1964.
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Figure 4.— Locations of drift bottle releases and recoveries, RV
George B. Kelez, 13-17 January 1965.

Davidson Current flowing northward off the coast of

Washington at 11 to 15 cm/s (minimum) and flowing toward
the northwest off the coast of Vancouver island at 13 to 17

cm/s (minimum); 2) recoveries 41 to 44 days after release

indicate the current still had a net northerly component as far

as 445 km (240 nautical miles) offshore; and 3) recoveries 60 to

70 days after release near Cobb Seamount were reported

both north and south of their release latitude. Many late

recoveries (70 days) were made from most of the stations

beyond 130 km (70 nautical miles), which showed a wide
range of recovery points from northern Washington to

southern Oregon. Their significance is questionable, but
multiple late recoveries probably suggest a large dispersion

of bottles from any one release station with a possible long

residence close to shore once the nearshore zone is reached,

followed by sporadic recoveries depending on the local

onshore transport.

SUMMARY
As part of an ocean survey of local seasonal conditions off

the coasts of Washington and Vancouver Island, 12 drift

bottles were released at each of 21 stations along two lines

from Cobb Seamount normal to the shorelines of each coast

during April, July, and November 1964 and January 1965.

These experiments extend our knowledge of drift of coastal

surface water northward of the area of earlier studies by
Scripps Institute of Oceanography and Oregon State

University, providing data for another time period.

Early recoveries from both lines of stations within about

60 days of release clearly showed the dominant seasonal

patterns of flow nearshore. Of the April releases 27% were
recovered, compared to lower recoveries in similar studies off

Oregon (13%) and off California (5%). The percentage of

recoveries decreased during July to 16% and was lowest in

November at 9%, but January recoveries were highest at

30%. Within about 150 to 200 km (81 to 108 nautical miles) of

shore, the surface drift was southerly during April and July

but speeds of first returns decreased from a maximum of 15 to

30 cm/s (minimum) in April to 5 to 11 cm/s (minimum) in July.

The direction of flow reversed sometime before mid-autumn,

for a well-developed northward flow at speeds of 5 to 8 cm/s
(minimum) extended along both the Washington and
Vancouver Island coasts beyond lat. 50°N in November. The
northward flow was also present in January but speeds had

doubled. Very little may be inferred about nearshore flow

from bottles released beyond 200 km (108 nautical miles ) from

the coast. Those released in November or January may be

recovered but move in a long complex path. Those released in

April or July appear to have been caught in the North Pacific

gyre as shown by Dodimead and Hollister (1958).



Table 3. — Release and recovery locations for drift bottles released in November 1964.

Serial



Table 4. — Release and recovery locations for drift bottles released in January 1965.

Serial



Table 4.— Release and recovery locations for drift bottles released in January 1965, continued.

Serial
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