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Distribution of Chaetoceros (Bacillariophyceae) resting spores
observed in the surface water of Harima-Nada,
in the summer of 1991, with reference to
the oceanographic conditions
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Abstract

In the summer of 1991 (14-18 July), abundant Chaetoceros spp. resting spores (maximum 6,700
cells/ml) were observed in the surface water (0-5m) of Harima-Nada, eastern Seto Inland Sea,
Japan. C. curvisetus, C. distans, and C. lauderi were the dominant spore forming species observed
in this study. Oceanographic conditions (temperature, salinity, chlorophyll «, DIN, PO,-P, SiO,-
Si) were also determined. Most part of Harima-Nada were steeply stratified and nutrient
concentrations in the surface water were very low (DIN <1 gg-at/l, PO,-P<0.1 ug-at/l, SiO,-
Si<5 gg-at/1) at this period. In each Chaetoceros species, resting spores were observed even in
relatively high ambient nutrient conditions. But the percentage of resting spores to the total cells
increased at low (<1 gg-at/l) ambient DIN concentrations. This fact suggests that resting spore
formation was stimulated with low nitrogen concentrations in the surface water. On the contrary,
spore formation did not appear to be closely associated with low silicate levels. Resting spores
formed in the surface (N-depleted) layer should sink to the sea bottom and the spores deposited
on the bottom sediments may serve as the “seed bank” of these species for the following blooms

in Harima-Nada.
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BEOXENREMNE L VWARLPHBERICHE
THEEUEEROBII, FoEFRo—BIIK, K
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BEOF TR LTV A2ERBIEEBEITRSCH LT
ERTW5B EILE % 7oV~ (GARISSON, 1984, 1[E, 1986,
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WIREIMIRE O TR TR, TR & ic kIR
MROBEERFICRT 5 /MEBECERIME, RFo
SRS, SEAPTNEMEIEEEINT
Wa,
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ERELL BB # %~ (HARGRAVES and
FRENCH, 1983, GARRISON, 1984), Chaetoceros B\
BT A RBRTE, BSEERFes T LELEHE
BIhbHD, FOHBEBICET MR HENE L, &
X ABBER I T35 (UMAE, 1960, RINES
and HARGRAVES, 1988),

FER 4L, Chaetoceros BOKIERT Y &L HE
HoKRBMER:, EFNEOBERFLERET
(10°~10°/cm®+ @Y, L2y b EHEBLTHEEL T
Ll lic (4@, 1990; RE -5,
1991), Ch bR, BECHBEOEBERF OB
EEKIEIRMRR A, “v — Fe 3w 27 (HARPER, 1977,
BEE, 1981) & L CoO®ED R AEM 458 < RIE
LTwW3,

SEIE 4L, 19 FEFOBBEE ST 2 H/EORE
i, REBKFZ Chaetoceros B D KIRIT 228 EFLE
LCVWADRBETZ I LNTEI, 72T, KBE
T, BT Chaetoceros B o KRBT H R B
LS4 r&ERIBETAILYAME L, BERD, &
B k3% Chaetoceros BIKIRIAF 0 454 & BBIEE
HoBgzik~, ZoBEfRIc2VWTEET 5,

2. MEtEFE

19914 7 B 14~18 H MM, KEFEHEEXKED
RAOBEHR“LOLSLH” (138 +v) KX -T, &
HEFNEOBEY B4WE: Fig. ) THEHAEY
T ot FRAC KT B EHAEER X, Tablel R
Licé B ThDH, BAKCIZAY F—vEKEYH
v, ZBIATHKEO,5,10,20,B-1m (BEL1m)E
DEKEER LT, 205 bKED,S, 10, B-1m %o
R oW, RN B CEEEEE YT, &R
KehotEH 75 v 2 + v (Chaetoceros & D E B
BIOKIERFEESE) 0FEEE (cells/ml) X FEX
foo i, TRCOEKRER Y, HERK 77277
A =7 4 & — (Whatman GF/C) &% (500 ml)
L, BREAKBI V7 4 M8 —REEREL CHES
CREbRol, O, EREKPOERXESR
(NOs;-N, NO,-N, NH,-N, PO,-P, Si0,-Si) %,
STRICKLAND and PARsoNs (1972) D AEIC#ET T
TRAACS800 (75 v « v—~<#t) HESHEELXH
WTHIE L7, 7ods, DIN (BFREEMER) Offi,
NO;-N, NO,-N, NH,-N o &&HE&L L1, Fi, 7
FGATZ7AAN=T 4 NE - FIEHELLED S5V 2
b YIROWTIE, 909% 7 b v TR R AT o otk ¥

4F—EB

Harima-Nada

D

34°
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134°30'E
Fig.1. Location of the sampling stations in

Harima-Nada showing positions of tran-
sect stations.

Table 1. Sampling period and determined parame-

ters in this study (Harima-Nada).

Sampling period Determined parameters

14-18 July 1991 Meteorology, Hydrology,
Temperature, Salinity,
Transparency, Dissolved oxygen,
Dissolved inorganic nutrients,

Chlorophyll ¢, Phytoplankton.

HHEF (2 —F— « F¥A4 v AR THEHEE L
FBL, 78R8T 40 aDEERFToR,

3. FBEMREKIZEITS Chaetoceros DT

AEE CKRIBERFREZCEE I DR, C cur
visetus, C. distans, C. lauderi ® 3 TH o7z, Th
B 3% &, Chaetoceros spp. (LR 3BER &) oW
T, Bl (REMARLKRERTOE LKIER
FRORBKCETH5ME L Telk<%, ok, &
BAEDOmMFLOSmBEICRT5MREEOFHE
(cells/ml) %, FEBKIZIkT%B Chaetoceros D HE
ELlLT,
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1) Chaetoceros curvisetus

EZRSOERBKIZEITD C. curvisetus DRI &
KIERTOSHRBEY Fig. 2 1R+, C. curvisetus
(idffg ; Fig.2-a) 1k, WoJbiEMA R L O HE
MEEE (400 cells/ml L E) THRELTRY, KaiE
(% St. 30 @ 910 cells/ml T - feo—77, D hR ~ 5
R ic, [BVWEHET 100 cells/ml LI FDEE
BHotc, KERFOZHEZS & (Fig. 2-b), #dbrE
B, NEEOBEELT, kI OEEHOBETH LK

30N}

134430'5
Fig. 2. Horizontal distribution of Chaetoceros
curvisetus in surface water (average cell

densities of 0 and 5m; cells/ml). a:
total cells. b: resting spores.

B THERNEEE (10~40cells/ml) THEELTE
h, EEIRE O St. 32 T 46 cells/ml DR EENSEAIX
i,

2)  Chaetoceros distans

BRI EOREKIZRITS C. distans DML & KR
BFOSBBEY Fig. 3 1cind, C distans GBI ;
Fig. 3-a )ik, EALHHBE %0 400 cells/ml Ll Eo
BETHEEL, JEVWEET 200 cells/ml DAL HEHY
BWEETH-t (REME: FE#EEID St.29 T,

~ Narut
T
134°30°€

Fig. 3. Horizontal distribution of Chaetoceros
distans in surface water (average cell
densities of 0 and 5m; cells/ml). a:
total cells. b: resting spores.
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950 cells/mD, #ERTF (Fig.3-b) %, M EEHD
KR EBIERBE CHENEBETEELTED,
FRICEEILEEER D St. 26 TR B %<, 44 cells/m]l DEE
VC% 2 fCo

3)  Chaetoceros lauderi

BZBRRORBKI RIS C. lauderi DB & K
RIEFOLMEER Fig. 4 Wi, C. lauderi GBI
ke ; Fig. 4-a)i, ¥EHMehLREELTED, I
IBFIHEIR 2 DR BT R AT T oK &N S

aruto 3§
¥
134°30'E

T T

Fig. 4. Horizontal distribution of Chaetoceros
lauderi in surface water (average cell
densities of 0 and 5m; cells/ml). a:
total cells. b: resting spores.

4IH—BB

BB T, 200 cells/ml Ll Lo BECRE S A
o GRE{E . BRHEBAEBMED St. 22 T, 341 cells/
mD, —77, BEDF R HILEI ORI F\ Tk B
EHFETH 7 (100 cells/ml LATF), hEMF (Fig.
4-b)id, NEEDORIH HEOBEIHITH G C DK
THBERE S BRHE S hi, B, NEBEOFEMB(SE 6)
TR %<, 53cells/ml DBETH - 1=,

Awaji
Shima

aruto "R
T
134°30°€

Fig. 5. Horizontal distribution of Chaetoceros
spp. (including C. curvisetus, C. distans,
and C. lauderi) in surface water (average
cell densities of 0 and 5m; cells/ml).
a: total cells. b: resting spores.
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Temperature (C)

£ Awali
Shima

T T
134°30°€ 134°30°€

Fig. 6. Horizontal distributions of temperature, salinity, chlorophyll @, DIN, PO,-P, and Si0O,-5i,
in surface water (average values of 0 and 5m).
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4) Chaetoceros spp.

ZWEDORBKIZ KT B Chaetoceros spp. (BIE X
iz Chaetoceros DEFr, LD 3EEL &) DB
B L RERRRT 0 SR E & Fig. 5 iR, Chaetoceros
spp. D#eMlE (Fig. 5-a) 1%, B ARLHLCEE
E (2,000 cells/ml LA L) THEELTCVWE (BREE: &
Wilho St. 27 ¢, 6,700 cells/ml), —J5, BAFA¥EHEE
o LR IR R TORIRO KB B\ T,
RREFE (1,000 cells/ml LLF) Th - 7o, (KIEIF
(Fig.5-b) &, MALHEHOBE L/NEBORTAHED
KIZ BT, £ 4 50 cells/ml LA Lo BE G
Ehic REfE: St.26 ¢, 285 cells/ml),

kD X 5z, Chaetoceros DIKIRIEF L, FhFh
DREEVNLEBRYESTE CTHET S KIBOE S TR &
ik, B & RRRTHOBEERILTL D
—B LT IEd - T,

4. BEEHOBER

1. KEZH

FBEEOBBEHEB K RITAKE, B, LU
Zz w740 q DIN (NO;-N, NO,-N, NH,-N
&850, PO,-P, Si0,-Si BE DKEHFi% Fig. 6 w5
To B, FAEDO0RLIVsmBERETAENEY
E%, ThEZhEHEBEOEBKDOMEL L1,

D oKk &

FENKEBIL 21.8~248C 0&EIZD D, BIELICE
U, BRI, HE, EEEHO KKK T, 23C BTFo
HEMER IR TH - o, i, BFjEBIcE - St 13
T 21.8C &, KRB TOREMBEIBE S hic, —7, #
EEMEER L, REEEBIHOBED BRTICIX, 24T
LA o BRI R KRB O KB LT T,

2) B &

REEDL 28.8~31.2 0FHICH - o, EIRDOIEFT
IR A DR R TR S 31 M E oK
o Cniend, BHLE, B, BLUBREKE
BHETBRECEWTE, LUTORRLEETH-
Too BRI, EILEHO I CBE (S.271) kKk\v»Tig,
28.8 LB IEVELBRE Z h, FJIKHAOHEY S
HTWBZ L5,

3) zem74g

KED7wrT7 40 aORER0.8~15.1 ug/l DEE
BT H o 1o B S B B O 5 & BT o /HFTC,
HEMREDOE W (4 ug/l LLE) OKIENRD bR,
i, WMIKRADHEYZ T TSI EHOZLB

B (St.27) kT, EEME (15.1 xg/D) BERIE R
2o —H, 2 ug/l T ORBERS, #hRfol s
BICHEAE LT,

4) DIN

%o DIN 13 0.2~6.5 ug-at/l 0EHEIZH H, o
2372 0 [RCEIHRT 1 pg-at/l LT OEWEI BB S h
Too T2l NEEILHE R X OB, BIAEEAE &
RPN D, 4 DORIRMAE T, 1ug-at/l Ll L
DIBHENNMETH - 7o T, BHLEHIMBA(SL. 27)
&, RIS T, 1ug-at/l L EOEIEH X
hic,

5) PO,-P

=B o PO,-P % 0.03~0.4 pg-at/l © #HE I B -
7oo DAFMEMA L DIN OB 4 L IZIERETH b, dilky
fhEcE < (0.1 pg-at/1 b)), oA VEHIETE<
TooTusfe (0.1 ug-at/1 BLTF),

6) Si0,-Si

F B D Si0,-Si % 3.7~36.5 ug-at/l D FE 1= B -
7o RER BRI VEER 2 b MR R A1 s - T, Si0,-Si A%
5 pg-at/l LT OEEEE S TRICIES - T ic, Fh
Ao KIB T, B 10 ug-at/l L EDETH b, 4
WL TR & BT T 20 wg-at/l DL E o E R
WESEREIZ 1, DIN ® PO,-P & 3R - 54
ﬂﬁr’ﬂfgﬁ Oﬁ’.o

2. S$REHT

a) EEWm

FEROKER, S, 7 erw 711 g DIN (NO,-
N, NO,-N, NH,-N o &§t), PO,-P, SiO,-Si #E o
ZHBWDWT, EFE (Sts. 24~6) WriE COHE DA
% Fig. 7 i,

D X B

KR 17.7~234C ofHEH Y, FB GKE 10m
) T 22C U ETh o7, EBREmy- St
24 TERMAEAER (22.27C) LEBKE (21.6TC) o
PNEL, B TOEKDO ETREDEEYF T T\
5EEL bR, —F, St.20 X BT R CILEEE
HAKBHREIBEE I, BESt.6TI0mE
(2347C) &£ B-1m @ (17.7C) DKEZENSC LA &
75T Te,

2) &

B 3L.0~31.8 DEFICH Y, hE b KX HE(L
REEIhishodc, LxLens, SHRERIZKE
DOBE L REET, HA (St.24) TREBLEBOZ)N
< (#0.2), M (St.6) TAEW (0.7 &\
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Fig.7. Vertical profiles of temperature, salinity, chlorophyll ¢, DIN, PO,-P, and Si0O,-Si, along a

transect from St. 6 to 24 (west to east).

SEmAHR DT,

) zemrv s g

sma 74 alEER03~47 ug/l OB H -
7o S20 D5~10mE L, St.9 & St.6 D 10m FE%R
FLICHENERE Gug/lEb) oBENE - T
Wi, —, KR 30 m LB TR 1 ug/l LT D&
ETH -7,

4) DIN

DIN % 0.2~12.1 yg-at/l D&z H v, KROS5
ERBERERSRED bR, KERBSFKEL TV
St. 20 2 BEEEI D KR T, FEA0m LK) T 1 ug-
at/l L FDEMNEIL e » Tuvte, ¥72, Zh bk
DEBTIE, WFhd 7ug-at/l Bl EOEEI EE
ERTHEY, RELEBCTAELRBEENRRD LR,
—75, KIBOEERBZEIV/NE b5 72 St. 24 KRBT,

DINDEEL OmE (5.1lug-at/) &£ B-1mfE (7.7
pg-at/l) DENERH/NE o1,

5 PO,-P :

PO,-P 12 0.02~1.0 ug-at/l DEIEICH v, KE=
DIN & R0 mBmE AR L T, St.20 & FEfl
BT, £EQ0m L&) T 0.1 ug-at/l LTFOIE
WMl, ERBGOm LIE) T 05 ug-at/l i EDEES
RL, RELEBOREZEINKE i, —J7, St.24
T OmE (0.3 ug-at/l) & B-1mE (0.4 pg-at/D
DBEEEDNE DT,

6) Si0,-Si

Si0,-Si (% 2.4~44.0 ug-at/l DBEICH VD, HO%
I L B AEA LR R L T, 10 gg-at/1 BIF
DIENMEDHFE S St. 20 A5 FEAOERE (10 m LK)
wabh, EB (30 ug-at/1 LA E) L OBEENR LS
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Fig. 8. Vertical profiles of temperature, salinity, chlorophyll g, DIN, PO,-P, and Si0,-Si, along a
transect from St. 28 to 13 (north to south).

<, St.24 TZ 0mEB(16.3 ug-at/D& B-1m B (21.1
ug-at/D OBEZENNI oI,

EREEO MmO E LT, HA (St.24) °RIE
BOEELREBOEVDE D AEL ad ot Z &N
BEFbhb, Zhik, GBI St. 24 {147 T, B
KD ETESI L » THBHE— KA ST
WIeZ ERRTIDOTHAH S, Lal, BElcHES
LI - T ORERFGE D, KERBLIEETS
KONTEHREDEOREBESAE Lo T,
b) EEHLERE

FHEE DI OWT, BAL(Sts. 13~28)E TDEE
B fi% Fig. 8 kw7,

D K &

KR 18.9~25.6C DEIFICH b, B (St.13) » b
Jb (St 28) T I Lie i TREBDEEEN Lk X
T BEFENCD - o, FE (0m) 34XT 22°C Uk

DRETH - 7cns, IEHIBRED St.28 D 0m Blzk
T, 25.6C b E VRSB S e, BBk
VSt 13 Tk, 0mBE(22.1°C) & B-1m B (20.9C)
DIKIRE BN E Dy o 72,

2) & &

E5E 29.7~31.6 DEHEH v, BRIOERE» St
BloERBIZ @D > TREWESMET T HEENR S
i, EEBEE (5t.28) D 0mBRBVT29.7 & &
LIEGESRER I A2, ZRETIKTEA OB
ZEBbnEE LN,

3) smev74rq

smrw 74 gBER06~70ug/l DEEICH Y,
R E (St.28) D 5~10m B (6 ug/l LI k) R,
1, St.17 © 20 m B CHERIEME G ug/1 B
BYO#EIFEE LI, £, St. 150 20m B G.9 ug/
D&%z, St.16020mEE St.14 © 10~20m B
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G COBBACETEEWE Gug/l Bl »E
BEhic,

4) DIN

DIN % 0.2~10.8 ug-at/l DEIFHICH b, St. 14 25
St. 28 AT DERE (10 m BAE) ¢t 1 pg-at/I LU
DEVETH -7, T, BBETETIb 7 ug-at/
1 EDfE%RL, St.17® B-1m BT 10.8 ug-at/l
DEEESEE X uic,—J7, BRI St 13 1T
BT, EBICRTHEDL, ThrhfioBlEaom
UKBEDME & B L TEL o Tuie,

5) PO,-P

PO,-P 1% 0.03~0.52 ug-at/l OFHE = H v, HHE
HiX, DIN 08& & XL < LhTwis, Tigdb b, St. 14 2
5 St 28 AT DEE (10m LK) i 0.1 yg-at/
IUToEREBETH Y, KRBT TFhb 04 pg-at/l
o BRI EEZ TR L T T,

6) SiO,-Si

Si0,-Si 13 2.4~38.1 ug-at/l DEFEw H b, St.14
D6 St.1TkFCoRE (10m k) & 10 ug-at/
1 LUF o BB AR IR E D KBS LT\ T, iz St
15 & St. 16 DEE T, 5 ug-at/I AT h7e b KL
EPER X e, St.28 TFEBETDH 10 pg-at/1 Ll E
DHEHEETSH - 7odd, ZhEA)IIKOFETH
55, EBTR\TIE, Hi 20 gg-at/l L FoEERRE
LTED, St.28 ® B-1m BT 38.1 ug-at/l DR &EE
PERIX i,

11 Y=0.019+0.053X *
(r=0.97)
S .
5 .
(o]
2 >
, 05 ,éggx
G . onie
o et
D— ﬁ*’
I
* e,
0 . :
0 5 10 15
DIN (pg-at/1)

Fig. 9. Relationship between DIN versus PO,-P
in Harima-Nada (n=175).

50 -
40 . <
tlm 30 . . ..:' /; .o
3 ed o < ... $ %fo -
@ 20 o
o TR
“° o ’:;V:-/ Y=8.96+2.31X
e,
. (r=0.83)
“e e
K
0+ : .
0 5 10 15
DIN (pg-at/l)

Fig. 10. Relationship between DIN versus SiO,-
Si in Harima-Nada (n=175).

Bl X5k, AEKFOBEEICK T, kA
VAR B IE B TR B ARE L, FB (10
m D) O KM CREREORBIL S -7z, Thii,
Chaetoceros BEDOWEW 75 v 7 b v OEBHEIZ LY,
REBEOXEBRENAMBINLERLEEZLDZENTE
b, —H, EBRCERVEEEREN BRI L, &
NOERERHSOBE - ERWCISDDOTHA 5,

BEEOLAEADERELRTAREEEED T —
& (n=175) #» 5 DIN & PO,-P (Fig.9), 7ab T
DIN & Si0,-Si (Fig. 10) 0 #EBIBE& % ~<7%, DIN
(=X) & PO,-P (=Y) DEE (ug-at/D ORI,
EVHEBIRIG (Y =0.019+0.053X, »=097) 2 &b i
725, DIN (=X) & Si0,-Si (=Y) OEEOMIc
1, Thig EEVHEBERERIEED bhih o (V=
8.96+2.31X, »=0.83), 7ok, WIThoOBHEsEFE
B Y YIABREDHETH -7 &5, DIN 2o
% (PO,-P & Si0,-Si) X b LB T 5ER
BHBHELDEEZ LRI, ThbDOEFEZOMEE )
b, KD N,P,SiAEEENAEG (RFH &K
»AHE, N:P:Si=188:1:434 17 5, RAYMONT
(1980) 23, \ o BL v F7 4 —A FERER S LiIT
RUTE (N:P:Si=16:1:15) & ZDfEXET 5
E, NEPEOWTIHIRIEREREIE LU TE S
M, SIOEIFEIBELMKE L, LrLihb, Zh
HOED 5%, I STiIcoWTH, KIRKFEET S 7
vy b VORBHERIC L - CEDENAE S ETHT S
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we

T EHEB ATV 5 (RAYMONT, 1980), SHER OEE
kT, SIAABCHE T HEY S S v 2 b v
THAEERREBENESFEL T edit, Sin
EOEEHRKEL Inofc b HER I NS,

Chaetoceros DIREBRIZFIURL DY, REBEEXRZ (FizE
FRZ) WIoTRIAZ LiZ, ZhETbERE
HTREBOBENLTREBEN T35 (HOLLIBAUGH
et al., 1981, GARRISON, 1981, HARGRAVES and
FRENCH, 1983, KUwATA and TAKAHASHI, 1990, A&
124y, 1993), 7o & 2 1¥ GARRISON (1981) ¥, EiEw
B HFEERND, Chaetoceros DIKIRIFZE L,
FEAKFED NO;-N BENK 1 pg-at/l LTt -7
FrIcBE S h, Si0,-SilE o B KERTHR O
FIESWITIn > T o ERER LT, E7, KUWATA
and TAKAHASHI (1990) %, (RIEBRFOHEBICEEL <
I, ECEBREORLYIELICDICEL OBEZENALEL
SnBDT, SiO,-SIRE DT VETTAHE (4
~6 ug-at/D (KIRRF B S ie b L &RL
T3, £ T, $O0RE CHRE I hi- Chaetoceros
KIRRFIURL & RBEERE (i DIN & Si0,-Si) &
ORI E LI T ERFE1T 5,

5. REISEE Y Chaetoceros (RIEIAFAL

k=0 DIN BE & RRRTER & 0BG RE
THLD, FHED0,510mERFEF— 2 0b,
DIN BE & Chaetoceros {&#Ia%, DIN &1 & (kiR
F#, DIN BE & (KRIRTFoEE (Efaficx+ 5
HKERTFOEE, %), DEThFThiZ > W TEBEI L
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centrations versus total cells (upper), resting
spores (middle), and resting spore percentages
(bottom) of C. lauderi.
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