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Structure and Distribution of Phytoplankton Community South of
St. Lawrence Island, Northern Bering Sea Shelf in Summer 1996

Yurie SHICHINOHE*' and Naonobu SHIGA ™!

Abstract

Species composition and distribution of phytoplankton were investigated at 17 hydrographic stations
south of St. Lawrence Island, northern Bering Sea shelf, during 27-29 July 1996. At 15 of the 17 stations,
the pycnocline was well established at 20-30m depth, and divided the water column into an upper layer,
where nutrient levels were low, and a lower layer, where nutrient levels were high. In the upper layer,
the stading stock of phytoplankton was extremely low (<10° cells [™"), and the dinoflagellate
Prorocentrum sp. and small flagellates predominated. In contrast, the standing stock of phytoplankton in
the lower layer was more than two orders of magnitude larger than that in the upper layer, and diatoms
predominated (Chaetoceros compressus, Ch. socialis, and Nifzschia spp. as dominant species, and
Thalassiosira spp. and Thalassiothriz spp. as subdominant species). Between-station analysis of
phytoplankton community structure based on percent similarity index revealed a single homogeneous
group consisting of one dinoflagellate population in the upper layer, and three diatom populations in the
lower layer. The dinoflagellate population in the upper layer is considered to be allochthonous, being
brought from the south, and the diatom populations in the lower layer are thought to be autochthonous,
originating from those that propagated just after the sea ice-melt. Present results on the abundance and
structure of diatom populations found in the lower layer are compared with those of previous studies

from other regions of the Bering Sea shelf.
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Fig. 1. Location of sampling stations south of St. Lawrence Island in summer 1996. The
water masses as defined by COACHMAN (1987) are superimposed on this figure. The sta-
tion number, e.g. St.147 in the figure denotes 0596147.
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Fig.2. Vertical sections of density (¢ ,) at three transects south of St. Lawrence Island in
summer 1996.
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Tablel. Nutrient concentration and phytoplankton standing stock in the upper and lower layers of the two water

masses south of St. Lawrence Island in summer 1996. Value is shown as mean with range and number of sam-
ples in parenthesis. Data at 0596152 where weak upwelling was observed and 20 m depth at 0896154 which is
seemed to be erroneous, are omitted from the calculation

Nutrients Phytoplankton
PO, NOy ChlLa (2-20um) ChlLa (C20um)  Cell concentration
(uM) (uM) (mg m™) (mg m™) (cellsi™
Alaskan Coastal Water
Upper layer (36) 061 (047-0.77) 0.1 (0.1-0.3) 3 (1-5) 0.05 (0.02-0.11)  0.04 (0.01-0.19) 865 (275-2,440)

Lower layer (28) 0.91 (0.59-1.54)

24 (0.1-7.3) 13 (2-3D)

0.40 (0.06-142) 098 (0.10-6.82) 19,860 (650-542,243)

Bering Shelf Water

Upper layer (11) 057 (0.32-0.83) 04 (0.1-3.0)

Lower layer (11)

3 (1-6)
113 (0.51-1.81) 46 (0.1-10.9) 17 (2-34)

0.08 (0.03-0.18)
0.34 (0.11-0.72)

0.06 (0.01-0.26) 742 (230-1,490)
0.32 (0.15-6.63) 8,348 (1,960~257,620)

fo (WFhORIEE $0.01<p<005), Fi, MKED
LEoMERELE 3, BRI CHBRIEORE T,
M D {EM - 72 (ACW TIEH0.1 «M, BSWT0.4 M),
BMTS 0 b OSTH

sou7 4 el (220 um&>20 pmifi 5 & A E i
D) LR T s vy b VRN OSE ST IRRE
iR CHEMLTYT, mEE b LT, T
BTEh -1 (Fig. 3). LA LEMcA B L, Lok
EgIcBWTd, 7007 4 bal &R OEmAR
BRAHT LB TWIEL - 7. 62°NEROPaRIC
R4 20896162 Ty oo 7 ¢ VE, ML bic
SBABLUTHEM o 2. 2-20 pm & >20 pm O i H
Horson7 4 laBid, TIRIBEK (ACW) &
~—1 v 7K (BSW) OWKEZROLETIEREE
BREEOEWE (0.04~008mg m™) TH-7h, T
[T E>20 umE S DSk R TEEF I £ - 7o (ACW
TIEHE20 mg m™®, BSWT23mg m™ T, 2-20 pmii
HOIEE ~ T ) (Table 1), #7352 b
gk £ 08961624 [  MikFRD LB TEIER D
(SEH#974~86X%10 cells i), TRTE P -7 (ACW
TEH20% 10" cells I, BSW T83X 10" cells ™). H
I, <=1 v ZEK TR EEOI00/EL RicE L 2.
BEREBES NS 5N I0896162iF, s L IERET Y,
TE (63%10%cells ™) &b & L@ (28x10" cells ™)
THINE S D - 1.
HiEE

W73 v 2 b vid, BEEAROE 8 B20ME, FIR
B7E6H REHEEcBIEERECHEZS
$5M30FEASHHIE L /2 (Table 2). 05 b, HEEHO
Thalassiosira anguste—lineata (A. Schmidt) Fryxell

and Haslel2Coscinodiscus anguste—lineatus A. Sch-
midt, Th eccentrica (Ehrenberg) Cleve {3 Cos.
ezentricus Ehrenberg, Th. leptopus (Grunow) Hasle
and Fryxell i Cos. lineatus Ehrenberg, Paralia
sulcata (Ehrenberg) Cleve i3 Melosira
(Ehrenberg) Kutzing, Actinocyclus curvatulus Jani-
sch in A. Schmidt it Cos. curvatulus, Chaetoceros
diadema (Ehrenberg) Gran i3 Ch. subsecundus
(Grunow) Hustedt ,
(Casracane) F. E. Round & Asterionella japonica
Cleve, Fragilariopsis oceanica (Cleve) Hasle (3
Fragilaria oceanica Cleve& L TR b T
WiFETH B (BAIE, Cupp, 1943; /NASR, 1980).
FEHIATAKSRE b, BN TET, REIEEREH
EETEWEHECH - 7. HEEE AEERL b
HEREDIELAERBKERBTHY, ~— ) v 7HR
TRIELS AHEHEDONDE D TH -7 (KAROH,
1972; MoTopa and MINODA, 1974; TANIGUCH! el al.,
1976; SarTo and TaNiGucHl, 1978). FHREHEO 5
% Nitzschia, Navicula, Thalassiothriz longissima,
Pleurosigma 3.0 HEEBE © Coscinodiscus asterom-
PhalusiETA AT MY —E LTESHESNTED

sulcata

Asterionellopsis  glacialis

~ (SaITo and TANIGUCHI, 1978; 52, 1990) £HI5I

I8 L 7248, Nilzschia #BWVWTEFOEERZED - 1.
LBETROEM TS Vo b UBE

BERO & &, MKBROTRECEYM TS 7 + il
Mg i3z EE020~100652I L2 W & &b - o8,
WY 75 v b vEEOME RN (Fig. 4.
flaEEL 15 . moRigOHilE (Fig. 4Tidsmall flage-
llate & #R) - (ZIEMIRR TH 2 MMLOBNEEERTH
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Fig. 3. Vertical sections of chlorophyll @ (left panel) and phytoplankton cell abundance
(right panel) at three transects south of St. Lawrence Island in summer 1996. Numerals
for cell abundance should be read as X 10" cells /™",

SODMBANETS > 188, & 2 EE LBHEEN
SLTH-% RO, 75> 7 » VEES
HEEDOE, PRE, BESEEO 3BT T
% & (Fig. AERD, BHERICACW, BSWIKZRICKA
SREVESOENS o208, FIEE TIE KR
BoTOf, Thbs, FBTIRIEEASOHLE B
BB O SERME L, 24K018~97% (EH468%)
EHDIOIEL, 08961528154 D 2HIS O FBTHE,
HBRO SHRHE  Ei90% & &, ot g
DED BEHEBED - 12 (6 ~97%,F163%). OS
96152 MR L Rz, MK OE S -7 LBTR
HEHO SERSIER I -2 (09%). 5, B
M%ﬁﬁmm@ﬁm,T@f@%uzmsmﬁ
(0S96150, 151, 153, 160, 161 ; & AHIIRL7T~13.7 X
10° cells I') 2B 1E, FTFBTIEEAELDLEH -
7o (2 ~10X10% cells /),

Ric, LETES U BEasE o 4 5 &

(Fig. 4 FRED, WKFZ D k& 12 Prorocentrum sp.

A &small flagellate (YjaE®%<15 um) O EERH
® < MERTREOYE EE SnTin, —7,

FI& T & Provocentrum sp. A BB ET 2 &3 E
J& &L 2D D A8, small flagellate D EI&HE D,
1 U i< Peridinium spp.® Ceratium horridum ® 575
BEL Lok, FTETIZACW EBSWTET, Bz
BHOBEMERSET 3 EELA S,

TRTES L AEBEEOBHKEA 2 & (Fig. 4T
KD, Wi7kF® L& PR B © Nitzschia spp., Hls
B @ Chaetoceros socialis, Ch. compressus 3£ 0¥
80967 L7z, EEEMIIEELIOS96152% B\ T, £H
RO _LET33~146X10° cells I S BT /DI s -» fo
W, TNEFHBEMCTETRIEEA L ORSTHEE
CEn oo (FEE54X10° cells ™). FTBTR BT
B U7 3 FEEE D 1 2 IS Ch. convolutus, Ch. diadema,
Thalassiosira spp. W E PO BB L, BHRME
MWD B A A A S, 0S96152 FBoERBAO R
#E% 3, Fragilariopsis oceanica 7S L% ¢ B
(#69%) ThCLick-T, MAZOTBOMEE
B >TO,

ZSUFIR T 13 Chaetoceros compressus, Ch. socialis,
Ch. debilis, Ch. furcellatus, Ch. mitra, Ch. diadema
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Table 2. List of diatoms and dinoflagellates identified from the area south of St. Lawrence
Island in summer 1996, “+” or “—" indicates “present” or “absent” in the upper

layer and lower layers, respectively

upper  lower upper  lower
Class Bacillariophyceae Class Dinophyceae

Order Centrales Order Prorocentrales
Skeletonema costatum + + Prorocentrum compressum + +
Thalassiosira anguste-lineala - + P. micans + —
Th. eccentrica - + Prorocentrum sp. A + +
Th. gravida - + Prorocentrum sp. B + +
Th. leptopus + + Order Dinophysiales
Th. nordenskioeldii - + Dinophysis acuminata + —
Th. hyalina — + D. norvegica - +
Thalassiosira spp. + + Dinophysis spp. + +
Melosira spp. + + Order Gymnodiniales
Paralia sulcata — -+ Gyrodinium spp. + +
Stephanopyzis spp. - + Order Gonyaulacales
Leptocylindrus danicus —+ — Ceratium horridum + —
Coscinodiscus asteromphalus - + C. linealum + —
Cos. centralis - + C. longipes + —
Coscinadiscus spp. + + C. fusus + -
Chaetoceros atlanticus + - C. macroceros + -
Ch. compressus + + Ceratium spp. + +
Ch. concavicornis + + Order Peridiniales
Ch. convolutus + + Protoperidinium pellucidum -+ +
Ch. debilis + + Peridinium spp. + +
Ch. socialis + +
Ch. diadema + +
Ch. radicans +
Chaetoceros spp. + —
Actinocyclus curvatulus - +
Asterionellopsis glacialis -+ +

Order Pennales
Thalassionema nitzschioides + +
T. frauenfeldii + +
Thalassiothriz longissima “+ +
Navicula vanhoffenii - +
Navicula spp. - +
Pleurosigma spp. - -+
Pseudo-nilzschia seriata -+ -
Fragilariopsis oceanica - -+
Nitzschia spp. + +

20 31 15 9

® 6 ORI TAREES vz, KIERET @RIk
LEBOSTAERL, EBTRELAEALNT (S
07X 10% cells '), FETE» -7 (EH30x10°
cells ). KIETFOBRMARIZL->TE D&
& B ALF S, 2K Chaetoceros socialisibg i - 7.
o 6 BMOKIERT OB cH T 25613 LB
CEH18.7%, FBT252%TH -1k,

Sk 5 TR TR, Ko ETVWEET
14 Prorocentrum sp. A$small flagellate s & o i #i
ESESEE L SR LT, TRTRIENER
EABFAICIEMT 2 00, BiMiko R
IREEEIC X 25D TH » 7. Chaeloceros com-
pressus, Ch. socialis, Nitzschia spp. % EEET 2
oz, HhE, FIREoEEsEmL, ik
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Fig. 4. Major taxonomic composition of phytoplankton community (upper panel) and species com-
position of dinoflagellates (middle panel) and diatoms (lower panel) in the upper (U) and lower
(L) layers of the Alaskan Coastal Water (ACW), the Bering Shelf Water (BSW) and at 0S96152.
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PUBRRARSCEB AT LML hIC - el o
NS OHEDIKEHZES Y T2 10ic, 2FE
WRE LBE TR, Sisommrs v b v
BHOBAEMRE Y 52— L. Fvias
FLPOHLAT LI, RilSoE TS5 o b v

BRI, BLIBEIEMPSI=024T 2 Bic KB s h e
(Fig. 5). T 2#id, 0S961520 8% I < £ M
DEBHETER TS S, 05961520 L@I3%ko o
&<, BB (Group 2) ¥Rk L7z (Fig. 6).
LE# I, & 5icPSI=05T42CR L Group 1ic/&
L7z, T oGroup LidProrocentrum sp. A (E15269%)
&Esmall flageliate (23%) #% <, ¥\ TPeridinium
spp. (5 %), Ceratium horridum (4 %) #SHBET 3
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Fig. 6. Phytoplankton assemblages in the upper and
lower layers south of St. Lawrence Island deter-
mined by a cluster analysis at 50% similarity
level.
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FEAsR L, 13, Group 2 (0S96152 /@) .k
[EE L b LATEHICHEL L e, PSI=043T
iAo FTERELRES( B, TO7Vv—71
Nitzschia spp. D SEENEF L US%), IRWTCh
socialis (1496), Chaetoceros compressus (9 %),
Thalassiosira spp. (6 %) WELH L7,

Pbo kS ic T EOEREE I, Chaetoceros com-
pressus, Ch. socialishFEREE D, &M THEHE
HogVWHEEWVWA L, LALEMCHB L,
Thalassiosiral& 2 Group 5 C, Thalassionema frau-
enfeldii, Nitzschia spp.® FIIK HEE#E 13 Group 3 &
Group 4 TZNENEL A 5N, HEHORERSEN
RETHIIC R 5 S s e,

4, EE
N— ) v Z MG _ o #KI3EE 4 A LEEs
St~ & BITL, TR TIRRENR—Y ¥ 7 iEERE
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FE~— ) v i Loy 75 v o b VB

HEs E CBIKk 5 5 (DUNBAR, 1967), ¥ b E— L
v A BREAHESIE, RN v S EoSERER
Ki-1320RE 70 v Mok - CTHEKXSEN
LRI S b, thiapEitEE, (middle shelf domain;
7KEES0-100m O HIEH) DR Ficd AL T
5% 2 (IVERSON et al., 1979; COACHMAN, 1986).
AKEETIZT 5 2 AIREKRBEKIRS % LD, <=1 ¥
IR A — R T A KRELE & 15 - T,

AMHROEBEMELT, b —LvyRBIEN 1
Hifs (0S96152) &pEPEHE (0S96162) ZERWT, A
Ak T 7o 0 IKEE20~30m i BRI 72 SERERE RS A3 T2 ik
shtont, KERETOECHBCRS S 7
HhbEciREE (BS8°C), BHEa (&{E306
psu) DT F R HIBEKCHEYT ZKRFHATR2 G %
HoTuwieorxl, FTRCEEES (RE320psu)
DOWBK (BHE—16C) BMEELEL. JOBKILE
offkic &k EEAKNERBICER L, FEREOE
Rick VESE TEE LK) = TREOKTHS &
EZoNTWS (K%, 1969; AzUMAYA and OHTANI,
1995). SEIOTHETE, AXEIE LA LOMAEIE
BOTHEET CIELTWE. SBHEE (HRRE,
B, EERE) 13, TETEECEELLY, LB
BRI D - 1. EERETHREE, BTN,
DREET A &iE, BEEAN- Y v SIS (Ec
middle shelf domain) THEBEIKE I > TW 3
(GoERING and IVERSON, 1981).

TS - LENSHETIRB VT, EYT S
v b vEELS L TETARECEL > T, e
B3T3 R AIREK, ~<—U v IEMKOHEKRE B
FE i T TET20~100f5L) & - fo (Table 1.
Frio, ~—Y v ZTEMIK O T B CHIRE LS W RTE 25
BEohr,

LEoMmiakiE, AFTEISLA O~ v SEEIK
By HEV. Ldl, FTEOMIEKEMEROHE D
3%, PRVEWHEIBLTWA LWL XD (Table
3. SEKBHEBEO—BEVT 7 X AREK
(WALSH ef al., 1989) AFERAZFE EHF L TV
bbb bd, TROEM TS v/ + vEERNLK
HEWERIcH -t &id, ®Y = TEOEEIHE
RIS WETRERE 2 RER T 5. IMAT et al. (1998) i,
Y ho— LY RAREAERTT S 74 —IKP -
Y v SRR BT, T X AIRERSTET
ZELD SEVWEREENEET S L EEHLTY
5,

W kAR E & B &, B3£I T Prorocentrum sp.
A & small flagellateSFEE T, Z 1 5 I Peridinium
& Ceratium horridum»Sb 3 BMERBEE THE-o
FonTWi., —h, TI8TidChaeloceros com-
pressus, Ch. socialis, Nitzschia spp.® 5HENE <,
e 3EEICINA T, Thalassioisiral@, Thala-
ssiothrizfBZE M E LT 5 3 > OEEER cila sk
L L, COEBRHEOSTEEBDOKRRXS EIZH
EEMGRRESNEA -k o) ICHABEROEY
75 vy b vEER, LBTIE0S96152% KR < £l A
CRESEE, M E bIC—HTH-zOIL, TR
TR X b S s, pofilREcisETh
HoFboEMb-1. COTEHEOHMPREVI
i SHE I TORKBITORETHI S BRI D
T— LR, £, EEEEM TS v -
YORE—RHEEEELTHWE EEDNEY, SH
O, SIFHSMCINIEr -7,

TaNiGUucH! et al. (1976), SArTo and TANIGUCHI
(1978), 1VERSON et al. (1979), GOERING and IVERSON
(1981) 35 & (*SHANDELMEIER and ALEXANDER (1981)
kb, EE~N-Y Y SRR GEiorhaEED
FoEwmT s vy v EEOK-ERNAHEENT
Z3EQDTOLS i3 (Table 3B28). HFETL— 4
OEIY (3ATH~4 A LA /M EERED
Chaetoceros|& < Thalassiosira BB 45 U, KEET
BINSIAT, MPEEY & ROBHEZER T 5
Fragilaria islandica, F. striatula, Nitzschia cylindrus,
N. grunowii S OTPRBHESEHHBE LT 2. €0
%, 5 AhE~TFTaOo%EI i3 hREE Chaelo-
ceros, Thalassioisira, Rhizosolenia, Nitzschia® 4 J&
BAEHBEERER. FIY (6 ARa~TA)
i3, EBESREL, < ORI O EE# L Rhizosolenia
alatalicRFEEsh 3, T O T E MPOBTTHIC AR
4, (outer shelf domain) <439 @ FULE RFD
EHERESELT LMD 5.

20k S REEEEROMY 75 v 7 b YRR,
AgEEROE v b o— LY ABREAER S oicdth
DR— 1) v THEETT OB & SEARICRERRL T
W3 (Table 3). KX 7LEVIHEER ORIN 12 E
R THAD. E-T, KigEo LBRIEAD» 5L
teaTs 2AREKRCLOBEISMABETHD,
TRERREKE, sWE ICh T TRBTEES NS
ME L (Bicl) W8 LU EBK I ERE U REE
ZRM LT\ EMBIRTE 3.
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tFEER - FEEE

FHEH TR TETEBEE &S - % Chaetoceros |8
DURIEHT O MBS LIENE D - 7. DRt
BUSHBERHOE/ Lo WiRIRIR T2 L, bk
LT—EHESERIEN b EhmohTvwa A
{{HARGRAVES and FRENCH, 1983; SMETACEK, 1985),
FBRELOMETE (H % I IsHKAWA and
TANIGUCHI, 1994; INOUE and TANIGucHI, EIR|h)
IRIF R FEMRS BB OREDL SRS L2 IESH
HBEIEERLTVE, CNODEER, BEBOE
TESEEIg I B 2 KRR T OBEESZRT 40 E LT
ZiFikEHonks, wFhiclTd, AFEEHROTE
F—R, REBE, RRGELE-TOT, EEFILER
KHIELTVWB EELANETH 58, ko<,
TEREZEBD OEH L EBEE O E WIS
BMLESDEMRLLABLI OO, SHNT L,
SAITO and TanGucH! (1978) bEFER~N— 1) ¥ /G
WMTRETIEE %% 2% < © Thalassiosira %4 L
TWa,

Y ro— LY ARBFEABROEY TS vy b B
FEEHEOZNEFHL LTS E A5 LT LW,
Mz TH B &, MiEE T IE Chaetoceros
compressus NI L Lz & (FBEHLBY) &
RhizosoleniaBH52 < B LS o 1o & & A5 — iy 73
WL R > TV, TOCh compressusidT + 5 4 —
WIKDETTHHD - F19948E I IR EEEAS BIcEh -
7o (FETO%LE) U\H, £FER). 71r—3 v
oz b I rHE TELEMNERT S (GorriNG and
IVERSON, 1981) ©T14E, LodEH (3 B) fT-
RENROERP S+ v b o— v v 2 ERAHERIC B
FEEYT I vy b vEHEOREEERT AL ET
ERWVY, RY=T7RER—Y v RO RO i
W75 v b vEEE B - AR % B o Ak
Mg Tx 3.

KA U TR 2 THSEE OREZIE -
7 AbBEREKEESE ML EIEE L UL L E
BBV BB CEATRHEOE
ERLET. 7, 7529 e CHAVAEE L
ZRNFIAR, RBFECHWETS v o b vaE 4 i
LLTORLZVEER SRICEHELET. S5,
AFOCH LCRBTIA Y b2 WRE VR IZD
EFEICLI DR LS.
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