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h i g h l i g h t s

• The dynamics of four dominant amphipods in the Oyashio region were studied during the spring.
• The utilization of the spring bloom was varied by species, specific for amphipod species.
• Three dominant amphipods achieved growth, maturation and reproduction during the spring.
• Species-specific utilization of the spring bloom may be related to life-cycle phenology.
• Less effect of water mass change on amphipods may be caused by their strong DVM.
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a b s t r a c t

Short-term changes in the population structure of dominant amphipods in the Oyashio region during the
spring bloom were studied and discussed from the perspective of the effect of water mass change and
the utilization of a phytoplankton bloom. Throughout the sampling period, amphipods belonging to 9
genera and 13 specieswere found. Among them, three amphipods (Cyphocaris challengeri, Primno abyssalis
and Themisto pacifica) accounted for 89% of the total amphipod abundance and 92% of the biomass. For
C. challengeri, the compositions of egg- and juvenile-carrying specimens within mature females were
increased through April; juveniles exhibited a drastic increase in late April. These facts suggest that
C. challengeri primarily achieved reproduction during the spring phytoplankton bloom. For P. abyssalis,
growth of themean body lengthwas observed for each juvenile cohort. Thus, P. abyssalis achieved juvenile
growth during the spring phytoplankton bloom. For T. pacifica, the compositions of egg- and juvenile-
carrying females increased through April. These facts suggest that T. pacifica achieved maturation during
the spring phytoplankton bloom. The effect of the water mass exchange on the amphipod population was
more moderate than that observed on the other macrozooplankton taxa. This finding may be a result of a
strong diel vertical migration behavior, which functions tomaintain the population position. The species-
specific differences in the amphipods in the utilization of spring phytoplankton may be related to the
species-specific life cycle timing (phenology) in this region.
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1. Introduction

Pelagic amphipods are widely distributed among zooplank-
ton communities in the world’s oceans (Raymont, 1983), and at
least 67 species occur in the western subarctic Pacific Ocean and
neighboring seas (Yoo, 1970). The three species reported as the
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dominant amphipods in the Oyashio region are the following: 2
hyperiids (Primno abyssalis Bowman and Themisto pacifica Bow-
man) and 1 gammarids (Cyphocaris challengeri Stebbing) (Yamada
and Ikeda, 2006). Amphipods prey on other zooplankton (calanoid
copepods, mysids, chaetognaths and euphausiids) (Pakhomov and
Perissinotto, 1996; Froneman et al., 2000; Auel et al., 2002; Mar-
ion et al., 2008; Kraft et al., 2013), while they are preyed upon by
marine birds (Rosing-Asvid et al., 2013), demersal fishes (Demp-
son et al., 2002; Walkusz et al., 2013), seals (Nielssen et al., 1995)
and whales (Lowry and Frost, 1984). Thus, in a marine ecosystem,
pelagic amphipods play a vital role in connecting between sec-
ondary production and higher trophic production. Because of their
importance, various studies have been conducted on their ecology,
such as diel vertical migration (DVM), life cycle and diet (Marion
et al., 2008; Kraft et al., 2013; Semenova, 1974; Ikeda, 1995; Ikeda
and Shiga, 1999; Harvey et al., 2009; Olsen et al., 2014). In the Oy-
ashio region, the life cycle and population structure of three dom-
inant amphipod species have been reported (Yamada and Ikeda,
2006, 2000, 2003; Yamada et al., 2002, 2004). However, all of these
studies were based on samples that were collected in monthly or
bimonthly intervals, and no information is available for short-term
changes in the amphipod community or population structure.

In the Oyashio region, during the spring, dominant water
masses characterized by different temperatures are known to
change drastically at the surface layer within a short time period
(Kono and Sato, 2010). Simultaneously, a large phytoplankton
bloom is known to occur at the surface layer, and approximately
half of the annual primary production is concentrated during the
spring (Saito et al., 2002; Liu et al., 2004; Ikeda et al., 2008).
Because amphipods are reported to reproduce and grow during
the spring bloom (Yamada and Ikeda, 2006), evaluation of the
effects of the water mass exchange and primary production
on the amphipod community and population dynamics is of
special interest. To evaluate the biological responses to the spring
phytoplankton bloom, high-frequency samplings were conducted
at a fixed station in the Oyashio region. This project, known as the
‘‘Ocean Ecodynamics Comparison in the Subarctic Pacific’’ (OECOS),
is endorsed by the North Pacific Marine Science Organizations
(PICES). Through the OECOS project, short-term changes in various
taxa have been evaluated, e.g., epi- and mesopelagic copepods
(Yamaguchi et al., 2010a,b; Abe et al., 2012), euphausiids (Kim
et al., 2010a,b) and hydromedusae (Abe et al., 2014); however, no
information is available for the dynamics of amphipods during the
same period.

As part of theOECOS project, this study aimed to evaluate short-
term changes in the population structure of the three dominant
amphipods (C. challengeri, P. abyssalis and T. pacifica) in the Oy-
ashio region during March and April 2007. We analyzed the three
dominant amphipods based on the Bongo net samples that were
collected between 0 and 200mwith 4- to 5-day intervals and eval-
uated the effects ofwatermass changes and phytoplankton blooms
on their population. Species-specific differences in the responses to
these environmental changes were discussed from the viewpoint
of their ecology (e.g., DVM, life cycle and phenology).

2. Materials and methods

2.1. Field sampling

Macrozooplankton samples were collected at a single station
(42°00′N, 145°15′E, depth approx. 4000 m) in the Oyashio region
of the western subarctic Pacific at night (20:00–21:00 local time)
on the 9th and 14th of March and the 6th, 8th, 10th, 12th,
15th, 17th, 20th, 25th and 30th of April 2007 (Fig. 1). Bongo
nets (70-cm mouth diameter, 315-µm mesh size) were obliquely
towed from a 200-m depth to the surface (400-m wire with 60°
A B

C

Fig. 1. Location of the Oyashio region (A) and sampling station (star) in the Oyashio
region (B). For A and B, the approximate current flows are shown. The lower three
panels are the results from the FRA-ROMS analyses, which back-calculated the
origin of the water masses at each sampling date (C). COW: coastal Oyashio water
(25 April); MKW: mixed Kuroshio water (12 April); OYW: Oyashio water (6 April).

wire angle) at a speed of 2 knots. Because of the limitation of
shipping time, only one net tow was made on each occasion.
After collection, the samples were immediately preservedwith v/v
5% borax-buffered formalin–seawater. The filtered water volumes
were estimated from the readings of a flow-meter (Rigosha Co. Ltd.,
Tokyo) mounted on a net ring.

The environmental parameters of temperature, salinity and
chlorophyll a (Chl. a) fluorescence were measured with a CTD
(SBE-9 plus, Sea Bird Electronics, Washington) cast at each sam-
pling. Based on the temperature and salinity data, the mixture
ratios of the threewatermasses (Coastal OyashioWater: COW;Oy-
ashioWater: OYW;modified KuroshioWater:MKW) in the 0–50m
water column were calculated (Kono and Sato, 2010). Regarding
food conditions, themesozooplanktonwetmass (gWMm−2) data,
collected with twin-NORPAC nets (100- and 315-µm mesh sizes,
45-cm diameter) from 0–150 m during the nights of March 9–14
andApril 6 toMay1,were analyzed (Yamaguchi et al., 2010a). Sam-
ples collected by twomesh sizes were used for different purposes:
species identification for fine-mesh samples and wet mass estima-
tion for coarse-mesh samples. Because the results of both mesh
sizes (WM in course-mesh samples and biovolume in fine-mesh
samples) were highly correlated (r2 = 0.92, p < 0.0001), tempo-
ral changes in bothmesh net samples were confirmed to be similar
(Yamaguchi et al., 2010a).
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2.2. Enumeration and measurement

All samples were examined in the land laboratory. All
amphipods in the sampleswere sorted and enumerated by species.
Identifications were made based on Nagata (Nagata, 1997); for
juveniles, identifications were made based on several relevant
references in this region (Yamada et al., 2004; Yamada and
Ikeda, 2001a,b). For the three most abundant species, namely C.
challengeri, P. abyssalis and T. pacifica, body length (BL, mm) was
measured as the maximal distance between the tip of the head
and the distal end of the uropod (or telson for C. challengeri) of the
straightened body with an eye-piece micrometer with a precision
of 0.05–0.10 mm. The number of segments in the first pleopod
was counted to determine the instar stage of each amphipod.
Specimens were separated into 5 categories according to the
developmental stage and sex (juvenile, immature male, mature
male, immature female and mature female) (Yamada and Ikeda,
2000; Yamada et al., 2002, 2004; Yamada and Ikeda, 2001a,b,
2004). Wet mass (WM, mg ind.−1) was estimated from the BL by
the following equations that varied by species (Yamada and Ikeda,
2000):

C. challengeri: WM = 0.027 BL2.71
P. abyssalis: WM = 0.023 BL2.88
T. pacifica: WM = 0.029 BL2.82.

The estimatedWMwas converted to dry mass (DM, mg ind.−1)
using the reported water content of each species (C. challengeri:
80.1%, P. abyssalis: 77.4% and T. pacifica: 77.2% Yamada and Ikeda,
2003). For the other amphipod species, the WM was directly
measured using an electric balance (precision of 10 mg; Mettler
Toledo) with the aid of a pre-weighed mesh. The WM data were
converted to DM using an equation (Kotori, 1976) (DM = 0.12
WM). For C. challengeri and T. pacifica mature females, additional
identification was determined for the specimen condition: egg- or
juvenile-carrying and presence or absence of parasitic ellobiopsids
(Thalassomyces marsupii) within the marsupium (Kane, 1964;
Wing, 1975).

2.3. Data analysis

2.3.1. Analysis on the origin of a water mass
To clarify the origin of the water mass at the surface layer

(depths of 10, 20, 30, 50, 75, 100, 125, 150 and 200 m) on each
sampling date, re-analyses of the hydrographic data (temperature,
salinity, sea surface height and geostrophic velocity) were per-
formed using a 1/10° grid high-resolution ocean model known as
the Fisheries Research Agency Regional Ocean Model (FRA-ROMS;
Fisheries Research Agency of Japan, 2014, http://fm.dc.affrc.go.
jp/fra\T1\ndashroms/index.html). FRA-ROMS is a ROMS (Rutgers
University and UCLA, http://myroms.org/index.php) based on an
oceanmodel that assimilates satellite sea surface heights and tem-
peratures and field study data in the North Pacific via a three-
dimensional variation method that uses an empirical orthogonal
function (EOF) joint mode (Fujii and Kamachi, 2003) and then
generates the realistic re-analysis products. Lagrangian particle-
tracking experiments were conducted using the FRA-ROMS
velocity field. The positions of the particles were estimated by cal-
culating an advection equation, which were inversely related to
time:
dx
dt

= −u (x, y, t),
dy
dt

= −v (x, y, t),

where (x(t), y(t)) is the position of a particle at time t and (u, v)
is the velocity at the position (x, y) at time t . For this calculation,
the time resolution was applied at 80 min. By linear interpola-
tion, (u, v) was estimated using a flow velocity of the FRA-ROMS
with a 1/10° horizontal resolution. We initially released particles
at the sampling station (42°00′N, 145°15′E) and conducted a parti-
cle backtracking experiment for the past sixmonths.We examined
the temporal change in the locations of the released particles to de-
termine the origin of the water and evaluated the observed water
temperature changes.

2.3.2. Cohort analysis on body length
For the three most dominant amphipods (C. challengeri, P.

abyssalis and T. pacifica), cohorts were analyzed based on BL
frequency distribution data of each sampling date fitted to normal
distribution curves. Length-frequency data were separated into
multiple normal distribution curves by the aid of the free software
‘‘R’’ with an add-on package ‘‘mclust’’ (Fraley et al., 2012).

2.3.3. Correlation analysis with environmental parameters
For the three dominant amphipod species (C. challengeri, P.

abyssalis and T. pacifica), the abundance (ind. m−2) and biomass
(mg DM m−2) of each species were quantified for each sampling
date. Then, a correlation analysis with environmental parameters
(e.g., Julian day from 1March, integratedmean temperature, salin-
ity, Chl. a, water mass mixing ratio in the 0–50 m water column
and zooplankton biomass in the 0–150 m water column) was per-
formed.

3. Results

3.1. Hydrography

Temporal changes in the temperature, salinity, Chl. a, water
mass mixing ratio and mesozooplankton biomass from 9March to
1May 2007 are shown in Fig. 2. During this period, the temperature
and salinity varied between 2 and 6 °C and 33.2 and 34.2, respec-
tively (Fig. 2. A, B). Chl. a had three peaks (1–6 mg m−3) on the 7,
11 and 23 of April (Fig. 2(C)). For the water mass mixture ratio in
the 0–50mwater column, the OYW andMKW composed approxi-
mately half of the watermass duringMarch. Cold COWoccurred in
early April, and the timing of its occurrence correspondedwith the
timing of the Chl. a peaks that were mentioned above. For the 11
Bongo net sampling dates, the dominant water masses were COW
for the 20 and 25 of April, OYW for 14March and 6 April andMKW
for 9 March and 8, 10, 12, 15, 17 and 30 April (Fig. 2(D)).

From the Lagrangian particle-tracking experiments using FRA-
ROMS, the origin of thewatermasswas estimated to be varied. The
origin of COW was estimated to be in the Okhotsk Sea, whereas
the origin of OYWwas estimated to be the east Kamchatka current
that flows along the southern edge of the Kuril Islands (Fig. 1(C)).
During the OECOS sampling period, clockwise warm water eddies
were observed around the sampling station, and the origin of
MKW was associated with that warm water eddy (Fig. 1(C)). The
observedwater temperature during the past sixmonths also varied
with the water masses. The measured temperatures of COW, OYW
and MKW were 1.49–5.98 °C (3.95 ± 1.37 °C: mean ± 1 sd),
2.24–4.86 °C(3.29 ± 0.63 °C) and 3.58–8.10 °C (5.80 ± 1.37 °C),
respectively. The observed water temperature significantly varied
with the water mass (p < 0.001, one-way ANOVA) (Fig. 1(C)). The
mesozooplankton biomass varied between 8.3 and 93.9 gWMm−2

(mean ± 1 sd: 66.2 ± 29.1 g WM m−2), was lower during March,
and increased 7-fold after 10 April (Fig. 2(E)).

3.2. Abundance and biomass

Throughout the sampling period, amphipods belonging to 9
genera and 13 specieswere observed (Table 1). Among these, three

http://fm.dc.affrc.go.jp/fra{\T1\ndash }roms/index.html
http://fm.dc.affrc.go.jp/fra{\T1\ndash }roms/index.html
http://fm.dc.affrc.go.jp/fra{\T1\ndash }roms/index.html
http://fm.dc.affrc.go.jp/fra{\T1\ndash }roms/index.html
http://fm.dc.affrc.go.jp/fra{\T1\ndash }roms/index.html
http://fm.dc.affrc.go.jp/fra{\T1\ndash }roms/index.html
http://fm.dc.affrc.go.jp/fra{\T1\ndash }roms/index.html
http://fm.dc.affrc.go.jp/fra{\T1\ndash }roms/index.html
http://fm.dc.affrc.go.jp/fra{\T1\ndash }roms/index.html
http://myroms.org/index.php
http://myroms.org/index.php
http://myroms.org/index.php
http://myroms.org/index.php
http://myroms.org/index.php


Y. Abe et al. / Regional Studies in Marine Science 3 (2016) 154–162 157
A

B

C

D

E

Fig. 2. Temporal changes in temperature (A, °C), salinity (B), chlorophyll a (C, mg
m−3), the ratio of water mass at 0–50 m (D, %) and mesozooplankton wet mass
at 0–150 m (E, mg WM m−2) in the Oyashio region between 9 March to 1 May
2007. Data in D and E are from Kono and Sato (2010) and Yamaguchi et al. (2010a),
respectively. COW: coastal Oyashio water; OYW: Oyashio water; MKW: modified
Kuroshio water.

amphipods (C. challengeri, P. abyssalis and T. pacifica) dominated
and accounted for 89% of the total amphipod abundance and 92%
of the total biomass.

The abundance of C. challengeri varied between 14 and
934 ind. m−2 (mean ± 1 sd: 167.5 ± 247.9 ind. m−2) during the
sampling period (Fig. 3). The biomass of C. challengeri varied be-
tween 0.03 and 1.32 g DMm−2 (mean± 1 sd: 247.48± 353.05mg
DMm−2). Both the abundance and biomasswere lowduringMarch
but increased from April onward.

The abundance of P. abyssaliswas 0.7–74.5 ind.m−2 (mean± 1
sd: 27.9±21.5 ind.m−2) during the sampling period (Fig. 3). Their
biomass ranged between 0.05 and 22.74mgDMm−2 (mean± 1 sd:
10.49 ± 7.24 mg DM m−2). Significant increases in the abundance
and biomass were detected across the sampling dates (Table 2,
Fig. 3). Primno abyssalis juveniles composed more than 50% of the
population throughout the sampling period (Fig. 3).

The abundance of T. pacifica varied between 4 and 216 ind.m−2

(mean ± 1 sd: 39.3 ± 39.6 ind. m−2) (Fig. 3). Their biomass
varied between 1.54 and 81.07 mg DM m−2 (mean ± 1 sd:
13.72± 18.61mgDMm−2). Both the abundance and biomasswere
Table 1
Mean abundance and biomass of planktonic amphipods in the 0–200 m water
column in the Oyashio region during March–April 2007. Values in parentheses
indicate percentage compositions relative to the total amphipod community.
Species are arranged in order of quantitative biomass.

Species Abundance (ind. m−2) Biomass (mgDMm−2)

Cyphocaris challengeri 167.60 (63.19) 247.48 (83.98)
Themisto pacifica 39.34 (14.83) 13.77 (4.67)
Primno abyssalis 27.90 (10.52) 10.49 (3.56)
Themisto japonica 23.27 (8.77) 9.79 (3.32)
Phronima sedentaria 0.32 (0.12) 5.89 (2.00)
Phranima atlantica 2.29 (0.86) 4.65 (1.58)
Hyperia medusarum 0.26 (0.10) 1.22 (0.41)
Scina borealis 3.96 (1.49) 1.00 (0.34)
Scina crassicomis 0.07 (0.03) 0.13 (0.05)
Vibilia gibbosa 0.03 (0.01) 0.11 (0.04)
Paraphronima gracilis 0.05 (0.02) 0.10 (0.04)
Scina spp. 0.03 (0.01) 0.04 (0.01)
Scina curvidactyla 0.08 (0.03) 0.02 (0.01)
Mimonectes diomedeae 0.05 (0.02) 0.01 (0.00)

low fromMarch to 10 April but increased after 12 April and peaked
on 25 April.

3.3. Body length and cohort

The BL of the three most dominant amphipods, namely C.
challengeri, P. abyssalis and T. pacifica, ranged from 2.4–15.0 mm,
1.4–6.8 mm and 1.4–9.2 mm, respectively (Fig. 4). A cohort analy-
sis identified 7 cohorts for C. challengeri,3–5 cohorts for P. abyssalis
and 4 cohorts for T. pacifica throughout the sampling period. The
separation of each cohort corresponded to the differences in the in-
star number (Fig. 5). Concerning the temporal changes in themean
BL of each cohort, an increase in BL occurred for the mean BL of
each cohort of P. abyssalis, whereas a decrease in BL occurred in C.
challengeri, which was caused by the new recruitment of juveniles
in the population (Fig. 5). No apparent temporal changes were de-
tected for the mean BL of each T. pacifica cohort during the study
period.

3.4. Egg- and juvenile-carrying and parasite occurrence

Among the C. challengeri females, the compositions of the egg-
or juvenile-carrying mature females increased, whereas those that
were not egg-carrying decreased during early April (Fig. 6(A)). Par-
asitized mature females with ellobiopsids appeared in April, and
their composition increased and reached 14.3% of the total female
population. For T. pacifica, the composition of egg- or juvenile-
carrying mature females increased during April (Fig. 6(B)). No par-
asitic infection of ellobiopsids was observed for T. pacifica in this
study.

3.5. Correlations with environmental parameters

From the correlation analysis between the amphipod abun-
dance or biomass and the environmental parameters, significant
correlations were observed for five parameters (Table 2). Posi-
tive correlations were observed between the Julian day and the
abundance or biomass of P. abyssalis and the mixing ratio of COW
and the abundance or biomass of T. pacifica. A negative correla-
tion was observed between the OYW ratio and the abundance of
P. abyssalis. Common among the three dominant amphipods, both
the abundance and biomass had positive trends with the Julian
day, COW ratio, Chl. a and mesozooplankton, whereas abundance
and biomass had negative trends with salinity and the OYW ratio
(Table 2).
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Fig. 3. Temporal changes in abundance, biomass and population structure (immature/maturemale/female and juvenile composition in abundance) of Cyphocaris challengeri,
Primno abyssalis and Themisto pacifica in the Oyashio region from 9 March to 30 April 2007. The dominant water masses at each sampling date are shown by the upper bars.
C: coastal Oyashio water: M: mixed Kuroshio water; O: Oyashio water.
Table 2
Correlation coefficients (r) between environmental parameters (Julian day, integrated mean temperature, salinity, mixing ratio of water mass, chlorophyll a and
mesozooplankton wet weight) and abundance and biomass of the three dominant amphipods, Chyphocaris challengeri (Cc), Primno abyssalis (Pa) and Themisto pacifica (Tp),
in the Oyashio region from March to April 2007. For details of the mixture ratio of water mass, see Kono and Sato (2010).

Abundance (0–200 m) Biomass (0–200 m)
Cc Pa Tp Cc Pa Tp

Environmental parameter
Julian day 0.247 0.781** 0.365 0.208 0.721* 0.349
Temperature (0–50 m) −0.113 0.053 −0.329 −0.121 −0.277 −0.280
Salinity (0–50 m) −0.163 −0.128 −0.414 −0.163 −0.407 −0.357
COW ratio of water mass (0–50 m) 0.218 0.539 0.626* 0.179 0.583 0.646*

OYW ratio of water mass (0–50 m) −0.238 −0.679*
−0.299 −0.211 −0.324 −0.221

MKW ratio of water mass (0–50 m) 0.042 −0.044 −0.362 0.024 −0.310 −0.431
Chl. a (0–150 m) 0.272 0.12 0.478 0.282 0.455 0.490
Mesozooplankton wet weight (0–150 m) 0.038 0.417 0.175 0.034 0.393 0.097

* p < 0.05.
** p < 0.01.
4. Discussion

4.1. Effect of water mass exchange

During the spring in the Oyashio region, the dominant water
masses at the surface layer varied temporally and a high concen-
tration of Chl. a appeared during the COW-dominant period (Kono
and Sato, 2010). Changes in the pico- and nano-phytoplankton
dominant species and the size compositions were reported to
also vary with the water masses (Sato and Furuya, 2010). For
the macrozooplankton taxa, a significantly high abundance of eu-
phausiids under low temperatures (Kim et al., 2010a) and a high
abundance and biomass of hydromedusa Aglantha digitale under
COW conditions were reported (Abe et al., 2014). In this study,
a significant positive correlation between the COW ratio and the
abundance and biomass of T. pacifica were also detected (Table 2).
Common to the other two species, the correlation coefficients with
the COW ratio were positive both in their abundance and biomass
(Table 2).
Three water masses observed in this study had a different
geographical origin and relative temperature. The origin of the
COWwas the Okhotsk Sea, and its relative water temperature was
in the middle of the three water masses (Fig. 1(C)). The middle
temperature of the COW suggests that the amphipod abundance
and biomass could not be explained by a simple temperature effect
alone. As an alternative explanation, the geographical origin of the
water masses, which varied from others, should be considered.
The Okhotsk Sea, the origin of the COW, is the southernmost ice-
covered ocean in the NorthernHemisphere. In the Okhotsk Sea, the
ice-melt freshwater near the surface layer becomeswarmer during
the summer (e.g., low density water with warner, less-saline
characteristics), and strong pycnocline develops between the
dense saline cold intermediatewater in the deep layer (Zenkevitch,
1963). Because of these special hydrographic characteristics (ice-
covered in winter and strong pycnocline in summer), large-sized
amphipods with a strong DVM are known to be dominant for
zooplankton communities in the Okhotsk Sea (Volkov, 2008). Thus,
the high amphipod abundance in the COW is considered to be
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Fig. 4. Temporal changes in the body length of Cyphocaris challengeri (A), Primno abyssalis (B) and Themisto pacifica (C) in the Oyashio region from 9March to 30 April 2007.
To create each panel, the length data were integratedwith 2–3 sampling dates. The numbers in parentheses are individual measurements. Smooth curves indicate the results
of a cohort analysis.
caused by the geographical origin of the water mass (Okhotsk
Sea).

During the OECOS period, other macrozooplankton taxa
(euphausiids and hydromedusae) are reported to be affected by
the water mass exchange (Kim et al., 2010a,b). Compared with
these taxa, the amphipods in this study have less association with
the water masses. Because of a lesser effect on the surface water
mass exchange on amphipods, the strong DVMof this taxon should
be considered. A nocturnal ascent DVM was observed for three
abundant amphipods in this study (C. challengeri, P. abyssalis and T.
pacifica) (Yoo, 1970; Semenova, 1974; Ikeda, 1995; Thurston, 1976;
Wing, 1976). During September, when the sea surface temperature
reached 18 ° C and a strong thermocline developed in the Oyashio
region, the magnitude of the DVM was reported to be 262 m and
280m for C. challengeri juveniles and females, 252mand48m for P.
abyssalis juveniles and females, and 354m and 134m for T. pacifica
juveniles and females, respectively (Yamada et al., 2004; Yamada,
2002). These large magnitudes of DVM may function to maintain
their population position because they reside at deep layers during
the daytime. A lesser effect of the water mass exchange on the
amphipod community and population, compared with the other
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A

C

B

Fig. 5. Temporal changes in the mean body length of each cohort of Cyphocaris
challengeri (A), Primno abyssalis (B) and Themisto pacifica (C) identified from Fig. 4.
Regression lines indicate temporal changes in the mean body length of each cohort
(Y : mm), exhibiting a significant relationship with the sampling dates (X: Julian
day). Instar numbers included in each cohort are shown in the panels. *: p < 0.05.

macrozooplankton taxa, might be a reflection of the strong DVM
behavior of the three dominant amphipods in this region.

4.2. Growth and reproduction

Because factors controlling amphipod abundance and biomass
add to the external water mass exchange, their internal growth
and reproduction may also be important. Actually, both the
abundance and biomass of all three dominant species had a
positive correlation coefficient with the Julian day (Table 2). These
facts suggest that the amphipods achieve growth (increase in
biomass) and reproduction (increase in abundance) during the
study period.
A

B

Fig. 6. Temporal changes in the population characteristics of females (not egg
carrying, egg carrying, with juveniles and parasitized) of Cyphocaris challengeri (A)
and Themisto pacifica (B) in the Oyashio region from 9 March to 30 April 2007.

For C. challengeri, compositions of egg- or juvenile-carrying
specimens within the mature females increased during April
(Fig. 6(A)) and the juvenile composition of the total population
increased rapidly during late April (Fig. 3). This species is known
to reproduce throughout the year, with a peak from April to July
(Yamada and Ikeda, 2000); active reproduction is expected to be
in late April in this study. From the BL cohort analysis, a significant
decrease in the mean BL of instar 4 along with the Julian day was
observed (Fig. 5(A)). Considering the increase in juvenile-carrying
females within the same period (Fig. 6(A)), released juveniles from
the marsupium of mature females may be recruited to instar
4 as new populations. Thus, C. challengeri primarily achieved
reproduction during the spring phytoplankton bloom. For mature
females, the composition of parasite-infected specimens increased
during April (Fig. 6(A)). The observed prevalence (14.3% of female)
in this study may be comparable to the highest value that is
reported in southeastern Alaska (range between 0% and 15%: grand
mean of two years, 1.5%) (Wing, 1975).

For P. abyssalis, the abundance of this study (mean 28 ind. m−2,
0–200 m) is similar to the reported values in this region
during March and April 1997/1998 (10–40 ind. m−2, 0–500 m
Yamada et al., 2002). Concerning biomass, the present results
(0.01 g DMm−2, Table 1) are much lower than the reported values
in March and April 1997 (0.1–0.2 g DM m−2 Yamada et al., 2002).
This large discrepancy may be caused by the vertical distribution.
The night vertical distribution depths of this species were reported
to be 200–400 m (southern Japan Sea Ikeda, 1995) or 150–500 m
(western subarctic Pacific Yamada, 2002). Considering such a deep
distribution of this species, the sampling depth of this study
(0–200 m) may have failed to collect the main population of this
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species. This is why the population structure of this species was
strongly skewed to juveniles (Fig. 3). The dominance of juveniles,
which was caused by the shallower sampling of this study, may
yield a lower biomass for this study than the reported value in the
previous study in this region (Yamada et al., 2002). In the Oyashio
region, the reproduction peak of this species is considered to be
during early summer (Yamada et al., 2002). Thus, P. abyssalis is
expected to grow during the sampling period. From the cohort
analysis on the BL of this species, the growth of the mean BL
was observed for each cohort (Fig. 5(B)). The regression formulae
between BL (Y : mm) and the Julian day (X: day) were Y =

0.008X +2.33, Y = 0.009X +2.72, and Y = 0.017X +2.72, for I3,
I4 and I5, respectively (p < 0.05 for all results). These daily growth
rates (0.008–0.017) correspond well with the reported value in
the Oyashio region (Y = 0.014X + 0.52 Yamada et al., 2002).
Thus, P. abyssalis may achieve juvenile growth during the spring
phytoplankton bloom.

The T. pacifica population in the Oyashio region is reported to
have four generations per year with a reproductive peak in early
summer andboth the abundance andbiomass peaks in the summer
(Yamada et al., 2004). In this study, the composition of egg- and
juvenile-carrying females of T. pacifica increased through April
(Fig. 6(B)). These facts suggest that T. pacifica achieved maturation
during the spring phytoplankton bloom. Themisto pacifica has been
reported as a host of ellobiopsid T. marsupii in southeastern Alaska
(Wing, 1975). No infected specimenswere observed in the Oyashio
region (Fig. 5). It may be partly caused by the low prevalence of
T. marsupii on T. pacifica. As a comparable value, 0.7% infection (2
infections in 275 specimens) has been reported in southeastern
Alaska (Wing, 1975).

4.3. Conclusions

For the three dominant amphipod species (C. challengeri, P.
abyssalis and T. pacifica) in the Oyashio region, the abundance and
biomass peaks were in the summer and reproduction was during
spring to summer (C. challengeri) or summer (P. abyssalis and T.
pacifica) (Yamada et al., 2002). From this study, the adaptation to
and utilization of the spring phytoplankton bloom varied among
amphipod species in terms of growth for P. abyssalis, maturation
for T. pacifica and reproduction for C. challengeri. These species-
specific differences in utilization of the spring phytoplankton may
be related to the species-specific life cycle timing (phenology) of
the amphipods in this region.
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