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Abstract The vertical distribution, abundance and
community structure of oncaeid copepods were investi-
gated in the Oyashio region, western subarctic Paci“c.
Samples were collected with a 0.10 mm mesh closing
type net from “ve discrete layers down to a maximum
depth of 2,000 m in September and December 1996 and
in April and October 1997. The copepods were widely
distributed from epipelagic to bathypelagic zones, and
showed prominent peaks of abundance above the ther-
mocline and/or between 250 and 1,000 m depth.
Standing stocks of total oncaeid copepods ranged from
1.5 to 2.5·105 inds m�2 at 0…2,000 m in the water col-
umn, which are the same order of magnitudes as those
reported in tropical, subtropical and polar regions by
previous workers. A total of 38 species and two forms
belonging to the generaOncaea, Triconia, Spinoncaea,
Conaea and Epicalymma, and two provisionally classi-
“ed species of the family Oncaeidae were identi“ed in
this study. Of these, 14 species have already been re-
corded from the eastern subarctic Paci“c. Several warm-
water species were also found in December 1996 and/or
October 1997, when the e�ect of warm-core rings orig-
inating from the Kuroshio Current was evident in the
epipelagic zone. Dominant species throughout the whole
water column wereT. borealis, T. canadensis, O. grossa,
O. parila, O. rimula, O. lacinia, Epicalymma spp. and
Oncaea sp. A, and these eight species together always
made up about half of the total oncaeid numbers.
Community analysis revealed that species composition
in epipelagic and upper mesopelagic zones varied tem-
porally due to the changes of hydrographic conditions,
whereas those in lower mesopelagic and bathypelagic

zones were relatively stable, re”ecting the constancy of
deep environments.

Introduction

The family Oncaeidae is a diversi“ed group of marine
poecilostomatoid copepods, consisting of 7 genera and
>100 species. Oncaeid copepods have been shown to be
distributed from epipelagic to bathypelagic zones of
several oceanic regions (Furuhashi 1966; Boxshall 1977;
Deevey and Brooks 1977; Scotto di Carlo et al. 1984).
While oncaeid copepods are thus considered to occur
widespread in the world oceans (cf. review of Malt
1983), their numerical importance has largely been
overlooked in earlier zooplankton studies, because their
body sizes are too small to be collected with standard
zooplankton nets of 0.20…0.33 mm mesh sizes. In recent
years, several studies using “ne nets of 0.10 mm mesh
size or less have revealed that these copepods are one of
the most numerous groups in marine pelagic copepod
communities (Böttger 1987; Cowles et al. 1987; Boẗtger-
Schnack 1994; Webber and Ro� 1995; Krs�inić 1998). It
is noteworthy that oncaeid copepods accounted for
more than half of the total copepod numbers in meso-
pelagic and bathypelagic zones of the various oceanic
areas (Böttger-Schnack 1995, 1996, 1997; Krs�inić 1998;
Yamaguchi et al. 2002). This implies that oncaeid co-
pepods may be playing important trophic roles in mar-
ine pelagic food webs, particularly in deep oceanic
systems.

In spite of the global distribution of oncaeid cope-
pods, information about their species composition and
vertical changes in community structure has been limited
to a few areas in the North Atlantic (Boxshall 1977;
Malt 1983), the Mediterranean Sea (Malt et al. 1989;
Böttger-Schnack 1997; Krs�inić 1998), the western Indian
Ocean, including the Red Sea (Boẗtger-Schnack 1988,
1990a, 1990b, 1995, 1996; Boẗtger-Schnack et al. 2001),
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and the Southern Ocean (Metz 1995, 1996). In the
subarctic Paci“c, corresponding information is currently
available only on a few large-sized oncaeids (e.g.
Furuhashi 1966; Minoda 1971; Marlowe and Miller
1975). In addition, many sibling oncaeid species, which
were not treated as single species previously, have been
separated and described as distinct species during the
past two decades (Heron 1977; Heron and Bradford-
Grieve 1995; Böttger-Schnack 1999, 2001, 2002, 2003).
Heron and Frost (2000) provided detailed taxonomical
accounts of oncaeid copepods in the eastern subarctic
Paci“c.

In the present study, we investigated the abundance
and community structure of oncaeid copepods from the
surface layer to a maximum depth of 2,000 m in the
Oyashio region, western subarctic Paci“c. We compare
the present results with those reported from other
oceans, and also discuss spatial/temporal di�erences in
species composition in relation to hydrographic condi-
tions.

Materials and methods

Zooplankton samples were collected on four occasions,
4 September and 8 December 1996 and 11 April and 5
October 1997, in the Oyashio region in a rectangle de-
“ned by 41�30¢ to 42�30¢N and 145�00¢ to 146�00¢E, o�
southeastern Hokkaido (hereafter referred to as Site H,
Fig. 1). At each sampling date, a closing type net (60 cm
mouth diameter, 0.10 mm mesh size, Kawamura 1989)

was hauled vertically at a speed of 1.0 m s�1 from “ve
discrete layers between 0 and 2,000 m in the water col-
umn (Table 1). The volume of water “ltered was esti-
mated by the reading of a ”ow meter (Rhigosha)
mounted inside the mouth of the net. The depths the net
reached were read by using a RMD depth meter (Rhi-
gosha), which was attached to the suspension cable of
the net. After collection, samples were preserved imme-
diately on board ship in a 2% formaldehyde…seawater
solution bu�ered with borax. Vertical pro“les of tem-
perature and salinity were determined simultaneously by
using a CTD system (Neil Brown Mark III, General
Oceanics) at each zooplankton sampling date.

The oncaeid copepods were sorted out from the entire
sample or aliquots were taken by using a box type
splitter (Motoda 1959). More than 1,000 individuals per
sample were enumerated and identi“ed under a dissect-
ing microscope. Taxonomical identi“cation of oncaeid
copepods was made only for adult specimens (CVI);
immature copepodite stages (CI…CV) of all oncaeid
species were pooled and counted asOncaea spp. juve-
niles. The adult females and males were always counted
separately. Because of the 0.10 mm mesh size of the net
used (diagonal dimension: 0.14 mm), possible underes-
timation of the abundance cannot be ruled out for
smaller oncaeid species in the present study. Carcasses of
oncaeid copepods were di�erentiated from living speci-
mens following the criteria established by Haury et al.
(1995), and were not included in the abundance data.

For identi“cation, diagnostic features described by
Olson (1949), Shmeleva (1969), Heron (1977), Heron

Fig. 1 A The Oyashio region in
the western North Paci“c andB
the sampling site (Site H;
shaded rectangle). Bathymetric
counters (200, 1,000, 3,000,
5,000 and 7,000 m) are also
shown in panel B
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et al. (1984), Krs�inić and Malt (1985), Böttger-Schnack
and Boxshall (1990), Heron and Bradford-Grieve
(1995), Böttger-Schnack (1999, 2001, 2002, 2003), Heron
and Frost (2000) and Böttger-Schnack and Huys (2004)
were consulted. Recently, Heron and Frost (2000) de-
scribedO. canadensis and O. thoresoni as new species of
the genusOncaea from the eastern subarctic Paci“c.
However, the two species have a conical process on the
distal margins of the endopods of swimming legs 2…4,
which is the most important character for generic de“-
nition of the genus Triconia proposed by Böttger-Sch-
nack (1999). Also, the mandible and labral structure of
them agrees well with those of Triconia species
(R. Böttger-Schnack, personal communication). Hence,
we treated the two species asT. canadensis and
T. thoresoni, respectively, hereafter in this study. Some
small specimens (body length <0.5 mm) could not be
identi“ed to species, but most of them could be identi“ed
to genera (Spinoncaea spp. and Epicalymma spp.), or
were grouped into the provisionally classi“ed species
(Oncaea sp. A and Oncaea spp. ••tregoubovi••) based on
their morphological characteristics. Thus, each of these
four species was treated here as a single species and was
included in the latter analysis of community structure.

To analyze spatial and temporal di�erences in the
community structure of oncaeid copepods, we con-
ducted cluster analysis and non-metric multidimensional
scaling (NMDS) ordination. Abundance data (inds m�3)
of each species were transformed to square-root values

prior to analysis, in order to reduce the bias of very
abundant species. Similarities between samples were
examined by the Bray…Curtis index (Bray and Curtis
1957) according to the di�erences in species composi-
tion. For grouping the samples, the similarity indices
were coupled with hierarchical agglomerative clustering
with a complete linkage method. The NMDS ordination
was carried out to delineate the sample groups on the
two-dimensional map. All of these analyses were carried
out using BIOSTAT II software (Sigma Soft).

Results

Surface temperatures on 4 September and 8 December
1996 and 11 April and 5 October 1997 were 14.8, 8.0, 1.8
and 16.8�C, respectively (Fig. 2). In April 1997, the
Oyashio water, characterized by a temperature of <3�C
and a salinity of 33.0…33.3 (Ohtani 1971), was observed
in the top 150 m (Fig. 2), and the water column above
that depth seemed to be vertically well mixed. Very high
salinities (>33.5) were seen in the subsurface waters,
both in December 1996 and October 1997 (Fig. 2). It is
noted that the water characterized by high-salinity and
warm temperature extended down to ca. 300 m depth in
October 1997 (Fig. 2). This high-salinity/warm water
may re”ect the in”uences of warm-core rings originating
from the warm Kuroshio Current. As evidenced in the
images from TOPEX/Poseidon and ERS-2 satellite

Table 1 Summary of zooplankton sampling data at Site H (DT daytime;NTnighttime; Os T.S. ••Oshoro Maru••;Hs R.V. ••Hokushin
Maru••; Ho T.S. ••Hokusei Maru••). In each sampling series, the “rst sampling stratum denotes from the bottom of the thermocline (150 m
in April 1997 is an exception) to the surface

Sampling date Position Time Ship Depth (m) Sampling depth (m)

4 Sep 1996 42�00¢N; 145�00¢E DT Os 3,050 0…30, 30…250, 250…500, 500…1,000, 1,000…1,800
8 Dec 1996 41�30¢N; 146�00¢E NT Hs 6,280 0…80, 80…250, 250…500, 500…1,000, 1,000…1,700
11 Apr 1997 41�30¢N; 145�47¢E NT Ho 6,670 0…150, 150…250, 250…500, 500…1,000, 1,000…1,500
5 Oct 1997 41�30¢N; 145�47¢E NT Ho 6,670 0…75, 75…250, 250…500, 500…1,000, 1,000…2,000

Fig. 2 Vertical pro“les of
temperature (solid line) and
salinity (broken line) at Site H
in September and December
1996 and April and October
1997.Closed triangles on the
Y-axis indicate the depth of the
bottom of the thermocline at
each sampling date
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altimetry, warm-core rings were located on the margin
of Site H on both sampling dates. Below 500 m depth,
the temperatures and salinities were almost constant at
2…3�C and 33.5…34.5, respectively, throughout the study
period.

Oncaeid copepods were distributed throughout the
water column, from the surface to around 2,000 m depth
(Fig. 3). Except for December 1996, maximum abun-
dances were found within the uppermost layer, above
the thermocline, ranging between 198 and 346 inds m�3.
The mesopelagic peaks of abundance were observed
between 250 and 500 m in September and December
1996, while they occurred deeper, between 500 and
1,000 m, in April and October 1997. Below 1,000 m
depth, the copepod abundances were very low at all
sampling dates, except for October 1997, when compa-
rably high abundance values were found. In the water
column from 0 to 2,000 m depth, standing stocks of
total oncaeid copepods ranged from 1.5 to 2.5·105 inds
m�2 during this study (Table 2), with a mean of
1.9·105 inds m�2. Oncaea spp. juveniles accounted for
23…48% of the total standing stock (Table 2).

We found a total of 38 species and two forms
belonging to the “ve generaTriconia, Oncaea, Spinon-
caea, Conaea and Epicalymma, and two provisionally
classi“ed speciesOncaea sp. A and Oncaea spp. ••tre-
goubovi•• (Table 2). Oncaea sp. A could be distin-
guished as a single species in this study, but is not yet
described.Oncaea sp. A resembles species ofSpinon-
caea in general habitus and in leg armature, but di�ers
from this genus by the lack of a strong spineform
element on the posterolateral margin of caudal rami,
by the absence of an undulating hyaline frill on the
margins of urosomites, as well as by the proportional
length of urosomites. Oncaea spp. ••tregoubovi•• in-
cluded at leastO. tregoubovi Shmeleva as an identi“-
able species, but there are also some types of very
similar species. Thus, we counted them together as a
single species group. Of a total of 40 species, 19 were
consistently found throughout the four sampling dates
(Table 2). The number of species found in the whole
water column was distinctly higher in December 1996
(37 species) and October 1997 (31) than in September

1996 (21) and April 1997 (24) (Table 3). Seasonal dif-
ferences in the number of oncaeid species were most
pronounced in the upper 500 m, in particular from the
surface to the thermocline, whereas the species numbers
remained fairly constant below that depth between the
four sampling dates (Table 3). The maxima of species
numbers were always found in the deepest layer sam-
pled, at 1,000…2,000 m.

Taxonomic composition of oncaeid copepods in the
water column from 0 to 2,000 m depth is summarized in
Table 2. Although the contributions of dominant species
to total oncaeid numbers changed from one sampling
date to the next, T. borealis, T. canadensis, O. grossa,
O. parila, O. rimula, O. lacinia, Epicalymma spp. and
Oncaea sp. A were always dominant, contributing about
1…30% of the total standing stocks.O. scottodicarloi,
O. media, O. zernovi and Spinoncaea spp. were abundant
only in December 1996 and/or October 1997.Spinon-
caea spp. was especially abundant in December 1996,
accounting for >10% of the total numbers. By contrast,
T. thoresoni, T. similis, O. damkaeri, O. olsoni, O. ma-
cilenta, O. brodskii, O. englishi and C. rapax were con-
sistently found, but their contribution to total numbers
was low.

The dominant oncaeid species varied conspicuously
with depth and season (Table 4). In Table 4, only the
number of adult specimens was taken into account. In
September 1996 and April 1997,T. borealis predomi-
nated in the upper epipelagic zone between 0 m and the
thermocline (Th), accounting for >95% of the total
numbers. In contrast, O. scottodicarloi, O. media and
O. zernovi were abundant together withT. borealis in
this zone in December 1996 and October 1997. In the
lower epipelagic zone (Th…250 m), the most dominant
species were similar to those in the upper epipelagic
zone, excepting for the sampling date in December 1996.
In the upper mesopelagic zone (250…500 m),O. lacinia,
T. borealis and O. grossa were always numerous. In
October 1997, however,O. scottodicarloi, O. mediterra-
nea, O. media and O. zernovi were found down to this
mesopelagic layer, though their contribution to the total
number was very low (data not shown). This may be due
to the fact that high-salinity/warm water reached this

Fig. 3 Oncaeid copepods.
Vertical distributions in
abundance (inds m�3) at Site H
in September (daytime) and
December 1996 (nighttime) and
April (nighttime) and October
1997 (nighttime).Closed
triangles on the Y-axis as in
Fig. 2
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depth zone on that date. Species compositions in the
lower mesopelagic (500…1,000 m) and bathypelagic
zones (1,000…2,000 m) seemed to be temporally con-
stant, and several species were found to be common in
both zones. In the lower mesopelagic zone, the dominant
species wereO. lacinia, O. parila, O. grossa, T. canad-
ensis, Epicalymma spp.,O. rimula and Oncaea sp. A. In
addition to these species,O. olsoni, O. brodskii, Oncaea
spp. ••tregoubovi•• andT. thoresoni were also abundant
in the bathypelagic zone.

Our 20 samples could be separated into two major
groups by cluster analysis (Fig. 4A). The “rst major
group (group 1) comprised all epipelagic samples (0 m…
Th, Th…250 m) with one exception from the upper
mesopelagic zone (250…500 m) in October 1997. This
group was further divided into two subgroups, 1a and
1b, at a similarity level of 30%, according to the dates of
sampling (Fig. 4A). The second major group (group 2)
consisted of mesopelagic and bathypelagic samples
(250…500 m, 500…1,000 m, 1,000…2,000 m), but also

Table 2 Oncaeid copepods. Species and standing stocks (n, inds m�2) in the 0…2,000 m water column at Site H. The proportion (%) of the
total standing stock of each species is also shown.Asterisks indicate that the species were found across all four sampling dates (F adult
female;M adult male)

Taxa Sexes/Stages Sep 1996 (Day) Dec 1996
(Night)

Apr 1997
(Night)

Oct 1997
(Night)

n % n % n % n %

Triconia(= conifera/similis group)
T.borealis* F, M 49,400 32 10,900 5.0 6,500 4.2 15,000 5.9
T.canadensis* F, M 2,640 1.7 2,310 1.1 1,610 1.1 3,140 1.2
T.thoresoni* F, M 803 0.5 333 0.2 572 0.4 59 <0.1
T.redacta F, M 23 <0.1 228 0.1
T.conifera F, M 47 <0.1 54 <0.1
T.similis* F, M 116 0.1 45 <0.1 66 <0.1 399 0.2
T.parasimilis F 34 <0.1
T.minuta F 9 <0.1
T.umerus F, M 34 <0.1
T.giesbrechti F, M 36 <0.1
T.dentipes F 9 <0.1

Oncaea s. str. (= venusta group)
O.venusta large form F, M 200 0.1
O.venusta medium form F, M 17 <0.1 306 0.1
O.mediterranea F, M 179 0.1 220 0.1
O.media F, M 3,820 1.8 2,370 0.9
O.scottodicarloi F, M 10 <0.1 3,990 1.8 3,710 1.5
O.clevei F 9 <0.1

Oncaea
O.grossa* F, M 12,800 8.3 13,600 6.3 5,910 3.9 22,400 8.9
O.parila* F, M 14,600 9.4 12,000 5.6 15,700 10 21,600 8.5
O.damkaeri* F, M 171 0.1 249 0.1 713 0.5 604 0.2
O.walleni F 18 <0.1
O.insolita F, M 80 0.1 33 <0.1 59 <0.1
O.rotata F 23 <0.1
O.convexa F 49 <0.1
O.compacta F, M 53 <0.1 59 <0.1
O.olsoni* F, M 969 0.6 666 0.3 1,080 0.7 530 0.2
O.macilenta* F, M 308 0.2 205 0.1 372 0.2 770 0.3
O.brodskii* F, M 1,030 0.7 1,270 0.6 1,890 1.2 1,330 0.5
O.englishi* F, M 122 0.1 260 0.1 33 <0.1 221 0.1
O.rimula* F, M 1,530 1.0 2,730 1.3 5,160 3.4 9,760 3.9
O.lacinia* F, M 26,900 17 59,200 27 23,700 16 66,300 26
O.glabra F, M 87 <0.1 68 <0.1 298 0.1
O.ovalis F 31 <0.1 266 0.1
O.zernovi* F, M 120 0.1 473 0.2 255 0.2 16,200 6.4
O.longipes F, M 88 <0.1 143 0.1 133 0.1

Other genera
Spinoncaea spp.* F, M 1,110 0.7 26,400 12.2 286 0.2 3,440 1.4
Conaea rapax* F, M 27 <0.1 70 <0.1 16 <0.1 59 <0.1
C.succurva F 18 <0.1
Epicalymma spp.* F, M 4,020 2.6 4,700 2.2 9,600 6.3 11,900 4.7

Provisionally classi“ed species and others
Oncaea sp. A* F, M 1,260 0.8 12,300 5.7 4,300 2.8 6,360 2.5
Oncaea spp. ••tregoubovi••* F, M 1,270 0.8 2,340 1.1 558 0.4 3,900 1.5
Oncaea spp. unidenti“ed specimens F, M 394 0.2 19 <0.1 100 <0.1
Oncaea spp. juveniles <C5 36,100 23 56,900 26 74,100 48 61,500 24

Total 155,000 100 216,000 100 153,000 100 253,000 100
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included one sample from the lower epipelagic zone
(Th…250 m), and could be split into two subgroups, 2a
and 2b, at a similarity level of 46% (Fig. 4A). Sub-
group 2a included three upper mesopelagic samples and
the lower epipelagic sample on April 1997. Subgroup 2b
showed high similarity at a level of >60% and con-
tained all lower mesopelagic and bathypelagic samples.
These four subgroups were clearly distinguished on the
NMDS plot (Fig. 4B), thereby re-con“rming the results
of cluster analysis. Accordingly, the lower mesopelagic
and bathypelagic samples were clearly separated from
the epipelagic and upper mesopelagic samples. Fur-
thermore, epipelagic and upper mesopelagic samples,
which were collected from the same depth layer but on
di�erent dates, overlapped into two or three subgroups
(Fig. 4A), but all lower mesopelagic and bathypelagic

Table 3 Oncaeid copepods. The numbers of species that occurred
in each sampling layer at Site H (those of warm-water species arein
parentheses). The total numbers of species found in the 0…2,000 m
water column are also shown. Forma and provisionally classi“ed
species are treated as single species. See the ••Discussion•• section
for discriminating warm-water species from cold-water species

Sep 1996 Dec 1996 Apr 1997 Oct 1997

0 m…thermocline 5 17 (10) 3 11 (5)
Thermocline…250 m 11 14 (3) 12 14 (2)
250…500 m 9 14 11 19 (2)
500…1,000 m 15 14 16 16
1,000…2,000 m 17 20 21 22
Total 21 37 (10) 24 31 (5)

Table 4 Oncaeid copepods. Abundance (n, inds m�3) and its contribution (%) to the total number in each designated depth stratum at
Site H (adult specimes only). Species contributing <2% of the total number are not shown

Sep 1996 Dec 1996 Apr 1997 Oct 1997

Species n % Species n % Species n % Species n %

0 m…thermocline
Triconia borealis 299.3 99 Oncaea scottodicarloi 48.8 34 Triconia borealis 33.5 95 Oncaea zernovi 91.1 43

Triconia borealis 45.3 32 Oncaea scottodicarloi 47.2 23
Oncaea media 36.6 25 Triconia borealis 31.9 15
Oncaea zernovi 5.1 3.6 Oncaea media 30.9 15

Thermocline…250 m
Triconia borealis 99.0 93 Spinoncaea spp. 128.4 85 Triconia borealis 6.8 74 Oncaea zernovi 53.1 68
Spinoncaea spp. 3.7 3.7 Triconia borealis 14.8 9.7 Oncaea lacinia 0.64 6.9 Triconia borealis 9.4 12
Oncaea lacinia 2.1 2.0 Oncaea media 5.5 3.6 Oncaea zernovi 0.42 4.6 Spinoncaea spp. 2.9 3.5

Oncaea parila 0.35 3.8 Oncaea lacinia 2.2 2.8
Oncaea sp. A 0.24 2.6 Oncaea sp. A 1.8 2.4
Epicalymma spp. 0.19 2.1

250…500 m
Oncaea lacinia 83.2 41 Oncaea lacinia 120.3 66 Oncaea grossa 9.8 67 Oncaea lacinia 39.6 47
Triconia borealis 67.9 33 Oncaea grossa 21.0 12 Triconia borealis 2.0 13.5 Triconia borealis 19.9 24
Oncaea grossa 39.0 19 Spinoncaea spp. 17.1 9.4 Oncaea lacinia 1.6 10.6 Oncaea grossa 9.5 11
Oncaea parila 9.2 4.5 Triconia borealis 16.9 9.3 Triconia canadensis 0.75 5.1 Spinoncaea spp. 2.9 3.5

Oncaea sp. A 2.4 2.9
500…1,000 m
Oncaea parila 16.2 38 Oncaea lacinia 49.4 43 Oncaea lacinia 34.9 42 Oncaea lacinia 44.1 45
Oncaea lacinia 8.4 20 Oncaea sp. A 18.1 16 Oncaea parila 20.0 24 Oncaea grossa 22.6 23
Oncaea grossa 5.3 12 Oncaea parila 16.8 14 Oncaea sp. A 7.2 8.6 Triconia borealis 9.7 9.9
Triconia canadensis 3.5 8.3 Oncaea grossa 16.0 14 Oncaea grossa 6.8 8.1 Oncaea parila 7.7 7.9
Triconia borealis 2.7 6.4 Triconia canadensis 3.8 3.3 Epicalymma spp. 5.4 6.5 Epicalymma spp. 4.2 4.3
Epicalymma spp. 1.7 4.1 Epicalymma spp. 3.2 2.8 Oncaea rimula 4.1 4.9 Oncaea spp.

••tregoubovi••
2.2 2.3

Oncaea rimula 1.6 3.6 Oncaea rimula 3.1 2.7 Triconia canadensis 2.1 2.5 Oncaea sp. A 1.9 2.0
Oncaea sp. A 1.4 3.3

1,000…2,000 m
Oncaea parila 3.7 26 Oncaea lacinia 4.3 23 Epicalymma spp. 6.9 26 Oncaea lacinia 33.8 37
Epicalymma spp. 2.6 18 Oncaea parila 3.3 18 Oncaea lacinia 5.8 22 Oncaeaparila 17.7 19
Oncaea lacinia 1.4 9.7 Epicalymma spp. 3.0 16 Oncaea parila 5.6 21 Epicalymma spp. 9.5 10
Oncaea rimula 1.2 8.2 Oncaea sp. A 2.4 13 Oncaea rimula 3.1 12 Oncaea grossa 8.7 9.4
Oncaea spp.
••tregoubovi••

1.0 7.1 Oncaea spp.
••tregoubovi••

1.4 7.5 Oncaea brodskii 1.2 4.5 Oncaea rimula 8.5 9.2

Oncaea olsoni 0.90 6.3 Oncaea rimula 1.2 6.2 Oncaea olsoni 1.1 4.0 Oncaea sp. A 4.5 4.8
Triconia thoresoni 0.77 5.4 Oncaea olsoni 0.67 3.5 Oncaea sp. A 0.66 2.4 Triconia canadensis 2.4 2.6
Triconia canadensis 0.58 4.1 Oncaea brodskii 0.56 3.0 Oncaea spp.

••tregoubovi••
0.56 2.1 Oncaea spp.

••tregoubovi••
2.2 2.4

Oncaea brodskii 0.56 3.9 Oncaea damkaeri 0.56 2.1
Oncaea sp. A 0.53 3.7 Triconia thoresoni 0.54 2.0
Oncaea grossa 0.40 2.8
Triconia borealis 0.29 2.1
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samples were grouped together in a single subgroup.
These results indicate that the temporal changes in
species composition of oncaeid copepods occurred
within the epipelagic and upper mesopelagic zones, while
the community structure was stable within the lower
mesopelagic and bathypelagic zones across all sampling
dates of this study.

Discussion

In the present study, we used three nighttime and one
daytime series to evaluate the temporal variation in
vertical structures of abundance and species composi-
tion of oncaeid copepods at Site H in the Oyashio region
(Table 1), without examining the day…night di�erences
in distribution patterns caused by possible diurnal ver-
tical migration. However, diurnal di�erences in the
vertical distribution patterns may be assumed to be
small, since previous studies have demonstrated the
vertical migration of oncaeid copepods to be usually
<100 m (Tsalkina 1977; Sameoto 1986; Böttger-Sch-
nack 1990a). In addition, the amplitudes of the diurnal

migration, if any, are smaller than the vertical resolution
of most of our sampling intervals (Table 1). Thus, it may
be assumed that the diurnal migration is of minor
importance to interpret the general vertical distribu-
tional patterns of oncaeid species observed in this study.

The vertical distribution of the family Oncaeidae
down to greater depths has been studied in the Medi-
terranean Sea (Böttger-Schnack 1994, 1997; Krs�inić
1998), the western Indian Ocean (Boẗtger-Schnack 1994,
1995, 1996), the Arctic Ocean (Richter 1994) and the
Southern Ocean (Metz 1995, 1996). According to these
studies, oncaeid copepods are distributed over broad
vertical ranges, from epipelagic to bathypelagic zones in
these oceanic regions, as was observed in the Oyashio
region in the present study (Fig. 3). On the other hand,
the abundance of oncaeid copepods in the Oyashio re-
gion showed characteristic patterns of vertical distribu-
tion, having prominent peaks above the thermocline and
in the mesopelagic zone, or only in the mesopelagic zone
(Fig. 3). The pronounced peaks of oncaeid abundance in
the mesopelagic zone, as found in the present study,
have only been previously reported for the Arctic Ocean
(Richter 1994).

There is still limited information on the vertical dis-
tribution pattern of species numbers of oncaeid cope-
pods. Böttger-Schnack (1994) reported that the numbers
of oncaeid species in the Red and eastern Mediterranean
Seas are almost constant between 100 and 800 m, and
then decrease gradually below 800 m depth, with mini-
mum values at 1,250…1,850 m (Boẗtger-Schnack 1994).
Also, Krs�inić (1998) reported that the numbers of on-
caeid species are constant below 100 m depth in the

Fig. 4 Oncaeid copepods. A Dendrogram of cluster analysis
comparing species composition in each sample. Cluster groups
are also shown as 1a, 1b, 2a and 2b.B Non-metric multidimen-
sional scaling ordination of samples. Cluster groups determined in
panel A are superimposed. Axis scales are relative in NMDS;
stress value=0.081. Depth strata of samples are shown as follows:
0 m…thermocline (closed circle), thermocline…250 m (open circle),
250…500 m (closed triangle), 500…1,000 m (open triangle) and 1,000…
2,000 m (closed square)

937



Adriatic Sea, though his samplings were restricted to
above 1,000 m depth. In contrast, the numbers of on-
caeid species in the Arabian Sea increase below 800 m,
reaching maximum values at depths of 1,050…1,850 m
(Böttger-Schnack 1994, 1996). In the Oyashio region,
the vertical distribution patterns of oncaeid species
numbers seemed to di�er between the periods when the
surface layer was occupied by cold and/or less saline
water (September 1996 and April 1997) and then by
warm water from the Kuroshio Current (December 1996
and October 1997) (Table 3). If only the number of cold
oncaeid species (except for the 11 species of warm-water
immigrants; see below in ••Discussion••) were taken into
account, however, it appeared that the vertical distri-
bution patterns of oncaeid species numbers were very
similar throughout the four sampling dates, tending to
increase gradually from epipelagic to bathypelagic zones
(cf. Table 3). These regional variations in the vertical
distribution of species diversities and in the abundance
of oncaeid copepods may be the re”ections of the dif-
ferences in abiotic (temperature and oxygen concentra-
tion) and biotic factors (magnitude of particulate
organic matter ”ux into the deep sea) of one habitat to
the next (Böttger-Schnack 1994).

We found a total of 40 species of oncaeid copepods in
the Oyashio region, including the two provisionally
classi“ed species (Table 2). Heron and Frost (2000) have
reported 17 species of oncaeid copepods in the upper
3000 m of the water column at ocean weather station P
(50�N; 145�W) in the eastern subarctic Paci“c, using a
net with 0.22 mm mesh size. Among 38 oncaeid species
identi“ed in the present study (except forOncaea sp. A
andOncaea spp. ••tregoubovi••), 14 species are commonly
distributed in the eastern subarctic Paci“c (Table 5),
suggesting that these species occur widespread in the
subarctic Paci“c. Some of these common species have
been reported from the Arctic and from the Southern

Ocean as well (Heron 1977; Heron et al. 1984). It is well
known that similar zooplankton taxa occur between the
western and eastern subarctic Paci“c (cf. Miller et al.
1984; Mackas and Tsuda 1999).

On the other hand, 14 out of the 38 oncaeid species
identi“ed in this study have also been recorded from the
epipelagic zone of Kuroshio waters (Table 5, H. Itoh,
personal communication). In particular, ten of these
species were found only at the upper 250 m depth in
December 1996 and/or October 1997, when the epipe-
lagic layer was in”uenced by high-salinity/warm water
(cf. Fig. 2). Thus, these species are considered to be
immigrants, originating from the warm Kuroshio Cur-
rent. Triconia parasimilis, which was found only in the
epipelagic zone in December 1996 in this study (cf. Ta-
ble 2), was originally described from the tropical Red
Sea (Böttger-Schnack 1999), but has not been recorded
in Kuroshio waters as yet (H. Itoh, personal communi-
cation). From these results, seasonal di�erences in the
total number of oncaeid species could be explained by
the immigration of these warm-water species into the
epipelagic zone of Site H on both sampling dates (cf.
Table 3). Apart from oncaeid copepods, the occurrence
of warm-water species in both December 1996 and
October 1997 at Site H has also been noted for chae-
tognaths (Nishiuchi 1999) and appendicularians (Y.
Shichinohe, unpublished data) from the same samples
analyzed in this study.

Interpretation of earlier results on the distribution of
oncaeid copepods in the western subarctic Paci“c re-
quires caution, because great numbers of sibling species
in this family have been found during the past two
decades (e.g. Heron 1977; Heron and Bradford-Grieve
1995; Böttger-Schnack 1999). For instance, Furuhashi
(1966) and Minoda (1971) reported thatT. conifera (as
O. conifera) was abundant in the mesopelagic and
bathypelagic zones of the western subarctic Paci“c.
However, sibling species ofT. conifera were separated
into eight species in the later taxonomic studies (Heron
1977; Heron and Bradford-Grieve 1995; Heron and
Frost 2000). At present,T. conifera (Giesbrecht) is rec-
ognized as a tropical/subtropical species, being distrib-
uted in epipelagic and upper mesopelagic zones (Heron
and Bradford-Grieve 1995; Böttger-Schnack 1999).
Judging from the pattern of vertical distributions
attributed to T. conifera by Furuhashi (1966) and Mi-
noda (1971), it is probable that the specimens they
identi“ed were actually T. canadensis or T. thoresoni.
Also, these authors reportedO. notopus andO. ornata in
their sample, but we could “nd only their sibling species,
O. grossa, O. parila, O. damkaeri and O. walleni, and
O. englishi in our samples from the Oyashio region.

Of the eight dominant species in the whole water
column found at Site H in the Oyashio region (see
••Results••), numerical information from other oceans is
only available for T. borealis, O. parila and O. lacinia.
T. borealis is considered to be an arctic/subarctic species
(Malt 1983; Richter 1994; Kosobokova and Hirche
2000), whileO. parila and O. lacinia have been reported

Table 5 Oncaeid copepods. Common species between the western
subarctic (Oyashio region) and the eastern subarctic Paci“c (Heron
and Frost 2000) and Kuroshio waters (H. Itoh, personal commu-
nication).Asterisksindicate the species occurred only in December
1996 and/or October 1997 in this study. See ••Discussion•• for
details

Oyashio region vs.
eastern subarctic Paci“c

Oyashio region vs.
Kuroshio water

Triconia borealis Triconia conifera*
Triconia canadensis Triconia minuta*
Triconia thoresoni Triconia umerus*
Triconia similis Triconia dentipes*
Oncaea grossa Triconia giesbrechti*
Oncaea parila Oncaea venusta large form*
Oncaea damkaeri Oncaea venusta medium form*
Oncaea insolita Oncaea mediterranea*
Oncaea rotata Oncaea media*
Oncaea olsoni Oncaea scottodicarloi
Oncaea rimula Oncaea clevei*
Oncaea macilenta Oncaea ovalis
Oncaea englishi Oncaea zernovi
Epicalymma spp. Spinoncaea spp.
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to occur in high-latitude seas of both hemispheres
(Heron et al. 1984; Heron and Bradford-Grieve 1995;
Heron and Frost 2000). According to Auel and Hagen
(2002), mean standing stock ofT. borealis (as O. bore-
alis) in the water stratum above 1,500 m in the central
Arctic Ocean is about 6,000 inds m�2, using a 0.20 mm
mesh net. Unfortunately, it is di�cult to directly com-
pare our abundance data ofT. borealis with those in
Auel and Hagen (2002), because it is unclear whether
their data included the abundance of immature co-
pepodite stages ofT. borealis. For O. parila, Metz (1996)
noted that the abundance of total copepodite stages of
this oncaeid species at 0…1,000 m in the water column in
the Bellingshausen Sea, Southern Ocean, ranged from
14,200 to 27,100 inds m�2, using a 0.055 mm mesh net.
Since Metz (1996) also recorded the contributions of
adults of O. parila to be about 30…65% of the abundance
of total copepodite stages, it could be considered that the
abundance of adults ofO. parila obtained in this study is
comparable to those in the Southern Ocean (cf. Table 2).
A numerical dominance of O. lacinia was reported for
the mesopelagic oncaeid community of the Arctic
Ocean, when a net with 0.11 mm mesh was employed
(Heron et al. 1984), as was recorded in the Oyashio re-
gion in this study (Table 3), though the data in Heron
et al. (1984) were given as numbers of individuals per
sample.

As noted above (cf. ••Materials and methods•• sec-
tion), abundance of some oncaeid species with body
lengths of <0.5 mm might be underestimated in the
present study, because their greatest body width is less
than the diagonal dimension (0.14 mm) of the 0.10 mm
mesh net used in the present study. Despite the fact that
O. lacinia, Oncaea sp. A and Epicalymma spp. are such
small oncaeids, they predominated in the oncaeid com-
munity throughout the Oyashio region (Table 2).
Numerical predominance of smaller species (body length
<0.4 mm) has also been reported for the Red Sea
(Böttger-Schnack 1988). To “ll in the lack of quantita-
tive information on these small oncaeid species in the
Oyashio region, we have already begun collecting sea-
sonal samples with a “ner mesh net (0.060 mm mesh
size) at Site H. Detailed analysis of these samples is
currently in progress.

The community structure of oncaeid copepods in the
Oyashio region could be di�erentiated into four sub-
groups (1a, 1b, 2a and 2b, cf. Fig. 4). Subgroup 1a is a
typical shallow-water community, occurring during the
period when the e�ect of warm Kuroshio Current is at
its minimum, and it is characterized by a marked pre-
dominance (>90%) of the arctic/subarctic species
T. borealis. In contrast, subgroup 1b was found in epi-
pelagic and upper mesopelagic zones, when the e�ect of
warm Kuroshio waters is evident, comprising mainly
O. media, O. scottodicarloi, O. zernovi and Spinoncaea
spp. Subgroup 2a is represented byT. borealis and the
mesopelagic speciesO. grossa and O. lacinia, and is
therefore considered a mid-water community. Sub-
group 2b was restricted to lower mesopelagic or bathy-

pelagic zones, including mesopelagic and bathypelagic
species such asO. lacinia, O. parila, O. grossa,
T.canadensis, Oncaea sp. A, Oncaea spp. ••tregoubovi••,
Epicalymma spp., O. rimula and O. brodskii. High spe-
cies richness and less predominance of single species also
characterize this subgroup (cf. Tables 3, 4).

Standing stocks of oncaeid copepods from greater
depth by using “ne mesh nets (0.10 mm mesh size or
less) have been reported from the western Indian Ocean
(Böttger-Schnack 1995, 1996), the Mediterranean Sea
(Böttger-Schnack 1997; Krs�inić 1998) and the Southern
Ocean (Hopkins and Torres 1988; Metz 1995, 1996). To
compare the present results with these previous reports,
we calculated the standing stocks of oncaeid copepods
integrated over the top 1,000 m or 2,000 m of the water
column in these oceanic areas. As a result, standing
stocks of oncaeid copepods reported in these previous
studies fall within the order of 105 inds m�2 in both
water strata. In this study, standing stocks of oncaeid
copepods ranged from 1.4 to 2.0·105 inds m�2 in the top
1,000 m, or from 1.5 to 2.5·105 inds m�2 in the top
2,000 m of the water column (cf. Table 2). Thus, it be-
comes obvious that the standing stock of oncaeid co-
pepods in the Oyashio region is of the same order of
magnitude as those of other oceans.

In addition to number, information about biomass of
a particular zooplankton taxon is a basis for estimating
its trophic functions in pelagic ecosystems. As a “rst step
toward this goal, we established the relationship between
dry mass (DM; lg) and total body length (TL; lm) for
oncaeid copepods at Site H as: log10DM=2.902 ·-
log10TL…8.008 (r=0.993, n=65, P<0.0001; Y. Nishibe
and T. Ikeda, unpublished data). From the relationship,
combined with the size composition of oncaeid com-
munities (data not shown), the biomass was calculated
as 103…215 mg DM m�2 (grand mean: 160 mg DM m�2)
in the upper 2,000 m of the water column at Site H in
the Oyashio region. The oncaeid biomass estimates in
this study were markedly lower than those reported by
Metz (1996) as 1,081 mg DM m�2 in the top 1,000 m of
the water column in the Bellingshausen Sea, Southern
Ocean. At Site H, our estimates of oncaeid copepod
biomass is similar to those of the mesopelagic calanoid
copepods Pleuromamma scutullata (66…255 mg DM
m�2, Yamaguchi and Ikeda 2000a),Heterorhabdus tan-
neri (71…169 mg DM m�2, Yamaguchi and Ikeda 2000a)
and Gaidius variabilis (155…351 mg DM m�2, Yamagu-
chi and Ikeda 2000b), but is much less than those of the
large calanoid copepods Neocalanus spp. (7,677…
14,123 mg DM m�2, Kobari and Ikeda 2000),Eucalanus
bungii (1,854…3,471 mg DM m�2, S. Shoden and T. Ik-
eda, unpublished data) andParaeuchaeta spp. (393…
987 mg DM m�2, Yamaguchi and Ikeda 2001). In other
words, the contribution of oncaeid copepod biomass to
total copepod biomass is quite low in the Oyashio re-
gion, though the former outnumbers the latter. From the
viewpoint that speci“c growth/metabolic rates increase
with the decrease in body mass in copepods (Hirst and
Lampitt 1998; Hopcroft et al. 1998; Ikeda et al. 2001),

939



the possible importance of oncaeid copepods of <1 mm
in body size in the energy ”ow/matter cycling of the
pelagic ecosystem cannot be overlooked.
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