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SUMMARY: The results of long-term research on the spatial and vertical distribution of the North Pacific spiny dogfish
Squalus suckleyi in the North Pacific Ocean and its size composition are presented. In total, data from 7059 catches of this
species were analyzed (3178 with associated capture depth). The description of size composition is based on measurements
of 413 specimens caught by driftnets, 328 by pelagic trawls and 722 by bottom trawls. This species was found to be most
widely distributed in the North Pacific in the summer and autumn months during feeding migrations. Seasonal and long-term
changes in the spatial distribution were observed. A wide distribution of S. suckleyi in the Bering Sea was recorded after the
year 2000, which is likely associated with recent climate change. Occurrence of the species in the water column and near
the bottom differed considerably. In the water column, the maximum number of captures was observed within the upper
25 m layer (about 90%). Near the bottom, this species was most abundant at depths less than 50 m (over 45%) and within
a depth range of 101-200 m (about 50%). The catch of S. suckleyi during the daytime was considerably larger than in the
night, possibly due to vertical diurnal migrations. This species was found at water temperatures ranging from 0 to 12.7°C,
and maximum catches were observed at temperatures over 8°C. Size compositions of bottom and pelagic trawl catches were
similar (mean length 69.1 and 68.6 cm respectively) while driftnet catches were composed of larger specimens (mean length
75.3 cm).

Keywords: North Pacific spiny dogfish, Squalus suckleyi, distribution, size composition, North Pacific Ocean.

RESUMEN: NUEVOS DATOS SOBRE LA DISTRIBUCION Y LA COMPOSICION DE TALLAS DE LA MIELGA DEL PACIFICO NORTE
SouvaLus suckLeyi (GIRARD, 1854). — Se presentan los resultados de un estudio a largo plazo sobre la distribucién espacial y
vertical y la composicion de tallas de 1a mielga del Pacifico norte, Squalus suckleyi. Se analiz6 la captura de 7059 ejemplares
de esta especie (de los que 3178 disponian de datos de profundidad de captura). La composicion de tallas se basé en las
medidas de 413 ejemplares capturados mediante redes de deriva, 328 por arrastres peldgicos y 722 por arrastres de fondo. La
especie se distribuye mds ampliamente en el Pacifico norte durante los meses de verano y otofio, asociada a migraciones ali-
mentarias. Se observaron cambios estacionales y a largo plazo en la distribucién espacial. En el Mar de Bering se registré una
amplia distribucién de S. suckleyi después de 2000, probablemente asociada a cambios climdticos recientes. La presencia de
la especie en la columna de agua y cerca del fondo difiere notablemente. En la columna, el niimero méaximo de capturas (cer-
cadel 90%) se observo en los primeros 25 m de profundidad. Cerca del fondo, la especie fue mas abundante a profundidades
menores de 50 m (mds del 45%) y en el rango 101-200 m (cerca del 50%). Las capturas de S. suckleyi durante el dia fueron
considerablemente mayores que durante la noche, posiblememente debido a migraciones verticales diurnas. La especie se
registré en un rango de temperaturas de 0 a 12.7°C, y las capturas maximas se dieron por encima de 8°C. La composicién
de tallas de los arrastres peldgicos y de fondo fue similar (talla media de 69.1 y 68.6 cm, respectivamente), mientras que las
capturas mediante redes de deriva presentaron ejemplares mayores (talla media: 75.3 cm).

Palabras clave: mielga del Pacifico norte, Squalus suckleyi, distribucion, composicion de tallas, Océano Pacifico norte.
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INTRODUCTION

The taxonomic status of Squalus suckleyi has un-
dergone some changes. After the original description
by Girard (1854), the name S. suckleyi remained in the
scientific literature during the next hundred years (Jor-
dan and Evermann 1896, Garman 1913, Starks 1917,
Walford 1935, Schultz 1936, Clemens and Wilby 1946).
The taxon was then considered as a junior synonym
(Bigelow and Schroeder 1948, 1957, Jones and Geen
1976) or subspecies (Lindberg and Legeza 1956, 1959)
of Squalus acanthias. However, recently the develop-
ment of new techniques involving DNA analysis has
allowed researchers (Ward et al. 2007, Verissimo et al.
2010) to detect significant genetic differences between
S. suckleyi and S. acanthias, which has prompted the
resurrection of the taxon S. suckleyi (Ebert et al. 2010).

The North Pacific spiny dogfish S. suckleyi is en-
demic to the North Pacific Ocean (Ebert et al. 2010)
and is widely distributed as far north as the Gulf of
Anadyr in the Bering Sea on the Asian coast and Ko-
tzebue Sound in the Chukchi Sea in American waters.
The southern edge of its range extends to the northern
part of the East China Sea, the Hawaiian Islands, and
the southern tip of Baja California (Mecklenburg et
al. 2002, Glebov et al. 2010). It is also known that this
shark inhabits mostly coastal areas but occasionally
occurs far from shore (Nagasawa et al. 1996, Meln-
ikov 1997). S. suckleyi is a commercially important
target species in Japan, the USA and Canada (Osipov
1986). In the Russian waters of Primorye and Sakha-
lin, there was a specialized fishery for this species
before World War II which harvested several tens
of thousands of metric tons annually (Kaganovskaya
1937, Fadeev 1984).

Despite a wide distribution, high commercial im-
portance, and a long history of harvesting S. suckleyi,
its spatial and vertical distribution patterns within its
range are still poorly understood and data on size com-
position remain scarce (Fadeev 1960, Alverson and
Stansby 1963, Ketchen 1986, Allen and Smith 1988,
Nakano and Nagasawa 1996, Melnikov 1997, Brodeur
et al. 2009, Palsson 2009, King and McFarlane 2009,
Beamish and Sweeting 2009, Conrath and Foy 2009,
Orlov and Tokranov 2009, Tribuzio et al. 2009, Na-
kano et al. 2009). Moreover, most of the publish sourc-
es referred above do not cover the whole range of the
species and in many cases are based on limited data.

Maps of the distribution of S. suckleyi in the west-
ern Bering Sea and northwestern Pacific based on
long-term TINRO-Center data were recently published
(Shuntov and Bocharov 2005, 2006). The data pre-
sented in these publications were processed with GIS
technology in 1° rectangles, and therefore only reflect
common patterns of the species’ distribution. Moreo-
ver, these maps only include information on S. suckleyi
caught with midwater trawls in upper layers for the
period from 1979 to 2004, and do not account for its
deeper pelagic and demersal distribution. Finally, the

above mentioned maps are restricted to the northwest-
ern Pacific, and do not provide any information regard-
ing the species’ distribution in the northeastern part of
the Pacific Ocean.

The aim of this paper was to document the distribu-
tion of S. suckleyi in the North Pacific Ocean, analyze
seasonal and long-term population changes, compare
the size composition from different fishing gears,
and report the physiological condition of selected
individuals.

MATERIALS AND METHODS

Data were collected during trawl surveys and com-
mercial fishing operations by bottom and pelagic trawls
and salmon driftnets in various regions of the North Pa-
cific carried out by employees of the Pacific Scientific
Research Fisheries Center (TINRO-Center, Vladivos-
tok, Russia), Alaska Fisheries Science Center (AFSC,
Seattle, USA,  http://www.afsc.noaa.gov/RACE/
groundfish/survey_data), Russian Federal (VNIRO,
Moscow, Russia), Sakhalin (SakhNIRO, Yuzhno-
Sakhalinsk, Russia) and Kamchatka (KamchatNIRO,
Petropavlovsk-Kamchatsky, Russia) research institutes
of fisheries and oceanography, and also by US observ-
ers on board commercial trawlers, longliners, and pot
fishing vessels (http://www.afsc.noaa.gov/FMA/fma_
database.htm). The data we used were extracted from
the above data sets. We only considered the catches in
which S. suckleyi was recorded.

AFSC data contained 29 records (May-October,
1983-20006) off the Aleutian Islands, 10 records (June-
July, 1983-2004) in the Eastern Bering Sea and 1392
records (May-September, 1984-2007) of S. suckleyi in
the Gulf of Alaska. Data from US observers on board
commercial vessels include 3881 captures of this spe-
cies in fishing gears in Alaskan waters all year round
(no data on capture depth or month are available). The
data from the TINRO-Center include 1249 records of
S. suckleyi from bottom (caught with bottom trawls)
and pelagic (caught with midwater trawls) surveys per-
formed in the entire North Pacific Ocean all year round
from 1970 to 2007 (including waters of Japan, USA and
Canada before the establishment of EEZs). The staff of
SakhNIRO and KamchatNIRO reported 379 records
of this species in driftnet catches off the Kuril Islands
and Kamchatka from July-August 2006-2008. We also
used 43 S. suckleyi records from bottom trawls off the
Kuril Islands and Kamchatka from August to Decem-
ber 1993-2005 compiled by employees of VNIRO, Sa-
khNIRO and KamchatNIRO. All available data were
used to analyze seasonal and decadal changes in the
spatial distribution of S. suckleyi. The spatial distribu-
tion maps were drawn using the SURFER 8 software
(Golden Software, Inc. 2005).

In total, data from 7059 catches of S. suckleyi taken
by various fishing gears, including 3178 with depth
records, were analyzed. All catches with a reported
bottom depth and trawl depth were conventionally
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classified as “bottom” if the bottom depth and trawl
depth coincided, or “pelagic” if the bottom depth and
trawl depth differed by 10 m or more. Since the dura-
tion of trawling in the surveys varied substantially, all
catches were recalculated per standard hour trawling.

All data with reported capture depths were analyzed
to determine features of the vertical distribution of
S. suckleyi in terms of percent of captures and average
catch rate. Percent capture was calculated by dividing
the number of fish caught within a certain depth range
by the total number of fish caught (in the water column
or near the bottom), multiplied by 100.

The analysis of the size composition was based
on measuring the total length (7L) of 413 individuals
from driftnet catches, 328 individuals from midwater
trawl catches, and 722 individuals from bottom trawl
catches.

The length-weight relationship was based on length
and weight measurements of 536 specimens with TLs
ranging from 20 to 138 cm caught with different fish-
ing gears. Using all available data on the length (7L)
and weight (W) of S. suckleyi, Microsoft Office Excel
2003 was used to calculate and plot length/weight rela-
tionships and the condition factor (CF = W 100/TL?) in
order to determine whether there were any ontogenetic
or seasonal changes.

Relationships between TL and capture depth and
between 7L and month were compared using Spear-
men’s rank correlation (r,), with a confidence level (p)
of 0.05.

RESULTS
Spatial distribution

According to our data (Fig. 1a), S. suckleyi is com-
monly caught near the bottom off the coast of Primorye
and southwestern Sakhalin, the southern Kurils, the
Aleutian Islands, the eastern Bering Sea, the Gulf of
Alaska, and off the west coast of the USA and Canada
(southward of the Gulf of Alaska). It is also common
in bottom catches on the Emperor Seamounts, and the
seamounts south of the Gulf of Alaska. There is a no-
tably low occurrence of this species near the bottom in
waters of the central and northern Kurils, East Kam-
chatka and the western Bering Sea.

In the water column, this species most frequently
occurs in the northern part of the Sea of Japan, off
northeastern Hokkaido, off the Kuril Islands and south-
eastern Kamchatka, the eastern part of Bristol Bay, the
northern Gulf of Alaska, and off the west coast of the
USA and Canada, south of Vancouver Island (Fig. 1b).
In the Sea of Okhotsk this species is most common near
the southern Kurils and southern Sakhalin. Captures
in the Bering Sea were recorded up to Navarin Cape.
On rare occasions this dogfish was found in midwater
depths in more remote areas, mostly over seamounts,
e.g. the Emperor Seamounts or seamounts south of the
Gulf of Alaska.
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FiG. 1. — Distribution and relative abundance of Squalus suckleyi
in the North Pacific based on bottom trawl (a) and pelagic trawl (b)
catch data combined.

The distribution of S. suckleyi shows a maximum
abundance near the west coast of USA and Canada,
where most pelagic trawl catches exceeded 100 ind./h
(Fig. 1b). In the other regions, the pelagic trawl catches
seldom included more than 2-5 fish. The bottom trawl
catches (Fig. 1a) were also highest near the west coast
of the USA and Canada where most were above 100
ind./h. In other regions the bottom trawl catches con-
tained fewer than 50 individual dogfish.

According to the AFSC data (Fig. 2a), S. suckleyi in
the Gulf of Alaska is most abundant in the central area
where its density often exceeded 1000 fish per hectare.
In the western part of the Gulf of Alaska, off the eastern
Aleutian Islands and the southeastern Bering Sea, this
species is relatively scarce, and its aggregations there
were mostly less than 50 ind./ha. The data from the US
observers collected from commercial fishing vessels
(Fig. 2b) also indicate that the highest abundance of S.
suckleyi is in the central Gulf of Alaska where the pro-
portion in most catches was over 1%. Off the Aleutian
Islands and in the eastern Bering Sea this dogfish made
up less than 1% of catches.

Near the Asian coast S. suckleyi was most abundant
in the Pacific waters east of the central part of the Kuril
Islands and southeastern Kamchatka (Fig. 2c¢), where
driftnet catches often exceeded 30 fish per set.

As S. suckleyi performs seasonal migrations, the
annual patterns of the spatial distribution vary consid-
erably. Catches during January-March near the Asian
coast occurred in waters south of Iturup Island (south-
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F1G. 2. — Distribution and relative abundance of Squalus suckleyi in

the northeastern Pacific based on data of AFSC bottom trawl sur-

veys (a) and US observers on board commercial fishing vessels (b)

and in the Pacific off the Kuril Islands and Kamchatka based on the
data of Russian observers of salmon driftnet fisheries (c).

ern Kurils), where the dogfish may be wintering. In
the northeastern Pacific during this period S. suckleyi
is more abundant in the Gulf of Alaska, especially in
its central part (Fig. 3a). Migrating to the north dur-
ing April-June, S. suckleyi appears in Primorye and
the northern Sea of Japan in great numbers (Fig. 3b).
The dogfish moves from the central part of the Gulf
of Alaska in large numbers to its western part and
penetrates the southeastern Bering Sea. At the same
time, S. suckleyi occupies waters off the US west
coast south of Vancouver Island, probably migrating
from more southerly parts of the Oregon and Califor-
nia waters. During July to September the dogfish is
distributed most widely in the North Pacific (Fig. 3c).
In this period it appears in the southwestern Sea of

Okhotsk, in the Pacific waters of the Kurils, and in the
western Bering Sea up to Navarin Cape. In the waters
along the USA shores, the highest abundance in these
months is found in the Gulf of Alaska, perhaps con-
sisting of dogfish migrating from the more southern
parts of the coastal waters. The spatial distribution
changes insignificantly during October-December
(Fig. 3d), though the lower number of captures in the
western Bering Sea and the Gulf of Alaska and the ap-
pearance of the fish off the Honshu coast might signal
the beginning of a southerly shift.

Our multi-annual data revealed decadal variations
in the spatial distribution of S. suckleyi. The 1974-1980
data are the least representative (about 300 captures) as
there was little research carried out at that time. Never-
theless, these data show the most frequent occurrence
of the species near the US west coast south of Vancou-
ver Island, in southern Kuril waters and on the Em-
peror Seamounts (Fig. 4a), i.e. in the southern part of
the species’ range. In addition, the period of 1981-1990
was marked by the frequent occurrence of the species
near the Primorye shores and in Tatar Strait (northern
Sea of Japan), near the southern Kurils, the eastern part
of the Aleutian chain and the west coast of the USA
(Fig. 4b). Catches of this species were recorded in
these years both in the western and eastern parts of the
Bering Sea. The next decade did not differ radically
from the previous one in terms of distribution pattern
(Fig. 4¢), except for a higher occurrence of S. suckleyi
in the southeastern Bering Sea. The spatial distribution
pattern of this species has changed significantly over
the last decade (Fig. 4d). Unlike the previous decade,
the dogfish began to appear in both parts of the Bering
Sea up to Navarin Cape.

Vertical distribution

According to our data the highest frequency of S.
suckleyi in the water column (about 80%) is found in
the upper 25 m layer (Fig. 5a). Besides this stratum,
large catches of over 12 individuals per hour haul were
also recorded at 126-175 m, though the percentage of
its captures at this depth did not exceed 3%. This result
might be due to a relatively small sample size (258 in-
dividuals within 126-175 m vs. 2612 fish within 0-25
m). Conversely, large occasional catches of S. suckleyi
in some locations could be attributed to the aggregative
behaviour of this shark.

The diagram of the vertical distribution of S. suck-
leyi near the bottom also shows two peaks (Fig. 5b).
The maximum capture rate of 46.5% occurred more
often at depths less than 50 m and the average catches
were nearly 19 fish/h. The largest catches of 56-77 in-
dividuals per hour were observed from 101 to 200 m
depth, where occurrence (percent of captures) made up
about 49%. The presence of two peaks (number of cap-
tures and catch rate) can also be explained by differ-
ences in seasonal habitation depths. The low percent of
captures and catch rate in the 51-100 m depth range are
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probably related to a small sample size at these depths
(331 ind. vs. 7188 ind. at 0-50 m, 5164 ind. at 101-150
m and 2403 ind. at 151-200 m depth).

The data on seasonal changes in S. suckleyi capture
depths (Fig. 6a) show that its depth range widens from
winter to summer, is widest during the summer-autumn
period and then decreases again during winter. During
the summer and autumn periods, capture depths var-
ied from 385 to 592 m, while in winter and spring the
depth ranged between 228 and 349 m.

Our data based on US bottom trawl surveys in
Alaskan waters (Fig. 6b) show that catches of S. suck-
leyi near the bottom are lowest at night (9 p.m. to 6
a.m.) and highest during the day. This indicates that the
fish is scarce near the bottom during dark hours, when
it rises to the surface.

The US bottom trawl survey data show that S.
suckleyi in Alaskan waters occurs at near-bottom tem-
peratures of 0° to 12.7°C (Fig. 6¢). A well-pronounced
relationship between the size of catches and bottom
temperature can easily be seen (R>=0.78); the higher
the temperature, the larger the catches of S. suckleyi.
Maximum catches were obtained when the near-bot-
tom temperature was above 8°C.

Length and weight

According to our data, the maximum mean 7L of
S. suckleyi was found in driftnet catches from the Pa-

cific waters off the Kurils and Kamchatka (Fig. 7a).
These catches consisted of 55-110 cm dogfish (average
75.3 cm) and the prevalent size ranges were 67-80 cm
(69.3%) and 84-87 cm (9.7%).

S. suckleyi caught by midwater trawls were smaller
in general (Fig. 7b). The size range in these catches was
20-138 cm (average 68.6 cm) and the 59-75 cm (52.7%)
and 78-80 (8.8%) length classes were predominant.

In bottom trawl catches taken in the northwestern
Pacific (Fig. 7c) S. suckleyi was represented by indi-
viduals with lengths of 22-140 cm (average 69.1 cm),
and three size classes were most prevalent: 50-72 cm
(52.5%), 75-82 ¢cm (19.1%) and 90-92 cm (3.6%). The
northeastern Pacific bottom trawl catches included
smaller individuals (Fig. 7d) of 30-105 cm (aver-
age 57.1 cm) where sharks of 40 to 75 cm (88.7%)
prevailed.

Our data show that the mean size of dogfish in-
creases to some extent with depth, from 68.7 cm at
100 m to 74.0-81.7 cm at 400-500 m (Fig. 8a). Since
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22-140 cm dogfish are caught at shallower depths and
individuals of 61-100 cm are caught at 400 m, the
size range appears to narrow with increasing depth. It
should be noted that this pattern was not statistically
significant (r=0.50, r.,=0.94) and therefore has to be
considered with caution. Our data show that the mean
size of S. suckleyi did not change significantly (r,=
-0.12, r.,=0.58) throughout the year (Fig. 8b) and
varied within 65.8 to 75.9 cm. Moreover, the narrow-
est size range was typical of the period of November
through March (minimum 61.5-91.0 cm in January),
while in April to September the size range was much
broader (maximum 20-138 cm in June).

The relationship between total length and body
weight of S. suckleyi can be expressed with the follow-
ing equation (Fig. 9a):

W=0.0001 TL>?8%7,

where W is body weight (kg), and 7L is the total length
(cm).

The condition factor in S. suckleyi (Fig. 9b) gen-
erally decreased with somatic growth. The maximum
values of the condition factor were generally found in
sharks smaller than 50 cm. The lowest condition factor
was observed in individuals of 50-90 cm. The highest
condition factor for S. suckleyi was found in the winter
and summer months (December-February and June-
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August) (Fig. 9c), whereas the lowest values occurred
in spring and autumn.

DISCUSSION
Spatial distribution

The spatial distribution patterns of S. suckleyi with-
in its range were poorly understood until the present.
Our study presents more detailed information on the
spatial patterns of the species’ distribution and its sea-
sonal and multi-annual variations.

S. suckleyi undergoes seasonal feeding migrations.
In spring, the increasing inshore water temperature is
accompanied by the movement of individuals to the
northern edge of the species’ range. In autumn, when
coastal waters cool, S. suckleyi moves south. During
these seasonal migrations, individuals move north
along the coasts of Primorye, Japan, and Kuril Islands,
penetrating as far as the Kamchatkan waters of the Pa-

cific and the southwestern Bering Sea (Osipov 1986).
Migrations of the species in the northeastern Pacific
have only been studied within the waters of British
Columbia, and the neighbouring US states of Oregon
and Washington (Ketchen 1986, Mc Farlane and King
2003, 2009, Taylor et al. 2009). In general, our data
support previous studies of S. suckleyi migrations but
provide more details of this process.

The low occurrence of S. suckleyi near the bottom
in waters of the central and northern Kurils, eastern
Kamchatka and the western Bering Sea is probably due
to the feeding on Pacific salmon, Oncorhynchus spp.
(Melnikov 1997).

In most cases S. suckleyi was found in coastal
waters, though catches far from the coast were not
rare, as shown in previously published data (Parin
1968, Ketchen 1986, Nagasawa et al. 1996, Melnikov
1997). Captures of this species in the high seas east of
Hokkaido, the Kurils and East Kamchatka are probably
explained by the presence of the Pacific salmon, the
main food of spiny dogfish during the feeding period
(Beamish ef al. 1992, Melnikov 1997).

Osipov (1986) indicated that S. suckleyi is most
abundant in the northeastern Pacific, especially in
waters of Canada and Oregon/Washington. This spe-
cies is continuously distributed along the entire US
and Canadian west coast (Allen and Smith 1988)
but is most abundant in waters off British Columbia
and Washington, declining substantially southward
through Oregon and California (Alverson and Stansby
1963, Ketchen 1986, Brodeur et al. 2009). We have
no data from Canadian waters but it is known that the
centre of S. suckleyi abundance appears to be in the
British Columbia - Washington region (48°N-54°N)
including the inshore waters of the Strait of Georgia
and Puget Sound (Ketchen 1986). A study by Brodeur
et al. (2009) based on NMFS West Coast triennial shelf
groundfish surveys from 1977 to 2004 showed that the
largest catches of S. suckleyi in US waters occurred off
the coast of Washington (46°N-48°N), and the catch
gradually decreased to the south. Our data corroborate
these findings regarding the high abundance of S. suck-
leyi off the US west coast. Our data also support the re-
sults of prior studies that have shown a high abundance
of S. suckleyi in the waters of Hokkaido, Sakhalin,
Primorye and the Kuril Islands (Osipov 1986, Meln-
ikov, 1997, Parin 2001, Nakano et al. 2009). Summing
up the information on this species’ distribution in the
North Pacific, we should note that, on the whole, our
data agree with those published previously. Regarding
the overall distribution of S. suckleyi we agree with
Parin’s (2001) characterization of the range as “boreal-
subtropical”, in contrast to Fedorov (2000) who char-
acterized the range as ‘““south-boreal”.

There were shark gillnet, bottom gillnet, fixed trap,
trawl and hook-and-line fisheries in the 1920s and
1930s in the waters of Primorye and Sakhalin with
annual catches of 22 to 65 thousand metric tons (Ka-
ganovskaya 1937). The catches of this dogfish taken in
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Terpeniya Bay (southeastern Sakhalin) in 1954-1955
exceeded 1 metric ton per hour trawl haul (Fadeev
1960). Our data do not show such dense aggregations
of the species in either of these regions during the most
recent 40 year period, probably due to a significant
decline in abundance caused by excessive fishing. In
Japanese waters there was also a notable decline in S.
suckleyi catches in the early 1950s (Orlov and Shever-
nitsky 2008, Nakano et al. 2009). The present status of
its abundance in the northwestern Pacific is unknown.
There is an ongoing increase in abundance in the Gulf
of Alaska, which began in the late 1990s and has been
attributed to climate change (Wright and Hulbert 2000,
Conrath and Foy 2009).

Long-term changes in the spatial distribution of S.
suckleyi in the North Pacific had not been examined
prior to our study. Our analysis indicates that during
the recent decade the range of this dogfish has expand-
ed greatly to the north on both sides of the Bering Sea,
up to Navarin Cape and even to the Gulf of Anadyr
(Glebov et al. 2010). Our finding agrees with that of
Wright and Hulbert (2000) regarding the increase in the
number of this dogfish in the Gulf of Alaska since the
late 1990s, which is probably a result of the well-doc-
umented climate regime shift in the North Pacific over
the past century (McFarlane ef al. 2000, Benson and
Trites 2002, Schwing et al. 2002, King 2005). It should
be noted that the lower numbers of captures of this spe-
cies after 1990 in the Tatar Strait are probably because
there are only limited data from this region during this
period. The virtual absence of captures of S. suckleyi
on our maps (Fig. 4) near the west coast of the USA
and Canada in the same period is because the US and
Canadian survey data for this time were not available.
However, these data were recently published in part by
Brodeur et al. (2009) and serve to supplement the miss-
ing information from this area. Their data show that
prior to 1990 the largest S. suckleyi catches occurred
north of 47°N, and that subsequently catch rates in this
area gradually decreased. Taken into account with our
data, which show a significant northward range exten-
sion for S. suckleyi during the past decade, it could be
suggested that the decreasing abundance of S. suckleyi
in Washington waters reported by Brodeur et al. (2009)
is related to a northward shift in distribution caused by
climate change.

Vertical distribution

The vertical distribution of S. suckleyi had not
been adequately examined prior to our study. Fedorov
(2000) considered this species to be an elitoral (outer
shelf) species, whereas Parin (2001) believed it to be
epibenthopelagic. There is no single view on the maxi-
mum depth it inhabits. Reported maximum depths are:
500 m (Parin 2001), 700-750 m (Fadeev 1984, Borets
2000), 950 m (Fedorov 2000, Chereshnev ef al. 2001),
and 1244 m (Mecklenburg et al. 2002). Preferred
depths are within the range of 50-200 m (Allen and
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Smith 1988). In addition, this shark is found mostly at
20-50 m near Sakhalin, 50-150 m in the Gulf of Alaska,
and 100-350 m near Vancouver Island (Osipov 1986,
Conrath and Foy 2009).

The two peaks in the vertical distribution of S. suck-
leyi may be related to seasonal variations in habitation
depth, i.e. in autumn and winter it generally remains in
deeper water compared to the summer depths (Osipov
1986, Chereshnev et al. 2001, Beamish and Sweeting
2009). Specifically, the preferred winter depths in the
northeastern Pacific are 350-400 m and in summer they
are 170-300 m (Osipov 1986). This species remains at
depths of 5-70 m during the summer in Primorye, but
in winter it shifts to 110-190 m (Novikov et al. 2002).
However, the existence of a second peak in the vertical
distribution might also be related to small sample sizes
in deeper depth ranges and the aggregative behaviour
of S. suckleyi (see above).

Osipov (1986) and Chereshnev er al. (2001) sug-
gested that S. suckleyi performs a diurnal vertical
migration, staying near the surface at night and at the
bottom during the daytime. However, until our study
there was no direct evidence of these diel vertical
movements.

Data on the temperature preferences of S. suckleyi
were quite scant. According to Osipov’s data (1986),
the sharks can be found in waters with near-bottom
temperatures of 4-17°C (mostly 6-14°C). A similar
temperature range (6-16°C) has been reported for
Primorye waters (Novikov et al. 2002). Our study
presents the first information on bottom temperatures
characteristic of S. suckleyi habitation in the northeast-
ern Pacific. Our data not only provide new information
regarding this species’ temperature preferences in the
northeastern Pacific but also reveal the relationship
between bottom temperature and catch rate.

Length and weight

Some authors have noted that the size composition
of S. suckleyi is subject to seasonal and geographic var-
iability and depends on the depth and fishing gear used
(Kaganovskaya 1937, Osipov 1986). Our data did not
reveal any significant seasonal changes in S. suckleyi
sizes. This could be an artifact of the relatively small
sample size (1463 ind. measured) recorded over a long
period of time (1970-2007) and over a wide geographic
coverage (the entire North Pacific).

S. suckleyi length frequency data for the North
Pacific were rather limited and fragmentary until re-
cently. Only five recently published papers (Brouder
et al. 2009, Palsson 2009, King and McFarlane 2009,
Beamish and Sweeting 2009, Tribuzio et al. 2009)
contain information on length frequencies of this
dogfish from catches made with various fishing gears.
These data, however, are only from the west coast of
the USA and Canada. In general, individuals of 80-
90 cm are taken most frequently in the North Pacific
(Fadeev 1984).
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The largest specimens of S. suckleyi were captured
in salmon driftnet catches, probably because these nets
are size-selective. During the period of targeted fish-
ing in the Sea of Japan, the smallest individuals were
taken in fixed traps, while the largest ones were caught
with drag seines and shark nets (Osipov 1986). In Pri-
morye waters the mean size of dogfish in catches of
fixed traps and Japanese sardine (iwasi) nets was area-
dependent, ranging from 48 to 72 cm, whereas the size
ranged from 80 to 100 cm in bottom gillnet catches
(Kaganovskaya 1937).

On the high seas of the northwestern Pacific S. suck-
leyi lengths in midwater trawls ranged from 55 to 105
cm (average 73.5 cm), and specimens ranging from 60
to 75 cm were more prevalent (Melnikov 1997). Smaller
individuals were taken in midwater trawls in the waters
of British Columbia, Oregon and Washington with over
half of the specimens having a TL of less than 60 cm
(Beamish and Sweeting 2009, Brodeur et al. 2009). The
smaller size of dogfish caught off the west coast of the
USA and Canada might be the result of intensive fishing
pressure over a long period of time (Ketchen 1986).

According to Osipov (1986), 27-103 cm S. suck-
leyi were caught with bottom trawls in the northeast-
ern Pacific. The mean length ranged between 61 and
90 cm, depending on the region, season and depth.
Data summarized for 23 years (1977-2004) of bottom
trawl surveys off Oregon and Washington (Brodeur et
al. 2009) show that in this area size ranges from 30 to
90 cm for males and from 30 to 70 cm for females. As
in the case of midwater trawl catches, the difference
in fish size between the northwestern and northeast-
ern Pacific is probably caused by intensive fishing in
the latter area (Ketchen 1986). As for the Emperor
Seamount Chain, the size range of spiny dogfish in
bottom trawl catches was 16-87 cm, with an average
of 46-64 cm (Osipov 1986).

It is well known that the size composition of S.
suckleyi varies with fishing depth, though there is disa-
greement about how this size segregation is structured.
Kaganovskaya (1937) postulated that the youngest
individuals primarily inhabit the surface waters, while
older fish, mostly males, live closer to the bottom. Con-
versely, Fadeev (1984) stated that juvenile S. suckleyi
stay near the bottom while adult individuals are less
associated with the bottom. In Puget Sound the size
of individuals in bottom trawl catches has been shown
to increase with depth (Palsson 2009). Our data show
that the mean size of this dogfish increases to some ex-
tent with depth, i.e. in agreement with Kaganovskaya
(1937) and Palsson (2009).

The size of S. suckleyi is also subject to seasonal
variation which may be accompanied by changes in
sex ratio. Similar changes have been recorded near
the American coast off British Columbia, Washing-
ton, Oregon and California, in the Sea of Japan, and
in the Emperor Seamount Chain (Osipov 1986). The
catch composition in foraging areas (Melnikov 1997)
suggests that mainly juveniles and mature males mi-

grate to the Kuril Islands and Kamchatka, while gravid
females remain in the more southerly regions where
pupping takes place throughout the summer (Novikov
et al. 2002). Our data did not reveal any considerable
seasonal changes in S. suckleyi size. We also have
no data on the sex ratio of this species in the catches.
Therefore, it is difficult to hypothesize about the differ-
ences between the published data and our results.

The length-weight relationship in S. suckleyi has
only been described from Canadian waters (Jones and
Geen 1977), with a power coefficient of the length-
weight equation close to 3 (3.03-3.09). With our data,
we found a much lower coefficient (2.3), which indi-
cates that the condition factor is considerably lower
compared to the previous study conducted in 1977.
These differences are probably because our catches
consisted to a greater extent of foraging immature fish.

Ontogenetic variation in the condition factor of S.
suckleyi has not been previously investigated. In the
northeastern Pacific, 50% of males become mature at
a TL of 74 cm, while 50% of females become mature
at a TL of about 90 cm (Tribuzio 2004). The lowest
condition factor in our study was observed in immature
individuals of 50-90 cm, probably associated with the
large expenditures of energy needed for gonad matura-
tion in sharks of this size group.

The seasonal dynamics in the condition factor of
S. suckleyi have not been studied. The cause of varia-
tion in the condition factor is not entirely clear as yet
and is most likely governed by changes in the physi-
ological state of individuals throughout the year (win-
tering, feeding, maturation, mating, pre-natal stage,
birth). Our data show that the condition factor changes
with growth. However, like the seasonal variations
in the condition factor in other sharks, there is little
information available. The Atlantic sharpnose shark,
Rhizoprionodon terraenovae, in the Gulf of Mexico
has a maximum condition factor in April, followed by
a gradual decline to July, and further growth in Sep-
tember (Parsons and Hoffmayer 2005). The smallest
values were found during the summer months. The
tope shark, Galeorhinus galeus, on the shelf of north-
ern Patagonia shows an increase in condition factor
between January and April (no samples were collected
later in the year) (Elias et al. 2004). In the Brazilian
sharpnose shark, Rhizoprionodon lalandii, off the
southern coast of Brazil the condition factor of males
remains virtually unchanged throughout the year, but
in females it increases gradually from December and
peaks in June-July (Andrade et al. 2008). Juveniles of
the scalloped hammerhead shark, Sphyrna lewini, in
Hawaiian waters exhibit a minimum condition factor
in autumn and winter and a maximum value in spring
and summer (Duncan and Holland 2006). Stevens and
Wiley (1986) also demonstrated that the condition fac-
tor in some Australian sharks decreases postnatally.

Sexual dimorphism in the size of S. suckleyi is well
documented. Fixed trap catches in Primorye consisted
of females with a mean 7L of 75.5 cm versus 50.3 cm in
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males (Kaganovskaya 1937). Osipov (1986) noted that
the mean size of males and females varied depending
on the season, fishing gear, site and depth of fishing.
In all regions of the Sea of Japan, regardless of gear
and month of capture, females were larger than males,
except for in Ussuri Bay where in October the average
individual length in both sexes was 48 cm caught with
fixed traps. January bottom trawl catches at 280-290
m depth near the Emperor Seamounts showed that fe-
males were larger than males (mean 7L 68 vs. 59 cm),
yet at 300-380 m in October the mean length in both
sexes was 46 cm. In the northeastern Pacific (British
Columbia, Washington, Oregon and California) the
mean lengths of males and females in bottom trawl
catches varied greatly, with males somewhat larger
than females in most cases (Osipov 1986). Since our
data mainly included immature individuals, the size
differences between sexes were negligible (mean 7L
67.9 and 68.7 cm and mean weight 1536 and 1742 g for
males and females respectively).

CONCLUSIONS

Squalus suckleyi is most widely distributed in the
North Pacific during the summer and autumn months
during feeding migrations. A wider distribution of this
species in the Bering Sea occurred after 2000, possibly
associated with recent climate change.

The occurrence of S. suckleyi in the water column
and near the bottom considerably differed. In the water
column, the maximum catch was observed within the
upper 25 m layer (about 90%). Near the bottom, this
species was most numerous at depths less than 50 m
(over 45%) and within a depth range of 101-200 m
(about 50%). During the daytime, the S. suckleyi catch
rate was considerably higher than during the night, ow-
ing to vertical diel migrations.

This species was caught in water temperatures
ranging from 0 to 12.7°C, with maximum catches ob-
served at temperatures over 8°C. The size composition
of bottom and pelagic trawl catches was similar (mean
length 69.1 and 68.6 cm respectively) while driftnet
catches were composed of considerably larger speci-
mens (mean length 75.3 cm).
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