North to Alaska: Spawning by Market Squid,
Doryteuthis opalescens, in Subarctic Waters
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North to Alaska, go north the rush is on!
(Johnny Horton, 1960’s country western singer).
Introduction
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Since the mid-1930’s, biologists
have been monitoring marine life and
ocean conditions at the NMFS Little
Port Walter research station in southeast Alaska (Fig. 1). Little Port Walter
(LPW) is a small saltwater bay (about
1.5 km long with a maximum width
of 0.4 km) that empties into southern
Chatham Strait approximately 30 km

from the Gulf of Alaska. The bay consists of two sections, commonly referred to as the inner and outer bay,
separated by a narrow peninsula. The
inner bay is characterized by a relatively flat muddy bottom with a maximum depth of 21 m. The outer bay
consists of a rocky, steep-sided basin
with a maximum depth of 50 m. Fresh
water flows into the inner bay from
Sashin Creek which drains a forested
watershed of about 13 km2, with flows
ranging from 0.02 to 75.0 m3/s (Olson
and McNeil, 1967).
A variety of marine life inhabits the
area. Local fishermen harvest Pacific
salmon, Oncorhynchus spp.; halibut,
Hippoglossus stenolepis; sablefish,
Anoplopoma fimbria; rockfish, Sebastes spp.; and other marine species.
Forage fish, including Pacific herring,
Clupea pallasii; and capelin, Mallotus
villosus, are frequently seen in nearshore waters. Various marine mammals also frequent the area, including
humpback whales, Megaptera novaeangliae; Steller sea lions, Eumetopias
jubatus; and harbor seals, Phoca vitulina. Piscivorous sea birds are often present during the summer, including double-crested cormorants, Phala-

ABSTRACT—Market squid, Doryteuthis
opalescens, inhabit nearshore waters along
the Pacific coast of North America from
Baja California to southeast Alaska, with
spawning typically ranging as far north as
southern British Columbia. Increased numbers of market squid and successive spawning events were observed during 2015–19
in Little Port Walter, a small saltwater bay
in southeast Alaska. These observations suggest a recent shift in distribution and, combined with evidence from the 1980’s, suggest

that spawning periodically extends into subarctic waters. The timing (mid-June to early
July) was relatively compressed compared
to spawning by southern populations. Water temperature during this period averaged
10.0oC and was within the lower range reported for this species during spawning. Salinity was less than normally observed, averaging 31.1 ppt. Environmental factors within the area have not changed appreciably
since the late 1990’s–early 2000’s, suggesting that the infrequent observations of mar-

ket squid and absence of spawning prior to
2015 were not related to local conditions. It
is unclear whether the increased abundance
and repeated spawning events by market
squid over the last several years represent
the development of an established population within southeast Alaska or is the result
of continued immigration from areas farther
south, although colder water temperatures
along the outer coast during 2017–18 were
probably less conducive to northerly movements by this species.

Over the last several decades,
changes have occurred worldwide in
the physical nature of the marine environment (Duarte, 2014). In the North
Pacific, this has been characterized by
a general warming trend throughout
the region (Litzow et al., 2020; Cheng
et al., 2020). Similar to the lyrics of
the song, this trend has been accompanied by the migration of a number
of southern species into subarctic and
Arctic waters, ranging from primary
producers to apex predators (Pearcy
and Schoener, 1987; Venrick et al.,
1987; Mueter and Litzow, 2008; Spies
et al., 2019).
Market squid, Doryteuthis opalescens, are a small Myopsid squid that
inhabit nearshore waters along the Pacific coast of North America. Although
this species has been reported from
Baja California to southeast Alaska, it
is most abundant in the southern portion of its range (from Baja to central
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California) and is an important commercial species in fisheries along the
California coast (CDFG, 2005; Zeidberg et al., 2006). Market squid are
also prey for many predators, including various fish, sea birds, and marine mammals. Spawning typically extends into southern British Columbia (Vojkovich, 1998; DFO, 1999;
CDFG, 2005), although it has occasionally been reported in Queen Charlotte Strait in northern British Columbia (Bernard, 1980) and as far north as
southeast Alaska (Wing and Mercer,
1990). In this paper, I document a recent increase in abundance and repeated spawning events by market squid
in southeast Alaska and examine environmental factors that might be influential.
Methods
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Figure 1.—Little Port Walter located near the southern tip of Baranof Island in southeast Alaska.

crocorax auritus; yellow-billed loons,
Gavia adamsii; and various sea ducks,
Anatidae.
Year-round observations are made
at the station by the research staff and
visiting scientists. Environmental data
on marine conditions (including water temperature, salinity, and pH) are
recorded daily at a depth of 2 m from
a standardized location using a multiparameter meter1. Daily meteorological information is also collected at the
station, including air temperature and
precipitation. Satellite-based sea surface temperature data (source: NOAA
Coral Reef Watch Program) were accessed via the NOAA CoastWatch

West Coast Node ERDDAP server2
and used to assess temperature patterns off the coast of southeast Alaska. Average daily temperatures during
1986–2019 were compiled for coastal
waters near the entrance to Chatham
Strait (from lat. 55.8oN, long. -135oW
to lat. 55.5oN, long. -136oW), and averaged for each year.
Pacific salmon and other marine
fish are caught during the summer using various capture methods. Since the
late 1980’s, a floating fish trap (similar to the type described by Hipkins,
1968) has been deployed in the inner
bay and used as the primary method
for capturing adult Chinook salmon,
O. tshawytscha, returning to a research
hatchery at the station. The trap, a series of mesh enclosures (outer heart,
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2https://coastwatch.pfeg.noaa.gov/erddap/grid-

dap/NOAA_DHW.html.

inner heart, and pot) ranging in size
from 12 m x 12 m to 6 m x 6 m with a
depth of 6 m and 2.5 cm square mesh,
is attached to the station’s floating
walkway (which runs parallel to the
shoreline). A mesh lead (45 m long)
extends from the entrance of the trap
to the shore. Fish that encounter the
lead, follow it into the trap and congregate in the pot where they are crowded together and removed. The trap
is monitored daily (more frequently
when large numbers of fish are present) from early June to late August,
and removed in early September. In
addition to specific research projects,
the presence of predators and atypical
marine life observed within LPW are
recorded year round.
Results
Over the years, small numbers of
market squid have been sporadically
Marine Fisheries Review

Figure 2.—Market squid and squid egg cases observed during 2015–19 in Little Port Walter, southeast Alaska.

reported in LPW. A significant change
occurred in 2015 when I observed several hundred squid swimming in and
out of the fish trap. The squid moved
freely through the mesh netting of
the trap, making it impossible to capture and enumerate the entire school.
Long-handled dip nets were used to
collect a small sample for identification purposes. In addition to the substantial increase in numbers, the squid
were also laying clusters of egg cases on the netting of the trap (Fig. 2).
Schools of market squid and subsequent spawning events (based on the
presence of egg cases) were observed
during 2016–19. Most of the squid
were present from mid-June to midJuly, with scattered individuals recorded as late as mid-August.
Although I did not directly observe
squid spawning, egg cases were laid
from mid-June (as early as June 16 in
2015) to early July (as late as July 4
in 2019). Four to six clusters were observed annually, ranging in depth from
~ 2–4 m. Neither squid nor evidence of
spawning were observed during the fall
and spring even though research activities continued and mesh holding pens
(6 m x 6 m x 6 m) were being used
in the inner bay. Hatching was not observed during the study and no paralarvae were seen, although plankton
blooms during the summer limit visibility and no additional sampling (e.g.,
plankton tows) was conducted. Several
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egg cases, examined when the fish trap
was disassembled in the fall, were covered with algae and had not hatched.
Environmental data on marine conditions in LPW collected ~ 50 m from
the fish trap showed that saltwater
temperatures from mid-June to midJuly averaged 10.0oC (SD = 0.3oC)
during 2015–19 and displayed a similar seasonal pattern (Fig. 3). Comparable patterns were observed during
1998–2014 (Fig. 4), with temperatures
averaging 9.9oC (SD = 0.5oC). Annual mean temperatures during 1998–
2019 were similar among years, averaging 7.7oC (SD = 0.4oC). Conversely,
annual mean sea surface temperatures
off the outer coast of southeast Alaska
during 1986–2019 were more variable,
with notable increases during 2004–05
and 2015–16 (Fig. 5).
Minimal differences were also observed for the other environmental data
collected at the station. Salinity during
June and July averaged 31.1 parts per
thousand (ppt) (SD = 0.6 ppt) during
2016–19 (Fig. 6). Information was not
available for this period during 2015,
but salinity during late July and August was similar to subsequent years.
Although limited pH data are available,
levels from mid-June to mid-July averaged 8.0 (SD = 0.6) during 2014–19.
Discussion
Although market squid have been
previously reported in southeast Alas-

ka, the increased numbers and successive spawning events observed in
LPW over the last several years indicate a northerly shift in distribution
and, combined with other evidence,
suggests that spawning periodically extends into subarctic waters, likely triggered by changing conditions in
the marine environment.
Major changes have occurred in the
North Pacific over the last 50 years,
including periodic El Niño and La
Niña events, decadal regime shifts,
and irregular inter-annual variation
in marine conditions (Mantua et al.,
1997; Portner, 2008; Peterson et al.,
2015). During late 2013, a large, unprecedented mass of anomalously
warm water (commonly referred to as
the Blob) began forming in the North
Pacific. This formation, sustained by
an El Niño event during 2015–16,
dominated much of the Gulf of Alaska over the next several years, with
temperatures in some areas greater than 3oC above long-term averages (Peterson et al., 2015; Tseng et al.,
2017).
Although these events did not appear to influence marine conditions in
LPW, the influx of warm water along
the outer coast may have prompted the northward migration of market squid by creating a thermally-acceptable avenue into southeast Alaska.
Market squid began appearing in surface trawls along the outer coast dur-
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Figure 3.—Daily saltwater temperatures during 2015–19 in
Little Port Walter, southeast Alaska. The monthly periods when
market squid were observed (shaded gray) and the typical temperature range associated with spawning by this species (Zeidberg et al., 2011) are shown.

ing 2016 and 2017 (Moss3). Although
small numbers of market squid have
been sporadically observed in bottom
trawl surveys as far west as the Shumagin Islands, several hundred were
captured off the coast of southeast
Alaska during 2017 (AFSC, 2020).
Local fishermen in southeast Alaska
have also reported catching increased
numbers of market squid in recent
years (FIS, 2017; Navarro, 2018).
Similar patterns have been previously reported. Market squid were
abundant in coastal waters of southeast Alaska during major El Niño
events in 1957–58 and the early 1980’s based on stomach contents from troll-caught salmon (Reid,
1961; Wing, 1985), with sightings observed as far north as Cross Sound
(lat. 58oN). There is also evidence
that spawning has previously occurred
within the area. Large schools of market squid harvested off the western
coast of Baranof Island during 1982
3Moss,

J. National Marine Fisheries Service,
AFSC, Auke Bay Lab., 17109 Pt. Lena Loop
Road, Juneau, AK 99801 Personal commun.
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Figure 4.—Daily saltwater temperatures during 1998–2019 in
Little Port Walter, southeast Alaska. Annual mean temperatures
(black dots) are also shown. The years when market squid were
observed (shaded gray) and the typical temperature range associated with spawning by this species (Zeidberg et al., 2011)
are indicated.

included sexually mature individuals,
and several egg case clusters were reported in a small bay on Kuiu Island
(Wing and Mercer, 1990), located
about 40 km northeast of LPW.
Market squid spawn year-round depending on their location (Fields,
1965). Most spawning occurs from
April to October in central California, and from October to May in the
southern part of the state (Zeidberg
et al., 2006). In southern British Columbia, spawning generally occurs between December and September, with
two distinct peaks in March and July
(DFO, 1999). By comparison, the timing exhibited by market squid in LPW
was relatively discrete, ranging from
mid-June to early July.
Based on the environmental data
collected at the site, the compressed
timing was likely related to water temperature. Zeidberg et al. (2011) reported that 12oC was the optimal temperature for this species, with spawning
typically occurring between 10oC and
14oC; spawning was not observed in
water colder than 7.5oC. Water tem-

peratures in LPW were within this
range when market squid were present and egg clusters observed (June
and July), whereas temperatures from
September to May were typically below this threshold.
Conversely, salinity in LPW during May–July was less than normally observed for this species, with levels within the lower range for saltwater (typically designated as 30–40 ppt,
Elliot and McLusky, 2002), likely due
to the infusion of fresh water from
Sashin Creek. Whereas, California
fishermen reported that spawning aggregations of market squid dispersed
at the first sign of fresh water (Zeidberg, 2013).
Summer conditions in LPW during
2015–19 were comparable to those in
1998–2014. These similarities suggest
that the sporadic observations of market squid and absence of spawning prior to 2015 were not related to local
conditions.
In addition to spawning, the survival of the resulting progeny (and the related persistence of local populations)
Marine Fisheries Review

Figure 5.—Annual mean sea surface
temperatures (SST) in marine waters
off the coast of southeast Alaska near
the mouth of Chatham Strait during
1986–2019. The horizontal dashed
line represents the overall mean of
the annual time series and the
dotted lines represent one standard deviation around the mean.

is also dependent on the conditions associated with summer foraging, juvenile growth, and overwintering. Navarro et al. (2018) reported that although
the temperature range for spawning market squid in coastal areas of
southern California was fairly broad
(from 9.9oC to 15.5oC), egg deposition was limited to areas with high dissolved oxygen (>160 mmol kg-1) and
pH >7.8, and that these factors likely influenced habitat suitability. The
pH levels recorded in LPW were within this range. Data are not available
for dissolved oxygen; however, levels
were probably suitable due to the regular wave and tidal action within the inner bay combined with the infusion of
highly-oxygenated water from Sashin
Creek.
It is not known whether the spawning events in LPW produced viable
offspring. No juvenile life stages were
seen during the study, although conditions for in situ observations were
not ideal. Egg cases transported from
LPW to the Auke Bay Laboratories
(Juneau, Alaska) and held in 16oC water hatched and continued to develop
for several months.4 Juvenile life stag4 https://www.adn.com/f ishing/article/couldmarket-squid-become-new-southeast-f ishery/2015/12/02/.
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Figure 6.—Daily salinity from May through August during 2015–19 in Little
Port Walter, southeast Alaska. The period when market squid were observed
(shaded gray) is shown.

es were reported in samples from Baranof Island in July and August 1982
(Wing and Mercer, 1990), suggesting
that localized spawning during that
year may have been successful.
After becoming sexually mature,
market squid typically form large
schools in sheltered bays and inlets
(Macewicz et al., 2004). The squid
usually congregate for up to two
weeks prior to spawning, even though
these aggregations are highly susceptible to predation. Spawning typically
occurs at night, although some diurnal
activity has been reported (Forsythe
et al., 2004; Zeidberg et al., 2012).
Once spawning begins, egg deposition is highly synchronous, typically
occurring within 24 h (Perretti et al.,
2016). Macewicz et al. (2004) estimated that squid were active on spawning grounds for less than a week with
most eggs deposited during the first
day. Similar patterns were observed
in LPW. Schools of squid were only
present for a limited time. Squid were
not observed actively spawning during
daylight hours, and evidence of spawning was based solely on the presence
of egg case clusters, which appeared to
be laid concurrently.
Market squid typically deposit egg

cases on soft, sandy substrates at
depths of 20–70 m (Fields, 1965;
Zeidberg et al., 2012). In contrast, the
bottom of the LPW inner bay is composed primarily of fine silt and organic sediment. No directed surveys were
conducted within the surrounding
area, and it is not known if squid were
laying eggs at other sites within the
bay or congregating in nearby areas.
Zeidberg et al. (2012) reported that
although 90% of the clusters they located in California were on sand, egg
cases were also attached to hard surfaces, and the rocky substrate of the
outer bay and along the periphery of
the inner bay may provide suitable
sites for egg deposition. The congregation of squid around the LPW fish
trap may relate to predator avoidance.
Adult salmon are present in LPW
from mid-June to late September, and
the trap may provide structure and
some measure of protective cover. On
several occasions, the squid moved out
of the trap (through the netting) when
Chinook salmon entered and returned
after the fish had been removed.
Market squid have a relatively short
life span and are semelparous, dying
shortly after spawning. Growth estimates based on length-frequency anal5

ysis initially suggested a life span of
several years (Fields, 1965; Bernard,
1980). Spratt (1978) used statolith aging to refine age estimates and reported that market squid in central California spawned between one and two
years of age.
However, more recent studies using
this approach suggested that earlier
assessments overestimated longevity
(Jackson, 1998). Based on these findings, Butler et al. (1999) reported that
the life span of market squid harvested
in southern California fisheries ranged
from 6 mo to < 250 days, suggesting a
pattern of semiannual spawning. Jackson and Domeier (2003) observed a
similar pattern, but they reported that
maturation was highly dependent on
ocean conditions. The synchronous
timing of spawning in LPW (June–
July) over several years suggests either a self-replicating population with
individuals maturing at about one year
of age, undocumented spawning within the area at other times of the year
(although marine temperatures may
not be suitable based on information
reported by Zeidberg et al., 2011), or
immigration from other areas.
It is unclear whether the repeated spawning by market squid in LPW
represents the development of an established population or is the result of
continued immigration from areas farther south. It has been estimated that
market squid can potentially travel as
much as 500 km during the course of
their life (Zeidberg, 2013), suggesting
that squid from populations in northern British Columbia could be continuing to move into southeast Alaska.
However, market squid were observed
in LPW during 2018–19 despite the
demise of the Blob and the incursion
of a cold water La Niña event in the
Gulf of Alaska during 2017–18. Based
on past information, colder temperatures along the outer coast may be less
conducive to the northward movement
of southern stocks. If so, the continued
presence of market squid in LPW may
indicate that a self-sustaining population has been established within the
area. Expanded surveys and genetic
6

sampling would be instrumental in addressing this hypothesis.
Due to the rapid turnover and short
generation time exhibited by this species, annual recruitment is essential to
maintain local populations. This dynamic also increases the vulnerability
of market squid populations to changing conditions in the marine environment. The general absence of market squid in southeast Alaska from
the early 1980’s to 2015 suggests that
these populations are ephemeral and
reflect large-scale changes in marine
conditions.
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