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SUMMARY

I. Title

© Trophic ecology of dominant Arctic zooplankter

II. Significances and Objectives of the Study

0 To understand the feeding ecology of copepods in the upper water layers
of the western Arctic Ocean

o Investigated the trophic ecology of copepods collected at the sea ice water

interface and from the water column

o To understand the feeding ecology of copepods that dominate the plankton
in the ARCTIC at different spatial and temporal scales during the summer

season

II. Contents of the Study

o The analysis of gut contents using microscopy (LM and SEM - at
Sangmyung University) and the analysis of chlorophyll a gut contents

0 Feeding experiments with algal cultures from the Arctic and other
invertebrates

o To the ecology and evolution of zooplankton with particular emphasis on
the Copepoda

0 The analysis of their trophic biology and ecology by microscopic
techniques (LM, TEM, SEM)

o Statistic analysis(correlation) between the gut pigment contents of copepod
species and environmental parameters such as chlorophyll a concentration
of ambient waters, seawater temperature and illumination (time of day/

season)

IV. Results of the Study

_iv_



0 Measured the gut pigment contents for 21 copepod species by the gut

fluorescence method

o The gut chlorophyll a values of most small size copepod (< 1 mm) were
lower than 0.85 ng Chl a individual *The highest gut pigment content was
recorded in Metridia longa (7.31 ng Chl a individual ).

o The gut pigment contents of 21 copepod species (including 27 samples and
987 individuals) estimated here represents a negative function of seawater
temperature (Pearson correlation, r = -0.292, p = 0.014) and was positively
correlated with the chlorophyll a concentration of ambient waters (Pearson
correlation, r = 0.243, p = 0.043).

o Mean gut pigment content, ingestion and clearance rates (from 27 samples
and 684 individuals) shows that larger copepods (> 2 mm) had
significantly higher values than medium sized copepods (1-2 mm) and
smaller sized copepods.

0 The present study confirms that copepods obtained from the western
Arctic were opportunistic feeders and the feeding on phytoplankton varied
with different sized copepod groups.

V. Suggestions for Applications

0 To make an estimate of the environmental changes such as indicator
species

o To Arctic ocean monitoring by change of zooplankton assemblage
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A EAE AU EEZTIE)S} LHAS(FEIFID)AlC E
FE A Y3 ol FHLE W T2 Y T stuoln. HEEFFAE A
FEH L FrlEdel vF A2 FEdd w2 dHes Ads=d F&sith
HEEHIE FFES WA A7 BEA dAAY ARz /7188 4
3t TEIFIAES AAIYEAR dFES oJFAVIEH TLY 988 ¥
TEETFIAEL FHOITEA olge AT FAANHoRN BT Fo ¥
3 28 BFoAM AAIAA oleAAH. FA TEEFIAEL Yol A
A duR e GEFES o)lTAIIEH & 71dE a3, AT 4 ﬂ% FEEA=
AZANNY. 28y TEIFIE EFT Aold w o 71049} ] OEg. 8
ZAire gl 718 IFE FAF 20X THSchminke 2007), 3, FAA, 5
A4 ElEd A8 T Odd A4 s8d we 259 44 JJrZQ HA LAkt

HA &tH(Schultes et al. 2006). &4 FEL 2E9 A4S A9 + d=d
(Meyer-Harms and von Bodungen 1997) ©& g %Ae]e] Ho] ) xHCotonnec et
al 2001), &7 &4 (Atkinson 1994, Wyckmans et al. 2007), &% (Katechakis et al.
2004), sH(DeMott 1986), =/ =/J(Cohen et al. 2007) Alo]olA FEE = Qi)

AAABAE, A, F718 5 AteldAX Y #AE PR 27 FxA
ol ZstA ﬁﬂlﬂﬂﬂt}(Morales et al. 1990; Moller 2005). 82tf#+= Z7|7F &
WA EE &t o]AseAE F53te AETH FZE FAFLEN {71 &0
ol 2 Fgsle 35S Asstn FZ A7 h(Froneman et al. 2000). A EZ %A E
e 87F A Az, 3708 A7l odY gL AT FE JFS vHY
(Hansen et al. 1997; Roman and Gauzens 1997; Gowen et al. 1999; Head et al.
1999). HlA AEE@daE A4, 247 449 dd A5 A glo 2 a7
= o] AYdA A HAZ 277 AAd digd A% AFolth o] AT FAHL
A4 FH e St FFESZAE "ol FE dHE Herle Aoy, 84
o 2371 954 a WEEL AN AN A FTaAdd dE T
ARE AT Bt



A 27 Ax L Py
1. 5EEH3E A3

2 ATE 8 SESHIES AU ofg2S B3 ESSAA AIHAA
by Ms. M.Sc. Mary Mar Noblezada on behalf of H.-U.Dahms, SMU, table
6-1, Fig. 6-1, Fig. 6-2). &% 3E As&E 72 AH £F 5SmelA 3007 500 um
T739 BIUEE AE3tY FHAHoRZ EQY. Hl oA FTEIZIAE UEE
ALgEL7] Aol AF7IE FH 484 ad AVHEE, £, F4HS FA%E CTD
E o83ty F2, FEFH #THEIE AU AHERE A HEL a 4
(Strickland and Parsons 1972)& $1$t A|5€ EF 1-2m olgiolA AF3ATt 5
FYEE E3 o3 HolR g9 RIAE flow meter2HE B4 R WA
A% WE&ES 3T F A 5% /sl §H4oE nFsAL, 1 o
8779 4% AFE AASAT. F HA AT WEESES ST2E 9 ¢
Fol B 3R AAALE AES A EAAZAT 28 UM AEE 20
°C A& HdA &7 AMAEAe] €9 W 7HA] RAsA.

2. 87t m7YE A 9 AL

HAALE 9 AsE BE AE7F 300-500 AATEE EFE o 74A
Folsom splitterg &3] Y& o5 /AL 47 Aol AFEFAHTE HEA
g 2Ad FEE A4 AAY Zolet 3MY =AYl A WHF[large (> 2 mm),
medium (1-2 mm), small (< 1 mm)]2 Yo} f2dn A4S AH83te BFoh
T 2% FFEv AA AFdd g3 AAFHoRHoH FAHE #3 Chen and
Zhang (1965), Chen et al. (1974) , Zheng et al. (1982)¢] #3 & F sttt &A
A AT AEZSFIE LIRS #EE dFERE Z €37 23717
AArEPE Y3 $3ss 8747 F9 AAN A

3. 9% a F&
ol FBE4A at parsons et al.(1984) HHo g2 SAHHJY. AE 4L aF
gk

[o]
S 98 4°C ¢2dA 90% olHNES ¥o &FH AFEPrt oM ES o] &
17 & AP o3 z=ZANA Turner

AE4L a BF FEee 4s W7 A
Designs Model 10 233 =AE T3 SAH}AT
4, 87b79] A7)H U A4 24
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A 3. 23
L 87479 H47=x

L7Zt7Y FATEE Holds AAsted T8 7153 9% H9E
gZo 3% 24/ FATEY AgU#H U HEES HluEAsAS AHA
olZEE o83 1x AESI FAtolA AR T Calanoid#! Temora turbinata
¢} Cosmocalanus darwini, 18] 31 poecilostomatoid®$¢] Farranula gibbula 2 7%
TZE 138 49 2o AA 67 A AA AT AFTH | |EEY 4L

TEEAN A Aoy Fau 2P ojws Zky YUY o] FEL F
F(diatoms)E FAstn F7 U A dg€oz fx2FY FFXE I
= < Zt3 QAT Poecilostomatoid#}Ql Farranula gibbula®] ©]%
23 B3 FHEA Holu AAE A S F IA Hol UM &
W 2 ATz FuUEH EAZI T turbinata®t C. darwinii<

$ 4 N =

Azt Holdel AEEZFFIES HAstes FAYAHolAUY. Poecilostomatoidl  F.
gibbula®] 743713 dole A7V ¢ 3 vHodSE A3 F
gibbula= WA A AR (scavenger) v A HEE FRTRE zZu YA

7% = Holdg BAY AFstEd FFsA XLt Holde
5% EE 02 77149 24& Evd 2o AES o2 2y

2. 274729 23718 W WEE

F9 %A calanoid(Calanus glacialis, C. hyperboreus, Scaphocalanus
acrocephalus, Metridia longa, Mimocalanus damkaeri, Neocalanus cristatus,
Paraeuchaeta glacialis, Temora turbinata, Cosmocalanus darwini)E SARA3t1 A
3713 W F2 FZ2F[Chaetoceros sp. (Fig. 6-5), Thalassiothrix sp. (Fig. 6-6),
Navicula sp. (Fig. 6-7D]& X 29 2o EASIY. T3 ©g& F8 FAA
calanoid(Aetidiopsis minor, Augaptilus glacialis, Heterorhabdus compactus)® 2
3 718 oA YABAES Radiolaria(Fig. 6-8)3 Coccolithphoria(Fig. 6-9)¢} €]
ZAL #2359} o)A % Gaetanus tenuispinus, Temorites brevis$t 22 M|
g o}E 44 3}l= micobivorous(Fig. 6-10)% 54 H Aot

3. 874F A7 FH W 54 a
AA 21F9 27479 As7|# UWEES FFEAAYHES 539 AAEY
S AAS 23 42 AV(<Imm) &7 4371 YWEE HELYLS 085 ng



Chl a individual '©) 1T}, Metridia longa®) 2371% W9 4=2%L 731 ng Chl
a individual '2 HW%S JERNT 2159 2AFQN AE, 987 437
# W AT 23 29 AAFIFAA(Pearson correlation, r=-0.292, p=0.014)E H
Fom ALY HEAY GFe= F9 AFAIBA(Pearson correlation, r=0.243,
p=0.043)5 Yetlidot. 27479 HAH F WEEQUN AE, 634N 277 &
(>2mm) 872HF7F FH1-2mm) 2 AP A7e 27t Hlsle YW dE AR E
HoFo

8779 As7|d W MA%E T ZAMRACM #E3A g s UE
Wyt did3arze .74% 2859 A% Scolecithricella minoroll 4 7.07 ng Chl a
individual '2 AW e B Y3, Undinula vulgaris)A 061 ng Chl a individual™
2 Hages vedthtable 6-2). S8 32719 2FAA = calanoid# ! Calanus
hyperboreus?} Z:3t71% W] Al @24 zH(245 ng Chl a individual )& vFERY
A3 HAFHE Temora discaudata(0.16 ng Chl a individual )% tHtable 6-2). 23
A719 22tF aAFANE 23717 W M9 %ol 09 ng Chl a individual "ol 3}
2 23 SAHAT. AF 7] aFAA Fdd L3 JE&E R AAES B
Z2 Neocdalanus cristatus 92™ 1 %€ 1.14 ng Chl a individual 't} =3 F
A YE&E 2 A2, HE&S B F& Temorites brevis(0.07 ng Chl a
individual ) ©]$1tH(table 6-2). ¥ ATFZ aJri/ﬂ AEFE Mdste aZdF7E 7
3 A EAAoIH, Z7] & AVY 8Z4FE 259 EAC " A7) g F

7o Holdg Asgves AL st



TEZHIESQ 84FE UgdA 1A AR AEZFIESL B2 AF
Atolel T a3t AZA g o)7] Wi FABHANA 717 HE 7] A o] h(Irigoien
et al. 2002; Tseng et al. 2008). ol& AHFZH/AAE FHA & F Jd+=d 847/
= dE% (Atkinson 1996), 7NAl Zo] (Morales et al. 1991), 34 (Saito and
Taguchi 1996), AZd¥ t}%A (Razouls et al. 1998), Hold9 =% (Atkinson,
1996), A& = (Ellis and Small 1989), =23 #Z& EZFg4 292 (Dam and
Peterson 1988) 53 Z< tt&¥d steprlgol o] HA 9 F3FS 7| dEolnt
AFEA o]Hd EHo] v B EFd dsld e 747 g& Holdd st
o ATE slokvt gt Holde HAE F AT Atoldl, MAEA WHEH
Z2H8 133 d=(Dahms et al. 2006, Meyer et al. 2002), A (Dahms and Qian
2006)°] whElA W3S ot} ol FF HFH 753 Holge 7HWIE u
gt AAEE W3 E dodrE ok HAAATE ofvtxE HHH AW (Go et
al. 1998) B]’d & & (Turner et al. 2001)¥ ZAeolth. Ao /73 Assrd &
S 8727 AAdHE S o3fste=d o#we T JdH(Kleppel 1992). ©]E9
A dsdTE T3 24/ HANEE osstE e v A7t °]—Er°17¢]
+Hl(Tackx et al. 2003) &2/ A37]|#W WEES AHPHLE 4L st
UH(Wu et al. 2004)3 259 wjHdEES &3 A7 (Turner et al. 2001)7} 13‘101
o 2y A371# W WEE B WAES BASE HHEE 84R/Y &3Ago
a9 ““}Eil B2 HoldY gRFE -3 7] X3y wWEe a74F/FY Hold
TZE BNt SRS Aol oA =AU & A Ee 3 24
““ﬂ“’] calanoid 27}/ ¢] Hold& A3t 4H &S AFEN = AFHLe
A8 5 1 9 tH(Kleppel et al. 1996).
Hold o AFEA S e e 8%lo] A& FE 47HAY F8
g aQlo] ded A, A7 AT EF, 54 283 ¥t vF ZA
U UF e vAzFRE TEEFIEC] A4 71 flth(Brendelberger 1991).
Az Z7E A9t ‘3.01%94 G 2 7F7F AFH, Astsle v & 9

Eli—.a ZEA 0}’7(Hamrn et al. 2003) Hqade &

(Porter 1976). Alt}7t 7] & S ESHIAEL Holdd

AE AZ3e= Ao A= AR AAHAY. oA U

719 94']1 gutyg o=z @% At Holge v dui= o3 FRE
A 4

a%
S zt3 9o} Microcystis aeruginosa ¢ 3% =4
ALY Ao AFH/AHAEQ] FFE AT AoeFE TAIHYG(Jang et

o Mt e i
2



2003). 279 A¢ TEEFZAEC 9T HHA(AIHES 251 /7Y IAAE
¥ &34 o]t (Lampert 1981). 2247 &
04zt sjFAE A UM vl BE FHEHH

A o] °‘S§31E‘r(lrg01en et al. 2002). TTE=F¢ HFEA 7|HEd 2479 SN

Ao HETYo] AdtE e ALRE dai Bk ZEAQ offE AHI =9
olth. 2yt FA IF E IF¥EY F=d g =Y+ o] FARAHDahms

et al. 2006, Dahms and Qian 2005).

2 AFNA AsV|#H ) AAEA A 27479 HFH 2 WEES F

AR dstA vEwt. ¥ 2719 47+ AFH 2 HEEo T9

2 4F =AY 87HF vlE wg =2 @& YEURAT 3 2719 84 F

A% A7Y a74RFY HAFe A AoluA Eith AU | AAF

1EEFIAEY v=9 AXY A7IC1I0um$ "R7HAE 872b{79 =771 $71%

o wet o] Frtste Aol Aot tE 2R ATAFAA TEH AT (Morales

et al, 1990). & ¥ TEZTZILEH "R RE 24/ JHAY 277 St

ol met o B2 Holds A3 ch(Hansen et al. 1997). ¥ AT2#4 % 7]}‘94

22 dad # dFAdel dxsYH(Morales et al. 1991). 2717F & 8.7+5F

As7|#e] 97t 23 EAYAE A £ dUAE Z8E 37 Wi ‘ﬂ?ﬂ]

AN} FEFE AFVE W EEL a9 #S F718HA IHH(Tseng et al.

2008) 2 ATZAFdA, 53] dF, T2 ]9] {ZFFAA Ast7]H Wl A

& Feo] ZESLE I g A d4S HIY. o)A L2 Dam and Peterson

(1988)01]7‘1 olxeo) A& sttt &HFI|H ‘—H i ZAA Y 954 a9 §&

o Fo] AABAE eI ole 7€YY ATFZAFolA AMAFIH Hold ¥

Z(Ellis and Small 1989) & AEZTHIAEY & 2 AZA7IC10um)Y FA

(Froneman et al. 2000004 = A A234E EAT
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The goal of the present study was to understand the feeding ecology of
copepods in the upper water layers of the western Arctic Ocean. We
investigated the trophic ecology of copepods collected at the sea ice water
interface and from the water column. The objective was to understand the
feeding ecology of copepods that dominate the plankton in the ARCTIC at
different spatial (horizontal and vertical distribution) and temporal scales during
the summer season.

Feeding of Arctic zooplanktonic copepods was investigated by the
analysis of gut contents using microscopy (LM and SEM - at Sangmyung
University) and the analysis of chlorophyll a gut contents (at the NTOU in
Keelung, Taiwan). Furthermore, were feeding experiments done with algal
cultures from the Arctic and other invertebrates. Field sampling and laboratory
analysis and experiments provide an integrated approach to the ecology and
evolution of zooplankton with particular emphasis on the Copepoda. Several
microscopic techniques (LM, TEM, SEM) are used for the analysis of their
trophic biology and ecology. Measurements of the gut pigment contents of as
many as possible copepod species allowed to differentiate between different
feeding guilts. The gut pigment contents of copepod species was correlated with
environmental parameters such as chlorophyll a concentration of ambient waters,
seawater temperature and illumination (time of day/ season).

We measured the gut pigment contents for 21 copepod species by the
gut fluorescence method. The gut chlorophyll a wvalues of most small size
copepod (< 1 mm) were lower than 0.85 ng Chl a individual™*. The highest gut
pigment content was recorded in Metridia longa (7.31 ng Chl a individual ™).
The gut pigment contents of 21 copepod species (including 27 samples and 987
individuals) estimated here represents a negative function of seawater
temperature (Pearson correlation, r = -0292, p = 0.014) and was positively
correlated with the chlorophyll a concentration of ambient waters (Pearson
correlation, r = 0.243, p = 0.043). Mean gut pigment content, ingestion and
clearance rates (from 27 samples and 684 individuals) shows that larger
copepods (> 2 mm) had significantly higher values than medium sized copepods
(1-2 mm) and smaller sized copepods. The present study confirms that copepods
obtained from the western Arctic were opportunistic feeders and the feeding on
phytoplankton varied with different sized copepod groups. Particular items of gut
content and gut pigment content demonstrated that different sized copepods



preferred different food sources and belonged to different feeding guilts.

_10_



A 5% FuEd

Atkinson A (1994) Diets and feeding selectivity among the epipelagic copepod
community near South Georgia in summer. Polar Biol 14: 551-560.

Atkinson A (1996) Subantarctic copepods in an oceanic, low chlorophyll
environment: ciliate predation, food selectivity and impact on prey
populations. Mar Ecol Prog Ser 130: 85-96.

Brendelberger H (1991) Filter mesh-size of cladocerans predicts retention
efficiency for bacteria. Limnol Oceanogr 36: 884-894.

Ceballos S, Alvarez-Marques F (2006) Reproductive activity and physiological
status of the calanoid copepods Calanus helgolandicus and Calanoides
carinatus under food-limiting conditions. ] Exp Mar Biol Ecol 339: 189-203.

Chen QC, Zhang SZ (1965) The planktonic copepods of the Yellow Sea and the
East China Sea. I. Calanoida. (In Chinese, with English abstract). Stud
Mar Sinica 7: 20-133.

Chen QC, Zhang SZ, Zhu CS (1974) On Planktonic copepods of the Yellow Sea
and the East China Sea. II. Cyclopoida and Harpacticoida (In Chinese, with
English abstract). Stud Mar Sinica 9: 27-100.

Cotonnec G, Brunet C, Sautour B, Thoumelin G (2001) Nutritive value and
selection of food particles by copepods during a spring bloom of

Phaeocystis sp. in the English Channel, as determined by pigment and
fatty acid analyses. ] Plankton Res 23:693-703

Dagg M]J], Wyman KD (1983) Natural ingestion rates of the copepods
Neocalanus plumchrus and N. cristatus calculated from gut content. Mar
Ecol Prog Ser 13: 37-46.

Dahms, H.-U., Qian, P.-Y. (2005). Exposure of biofilms to meiofaunal copepods
affects the larval settlement of Hydroides elegans (Polychaeta). Mar Ecol
Prog Ser 297:203-214.

Dahms HU, Qian PY (2006) Kin-recognition during intraspecific predation of

_11_



Harpacticus sp. (Copepoda, Harpacticoida). Zool. Stud. 45 (3): 395-403.

Dahms HU, Harder T, Qian P-Y (2006)Selective attraction and reproductive
performance of a harpacticoid copepod in a response to biofilms. J Exp
Mar Biol Ecol 341: 228-238.

Dam HG, Peterson WT (1983) The effect of temperature on the gut clearance
rate constant of planktonic copepods. J Exp Mar Biol Ecol 123: 1-14.

DeMott WR, Tessier AJ (2002) Stoichiometric constraints vs. algal defenses:
Testing mechanisms of zooplankton food limitation. Ecology 83: 3426-3433.

Ellis SG, Small LF (1989) Comparison of gut-evacuation rates of feeding and
non—feeding Calanus marshallae. Mar Biol 103: 175-181.

Froneman PW, Pakhomov EA, Perissinotto R, McQuaid CD (2000) Zooplankton
structure and grazing in the Atlantic sector of the Southern Ocean in late
austral summer 1993. Part 2. Biochemical zonation. Deep Sea Res 1 47:
1687-1702.

Go YB, Oh BC, Terazaki M (1998) Feeding behavior of the poecilostomatoid
copepods Oncaea sp. on chaetognaths. ] Marine Syst 15: 475-482.

Gowen R]J, McCullough G, Kleppel GS, Houchin L, Elliott P (1999) Are copepods
important grazers of the spring phytoplankton bloom in the western Irish
Sea? ] Plankton Res 21: 465-483.

Hamm CE, Merkel R, Springer O, Jurkojc P, Maier C, Prechtel K, Smetacek V
(2003) Architecture and material properties of diatom shells provide
effective mechanical protection. Nature 421: 841-843.

Hansen PJ, Bjgrnsen PK, Hansen BW (1997) Zooplankton grazing and growth:
Scaling within the 2-2000-7m body size range. Limnol Oceanogr 42:
687-704.

Head RN, Harris RP, Bonnet D, Irigoien X (1999) A comparative study of size

fractionated mesozooplankton biomass and grazing in the North East
Atlantic. J Plankton Res 21: 2282-2308.

_12_



Irigoien X, Harris RP, Verheye HM, Joly P, Runge J, Starr M, Pond D,
Campbell R, Shreeve R, Ward P, Smith AN, Dam HG, Peterson W,
Davidson R (2002) Copepod hatching success in marine ecosystems with
high diatom concentrations. Nature 419: 387-389.

Katechakis A, Stibor H (2004) Feeding selectivities of the marine cladocerans
Penilia avirostris, Podon intermedius and FEvadne nordmanni. Mar Biol
145: 529-539.

Kleppel GS (1992) Environmental regulation of feeding and egg production by
Acartia tonsa off southern California. Mar Biol 112: 57-65.

Kleppel GS, Burkart CA, Carter K, Tomas C (1996) Diets of calanoid copepods
on the west Florida continental shelf: relationships between food
concentration, food composition and feeding activity. Mar Biol 127: 209-217.

Mackas D, Bohrer R (1976) Fluorescence analysis of zooplankton gut contents
and an investigation of diel feeding patterns. J Exp Mar Biol Ecol
25777-85.

Meyer B, Irgoien X, Graeve M, Head RN, Harris LR (2002) Feeding rates and
selectivity among nauplii, copepodites and adult females of Calanus
finmarchicus and Calanus helgolandicus. Helg Mar Res 56:169-176.

Meyer-Harms B, von Bodungen B (1997) Taxon-specific ingestion rates of
natural phytoplankton by calanoid copepods in an estuarine environment
(Pomeranian Bight, Baltic Sea) determined by cell counts and HPLC
analyses of marker pigments. Mar Ecol Prog Ser 153:187-190.

Mgller EF (2005) Sloppy feeding in marine copepods: prey-size-dependent
production of dissolved organic carbon. J Plankton Res 27:27-35.

Morales CE, Bautista B, Harris RP (1990) Estimates of ingestion in copepod
assemblages gut fluorescence in relation to body size. In: Barnes M, RN

Gibson (eds.), Trophic relationships in the marine environment. pp.
565-577. (Aberdeen University press, Aberdeen).

_13_



Morales CE, Bedo A, Harris RP, Tranter PRG (1991) Grazing of copepod
assemblages in the north—east Atlantic: the importance of the small size
fraction. ] Plankton Res 13:455-472.

Parsons TR, Maita Y, Lalli CM (1984) A manual of chemical and biological
methods for seawater analysis. Pergamon Press, Oxford. 173 pp.

Razouls S, R?au GD, Guillot P, Maison J, Jeandel C (1998) Seasonal abundance
of copepod assemblages and grazing pressure in the Kerguelen Island area
(Southern Ocean). J. Plankton Res 20: 1599-1614.

Romam RR, Gauzens AL (1997) Copepod grazing in the equatorial Pacific.
Limnol Oceanogr 42: 623-634.

Saito H, Taguchi S (1996) Diel feeding behavior of neritic copepods during
spring and fall blooms in Akkeshi Bay, eastern coast of Hokkaido, Japan.
Mar Biol 125: 97-107.

Schminke HK (2007) Entomology for the copepodologist. J. Plankton Res 29:
149-162.

Schultes S, Verity PG, Bathmann U (2006) Copepod grazing during an
iron-induced diatom bloom in the Antarctic Circumpolar Current (EisenEx):
I. Feeding patterns and grazing impact on prey populations. ] Exp Mar
Biol Ecol 338: 16-34.

Strickland JDH, Parsons TR (1972) (2nd Edition) A practical handbook of
sea-water analysis. J Fish Res Bd Canada 167: 311 pp.

Tackx MLM, Herman PJM, Gasparini S, Irgoien X, Billiones R, Daro MH (2003)
Selective feeding of Eurytemora dffinis (Copepoda, Calanoida) in temperate
estuaries: model and field observations. Estuar Coast Shelf Sci 56: 305-311.

Turner JT, Levinsen H, Nielsen TG, Hansen BW (2001) Zooplankton feeding

ecology: grazing on phytoplankton and predation on protozoans by copepod
and barnaclnauplii in Disko Bay, West Greenland. Mar Ecol Prog Ser

_14_



221:209-219.

Wu CH, Hwang JS, Yang JS (2004) Diets of three copepods (Poecilostomatoida)
in the southern Taiwan Strait. Zool Stud 43(2):388-392.

Wyckmans M, Chepurnov VA, Vanreusel A, De Troch M (2007) Effects of food

diversity on diatom selection by harpacticoid copepods. J] Exp Mar Biol
Ecol 345: 119-128.

Zheng 7Z, Li S, Li SQ, Chen BY. 1982. Marine planktonic copepods of China
(Volume 2) (In Chinese), Shanghai Science and Technology Press,
Shanghai.

_15_



Table 1. Location, date, time, and depth of sampling stations in the western
Arctic Ocean

Location  (Actual)
. Cast Date : : Water
Station Latitude Longitude
No. (mm/dd/yy) N) W) depth (m)
oL 1 07/20/10 73° 07.59 168° 56.42 73
2 73° 0758 168° 56.86 75
02 1 07/21/10 73° 02.64 168° 26.27 63
03 1 07/21/10 73° 30.64 166° 59.46 110
2 73° 30.64 166° 59.46
1 73° 44.94 167° 01.13 164
04 2 07/23/10 73° 4494 167° 01.13 164
3 73° 44.80 167° 03.32 165
05 1 07/25/10 74° 59.99 160° 00.00 2000
2 75° 00.00 160° 00.00 1980
1 75° 01.63 159° 28.45
06 2 07/26/10 75° 02.14 159° 29.44 1840
3 75° 02.53 159° 29.90
07 1 07/27/10 75° 00.03 159° 01.95 1110
1 74° 59.63 158° 29.36 _
08 2 07/27/16 74° 59.58 158° 29.28 980
09 1 07/27/10 75° 00.36 158° 00.03 1030
10 1 07/27/10 75° 00.10 157° 30.52 1300
2 75° 00.78 157° 29.75 1290
11 1 07/28/10 74° 59.93 157° 13.26 1550
12 1 07/28/10 75° 00.09 156° 59.01 2350-2580
1 75° 01.86 156° 30.57 3900
13 2 07/28/10 75° 00.94 156° 26.93 3910
3 75° 11.92 156° 23.80 3900
1 74° 59.97 155° 57.56
14 2 07/29/10 74° 58.89 155° 54.25 3904
3 74° 5852 155° 54.54
15 1 07/29/10 75° 12.93 156° 02.53 3890
1 75° 23.85 156° 02.32
16 2 07/30/10 75° 26.65 156° 04.30 2800
17 1 07/30/10 75° 35.76 156° 04.04 2490
1 07/30/10 75° 47.73 155° 58.18
18 5 5 2050
2 07/31/10 75° 47.66 155° 56.15
19 1 07/31/10 76° 01.69 156° 02.36 1280
20 1 07/31/10 75° 59.08 156° 27.59 1080
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Table 1. Continued

Location  (Actual)
) Cast Date ; ; Water
Station Latitude Longitude
No. (mm/dd/yy) CN) W) depth (m)
1 75° 59.56 156° 59.49
21 2 08/01/10 75° 59.47 156° 59.85 0
22 1 08/01/10 75° 59.98 157° 28.68 620
03 1 08/01/10 75° 59.39 157° 58.08 590
2 75° 59.61 157° 57.62
24 1 08/01/10 75° 59.95 158° 28.96 540
25 1 08/02/10 76° 00.15 159° 00.82 820
26 1 08/02/10 75° 59.97 159° 31.87 1540
o7 1 08/02/10 75° 59.64 160° 01.31 2100
2 75° 59.22 160° 06.16
1 78° 00.19 160° 01.02
2 78° 00.24 160° 01.81
28 3 08/06/10 78° 00.42 160° 02.33 2660
4 78° 00.56 160° 02.06
1 08/06/10 76° 59.88 159° 57.18
29 2160
2 08/07/10 76° 59.88 159° 57.19
30 1 08/07/10 76° 30.04 161° 15.85 2170
31 1 08/07/10 75° 59.99 162° 30.60 2000
2 75° 59.42 162° 31.38
1 75° 29.86 163° 48.39
32 2 08/08/10 75° 29.97 163° 49.82 1920
33 1 08/08/10 75° 16.41 164° 22.49 670
34 1 08/08/10 74° 59.99 164° 58.96 530
_ 1 74° 30.38 166° 15.48
% 2 08/09/10 74° 30.39 166° 15.48 340
36 1 08/09/10 74° 00.29 167° 29.45 210
37 1 08/09/10 73° 30.15 168° 16.35 115
38 1 08/10/10 73° 06.99 168° 55.94 73
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Table 2. Taxonomic composition and density (individuals/m®) of 21 copepod species (used for the gut content analyses) at each of

sampling stations (n=19)

Station

Speci 3 7 8 11 13 16 19 21 22 24 25 26 27 28 29 30 31 32 3
pecies
Order Calanoida
Family Calanidae

Calanus  hyperboreus 0.33 005 19 24 077 0.03 024 008 508 087 322

Calanus glacialis 0.16 039 487 001 807 361 0.87

Scaphocalanus acrocephalus 577 085 167 072 147 125 222 013 921 1.35 1.18 0.0 0.17
Family Centropagidae

Centropages abdominalis 024 0.05 088 072 114 020 039 040 005 18 043 044 034 042 051 235 039
Family Clausocalanidae

Clausocalanus furcatus 090 227 1.09 114 028 0.36 118 18 043 017 046 120 242 279 017
Family Eucalanidae

Neocalanus cristatus 717 014 014 025 0.28 0.65 1.93 1.92
Family Lucicutiidae

Lucicutiaflavicornis 235 039 024 005 08 072 114 020 039 040 005 18 043 044 034 042 0561
Family Metridiidae

Metridia longa 1.67 072 147 125 222 013 921 1.35 1.18 0.17
Family Paracalanidae

Augaptilus glacialis 0.21 0.25 0.32 0.25 115  0.69

Paracalanus attenuatus 090 227 1.09 114 028 0.36 1.18 1.88 043 017 046 120 242 279 017

Paraeuchaeta  glacialis 029 0.09 025 0.07 036 236 0.27 0.08 037 215 020
Family Pontellidae

Aetideopsis rostrata 0.27 052 7.68 1.88 0.13

Aetideopsis  minor 088 072 114 020 0.40 005 188 043 044 042 051 235 039
Family Scolecithrichidae

Scolecithricella  minor 1.13 1.69 1.77 0.86
Family Temoridae

0.28 1.27 013 531 0.07 0.42 0.31

Temorites brevis
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Table 3. Comparisons of copepod abundances, feeding impacts, mesh size, and feeding primary production values at different study
sites from the literature. * Included copepodids. > units: x 10° individuals/m®. ¢ Included only calanoid copepods

Abundance Feeding impact  Feeding primary

Study site (individuals/m?) (%) production (%) Mesh size (um) Reference
Southern Benguela 359579241 175 - 200 Peterson et al. (1990)
Northeast Atlantic 33672703 <1 2 200 Morales et al. (1991)
South Georgia 6376 * <3 < 4 200 Atkinson (1996)
Kerguelen Is. 237742 0.170.3 24746 200 Razouls et al. (1998)
Northern Taiwan 14.273286.5 °© 0.05711 - 330 Wong et al. (1998)
Western Irish Sea 30.0543.7 ° 0.778.6 4776 280 Gowen (1999)
Southwest Taiwan 0.13718.7 < 0.170.21 - 330 Present study
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Fig. 1. Plankton collection from board of RV Araon during its 1st Arctic cruise.
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Fig. 2. Map of stations of 1% Arctic cruise of RV Araon.
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Experimental design for feeding of the sea ice
harpacticoid copepod 7isbe furcata on other
invertebrates

Laboratory
experiment

e.g. 25 nauplius larva of other
crustaceans

5F 10M+10F

24 h

removing copepods

counting of remaining living invertebrates

(cf. Dahms et al. 2006 JEMBE)

Fig. 3. Experimental design for feeding of the sea ice harpacticoid copepod Tisbe
furcata on other invertebrates.
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Temora turbinata Calanus darwinii Farranula gibbulus
(omnivorous) (diatomovorous) (carnivorous)

Fig. 4. Feeding types of dominant plankton copepods: Temora turbinata, Calanus
darwinii, Farranula gibbulus.
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Fig. 5. Gut content showing the diatom Chaetoceros sp.
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Fig. 6. Gut content showing the diatom Thalassiothrix sp.
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Fig. 7. Gut content showing the diatom Navicula sp.
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Fig. 8. Gut content with Radiolaria.
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Fig. 9. Gut content with Coccoliths.
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Fig. 10. Gut content with bacteria.
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