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Life History

A review of the scientific literature on longfin inshore squid (Doryteuthis pealeii; hereafter
longfin squid) habitat and distribution, size and growth, migration, life span, reproductive
dynamics and ecological linkages was conducted to identify existing research that explores
ecosystem and climate influences on longfin squid stock dynamics. The aim of this review was
to compile the current understanding of the various life history characteristics of longfin squid as
they relate to underlying biological and ecological processes and availability to the fishery
(Table 1). This information, detailed below, was encapsulated in a conceptual model of the life
cycle of longfin squid (Figure 1).

Distribution and habitat

Longfin inshore squid ranges from Newfoundland in the north to the Gulf of Venezuela in
the south (Jacobson 2005) but is exploited in the United States as a single stock unit along the
Northeast U.S. Continental Shelf (NES) from Cape Hatteras, NC, to Georges Bank (Figure 2;
Brodziak 1995, 1998). Hatfield and Cadrin (2002) investigated survey data from 1967-1998 and
noted greater abundance of longfin squid in the Mid-Atlantic Bight (MAB) compared to higher
latitudes. Although longfin squid populations exist in the Southeast U.S. Continental Shelf (SES)
and Gulf of America (formerly Gulf of Mexico), they are not subject to significant commercial



harvest in those areas. On the NES, longfin squid inhabit waters with a bottom temperature
greater than 9°C (Lange and Sissenwine 1980) and undergo seasonal migrations to avoid
bottom waters <8°C (Summers 1969). They can be found throughout the NES in the fall, along
the shelf edge in the winter and spring, and in inshore waters during the summer (Summers
1968, 1969; Serchuk and Rathjen 1974). Planktonic juveniles are confined to coastal waters
except when transported offshore by currents (Vecchione 1981).

Abundance and catch rates are strongly correlated with sea surface temperatures (10-
16°C for adults, 16-28°C for juveniles) and depth (<180 m inshore; <400 m offshore), with peak
abundance inshore in late summer and fall (15-21°C, <50 m; Brodziak and Hendrickson 1999;
Hatfield and Cadrin 2002; Manderson et al., 2011; Vecchione 1981). Juvenile and adult longfin
squid perform diel vertical migrations, remaining near the bottom during the day to avoid
predation and rising to the surface at dusk (Jacobson 2005; Summers 1969) to feed (Brodziak
and Macy 1996). Abundance is greater at night at the surface, but larger squid tend to be
caught at greater depths (Serchuk and Rathjen 1974; Vecchione 1981). Differences in day/night
abundance are most discernible in fall (NEFSC 2011) with cold temperatures and a lack of
stratification causing recruits to remain near the seafloor at night during the winter (Hatfield and
Cadrin 2002).

Migration and movement dynamics

Longfin squid on the NES make seasonal migrations, covering distances up to 200 km
(Summers 1969), that are likely related to seasonal changes in bottom temperatures (Jacobson
2005). They migrate north and inshore (toward the coast) during the spring, and south and
offshore (toward the shelf edge) in the late fall (Hatfield and Cadrin 2002). Longfin squid inhabit
waters of the NES edge in January. By May/June, they migrate to shallow coastal waters from
the MAB to Southern New England to spawn (Macy and Brodziak 2001). Inshore migrations
occur earlier in southern latitudes with older squid migrating earlier than younger squid (Tibbetts
1975). In late November and early December, longfin squid migrate from the shelf to deep,
warmer slope waters along the shelf edge (generally south of Georges Bank) to overwinter
(Macy and Brodziak 2001). Longfin squid fisheries reflect the timing of their seasonal
migrations, with the offshore fishery occurring October - March and the inshore fishery on
spawning grounds from April - September (Hendrickson 2017).

Macy and Brodziak (2001) were the first to suggest a consistent age structure
throughout the winter and spring, resulting from continuous spawning and recruitment of longfin
squid throughout their geographical range (with winter spawning occurring at the southern end
of their range) and migrations occurring both inshore/offshore and north/south. Based on work
from Whitaker (1978), Hatfield and Cadrin (2002) proposed that the majority of winter spawning
occurs south of Cape Hatteras and individual squid migrate between the NES and SES Large
Marine Ecosystems (LMEs). A working paper presented in this assessment (Richardson 2026)
expands on previous work and suggests the possibility of a winter cohort that hatches south of
Cape Hatteras and subsequently migrates onto the NES. Fall Northeast Fisheries Science
Center (NEFSC) bottom trawl surveys from 1978-1983 demonstrate a spatial gradient for small
longfin squid (1-6 cm mantle length, ML) from waters just south of Hatteras through Southern



New England. Almost all (95%) of the swept area biomass for 1-2cm length classes were
caught on the SES. The NES accounted for the majority of biomass in larger length classes (up
to 6cm) (Richardson 2026). However, one should note the small size classes caught
predominantly on the SES may be influenced by the time of year and location in which the
survey begins.

The Gulf Stream and warm core rings may facilitate the recruitment transport of these
larval and juvenile squid northward, but potential for inputs to the population from the SES and
offshore are difficult to quantify. The winter spawning hypothesis could indicate that there are
multiple cohorts of longfin squid, with some spawning occurring outside of the NES stock area,
and may provide evidence of year-round spawning in the stock.

Lifecycle, Size, and Growth

Early literature on longfin squid reproduction suggested two primary cohorts: one
spawning in spring and one in late summer (Summers 1968, 1971). More recent studies after
the development of statolith aging techniques highlight a peak in spawning from late spring to
summer (Hatfield and Cadrin 2002; Macy and Brodziak 2001) and hatching in late summer
(Jacobson 2005). Some spawning occurs throughout the year both inshore and offshore
depending on hatching month and length-at-age (Macy 1994; Macy and Brodziak 2001), with
winter spawning thought to occur primarily south of Cape Hatteras (Hatfield and Cadrin 2002,
Richardson 2026). These “micro-cohorts” overlap with seasonal peaks in spawning and have
varying growth rates (Hendrickson 2017).

Mature females lay between 3500-6000 fertilized eggs (Au 1975), likely in multiple
clutches and possibly in different locations over a period of weeks to months (Maxwell and
Hanlon 2000). Longfin squid spawn in communal 50-60 cm wide egg beds on rocks, boulders,
aquatic vegetation, or sandy/muddy bottom. Females generally lay eggs in shallow water less
than 50 m in depth, at temperatures between 10-23°C and salinities of 30-32 pp (Jacobson
2025). The main components of longfin spawning aggregations include: an egg laying zone with
pairs descending into the substrate and females inserting individual egg capsules into the
communal egg mass, an area surrounding egg laying zone with considerable fighting behavior
amongst males, and the furthest surrounding area with various mating types (Hanlon 1998).
Four primary male mating tactics are commonly observed with two mating positions, head-to-
head and parallel (Shashar and Hanlon 2013). Mating tactics are versatile and males are able to
switch tactics depending on the social situation. Typically, large males act as paired
companions. Unpaired large males often fight paired males or attempt forced copulations with
paired females. Small males may act either as bold sneakers or secret sneakers with little
detection (Shashar and Hanlon 2013).

Mating systems of longfin squid perpetuate genetic diversity in the next generation,
which likely results from multiple paternity among and within egg capsules, reflecting the varying
reproductive behavior of males and females on spawning grounds (Hanlon 1998). Additionally,
females have been shown to lay fertilized eggs without access to males, demonstrating the use
of stored sperm (Maxwell and Hanlon 2000).



Embryonic development is temperature dependent and ranges from 12-34 days, with
faster development periods at higher temperatures (Nichols et al. 2019). After hatching, longfin
larvae (or paralarvae) are planktonic and found near the surface at sizes of 1.5 - 15 mm ML
(McMahon and Summers 1971). As juveniles, longfin squid make an ontogenetic descent to a
demersal habitat around 45 mm ML (Vecchione 1981). Juvenile growth rates are temperature
dependent; squid hatched in June-July have an average weight that is 2-3x greater than squid
of the same age hatched in May due to exposure to warmer temperatures (Hatfield et al. 2001).
Juveniles are considered recruits to the fishery after reaching exploitable sizes (29 cm;
Jacobson 2005).

Adult longfin squid are sexually dimorphic (Macy and Brodziak 2001) reaching a
maximum length of ~50 cm ML for males and 30-40 cm ML for females (Jacobson 2005),
although estimates of length at maturity vary. A number of statolith aging studies (Brodziak and
Macy 1996, Macy and Brodziak 2001, Jackson 2004) have described non-asymptotic growth
functions (either linear or exponential; Jackson et al. 2000) in longfin squid. However, these
studies primarily sampled larger juveniles and adults and fewer pre-recruits and smaller
individuals. Size-at-age data in studies for other squid species were best described as
asymptotic, with a caveat that these species may not be growing asymptotically but rather dying
before reaching an asymptotic size (Arkhipkin and Roa-Ureta 2005). While males attain larger
sizes than females, growth rates do not appear to differ between males and females (Macy
1994). Hatfield and Cadrin (2002) found that longfin squid body size increased with depth - a
possible temperature and depth preference with size - and (along with Macy and Brodziak 2001)
hypothesized that differences in time to maturity may be explained as a function of temperature,
with longfin squid hatched between November and April exhibiting significantly lower growth
rates than squid hatched between May and October. Brodziak and Macy (1996) counted daily
statolith increments of longfin squid and concluded that longfin squid growth can be influenced
by environmental conditions. Longfin squid experienced higher growth rates during the summer
months and reached a larger mean size at higher latitudes (Brodziak and Macy 1996). Forsythe
(2004) used laboratory and field testing to suggest that during periods of gradually warming
temperatures, monthly cohorts of squids experiencing warmer conditions grow faster, and
perhaps larger, than older, earlier-hatched cohorts.

Lifespan and natural mortality

The lifespan of longfin squid has been extensively researched, however estimates
remain uncertain. The most credible hypothesis is that longfin squid lay daily statolith
increments (Brodziak 1998). While this assumption is supported by data and analogy to other
loliginids (Jackson and Forsythe 2002; Jackson 2004), the data available is limited and difficult
to verify. Summers (1971) performed quantitative sampling of longfin squid tracking modal
length frequency using an asymptotic growth curve and classified squid into groups of <1, 1, or
2 years old, much older than the current assumed lifespan. Statolith aging techniques in the
1990s and early 2000s produced new lifespan estimates of 6 months to 1 year (Brodziak 1998;
Macy 1994; Macy and Brodziak 2001). Statolith increments collected from 1,380 longfin squid



caught in commercial trawls from May 2023 - June 2025 observed a maximum age post-hatch
of 264 days for squid caught in Southern New England and the MAB (Squid Biological Sampling
Program, SQUIBS; Mercer et al. 2026), following the assumption of daily statolith increments.
Squid spawned early in the year (December-May) are expected to spawn and die late in the
fall/early winter of the same year, indicating a lifespan of less than 1 year (Macy 1994).

Longfin squid may be considered semelparous as they only breed for one season before
senescence (Jacobson 2005, Jones et al. 2025), although the time between spawning and
death is undetermined and female squid may lay multiple clutches of eggs over several weeks
fertilized by multiple male partners. Most cephalopod stock assessment models assume a
constant natural mortality rate that does not account for post-spawning mortality (but see
Hendrickson and Hart 2006, NEFSC 2011). Brodziak (1998) estimated a natural mortality rate
for longfin squid of ~0.3/month using a maximum age of 296 days. More recent assessment
models for other squid species have derived preliminary estimations of non-spawning and
spawning mortality rates for longfin at 0.11 and 0.19-0.48/week (NEFSC 2011). Hamel and
Cope (2022) proposed a relationship between mortality and maximum age: M = 5.4/tyax.
Maunder et al. (2023) compared other derivations of natural mortality and recommended the
Hamel and Cope equation as an estimator of M given maximum age. Using this equation and
maximum ages for longfin squid was recommended in the longfin summit report (Manderson
and Salois 2026). The SQUIBS data (Mercer et al. 2026) suggest that natural mortality of longfin
squid ranges from 0.36 (tmax = 15 months) to 0.675 (tmax = 8 months).

Trophic Ecology

Longfin squid are opportunistic predators. Adult longfin squid commonly consume
weakfish (Cynoscion regalis), scup (Stenotomus chrysops), Atlantic menhaden (Brevoortia
tyrannus), sculpin (Myoxocephalus sp.), sand lance (Ammodytes americanus), silversides
(Menidia menidia), mummichogs (Fundulus spp.), anchovies (Anchoa mitchilli), and grass
shrimp (Palaemon sp.; Macy 1982). The specific prey items in their diets differ seasonally and
between their inshore and offshore habitats and reflect the most abundant prey types in these
locations (Maurer and Bowman 1985). In both habitats, squid select prey based on size
although the species composition varies (Macy 1982). Fish are the most widely consumed prey
item by large adult squid (Maurer and Bowman 1985, Macy 1982, Smith and Rowe 2025).
Smaller squid consume more crustaceans, especially inshore and in the spring (Maurer and
Bowman 1985).

Common predators of longfin squid include summer flounder (Paralichthys dentatus),
bluefish (Pomatomus saltatrix), monkfish (Lophius americanus), fourspot flounder
(Hippoglossina oblonga), smooth dogfish (Mustelus canis), and spiny dogfish (Squalus
acanthias) (NEFSC 1999, Smith and Rowe 2025). Squid may be more susceptible to predation
than finfish due to their soft cylindrical bodies and lack of spines or bony defensive structures.
Cephalopods also have a higher nutritional value compared to other fish species, with up to
20% more digestible protein per unit body mass (Staudinger and Juanes 2010b). Consumption
of longfin squid is relatively evenly distributed among predator species in the fall, while spiny



dodfish, silver hake (Merluccius bilinearis), red hake (Urophycis chuss), and little (Leucoraja
erinacea) and winter skates (Leucoraja ocellata) are the predominant predators in the spring
(NEFSC 2011). Predation mortality varies seasonally and interannually (Moustahfid et al. 2009).
Elasmobranchs (mainly spiny dogfish) accounted for 90% of longfin squid consumption from
bottom trawl sampling estimates (excluding pelagic predators and conspecifics) (Moustafid et al.
2009). Finfish predators consume more squid than is caught in the commercial fishery (NEFSC
2011). The amount of squid consumed in fall is greater than spring, however the proportion of
biomass consumed is higher in spring compared to fall (NEFSC 2011). Moustafid et al. (2009)
also described an increase in predation mortality in the fall/winter and decrease in the summer,
consistent with seasonal distribution patterns of longfin.

A pair of studies by Staudinger and Juanes (2010 a,b) quantified size-based predation
patterns on longfin squid and their susceptibility to predation. Finfish and elasmobranchs most
commonly preyed upon juvenile and sub-adult squid, while marine mammals regularly
consumed adult squid. Predation by marine mammals had the largest overlap with the
commercial fishing industry for squid resources (17% of squid available to the fishery). All
predators exhibited size-selective feeding behavior, with positive size selection for all predator
species except Atlantic mackerel (Staudinger and Juanes 2010a). Longfin squid susceptibility to
predation by bluefish was also dependent on prey size (attack rates highest on the smallest and
largest squid), while summer flounder captured all sizes of longfin with equivalent efficiency
(Staudinger and Juanes 2010b). In time-dependent survival trials, smaller squid exhibited higher
predation mortality rates as the squid schooled with the smallest individuals on the periphery
(Staudinger and Juanes 2010b). These studies demonstrate the behavior and availability of
longfin squid are fundamental in shaping predation patterns.

Wuenschel et al. (2024) classified longfin squid as moderate-quality prey, with an energy
density between 4 and 6 kJ/g. Squids use energy from their high-protein diet towards growth
and reproduction rather than storage, resulting in fast growth, a short life span, and large
fluctuations in abundance. Hunsicker and Essington (2008) used a bioenergetics model to
evaluate the energetic potential of longfin squid. Consumption rates in the model were higher for
summer-hatched squid and small squid compared to winter-hatched and larger squid. The
model predicted a total predation consumption of longfin squid of 306k tons for the summer
cohort and 189k tons for the winter cohort (Hunsicker and Essington 2008).

Gartland and Latour (2024) used Vector-Autoregressive Spatio-temporal (VAST)
modeling to estimate time-series of predatory removals during fall and spring of four
commercially-exploited species, including longfin squid. Predator stomach content data was
collected by the NEFSC and NEAMAP nearshore bottom trawl surveys from 1978 to 2019.
Multivariate spatio-temporal models were fitted to predator biomass density and per capita
consumption of prey using VAST. By using survey data in spatio-temporal modeling, the authors
aimed to estimate time-series of predatory consumption of longfin squid, compare predator
consumption to prey stock biomass and harvest, and quantify the relationships between
seasonal predatory removals and ecosystem covariates (Gartland and Latour 2024).



Population Genetics

Studies of the population genetics of longfin squid on the NES vary in their conclusions
of genetic differentiation and population structure. Garthwaite et al. (1989) analyzed alleles and
genotype frequencies at a single locus in longfin squid sampled primarily during the fall
migration period (rather than on spawning grounds). Eleven trawl samples were taken from 6
sites ranging from North Carolina to Georges Bank. Garthwaite et al. detected low levels of
genetic differentiation between squid collected offshore on Georges Bank and inshore off the
coasts of Virginia and Cape Cod, and their results suggest that L. pealei (D. pealeii) in the study
region are composed of multiple distinct populations (Garthwaite et al. 1989).

Herke and Foltz (2002) investigated possible genetic differentiation of longfin squid from
the Gulf of America to Nova Scotia. They examined restriction fragment length polymorphisms
(RFLP) in a single gene for mitochondrial cytochrome ¢ oxidase. Results suggested a genetic
break in L.pealei populations between the northern Gulf of Mexico and Atlantic Ocean, and is
likely a consequence of eastward currents of the Florida Straits, elevated sea surface
temperature, and restriction of the species to the continental shelf. Squid sampled from the SES
north of the Florida peninsula to the Gulf of Maine shared a common RFLP haplotype,
suggesting homogeneity and no evidence of population structure despite Cape Hatteras as a
presumed geographic barrier.

A pair of studies and subsequent critiques of longfin population genetics focused on the
NES have yielded mixed results (Buresch et al. 2006, Shaw et al. 2010, Gerlach et al. 2012).
Buresch et al. (2006) tested for population structure using 5 microsatellite loci and found 6
genetically distinct stocks: 4 between Delaware to Cape Cod, 1 in Nova Scotia, and 1 in the
northern Gulf of Mexico. One summer inshore stock was not genetically different from the 2
winter offshore populations, indicating squids from summer locations overwinter offshore and
that the winter offshore fishery may affect multiple stocks of the inshore fishery. This suggests
that longfin mix on offshore overwintering grounds but segregate by genetic stock as they
migrate inshore (Buresch et al. 2006).

Shaw et al. (2010) also sampled discrete spawning aggregations of D. pealeii (9 sites
from Cape Cod to Cape Hatteras inshore during the summer and offshore in the winter) but
indicated no significant genetic differentiation of populations and no association of spawning
aggregations with distinct genetic subpopulations. They critiqued the results of Buresch et al.
(2006) and cited possible reasons for discrepancy, including differing sample sizes, analysis
methods leading to incorrect treatment of null alleles, and temporal instability between sampling
years. In a response to Shaw et al. (2010), Gerlach et al. (2012) reanalyzed the data provided
by Buresch et al. (2006) and addressed the sample size and software concerns of Shaw.
Gerlach et al. (2012) found that genetic differences at a single site in Woods Hole,
Massachusetts were not stable across years and seasons, and that fluctuations in recruitment
and abundance between years could generate differences in gene frequencies. Spatio-temporal
differentiation has also been observed in market squid (Doryteuthis opalescens), a similar
species to longfin squid, suggesting some degree of population sub-structuring and/or continual



recruitment (Cheng et al. 2020). The genetically distinct populations cited by Buresch et al.
indicate the possibility of family groups that travel together but do not return to the same site
every year, leading to a lack of a discrete spawning unit in Woods Hole. Additionally, Gerlach et
al. (2012) alludes to mixing by storms or currents as a possible explanation for the
discrepancies in squid samples between the studies conducted by Buresch and Shaw.

Finally, a recent study by Sales et al. (2024) investigated the evolutionary history of
longfin squid. A separation in lineage into North Atlantic/Gulf of Mexico and South Atlantic
populations of longfin squid occurred around 8 million years ago, coincident with the formation
of the Caribbean Sea. A further separation between the North Atlantic and Gulf of Mexico
populations occurred approximately 2 million years ago, possibly as a result of Northern
Hemisphere Glaciation and drops in sea level. However, other studies (Buresch et al. 2006,
Shaw et al. 2010, and Gerlach et al. 2012) vary in their analysis of multiple populations versus a
single stock.

Ecological Linkages

Temperature/Ocean Acidification

A climate vulnerability analysis by Hare et al. (2016) characterized longfin squid as
having a low overall vulnerability to climate impacts but high climate exposure. Variables of sea
surface temperature and ocean acidification (OA) were ranked as “Very High” as exposure to
surface temperatures and OA occur during all longfin squid life stages. The effect of climate
change on longfin squid on the NES is uncertain. As waters of the NES become warmer, the
amount of available habitat for squid should increase (notably northward and in the Gulf of
Maine). However, productivity may decrease with increasing OA (Hare et al. 2016).

Seasonal distribution and growth rates of longfin squid are likely to be temperature
dependent, with longfin squid avoiding waters less than 8°C (Arkhipkin et al. 2015; Brodziak and
Hendrickson 1999; Dawe et al. 2007; Summers 1969). Rising temperatures may accelerate the
life history of longfin, resulting in squids that hatch earlier and at a smaller size, mature at a
younger age and smaller size, and undergo faster growth in shorter lifespans. The reproductive
output of loliginids may be affected by elevated temperatures causing smaller body sizes at
maturity but with faster growth, constraining the amount of gonadal tissue a squid can produce
(Pecl and Jackson 2008). The Mid-Atlantic Fishery Management Council (MAFMC) cited shifting
thermal habitat suitability impacting distribution and productivity as an area of concern that
needs to be taken into account by stock assessments and management (MAFMC 2022).

Ocean acidification risk conditions for longfin squid have been observed (summers of
2016, 2018, 2019, 2023, 2024) in Long Island Sound and the nearshore and mid shelf areas of
the New Jersey shelf (Gaichas et al. 2025). Multiple recent studies have investigated the effects
of OA on longfin squid, particularly in early life stages. Recruitment may negatively be affected
by impacts of increasing OA on longfin paralarval stages (Arkhipkin et al. 2015). Squid raised
under elevated pCO2 (partial pressure of carbon dioxide; 2200 patm compared to 390y in the



control) conditions resulted in shorter mantle lengths, delayed hatching, and smaller and
degraded statoliths (Kaplan et al. 2013; Zakroff et al. 2019). However, there may be threshold
levels to which OA will affect cephalopods, including loliginids. Hatchlings exposed to high OA
under warmer conditions showed reduced impacts compared to those raised in ambient
temperatures, which may stem from increased developmental growth rate and therefore shorter
exposure time to OA conditions (Zakroff and Mooney 2020). The high reproductive output of
cephalopods suggests the potential of adapting to a changing environment (Kaplan et al. 2013).

Oceanography

Manderson et al. (2011) used generalized additive models (GAMs) to evaluate Ocean
Observing Systems (OOS) remote sensing data with in situ hydrographic data to explain
environmental drivers of longfin squid abundance and habitat preferences. Longfin squid
abundance was associated with temperatures between 6.5-20°C with greater abundance
offshore and south off the Hudson shelf during the winter. High abundance was associated with
instability in the water column during the fall as water column stability was correlated negatively
with surface current velocity and positively with current variances. High indices of surface
current divergence resulting in increased upwelling potential, surface fronts on the shelf in
winter and spring, and offshore surface currents in the fall and inshore currents in the spring
also correlated with areas of high squid abundance (Manderson et al., 2011). Overall, longfin
squid distribution and abundance are likely to be influenced by temperature and oceanographic
changes.

Variation in climate indices and oceanographic processes are known to influence longfin
squid distribution and biomass. Longfin paralarvae are highly susceptible to offshore transport
from Gulf Stream eddies due to their placement within the water column (Hanlon et al. 2013).
Warm local water temperatures and unusual eastward displacement of oceanographic features
associated with the North Atlantic Oscillation (NAO) may be associated with expansion of
longfin abundance in Newfoundland in 2000 (Dawe et al. 2007). The NAO is synchronous with
4-5 year cycles of longfin biomass in the spring and decadal cycles in the fall (Hendrickson et al.
2023). Regression models conducted by Dawe et al. (2007) directly relate the NAO to longfin
landings and northward displacement of the shelf slope front to high abundance of longfin squid.

Oceanographic impacts discussed at the 2024 Longfin Inshore Squid Summit

At the 2024 Longfin Inshore Squid Summit (Manderson and Salois 2026), Dr. Glen
Gawarkiewicz gave a presentation entitled “Recent Oceanographic Variability and Possible
Impacts on Longfin Squid”. Oceanographic processes such as the Gulf Stream, shelf break jet
and associated shelf and slope conditions, marine heat waves, and the Mid Atlantic Cold Pool
may impact longfin squid habitat, larval transport, temperature-dependent growth, cross-shelf
migration timing, and prey availability.

The shelf break is important in controlling hydrographic gradients and the flow of water
between the NES and Slope Sea, an important overwintering habitat for longfin squid
(Manderson and Salois 2026). These shelf and slope conditions determine longfin habitat



quality and vary through changes in warming surface waters, the Gulf Stream, and the Cold
Pool. The timing of longfin squid fall migration from inshore spawning habitat to warmer waters
along the shelf break is consistent with destratification and cooling of continental shelf waters.
Cooling of the shelf water following destratification begins the development of the Mid-Atlantic
Cold Pool, which also drives longfin migration offshore to overwintering habitats.

The Gulf Stream destabilization point started shifting westward in the mid-1990s (Andres
2016), and resulted in an increase in the number of warm core rings (Gangopadhyay et al.
2019). Warm core rings impact upwelling on the shelf break and influence the temperature and
salinity of the NES. A northward shift in the Gulf Stream in the late 2000s impinged on the flow
of cold, fresh water from the Labrador current onto the NES, affecting thermal habitat availability
in the Gulf of Maine and MAB (Goncalves Neto et al. 2021). Changes in the Gulf Stream also
coincided with increased and prolonged warming of the NES and Slope Sea. Deep water
marine heat waves can be associated with Gulf Stream rings at the shelf edge, while both
shallow and deep water heat waves in the Gulf of Maine can arise from the replacement of cool
Labrador current waters by warm, salty Slope Sea water (Manderson and Salois 2026). Marine
heat waves have become more frequent post-2000, with observed heat waves in water as deep
as 70 m and temperatures 7°C above normal (Gro3elindemann et al., 2022). However, the MAB
shelf and Slope Sea waters in summer 2024 and 2025 were much cooler than recent above-
average temperatures and at or below the long-term mean. Pulses of cold, fresh water were
observed during this time and may have arisen from a southerly shift in the Gulf Stream and a
weakening of westerly winds. This persistent cold, inshore water delayed migration of longfin
squid from the shelf break to inshore waters (Gaichas et al. 2025).

Socioeconomics

In the Northeast US, the longfin squid stock is not overfished and overfishing reference
points are not available (NEFSC 2023). Fishing trends in the years after the Covid-19 pandemic
(2020-2022) show a decline in directed longfin trips and landings, less data were collected as a
result of reduced observer coverage during the pandemic. Observer coverage decreased from
an average of 394 annual trips in 2017-2019 to an average of 153 trips in 2021 and 2022
(MAFMC 2025a). In 2024, landings decreased 26% from 2023 (possibly due to delayed longfin
migration from unusually cold shelf waters), although ex-vessel price rose 10% (MAFMC
2025a).

The COVID-19 pandemic triggered abrupt shifts in longfin squid demand, the effects
from which are still seen today. Ex-vessel prices dropped between 40-50% from early 2020 to
April 2020. Sales remained low in 2022, albeit with higher inventory, resulting in lower prices
(MAFMC 2022) and the reduced ability of smaller boats to move product (MAFMC 2023). Fuel
conditions and prices also affected fishing participation and willingness to travel long distances
by boat (MAFMC 2022). By 2023, fewer small boats were actively targeting longfin squid
compared to 2022, and some boats were targeting other species altogether (MAFMC 2024).
Diesel fuel prices decreased slightly in 2024 and the market for longfin squid is currently steady,
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but vessel prices for squid have not rebounded since COVID-19, especially in the frozen market
(MAFMC 2024, 2025b).

Regulations and gear restrictions have increased the complexity of fishing for and
catching longfin squid. Quotas for longfin squid began in 2000, and are divided into 3, 4-month
trimesters: 43% of quota in T1 (Jan-Apr), 17% in T2 (May-Aug), and 40% in T3 (Sept-Dec). The
low quota in trimester 2 resulted in fishery closures in 2022 and 2023 (MAFMC 2024). Scup,
Tilefish, and Fixed/Mobile Gear Restricted Areas (GRAs) have made longfin squid fishing more
difficult. Large mesh requirements and lack of access to Georges Bank restrict longfin landings
(MAFMC 2019). Vessels targeting squid around The Northeast Canyons and Seamounts
Marine Monument spend increased time and fuel to sail to the opposite side of the closed area
to fish (MAFMC 2024). To expand fishing opportunities on the NES, the Commercial Fisheries
Research Foundation (CFRF) is trialing automatic squid jigging machines with support from
local fisherman and Japanese partners. This method of fishing may increase the resilience of
squid fisheries to offshore wind development, allowing for squid fishing in wind lease areas
(CFRF, N.d).

Ecosystem factors also play a considerable role in longfin fishery dynamics. Continued
windfarm development on the NES increases concerns regarding overlap between lease areas
and the squid fishery. Wind energy areas may result in fleet displacement and effects on squid
biology, behavior, and mortality from installation and operation of turbines (MAFMC 2022). The
presence of dogfish and dogfish fishery regulations make some areas unsuitable for longfin
squid fishing; dogfish fishery restraints also correlate with lower longfin landings (MAFMC
2019). Finally, cold bottom temperatures in summer 2024 (5-6°C) delayed squid distribution and
fishing until late in the year (MAFMC 2025b, Gaichas et al., 2025).
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Tables and Figures

Table 1: Longfin squid life history parameters by life stage as found in pre-existing literature.
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Age, Length, Predators/

Habitat & Distribution Phenology Energetics

Growth Competitors

Most eggs spawned in

Migrate inshore (May-June) May with hatching in 950-15900 eggs per

. Most >200 t
Spawning into shallow coastal waters July10, but spawn year osmaturitném a female'9, each female
from MAB to SNE* round with seasonal and Y lays 20-30 egg capsules'3
geographic peaks4
10-23°C, optimal
development at e
Laid on the bottom in clusters embryonic development
50-60 cm wide; shallow 1s temperature
waters <50m nearshore© oy 45 : depepdent, such' it
. Incubation time varies 1% 1.6 mm® hatching occurs in 27
= Found on sand or mud with temperature™” ’ days at 12.0—
18.0°C, in 19 days at
bottom and usually attached ’no .
it el 15.5-21.3°C, and in 11
© MU QI 2l days at 21.5—
23.0°C
30-32 ppt'©
BY<lel
Coastal surface waters in . 10-26 C’10
L spring. summer. fall’® Move Growth rates slower for 1.8 (at hatching) - 15 31.5-34 ppt 4510
AENVAE prifig, su o 10 v winter-hatched© mm ML10 Higher salinities at lower Copepods
deeper with growth tempsY10:12
ps
Primary prey varies with
15, mm - 8 Cmm; <4.0 crfllzzgiankton,
Upper 10 m of 50-100 m Shift from surface 10-26°C; copepods; Pelagic and
NES continental shelf. 10 waters to err;grsa at 31.5-34 ppt'? 4.1-6.0 cm: euphausiids,  demersal fish,
Juvenile Offshore in winter.*>’ 45 mm BUIONY \ADTITES marine
Migrate to the surface at Growth rat Higher salinities at lower 6.1-10.0 cm: crabs, mammals, and
night.7-1° d rowtl ratl es temps'© polychaetes, shrimp.° birds1?
cpenden 5)219 Cannibalism observed >
temperature 5em10

m. % Offshore in wint1eg up to . . span <1 year, max Avoid temi)er;’l%res i), il
400 m on shelf edge'” and Winter cohort recruits age 15 months>® below 8°C Fish consumed more whales,
move. 1nshort=f when yvater to inshore fishery 10 frequently inshore, squid common

temps rise, beginning in south (May-Oct), summer Summer cohort DO >4ml/l offshore!’ dolphin, diving

Most abundant GoM t;) Larger individuals Sexually dimorphic®, ) ol Fltﬁhﬁs
Hatteras NES and slope.>'®  migrate earlier (April - growth faster in 9-21°C surface temp, 8- Fhmh (hake, mﬁcgerila ( bue L ’sea
Inshore Mar-Oct up to 180 2 2. 16°C bottom temn.'° erring, menhaden), ass, cod,
nshore Mar-Uct up to May) warm months.” Life ottom temp crustaceans, squid™® hakes, dogfish.
Adult
and moving northward’ cohort recruits to (May-Oct) grows birds 10



offshore fishery (Nov- faster than winter
Larger squid found at greater Apr)4 cohort (N ov-Apr)_2
depths8
Max size ~50cm ML
At bottom (mud or sandy in males10 and 30

mud) during day and move cm female1?

closer to surface at night3’7

'NEFSC 2002
3 Summers 1969
5Brodziak and Macy 1996
" Hatfield and Cadrin 2002
?Nichols et al. 2019
" Macy 1982

3 Maxwell and Hanlon 2000

2 Summers 1971
4Macy and Brodziak 2001
6 Brodziak 1998
8 Serchuk and Rathjen 1974
10 Jacobson et al. 2005

12 Zakroff and Mooney 2020
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10-23 (16-18)°C*; 30-32 pp
IpH (1 OA)
<5mg/L DO,

- Hatch 12-34 days (temp dependent)

- Egg mops deposited on sand or
small pebble substrate

Spawning
North of Hatteras

- Spawning companent in late spring

to fall, peaking in early summer.
- Spawn inshore

South of Hatteras

- Spawning companent in winter/early

spring
- Spawn inshore

Paralarvae =® Bad for Longfin
10-26°C*; 31.5-34 ppt : : Good for Longfin
5-10 (7-8) mg/L DO, 9
1.8-15mm

- Peak of hatching in July

- Inshore surface waters in

spring, summer, fall
- Copepod diet

Juveniles

10-26°C*; 31.5-34 ppt
15mm-8cm

- Inhabit upper 10m of
continental shelf (50-100m
depth)

- At 45 mm, change from
inhabiting surface waters to
bottom with diel vertical migration
at night

- Prey varies with size
Important prey item of pelagic

Adults and demersal fish, marine
<8°C mammals, and birds
10-16°C*

- Live <1 year

- Semelparous
- Sexually dimorphic; max

size 50cm M, 30em F “temperature estimates are based on
Inshore: <180m depth bottom trawl samples, preferred
Offshore: up to 400m temperatures of squid in the water column
depth may be warmer than those listed here

Figure 1: Conceptual model of the life history of longfin squid by life stage. Parameters in blue are considered
beneficial for longfin squid growth and survival. Parameters in red are considered unfavorable for longfin squid

growth and survival.
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Figure 2. Distribution map of longdfin inshore squid (Doryteuthis pealeii) collected on the NEFSC Bottom Trawl
Survey across the Northeast and Southeast U.S. Continental Shelf. Colored hexagons represent the total
CPUE in each respective location from 1963-2019. Data and map from Northeast Regional Habitat
Assessment Data Explorer (https://nrha.shinyapps.io/dataexplorer/#!/).
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