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Study on the Early Life History of Ayu in the Shimanto Estuary, Japan
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Takahashi Research Office of Freshwater Biology

Abstract: The ayu Plecoglossus altivelis altivelis, is
an amphidromous fish with a life span of only one
year. This is one of the most important species for both
commercial fisheries and sport fishing in Japan.
Hatching occurs about two weeks after spawning in the
lower reaches of rivers in autumn and yolk-sac larvae
drift down into the coastal waters, where they remain
throughout the larval and early juvenile stages. In
spring, juveniles ascend the rivers, where they feed at-
tached algae on rocks and grow over the summer. They
mature the following autumn, and spawn in the lower
reaches of rivers after a downstream migration by
adult.

Much works has been on the ecology of the ayu in a
river, but little is done about the early life history of
ayu before 1980s. Studies on the early life history of
ayu have progressed since the 1980s when the main
nursery ground of the ayu was found to be in the shal-
low waters such as the surf zone. In recent years, some
studies on larval and juvenile ayu proved us the infor-
mation on growth, migration and so on forth in the
coastal waters. However, the habitat, development,
mortality and so forth in the early stages are not yet ful-
Iy understood. Since 1985, I have conducted the survey
of larval and juvenile ayu in the Shimanto Estuary, and
found that a number of the larvae and juveniles of ayu
remain in the estuary, and achieve higher growth rates.
This indicates the importance of the estuary as a nurs-
ery ground for ayu.

In the present study, I try to detail the early life histo-
ry of ayu, especially for migration, mortality and devel-
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opment, which are still unknown, in the Shimanto
Eswary, and clear the significance of the estuary for
ayu.

1. Environment in the Shimanto Estuary

The Shimanto River, which is 192.4 km long, flow
into the southwestern part of Tosa Bay. The upper end
of brackish waters is located about 7 km above the riv-
er mouth. In this paper, I defined the brackish waters as
estuary of the river.

Monthly means of the water temperatures and salini-
ties of the waters adjacent to the bank in the estuary
fluctuated seasonally from 11.6 T (December) to
29.1 C (August) and from 1.7 psu (June)to 19.1 psu
(November) , respectively. Water temperatures and
salinities during the period from November to February
steadily increased with depth to about 3 m depth. The
water temperatures in the estuary from fall to winter,
when larval and juvenile ayu occur in the estuary, tend-
ed to rise in the late 1990s. The similar phenomenon
was observed also in the coastal waters adjacent to the
Shimanto River.

During the period from fall to winter, species num-
ber of larval and juvenile fishes decreased in the estu-
ary with the dropping of water temperatures. Although
the dominant species in these seasons were Acan-
thopagus latus, Mugil cephalus and Lateolabrax
Japonicus, the ayu were seemed to utilize the estuary as
a nursery ground without interspecific competition
with those species.
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2 . Spawning and downstream migration of
yolk-sac larvae in the Shimanto River

Five spawning grounds of ayu were distributed with-
in 9.7 and 14.1 km from the river mouth of the
Shimanto River in 1999. The lower end of the spawn-
ing area in 1999 had shifted approximately 1.7 km
above in comparison with the lower ends in 1974 and
1983. The shift of the lower end of spawning area in
1999 was due to the decline of the riverbed. Compared
to other rivers in Japan, the spawning area of the
Shimanto River was narrow and concentrated in the
lower reaches of the river, despite the low gradient of
riverbed. Before the 1980s, spawning of ayu in the riv-
er was observed during the period from early October
to late December with a peak in late October. After
early 1990s, however, spawning period tended to be
delayed, and the lively spawning was observed in early
or mid-November.

Yolk-sac larvae in the 1996 year-group were collect-
ed in the lower reaches of the Shimanto River from late
October 1996 to mid-February 1997, with a peak in
mid-November. The peak period of spawning estimat-
ed from the peak in abundance of yolk-sac larvae was
late October 1996, but in reality the spawning peak was
observed in mid-November 1996. This contradiction is
likely to relate to the opening of the fishing of ayu in
mid-November: many people entered the spawning
ground for fishing and they trampled the eggs attached
on gravels. Yolk-sac larvae that estimated to hatch out
2 or 3 days before occurred during midnight to day-
break, although only newly hatched larvae occurred at
the regular collection at 19:00. This suggests the daily
activities of the larvae during down stream migration:
at nighttime, they rise to surface layer and are trans-
ported to sea by river flow; at daytime, they sink to
bottom layer in the pool and stay there. These daily ac-
tivities seem to be effective for avoiding ultraviolet and
predator at daytime.

3. Occurrence and migration process of larval
and juvenile in the Shimanto Estuary

The ayu in the early stages, including yolk-sac larvae
and juveniles before upstream migration, occurred
abundantly during October-May in the Shimanto
Estuary. There was little difference in the sizes and
ages between the larvae and juveniles occurring in the
estuary and surf zones. These facts signify that the es-
tuary is important for a nursery ground of ayu as surf
zones in the sea.

Yolk-sac larvae smaller than 7.0 mm BL were dis-
persed throughout the estuary. After absorption of
yolk, larvae aggregated near the bottom of the estuary,
and remained there until reaching 10 mm BL. Larvae
of 10 mm BL and larger were observed to aggregate in
the water adjacent to the banks (bank waters) . Thus,
larvae migrate from the near bottom waters in the cen-
tral channel to the bank waters of the estuary. An in-
crease in the specific gravity of larvae after yolk ab-
sorption seems to facilitate the aggregation near the
bottom. The larval characteristic of sinking to the bot-
tom of the estuary may enhance their retention in the
estuary.

Sizes of larval and juvenile ayu collected with a fish
lamp were larger in the center of flow area than in the
bank waters in the estuary, which suggests that larvae
shift habitat from the bank waters to the center of flow.
This shift began at about 20 mm BL. Howeyver, the res-
ident term in the bank waters of the estuary changed
with the hatching dates, that is, the early and late-
hatched larvae become the shortand long-term resi-
dents, respectively. A similar phenomenon was found
also in the upstream migrating juveniles collected in
the freshwater section. The growth rates of larval ayu
in the waters adjacent to bank were tended to decrease
with hatching dates. The fluctuations of growth rate
with hatching date appear to be a factor leading to the
variation of resident term.

4 . Food habit, growth and development in lar-
val and juvenile stages

Feeding incidence of larval ayu less than 35 mm BL
collected in the Shimanto Estuary was 67.3 %, which
was by no means inferior to that of ayu in the surf
zones (72.5 %) . Larval ayu in the estuary took the
Copepoda mainly, just as they did in the sea. But
Eurytemora affinis, which is a brackish water species,
and Gobiidae larva, Luciogobius sp., were particular
food items of ayu in the estuary.

Growth rates of ayu collected in the estuary were
better than those of fish in the surf zones, suggesting
that the estuary is better than sea for a nursery ground
of ayu in early life stages. It is likely that the particular
food items and lower salinity in the estuary cause the
better growth in the estuary.

The developmental processes of larval and juvenile
ayu in the estuarine and freshwater sections of the
Shimanto River were compared among cohorts
hatched in November, December and January.
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Formation of fins and ossification of the centra, which
were completed by about 35 mm BL, hardly differed
among the three cohorts. In specimens over 35 mm
BL, body depth and head lengths were smaller in the
November cohort than in the other cohorts, with pig-
mentation in the earlier-hatched cohort being complet-
ed at a greater BL. The November cohort also re-
mained at the “whitebait” stage until reaching a larger
size (about 45 mm BL), before transforming to juve-
niles and commencing upstream migration. In contrast,
the January cohort transformed to juveniles and started
upstream migration at a smaller size (under 40 mm
BL). The difference in transformation size among the
cohorts is probably caused by ambient water tempera-
tures existing at the beginning of upstream migration of
each.

5 . Mortality in larval and juvenile stages and
annual change in birth date distributions
in 1986-1999 year-groups
Different life stages of ayu, including downstream

migrating yolk-sac larvae, larvae and juveniles dis-

tributed in the estuary or coastal waters, and upstream
migrating juveniles, were collected in the Shimanto

River and adjacent coastal waters from October 1996

to June 1997. For yolk-sac larvae during the down-

stream migration, two-peaks in abundance were found
in mid-November and between late December and
mid-January. In the later life stages, November hatched
larvae and juveniles were few, while larvae and juve-
niles hatched between late December and early January
were more abundant. This indicates a high mortality of
the larvae hatched in mid-November 1996. From

October to November 1996, water temperatures in the

Shimanto Estuary and adjacent coastal waters were

over 20 C, in which the survival rate of larval ayu was

considerably low. The unusually high water tempera-
ture of the sea in autumn 1996 probably caused the
high mortality of larval ayu hatched in November.

The birth date peaks of larval and juvenile ayu,
which were estimated by daily growth increments of
otolith, were observed from late October to mid-
November for the 86, 87 and 92 year-groups.
However, a delay of the peak began to be observed
from the 95 year-group, and the peaks of the 96 and 99
year-groups were observed in late December, being ap-
proximately two months late in comparison with the
peaks of the 92 year-group. The water temperatures in
fall in the coastal waters adjacent to the Shimanto

River tend to rise in past twenty years, and it is high es-
pecially in late 1990s. The delay of birth date peaks of
ayu is likely to relate to the rise of water temperatures
in fall.

Key words: Ayu; early life history; hatch date;
Shimanto Estuary
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Fig. 1. A chart showing the stations where the water tem-
perature and salinity were measured. The measure-
ments were made at the surface layer (0-0.3 m depth)
for Sts. B1-B10 (solid circles) in the bank waters of the
estuary and Sts. S1-S3 (double circles) in the coastal
waters, and at 1 m depth intervals from the surface to
the bottom for Sts. C1-C5 (open circles) in the center
of flow.
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Upper end of tidal zone
Nakamura City

Shimoda

Brackish Tosa Bay
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Fig. 2. A chart showing the Shimanto River.

Tosa Bay

Fig. 3. Topographical chart of the Shimanto Estuary.
Depths were measured by the Ministry of Construction
in 1984.
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Fig. 4. Monthly change in flow during the period from
1985 to 1996 at Gudo (about 10 km above the river
mouth) in the lower reaches of the Shimanto River.
The solid circles and vertical bars indicate the means
and standard deviations. The flows were recorded by
the Ministry of Construction (source; Ryuryou Nenpo).
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Fig. 5. Diel changes in water temperature and salinity at O,
2 and 5 m depth at St. C1 (river mouth) in the
Shimanto Estuary on October 28-29, 1990. H and L
represent high and low tides, respectively.
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Fig. 6. Monthly changes in mean of water temperature and
salinity in the bank waters of the Shimanto Estuary
(solid circles) and in the surf zones (open circles) duar-
ing the period from July 1985 to June 1988. The verti-
cal bars indicate the standard deviations.
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15mg /1 FiaF CIRT L7z SSOHFIHMEIZIA
BIU 48AITIF 2535 mg /1 LB WEER
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Fig. 7. Verticals profiles of the mean salinity (solid circles)
and mean temperature (open circles) at Sts. C1-C3 in
the center of flow during the period from November
1992 to February 1993 (Takahashi et al., 1998).
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Fig. 8. Annual changes in monthly mean of water tempera-
ture at 2 m depth in the center of flow (Sts. C2-C5) in
November, December, January and February from
1987 to 2000. The water temperatures were recorded at
daytime for 1987 and 1992-1993, and at nighttime for
1995-2000, respectively.

L72%% 103 EA 25 mg /1 LT CTH -7 T
N 33-5H 1% 04 mg /1 CHIXHIZEVEE IR L7295,
T-1H DML 02 mg /1 RitE CTH -7z, T-P 131138
DM 0.015 mg /1 LT CHER L7228, 598121
0 mg /I BEL 272 Do iz, KEHE &
BEFEPOLEFIINTTESEA L, KEPLL
FIRTT5 L) FEHEIERL

Water temperature (°C)
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Fig. 9. Annual changes in mean water temperature in the
coastal waters during November December. Solid and
broken lines indicate the water temperatures at Tanoura
Harbor (about 7 km north from the river mouth) and
offshore station (about 8 km northeast from the river
mouth) respectively. The data were recorded by Kochi
Prefectural Fisheries Experimental Station.
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Fig. 10. Seasonal changes in monthly mean of COD, SS, T-
N and T-P. The vertical bars indicate the standard devi-
ations. Each data were recorded at the river mouth
(Shimoda; St. C1) by the Ministry of Construction
from 1985 to 1998.
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Fig. 11. Larval and juvenile fishes in the Shimanto Estuary
from October to March. Fishes were collected with a
seine net (1x4 m, 1 mm mesh) in the bank waters from
October 1985 to March 1987 (modified Fujita, 1994).
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DOHFHEE OB E B2 (Fig 12). MEDOBEIZ
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TMEDSVWEBIMENER L, B WA
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Fig. 12. Relationship between flow in the river and salinity
at surface layer in the bank waters of the estuary.
Flows were recorded by the Ministry of Construction.
Data of the salinities were means of the St. B1-B10 in
each survey, which were conducted from 1985 to 1988.
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Fig. 13. Map showing the spawning grounds of ayu in the
Shimanto River in early November 1983 (closed cir-
cles) and in mid-November 1999 (open circles)
(Takahashi et al., 2002 a).
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HE 0m) LD THo7: (Table 1, Fig 14).
FEFR SN2 0 5 BLIAEASK Z VO E
GEs (3,100 m?) T, EAIIOEEDL KB,
o7z (Table 1). KilEESNIGH X TR L/ & ESNS

Table 1. Spawning arca and egg density, and ratio of
eyed eggs in the spawning grounds of ayu in the
Shimanto River at 14-15 November 1999 (Takaha-
shi et al., 2002 a)

Spawning  Area + Ratio of eyed eggs to

Egg density

ground (m2) all the eggs
Gudo 50 ++ <10%
Kobatake 3,100 +++ <10%
QOoura 1,250 ++ <30%
Heimoto 20 + <5%
Sata 30 + <5%

* 4+ @ great many, +++: many, ++: few,+: very few
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Fig. 14. Distributions of ayu eggs in the spawning grounds
in the Shimanto River in mid-November 1999
(Takahashi et al., 2002 a). Black-painting areas and ar-
rows indicate the spawning areas and directions of
flow, respectively. Locations of the spawning grounds
were shown in Figure 13.
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AT ZOENMOMEREERTLENUTOLY)
272 5.
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Fig. 15. Seasonal change in river flow that was recorded by
the Ministry of Construction at Gudo in the lower
reaches of the Shimanto River from October 1996 to
February 1997.
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Fig. 16. Seasonal changes in number of ayu larvae during
downstream migration (dotted area) and water temper-
atures (closed circles) at Gudo in the lower reaches of
the Shimanto River from October 1996 to February
1997.
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Fig. 17. Diel changes in number of ayu larvae during
downstream migration (dotted area) and water temper-
atures (closed circles) at Gudo in November 14-
15,1996 (top) and December 20, 1996 (bottom).
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Fig. 18. Size-frequency distributions of ayu larvae during
downstream migration collected with a conical plank-
ton net at Gudo from October 1996 to February 1997.
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Fig. 19. Seasonal change in sme-frequency distributions of

ayu larvae during downstream migration collected at

Gudo from October 1996 to February 1997.
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Fig. 20. Frequency distribution of the yolk index of ayu lar-
vae during downstream migration collected at Gudo
from October 1996 to February 1997.
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Fig. 21. Diel change in size-frequency distributions of ayu
larvae during downstream migration collected at Gudo
during November 1415, 1996.
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FHNo7 2 &8 BICERET ITTURELEA
PRHEETHLZ 225, BBICHTzo TITHEINE
OBRBIHT AT REBILEELEZ LS,
A (1964) 37 2OENEE, 2RO
TR < OFeC#BRIC, fEE R CiEm T
PHBENT & CAIZRBREICEREINAZ LR

L7z W T OEINGOTE S h 5 #HiH %
DI & BT 5 &, WE  OFG#EIF IS
ENTCwbI s (Fig 22), 2HEFIOS
A TFEHYTEMCRZS, L, WO
ZE 50m F COMKAE (m/km) id 096 &M
BEE <, Fg 22 \RLZA)Iods T, WE+
&Y L EIREEA D2 0 INWIRFI O 0.9 12308
{, RBENRLZEIND 1.5 TRy AH, 1964)
DI DR VBEETH L. EIWEI O R
NAINTIRSMEL7ATAINEE TR T 35D
IR AT 5720, JURSEICI DBEEL T W
(FFE - B, 1985; BB, 1088; AN, 1991b;
B - R, 1998, 1999). WH DX 5124
AR 20b 53, EIGILMOL WS NS
BHraT52 01T, FRAOEEERY AR
S ERD.

2) EEDNES

9724 A FNIC7 DRI T AT %
fTo 2 EEITH (1973) 1%, HIVENZ108 LA
S128 AT, B0 FTa5118 Eaied
HELTWS., $72, 19748 ENRER T -7
RF - EK (1977) 1%, EIROREKEI0AF - F
T, BRI TRE1LAL  dg02ER 5
EHELTCwA, o@by, MEMHARICLS
& 19804E Ik PEIR B4R 210 A £ - ), BEHEFIZ10

Distance from river mouth (km)
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Okitsu R: (8.8) #
Abe R. (4.6) |m
Sakawa R. (4.3)
Ohi R. (3.8) |m
Ohita R. (2.7) | —
ShouR. (2.6) | =
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Kano R. (1.8) | wmmes
Tenryu R. (1.5) | weesmm—
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Naka R. (0.9) ——
Yoshino R. (0.9) ——
Nagara R. (0.7) S——
Ara R. (0.6)
Tone R. (0.3)

Fig. 22. Distributions of the spawning area of ayu in rivers (Takahashi et al., 2002 a). The numbers given in parenthe-
ses are the grades of riverbed between river mouth and height of 50 m above sea level. The spawning areas, ex-
cept for the Shimanto River, are based on Ito et al. (1962) Ishida (1964) Wada (1973) and Tago (1999).
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ATaTHo7z. T2, 198740 H2MFEICIX10H
L P ROW T ANIEE 5 2 L SRS
THY, FZOEMIZI08 TA»SIARDICRES
iz (B - £, 1996). T ks b8E
A HUEE AT TiE, FRUNNIHME ST
WA KE BT EVESZ S, —T,
19934E DIREREIR O B I R L - pRIIZR O NS
iz (BEMY L), SOFELLIAT & B
LTI 2 BEBENED-X ) THE. FAROWT
BER2FEL1996FI2BWT, 10H Ear s
FRBLZCHEDLLT, RO T2HATE
7DRI0A THTH -2 i3 (Fig. 16), FEHN
DBEFEN/ T L ZERLTWS, 5618, ¥
NG %17 5 7219994F 11 A HAaNC B W T, SN
B EAT T Sz 7 I RBIRI AL <
(Table 1), 6@ &30 AREMLEIPIHE - CTH
hweitES N, IhooZ e ma+
B 5 7 2O REIIEIE A E R BN S H I
HLIENEbNS.

2. HFRDRT
1) R TERD SHETE S h B EERER

19964E 281 5 7T 2O FIXI0H TR, S5 F
o7z (Fig. 16). ZORHOKIRIE 20C BET,
Z DKBEM T TOREMND 5 5L FE To BEITH
I0HTH BT Lo (FEEIZDY, 1971a; Kashiwagi
et al, 1986), EINORMHIZI0A A TH o724
BEND, —F, WTOERTE2APET, 2o
ROk 10C 2 THES = & 5% (Fig. 16),
BEIRPLAMEE TIH0HEERB L L H#EEEN
% (FHEIEA, 1971a; Kashiwagi et al, 1986). L7z
BoT, BIRORTRIBHHETH 72 EE L
bbb,

F72, 196FEDHTFTOY =27 X1 AR THo
722 e, s (Fg 16), FRROHEREZT) & B
OO0 TAE 7213118 B2 5. L,
EINHEEHBE,SOBEMNITL D L, 1996512
BOTERPH . - THBETH - 720211 H10H
PHISHORTH Y, nMEEE: —%LRwv. 2
OHEEO—2E LT, 7RI BKGFITAE
ko TRLY, KBAIE ERIEOEVGIE TR
WCEINT 2Emich b BT ohs (AH,
1962; B4 - 857K, 1962; #1, 1996). Dk S
RGBT KEB O EINE BICH &
2wz, RELshB . Eo—FT, EW
BINRECIT b A /N OREIIZE T B 5w

* 1996%E11 B 1I7THE R AR (Hi54)

2%, EWRERBEEIAEZBRHEREoTwS
e D 5.

LA LA S, 19965121311 8 A EIC DRI
HEEELNLTWE 14-19C (BRI, 1965) 12K
WA TAo7/22 & (Fg 16) »SHEELTS, 2
ORISR RZENIfThb R Z L D FETH S
I (EBRIA4BICIEER S bIER L eI TE 2
B2, 25785 11APEICERSHY
FR2EBZO12A RERRICAET 2 LS
By (FRiZ2Y, 1971a; Kashiwagi et al, 1986),
MTREZOREZELIBI LTS g 16).
ZOXNEHEHEICHHTE 28T 2w, #
LERADMEL RN L EEZ NS, Tihb
L, WHHNTIEERERA L2211 B FaIIiE
HHLERDMRE SN D, 19965E O ¥ H AL EEE X
1MA16ATH Y (Fig. 16); EESRBAITIZH2,000
ANORBEBRD oz FES TV A, Z O
DGR RL 26 m* /s FREE L DR (Fig. 15), i
DMCETAY LAY aa X VMBS Thb i
CEND, BIGICLZDADNE AT L%
Abhb., TAOEEPIBAOEIITEICL -
THEDO—HHME, WTFTHESbRTEY
R&EZ D, 1978a), EIIBANEL L ODAPIEBL A
S 7ZBEWIE, HUBDEEINCHIBR Tk
Lo E#HERINE TAFAOKRTENELLD
BRI L TR L2 83 (Fig 16),
CDLILHELHBORELEMNTLHRLEZ
A% Liview, 238, 20004E0 EIEE IR Y
AT - 72 BEOR, FHLMHMEO2BmICE
W TISRE 2 BEIMTEIEISE S h, RREIRIE
BRECHERLLIZL 2P 5T, MEDSHE
GHERERLZ7TESE) EFNRS T L A EHEE
LTz, ZORHIOKIREI 14-15C THholzZ
Lo, SMEECWRIEEMPEET S 1Tk
% (fHEI37, 1971a; Kashiwagi et al,, 1986). L7z
Mo T, WOEREHMEILIZbOTIEEL, &
RDONEW 2 EBONEENEWEEZ Sh:.
FEBRE AL A D 2 210 X B EER~DEE
WDOWTIHEEDOEE B v, 72EFRORE
EVIBEISRERLHETHY, SHBHEL,
IZENRITNER SR,

2) FROFETHDITE

19964F11 H A V2520t L 7204 FHIEREE T, 7
HFROWTOE— 2713 19:00 122 517 (Fig. 17).
T4 D 51EIE 18:00-20:00 & 5 W i 18:00-19:00 12
Y= L5 2 EPEEEBPLHLPIIINT
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W5 ORFF, 1953; #EZE - flIM, 1967a; HT,
1999). WWHHNTOR FMFAORE MILHEK
HEORENE CNEEINY) 0BT 579,
SEEE E REBO - AP —FH L7z b Dk
MgEahs, £/, BT (1999) @72FHA05
LR L B3 & B D D, B S WA H
TR B2 2HELTWSD, KFHETIR
UAFDE RAHATIERTO Y — 7 B3I 21X
B ooz (Fig. 17). THIFRE%1T-
72118140 £ 125208 O HIRBH N EF N FR
17:04 & 17:02 T, FLAEEDF VT LR
LEZbON. BB, TIFAOE L TIE
TH o710 TH»S51H 4 (Fig. 16) O R®
Reglid, 16:58 (11H28B-12H12H) #5 17:26
(1H20H) T30m80ELIENYD, HTFoY
— IR EZCEBMLL VW EERZHNS.

MTOE—Z7RHTH S 19:00 ICREShZT
IAFREOPIIE, BE 70mm 225D DRI
LAEEEFN T RDP 72 (Figs. 18, 19). F7=,
BRI D SMLEHR E EDN A 34 Db OB
2RO 84% D, FBEIOH DI 07%, 0 (O
HOWNET) OIDEFELETN TRz
(Fig. 20). TN o OHEL, HREMMTZEERT S
TIFHDIEE AL IMEEROIOTHLH L
RS, —H, REHBROHAEE YRS L e—
ik 6 mm Fi#ICH Y Fg 21), 19:00 OEHR
EROKEMBE (Fig. 18) &R o72. Le
L, ERETRELAGYHRE L 2kE
7.0 mm % #8 % B EIEDSEE D 23:00 5 HEBTRT
D500 AT CHEAL, BHIUBEIEALOH
Bixhdor FEg2D). IS 70mm 2825
RO EIRBEBE L2 25, 5% 01 Th
o7z, L7233 T, WHFN TSNS 5L
B3N BERB LA LHEINLEFEROME
ATHBERDS, B SET FIZRTTRTLTY
LI EBr5H.

7 LD 54kIE 18:00-20:00 (B L, BRI
BEAEMMELGZ Y ORK, 1953). 0720
WTFEDHBZAIEZ DML & I &
MBI OWMHEICI > TRTEL L ENTE (R
|- fB3E, 1967). T, 7 AFAEERIIA
WMEGTH 5720, FHYO X ) ITHJ{OFNICE
S TIRIFZEWICHET I L Lo ZF Uhilng
W, 1965a; /ML, 1978; FEEE - FIH, 1965, 1967a;
FiH1988; HIT - fHEE, 1998) 2k B, LaoL,
WG HNcR S X9z sa b3 HEERR
L7 ERANER D ST FIZOARTT 52 L %
ZOE9EZFTHATHIITEEID S L)
IZEbNhs, T7%bb, SMUB23HBEERSEL

TR (S S IIBRTEICHYAEhi D
HEEND) BZEMICH T LTV 5D THRUL,
BESNARINZIFET U FLER L EHEIN
Bh%, MO 19:00 OEHREORIZIZIZ
EAEREINTYRY, BIE - FiR (1999) 1
BB ORENNICBVT, ERE WO 5 30-
50 km O/ »SRRLEHICH 24N FTORE
A GTEOA 5 1040 km OFICEE) THTT
L7 AAFAERELER, Mot kE,
WTEROMETHEICEFRICHE T LD &,
BIXUEFNSRTH 7 20HICIZERE 0-1 @
EPEEHE TN TN E2WE LTS, 2
D& S HBGS L FROBEY S ZBIIICH
T 5EWH)EZFTCRHAPEIKET, DTICE
R5EH % [BEICERT LR, v iREiY
BITEFEE L Cnb & #2552 L HlT s
ns.

NA 2 (1983) 137 2AFAOIEOREREIL.51T
EHRPOBEENTHL I E0S, FWTHIZREE
LTI R Lo Tnb EFPE L. /ML (1978) 1
7 FAOEFNMED 10,000 ux P ETIZE»SE
28R U, 20,000 lux TlEREBZOEEANERE 575
TAHIERERICIOMERELS. 35, ol
b, T HO 7 AFFIE KRR R T
BEIGKEBCHA L, BEICREET S &) 50
osEEfbEEE L7z b, 1978). dLBIER
(1998) WINEBEFAOKRILEIXEMIZEML,
TR ADT 5T L 2R LTS, T2, T
0lF 2> (1984) I THO 7 LAFAITEEIZEH
BEBCTEHIRESNSE LI RT w5, Fg 23 1
INHOMALET 2, HESND 7 TR
THEHOAAELZERNNR L D TH B,
¥9, HRE L LICENED»S 7 2RO
RE D, FNLAAIEWIRICES>THTFT 5.

Hatch out J
5

Spawningv.
ground
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Sp;ﬁ‘hi ng™
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Fig. 23. Conceptual diagram of the diel change in behavior
of ayu larvae during downstream migration.
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BORIZH S A5 W IZEIC T TR T TE )
- 72 ERE, B (10,000 ux BAE) CHETSLE

DAL L A EDHKISPE, W EORRE

DEBIZHET S, 0720, TFEIIFTKIN
Y, BHOBEBRIFELIBITLIEIC
b, InsoEAE, BEDY 10,000 lux BITIC
BT324%, EORGESERT S EEBITHE
WEINEAL, ZEMECELELBMRTITSE
EZz2oNb. ZOLH)BHICRETTAORT
PEETesEiza YKy (BER)
Rhinogobius brunneus (2B W THHES N TEY
(Iguchi & Mizuno, 1990), A2 & MBI R
TT AL > T—BNRHENLD Lk,

IO L 7 AFAOAENREETENL, i
NRTT2ETORMERESEETSZ &R
D, WFHFOHERICI DEFELRLTVEVS T A
7ERIEICR D (B - B, 1985 LI h,
1988; A, 1991b; &f& « PTR, 1998, 1999). —
HT, BRANT TR 7 LA ORI T
THZEFMSENTEY (- &K, 1965; /b
i, 1978), BREIZOARTFTTAILIZZNLS
RIREER T 5 HTIREMNTH L. T2, W
THhOT7AFMITH T L VEOREICL D EFEET
HEZZBNTWAS (ILIEIEH, 1986 ; LEIED,
1988). L#&»L, BEMHEAAI TR TFEOHE
EEFAEL KRS (1975, 1976) R ARBIED
(1978b, 1978¢c) 1%, AV T2 L AHEIIRIEL
A6, AL A TRI I IR BRI
L BHEDHREIIE, -7 LTWE, E5(Z,
FOEBE LTS (1976) &, 7TFEOFET
DEPTLHEMIZITZ RS OAEOBINEE IR
ERICRLZEZEBBLTVWS., BEEOEREIZ
T 52 e HEEFERT 2 2 & IEU2L &
BT LT ARV, RICHEShTWIRE
TEMTHZENTELOTHNZE, 72FED
TEOWM T, BREOBEE VI SIonwThE
MEins.

0. AOicH T 2 HREDEER

RIZE T, EIEREE SMUTFAOR TAERELIE
L2, ISR ST THEL2FAD
% IFBEART, BEITEITRIT. L
L, WIS &R S FIS AT CT7adF
MAVEHERLTWAL Vb TWVWS, 20X
I %, T FREAIZ X AETIROFFIZ oW TIE
HRPV R, FOERBRTHICEHLPIEN

Ty,

AREETIE, FFA IR BT 5 7 245
HAETOBBEBT B L OCRBRE: AEOFHZE
LEHE S 00T 5 L FRC, 2SI oA
T 57 R SOOI TREL -7
fFHEE & DR EITS . Kk, WIS HTT 5
T LAEHBC BN T 2 2 E»OBF 21T, WO
BICEBET AT 205D 5IE, FOBREAN
AN EMINCH BT 5 TosmgticonT
WLA. MO LIRS 52 L1, &
PR 5233 2 R BT 5 7 2O R E
BET A L TCHIBEELTFIND ERNES.

MR e F B
1. M |

19854E 2> H20004E D, Bt 74ERE (85, 86, 87,
92, 95, 96, 994EFE; Table 2) O 7 IAFHA TR
B 72, BHRLTHE, PSLIPIT TR —E
OFEPIICER I N INCHRT 2EME 55
(year-group) | & WS, B 21X, 19854EFKICEEDD
BRI N/ BEIXRSEREE L.

19854F %> 520004 O BIZERE L 72 7 T HE &
3, W T44.879ME A, B L T 60,3674
BTHolz (Table 2). T2, MINTHREDOBAK
eIk O E40BERERE L. RS
At SLETSERE AR L UCHW .

2. FAEKI

i

AERIBIZUTO L HICKRE 4D IR S IR

5.

O WO RS D OFEFT (R ICH - 72K
0-1 m BB DKIR)

@ WO OKFRIE 3-15m)

® WODREDE (RBEFEOREFD DK
18

@ JMINTHE (R i ; sk

Fig. 24 (I3 LIR E 2 ORI B A 348

WE AR L7 WCROFREM SO B, B1-BIO

RS D ORFTICHIES 5 EMT, KEIFEICH

RE R TER STV, BRED I

37 % EZostera japonica DEEEVNR LNz, Th

SHI0E R TII/NIRL AR (1x4m, #H 1 mm;

Fig. 25) X 28RE% T -7z, CLCL0IZH.LfHED

ERMT, I ZTIR/MIRE W THRAA Y b (O

*T ORI L72T 20d Moser (1996) (2HEZIE, AL SHANOBITHMETOLOTH - 2.
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Table 2. Collection records of larval and juvenile ayu in the estuarine and freshwater sections of the Shimanto River,
and adjacent surf zones from October 1985 to April 2000

Number of

Year- Area®! Station Gear Sampling period samplin, Number BL range

group (interval of fish (mm)
85 E B1-B10 Seine net Oct. 28, 1985 — May 25, 1986 8 (1 month) 594 6.0—39.9
S S1-S3 Seine net Oct. 28, 1985 — May 25, 1986 8 (1 month) 2,906 8.2—128.6
86 E B1-B10 Seine net Oct. 26, 1986 — May 18, 1987 8 (1 month) 860 10.4 —48.4
C1-C10 Ring net Jan. 15 —May 18, 1987 5 (1 month) 27 50— 94
S S1-S3 Seine net Oct. 26, 1986 —May 18, 1987 8 (1 month) 2,205 11.0—39.6
87 E B1-B10 Seine net Oct. 25, 1987 — Apr. 16, 1988 7 (1 month) 13,252 5.7—343
C1-C10 Ring net Oct. 25 —Dec. 21, 1987 3 (1 month) 1,326 43— 9.8
92 E B1-B2, B7 Seine net Now. 3, 1992 — Feb. 23, 1993 7 541 5.7-28.1
C2-C4 Sledge net Nov. 3, 1992 — Feb. 22, 1993 7 1,311 47—-143
95 E Lel-Le3 Fish lamp Dec. 20, 1995 — Mar. 8, 1996 6 (2 weeks) 11,713 5.1—523
96 E Le2-Le3 Fish lamp Nov. 14, 1996 — Apr. 10, 1997 10(2 weeks) 8,685 5.7—49.2
S Lel-Le2 Fish lamp Nov. 14, 1996 — Apr. 10, 1997 10 (2 weeks) 1,256 12.5—46.8
F Gudo™ Cast net Mar. 3 — June 10, 1997 11 (10 days) 429 36.9-78.6
99 E Le2-Le3 Fish lamp Nov. 14, 1999 — Apr. 21, 2000 10 (2 weeks) 6,570 6.2—61.2

Total 51,675

“1 E; estuary, S, surf zone, F; fresh waters (upper end of the tidal zone)

"2 See Fig. 13

£ 08m, ¥H 033 mm) 2k 3BEHFELIT-
720 F7z, C2-C4 O3 TIXRERHEZTRICE
Dav b (Fig26) 12X BBHHRELIT- 72
Lel-Le3 24T (100 W) 12X BHREEET,
OSEFETITEM AT, 96 - 99FEHTH L2 BL T
Le3 D2 CERE % 4T 72 (Table 2). ¥ 7=,
95 « OGAERETITREEF D Li-OE Gl o oL,
NEIG R D) 2BV CIRER T o 720, 99ERE
ZOWTIHEEF)OATREL 72, O EORE
BHOBEEEIT Lel & Le 2 TH200m, Le3 THY
150 m TH o7z, WOEEEEOS B, S1-83 &
WELIEOBRICNET A2 EET (Fig 24),
Z TR A v e, Lel & Le2 1B
BRI ERITHARDOEET, KEZ 25m T
Hotz. ZOEH, WITFHREBO P ER B
(@O 5101 km 3T ; £ 10 %E Fg. 13 28) %
WEHO7 2HEAOREM ST L L.

3. REFE

ERNOREN N, R L2RER, FRENHE,
FRIEM B E Table 2 12 &7, HHLHRER
D&, REFFHERLUTOEBY THo/ »
FTNOBRERNZ H KRR EESOWEFIT - 72,
NEVREMH M 1m, 1 4m, FWH lmm ORI
T, WOPRIIIIRED EED B 72D DLEEE
RITHEEDIZ, WOEIIZIETT7TE— 2, T
(IR E B AT 72 (Fig. 25). 2 OfIEIm O,
DEE Y OFEFTE IR OBRE TOREICH

Wiz, BT ABIIIEEZ LA TR, RICH
o THARE 03-12 m BEOEF % 50 m BAEL .
HEH ) ORMBEEX1-6BTH -7, TDH
v b TOEKEETRD DBEIE, BRRHEORE
(RO FEGR RHIEER 2 m THol7d 2
m e L7z) (R R U7

Maxy b HF 08m, #H 033 mm O
DR v MT, WIHEORHTIC BT L HRECH
Wiz, 1R 5100 E L L, NERAERWT
KB LEB 2 AKPERE Lz, BAREZELICAT
72 IEKET P SR DT,

ZHxy b #E04m B 15m OERFEORO
HEFOAE 19m DAy T, WEICIZFH %
BWOHTZBZEWTEDL X IEREL (Fig 26).
INES AR & B 223 S D S o BRI ERE IS
720 BB OOKEOIm B OkiE3m) T
320 ERALCRERE L, BEE K2
0.15-055m) #BHT LI ZE D 2 ERLTH
RICIB->CTHRAL-. 1RMEIX s-10RE kL,
KBTI 72 KET A H R D 7=,

ER8IT 100 W OHELT %355 L72KkRSTC,
B & BB ORE Az, WO FCES
(St. Lel-Le3 Dt lofit) Tld/PEARAL S, 7
OO RS D B LR CIIRREN S, Fh
FNT 7 LA KET 5-10 cm OLEBICET L
BEIT o7, SITEE ISR 03008 L,
2AABFED 7 8 (04 30 cm CHEH 3 mm, [
F15cm CHE 1mm, #0 13%25cm THH 0.5
mm) ZHV, IV TORGEIZES -7 7 R
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Fig. 24. Chart of sampling sites of larval and juvenile ayu
in the Shimanto Estuary and the adjacent surf zones
(modified Takahashi et al., 1990). Solid circles in the
bank waters of the estuary (Sts. B1-B10) and double
circles in the surf zones (Sts. S1-S3) indicate the sam-
pling stations where collections were conducted using
a seine net (1 x 4 m, 1 mm mesh). Open circles in the
center of flow (Sts. C1-C10) indicate the stations
where collections were conducted using a ring net (0.8
m mouth diameter, 0.33 mm mesh) and a sledge net
(1.5 x 0.4 m mouth size). Open squares in the estuary
(Sts. Lel- Le 3) and solid squares in the surf zones
(Sts. Lel- Le2) indicate the sampling stations where
collections were conducted using a fish lamp (100 W).

xR, B, EOYEHEDH b,
C1#E 30 cm @ b O KREMEMR (FI2FRE 30 mm
b)) #RETABRICOATN.

BiE H&Y 10mm 5 mm M) OFWET, @
NFHE (PAHERBE) ICBWTH#HETET
2L FFRET BB,

4. BEEOIT

WEL 77 2 HERGRRIE LT 5-10% AV
< v C-6RFIEE L, 80% ¥ ) —ViZ
BLTHRAF L7z 1985BS DWW T £ TF
=) EHRCRAT L 72
FROEE AE BL) &, AR (pre-
flexion larva) 3 & OVE T (flexion larva) 12
DVTITHERE (notochord length) %, #JE i

Fig. 25. The seine net (1 x 4 m, 1 mm mesh) used for the
collections in the bank waters of the estuary and the
adjacent surf zones.

Fig. 26. The net used to collect ayu larvae in the center of
flow from November 1992 to February 1993
(Takahashi et al., 1998). A pair of sledges was at-
tached to the net for sampling in the near bottom layer.

{748 (postflexion larva) B & Ui (juvenile) 13
MR (standard length) %2 L7z, FEOR
WCEUABEOIGRIZOWTIZWIE L & o 7.
B, EAITTHRELS - 96 - ERIZOVT
i, AROPICIEET AL ECAEE 10 mm B
T OWEREEIBA LTV (Table 2). 15
BREORICERICE ATERIIREETH ), BH
BT %72 10 mm UL EoOfEfRE ERE L 72BICE
RIBALZDDThHolz., Z00H, ZhbH3o
OEFETIHERE 10 mm RFOMEILEEN %
WZEES S BRI L 7.
BREDERE NERIZOVT, BEBRBOHRE
LCIREOFESZEEMET (10-2085) CH#
g7
BEEE 95 96 - 99FEHIT DWW T, Tsukamoto
& Kajihara (1987) IZft-> THEEEZ T o7z,
%B, HBEE IR TOBRETA X Th L4k
¥ 10 mm PL L (Takahashi et al., 1998) OEfARIZD
WTORTo72, HEGEERERD» L MU 2 H#E
L7,
REEEOETE 95 96 - 9EFIIDOWT, FE
BrOMRE & SMUOFEER (6.1 mm; £ 1 EHS
) ox*AWMTRTZZEICEY, HEREEE
(mm/day) ZEH L7
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i S
1. HREEOFHEL

B XM TIRE L7-85-87, NEHB LI UHE
BITIZE » THRE L 729596, 99EHOHBHED
FEiELE Fig. 27 R U7z, REEIERIC X
> TEEND Y, HBEERZ 45 CRBRTET
Wi WIERED H 5%, FAEHIE OREV8s-87ERE
(Table 2) ZRABRY, WMIBRIZBIT 5 7 2ATH
AOHBEHRIZI0OA 2550 F T84 AMICh»
7o W COHEO BRI/ X CREL
7285- M TIXILA T RE12BICR S A, —
¥, EAITTREL3DODERD S B, 954ERH
IOV CIEREN S ZOEIZHEICTE
Tdrolz. 9ERTIRNABITI2AICELH
BLU728, NAIRRE L EEOS IIBHRET
£THY, 12ACHRELZDORMOERLR
BICARE 10mm D EDDLORTEAETH 572,
F0z0, KE 10 mm M EOMEEO IR HE
i, 96FEFEOMBE OB 2H 5.
OEFETIXIAICHIOY -2 R LN

85-86IERE (NEIHL EZHCERIE) B L U964ERE
(/I TERE) 10T, ERTE oHBER
WIS AR S Tl A L, MR,
BHE HICETOMEIFEDOLNLL O, K
WOME Ny — 3P T/ (Fig 27).

Seine net

-~ Estuary

2 | 1985 - Surf zone

2. R
1) HRREROEHEL

5 g TR R 4.3-61.2 mm @ 7 247
HBAEIBFEIN (Table 2). TNHDH B, W
3 & R O )7 TEHRE R 1T - 7286%FHE ()
R XA LoeER (BRI of
EOFEGN 2L E Fg. 28 (IR L7z, KR 10-12
mm DFAOBHIZ, S6EFETIX102H1Z, 965
BEClR2HIZRA SN, &Bi24-57 AfF 7.

SOFRE T O OW &, 10-11HICFE—F
X 12-16 mm 1A Y, T ORORRICKE L
Bahorz 2B X ) K oMEHRL,
HEBRITZBEEDOE-TFORBIZKEL 2ol
SHIZIZE = Fid 3640 mm & 7 o 72, AT
£ 17296 TIE, 11-128 220 ThEDE—
FiZ 10-14 mm 125D, ZORMERIZKE REL
Whahoiz, 1THMUREEE— FIZREIIRERD,
2RI 22-24 mm 12, 45121 3436 mm ICR 61
7.

T & BB O R R T 5 &, &
E#IFERE— FIZHICI > TROFLI L&
Polzh Do, SEMICRS EWEITITIEFEES
ZFizEibE R L7 (Fig. 28). LA L7%&d55, 1K
B 30mm o2 2MHEAKICERT S L, 86FEFET
BB TIZI23H O 5-35% BEZ S
B0t L, FBEESTEs B UM RE X

Fish lamp

o0 | 1995
400 -
200

N

-

[l

£ 0 | 1996

Log (N/ haul + 1)

-
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Fig. 27. Seasonal occurrence of ayu in the 85- 99 year-groups collected in the Shimanto Estuary and the adjacent surf
zones using a seine net (left) and a fish lamp (right). The rough waves prevented the sampling in the surf zones in

December 1985.
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Fig. 28. Monthly changes in length distribution of larval and juvenile ayu in the 86 and 96 year-groups. Solid and
dashed lines represent the bank waters of the estuary and the adjacent surf zones, respectively. Specimens were
collected using a seine net for the 86 year-group, and a fish lamp for the 96 year-group.

Nhdrol, Tz, 06ERIZBWTHMHETIE

Ny 5\/ /\\,::lz m%b SR FH 74
165 30 mm 2% B WUEL LG 435% R ©) S VURDEERFUAMICHY S 7t

- i - HEDEE
SN0 L, FBEBRICBWTIE 040% T
Holz. TOXIIZ 30 mm &I BEEIERE (1) ARy PE/VEIREETHREL 272
ENBHEGE, FEIERL D MR BN TE DiEE

WEAANZ & o 7. Fig. 29 (23 503 C874E1-3 B B &£ UN10-12
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BIcHef R v b+ CERE L/286ERE L 874 B, B X
U R TR6H-10H 20 58842 H /N R & 8T
BEL-FEBEOEREMEEZR L7z, WROR
LR TIRAR 4398 mm DHEBFREI N, £
DHI0% ZINHEEFHT, KEOET— NI 6.1-
65mm IZHo7z. 70mm R 5L DIEIH 5%
E otz 2, IRBHOERICBWTHEA
v FTEREIN T AFAORERRB LER
THEL TALAD (Fig. 30), BWEE LEE 5.1-
7.0 mm OFFEAIKEGE 5D, REBIZL 5%
13727 72 (Kruskal-Wallis DNERHEE 5 P>0.05).
WERES Y COREH#BIL 57484 mm, E
— FiZ 11.1-120mm TH - 7z (Fig. 29). HE 8.1-

25 -

— Center of flow (n=584)

]J_L ----- Bank waters (n=584)
20t T

Frequency (%)

T ST, W

0 10 20 30 40 50
Body length (mm)

Fig. 29. Comparison of length distributions of ayu between
two samples collected in the center of flow using a ring
net from January to December 1987 (solid lines) and in
the bank waters using a seine net from October 1986 to
May 1988 (dashed lines) (modified Takahashi 1997).

30

Surface (n=388)
------- Bottom (n=196)

20

Frequency (%)

Body Iength (mm)

Fig. 30. Length distributions of larval ayu collected using a
ring net at the surface and bottom layers in the center
of flow from January to December 1987 (modified
Takahashi et al., 1990). Solid and dashed lines repre-
sent the surface and bottom collections, respectively.

9.0 mm NDEEDOREBIIREFI TLI L bThr
ThHotz. Tz, BE 20mm P LOBIKDORER
{47, B2 30mm 2B A2 S EEIET b
THoiz.

(2) #0xy NTEBAFREL =7 10%E

MAROFT T TEY 2 v P2 HVWTREH &
B, B, WK ICERE L2020 7 A,
BLUOMIREBIIIDET) ORI CREL
FAEBE O 7 LOKRESAT % Fig. 31 IR L7z, Fils
HOERBTIIAE 5.0-11.3 mm @7 24FA5H
HL, E—Fit 5.6-60mm IZHo72. KE 7.0
mm 2825 7 2OMBEEE 4.5 B/ 1,000 me 2L
T A7, B2 7.6 mm PLEOMEKIZT DT
Thorz, FETORREHIT 47-100 mm TH
oz, = Fid 56-60mm 1IZHY), 7.0 mm &2
AEAEOHRIEESD 05847 1,000 e LU T & 472w
HIZEBERBETH 72 BEETIIEE 52—
143 mm OF7 LHIAL 72, E— F2% 56— 6.0 mm
W25 EIIRBBIUPE & 0B LT3, RE
7.0 mm B2 AHEOHEER, REBIOWHE
EHARTHRVE NS LR TH - 72,

Surface

Bottom

Middle
20 +
TO-L
ol e

Number 7 1000 m?
&

Bank waters

Body length (mm)

Fig. 31. Comparison of length distributions of ayu collected
in the surface, middle and bottom layers of the center
of flow using a sledge net (Fig.26) and in the bank wa-
ters using a seine net (Fig.25) from November 1992 to
February 1993 (Takahashi et al., 1998). The open and
shaded bars represent yolk-sac larvae and postlarvae,
respectively.
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FHD TIIAE 5.7-28.1 mm OFAAHEEL -
2%, 7.1-9.0 mm OEEKIIV R o7z, FLFRIC

£ 72ARE 7.0mm LLT Db 9id 3.6 B /1000

m T &R, 11mm 282 550134,
FE— Fit 11.6 — 120 mm (25 5 B THHD 3 @
EIIKRELE R TV

NS TR O OERS & R ) BT CHRE
L727 209 B HIMFAIZAR 50 mm £ TR
LNl olzh, 5.0 mm FHEZ HEN L ZFOEH
GIRIKREIIHZ, 6670 mm TIEH30% OMEE
AP 2RI L 2. Tv 7z (Fig. 31). 7.1-7.5
mm DEMETEBIMTFAOEEIIEN (H80%)
L, 252 8.1 mm P ETIEETOEMEIIIL %
Wz Tz, 7.5 mm L FO@EMEIZEET 5 &,
LI COBRMFAOHHESILAERICBNT
b BT,

(3) B EROBTEAITICEVERELE
TIOEE

OO FEF D LSO CHREE T 72
95 - OGSEFEDIREME & Fig. 32 IR L7z, 954
BIZBWTIE, BEY CIREE 523 mm T TOME
BHRE EN/2AS, 30 mm LT 0D DASKES %
o, E— Fid12.1-14.0 mm X H o 72 —F,
FOECIEARE 488 mm TTODDIRES R
72, E— FiZ 241260 mm 2B Y, LR A
ZIFFEEFED IR ThR Y K& 7.

IGEFEIC BV T, BEYD TR 483 mm F
TORERPRE SN/2A5, 954ER & FERIC 30 mm
DUTobopRETEEDZ. E— N 161 -

20 1995 year-group

— Center of flow (n=1517)
"""" Bank waters  (n=1977)

1996 year-group

Frequency (%)

e = 850
wreeren A=1111

Body length (mm)

Fig. 32. Comparison of length distributions of ayu in the 95
and the 96 year-groups collected using a fish lamp in
the center of flow (solid line) and the bank waters
(dashed line) in the estuary (modified Takahashi et al.,
2002 b).

180 mm {2 o7z, FLLEETIE 492 mm F TOME
RPREE N, B—Fid 201-220mm (ZdHo
7z FEEAD ETRDEROARREEIZOSEREL Y RS
o 7205, FRDERTH A AASKE W TIIosER &
I TH o 7.

(4) ¥ EEIEROEER

TTFHE Rk T CHRE S8
FHOICEBEOHABDEKEIT 36.9-78.6 mm T
(Table 2, Fig. 33), OB CRESINIZFEEHED
7 2OEEHA (Fg 32) &—#ldt—1"—3 v
T L7z, = Fid 46.1—-480mm 2 -7z,

3. WiEEAE

AR D ICBWTHEAT TREL 295 -
96 - 9OEREDIREH & S5LH DEMEE Fig 34 12
RL7Z. ZORICBNT, AUAMEAZESLD
HER LCEREIN A TRERN] &A%
L7z, OGAERED L UNOOEETIE, L dITEFENT
DWW S L2205 & o THBE R ZED
Foohiz, Thbb, RATGLEICSLL
LOREFICMB L%, HENEH (W
yAR) Lyt EFsivolzal, 2T
MUBEIZ AL L7 b OIERGEIE 3+ AL
1) FICHAET AN o 7. FRERHN A
B o OSSER T, ZDX ) LENEZHEICED
L EIRTELP 7205 R2ALAPREICALEL
72 b ORISR WERNCH - 7.

OLEFED M PRI O W, T HRET
DEER & MU O BRI IR0 RE D) &
F#cTH o7z, TbbR2ATHMURNICAEL
b O T RERC IR UAE L vwolo
LT, RATALBCHMELZ2d 0RRBEES
WZIHTES A MDD Si7: (Fig. 35).

Fig. 36 \ &M RO R ) &N T T o
Mz OB ST 572012, 96FEHDS
LA L REOBRERE/EINC Ty LD
DTHD. WMOBOREY THRESNI 7 20K
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Fig. 33. Length distribution of upstream migrating juve-
niles in the 96 year-group collected using a cast net in
the lower reaches of freshwater section from March to
June 1997.
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Fig. 34. Relationships between catch date and birth date of
larval and juvenile ayu in the 95, 96 and 99 year-
groups collected using a fish lamp in the bank waters
of the estuary (modified Takahashi et al., 2002 b).

EiZ, 2APHPENZSLLZEETIEF0KRER
A% 10—20 mm E/RAEVOIZH L, 128 FAEL
BRIzt L7280 Tld 10—40 mm & AREHEA
RSB STz, —7F, WITRECRES
W Ro72ohET BT, EISELE
L DO CTHBAIED HMEEICH 72, 127 THLEE
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4. RREE
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Fig. 35. Relationship between catch date and birth date of
upstream migrating juveniles in the 96 year-group col-
lected in the lower reaches of the river (modified
Takahashi et al., 2002 b).
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Fig. 36. Relationships between the birth date and body
length of larval and juvenile ayu in the 96 year-group
collected in the bank waters of the estuary (open cir-
cles) and freshwater section (crosses) (modified
Takahashi et al., 2002 b).
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Fig. 37. Relationships between birth date and growth rate
of larvae in the 95, 96 and 99 year-groups collected in
the bank waters (modified Takahashi et al., 2002 b).
The size range of the specimens was 10-20 mm BL.

—77, #RICBWTT 2B L KRR
12.8-23.0C T, 15-21C O#BHIcBWTHEE
P VEINIZ D o 7.

T AAFHER OB SIS A ERET A L7120
12, BRERIONE SN S E 3RS,
SRl OEEME R R LA (Fig. 39). #EHE
86 + 87TEHE L A7z, Ak, W HILOEOE
ik, T LAFHEAHBEN 10-5H) ofFThil-
2H OB OIFME 15-20 psu TH o 7235, W)l
MEDZWIOFB I U35 10 psu & VR -7
(8813 Fig. 6). FD72% Fig. 39 Ti&, 71hvE
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Fig. 38. Relationship between the catch number of ayu in
the 85-87 year-groups and water temperatures in the
bank waters at the samplings from October to March.
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Fig. 39. Comparisons of length distribution of ayu collected
in the different salinity ranges in the bank waters of the
estuary. Solid and dashed lines represent the 86 and 87
year-groups, respectively.
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7o, RES N/ T FROBEDOE— NIE, HyS
20.1 psu LLETiX 10— 14 mm 12, 10.1-20.0psu T
(324 —26 mm (86%F-HF) & 5\ iX16-18 mm (874
B) 12d o7z 100 psu LT ClE, STEEIZENR
B SAWTH 505, 86 TIEE— Fid
24-26mm iZH -7, MERLLLELT, ES
20.1 psu A B @A TNV BAROEE I
<, 200 psu BLTTiZ & O REWEKROEENVE
hro 7z,

Z £
1. AOEE EIAEICH T 57 LFHAOHE

75+ TSI BT, MMEEROIIREF
LM EER L EZ SN AHA~OBITHE T
OF LHPMB L 7. MBEMMIZ10-58, Bk
LAT, WREBOEMMLEITEL DM (F
FHD LiEIE-ZLTwW Fig 27). 72, 1K
BOFHEICOWT S BB E T KRE %
EERHEE R o7 (Fig 28). 2o DOFER,
P % iR oY & 5 7 17 HAD%
BUBIE2EWTE. 20X 7 AFHALC
X B g R ORI X, REERIL - BRI
R EE» S SM|ESNTBY FFERIEH,
1989; Saruwatari, 1995; Kimura et al,, 1999), &%
FEBROFEINMIONETHIALTWS, Lz
Do T, TIAFMAIC X S OmoFHEZmE+
MPZTOREEZFTIZR L, —EMU EOKE
(Fig. 38 5 A CREAKEADS 8T Ub) ZHESD
PRSI N MO 7 LT HEOERSEE 2> T
WhHEEZLNS, INF TSI 7 AFHEM
DBETH L O EEOR O 588 LT
HBZE3hTE72, BESLE L TOEEEIH
7ZIZFERE N5,

MR CTRESN AT 2FEADS B, KET
mm PATF O TR DE 2 SRS D O
FrECcHE L (Fig. 29). #KBETICZ LW
OEED 7 2113 (Tsukamoto et al., 1975; &H:,
1977; Tsukamoto & Kajihara, 1984), JiIF 8%
W X o THORDIF TSI B LT b 2 #
AbNA, AE 10mm KEKE LT ZIZEICRE
FEDICHIL, ARy M3 LBORET
ERESNE -7z (Fig.29). 2o kid, 10
mm BB E L7 7 AR O A 5 ) 8
DREYOBHNEELEREFTERL TV
ZEERT. ZOBEBIIIEHRIIBWTT WM
WhELHIERBEE L TWDE (KT, 1984;
Senta & Kinoshita, 1985; A, 1988) & —FH L TH

D, HKE 10mm D EICKELZZT7 22T
TR PARURZIEZRETE. Z0X5%
BRATENIASH I O%&, 10201203 Ta-57
HBEf7hbn w7z (Fig 28).

Otake & Uchida (1998) &7 AN H -9
5F TOMICERT 5IESPREICEVIRA 10K
THBIEFZHAD Sr/Ca lhOSIIZE - THE
L 7= TRz 3 v»Th, 20 psu LT
DB TERESN S 7 ORI, 20 psu BLE
OFERFWED S REVERIZH Y (Fig. 39),
TIAFRE & DITRREIES & D oAk E ER
LTwa 2k 28Ebesd, MOAREEBRIIBNT
FE 30 mm L EO 7 ZORERIEL D B
P Linz 2 (Fig 28), BREICHEWEE
SOBREDBEI L, D 5 L~ BEHT 5
R E S R B 720D b Lk,

2. FAOEAOKERE & M ORE

1) AIOEANOREREE & B RN OER
Big

DEFENRE LAF0 2y PBIUVNIR X
WTHohZH#oREAKEZ RS L, KK 7
mm F TO7 IATHAEFOERE I — R RS
DOEFICOHBE LTS (Fig. 31). TDZ &
i, AE 7 mm FCOFEILTOEROITITEEIC
BRLTVD EV S DR EELTHT L. F0HE,
P & IZITRI U 2 AL 7.1 - 7.5 mm T,
HoEoRE, MEBLUEE) OEFTTOHE
BEVBBICRAT 5 F T, KE T ERNS
CHEL, ZIIXEBLTOAETFELZ. &
EBAOERIIAE 10 mm T TV 7225 10 mm
iz 2 E BEABRIZEA LEED, bo TRF
DOJBIHTTEL roz, 8512145 mm PLETIZ
EFEVOENTCLIARESN R o/, Lizd o
<, WA OB T 7 AT I1Z 0% 2 %
PWL#Z BEIC—HEEBICER L%, K& 10
mm BB SERITEE G T EELONS.
fefad v b (T4 08 m, B 033 mm) %
WA IR DR ORI B W TRBE » R L
722 b 59, LB T AFAIZIE
LALRE SN o7 (Fig 30). FDO—HFT,
Z0 3y PEHWEKRICHE TEMATAZ LI X
D, TNLEREOT7T MFAVSERESIN-Z
L, BEMOMKE 7595 mm O 7 AFEITITIR
DELICEETA LML TWAEZ 4G
&b, HA (1988) 1%, 7 IATAAEEATT
L7, TREWICHIET % 3 ToROEBIEIR
BTHoELTWAS, T/, FBEOBSRIHERT|
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MgICBWTHHME SR TS (FERITH,
1989). FEAR (1988) X2 D & 5 ZERH OHA
BlZowTC, FHRWRHATOERLL, TR
BllhbHI bR TERLE AIRICBWT, FEB
CBRHOT7T MTREERERICERL T
LOFEREN-Z &A%, e o aEic s
WT RO HRERE o TV AWRENATE
172

7Lk FR R~ BT 5 b 0L L

C 2 1 ¥ £ Acanthopagrus schlegeli W& T b b,
AEONEIEBIIGATHIEICLD, BIES
L LCHERET 5 EEZ 5T w5 (Kinoshita
& Tanaka, 1990; KT, 1993). %7z, F A Sillago
Japonica R° A ¥ F Girella punctata 5D X 9 \ZHEA
I 2 TS & 3 i, FEcE
BIZERMWIZAAT LI ENBREINALTHWS
(Kinoshita & Tanaka, 1990). 7 ZiFAb IS &
RV AR R T <o I3 D 2 55 0 (KT & £ AR B
LLTWwaEDY, FFXEOQHEERE L THIGEKE
WERL-BICER L. 20X 7 F80
HEENOEFIE, WEEZRRLEZ L2505

5% o7 (Fig. 31). 2B, 72768 04kk
EIIW ALY, BREDERKINDDIRELS RS
(LB, 1998). 7AFREIDO LS LbE
OFEALERF L, BRERED XS LB CRER~
EERINLEEZOND, TFRITPE TR
WL#EDLZWEHIZEXDIERENE 23
(Tsukamoto & kajihara, 1984) . 7 ZAFf13 = DR
GEEEANEERET S 2 LT, Wi m N
mEIC L, WORRiRRIRIc RS T4 8
FUREE LTWD EEZ LGNS,

T e R RE TR B I L~ &3
ETB5H<FY Cottus kazika V%, FHEIFIZKE 5
m DIERORFEORERBIZERLTEBY, S8t
WA EWEEZ SRTws (REIED, 1999).
BT 72 7 2. b IR E Rk ICIR R O R~
BHT 5 &L, WO D S O aEE Y
LhnEtBEbha, 722820 L) ITA
B THaI LEEARICE N~ L§ 2 &
- T, HERBE~OERMFEHOFH L MEST S
ZeODOILBOFEE R-TWDL EEEIND,

2) BEUZEAINCEET 3£ TORH

AOEO RS V) iZFR D 5 FDEBN ORI KA
ERITICE DEREI N5, o6 FEE D, AER
EHD LD LWOEIEBNTCKRED o7 (Fig.
32), SOZERERLETLZ—EHEEFCT
R L, REITTHOMENE ShlgEIETT
WAL EEERT L. WRICBIY S T T A D

HE BB, B2 TR, FOMBICLERE
TAHIEERIET DZERIEL W (B, 1964,
1967; F-H, 1967b; FA, 1973; KK - A, 1979,
BMiTA, 19885 K, 1988; BA, 1988; B,
2001; HF-, 2002b). Zh oD b®ELZEbE
L&, BRLETIHFAS—EDOT A ZITREL
BT A e POTENCIE R A B EIL, O,
HIBRE b TEEN LD D THLEEZ LS,
RO RS D 2 S FLERNE BB % AT 5
HEX, ERICI o TEFPR LN, KE
20 mm Hifk &ARENS (Fg 32). #E7 247M
IZBWT H 16.5-25.0 mm THE I SATIASE A5
CEAREINTEY GR, 1964), HAMEKRT
BHA REh—R L CnE, 7T EITEE 20
mm B PORENEETE (KBE, 1976
Fukuhara & Fushimi, 1986; 32J& « A&, 1991a;
Saruwatari, 1995; Takahashi et al., 2000). 72, &
R DI P 7T AZERE L & ORI B & 22 B T
AL BT A, 1998), HMFLICHER IR Uik
EOREIEA L5 (Kawamura & Mukai, 1984). &
SIZHEIRKATEN I I & BEE M A Uik 5 i)
EL—FH LTWA (FIEIED, 1965). ZOLH%E
WATENC B DS B E DO FE L R O B
LEBND AT DR % AHRIZL 05 LB bILS,
PR X5z, WMEoESF ) nEi s ns:
T ADSATIRAFLERIZ B B 2 & AFER I N,
E5IC, T AFEIZERRE ISR 58 F IR
LEMPH L L (Fig. 39), RETHNLLEB
DR E D H LES ORI SCHEET
HZLERBET S E, WTOBEECHIEICRY
L7z 7 205 H 2 AR RIS R B -0 2
W, FERIC, M ERIBY A XTHS 40-50
mm (Fig. 33) T CO b QPR CHEBICR
B3NZe,od (Figs. 28, 32), i FOBRE
TSR L 7 238 B F % 2 TH4E
Ll % & fir s s,
DFBOE(LE SMEBDEER  Tsukamoto et al.
(1987) B L UUEAR (1988) 1%, WE, W E R
3 LD T LD A BRI R R
T ERER L. FladiEiicsny e, B4
F SRR 2 AR TR DI LT, EBAE
FNO 7 LI IR T AEMICH S &
ShhTwd (FAR, 1988). MHHITLEO
REVICBIT AT AFEOTESE S i k Bk
OIS Y, EATNIERERENBOS Bz
BEYOBRITZHMNLOIIN LT, BETNEA
ZICERIEREE T A EMICH -7z (Fig. 34). B
EFIUIZ0EERIE, #FE 20mm DLEIZR B L,
EFITREILASRESRE -7 (Figs. 34,



P78 354F 2 7 L O W AR TE SR IZ B9 A F5E 141

36). TNLEFYTEEN-BRETLOT LI,
Sk B Y TTHROTF O mIEER L TWwa
g ENA, —F, BETIhOREFY OETIC
Bl 5 ARRHH I LR Tl LaoFR L —F
F—R—F T HEZ DL (Fig 36), EAF
NOHFIIZRE Y RFH» o EERKgE~# Ev 5
LOPNDBIEDHRL. B, EAITTREL
TRBHCBWTIE, FREM A SHENGET, B
ZATTOATEIZ A LT 7z b 0D EAITICHET]
SNEF) CREINLTEEGD L. L2,
FO XTI WERIEE T NAERIC» DY 22

SHELBEEZLNDZD, RO )T 2F
BONARERIZSMUBHIC L o TEREE2 RS &
HFT5OPZETHD).

WIRO RS ) E TR O N FFRER 2 510
Bl L - CTE LR AL, WITFRETEIL
MBI THE SN EoMAaICBN T
FZZO LNz (Fig 35). 2D L) IAERT
BBBEGPRKELL B o TRl b 53
MO EZR L2 &1, B0
12& 5T B &, KESOBELMOE
B aEELZI 25 0TIERL, T2HEOW
FELZBERPL VR ESLTWwAI L 2RIEL
Tyrb. Tsukamoto et al. (1987) B X UHER
(1988) 1%, HMELH EEERLET ORI LR
BHEOBEIOY A 3 2 72 RET ABOEENL
FREL-TEY, BAIh, BREOLOIEE
A X - B CAEBSERETL IR REL
7z, WOEORE D ERFTICHEL Thwi27 {74
DHEEREDSMEHOFEHRE LB IET LA
(Fig. 37). WMEDORWEAFI N T, HL~OR

Estuary 10-50mm

Resident in bank waters
{Fish hatche:

Center of flow

Inshore

~ey

Iater)—_-____—____'___>

Bank waters T
Migrant to center of flow ’_,/"
\ (Fish hatched earlier) e

- Downstream
-7 /migration

20-50mm

g
_7.5-8.5mm
Aggregation to bottomn

o5 & &AM A X - ERETHIeN, BICKE
DENEEFINTEZOFIXEN5 0 NE#EL &
%, FEFI N EERIN S EEZ U, 5
LB X AR OER 2T L Z &5 C
5. LoL, BEEEIIFMUSMMEATHREL
5oL 2 %EET SHE, Tsukamoto et al.
(1987) B L UBHEAR (1988) »fgWL7z B0,
BEERBIZ AR IRET BBo+a4010i
ToTWhnwekEZoND.

RFZE TSI X o THOMBNAZEALT 5
ERZ TSI TE o728, 20Xk
SO, BRWCIBELENTALZ
LIFES LT BB ER, FICEBEHE LT
IR IR B W TAHMIE & E2 6N,

3. BRICHEI P HRHEXOZEL

ZZETOBETERE S I, IR
BT B T 2DRRICES iSO £ L% Fig. 40
WZEE LUz, W R RERC S L 2 AU m N
LI GEIX TR OR L E fOicizlE
IR 5. 209 B2k ) OFTEEA~
EHEIEN D BN DA, IR Z B4R
£ 75 mm TSR $ - 2FAE, —HiT
O NERBICETRET 5. CONEB~OEHEI
TR X 228N oEEz, 72
HENMORARE T 52 L R EICLCWwh E
Ez2OHN5. KE 10 mm MIRBICEE LT 2
L, MOMOREE ) ORET~ & BETE % Bin
T5. FORIZEFVENT ELABE L7575
RAF O/ FERIAEE 20 mm §ED 550

Fresh water

Upstream migration
>37mm

<7.5mm

Fig. 40. Conceptual diagram of the habitats shift of larval and juvenile ayu in the Shimanto Estuary.
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e ammE kT 5. —F, BhIhofid
FEY TORAMMFEES 2D, AL CRES

DOEMICEF 2L VL5 THSE. ZDX
I, T RAFHEAIZ KIS L9 A £ TOMIC
IR OHM T3 400 EBE 2B L T3 & H
Wishs,

TN Gk~ b9 AR A F n 7R
CEoTELY, BEITNTEAR 40 mm 2T
THMWEFBEMSAT BT, 40-60 mm THLET ST
EML,

V. &Y, BEHLUORTER

BNETR72LH12, WHHINCBIFL 72
DOENIB X108 25128 T, FA05LEMIIX
102H 855 Hich2b., #0072, FHEH
BET 5 KIBZHEOBESFIT MBI L o TK
EL{ERLIEICRD, BEIED L X DITHEAM
DOFBBEBICLME L OEEL RITTI LH M
Ehb. LaL, 71O0HREICHLTIOX
3 RELED O ORI INE TFhRL TV,

ZOBETE, WIS AERT 5 7 24T
fefoil, mE FEABRLIETLZLEH
e 5, 9, BEHEICOWCIREmE S s s
DTS L, MO ToOEE2IEEBT 5.
EEOSIET O OE T 2483 L L TOffiE
RS L FCEELHEO—DLEZ L. F72,
BEEEFERBICEL TR, EEoBEP LR
SO R 7 5 a2k — PEOEIZER LT
BIT9. BUZETHRRIEBY, 71O5mER
BAMLBIZ X o TRE o772, MBI 2HE
WROERPBETT LR, S0k ki
RE OGBSO X ) EVHRICO%
VrLEZLNS.

M#E LT &
1. HEERBRYDOBRE

HILE ONEY OBISRITISCFEHF O 7 17 M %
vz, s s A HIIMOmoEE0 B8 L0
BRSO FEER 12 BT, 19864E10H 7 & 874E2
AN S O TERICRELZ-DDTH
5 (BME Table 2). ABEULAIICRE L 2D
DSIEER (BE13.2-34.3 mm), FHHEHICBNT
BRE L2 b o5 (RFE12.0-32.1 mm) THo 7z,

AEHIAEE BL) 2RISR, BT OE»S
HE) ONEWETEMET TETRYBL, BE
B OH B E T, EREEYWTH -T2

vd L IEMori (1937), L% (1984), Nishida
(1985) IZft->CRIE L7z, BEEL IO 7 27
BUEGRD 72 ) OFBHEEKIUTOLICLT
K7z,
B (%) = GRER A E B EAE) < 100
SEIR AT H= ARAE Y DRSS / B

2. BEEE LHEOMF

R AT S RO CIRE R 1T o 72864 B
LOGIEB R, R BL) OWEET) & &
%12, Tsukamoto & Kajihara (1987) 1245~ T Hilg
BEFRIT 7. S6FEEIT EROBLENEY O
BEFRE, AR EECL > THESLERETH
D, F7-96MEERE I & i BV CEALTIC
Lo THEONZEEE R TIREE FWTIRE
L7238 THs (BB E Table2).

£ ENLBHBIORE 96EED D HLilEB X
DA CREL-EB 2114 FNh, R2A4F
n1AEF o300 2k — FIX4 L (Table 3),
FROOBEERRE L. 438, Table3 IZRL
7ok — b OSMEBEEIITE R0 EHIE B
ZIZAOREMFE) IZEF TS X ) ICEDIS
I AET W TREHED D2, Fh
BTCE LD 7.

AOE & EEolE MO L R TRE L7286
B L OEREE Y, FABOBRE T L
720 TXOMBREZSMELZBIC X o TREL
A 7-% (Tsukamoto et al., 1987; A, 1988; EfEIT
26 1990), T TRAELAARNCIEL 7.
7B, 209 ANOREIIWARE b 10EE
PEBRESIN2SMEAICBRE L2, T2, WO
THRE LA I T R ER I L%
WCHATHRIZHEA L 7230BETNTwEEEZ S
iz D S CIEADEAY £ LIEAEHTH
B, WETIRAEE 30 mm MLEO T 2ORER
AL, BRICERE 35 mm LECRELIAR
{ebZ s (BUME Fig. 28), MAKBE &
£ 35mm PLTOREHCRE L CRER L 72,

3. EERIEOBE

REBEOBEIZIII>DaF— MRS L
IEFHOFEE H 7z (Tabke 3). INHERH
IZowg, &% (BL), ILMAIE (PAL), HE
(HL), #£% (BD) ZHlmE L7z, T/, kE 45
mm L FOBFIOWTIE, BOREOHEZELL
THET L4 et Lz, kK 23-3 mm @
FRIZDOWTIE, TN - M 1991 OIFEICHKE
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o> TERGHBERZIERL, MEobEaEL S8
B L7z E5, FA»SLHEA~OBITERDB
TELT, BAEER (FUEEEH) Lzl
(BT OTZRIKEBLBIZE L, Fe 41 RL
A-E® 5 phases IZX L7z, BEOBHEIIKE 30

A Sl
N

@'; =
— i

Fig. 41. Schematic illustration of pigmentation phases A-E
for melanophores (small dots on the lateral and dorsal
regions) and guanophores (shaded areas on lateral re-
gion) in the ayu (Takahashi et al., 2000).

mm 2L EOFREHI DWW TIT o 72,
& 3

1. &%
1) 1BEESR & 1B 7= V) OEERER

WIS TR E L 7286 ER 0 7 LT A o EiR
3, AR 10.1-200 mm TiE 55% BIETH o 7245,
20mm ##2 5 EAHICE 2D, 20.1-30.0 mm
Tl 80% Fif2, 30.1-35.0 mm Tid 100% & o7z
(Fig. 42). VER® 72 h OFEEIAERI0 mm £ T
BB FAE & BN L A% 30.0 mm 2o
ETidmEA U7z, 301 mm PLETOEEE O
W, B35 X5 I A4 AoRIEITE- 3 3
ZANEIBAIFA Luciogobius sp. 5O KAL) % FEAR
THEMENE L e b 2 e —HE o Tz,

—FF, MEETEE SN T TR OEREEG,
#HE 10.1-30.0 mm TiE 55-85% ¢, 30.1 mm 2LL
TR & FRRIZ 100% & 7e o7z (Fig. 42). 1
AR 720 OEBAERIZIET—EQEMIZRD 5N

100

Estuary

20

80

70

80

50
100

90

Food no. / individual
Feeding incidence (%)

80
70

60

50

18.0 200 25.0 30.0 35.0
Body length (mm)

Fig. 42. Changes in number of prey per individual (shaded
bar) and feeding incidence (solid line) with growth of
larval ayu in the 86 year-group collected in the bank
waters of the Shimanto Estuary and adjacent surf zones
from October 1986 to February 1987.

Table 3. Number, BL and age of ayu in the 96 year-group collected in the estuary and freshwater sections of the Shi-
manto River from November 1996 to June 1997 (Takahashi et al., 2000)

Estuary Freshwater
Cohort  Hatch date
No. BL (mm) Age(days) Date of capture No. BL(mm) Age(days) Date of capture
Nov. Nov.1—-30 47 104—-484 9—-116 Nov.14—Mar 27 26 44.6-63.3 103—137 Mar.3—Apr. 10
Dec. Dec.15—25 63 132-477 16—115 Jan. 9— Apr. 10 28 40.5-60.9 102—164 Mar.21~June?

Jan. Jan.5—~25 64 10.2—422 7-95

Jan. 24— Apr. 10 39 37.1-61.9

93—-157 Apr. 10~ June 12
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¥, SHEEEEEEL CQ-olETH o7,

BHAR Y V8RS 72 ) OBEROPYEE, 7
DS 68.5%, 42f Mk, @EAS 725%, 43f84&
THoiz.

2) HILEREY

7 2AFEOEERNEYE, WO, Wl b
2 Oitona FEOHd LEPEMRTH 5 A Clddk
FWLTWA (Table 4). L2 L, BAETS v
bV CH B Eurytemora affinis (LES, 1984) 3
IANERFAINTORICAER T 5T 2IZOA,
1, AOPASEHRICAET A7 LICOAREBRE S
TV IR TH o 7. RESNCEAY O
BRERLE, W - s S 70% ki
PdHLETHD SN TWd% (Fig 43), KE
20 mm Bk EiCh 5 LTI FA (I3 ANE
JB) A, S CITAIISERENEE S, WKk
e D BREIEWE A e R B LT B ISR
o, B, HOBICBWTTFREREELT
WAEEROELE D SIE, Pvdh LERIEEAY
Bodrbhdroi,

Estuary

Table 4. Comparison of food composition (numerical

percentage) in the guts of larval ayu in the 86 year-
group collected in the bank waters of the Shimanto
Estuary and adjacent surf zones from October
1986 to February 1987 (modified Takahashi et al.,
1990)

100

80 |

60

20 -

Food items Composition (%)
Estuary Surf zone

Paracalanus spp. 2.6 4.2
Paracalanidae spp. ~ 33
Clausocalanus spp. 0.9 6.1
Sinocalanus tenellus 0.9 .
Eurytemora affinis 4.7
Acartia spp. 4.3 1.9
Calanoida spp. 7.3 3.8
Qithona spp. 18.1 23.0
Oncaea spp. 5.6 11.3
Corycaeus spp. 0.5
Microsetella sp. 1.9
FEuterpina sp. 3.0
Harpacticoida spp. 4.3 15.0
Unidentified copepods 30.6 10.3
Copepods nauplius 7.8 3.8
Balanid nauplius 1.7 7.0
Fish egg 52
Luciogobius sp. larva 52
Others 3.0 2.8

O Copepad

Copepod nauplius

& Other zooplankion

£ Fish larva

B Fish egg

o

ety e}y Ly

k =
S R R I Y

100 Surf zone

80

Composition (%)

60

40

20

10.1- 15.1-
15.0 20.0

e

1 1 )
25.1- 30.1-
30.0 35.0

Body length (mm)

Fig. 43. Changes in food composition expressed as a numerical percentage with growth of larval ayu in the 86 year-
group collected in the bank waters of the Shimanto Estuary and adjacent surf zones from October 1986 to

Febroary 1987.
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2. Bk
1) & FhEARI DS

WEROBEL A TN ANt L (Fig
44). 7TLAFHAOREZIER TENT LI
TE, FOERBRIE, BToLBY Thol

1LH & % 1 y=0.384%+7.83 (r=0.988)

12H & F N, y=0285%+12.05 (r=0.963)

LA T N, y=0295x+10.37 (1=0.943)

ST ORR, 11ALEFThoORERI2E &
THEFZNIZHEGRICRFTH o728 (P<0.01),
RAAEFREIAEINOMICEEE LI
BZedro 7z (P=0.01).

2) I & A O EEER

T & M TR S U786 RE L osEBE 7 T
W, BLEE SLA BRI THER L 72 (Fig. 45).
RGERETIHION, AL E I H IO
W COREVR RN S 7z08, 5 0
DFER, REZRNBEINTOREETH72
(P<0.01). —7F, 96EHTHIIALE TN TREAEE
ZIRED NG o720 (P>001), 12-154£Fh
TR THEBRICERER R, o7 (P<0.01).

3. ®EBE
1) fExRE

Fig. 46 IR LIIMRIE, EREBIUKRELD
I OB E R L. ILFEIEOKERL (PAL
/BL) 1%, & 15 mm AT ClRRBIMERIZH Y,

70 -

November
60 R December
+-—-— January

50 -

40 |

30 -

Body length (mm)

20

i L 1 I L I L )
0 20 40 60 80 100 120 140 160 180

Age (days)

Fig. 44. Relationships between age in days (x) and body
length (y) of the three hatch month cohorts of larval
and juvenile ayu in the 96 year-group collected in the
estuarine and fresh water sections of the Shimanto
River from November 1996 to June 1997 (Takahashi et
al., 2000).

D% 40 mm F TREDS L7z, AE 40 mm 2L E
T 71-76 % TIRIE—EIZ R o 72, 40mm BLES
BT, PAL/BLOFEHME (SD) 1211 HAEF oS,
7258% (£1.07), 12RETNAY73.25% (£1.10),
THEFNA 73.14% (£1.09) THo7z.

HEOHEL HL/BL) 1ZAE 40 mm ¥ T
BAL, 40mmBAETIE 25% BB TIEIET—E L
ol AFh-BRNCIET S L, KE 3555
mm D TILALET O HL/BL Z12BEB X U1H
EEFNLY BRR/NEWVELILEINICH - 7.

HEOEEL BD/BL) &, A% 60mm FT
BNL7z. AE 35 mmMEEFcEINAIC
HEIFAED LN DY, 35mm U ETIRIIAASE
NOEBE D 5L F IS TH S 2K h -
72, RABIIAATNTCIEAE 35 mm AT L
45 mm FHTICE AR b, FORICEED
AR R L.

2) BEOIE MHMEDEIE

SELDS AR T AR, WHET 17mm, R
8T 19 mm, BHET 14 mm, JEET 30 mm, J§
8T 25 mmTH o7z (Fig. 47). 7z, THIORE
T A2HEIEEET 28 mm, FAEETHIZ 30 mm,
REET 17 mm, MUEET 38 mm, FEEETC 36 mm T
Hotz mB, JEEEEIEIFEE SN R/ MEEIZ,
IAAFATIEAEE 185 mm, RALETTIX
186 mm, 1HAETNTIZ 180 mmTh -7z, 51k
ARt 2 &, REORENIBAENCE
WTHED SEH X 0 3 BN A ERPR Sk
DAz, AT NI X AR AEEIZED
LNz oiz.

WROIALBIZAEE 26 mm 258 F YD, 28 mm
W TRT L7z (Fig 48). 26-28 mm D iEHEAS
Bl CHETIE WS, LBOBRBICE TN E
Wz LB EITRED SN d o7z,

YEOIERR LR E R HER (BB,
1976; Fukuhara & Fushimi, 1986) & b#4 2 &,
BHE D ZOBITIIMBER LD BEL, XK
A X CRTTAEMIIH 7. ZOLD LFRKRA
CEBHROBBEOREIL, T/ MIIBVTHEADL
NTw5b (Matsuoka, 1987). HiEH i o> [EEEf B 7 2.
G - AR, 1991a) L IbEES 2 &, HEEIMLE
THBREIHL T

3) BROMAK

BAFRIIAE 35 mm Witd S 288 L,
45 mm £ TIIZETOEENH T E phase i[ZEL
7z (Fig. 49). L& L, ZoREafRIETIN:
HIZEDEZY, Cphase PREAETHAINEL &
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86 year-group 96 year-group
35 '} Fish hatched October . 35 | Fish hatched November o9
L] L 4
30 oo 30 . hd
e °8 4 ¢
» %% » N
o
20 ce® 20 + . P
o 8%;
15 } 15 | [ 4
W ©y=0.390x+7.215(r=0.917) hd © y=0.395x+7.931(r=0.980)
10 | e ©y=0.256x+9.874(r=0.948) 0 F o y=0.315x+8.462(r=0.982)
ol . . . N ol . . . . .
0 20 40 60 80 0 20 40 60 80 100
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£ . . ~
g 30} . s | °
-~ ) ‘ ° "3 o®¢
S 25 d.‘ . (.)° 25 LAY
o ® L4
g £ i Q,"g 20 bo ©
2 o L °
SV X 15
k=] 10 ® y=0.301x+10.11(r=0.938) 10 o v=0.326x+8.578(r=0.965)
8 © y=0.194x+10.50(r=0.903) © y=0.332x+8.002(r=0.934)
0 I —_— L L 0 | 1. L I
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3 LAK. 4
[ ¥"]
30 Y o> ®cof
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o o D
25 PO oo
20
15
o L ¢ o v=0.284x+10.34(r=0.954)
. 0 y=0.205x+11.91(r=0.852)
0 A L A .
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Fig. 45. Comparisons of growth of larval ayu under 35 mm BL in the 86 and 96 year-groups collected in the estuary

(closed circles) and adjacent surf zones (open circles).

515 LN S WIRR CREVRAEAT T AN
HHNTz, MEEROBE D EE 35 mm §i&k»
LRAD BN (Fig. 49). BaFhLmAMRICAES
NADEL 72 H1F E/N S OEE THEET S BN
HY, BCHETATEMOLE T IS
phase 12 L72ERARE o7z,
BROFEERRE L BREGHT (HEEWPT) &0l
REHDE, BAFEND A-Dphases DH DITIZIT
ETHMIIETREEZ N, E phase DD DIEED
RPN TFHEE (AR R T &S %
oK) TRE SN WAEFRBICOWTIE AC
phases O 7 LIZ A& THIHIZBWCHRESh TS
9, D phase ® b OIZI T & )] FREEO Fizk
T, E phase @3 DIXFDORKIRG DI T IREL
THRES N,

Z 3

1. &%

5N RO B35 Y T CIRE S hiz kR
35 mm LT O 7 AT R OFYE I 68.5% T,
R BE H  HEIs e e CHREE U /2 7 AP DFBAE R
725% LU TREREX e, o7, HIETO
T FEOEBEIERIL, 7k R 5 AR
MEdo4 7 VEHOEMER (% O%E 20% L
T) LB LCELLBWZ EPMbNTEDY
GEH - KT, 1988), AREWAH OILATHICAER
57 LAFRES b iR & B IOS WIBR AR
Z e E N, T, AKE 30 mm BLETE
BN 100% &7 2 BBV TH g (L,
1986) LFEBRTH 72 (Fig.42).
WEBRICAERT 2 7 TR O AL
HLET (Table 4, Fig. 43), #HETHEOINTVS
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Fig. 46. Increases in pre-anal length (PAL) head length
(HL) and body depth (BD) relative to body length (BL)
of ayu Jarvae and juveniles in the three hatch month
cohorts of the 96 year-group collected the estuarine
and fresh water sections of the river (Takahashi et al.,
2000).

MR (AR, 1942b; ILEIZ A, 1965, 1967; &,
1986; JE/ - AT, 1988; Wi, 1996) &—3 L
TWwie, Z0—FC, MOBICERE LAY E L
T, ERET 5 7 b2 TH%B Eurytemora affinis
2 3IIANYEMFAIED TSN/ (Table 4). 5
BNWORCIRERAEOPVH LETH S
Sinocalanus sinensis 73 A X ¥ Lateolabrax japonicus
DFELRERE Lo TWAED (BE - Hi,
1984; HILEFIZ2, 1999), PO R T 2

FAIEE S T2 Eurytemora affinis O HIRE

1% 47% 2% < (Table 4), ARFEATT 2/FMICE
EINTWAKRTEREZ b o/, —F, 33X
MNEREAAZ10-1 B E I s R E i
U (B, k%), © 9 AXFL lanslTHERD
BEZEEE %5 TWvb (Fujita et al, 1988). 3
I ANEEFEIZEE 243 mm DLEO 7 1A
BHEINTBY, FMELEHE L T 720Hk
B OEPwH LEIZIFZEAEROPS Do
72, 2O EEI I ANYEFAOS Y FIER
L7z7 24440, #ha @B RNCEELTwAZ

12
[ Dorsal
8

+ 00
+ o

+ ee®DOo
o

RPRCRE 3% Y- XX
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+ January

L £ L 1

Number of segmented fin ray
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I ] i
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Fig. 47. Relationships between number of the segmented
fin rays and body length of ayu larvae and juveniles in
the three hatch month cohorts of the 96 year-group
(Takahashi et al., 2000).
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Fig. 48. Relationships between cumulative percentage of
ossified centra and body length of ayu larvae and juve-
niles in the three hatch month cohorts of the 96 year-
group (Takahashi et al., 2000).
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Fig. 49. Relationships between pigmentation phase and
body length of ayu larvae and juveniles in the three
hatch month cohorts of the 96 year-group (Takahashi
et al., 2000). The pigmentation phase is illustrated in
Figure 41.

LEMBITE. DX T A EAEOREN
20T, 85AR (19420) 3R E 60 mm 2L Lo 7
ARV HTFRT UFAEZEML TV LR
HLTWEDAT, HEHHIERR ., KRR
MO LI AR 20mm G VI NEVT A X
W AFE AR LTV 2 B IZRSE-B.

2. Bk

TAOWEERBEETNEIYRIFTHH L
SN T B (Tsukamoto et al., 1987; AR,
1988; BiG&IZA, 1990). PO+ JHIAT I8 & Hkis
THRE ENI6EBRO 7 LB ORED, B4E
FNTHANAETNZRABICIHETNI D
bRIFEREERR L (Fig. 44). L L, 128
HEhE1BATFRERET 2L, WMECEER
ZIFEDONT, REFNEFIEREFRV & T
fb%%‘fc&#o VAR

—RICABOWEIRERIIKEO LR L DI
WR9 5 (Houde & Zastrow, 1993). 7 LOAIEARK
EEd, BRECHETSIEERETHLI N
FERINTD (PHRIZD, 1971c). 11AAET R
E1REFTNEFIZE 5T, SMEL2BEKRIBIC
W BT 5 F TR T A KIROEF) 5 — %
WA T A L, BEEERLZNBAETAEI
1BAEFho 72 BTl ort (1-12
) B EKRET RIS &2k 5s. L
L, HALFho 7208 i3 A Lah o4
THTH A7 (Table 3), B (128) KR

B4 2 KiRE, 4 PRP SRR ET 51
AEFh Iy v, —J7, 1BETEEN
(128) IEKEZ EEST 5205, %I 3-6H)
CIINAET NI Y L BKRERRT 22 E27%
5. FO7:280, KEFEEICH L TR ER
Lo TwWh ETE, BEDFICEmEDOKE
EPKREL, WERMICEFOEINET A BT
HEANLH, BBRIZIEFDIIICIZRoTWEW
(Fig. 44). L720%> T, 1AEThOT 2OEHK
B RKIBSUOATHMET S Z L 3 Ebh
B. B, TUHHAOREIISMEEOKR L IF
DOMBERH LT EHREINTEY (Takizawa et
al, 1999), SLEBOKESFOBROBEREIIHL
THXRMHERE o TWATRELASZ 2L b
5, L L, FEEEICAHMLL7:7 A fA0RE
B L D D KIBOEWT LS CRIFCh -7 2
& (Fig. 45) 2FEBT 5L, LI HKRESMTDOA
THREZFHETLZ L3H L v,

B (1989) \BINM e (B2 131 Uit
HTb/MA X0BIEDP Y PHET B LS 2B
) BENTES, RAToOEEBIIENICESR
NLZERIBHL TS, T/, BEERREMEL R
B &9 L L WEGT TR E OB VESR DR
BN &R D720, R LA SR TR
EREICEAOHE L LEZONTWS
(Pepin, 1989). FEMIIZEVETHRD A, 964ERE
BOWTRERDOEP-RIIAE TR, 1218
EFNERBRLC, WHEREISMMYL I,
LHEENL NAAFIFhOBRERZNDL I 2
EREORE, 2F ) REDRWEEKINRIRKIC
HERSTRRETHL2O0H LN,

7 IAFR O E & i T & Y T 5 &,
MR TE Y BIFTH -7z (Fig. 45). BEEFIO
W BOTHU-12HICRESN L 7 2D
ERITEROFNE EHZ 2 LEINTWA
BAUT D, 1989). T 5 DS OEAT L
HFHAORERE LTI BIFREME2H LT
LHIEERIELTEBY, ZOEICDOWTHIDERE
HROMICEORD SN R EM, REBLO
1545 & DBEIZ OV TR 2 ED 5.

g (1986) B L UEARIZD (1989) iF, HE
L HIMORICB W T 7 ZOREERENEWV I 212
MLT, WMOSOSBEAAT I8 » THET
HLZEEREL. WHF OB ST
TAFAB OB L VR D 72 ) ORFBEEESRE
I, W e OMICHELRZTRD N L, o72D
oD (Fig. 42), BEISNEEWERT S L,
P CRRE SN 7 AF A TSR ED D
LEE I I ZNEROFAPEHINTHEET
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T & Bl o T3/ (Table 4, Fig. 43). bk

BYERAEOD» WS LW, £4-58%
Lo TnA EIREZ RV, KOz ki
BT 23 I ANEEFARIEAZIRAOER
TR L D o THB Y (Fujita et al, 1988), 7.1
FRLFNEZEEL TWAZ LIRBINS. #
D72 I I ANERFAOEE I IBRICBIT 2
TIDORFREEEZLZ A —HE R o TV BIEE
Pe3d 5.

KRIZOWTIE, SHEERICE ) —EOHPFAN
THIZKEDSEB NI E7 2R R RIFT
HHZENHOLNTWD (FEEIEZD, 1971c). L
2L, 7AFHAORBEITH L104F1281F 5%
MO & FEROKEBEEF T2 L, 2hEdFE
BARE QARG HEEI Y B 1 E Fe.6). L7z
P30T, BEEEEABOKEEZ SRR L0
TRV EEZOLNS.

BUEHOMREE 13 KO IIZIEES L, &
NE Y IREROEFRENE S THEITLR
FBERGODICZANF—FHET L (FR,
1989). FEBE, 7aFAOMEAEHEIE, %K
BELOEBKTHAET AL A THETLHS
BwzesmenTthy (FEEE - f1l, 1967b; H
BT, 1967b, 1971b; AT, 1981), T2
LRI TR BERT O/ D DT F LY
—OHEESVERLID DBREVWILEREL T
%, TXOFELZBBHBIETH 51038 OWTIRE

&, A (REFDEPD T 1020 psu BBE, 1
T 30psuRiETho72 (FEIEFg6). L2a
o>TC, KROGOFF LB ZEROPED7-HIZT
IAFEATEET L AN F—I1T, L O
Bz Thirn iR Sh s, WARRICBITA
KEDEE, COX)RRELERTEOEDL YR
BN EBEZOLND.

F72, OIS, HEHRTOELERED—D
&S TWARRE T, WROPTEMNT 57
DL VEL OEB T AN F -2 HETH EHEE
B, COZEDBEEDOHE Lo TVRERD
LhZzwn, WiFhice L, SEORREICEETS
BERIEZEIC b, poBMICERTL20
B, 1989), 5L REICHEDL L HMRLOER
DPREEEZ LNL.

3. AR E HERELR

BIRLL-BEED S, FOELL00%ER
& Fig. 50 [ZHEEHL 7o, pokisk, WO, dE
DFENFNFEBTSHEICHE L 2KBOFEHZ
Abd TR A 2. 2k, KROMEFEOE
M DOWTIIEVEIRLEBYITH .

g L HEKIEAR 35 mm T TTIIBIFSEEL, 2
NOOFEERFEIIIETNFEICLAEETAN
Fheh oz, KT (1993) 1%, ~& 4 EERHED
BRI IR 2280 5, BRIETT
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Fig. 50. Schematic representation of the development of fins, centrums and pigmentation with growth in the
November, December and January cohorts in the 96 year-group, and seasonal water temperature in the coastal wa-
ters and Shimanto River (estuarine and freshwater sections) (Takahashi et al., 2000). The relationships between date
and body length were calculated from the mean hatching date of each cohort and the equations of the relationships
between age in days and body Iength (shown in Figure 44). The minimum size of upstream migrating juveniles in
each cohort is taken from Table 3. Water temperatures, which were recorded at intervals of approximately 5 days
from November 1996 to June 1997 (see Chapter VI) are expressed as three times moving averages.



150 IR EWHENE L Y Y - WEE

WE L72b DI E/ N A AT Eibr L &%
MEL T, WHOBICERT L7 2E, KE
IS mmiGETAETCICETIAICL - TRE 72
RiRZERBET 5 (Fig 50). LUy S, K
A AEFEBICLTHETARY TlE, 72740
MR E B EOEBRIZIZEF A
X BB 2 RS o 72 (Figs. 47, 48, 50).
TLORE, IhbiEkEBEELBEEOREC
LT, KEROZBEIINSVORE LR, 72
7L, Fg 30 2R LKRIZERBTOAME LT
BY, TITORBHOKEIE SR L IE4T
LLBRARVEND A, INSTBEOREBEIC
B AKEOREZOWTIE, 2 5IZEML R
PLEEBbIS.

A& 35 mm D LT, REOELBIEOR
ERICAETNAICLAENRED SN, 11AES
NO7 LOEBHIXEE 35 mm TIZRAB L ULA
HRFENLD LS RETHER L (Fig. 46), BF%
DOEHILEL BTN DIF &/ £ X THITL
7= (Figs. 49, 50). 2%y, REFN (LWALEE
n) O72IKRIAXETY I ARFAOEEL
MFBToolxL, BEFh (1221HETHh) o
T LAINT A A THEMANERBITTHI LIRS
(Fig. 51). JAJINCH LR BGRS AR, ok
3 HEEADOBATH A A0 2 MLl ¥
I E/NF A X &7 572 (Table 3, Fig. 50). #E
7 BN TH EH ORI %98 o T/NEE
THHRZEBELHESNTHS BH, 1953;
T - BT, 1962; MNEELZ A, 1962; (FEEIE A,
1962, 1965; ffHH, 1963; JLiE - /hL, 1986 ; fE
134, 1988). Tk LHGIE, AT N
WX AHEANOBITY 4 AOEWNGERL TN
LHRTS NS,

5 A Paralichthys olivaceus %< 5 4 Pagrus

Fig. 51. Photograph illustrating differences in the pigmen-
tation patterns and body proportions in the ayu hatched
in November (top) and January (bottom) (Takahashi et
al., 2000). November specimen 36.6 mm BL and 70
days old, collected on January 24, 1997. January speci-
men 35.7 mm BL and 94 days old, collected on April
10, 1997. Both specimens were collected in the
Shimanto Estuary.

major \2BVTIL, SEENRBIENSLEREY A X
B ERITTZEPMBENT VS (Seikai et al.,
1986; Tanangonan et al., 1989; /M, 1996). 3 7%b
L, KR THET S EMEVWHREIZAR D, Bk
MTTHEREEL DS EEIMEEINLIMEEICDH
B, BB, KIESEREY A LICEEERITTS
FREROETAIZBOWTEHRESINL TS
(Noichi et al, 1997). WORICAERT A 114 TR
OF7 LHMEE 35 mm 1ET ADIZIA THET
WO KEIE 2% DT LCw5 (Fig. 50).
IR EEHBBANC, 1BE T3 A PERIRICE
£ 35 mm ICETA. LA T, &TOREH
35 mm P HWIHEICAER L TwA0TH L, b
RO ) RRFEROET AL 52, KR
Lo THHTAZIERTESL., L LEDS,
ORI TR L 223 L AR L7 7
T TR %L, HETEELZ DL EEFA Ty
HUETTHAH Fold, BREBLAKRIETN
TEHER L THoTh, EERIZL > THhEHD
M5 5 L HESRINDS (Fig 50185 &, #HT
EELZLOTHNE, 27001 BE TN
THoTh, MOBTEBLZ1IAETNRED D
EAKEEBET AWM HSL). LizdoT
BE 35mm UETROWREFEROE T
FFEAIC X 2221, KEOBEVWEZRBL-30TH
L EEEIIRE VDS, ABBOKBOARTETEH
BHCE 5 EIEEZ T,
BEXHREFEOREKEEEL BRI TO% T
NATHE 35mm £TIERL, FOBIA4T
NEE S ICHEA~DORITZ MG L7 (Fig. 50).
ZDOZEIFHANERBITTH-DDEB[EDOL D
i3, FOEFNBIZBVWTLHE 35 mm T2
BoTnab I LaRET 5, 72fAOM]I~D
RN AGEDY 10C mitsic LA L7z E G
Shp (H, 1963; 44, 1989). 11AEF I
Bk 35 mm &% 51 FTAICEEG T
(ki) OREIZHT LBEKELD (Fig 50),
T LA LT Al TR v, BRAORT
BB R TR OB LS YD TH L S
& (Moser, 1996) 2% 2 5 &, W LICREE LR
BT CHANERBITTAZ IR T RICE o TS
LwZETirawy, 2ok RBE»5E, 118
HFNOT W EICE L EHrE) RETT
VEARFAOEEITRITIERIAHEMNTS
D, TLIZBWTHFED SHEA~ORITIIIBE
WX LT THRER) ThrEEXL L.
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V. BFEEiE

T ADBFERITIIKE REEEHIALND D,
IR DFERE L BRI BT ARG RZZIZZEL
v, RETIE, V) WAHIIZRTT 57 2434,
2) IUEB & OB I A BT AT A,
3) N ETAMAFREL, TR53DOR
o7 2o bHAKOE b BT 5 LT K
D, WFSMWEE TOROMEMREERET
5.

F72, BHEET LD 25 EEE (REED)
DEBEA~OEBIRACEHES RTINS,
WHREE LS 2 5, ARETIL19865EH 520009 F T
YT IR T38 & 2 o0 B TR L7 7 24T
HAOFEE S 212, 1980 5199054,
WKBITL 7 2OMMEHBROBLEZHELPIZL
TEDOFEED) & OBEE BT 5.

M#EEHE

1. FTEH» 5 EEE TOSMEE OB
(1996 F¥)

FIHOFE PATRERME (REE R
EOPKED OWEFINIEM %% T (Fig. 52),
19964E10 8 2 HS974E2 BT ¢, SHICIHE O
ECTHTFYL71FAa%0F 05m, #H 033
mm DTF Ly iy NTEREL: GBILES
B, Z ORI L o T19,605HED 7 - F s
Boi/z (Table 5). FRAERICBIT A{FHOE
EILEKESREER»SERL, THICHESH
D BEF— 7 %R U CHMNFHH /- OWTE
¥} (Brs) &R

AL - BEAEROFHA W OEsT

AT IR AT B HAET, T A
BT T H#MEE FUEIEIL, AEMo0HRER
MERIT (Fg 52). 7B, WIHEO2E L Tk
BHED &R TEHERTo 72, 7T AR ORE
EEALT (100 W) % BV T19964E 11 H A 5 897
FEAFIZPT TAT o 72, $RAEHIR - Mm% - $REEH
HEUE Table 5 IR L7, Bon-3HBEAE
BL; FREF-IEEEFR) 2HETHEED
12, Tsukamoto & Kajihara (1987) IZfE- T HEE
ErfTlho/. MEHIZEBEREA»SHEL
7o, B, BIETHEZEBY, IR
ZBWTT7 AFARE R LBD 5 EIE 10 mm
B THA720, AWMELIIAERE 10 mm 2L

Brackish

water

=}
o
=
a

Fig. 52. Map showing the study sites in the Shimanto River
and the adjacent surf zones (Takahashi et al., 1999).
Solid circle, triangles and square indicate the sampling
stations for downstream migrating yolk-sac larvae, the
larvae and juveniles distributed in the estuary and surf
zones, and upstream migrating juveniles, respectively.
Double circles indicate the stations where surface wa-
ter temperature was measured.

Table 5. Collection records of larval and juvenile ayu in the 96 year-group in the Shimanto River and adjacent surf

zones (Takahashi et al., 1999)

Life stage of larval Sampling period Number of Number of BL*! range
and juvenile ayu (interval) sampling fish (mm)
Downstream migration Oct. 3, 1996~ Feb. 20, 1997 29 19,605 5.1-75
(5 days)
Distribution in the estuary Nov. 14, 1996 — Apr. 10, 1997 10 8,685 (E) *2 5.7-49.2(E) *?
and surf zones (2 weeks) 1,256(S) *3  12.5-46.8(8) *3
Upstream migration Mar. 3, 1997 = June 10, 1997 11 429 36.9-78.6

(10 days)

*1 Notochord length in preflexion and flexion larva, standard length in postflexion larva and juvenile.

2 (B), estuary (bank waters and center of flow).
3 (8), surf zone.
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L0772 0L Lz, AREEHITN DT
BELT S DTV TIZ2 20718 4E, #HICiEs559
ik, AR BT I8 Tes0fffk, i T278
AT H - 7-.

W FAAOME Ao R EREHSEISE M
3 (Fig. 52), # L5 72fH%2HE W 10
mm mmA v z) OB THRE L. FREH
M - E4 - REMMAEE Table 5 IR L7z, 135
n#E0 9 5, 428FEEICOVTHRE BL; E
BAE) 2RETHE LB, 280KICONT
At EEiTo .

KR WG ORKIE T HmcdH -5 THE
sk, MMko B L TR, BEo T
H#AEDET AESIZB VT (Fig. 52), 19964E104
3R H7TAETH2H I CIEIFSH B TERD
KiZEEE L7z, HIERRld 168 5 19D T
Hotz, TOED, TARERIIBWTHKEE
MEL.

EHIZ, WH-HNMOME GTEOOIEK S km;
32° 59" N, 133° 5 B) BV TEARKER
BRI ASIAE L 721996454 B9TED M o ¥EKIR (R
J8) OBEFHIDOWTHEME /2, JEHEE I 1m /
Bthoiz.

2. 1986-2000EFED SMEH

INEIREHEE EALT 2 H VT, 1986-20004E0
ISAEMICIRE L7260 0EH 2R B L LTHW
(Table 6). FREHA, IRERND, REHE, HE
BB IUAREEHIZOEROFEANIC L -
TEELD, B2k oTRL -7 (Table 6).

FOlD, FWEBIILT LR TFHOEEE KL
L22bDkidho Ty, 7B, 9SFEHIZON
TRREROEF L 2ZFHOY AL XEZEDRH D
HETERT 572012, AR EHE L £ALTOM
HEANTRERIT 72, £/, 954ER L o6ttt
FRORLETORE LT - 724 (BIUES
), MoOEROREZEF) TCLIMT-> Tk
Wiz, B2 DFEREOWLEE T OREHIER
HRL7z. HEEZIX Tsukamoto & Kajihara (1987)
e, AR 10 mm PLED D DIZoWTIT 72,
SMEBIEHEEREA P HHEE L.

ZOER, MEHNOT7T2OEEREHRE
PR R % b L ITBEET A L LB, &
EEOHMUBETOREZRBAER D LBM L
720 F 72, RO ERN7 km (CWET
HHBFH#E (32° 59° N, 133° 17 B) &iWOo
WA GO SIERIZH 8 km; 32° 59 N, 133°
57 B) 2B TEMERKESERSHIE L 721980
EH HEDMOMKIE (FE) OBERIZDOWT
B 7o,

5 e

1. RTHL»SH EHE TCOIMEEHEBROE(L
1) KE
WHFINOTHRES (BE), mias s - T

), #Es (TH) CBIF 51996 10H » H 9747

RAoOMoOEREKROHER L Fig. 53 1R L7z il

Ex BB LZI0F BKRIZETL, 1HTH

G D id2 Ao aE GaTENE - i) ISHRIK

Table 6. Collection records of samples used for age determination in the Shimanto Estuary and adjacent surf zones

from 1986 to 2000 (modified Takahashi et al., 2003)

Year group Sampling period

Sampling Sampling

Number  Catch BL*?
of number range

Number of
specimens used for

area*! sampling of fish (mm) age determination
1986 Nov. 22, 1986 —May 18, 1987 E Seine net 8 862 9.5—-48.4 111
S Seine net 8 2,155 11.0—39.6 101
1987 Nov. 21, 1987 — Apr. 16, 1988 E Seine net 7 13,249 5.7—36.3 119
1992 Nov. 3, 1992 — Feb. 22, 1993 E Seine net 7 527 5.7—28.1 141
1995 Dec. 20, 1995 — Mar. 8, 1996 E Seine net 6 8,941 10.1—30.1 161
E Fish lamp 6 6,654 5.1-48.8 300
1996 Nov. 14, 1996 — Apr. 10, 1997 E Fish lamp 10 7,768 5.7—49.2 400
S Fish lamp 10 1,256  12.5—46.8 278
1999 Nov.14, 1999 — Apr. 21, 2000 E Fish lJamp 12 6,570  6.2—62.5 360
Total 47,982 1,971

"I E; estuary (only in the bank waters), S; surf zones

“2 Notochord length in preflexion and flexion larva, standard length in postflexion larva and juvenile.
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Fig. 53. Seasonal changes of the surface water temperature in the freshwater lower reaches of the river (Gudo) the
estuary (Takeshima and Shimoda) and the coastal waters (Shimoda) from October 1996 to July 1997 (Takahashi

et al., 1999).
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Fig. 54. Vertical profiles of the average temperature during
December 1996-January 1997 in the estuary (closed

circles) and the coastal waters (open circles) (modified
Takahashi et al., 1999).

LNBIE 34 DBDOWREFTTHo7z2 22D
(B Fig. 20), W FEOEE/ Sy — VizsLH
DR E —FELTWB ERZ LT
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Fig. 55. Seasonal changes in water temperature in the off-
shore station (about 8 km northeast from the river
-mouth) from September to February. Open circles indi-
cate the temperatures from September 1996 to
February 1997, and solid circles and vertical bars the
average and ranges of temperatures in the past twenty
years (1976-1995). The data were recorded by Kochi
Prefectural Fisheries Experimental Station.
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Fig. 56. Comparison of the seasonal changes of number of
yolk-sac larvae and the birth date distributions of lar-
vae and juveniles (modified Takahashi et al., 1999). A:
Seasonal change of the river flows at Gudo; the data
were recorded by the Ministry of Construction. B:
Seasonal abundance of downstream migrating yolk-sac
larvae at a peak hour of 19:00; the estimation based on
collections with a plankton net at Gudo. C: Birth date
distributions of larvae and juveniles over 10 mm BL
collected in the estuary (Isawa and Takeshima) and the
surf zones (Shimoda and Futami) from November 1996
to April 1997. D: Birth date distribution of upstream
migrating juveniles collected at Gudo from March to
June 1997.

AIZA LGN T O20BOINICHE L. T
DIDEDOE—7 ko711 AP SMEE
RO S OIATIE - ke b o7,

4) BKETOTIRAOHE S AMER

19974 ZIT 7 LA DN T N D3Rk IF 2
FLAZ e HTHBEE Y - TRMIHERSh
@iE2H258 THh o7, WHHIOTFHEE (&
ki) OREMMTE, 3 EORS6APIILT
IHEADRE SN (Fig. 58). HERIIALEY
Mz BB L7288, ¥— 234 FHICH Y,
CNIFAER ORI ORI ED
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Fig. 57. Seasonal variations in the catch of larval and juve-
nile ayu attracted to a fish lamp and collected with
scoop nets in the bank waters and center of flow in the
estuary (top) and the surf zones (bottom) (Takahashi et
al., 1999) Horizontal and vertical bars indicate the
mean and range of body lengths, respectively.
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Fig. 58. Seasonal variation in the abundance of upstream
migrating juvenile ayu, as indicated mean catches us-
ing a cast net at Gudo (Takahashi et al., 1999).
Horizontal and vertical bars as in Figure 57.

B —H L Cnwie, BRESN 7 2HADOER
1 36.9-78.6 mm T 72 (Table s, Fig 58).

W OMAO SMEBMBRIIZIA BEICE-
FyH D, ARSI R TRES AL DD
B &L T (Fig 56; D). W TFAFEN1D
HOMBY -7 & o211 HphEic b A %
Foboit, MEBIIBVWTHDLINTHo 7.

2. 1986-99FFH N MEB R DZEIL
1) BRETICHEVWAREOEEHER

HEEEICH W OB EMK % Fig. 59 12
RL7z. NI X THRE L7286- 2 O KE
F— FIZWIOETIE 10-12 mm F 721 12-14 mm
2, #HETIE 16-18 mm XH o7 MERICEEL
FLFD BN Ao 72A% (Kruskal-Wallis O IEV
E 5 P>0.05), 15E 20 mm 282 5 b Ok
(4-28%) X, Wi (48%) TEholz. —
75, AT CTHRE L7295 99 EFHOKE T — FiT,
WS TIE 12-18 mm 12, WEHH T 16-18 mm |2
Hof:. BE20mm TEBZEDDIE 3647% %
o, MR EETRE SN INEOR LD
PR DEDoT2D, MBICEELEIFEDLN
Zir o7z (Kruskal-WallisO JEHE 5 P>0.05).

2) MEEDEL 3FHBOER E MEB O
INRUR X & T O2RE D IRE B & H V7295

50 rrj 1986

20 1
10 P, J
oL
30
—H—% 1987
1 )
=g

— Estuary

------ Surf zone

1 t IR

20

0r
| 1992

Frequency (%)

L
L | 1
20
1995
10
[} ] | L 1
20 i 1996
10 fp==* T i
0 1 ot it - |
20
1999
10
0 i L i L
10 20 30 40 50 60

Body length (mm)

Fig. 59. Length distributions of the samples used for the
age determinations (modified Takahashi et al., 2003).
The 86 and 96 year-groups were collected both in the
Shimanto Estuary (bank waters) and its adjacent surf
zone, and the other year classes only in the estuary.
The samplings were conducted using a seine net for the
86, 87, and 92 year-groups and using a fish lamp for
the 95, 96 and 99 year-groups.



156 WEEMBERRE L v & —HEE

FEFICOWT, KREE SHEE FRELM THEL
7o (Fig. 60). /MRS XMAB K UCEALTCEREL
RBoOFREE— FiZF#hFR 10-12 mm, 14-16
mm i2H o7z T, AR 20mm 2Rz AEED
A, PMEIR XTI 18%, £RITTIE 47%
ThHolz. INSLTODEEMBRICAEERAZIIR
DoHNLED o7 (Kruskal-WallisD B HEE ;
P>0.05).

SMEBO#EPIZ, IR ENE, £ATED11A
FAPLIAREICH D, WHHEICETREDONE
otz 72, MEOE—Z7INREETIEI
B EA), ST CIZ12ATRT, ZOHRTLHE
WERRWEEZ L, UL, WEOHEE i
ThE, FELREEZZVDHOO (Kuskal-Wallis?
NEALARSE 5 P>0.05), 12AH - TAA T ICHE
CEWHFEDSNLE, LTl L Twah
oo,

3) MEBHERDER

1986-99EF D HLHMK E Fig. 61 TR L7z,
B, 9SEREIC OV TII/NE X L AT D2
HORER % 7225, Fig 61 [I3EMITTES
REDSMEAMEEER L. TAOMMEE OHIH
1386-9214EEETIZ102312h Y, FOY¥—2I13108
AT (OFERE) Ol AYE B6FER) OMIcH
oz, TNOHEFTIREMBEIZAELZd R
I Moz, SSEHOLLAIIXIOR TEO»S
ITHBRThorz, ¥—2 3 11IATHICERSN

40

30 — Seine net

------ Aqua lamp
20

4‘0 50
Body length (mm)

Frequency (%)

Birth date

Fig. 60. Comparisons of the length distributions (top) and
birth date distributions (bottom) of larval and juvenile
ayu in the 95 year-group collected in the estuary with
the seine net and the fish lamp from December 1995 to
March 1996 (Takahashi et al., 2003). The same speci-
mens were used for measuring body length and age de-
termination.

EDRTOER I D D2EB L1y AREERER
77, 9MEEEDMEH O Y — 712 2 5128 R, 12
TH WOE) Hawidi A Ee G 4o
7z, OEEREE CERE o TWz10-11 B Ik
L7z 00E &L 10% T e )bl ko
72, QOEFEIZB VT H Y — 7 I96ER & FFk12H
THTHo7208, 1AVREICAELZ b oodEls
WBOCFEH L D H e l, RAXThI2EKD
75% %G a7z,
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Fig. 61. Annual changes in birth date distribution of larval
and juvenile ayu in the Shimanto Estuary and adjacent
surf zones (modified Takahashi et al., 2003). The 86
and 96 year-groups were collected both in the estuary
and adjacent surf zones, and the other year classes only
in the estuary. The sampling gears were seine net for
the 86-92 year-groups and fish lamp for the 95-99
year-groups. The thin lines indicate the seasonal
changes of river flow in the lower reaches of the river.
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1. 1996 B DBFEETE
EHOMPREEOHEBIZEOFETRHAD
nNTEBBYH (EE, 1994), Methot (1983) *
Yoklavich & Bailey (1990) (XFEER 4B 5
) 2 CHEAMBEOENE RS S EE R FIr
TeERBZLEBHLE. Z2TRINSDOEE
EHEIILTC, BEBRBORLL 7 AFHADS
ALEMEZ LT 52 212X Y, 19964FEE D
BREOMBHE RAAS.

19964E 108 2 5972 B O MO 7 2 A O T
BIENERIZR L, 11ARAMEL12A T2
LAz 200U H 57z (Fig 56; B). 7,
g3 X OV CHREE S L7z 7 LR 0 &1L
HAEEICIE, RATH®SWIZIA LAY -2
WH o7z (Fig 56, C). TSR TD2oHD
WIS L2 D THY, 11ATEHDEB LY~
ZCHIET A IR b h o7z, E512, #
FAEOSMMLHE QMR D B X O AL
7o SEHAR S IZIE—HLTEBY, 11RIEsbL
72dDixA % o7 (Fig 56, D). 2D XHiz11
A KREICHET L7 2848, i - i
EENS 2 T PN RE QR Lz HRE L
T, UTO2E2E2 51 5.

O NAHETFNORERNEIMED - 72,

@ NMHAFNEEWEETRIEL .
OIEL TR, 7FHAOREBRIIE N
THEHIC X o TR B I E AR, 1988) (THEHA
T5. Thbb, BETho7ridE8ios s
WCAEBBIEEZ L0, SEOHED LD g
FPRECIE, TEMME UPRE T E VT
WD, FEEE, RNHICBWTLRFIOER
TEHAEE 20mm LED 7 LI2T LA LRETE
vzt L, AT UGS EY A X TERY
CRESTTETH -7 BIE Fig. 36). TH X
I REREDR D T HEEC IR IV sLHE oM
BIRY A LSE2EREL D, BEThod
BOBNEMICO RS, LA LRI, SN
T2 BY, KAHETIIESRY 28N~
HREBOFICEBLTWA I LR Sho TV,
HE I W SO BB ES ) LD
TWHTHRELZDOTH Y, FOTIIES &
N0 AE 20 mm ML EOEMEIRE ST
%5 (BBME Fig. 32). ZOXH5%Z &M, Fig
56 (C) R L7201k SE B IZ DT,
VU T) U TOROICEHAEEIISIIERELD
OTIEERVEHREN S,

20HOEHE LTETBECE L TE M
I X B AR~ O®EE] LTS pOEKICZ L B
[FE=] O20DEBE» LR ZHED L, BT
BT SMEBEROFAOBEERO—D & 3
(FhH, 1994), EB, 710B&mIIEROZ -
R AL L 72 8 DI F OO BERE R & v (R
1E, 2002). Foz, 6EBEDIIALEThD
W LT &Ik & B SRS A~ 0k
Paool-MHeEE B TE 5. L2 L, Fig 56
(A) WRLmIREE2R5 8, HEBLAET
BEOY—I7HFRLNA1ITADOHRE 19-36 m¥/s
T, Z2oHOY - BBREINI12ATH» 51
BHEoOmRE (23-26 m¥s) & REGMmE, L7
Do T, MRIZLBEERH-2ELTDH, Ih
52D DIFHNTE F AT HOBIRICNE 2
WHEL-ZEZFETE 2, NALETNOERE
ZRIZDOWTH, WA o#ERc X% [T
EEZLDVEYRTHS.

JTRE - /N (1986) 3B X OVERREIZA (1988) i,
BEINIBWTH FE7 2O HEG2 ST L7725
ILHOS LR TEOHBIELT LS —8 8§,
SROFREEFERICHETOE—27 X 8 Fao
SMEAMBROE =7 BNL 2 eh b L w3
HFLTwh, Z0o—RNE L TEEIZ) (1983) 1,
BN AN S 100 km DL EEEN BRI &
NLEENTIX, Bk ERcEINfThis
720, BAEFNOMFEITHE TERMIEL & 0 SR
WEORBFELPL TV E2ERLTWE, 77,
FROZ EEEFEINCBWTOHEIN TS
(=8 - BrR, 1998, 1999). LA L7%&A55, 41
BETR72EBY, WHHNOEMGXR TS
TCIMWAE G2 S 9-14 km OR) 2
NoHZ L, S5 ETRIIBNT LSO
BFAPHET S 2L (Figs. 31, 57) 3% 26
be¥s e, BETh (10-1184£Fh) o7air
HOBWHEOFER T THOHMICH S L3
Z BN,

T 2DOMEBRRIIFAFTKEOEE L H %
I, AKIEADY 20T DA RIS B L AREIME T3 5
ZEBHILNT VS (FEEA, 1937, FEEIE D,
1967a, 1968, 1971c; MM - #i%, 1979). 19964E
B SAF BT HIEROG RSO
KRBT ZOERIITE R 200 DT E 2o
72DIF12R LET, TFTOIDEOEY —7 2355
21 R P OIBRIEEOKIRIZ 22-24TC &7
FROERICIIELWERDNAREIZH - 72
(Fig. 53). —77, WIIRoOEBEKRIZ11H T2
20C % FWl- 725 (Fig. 53), WIkicBWTDH
AR 2 m BUECIXIEREROKR L kX i3k
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o7z (Fig. 54). SMETHSHPHICLAZLD I,
T AT ISR IR IR BT 5720, 7
IfFADYKEIZH T L7211 B RS g B
W AERICHE L 2RI i Tn
ol b WEBINE, DX ERDL, 11
BEFIhOERIECE L TiE, ##8Ss X o
DERIRIZE R DD » 7= D .
19964£10-11 B 12 B W CIT 114 0 HEKiER
i3 24-26C ¢, BE2WEMORFEMEZ AL
(Fig. 55). 96O D L I ZEAKiRIE, B4F
NOT7IOBFHELZHENICROLTEELSD
5., BAETho72E3ARRBIC, BEE
(Tsukamoto et al., 1987; B4A~, 1988; EiE I H,
1990) B EFZITEAKIRIZE ZEFEL VD )R
7% EHD EHITHD EEZLND.

2. 1986-99FFNAMEHMERDZEIL

HREENERIZ L 5 MEBHERANDEEDKRE
Fig. 61 |27~ L7z864E 2> HOOERE O 5L H O 54T
ORIV T, BEEIH—TETn
e, ThbE, WREDMERE (86 ¢ 87 « 924ER)
BNEIR R HCIREL, BEO3FER (9596 -
99ERE) XML CTHRE L /2 (Table 6). /IR
ERTIIARIT KA O S DIERBIC L VRESR
W<, T2, £ATICELCERFTERREC
Lo THINMRVEAT DI N ELONL, #
D1z, REROBEBNIRESNLIABOH A X
CEEZRIEL, 0w TiRsHbBHEBIEY 24
L2 EDMEEENS, HBEEICHW6EHED
HREMEZ LT 2 &, REROETEIME) B
RERIBDLNEVI OO, KEE—F& 20
mm %82 5 EEOEEI2ODREL TR PR
%Y (Fig. 59), SMEHMEIE D 2L EN:
BEETE LW, 22T, ZOL 9 LFEFAX
DFE WD EORE 5L BB BEES FUET I
DWT, TNLH20ORER A FIFIZHERE L7295
ERTHEHET 5.
SEFIZBVTHRER LI 2H BT L A
ZRL REE & R ME TR bk (Fig 60).
—7%, SfbH#MBE e, 2% - FTEIKS
(L LB OEI & ELR Y, MEZFD LD~
LTwWwihho/zdbdo, HMEHOEHBEE ¥—271X
20DRBTITIT L Tz (Fig. 60). Zhé
RO & L 386MERE (IR EXIBTIRE) 10w
THRRDOEND. b 3eERR T I & #lE
TLEEFAMLEEOY 4 XOBENIBO SIS
% (Fig. 59), MADSMLH O#PE L ¥ — 271k
IF—F L7 (Fig.61). EFNETHERLLBY,

7 AR RSB IZBIfR L A% 10-20 mm O
BRLTWS, LdsT, ZOREHBEICE—
FERFoRE chE, PR MEEOY—
I BBHENARBPIIRERBRER AL R hnE
EZONE, TDIHNLEIENS, MEHOY—
s BERICEREEED ARY, REINR
EEORRE—IZ L ABEIIOWTIZEETE
EThsrHsND,
MEBHIOFZE) PN O & 2+ o2
WTHRE L7 T fHEAOMEBO Y - 21, 90
ERFEECRI0A TA2LILATRICR SR
(Fig. 61). Z O, 71FHORT ORI, 87
RGN A B, 9FERETIRI08 TOIICED
LITwad (FF - M, 1996). L7zd- T,
HEOY— 27 LM OB CEBR L Cwiz7 2
DAIEHDE — 27 FFE—FH L T2 Lk
B, LaL, 9SERUBEY — 7 138NE0, 964
BOY—21392FH BMEHoY—2 R BEhx
o72) Xh#er ABVRATaA» 1AL %
572, TOL ) RIREIZOEREICB VT HIZIZR
BThot. SERICPLTHE, KTOY—-21
NBHHICH o700, ZGORES IS
BRI T U228 1 CE L7248, s
R THEER 27 2DMMEAZI2- 1A ETNE
HRORBE o722 L B FEITH LM LT,

FEICBWTORE L2 L9112, 72FR0R
BERO—D & LT, MIIKIZL S FREHBEI A
DEEDVFBT oG, OB CAEEE - 72
TADSMEH DY — 7 25BN 05-9EHD S b,
QEFIZ OV TR A DOHEYNE L (Fig. 61),
BRI X B EHEND - - RTEREETE 2.
LA L, 95-964EFEICBWTIX10H P LLEDWR
B, BRICLABHED oL IZELR
W, 7z, STERTIRIOE a1 EAIce
JTHRENPE P o 7212d b 56T, Mo —
WA ERCH o7z, LizdioT, mImEE
SMEH ORI —ZE DM L UHEC, 95FR
PRED AL H OBNO ER DRI K LEFEAT
BHol3Ez LR,

AIEIZBWT, 96EHDRAET L (10-11H4
T OFEBHEOBEEE L T1996EKDEKIED
BRI N/, Fig 62 1%, 197580 5974ED
3 (10-128 ; 1990FERFEE ToOEELR 5L
B oWKiRE F0OBEQITHIICoER
OEBRERLLZDOTH S, AESHEBRELR
TW2wgt (P> 005), BROWKESETL,
BEOWHERAWAT 2EMNCH L L2HAL
HZENWNTE DL,

PUTT AT 1 28 O FKZE O KR IE 19804/ A
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S FRMEMICH Y, BIZo4FEDIBEIX10-11H (80
B HOEALETE, SMEDBIBIZZOMIZH -
72) IWLIELIEBWAKRS B S NS X512k
7= (Fig. 63). 3512, 19644ED HYED 1EE
BT B10-12H 0 KIBHERKFE FEEP,
1999; thifsk EERFFERT AT FE 5B, 2000) % RT
b, 199440 HLEKIBMERASEHE L - THBY,
RN TEEES 27 LOMED Y~ 7 DB
NAERE I NIED - (9548, Fig. 61) & 1Z
IF—F5 5. £/, TOL)RTENSEE DR
NOEERIZ, BOLBYEWIEZVEEThO
ERFEICH D ETHE, BREOBLETAVTY
BT REMEATE . B BMOKERETERIC I
&, A0 7 LoifEERIZ19808F 0 Ho44E
TIZ 600t 25 1,100t DB ZHER L Tz, 7
2D 5LH OBNAELE I NhH 7z GKIRD LA
PEE I IR 72) 95FELIBE 250400 t IZKT
LTw2 (Fig. 64). 2D XHIT, BEOHEKR
O LR, RETNOEIEC X 2:BEThofitko
xR MA S &N (5MEHDENR), 356
ZIEEREORAIZIZIEHEZREI L LTGREZ -
RHEBTHY, FOREEBRICOVTDHFALT
BTHho7. L7zdoT, S4EBRUBRICAE S
HMEH OBV, EARRO LA EEEL TS
BV E N BTSN 5.

PO -F I BT 5 19954F DL o 5 & 0 R A
&, Elo X 5 IC19944FE D HIFICHEE I ko 72
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1200 +
1000 * °
800 .
800 |-

400 F . .

Catch of ayu in the next year ( t)

20 0 L 1 1 1 il
20 21 22 23 24 25

Water temperature in autumn (°C)

Fig, 62. Relationship between mean water temperature in
autumn (October-December) and the annual catch of
ayu in the next year. Water temperatures were recorded
from 1975 to 1998 in the offshore station (about 8 km
northeast from the river mouth) by Kochi Prefectural
Fisheries Experimental Station. Data of catch were
based on the Annual Statistics of Fishery Products in
Kochi reported by the Ministry of Agriculture, Forestry
and Fisheries from 1976 to 1999.

HEOBKEALICHEZRL, NS nRAeTR
PRELWEET LI TELEEZLN. L
L, XoMFIRI994EED L DOEKIELIZH -
2 LT, HER > T HADOSMEE OENIL,
WEoENR, X5IICEBHOBIAEDRNET
Hedidh s, LEITHONE, To%A 7R
BEABALIC X BB AT o \EEY 5 Fic
B 720, FATH A0 ZITHHFERIT LB
BRI EET L ERTFREINE. LI AL,
FERIIZ1319954E LUEE20004E ¥ TOGERIT EFR
WCEHEOK LIIED Sk (Fig 64). ZOH
e LT, RO2ODIENFEZLNL., I,
FRED XS R EERSROBIGERIIZE L
WEWH T ETHDL., 7T AOWHBIIIEARINZ
REMICE o THEB SN TWA 20 (BA - iRH,

25 |-

24

... notrecorded

Water temperature (°C)
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Fig. 63. Annual changes in mean water temperatures during
October -November in the coastal waters from 1981 to
1999 (Takahashi et al., 2003). Solid and broken lines
indicate the water temperatures at Tanoura Harbor
(about 7 km north from the river mouth) and offshore
station (about 8 km northeast from the river mouth) re-
spectively. The data were recorded by Kochi
Prefectural Fisheries Experimental Station.
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Fig. 64. Changes in the annual catch of ayu in the Shimanto
River from 1976 to 2000. The data were based on the
Annual Statistics of Fishery Products in Kochi reported
by the Ministry of Agriculture, Forestry and Fisheries.
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1961; AR, 1979), EIHIISKESEMTHEW
AZTERFEINIZOVOID Lin, ZoHIE
FNETH SN ELHROBETHL., W1
MTRELEROMEN11H16A 21215 TH

0, RESERICIXBI4EL,000 A LA L DS IR T
o BH., ZOEDBEERIC K o TERHAITK
BICHES NS & IR HIE TR 72 X ) 10
EMLRELFA-—TVERITHEEZLNDL, #
D7z, SMEBOEIIECEIRSENZE LT
b, HFHEEOBENNL, BREO MBI
PoEizd ki onb,

BAE, HMEREECORBILORENEFHTE
EENRTWBA, TEILE - TKED LRI
EOERBOELFHE S UhD /. BEREE
T, EFROBEKEBOEEIZL N L TFOEER
RESNE JFL - W, 1999) &R, E
BRI BET 5T\ D (B - IR, 2000).
T/, BAKETETS A, O9HA, JVICbEK
BOBENRENTWB I EFRE STV (8
A - WG, 2000). 512, WHEEEIHET1998
SEEFRIAE LY TORBEE L EBESRICO W
THEKBOBEBLEZ SR TWE CGERIER,
1999). AEM~OEBILIC & B8 » TEAICHE
BT 57:0100%, MR 2 CHEOEENI SR
ATHIEPFNETUTELRLI PRSI
Twb (F, 1997). SHOWMG I THERSIR
o720 MMEA OB (EFEICIEERT AT 20
SLEHOFEN) 122w T, HMIREELOE
EVIIHEDPLESHE DERELRTLLEND
5.

ZZEFETIESHICLZE I, WO
BRI I ON R %5 & %
ZoNATINEHERT S, RETIE, 37
IFHRAOERSE L LTOMOEOERIIOWT
wla, T FIZLSEVEEZELT, T2
DHARRR, B, BE, BEEREAIRE L,
FOL ) BREAERELEENGZERE LTHEH
BHboTWAE I LATRIRE N/, T2 TRT L
OEERESHMEBOBEDL Y 2E\T L L L 31T,
FRATH Y D557 BICREEVSLEAR 25
DERIIODVWTERT S, X517, AMETES
NZARE D L ICT7 ZOFFREHEEICOWT LR
9 5.

1. PAFHAOCERSLE L TOAOBOES

HUBII BV TR T BCBRE L7
fFalk, 2o LTI cDBIcEE L%
Z N7z I ERT 5 7 LI HRAORER
HHEE D D BEFT, FOHBICOWTIR, $VE
TRz X9 T OO, BaEEREIZ
B4 LT A NF— DA 85, AR
S ODPDERPSHBEADPHIETH 72, ZDLI
7 18 C o0 BRI 7 BRI 1A 7 247
HREBE L CHETHH I & R TIRIR A &
25, B0, DTO20o0BArS S EEE
ELCoOMifEZIERHT 5 2 L8 TE 5,

FREA DT/ DRI EICH 5 Z L HYE
WENTW5S (Houde, 1987; Bailey & Houde, 1989).
F7-, HF (1991 BAFHEAOHEERZ R T 5
AN EERICBHEEORN BRI B %
SO AMERENEWI AL TWA, W
BT AHEOBEIE, —RICEOZERMEdEL
ZOELEETH L0 (Mclusky, 1999), i
BAEREY LT AFHARIKRERHBEEICRSR
LUHEMEATE WV, L T AR, TN AR
THEFIR-ClE, SR, BEBICEFLLIR
B 5720, Mclusky, 1999), HETIZHERIZET
R EMFHNEL BB EPBBEENS, OF
0, A&Z% HLISE O A M 5 7 LA
EoTiX, WHRFDOL OPHEELLD Y =
7 — R BREERo RS EER LY. £/,
FRERBELS, v Fro b MEOFHAE
DA DB & AL R B EFZON
5. ERE, BIETHRRZEBY, MWEFHIEO
WTRAFITLE Dy F A48T 2B 5RIER
Hizoxnizd EBROBEZL T VEDY SR
BEORERE LTBFTLIENTE D), il
EDOEHRPEHEr O CHBEAFIETLALRVWEEZ
bhab.

a5+ 3 Uz 7 A7/, £2
THHAAZEIL, R CEIcH LA
~HET L EEZ BN LA, WIRT
FHEAIA %8 L 72 7 2O~ R I3
FTHMTLADDIDLEL 2D EEZLNS.
BAVEBEE TS o 22N L3 5 2 & TEAE
FCOEREZHRRTE L Z i, Bko4AFRe
BINCATNCE L RBREIND.

UEo X5z, BEDOARL OFHAEERRIE
JROED S M OBIMTRAN O 7T 204 B L
LB &t 283 AKIG  Hasn s, @
B EEOE LT AERIFIEOBRETLH S
BHEOE LRSS OB 28 #
BT AHEE - EAEBERPLELRLYE BR,
1981), 7 LRIEEWZEERMigEZHoZ LT
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(Hasegawa et al., 1983), W1 IDBEE k2 1E
IZEIG L, ARBE L TWOBERELTwE L
X5, WHFIRORD X 527 27 #a04t
BN OKiR, 3R, BPRSE) i3 2
i, RROERSHEEZONTVAEBRI b
LAFRETHEETRZ L. INFTRORET
IR & o TIEEEORO L 2 BHE M E L
TREBISNTELD, FHAMORERE LT
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Fig. 65. Annual changes in catch (solid circles) and stock-
ing (open circles) of ayu in Kochi Prefecture from
1975 to 1998. The catches and stockings were based on
the Annual Statistics of Fishery Products in Kochi re-
ported by the Ministry of Agriculture, Forestry and
Fisheries and the data of the Fisheries Section of Kochi
Prefecture, respectively.
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