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Pelagic polychaetes are distributed from the sea surface to greater depths of the oceans worldwide, but little information
is available regarding their ecology. This study investigated the vertical distribution of abundance, biomass and
community structure of pelagic polychaetes at a single station in the western subarctic Pacific based on day–night
vertical stratified samples collected from a 0 to 1000 m water column during four seasons covering 1 year. The
polychaete abundance and biomass ranged from 0 to 757 ind. 1000 m−3 and 0–6.1 mg WW m−3, respectively. Ten
pelagic polychaete species belonging to nine genera and six families were identified. From cluster analysis based on
abundance, the polychaete community was divided into five communities. Each community occurred at different depth
layers. Two surface groups seen at 0–200 m were dominated by two carnivorous species: Tomopteris septentrionalis and
Typhloscolex muelleri. The deepest group, dominated by the particle feeder Pelagobia longicirrata, was seen at 500–1000 m.
Two transition groups occurred in the intermediate depths. These vertical distributions of the pelagic polychaete
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communities were common throughout the season and day. Water mass, food availability and the oxygen minimum
layer are put forth as environmental factors that affect the pelagic polychaete community.

KEYWORDS: pelagic polychaetes; Pelagobia longicirrata; Poeobius meseres; Tomopteris septentrionalis; Typhloscolex muelleri

INTRODUCTION

Pelagic polychaetes are known to be distributed from
the sea surface to the deep sea in the oceans worldwide
(Ushakov 1974; Halanych et al. 2007). The feeding modes
of pelagic polychaetes vary with species, including herbi-
vores (Day 1967; Hopkins and Torres 1989) and carni-
vores (Lebour 1922; Rakusa-Suszczewski 1968; Feigen-
baum 1979). For feeding modes of the cosmopolitan
pelagic polychaete family (Typhloscolecidae), the pres-
ence of specialized prey–predator linkages in carnivorous
zooplankton taxa (chaetognaths) is reported in oceans
globally (Feigenbaum 1979; Øresland and Pleijel 1991;
Øresland and Bray 2005). The numerically dominant
species of pelagic polychaetes [Pelagobia longicirrata (P. longi-

cirrata)] is an important prey of various pelagic organ-
isms, including copepods, chaetognaths and fishes (Hop-
kins 1985, 1987; Hopkins and Torres 1989; Øresland
1990). The pelagic polychaete species dominating the
mesopelagic layer (Poeobius meseres) are known to feed on
sinking particles by extending a mucus web (Uttal and
Buck 1996; Robison et al. 2010) and have an important
role in determining the amount of vertical material flux
(Christiansen et al. 2018). These facts indicate that pelagic
polychaetes may have important roles in marine ecosys-
tems for both the food web and vertical material flux of
oceans worldwide.

Concerning the ecology of pelagic polychaetes, hori-
zontal distributions (Fernández-Álamo 1991, 2006; Fer-
nández-Álamo et al. 2003) and seasonal changes (Peter
1975; Batistić et al. 2004, 2007) of the community struc-
ture have been reported. Some pelagic polychaetes are
known to have bioluminescence ability (Francis et al. 2016;
Gouveneaux et al. 2017, 2018) and feed on sinking par-
ticles via the deployment of a mucus web and tentacles
(Uttal and Buck 1996; Robison et al. 2010; Christiansen
et al. 2018). Bioluminescence and feeding on sinking par-
ticles are considered to be adaptations of zooplankton for
deep-sea environments (Vinogradov 1968; Haddock et al.

2010).
From the viewpoint of the deep-sea adaptation of

pelagic polychaetes, information on their vertical distri-
bution is important. However, little information is avail-
able on the vertical distribution of pelagic polychaetes.
Although several studies have investigated vertical distri-
butions of pelagic polychaetes down to greater depths
(∼1000m) in the Scotia Front (Siciński 1988), the Strait of

Magellan (Guglielmo et al. 2014) and the South Adriatic
Sea (Guglielmo et al. 2019), these studies are based on
only one cruise (limited season), and no diel differences
have been identified. Thus, it remains unknown whether
the pelagic polychaete community structure varies with
depth, showing seasonal and diel changes.

Regionally, information on pelagic polychaete ecology
is scarce for the western subarctic Pacific, although they
have been reported to occur throughout the year (Kita-
mura et al. 2016; Amei et al. 2020). Regarding the physical
oceanographic characteristics of the western subarctic
Pacific, the presence of cold dichothermal water (DTW)
(Dodimead et al. 1963; Miura et al. 2002) and warm
mesothermal water (MTW) (Dodimead et al. 1963; Ueno
and Yasuda 2000, 2005) is prominent. DTW (1–3◦C) is
observed at 100–120 m in the western subarctic Pacific.
This water is derived from the Bering Sea, where water is
cooled by winter mixing and transported into the western
subarctic Pacific through the East Kamchatka Current
(Dodimead et al. 1963; Miura et al. 2002). MTW (3–4◦C)
is observed at 200–400 m in the western subarctic Pacific
and is suggested to originate from the mixed water region
between the subarctic and subtropical areas (Ueno and
Yasuda 2000). The water in the mixed water region is
transported to the Gulf of Alaska and the Bering Sea,
then into the western subarctic Pacific through the East
Kamchatka Current (Dodimead et al. 1963; Ueno and
Yasuda 2000, 2005). These complex physical oceano-
graphic conditionsmay affect the pelagic polychaete com-
munity, but no information is currently available.

In the western subarctic gyre of the North Pacific, a
time-series observation station, Station K2, was set from
1999 to the present (cf. Wakita et al. 2016). The observa-
tions at St. K2 were mainly made by the Japan Agency for
Marine-Earth Science and Technology (JAMSTEC), and
various international programmes, such as VERTIGO
(Buesseler et al. 2007; Steinberg et al. 2008a) and K2/S1
(Honda et al. 2016, 2017), were conducted. Through such
research programmes, various biological aspects, such
as primary productivity (Elskens et al. 2008; Matsumoto
et al. 2014, 2016), phytoplankton (Boyd et al. 2008; Fujiki
et al. 2014), archaea (Kaneko et al. 2016), zooplankton
community (Steinberg et al. 2008b; Kitamura et al. 2016;
Kobari et al. 2016), quantification of zooplankton egested
fecal pellets (Wilson et al. 2008; Wilson and Steinberg
2010), sinking organic material flux (Honda et al. 2016,
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Fig. 1. Location of sampling station (K2) at the centre of the western subarctic gyre in the Pacific Ocean. Depth contours (1000, 3000 and 6000 m)
and approximate positions of the currents (Okazaki et al. 2005) are superimposed.

2017 and references therein), biological pump estimation
(Steinberg et al. 2008a; Wakita et al. 2016) and biological
pumpmodelling (Bianchi et al. 2013), have been reported.
Based on long-term observation data, the presence of the
ocean acidification trend has also been reported (Wakita
et al. 2017). Although this information is valuable, com-
parable data are not available for the pelagic polychaetes
at St. K2.

This study revealed diel, seasonal and vertical changes
in pelagic polychaete community structure based on day–
night vertical stratification samples collected from a 0 to
1000 m water column at St. K2 in the western subarctic
Pacific during four seasons covering 1 year. The pelagic
polychaete abundance, biomass and community struc-
ture results were compared with the complex physical
oceanographic conditions of the station. The results were
also compared with the results of previous studies on

pelagic polychaetes conducted down to greater depths
in oceans worldwide, as mentioned above (Siciński 1988;
Guglielmo et al. 2014, 2019). Through this comparison,
we aimed to evaluate the factors that determine the
vertical distribution and community structure of pelagic
polychaetes down to greater depths.

MATERIALS AND METHODS

Zooplankton samples were collected by day and night
vertical stratified sampling from eight layers (0–50, 50–
100, 100–150, 150–200, 200–300, 300–500, 500–750,
750–1000 m) by oblique towing of the Intelligent Oper-
ative Net Sampling System (IONESS, SEA Corporation)
(mesh size: 335 μm; mouth area: 1.5 m2) at Station K2
(47◦00′N, 160◦00′E, bottom depth: 5200 m, Fig. 1) in
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Table I: Zooplankton samplings (eight ver-
tical stratification samplings between 0 and
1000 m) at St. K2 in the western subarctic
Pacific from October 2010 to July 2011. D:
day, N: night

Sampling date Local time D/N

29 Oct. 2010 12:09–13:52 D

29 Oct. 2010 22:09–23:38 N

26 Feb. 2011 12:35–14:41 D

26 Feb. 2011 22:01–23:44 N

22 Apr. 2011 21:59–23:56 N

23 Apr. 2011 12:45–14:37 D

3 July 2011 12:05–13:55 D

3–4 July 2011 22:51–0:55 N

the western subarctic Pacific on 29 October 2010, 26
February, 22–23 April and 3–4 July 2011 (Table I). The
depths and volumes of the filtered water (m3) of the
nets were monitored on deck. Data on filtered volume
are available from the Supplementary Material. Col-
lected samples were preserved by adding 4% (v/v) borax-
buffered formalin. Temperature, salinity, dissolved oxygen
(DO) and fluorescence were measured by CTD (SBE 911
plus; Sea-Bird Scientific) at each sampling occasion. For
details about samplings, see Kitamura et al. (2016).

Based on temperature and salinity, water masses were
identified for each depth and sampling date. We classi-
fied five water masses, seasonal pycnocline water (SPW),
DTW, transition water (TW), MTW and deep water
(DW), from the T–S characteristics at each sampling layer
(Dodimead et al. 1963; Ueno and Yasuda 2000, 2005;
Miura et al. 2002).

In the land laboratory, pelagic polychaetes were
sorted from the 1/2 to 1/64 subsamples according
to the quantity of the samples. For data on aliquots
and the counted individual number of each sample,
see the Supplementary Material 1. Specimens were
identified and counted under a stereomicroscope. Species
identification was made down to the lowest level possible,
following Dales (1957) and Tebble (1962). For each genus
or species, a batch of specimens in each sample was
placed on preweighedmesh, and then water was removed
with the aid of wipe paper. The wet weight was measured
by an electronic balance (Mettler Toledo AT261) with a
precision of 0.01 mg. Then, the vertical distributions of
total abundance (ind. 1000 m−3) and total WW (mg WW
m−3) were quantified.

For the community structure of the pelagic poly-
chaetes, the similarity of samples based on abundance
was calculated by the Bray–Curtis method (Bray and
Curtis 1957). Abundance data of pelagic polychaete

species (X : ind. 1000 m−3) were log-transformed (log
[X + 1]) before analysis. Cluster analysis connected with
complete linkage methods was performed for the group-
ing of the samples. Through nonmetric multidimensional
scaling (NMDS; Minchin 1987) and Pearson’s correlation
coefficient, relationships between environmental vari-
ables (depth, temperature, salinity, DO, fluorescence) and
polychaete sample ordinations were analysed. To evaluate
the effects of season, day–night and depth on similarities
between samples, PERMANOVA was performed. These
analyses were carried out using PRIMER v7 (PRIMER-
E Ltd). Intercommunity and water mass differences in
the abundance of each species were tested by one-way
ANOVA and post hoc test (Tukey–Kramer test). These
analyses were performed using STAT-View.

RESULTS

Hydrography

Vertical distributions of temperature, salinity, DO and
fluorescence at each sampling date are shown in Fig. 2.
Throughout the sampling dates, the temperature, salinity,
DO and fluorescence were 0.7–8.5◦C, 32.5–34.5, 0.30–
7.49 mL L−1 and 0.02–2.32, respectively. Regarding tem-
perature, the seasonalthermocline developed at 50 m in
October and June, whereas the temperature was uniform
at<100m in February and April. Common to all seasons,
temperature formed a sub-minimum (1–2◦C) at ∼100 m
depth and a sub-maximum (ca. 3.5◦C) at ∼200 m. Then,
the temperature decreased with increasing depth below
200 m. Salinity increased with increasing depth for all
seasons. At shallower depths, salinity was uniform at
0–100 m in February and April, whereas it was low
(32.6–32.8) at 0–50m in June andOctober. DOdecreased
with increasing depth. DO was high above 200 m,
whereas it was extremely low (<1.4 mL L−1) below
200 m depth. High fluorescence was observed only
above the thermocline. Since thermocline depths varied
with season, high fluorescence was seen at 0–50 m in
October and June and at 0–100 m in February and April.
Fluorescence was higher in October and June than in
February and April.

T–S diagrams throughout the study period are shown
in Fig. 3. Except for the seasonal pycnocline observed
above 50 m in October and July, water mass formation
showed little seasonal change. The formation of the water
masses greatly varied with depth. Thus, from shallow to
deep, SPW (0–50 m only October and July), DTW (50–
100 m), TW (100–150 m), MTW (150–500 m) and DW
(500–1000 m) occurred.
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Fig. 2. Vertical changes in temperature (T), salinity (S), dissolved oxygen (DO, O2) and fluorescence (F) at St. K2 in the western subarctic Pacific
from October 2010 to June 2011. Circled numbers in the right column indicate the depth strata of the zooplankton sampling.

Polychaete community

In this study, 8200 polychaete specimens were counted in
total, and 8149 polychaetes were identified at the genus
or species level. For details of quantified numbers in each
sample, see the Supplementary Material 1. Throughout
the year, 10 pelagic polychaete species belonging to
nine genera and six families were identified (Table II).
For population density through the 0–1000 m water
column, pelagic polychaetes occurred 235.3± 27.8 ind.
1000 m−3 (annual mean± SE). The most numerically
abundant species was P. longicirrata (annual mean: 176.2
ind. 1000 m−3, 73.7% of total), followed by Typhloscolex

muelleri (T. muelleri) (33.6 ind. 1000 m−3, 14.0%), Tomopteris

septentrionalis (T. septentrionalis) (17.3 ind. 1000 m−3, 7.2%)
and Poeobius meseres (4.9 ind. 1000 m−3, 2.1%). These four
numerically dominant species accounted for 97.0% of
the annual mean pelagic polychaete abundance.

In terms of population density in each sampling layer,
the abundance of pelagic polychaetes ranged from 0 to
757 ind. 1000 m−3 (Fig. 4). For daytime, the maximum
abundances of the four seasons were seen at 150–500 m,
especially at 300–500 m. For night-time, the maximum
abundance was seen at 0–500 m, especially at the sea
surface (0–50 m) in February and April.

For biomass, the annual mean standing stock of
the pelagic polychaetes was 517.5 mg WW 1000 m−3

(Table II). Within the annual mean biomass, the

proportion of large Tomopteridae was in the order of
52% while their numerical abundances were low.

In terms of density, the pelagic polychaete biomass
ranged from 0 to 6.1 mg WW m−3 (Fig. 5). For the
daytime, biomass peaks were seen at 150–500 m depths,
especially at ∼200 m. For the night-time, the maximum
biomass was at 0–200 m, especially at the sea surface
(0–50 m) in February and July.

Regarding the effect of water masses, three species
(P. longicirrata, T. muelleri and T. septentrionalis) had signif-
icantly different abundances between the water masses
(Table III). Within them, P. longicirrata was abundant in
the water masses in the deep layer (DW and MTW).
On the other hand, T. mulleri and T. septentrionalis showed
high abundances for the shallowest SPW. Thus, these
differences in pelagic polychaete abundances with the
water masses were related to the vertical distribution of
each species.

From cluster analysis based on abundance, the pelagic
polychaete community was divided into five groups (A–
E) at 58% dissimilarity (Fig. 6a). Each group contained
5–20 samples. Each group was also clearly separated in
the NMDS plot (Fig. 6b). The environmental variables
except for temperature (depth, salinity, DO and fluores-
cence) had significant directions in the NMDS ordina-
tion (Fig. 6b). According to the species composition, the
predominant species were present for groups A, B and E
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Fig. 3. T–S diagram for the 0–1000 m water column at St. K2 during October 2010, February, April and July 2011. Five water masses were
identified: seasonal pycnocline water (SPW), dichothermal water (DTW), transition water (TW), mesothermal water (MTW) and deep water (DW).
Differences in colour for the symbols denote differences in the zooplankton sampling layers.

(Fig. 6c). Thus, T. muelleri was abundant in group A, T.

septentrionalis was abundant in group B and P. longicirrata

predominated in group E. Groups C and D were com-
posed of various species, and the dominant species in the
deep layer varied from each other. Thus, groups C and D
consisted of P. meseres (group C) and P. longicirrata (group
D), respectively.

The seven polychaete species showed significantly
different abundances between the groups (one-way
ANOVA, Table IV). Within them, the four numerically
dominant species mentioned above constituted a species-
specific abundant group. Thus, themost abundant groups
of P. longicirrata, T. muelleri, T. septentrionalis and P. meseres

were groups D, A, B and C, respectively (Table IV).
Diel, seasonal and vertical distributions of the pelagic

polychaete community are shown in Fig. 7. The occur-
rence of each group varied vertically. Thus, group E was
observed at the deepest layer (500–1000 m) throughout
the year. Groups C and D were observed at 100–300 m
and 150–500 m, respectively. In the sea surface layer (0–
50 m), only groups A and B were observed. From the

viewpoint of seasonality, group C was observed in limited
seasons (April and July), but the other groups occurred
throughout the year. Although the vertical distribution
of each group was similar for October, February and
April, it was notable that the occurrence depths of each
group became shallower for July (Fig. 7). There were no
clear day–night difference patterns in the group distribu-
tion. According to the results of PERMANOVA, depth
had the most prominent effect on polychaete grouping
(P < 0.001) (Table V). The season and interaction of day–
night× depth also had significant effects (P < 0.05).

DISCUSSION

Sampling design

This study was based on day–night vertical stratified sam-
ples collected from a 0 to 1000 m water column at a single
station (K2) during four seasons covering 1 year. It should
be noted that this sampling design includes some dis-
advantages in revealing pelagic polychaete ecology. First,
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Table II: List of pelagic polychaete species identified for the 0–1000 m water column at St. K2 in the
western subarctic Pacific from October 2010 to July 2011

Family Abundance Biomass

Species (ind. 1000 m−3) (%) (mg WW 1000 m−3) (%)

Lopadorrhynchidae

Maupasia coeca Viguier, 1886 0.81 ± 0.18 0.34 2.67 ± 1.28 0.45

Pelagobia longicirrata Greeff, 1879 176.16 ± 24.81 73.65 141.64 ± 20.61 23.74

Iospilidae

Phalacrophorus spp. 2.28 ± 0 0.95 2.62 ± 0 0.44

Typhloscolecidae

Sagitella kowalewskii Wagner, 1872 0.35 ± 0 0.15 0.04 ± 0 0.01

Typhloscolex muelleri Busch, 1851 33.56 ± 3.87 14.03 56.66 ± 6.96 9.50

Alciopidae

Plotohelmis capitata (Greeff, 1876) 0.17 ± 0 0.07 0.10 ± 0 0.02

Rhynchonereella angelini (Kinberg,

1866)

0.12 ± 0 0.05 22.46 ± 0 3.76

Tomopteridae

Tomopteris septentrionalis Steenstrup,

1849

17.30 ± 3.15 7.23 234.89 ± 44.45 39.37

Tomopteris (Johnstonella) pacifica

(Izuka, 1914)

0.70 ± 0.29 0.29 74.80 ± 1.67 12.54

Flabelligeridae

Poeobius meseres Heath, 1930 4.90 ± 1.93 2.05 58.11 ± 28.02 9.74

Others 32.84 ± 1.33 1.19 2.65 ± 1.31 0.44

Annual mean abundance and biomass (mean ± 1 SE: ind. 1000 m−3 or mg WW 1000 m−3 at 0–1000 m water column) and the species

composition (%) are also shown.

Fig. 4. Vertical changes in polychaete abundance and species composition for the 0–1000 mwater column at St. K2 in the western subarctic Pacific
from October 2010 to July 2011. The white symbols and black lines show the total abundance in each layer. The composition of each species is
shown in a different colour.
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Fig. 5. Vertical changes in polychaete biomass (wet weight: WW) and species composition for the 0–1000 m water column at St. K2 in the western
subarctic Pacific from October 2010 to July 2011. The white symbols and black lines show the total abundance in each layer. The composition of
each species is shown in a different colour.

Table III: Comparison of polychaete abundances at five water masses: seasonal pycnocline water (SPW),
dichothermal water (DTW), transition water (TW), mesothermal water (MTW) and deep water (DW)
identified by the T–S diagram (cf. Fig. 3)

Species Abundance (ind. 1000 m−3) One-way ANOVA

SPW (5) DTW (21) TW (10) MTW (24) DW (16)

Maupasia coeca 0 0 0 1.35 0.370 NS

Pelagobia

longicirrata

0a 0.125b 0.262b 174c 182c ∗∗

Sagitella

kowalewskii

0 0 0 0 0.087 NS

Typhloscolex

muelleri

199c 93.0b,c 97.7b,c 54.2a,b 0.643a ∗

Plotohelmis

capitata

0 0 0 0.138 0 NS

Rhynchonereella

angelini

0 0.117 0.245 0 0 NS

Tomopteris

septentrionalis

80.7b 45.3a,b 41.7a,b 37.2a,b 0.284a ∗

Tomopteris

pacifica

0 0 0 0.915 0 NS

Poeobius meseres 0 5.32 11.2 13.1 2.43 NS

Values are the mean abundance at each water mass. Differences between groups were tested by one-way ANOVA and post hoc Tukey–
Kramer test. For the results of the Tukey–Kramer test, differences in superscript letters indicate significant differences (P < 0.05). Numbers in

parentheses indicate the number of samples occupied by each water mass. ∗P < 0.05, ∗∗P < 0.01, NS: not significant.
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Fig. 6. (a) Results of cluster analysis based on pelagic polychaete abundance. Five groups (A–E) were identified at 58% Bray–Curtis dissimilarity
connected with the complete linkage method. Numbers in parentheses indicate the number of samples each group contained. (b) NMDS plots
of each group. Arrows indicate directions of significant environmental parameters. Dep.: depth, Temp.: temperature, Sal.: salinity, DO: dissolved
oxygen, Fluo.: fluorescence. (c) Mean abundance (white circle) and species composition of each group.

since the samplings were conducted at one fixed station
only, spatial patterns were not addressed in this study.
Second, it should be noted that horizontal advection
may inevitably be present. Third, since only one
sample series was collected for each day–night sampling
date (no repetition), it may inevitably be an effect of
patchy distribution. Fourth, the long net-towing depths,
especially the deep layer, may mask the small-sized
distribution patterns of the pelagic polychaetes.

Of the four disadvantages described above, the effect
of horizontal advection was probably the weakest. This is
because clear seasonal changes in water mass were only
present for the upper 50 m (Fig. 3), and the long-term
horizontal velocity around K2 seems to be weak, which
can be confirmed by the distribution of climatological
sea surface height around K2 (e.g. Fig. 2a of Isoguchi
et al. 2006). This fact is also confirmed by the results
of Onodera et al. (2014), who conducted monitoring of
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Table IV: Comparison of polychaete abundances in five groups (A–E) identified by Bray–Curtis
dissimilarity (cf. Fig. 6)

Species Abundance (ind.1000 m−3) One-

way

ANOVA

Tukey–Kramer test

A (20) B (5) C (9) D (12) E (18)

Maupasia coeca 0 0 0 2.61 0.389 ∗ A C B E D

Pelagobia longicirrata 0.241 0.442 2.88 127 121 ∗∗ A B C E D

Sagitella kowalewskii 0 0 0 0 0.077 NS

Typhloscolex muelleri 147 13.5 43.3 64.1 0.918 ∗∗ E B C D A

Plotohelmis capitata 0 0 0.663 0 0 ∗ A E D B C

Rhynchonereella angelini 0 0 0.49 0 0 ∗ A E D B C

Tomopteris septentrionalis 49 73.5 35.2 32.8 0.368 ∗ E D C A B

Tomopteris pacifica 0 2.21 0 0.172 0 NS

Poeobius meseres 0.103 0 41.3 17.4 2.69 ∗∗ B A E D C

Values are the mean abundance in each group. Differences between groups were tested by one-way ANOVA and post hoc Tukey–Kramer

test. For the results of the Tukey–Kramer test, any groups not connected by the underlines are significantly different (P < 0.05). Numbers in

parentheses indicate the number of samples included in each group. ∗P < 0.05, ∗∗P < 0.01, NS: not significant.

Fig. 7. Seasonal, vertical and diel changes in the occurrence of the five polychaete community groups (A–E) identified by Bray–Curtis dissimilarity
based on their abundance (cf. Fig. 6a). D: day, N: night.

Table V: PERMANOVA results based on Bray–Curtis dissimilarities using polychaete abundance data
in relation to environmental factors (season, day/night, depth). D: day, N: night

Factors df Pseudo F P

Season 3 2.567 <0.05

D/N 1 1.7781 ns

Depth 7 29.349 <0.001

Season × D/N 3 1.8086 ns

Season × Depth 21 1.4893 ns

D/N × Depth 7 2.568 <0.05
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diatom communities by a moored sediment trap at St.
K2 during 2005–2006 and 2009–2010 and found that
offshore species were commonly dominant for K2. Thus,
the effect of horizontal advection in the water mass may
be considered small in this study.

Regarding comparable information on pelagic poly-
chaetes down to greater depths, several studies are avail-
able (Siciński 1988; Guglielmo et al. 2014, 2019). These
studies were based on only one-time sampling (no rep-
etition), no day and night samplings at the same station
(no diel comparison) and snap-shot sampling at a single
cruise (no seasonal examination). Considering these facts,
although some disadvantages or flaws may be present, the
sampling design of this study (day–night samplings from
four seasons) may be sufficient to advance our knowledge
of pelagic polychaete ecology.

Abundance and biomass

Comparable to this study, several studies have investigated
pelagic polychaetes down to greater depths (Siciński 1988;
Guglielmo et al. 2014, 2019). The abundance, biomass,
depths of peak abundance and dominant family of
pelagic polychaetes based on the vertically stratified sam-
ples collected down to greater depths (750–1400 m) are
summarized in Table VI. All samplings were conducted
by applying a 200–335 μm mesh net, which may allow
us to make a somewhat quantitative comparison with
other studies. The maximum abundance of this study
(769 ind. 1000 m−3) is similar to that at Scotia Front in
the Southern Ocean (249 ind. 1000 m−3) (Siciński 1988).
On the other hand, the maximum abundances in the
Strait of Magellan (34 000 ind. 1000 m−3, Guglielmo
et al. 2014) and South Adriatic Sea (14 500 ind. 1000 m−3,
Guglielmo et al. 2019) are much higher than those in
the present study (Table VI). The high abundance of
pelagic polychaetes in the Strait of Magellan and South
Adriatic Sea might be related to the semi-enclosed
locations of the study areas (Guglielmo et al. 2014,
2019).

At shallower depths, the mean abundances of pelagic
polychaetes have been reported as 143–549 ind. 1000m−3

at 0–200 m depths in the Gulf of Tehuantepec, east-
ern subtropical Pacific (Fernández-Álamo and Sanvicen-
te-Añorve 2005), and 374 ind. 1000 m−3 at depths of 0–
75 m along the eastern South Adriatic coast (Batistić et al.

2007). Thus, the mean abundance of this study (50–137
ind. 1000 m−3) is comparable to those in the Southern
Ocean, eastern subtropical Pacific and South Adriatic
coast.

In this study, the vertical distribution of wet weight
biomass was also evaluated (Fig. 4). Information on com-
parable biomass is available from the Strait of Magellan
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(Siciński 1988) and the Scotia Front (Guglielmo et al.

2014). The annual mean of the total wet weight biomass
in this study (517 mg WW 1000 m−3) was set between
the two studies (Table VI). Although comparable data are
scarce, from the viewpoint of material flux and energy
flow within the ecosystem, information on biomass is
needed for future study.

Regional comparison of community
structure

In the present study, 10 pelagic polychaete species belong-
ing to nine genera and six families were identified from
the 0 to 1000 m water column (Table II). Concerning
the species number of pelagic polychaetes, based on
CalCOFI samples, the presence of a clear latitudinal pat-
tern is reported for the 0–200 m water column between
21◦N and 40◦N latitudes off California, eastern North
Pacific (Fernández-Álamo et al. 2003). According to Fer-
nández-Álamo et al. (2003), the pelagic polychaete com-
munity has been divided into three groups: the north,
south and transition groups. The north group is charac-
terized by high abundance and relative divergence (11
species), the south group is characterized by low abun-
dance but the most divergence (16 species) and the tran-
sition group has the lowest abundance and species diver-
sity. The number of species in this study (10 species) is
close to that of the northern group of Fernández-Álamo
et al. (2003) (11 species). Similar latitudes of the northern
group of Fernández-Álamo et al. (2003) and this study
may explain the comparable species diversity of the two
studies. Thus, the study region of this study is character-
ized by a high abundance of pelagic polychaetes, which
may be related to the high productivity of the region
(Fernández-Álamo et al. 2003).

Concerning dominant species, various studies con-
ducted down to greater depths reported that P. longicirrata

is the most numerically dominant species (Siciński
1988; Guglielmo et al. 2014). P. longicirrata was also
the most numerically dominant species in this study
(Table II). From the viewpoint of family composition,
Lopadorrhynchidae, including P. longicirrata, comprised
75–96% in the Strait of Magellan, the Scotia Front and
the western subarctic Pacific (Table VI). On the other
hand, in the South Adriatic Sea, Lopadorrhynchidae
occurred only at 2% and was replaced by Tomopteridae,
comprising 67% (Guglielmo et al. 2019) (Table VI). These
facts indicate that a large regional pattern is present for
the pelagic polychaete community. In addition to the
community structure, the vertical distribution of the same
species also varies with the region. Thus, P. longicirrata is
distributed at 100–400 m in the Strait of Magellan from
March to April (Guglielmo et al. 2014) and the Southern

Ocean during October (Siciński 1988) and at 0–75 m
in the Adriatic Sea throughout the year (Batistić et al.

2007). In the present study, P. longicirrata occurred from
300 to 1000 m throughout the year (Fig. 4). This suggests
that seasonal or geographical changes are present in the
depth ranges of the cosmopolitan pelagic polychaete
species (P. longicirrata). Clearly, more study is needed for
generalization of this concept.

Diel and seasonal change in community
structure

For diel changes in the pelagic polychaete community,
high density at the surface layer during the night was
observed for abundance in February and April and for
biomass in February and July (Figs. 4 and 5). These facts
suggest that such diel changes in vertical distribution may
be caused by the nocturnal ascent diel vertical migra-
tion (DVM) of pelagic polychaetes. In fact, nocturnal
ascent DVM was detected for the shallower dwelling T.

septentrionalis in April and July in this study (Amei unpub-
lished data). Concerning theDVMof pelagic polychaetes,
Guglielmo et al. (2011) reported that two epipelagic poly-
chaete species (P. longicirrata, Tomopteris planktonis) showed
high abundance at night, whereas their vertical distribu-
tions were stable throughout the day based on samplings
at 0–190 m depths in the Strait of Magellan. These
facts suggest that nocturnal ascent DVM was present for
the epipelagic dwelling polychaetes. However, their diel
changes may be limited for the species distributed more
shallowly, and no diel changes were detected in terms
of the community structure of the pelagic polychaetes
(Fig. 7).

Concerning seasonal changes, polychaete community
group C was observed only for in limited seasons (April
and July) (Fig. 7). Group C was characterized by the
dominance of P. meseres (Table IV). As a special ecological
characteristic of P. meseres, this species feeds on sinking par-
ticles by extending the mucus web, which is not observed
for other pelagic polychaete species (Uttal and Buck 1996;
Robison et al. 2010). Seasonally, the amount of sinking
particles at St. K2 evaluated by the sediment trap is
known to be high during April and July (Honda et al.

2016, 2017). This season corresponds with the timing at
which group C was observed for the pelagic polychaete
community. The shallower shift in the vertical distribution
of each pelagic polychaete community in July (Fig. 7) may
be related to the high sinking particulate flux during that
period (Honda et al. 2016, 2017). Thus, seasonal changes
in the amount of passive sinking particle flux are sug-
gested to affect seasonality in the pelagic polychaete com-
munity, especially the sinking particle feeder (P. meseres)
at St. K2.
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Vertical changes in community structure

For the grouping of the pelagic polychaete community,
the temporal factors (diel and seasonal) had a relatively
small effect (P < 0.05), and the most important factor
in determining the grouping was the depth (vertical)
(P < 0.001) (Table V). The most prominent vertical
changes in the environmental parameters at St. K2 were
at the occurrence of the five water masses vertically
(Fig. 3) and the development of the exclusive oxygen
minimum layer below 200 m depth (Fig. 2). Although
other parameters (temperature, salinity and fluorescence)
also showed vertical changes, these changing patterns are
common for the worldwide ocean. Next, we argue for
their effects on the pelagic polychaete community.

Concerning water masses, the pelagic polychaete com-
munity has been reported to be strongly affected by
water masses in the South Adriatic Sea (Guglielmo et al.

2019). The effect of water masses on the polychaete
community was also present in this study (Table III). It
should be noted that although both water mass and poly-
chaete community separated into the same numbers: five
groups, their species-specific corresponding pattern (i.e.
each water mass has a different polychaete community)
was not the case. In this study, the water masses sepa-
rated and varied vertically, and the distribution showed
limited seasonal change only in the near-surface layer
(Fig. 3). These stable hydrographic characteristics may
allow adaptation of each pelagic polychaete species for
suitable conditions that may vary with species. In addition
to the changes in water masses, other environmental
characteristics, such as DO (Fig. 2) and the quality and
quantity of the sinking particles (Wilson et al. 2008), may
also vary vertically. However, since these vertical changes
in environmental parameters occur sympatrically, it is
difficult to identify, distinguish or separate the effect of
each parameter on the pelagic polychaete community.

Interestingly, the four dominant species in this study
had species-specific abundant communities (Table IV),
and their feeding modes varied with species. For the shal-
lower depths (0–150m) characterizedwith the three water
masses (SPW, DTW and TW), the dominant species of
the pelagic polychaete community groups A and B were
both carnivorous: T. muelleri and T. septentrionalis (Figs. 6
and 7). This may be related to the biomass of their prey
(other zooplankton) being high at the surface layer, which
was quantified by the same vertical stratified net samples
used in this study (Kitamura et al. 2016).

For the middle layer (150–500 m) characterized by
the two water masses (TW and MTW), the dominant
species P. meseres is known to feed on sinking particles
such as fecal pellets via the deployment of a mucus
web or grasping with ciliated tentacles (Uttal and Buck

1996). These facts suggest that P. meseres is adapted for life
in the deep realm. Adding to such feeding modes, the
weight-specific oxygen consumption rate of P. meseres is
reported to be extremely low (1.7–6.8% of that of the
other pelagic polychaete species) (Thuesen and Childress
1993). In the present study region, the development of
the oxygen minimum layer, which was characterized by
extremely low DO (<2 mL L−1), occurred below 200 m
depth (Fig. 2). For the vertical distribution of Poeobius sp.,
it has been reported that they form prominent peaks just
below the thermocline (Christiansen et al. 2018). These
ecological characteristics of P. meseres corresponded well
to the environmental characteristics of the depths (150–
500m) of their abundance groups, C and D, e.g. below the
thermocline and extremely low DO (Fig. 7).

For the deepest layer (500–1000 m) characterized by
the one water mass (DW), group E was predominated
by P. longicirrata throughout the year (Figs. 6 and 7). In
terms of feeding modes, P. longicirrata is reported to be
an herbivore feeding on phytoplankton (Hopkins and
Torres 1989). However, considering their vertical distri-
bution (500–1000 m), it is difficult to assume that fresh
phytoplankton are the main food items of P. longicirrata in
the study region. Notably, within Lopadrynchidae, only
the genus Pelagobia has a pair of diminutive mandibles
or two hooks at the pharynx (Uschakov 1974; Fauchald
and Jumars 1979; Jumars et al. 2015). From the presence
of such feeding apparatuses (fangs), Jumars et al. (2015)
suggest that Pelagobia species feed on gelatinous prey or
skin andmucus from fish (as in the case of Lopadorrhynchus),
obtaining the observed diatoms secondarily from the gut
or surface of their prey. To clarify the feeding modes of
Pelagobia species, the application of stable isotopes to their
bodies and molecular analysis of their gut content may
provide new insights in the future.

CONCLUSION

Through observations in four seasons covering day–night
down to 1000 m depth in the western subarctic Pacific,
the pelagic polychaete community was separated into
five groups. The distributions of each group separated
vertically and showed little diel and seasonal change.
Three factors are considered causes of these vertically
different communities of pelagic polychaetes. The first is
the differences in feedingmodes (e.g. food availability): car-
nivores were abundant at the surface. The second is the
adaptation for the oxygenminimum layer: the vertical dis-
tribution of the low weight-specific metabolic rate species
corresponded with the oxygen minimum layer. The third
is the water mass: the water mass and pelagic polychaete
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community varied vertically. Since these vertical changes
in environmental factors occurred sympatrically, it is dif-
ficult to identify, distinguish or separate their effects on
the polychaete community. To clarify the importance of
each environmental parameter on the pelagic polychaete
community, regional comparison, which is characterized
by highly different environmental conditions and/or lab-
oratory experiments for adaptation to lowDO conditions,
may be interesting for future study.

SUPPLEMENTARY DATA
Supplementary data is available at Journal of Plankton Research online.
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