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What we know about Humboldt squid -- Gulf of California

Fishery
Growth and reproduction
Diet 
Ecological importance
Behavior
Environmental limitations
Historical range expansion

What we know about Humboldt squid off the US Pacific coast  --
northern CA Current System

Ongoing invasions and range expansion
Dietary expansion – new and larger prey 
Behavioral changes? 
Ecological and fisheries impacts?

What is driving current range expansion?
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Ommastrephid ‘flying’ squids of the Pacific
-- Highly migratory, oceanic predators
-- Extremely abundant
-- Ecologically and commercially important

Dosidicus gigas

Sthenoteuthis oualaniensis
Purple-back flying squid

Jumbo flying squid

Eucleoteuthis luminosa
Luminous flying squid

Ommastrephes bartramii
Neon flying squid



Important characteristics of Dosidicus gigas

Predator and prey at all life stages – important in food webs

Flexible diet – mesopelagic staples plus opportunistic feeding on larger fishes

Extremely tolerant of environmental conditions – temperature, oxygen

Highly migratory

Abundant – world’s largest invertebrate fishery

Extremely rapid growth, short life cycle, huge number of offspring 

Dosidicus gigas
Dosidic: Gr. d� sydikos -- abiding by the law

gigas: Gr. gigas -- giant, mighty
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Dosidicus gigas: Humboldt (jumbo) squid

50 Kg

Range Study area in Mexico



Fishery



Fishery-Relevant Migrations: Conventional Tag-and-Recapture Studies

Santa
Rosalia

Guaymas

100 km

1,000 squid were tagged on commercial fishing 
grounds off Santa Rosalia (Sept.) and 
Guaymas (April) in 2001.

-- Overall tag return rate was 8%.
-- Squid grow at a rate of 1 mm/day.
-- Trans-Gulf migration in about 2 weeks.
-- Mass migrations occur every 6 months.



Short life span: 1-2 years

Extremely rapid growth:
Length: 1 mm to 1 m (x1000)
Mass: 0.01 g to 40,000g  (X4,000,0000)

Highly fecund: typically 15 million eggs

Growth and Reproduction

1mm

D. gigas paralarva

First (and only) natural 
egg mass

Guaymas Basin, 2006

0.1 cm



Dosidicus as predator 

other squids

myctophid fishes

pelagic crabs

Adult Dosidicus

euphausids

… and important prey

marine mammals 
large fishes

Rapid energy transfer through a
relatively simple food web

Top predators meet

Staple Diet

Opportunistic additions

anchovy

cannibalism



Local squid population was estimated from 5 
days of tag-and-recapture at Santa Rosalia.

Local consumption of ~2,000 tons of 
(mostly) myctophid fishes per day

4 million squid on
fishing grounds of
~ 100 km2

40,000/ km
2



Acoustic measurements of squid abundance and position in water column

Nov. 2008 with Kelly Benoit-Bird, Oregon State University



10 minute view of the midwater ecosystem --
west of  Isla Tortuga, Nov. 2008



Electronic Archival Tagging: Pop-up satellite tags (PAT tags)

Squid Behavior: Horizontal and Vertical Migration

Tags sample depth and temperature at up to1 Hz.

Summary time-at-depth data from Argos.

Archival time-series data from recovered tag.

Horizontal movements from pop-up positions.



San Pedro
Martir

Movements up to 30 km/day

Deployment and pop-up positions of recovered PAT tags
(2004-2008)

Occur at all times of year –
not linked to mass migration

Mass migrations between 
Santa Rosalia and Guaymas 
fishing grounds move 
northward (clockwise) in 
late fall and southward (also 
cw) in spring?



Vertical Distribution from PAT tag summary data

Canyon/shelf environment off 
Santa Rosalia. Commercial fishing 
carried out along dashed curves.

Nov. 2005: Mean of 3 tags

Nearly all of day and much of night at hypoxic 
depths -- oxygen concentration is < 20 � M 
(<10% of saturation at surface).

20 � M

Local
Oxygen-Depth 
profile

Santa
Rosalia
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Mesopelagic 
micronekton diet

Why are squid spending time at hypoxic depths?
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May 2008
Isla San Ignacio Farallon, Sonora coast



Hypoxic zone

Vertical movements: General diel migration and complex diving.
Does active foraging go on day and night at all depths?

Can foraging behavior be identified?

How does hypoxia affect performance?

How does hypoxic zone vary in space and time?

Does utilization of the hypoxic zone change?

Myctophid lanternfish,
primary prey of Dosidicus

Santa Rosalia, Oct. 2004
2-4 min sampling.
Oxygen measurements in 
Nov. 2005



Archival data, 1 Hz sampling: Nov. 2008, Santa Rosalia 
Oxygen measurements at time of tag deployment.

High-resolution behavior: Does depth-maintenance = foraging?

20 uM



Dosidicus

Schaefer et al., 2007. Mar. BIol.

Daytime foraging at hypoxic depths by competitive predators

Yellowfin tuna

< 20 uM oxygen in general area

Daytime deep foraging of tuna is limited by 
hypoxic and thermal stress.

Squid tolerate both conditions and remain in 
this hypoxic feeding zone for extended times.

Night Night Day

Both squid and 
tuna tagged off 
Magdalena Bay in 
summer 2005

Bazzino et al., 2009. Prog. Oceanog.



How do hypoxic midwater zones change over time?  

Does utilization of hypoxic depths by Dosidicus change in parallel?

Are there any correlations over time with changes in Dosidicus abundance?

Hypoxic foraging grounds may favor squid over tuna.

What causes midwater hypoxic zones?



50 m

Wind-driven upwelling and sunshine: Driver of surface productivity

Gulf of California
California Current
Peru Current
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Oxygen Minimum Zone

Upwelling: A link to the deep ocean

Sinking organic  material

Microbes utilize organic material 
and extract oxygen.
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Ecological aspects of OMZ

Myctophid 
Lantern fishes

Krill

Dense daytime layer of 
organisms at upper edge  
of OMZ

Daily migration



Surface Phytoplankton Bloom

Zooplankton Response

Predator Response

Microbial Response

Deep Scattering Layer
Community

OMZ
Enrichment

+

+

?

Does OMZ expansion favor  certain predators?

Surface EnvironmentMidwater Environment

Tolerate hypoxia

Feed on myctophids

Feed on squid

Oxygen Minimum Zone
Expansion

Hypoxia irrelevant



Historical data: June-Aug, 1950-present

Hypoxic zone in Guaymas Basin 
has shoaled since  1950.  

Mouth of Gulf has not changed. 

OMZ in Guaymas Basin has become much shallower since 1950.



Algal bloom triggered by fertilizer runoff 
from Yaqui Valley wheat fields one day 

after an irrigation event, 6 April 1998 
(Beman et al., 2005)

Fertilizer applied to Yaqui Valley has 
greatly increased since 1956…
Fertilizer applied to Yaqui Valley has 
greatly increased since 1956….. along 
with changes in the OML in the 
Guaymas Basin.

Fertilizer applied to Yaqui Valley has 
greatly increased since 1956….. along 
with changes in the OML in the 
Guaymas Basin...and squid Landings.

What may have driven shoaling 
of OMZ in Guaymas Basin?
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When did Dosidicus first appear in the Gulf of California in large numbers?

Commercial fishing started in late 1970’s –

Mentioned in passing by Ray Cannon and CA Academy expedition (1960’s)

Not mentioned by Steinbeck and Ricketts (1940) – though they reported 
many yellowfin tuna in Guaymas Basin

Briefly mentioned by William Beebe (Zaca Venture, 1936)?

Not mentioned by Jesuit naturalists (Clavigero, del Barco, 1700’s)  
and British sperm whalers (Colnet, 1798)
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0E.F. Ricketts, 
Monterey, 1936.



Gulf of California

Diet consists primarily of midwater micronekton – myctophid lanternfish.

Dietary flexibility and opportunism are evident. 

Hypoxic OMZ used for foraging both day and night, but shallow feeding at 
night also occurs. More shallow activity in daytime occurs when surface 
temperatures are cool (Spring). Squid probably explore vertically on a 
continual basis.

Squid are highly migratory (horizontal) on a time scale of days – probably 
also searching for prey constantly. Large-scale seasonal movements occur 
over distances of 100 miles.

Oxygen and temperature tolerances permit a broad operating range. 

Historical changes in OMZ shoaling may have had an important causal 
relationship with increased abundance of squid.



1984
2001

2005

La Jolla, CA
July 2002

Monterey, CA
Oct 2003

Northward Expansion of Dosidicus in the CA Current System



1984
2001

2005 Queen Charlotte Isl, BC
Sept 2005

Tracy Arm, AK
July 2005

August 2007

3.5°C surface temperature
40% seawater salinity

July 2005

Antofagasta, Chile
May 2003

Vancouver Is., BC
Sept. 2005

Northward Expansion of Dosidicus in the CA Current System



CPFV: Wendy Dunlap
CDFG, sea lion: M. Lowry (PRD/SWFSC) 
Mako shark: A. Preti (FRD/SWFSC)
Rockfish and hake: John Field, NOAA
Photos: M. Lowry (sea lion), S. Webb (squid, 
bottom center), T. Holland (bottom)

Monterey Bay: MBARI
(Zeidberg and Robison, 2007)

Dosidicus Abundance off CA



Larger prey items are fish.

Bulk of total diet is fish

(Field et al., 2007)

Dosidicus diet off CA

Same small prey 
as in Gulf of CA

Rockfishes: 
Shortbelly -- not fished but 
important in food webs

Widow and Chilipepper -- key 
commercial species

Splitnose – of modest 
importance



19842001

5 cm
Magdalena Bay: 2005

Merluccius

Synodus

Prionitus

?

Where does adaptive foraging lead?

(Markaida et al., 2007)

40 cm

Merluccius

Sebastes

Sardinop
s

Loligo

Central and northern California: 2005-2009

(Field et al., 2007)

Range Expansion and Dietary Adjustment

Northern CA, OR, WA, BC:
2009 ongoing studies?????



Pacific hake and Dosidicus off Monterey
MBARI: Zeidberg & Robison, 2007

Sacramento River Fall Chinook salmon
Pacific Fishery Management Council

Hake

Squid

Salmon



Indirect effect on smolt predation by other species 
– reduction in forage fishes

Direct predation– smolts through adults

Potential impacts of Dosidicus on salmonids

Behavioral interactions with returning salmon on shelf
– disrupted spawning runs?

80 cm squid seeks 70 cm 
salmon for natural adventures 
and intimate dining…



Holmes et al. (2008) showed that Holmes et al. (2008) showed that 
Pacific hake (Canada, 2007) have a Pacific hake (Canada, 2007) have a 
different acoustic signature when different acoustic signature when 
squid are present, suggesting an squid are present, suggesting an 
alteration of schooling behavior.alteration of schooling behavior.

Similar behavioral interactions could Similar behavioral interactions could 
occur with other species as well, occur with other species as well, 
including including salmonidssalmonids on the shelf on the shelf 
break prior to inshore migration.break prior to inshore migration.

Disruption of schooling complicates Disruption of schooling complicates 
the ability to monitor fish stocks with the ability to monitor fish stocks with 
acoustic surveys.acoustic surveys.

Behavioral interactions?
Hake

Myctophids

Rockfish

553 kg trawl: 
79% hake, 20% Dosidicus



Archival PAT tag: Oct, 2008
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Squid behavior in CA Current SystemCordell Bank

Pop-up site

54 km in 2.7 days: ~20 km/day

685 m

3528 m

Cordell Bank

Gulf of CA, Nov. 2008
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Characteristics of vertical movements appear 
to be similar to those in Gulf of CA.



Ecological impacts of Dosidicus in  the CA Current

other squids

myctophid fishes

pelagic crabs

euphausids

Mesopelagic
Staple Diet

Opportunistic additions

anchovy

cannibalism

Staple diet of mesopelagics is similar to situation 
in Gulf of CA, but opportunistic predation on 
small pelagics is much more important – it 
includes  larger species and comprises the bulk 
of the diet.



Growth rates of several key prey species of Growth rates of several key prey species of DosidicusDosidicus
(1, 5 and 7 in FO, respectively).(1, 5 and 7 in FO, respectively).

Pacific hake

Shortbelly rockfish

Pacific sardine
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Long-term impacts of a new predator



Growth of predator vs prey in the CA Current

DosidicusDosidicus growth rates are extremely high (1 to 2 mm/day), and the growthgrowth rates are extremely high (1 to 2 mm/day), and the growth curve curve 
above is based on above is based on tistis figure with a lifetime of 2 years (may only live 1.5 years).  figure with a lifetime of 2 years (may only live 1.5 years).  

Pacific hake

Shortbelly rockfish

Pacific sardine

Jumbo squid
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If squid become established, or if they make repeated invasions, the potential 
consequence to the productivity of temperate water prey could be substantial. 

Pacific hake

Shortbelly rockfish

Pacific sardine

Jumbo squid
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Long-term impacts of a new predator?

Thus far, there is no evidence of spawning in northern CA Current System –
but surface temperatures permissive for embryonic development (18-24 C) 
regularly occur south of Pt. Conception off CA.



As a predator Dosidicus will continue to exert direct and indirect pressure on 
ecologically and commercially important species -- hake, rockfishes, anchovies, 
sardines, market squid.  

As prey Dosidicus is likely to benefit a number of large predators – sharks, 
sea lions, tunas, Risso’s dolphins, sperm whales.  Predators are utilizing the 
Dosidicus resource and in some cases appear to be increasing in abundance.

What can we expect in the northern CA Current System?

Impacts on other species, particularly salmonids in the northern limit of 
the range, remain uncertain.

Or maybe they will just go away…
as in the 1930’s in Monterey Bay.

As a fishery resource Dosidicus may prove to be worth more than crab bait. It 
is presently the world’s largest invertebrate fishery. High-quality product from 
temperate waters may be an advantageous marketing strategy.  Products 
such as aquaculture food made from viscera should be explored. 



What will be the determining factors?

Is there spawning? Spawning in the northern CA Current System seems 
unlikely.  We are analyzing CALCOFI plankton samples to check for spawning 
south of Pt. Conception. 

What is driving the range expansion? Several factors are involved, including 
global climae change. The hypoxic midwater environment favored by Dosidicus is 
undergoing a change that is consistent with the northward range expansion. 
Reasons for this are not yet understood.  Reduction in numbers of large fish 
predators/competitors (tunas, billfishes, etc) may also be important. 

How many squid are there? Acoustic estimates of numbers and biomass 
are needed to answer this – like we are doing in the Gulf of CA.

What can we expect in the northern CA Current System?



Oxygen concentration 
at 50 m depth

microMolar

Chavez et al. 2008

Oxygen Minimum Zone is a prominent feature of the Eastern Pacific Ocean

Oxygen at 
300 m depth

microMolar

Stramma et al. 2008



Dissolved oxygen 
(uM) 
at 300 m depth

Current range of Dosidicus

The global range of Dosidicus matches the OMZ

Eastern Pacific OMZ has shoaled over the last 50 years
Gulf of Alaska (Whitney et al. 2007. Prog. Oceanog. 75 : 179)
Southern California Bight (Bograd, et al. 2008. Geophys. Res. Let. 35)

Equatorial upwelling zone (Stramma, et al. 2008. Science 320: 655)
Mejillones, Chile (Braun, et al. 2006.  IFOP Proyecto FIP N° 2006-01)



Ways to succeed in a changing world?

1. Tolerance of environmental fluctuations

2. Ability to migrate rapidly

3. Adjustable foraging strategies

4. Fast growth rate and short life span

5. High reproductive output









Rosa & Seibel. 2008. PNAS 105: 20776
How do squid tolerate hypoxia?

Metabolic suppression


