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Abstract

We propose and evaluate the hypothesis that Dungeness crab (Cancer magister) larvae from the northwestern
coast of the United States and Canada can be transported northward to southeastern Alaska. Larvae collected in
southeastern Alaska during May and June 1997–2004 had abundances and stages that varied seasonally,
interannually, and spatially. An unexpected presence of late-stage larvae in spring raises a question regarding their
origin, and the most plausible explanation is that they hatched off the northern Washington and British Columbia
coasts and were transported to southeastern Alaska. Buoy drift tracks support the hypothesis that larvae released
off the northern Washington and British Columbia coasts during the peak hatching season can be physically
transported to southeastern Alaska, arriving as late-stage larvae in May and June, when local larvae are only
beginning to hatch. A northward spring progression of monthly mean 7uC SST isotherms and phytoplankton
blooms provide further evidence that environmental conditions are conducive for larval growth and metabolism
during the transport period. The proposed larval transport suggests possible unidirectional gene flow between
southern and northern populations of Dungeness crabs in southeastern Alaska.

Dungeness crabs, as do many crab species, form
metapopulations composed of subpopulations connected
by dispersing larvae (Botsford et al. 1998). Although adult
Dungeness crabs have relatively small movements of up to
tens of kilometers (Gotshall 1978; Stone and O’Clair 2001),
the species has broad latitudinal and habitat distributions.
The long planktonic period of Dungeness crabs of more
than 3 months along the west coast of North America
contributes to long distance dispersion (Jamieson and
Armstrong 1991), aided by ocean currents and winds
(McConnaughey et al. 1994). As part of a long-term

zooplankton sampling study in southeastern Alaska (Park
et al. 2004), we discovered strikingly anomalous larval
stages. Late-stage Dungeness crab larvae (zoeae IV, zoeae
V, and megalopal stages) were present in plankton samples,
even though local Dungeness crab populations were only
beginning to release their larvae. In this paper, we review
buoy drift tracks and hydrographic data and the abun-
dance pattern of larval stage to explore the potential that
the larvae may have been advected long distances from
southern populations and consider alternate explanations.

The North Pacific Current (NPC), also known as the
Subarctic Current or West Wind Drift, bifurcates at
approximately 45uN into the southward-flowing California
Current (CC) and the northward flowing Alaska Current
(AC) (Dodimead et al. 1963). The AC forms the eastern
branch of the broad scale wind-driven cyclonic circulation
in the Gulf of Alaska (GOA) (Tabata 1982). The coastal
waters off southeastern Alaska are always dominated by
the northward-flowing AC, which was suggested by
Wickett (1967) to transport zooplanktors to the northwest-
ern coast of America.

Despite the CC southward flow throughout the year, off
the coasts of California, Oregon, and Washington, the
wintertime northward-flowing Davidson Current and
Southern California Countercurrent as well as strong
alongshore winds aid Dungeness crab larvae in northward
and onshore transport (Lough 1976; McConnaughey et al.
1994). Landward and northward flow characterized by the
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130–160 m in depth. The farthest station from the coastline
is approximately 1,300 m in depth. The CE transect
becomes drastically deeper from the coastline to offshore:
90–1,800 m. We combined the stations of the two offshore
transects into a single entity, the Offshore Transect (OT),
because of the limited samples in CE in June 1998 and 1999
and two missing years of data in 1998 and 1999 in IP and
because both transects were directly influenced by the
northward-flowing AC throughout the year.

Environmental data

Several data sources were utilized to assess if environ-
mental conditions in the eastern GOA during late winter
and spring were conducive to long-distance transport and
survival of Dungeness crab larvae. Larval growth and
survival require suitable water temperature and food
supply, while physical transport requires sufficient velocity
and directionality.

Spring SST dynamics in the eastern GOA were in-
vestigated using Advanced Very High Resolution Radiom-
eter (AVHRR) multichannel estimates disseminated in the
4-km pixel-resolution AVHRR Pathfinder Oceans SST
Version 5.0 data sets (http://podaac.jpl.nasa.gov/). Monthly
averaged daytime (ascending) Pathfinder SST data were
acquired for February–May 1985–2003 and then averaged
within months over the 19-year record. SST estimates with
implausible magnitude, probable cloud contamination, or

unacceptable satellite zenith angle (i.e., Pathfinder data
quality indices ,4) were removed prior to calculating the
long-term means. Average geographic location of the 7uC
SST isotherm was derived for each month by contouring
the respective gridded long-term averages. The 7uC SST
isotherm was chosen because its spatiotemporal progres-
sion roughly coincides with the peak period of local larval
hatching of Dungeness crabs.

Primary production during spring in the eastern GOA
was evaluated using Chl a concentration estimates derived
from Sea-Viewing Wide Field-of-View Sensor (SeaWiFS)
satellite imagery. Level-3 standard-mapped files of Chl
a monthly climatology were obtained for March, April, and
May 1998–2005 and June 1998–2004 from the Ocean Color
Web, SeaWiFS Reprocessing � 5.1 (http://oceancolor.gsfc.
nasa.gov).

Trajectories of Argos-tracked Lagrangian drifters were
examined to empirically evaluate the transport capabilities
of AC. Drifters passing through coastal waters in the
eastern GOA during January–May were extracted from
a standardized global drifter velocity data set (Pazan and
Niiler 2004) obtained from Scripps Institution of Ocean-
ography, La Jolla, California. Most drifters carried ‘‘holey
sock’’ drogues that extended 18 m below the ocean surface.
As part of the Scripps’s standardized data processing,
corrections for wind slip and leeway drift had been applied
to compensate for movements of drifters without drogues

Fig. 1. Eastern Gulf of Alaska showing the generalized northwesterly flow of the Alaska
Current and the northwesterly spring progression of the monthly mean (1985–2003) 7uC SST
isotherm. Inset demarcates the eight offshore (Icy Point and Cape Edward) and four inside-
passage (Icy Strait) sampling sites of Dungeness crab larvae.

250 Park et al.



prominent phytoplankton blooms along British Columbia
and the northern GOA near Prince William Sound. During
May, the concentrations continued to propagate northward
and offshore, with notable blooms commencing in the

coastal fjord systems of southeastern Alaska. In June,
surface Chl a concentration remained elevated throughout
most coastal zones along the British Columbia and
southeastern Alaska.

Fig. 3. Trajectories of seven Lagrangian drifters that progressed through the Alaska Current during January–June. Symbols denote
buoy positions at the beginning of each labeled month, followed by SST data when available. Circular histogram insets (in panels A–C)
illustrate the direction and speed of drift vectors at weekly and daily intervals. (A) Three drifters that moved primarily along the outer
coast (drifter Ids: 9524454 [square], 9524486 [circle], 9422213 [triangle]); (B) two drifters that moved primarily along near shore waters
(35899 [square], 9524427 [circle]); (C) two drifters (9730562 [square], 9524421 [circle]) that propagated northward more slowly. (D) Sea
surface height anomalies on 15 May 1996 with superimposed geostrophic velocity vectors showing two persistent anticyclonic eddies that
entrained buoy 9524421 during March–May and July–September; (D, inset) frequency histogram of the directions and speeds of all
monthly averaged wind vectors for January–May 1948–2004.
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crab transport from Washington and British Columbia
coasts to southeastern Alaska could result in the temporal
variability of larval densities and stages found at OT.
Furthermore, the coasts of Washington and British Colum-
bia support abundant Dungeness crab populations across
a broad latitudinal gradient that have a wide range of hatch
timing. Hence, if advected to southeastern Alaska, larvae
from southern populations would be expected to arrive in
different stages and abundances because of variable trans-
port pathways and hatch dates.

Our assessment of Dungeness crab larval hatch chro-
nologies along the west coast of North America, the
trajectories of ocean buoys, and the coincident progression
of isotherms and phytoplankton blooms in the eastern
Pacific all collectively suggest that advection and survival
of Dungeness crab larvae from Washington and British
Columbia to southeastern Alaska is feasible. The transport
hypothesis readily explains the presence of anomalously
late-stage larvae in the coastal waters of southeast Alaskan
during May and June, while alternative explanations, such
as early hatching or overwintering of local populations,
lack supporting evidence and biological rationale.

The coastal Northeast Pacific is divided into three major
production domains that are strongly influenced by the
NPC: the Coastal Downwelling Domain (CDD) in the
north, Coastal Upwelling Domain (CUD) in the south, and
the Transition Zone near British Columbia (Ware and
McFarlane 1989). The likelihood that Dungeness crab
larvae hatched from the coasts of northern Washington
and British Columbia are being transported to southeastern
Alaska invites consideration that unidirectional gene flow
may be occurring from southern populations of Dungeness
crabs to those in southeastern Alaska. The British
Columbia coast is a transitional area where the genomes
of CUD and CDD populations are mixed (L. Parr, unpubl.
data, San Jose University). Subsequent advection of larvae
from British Columbia to southeastern Alaska would again
disperse the genotypes of CUD populations and further
promote a northward gene flow among Dungeness crab
populations along the west coast of North America.

Our study benchmarks a potential distance and direction
of larval dispersal of Dungeness crabs in the eastern North
Pacific. While most marine invertebrate dispersal capabil-
ities are unknown or may vary with local hydrography, our
study highlights the role of hydrographic connectivity over
broad geographic scale. Since larval export is a primary goal
of many marine reserves, understanding dominant trajecto-
ries of larval dispersal is a key element in establishing
a reserve. Hence, our findings can assist in evaluating the
appropriate location, number, and size of reserves (Shanks et
al. 2003; Botsford et al. 2004) in the eastern North Pacific.

Alaska serves as the terminus for northward larval
advection and hence the endpoint of a unidirectional
gradient of gene flow between southern and northern crab
populations. Among adult Dungeness crabs of southeast-
ern Alaska, 22% of their genetic variation is attributed to
allochthonous genotypes (L. Parr, unpubl. data, San Jose
University). Probably any nearshore marine species in the
eastern North Pacific Ocean with a wide latitudinal range,
long-lived and dispersive larvae, and adults with limited

movements may be exposed to this unidirectional conveyor
belt of larval transport and genetic dispersion. We
emphasize that the unique, unidirectional current flow in
the eastern Pacific invites the assessment of genetic
structure of populations in southeastern Alaska in com-
parison with their conspecifics in British Columbia and the
west coast of the United States and in the design of marine
reserve and international resource management between
Canada and United States.
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