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Abstract The sandbar that stretches across more than half of the Shimanto-gawa River mouth
disappeared following a typhoon in September 2005 but re-established by November 2006. The
distributions and the densities of the copepod community in the estuary were studied to
determine the potential effects of the sandbar on this community. Zooplankton samples were
collected monthly from April 2006 to May 2007 at five stations along the axis of the estuary by
vertical tows of a plankton net. Results indicated that copepods were the most dominant
zooplankton within the estuary. The densities of the eutrophic warm-water copepod Oithona
davisae, the dominant copepod, increased over time after the re-establishment of the sandbar in
spite of seasonal progression to the colder temperatures. The stenohaline copepods, Euterpina
acutifrons and O. nana, were more common in the lower part of the estuary, with densities of both
species decreasing after the re-establishment of the sandbar. The brackish and warm-water
copepod Acartia tsuensis was more common in the upper part of the estuary. A. fsuensis and the
eutrophic warm-water copepod Parvocalanus crassirostris increased during the warmer season but
decreased during the colder season. The mesotrophic copepod Paracalanus parvus s. 1. increased in
numbers in the lower part of the estuary in June 2006 before the re-establishment of the sandbar
and in March 2007 after its re-establishment. No distinct effects of the sandbar on the three
copepod species, Acartia tsuensis, Parvocalanus crassirostris and Paracalanus parvus s.l, were
observed. Overall, the results indicate that the sandbar played a major role in water quality
conditions by enhancing stagnation of water, which led to more eutrophic conditions in the lower
part of the estuary; this in-turn favored more eutrophic copepod species as the sandbar
reappeared. The sandbar furthermore became a barrier for more stenohaline copepods to enter
the estuary from the sea.
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Fig. 1. Photographs of the Shimanto-gawa River
mouth, (a) in September 2005, just after the sandbar
of the river mouth collapsed due to a typhoon, and (h)
in September 2007, ten months after the sandbar
re-established itself in November 2006. The left side
of the photograph is upstream.

SECHE S #8757 b v ERR O BRI T
Hbiso,
Bk EEk o A D A5 5 b o Bt & B8 1,
P SO BEC A S KB b b L, 20
75 o b vERCHOEEEEA S LNTHES
o, BHERMIcE - CHRETEUHENSB T 5/
7 7 1 40 Mpenjati B IHRT 2, FE OB K
OB 7S v 7 by ETIICEA LSRG <K
B, HEOOEELED FRIC LD EKED 1 4= 2
I3/h& < 755 (Kibirige & Perissinotto 2003). e, B
N BRMEEIEC A0, FROBENEET S
TOBEKED S v RAKELL S, $h, HEBET
oo R TR CEE S A E O GRE
M) Tl BIEERICES LTk 4 5 HigiC
$3E5 10 psu B TR EAEFKBIcE b b, B
¥Miors v o s VEBENREL L - (Ueda et al. 2003).
PO I OBE E RN A I 2 S S8 d, i
BRI X EICHRDSE RN A - T 70w, WNEER
BRiICBOTRONOESELEIREL BTV (ELSEE
PR B EE R EE SRR, RREFE). L
BT, WIS 2MERCX 28075 v 7
BB OEIE, RETESTILHA S S 2 Mpen-
jati W TR RSSO M & 12812 - TES DA D
ZRBELOND,

MO oL BE MM TS RONSEHETSE
b, £/, MAHITRKREOERLRKHOBMCE -
THEBGETESNhIZHESETH S, WO 75 v 7
b, AORAERES S T 5 TR oERE S AT
HY (EiEE,» 1990, HILEFEH 1999, Fujita et al.
2002), O ORREEBIENEN T 5 v o & B
WRIET AR D T IKERNI bEREL, %
72, T AR RE SR OO £ B 0 v [T38] oD AR p ik o0 B 1
OB THH D (Suzuki et al. 1987, Alpine & Clo-
ern 1992). AW T, 2005 FEic L 22 pu T 411
CHRb Ml A3 il g o 2006 F 4 A» S [E1EH O 2007 £ 5
AEToOMIRIETIT- 7875 v 7 + »EEOHK
b &, WNOFESEHDROE S 7S v 7 by
TELZNA T VHEBEIIRIT U BEERT L.

MEEHE

PUF-H I O TR & 2,270 km?, #IRIRIEE &
196 km, FHEESAFEBRAILN S 0.5km EE EROME
(B[ ©17,000m3s™" Tdh 5 (HLl@EE FHERY
R PRENEEREEAD. E O ORI 500 m




122 OR7S vz b vEaH $o6& F25 (2009

Fig. 2. Map of the Shimanto-gawa River estuary
showing the sampling stations. The sandbar that
collapsed in September 2005 is indicated by an arrow.
Solid lines at the tip and base of the sandbar indicate
artificial banks of concrete wall or blocks (see Fig. 1).
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Fig. 8. Monthly changes in the surface and bottom
water temperature at Sta. 1 and Sta. 5 in the
Shimanto-gawa River estuary from April 2006 to
May 2007.
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Fig. 4. River flow at the site 12 km up the Shimanto-
gawa River on the sampling dates from April 2006 to
May 2007. The flow data for this graph are courtesy
of the Nakamura River and National Road Office,
Shikoku Regional Development Bureau, Ministry of
Land, Infrastructure, Transport and Tourism.

b 1T CUIER 5, 533 0 psu (2006 4£ 8 H Sta. 5
DIFRIE) » 5 33.7 psu (2006 % 4 F Sta. 1 @ 85 m )
ETELL 7o, BMEIERT O HEE S 6 psu IR 72
2, FENED U7 2006 4E 10 HH S WM EE# IS
LIS BEENICH Y, 20074E 1 Az AT 12 psu L |
I278 - 72 (Fig. B). WNEIERTO LA oK1 2006
8,9 HOBKICTX - THKIEL 7208, ZhDAOKE
41 25 psu BLEZ - 72, BMNEIERTO 2006 4E 4, 5
H (A i) SEIE#O 2007 £4,5 4 4 H TG
i, 5 H LI DEAE T 9 7 » 4 VAR
5L, WINGESBERESHSmUBICHY, R
GRIORBEEEIC E R EZLBODRS SN H - 12 (Fig.
6). L&D Sta. A DIKEIE 17.3°C (2006 4E 8 H 05
m) 25 28.6°C (2006 £ 9 H 05m) % T, i 26.0
psu (2006 57 H 0.5 m) 25 34.7 psu (2007 &2 H
10m) FToHETENLL .

Sandbar
re-establishment
35+ ~C~ Sta. 1 Surface
e . - <
~ g g - = XN
30- \&\; “g—w- &, B £ L ~@- Sta. 1 : Bottom
ox ‘? [ )~ Sta. 5 : Surface
~ 25+ |
7 | ] o] —B8- Sta. 5 Bottom
S 20 i / /r‘\\
£ L I\
£ 15 | / ~ [
= 1 I
R \ AN %
10 L AN
LA\
RN NV =x n N e
Y e .
[ e W T T
AMJI Jd ASONDJIFMAM
2006 2007

Fig. 5. Monthly changes in the surface and bottom
water salinity at Sta. 1 and Sta. 5 in the Shimanto-
gawa River estuary from April 2006 to May 2007.
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Fig. 8. Vertical section of salinity along the axis of
the Shimanto-gawa River estuary on flood tides in
April and May 2006 (before sandbar re-establishment)
(left), and on ebb tide in April and flood tide in May
2007 (after sandbar re-establishment). The bottom
depth of each station varied slightly due to differences
in the exact points of the sampling stations.
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Fig. 7. Oithona davisae. Seasonal and regional distri-
butions in the Shimanto-gawa River estuary from
April 2006 to May 2007 (top), and the seasonal
distribution in nearshore waters in Tosa Bay from
July 2006 to May 2007 (bottom). Areas of the circles
represent the density of copepods (ind. L™!). The ‘X’
indicates that no copepods were found.

Shisho-tz, AKEEIRICERBERNBELHEL,
BlUEEE, RREEECRIEKETHS I EBHS
NTWB CRAMSE « M 1991, Ueda 1991). L L, &

FEEEITIS - 72 (2006 4E 12 AH 5 2007 £ 3 A TOE
HEEEE 414 ind. L7, @ TR 10~15COKET,
12~20 psu DEH T TH, KOEAHEMESTEVL T &P
LILANEM T 5 v 7 b v DBEW EMDEENELITIR
M T 5 LMo TV S (KiFiEd 1999).
REFE TIRRBE T LS - 7208, BIN7HAh I3
ONIHIRPAD R T -7 T EIck » TREBIREE
BEMNEIER X DB - I EBEZ NS, L
T, WKL AR R X RN EERT TR & 15 - /- FE
mELT, KE HSFBELTORICELLDLLE, &K
FEOERICHE L L ERBELRRECR L - LA REHSE
Z 5N A, AREIHRTOWMNEIEROLIEEKER 32
JERRE L8 B 1TCLLEH v, BMEE2 » HROE L
WEIMBARIONOEREBA b 726 LERTRE VLR
LHEEREN B,

Acartia tsuensis ZIRFIR» O BER O BI85
e BEKEEKETSH B (Ito 1956, Ohno & Oku-

Sandbar
re-establishment

Acariia tsuensis

Sta.’5 4
Sta. 44+ =
Sm.3~’)( “
Sta. 24+ < @
8 1
Sta. 1% X « & ® & clc o » 5 + X @ ©0.05
S —— | ind. L'
AMJIJ ASONDJI FMAM
2006 2007
300~
250 -
" 200
=
£ 150
Z 1o occurrence
%
£ 100 |
=]
50 4

0
JASONDJFMAM
2006 2007

Fig. 8. Acartia tsuensis. Seasonal and regional distri-
butions in the Shimanto-gawa River estuary from
April 2006 to May 2007 (top), and the seasonal
distribution in nearshore waters in Tosa Bay from
July 2006 to May 2007 (bottom). See Fig. 5 for
further explanation.
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Fig. 9. Parvocalanus crassirostris. - Seasonal and re-
gional distributions in the Shimanto-gawa River
estuary from April 2006 to May 2007 (top), and the
seasonal distribution in nearshore waters in Tosa Bay
from July 2006 to May 2007 (bottom). See Fig. 5 for
further explanation.
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Fig. 10. Paracalanus parvus s.1. Seasonal and re-
gional distributions in the Shimanto-gawa River
estuary from April 2006 to May 2007 (top), and the
seasonal distribution in nearshore waters in Tosa Bay
from July 2006 to May 2007 (bottom). See Fig. 5 for
further explanation.
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Fig. 11. Euterpina aculifrons. Seasonal and regional
distributions - in the Shimanto-gawa River estuary
from April 2006 to May 2007 (top), and: the seasonal
distribution in nearshore waters in Tosa Bay from
July 2006 to May 2007 (bottom). See Fig. 5 for
further explanation.
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Fig. 12. Oithona nana. Seasonal and regional distri-
butions in the Shimanto-gawa River estuary from
April 2006 to May 2007 (top), and the seasonal
distribution in nearshore waters in Tosa Bay from
July 2006 to May 2007 (bottom). See Fig. 5 for
further explanation.



RO PN RN AS 5 4 7 S SEREE IS T L o 127

AbHETI1 ’1‘%@ DAAT VTS v o - o BELE
NBHI LI ﬂD@Mﬁﬂum@ﬁ47yﬁ@@:
- Ea%y‘%&&bfhéi&%%%ﬂ‘bﬁ

ﬁﬁn%,@ﬂ®@ﬁ &, EIKIE R TR B Rk E
BREIDPL VSO0, FONTEGES 2 PEkED
%m&,m¢&ﬂwﬁﬁmuﬁkf TRIE M EETE O W
DEbico Lk, TOBERE LT, BMARITNADK
OIRENFF 5 T LIk » TRION OSSR L, W5
@ﬁ?ﬁ?%@ BYRRESFONICER SO, %
PRIGHEEERE MR SHEA LIT < 105 T & AR
‘5%17‘:. O Ui R EERE, RO Lcidmomy
LEWT T v b RO FRENZREMETH
D, FILORERPLEGTELWL., LarL, dOuMHos
WO TS v o v VBB ESEELLLE 1ED
FOIRHE-T, EBICHMNSEEICHES - 3 EE L
BREcHELLWEEMIC, AR5 7 r v
16 B R Rb N D AR RESE R B A IEF 4 5 — il & LT
fEMTOh 5, ?ﬂﬂﬁ}‘d‘l‘lmv] OHNOEM 7S5 v 7 b v
HRICHETEEOES VI, HOEATEEECH M)
Mwﬁsggkh:;oaﬁmg Mo HHOBE,
MEFAOOEFEZLEEZEBNTCTVEY, ZATS ] TR
DEFICE > THOND T 5 v 7 b v HEIC A 28 B8
5T Ebn- .

E i3

ﬂihﬁﬁd)éfﬂﬁ*ﬁ DB 72 O R FITEO 72 EHIRSERR
G R v @{mmfw B0z s v 70
ik, HHE R BB OBEERT., KPIEO—EHi
BRI fF%%’ W98 7w ¥ = 7+ [EEREER SR
Al OFEBEMERL 72,

51 A 3C

Alpine, A.E. & J. E. Cloern 1992. Trophic interactions and
direct physical effects control phytoplankton biomass
and production in an estuary. Limnol. Oceanogr. 37: 946-
955.

Amadi, A. A. 1990. A comparativc ecology of estuaries in
Nigeria. Hydrobiologia 208: 27-3

/ST ﬂ@fﬂﬁ 1991. 5{,.\/74? BULEYT 57 b
v OFFIEAL. FEFUKERETIHRE 78 145-165.

UL - H&—‘.I Mwm; 1997. HAREBET S v 7 v vikk

B, B ARELMNE, B, 1574 pp.

Fujita, S, I. Kinoshita, I. Takahashi & K. Azuma 2002.
Species composition and seasonal occurrence of fish lar-
vae and juveniles in the Shimanto Estuary, Japan. Fish.
Sci. 68: 364-370.

HESF 2« RERIAst - vk ¥ 1999, ST LIS
BhAT VEHEE LRI THAOEH O 7#7}0““7?{}%

65: 106271068

HPISEER » HLEE o BN - EEREBER - IR 5 2006.
@I)J—l*lllw.’&%;vaffJ}..L. Lugna 13: 63-77.

Islam, M. S.,, H. Ueda & M. Tanaka 2006. Spatial and
seasonal variations in copepod communities related to
turbidity maximum along the Chikugo estuarine gradi-
ent in the upper Ariake Bay, Japan. Estur. Coast. Mar. Sci.
68: 113-126.

Ito, T. 1956. Three new copepods from brackish-water
lakes of Japan. Paci. Sci. 10; 468-473.

Jeffries, H. P. 1967. Saturation of estuarine zooplankton by
congeneric associates, pp. 500-508. In Estuaries (ed. Lauff,
G.H.). Am. Assoc. Adv. Sci,, 83, Washington, D.C. 757 pPp.

Kibirige, I. & R. Perissinotto 2003. The zooplankton com-
munity of the Mpenjati Estuary. a South African tempo-
rarity open/closed system. Est. Coast. Shelf Sci. 58: 727-
T41.

Kimmerer, W.J. 2002. Effects of freshwater flow on abun-
dance of estuarine organisms: physical effects or trophic
linkages? Mar. Ecol. Prog. Ser. 248: 39-55.

Liang, D. & S. Uye 1996. Population dynamics and produc-
tion of the planktonic copepods in a eutrophic inlet of the
Inland Sea of Japan. Ill. Paracalanus sp. Mar. Biol. 127:
219-227

Lo, W. T, C.L. Chung & C. Shin 2004. Seasonal Distribu-
tion of Copepods in Tapong Bay, Southwestern Taiwan.
Zool. Stud. 43: 464-474,

27 5 AF—, D.C. 1999. = 2 F + ) —DHHES A
. B, 246 pp. (PHEZERGED

Ohno, A. & Y. Okumura 1988. Propagation of the calanoid
copepod, Acartia tsuensis, in outdoor tanks. Aquaculture
70: 39-51.

RE M- BEWE - BE & KB - BHEENR 1999,
ﬁ%ﬁLLEmﬂ BUHLE TS v b v BEOREHE
&) Laguna 6: 73-87.

B E—ER - AT B 1994, EHEKEEHABOEY 5 v/
b &%'F%'f“~’7k EFERATEE 48: 51-50.

Suzuki, T, K. Ishii, K. Imao & Y. Matsukawa 1987. Box
model analysis on phytoplankton production and grazing
pressure in a eutrophic estuary. J. Oceanogr. Soc. Japan 43
261-275.

BEIEEE - KT Re¥ BF-EBHEZ -md % 1990.
PTHNE T BT 2 7 2 fF . H R KBEE 2% 56
871-878.

Takahashi, T & A. Ohno 1996. The temperature effect on
the development of calanoid copepod, Acartia tsuensis,
with some comments to morphogenesis. J. Oceanogr. 52:
125-137.

Ueda, H. 1991. Horizontal distribution of planktonic cope-
pods in inlet waters. Bull. Plankton Soc. Japan Spec. Vol.:
143-160.

Ueda, H., F. Okada & M. Azuma 2003. Temporal changes of
zooplankton in the detention pond closed off in 1997
from Isahaya Bay, Kyushu, in relation to desalination.
Plankton Biol. Ecol. 50: 10-16.

Ueda, H.,, A. Terao, M. Tanaka, M. Hibino & M.S. Islam
2004. How can river-estuarine planktonic copepods sur-
vive river floods? Ecological Research 29: 625-632.

Vieira. L., U. Azeiteiro, P. Ré, R. Pastorinho, J. C. Marques &
F.Morgado 2003. Zooplankton distribution in a temper-
ate estuary (Mondego estuary southern arm: Western



128 HAZ 5 v 7 b vEaHl $E565 H2%5 (2009

Portugal). Acta Oecologica 24: S163-S173 Wooldrige, T. & T. Erasmus 1980. Utilization of tidal
Villate, F. 1991. Annual cycle of zooplankton community currents by estuarine zooplankton. Estur. Coast. Mayr. Sci.
in the Abra Harbour (Bay of Biscay): abundance, composi- 11:107-114.

tion and size spectra. J. Plankton Res. 13: 691-706.




