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Contribution to the catch and reproduction of hatchery-reared ayu Plecoglossus altivelis altivelis
in the upper reaches of Kagami Dam Lake in the Kagami River, Kochi Prefecture
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We investigated the strain identification between hatchery-reared and landlocked ayu Plecoglossus al-
tivelis altivelis using meristic character (number of scales above the lateral line based on the dorsal fin ray)
and otolith Sr:Ca ratios in the upper reaches of Kagami Dam Lake in the Kagami River. The percentages of
landlocked and hatchery ayu in angling (tomozuri) caught fish in May—September in 2017 were 17-92% and
8-83%, respectively. Using microsatellite DNA markers, we examined the reproduction of landlocked and
hatchery ayu in Kagami Dam Lake. The genetic origin of parent and upstream migrated populations in the
landlocked form in Kagami Dam Lake was identified as hybrid fish between amphidromous and Lake Biwa
strains using assignment tests. Moreover, among the spawning in November and December, 23-27% of in-
dividuals were identified as amphidromous strain, suggesting that hatchery-reared ayu contributed to the
reproduction. These results indicated the contribution of hatchery-reared ayu to the reproduction and en-
hancement of resources in Kagami Dam Lake and its upper reaches. However, most individuals within the
upstream migrated population were identified as hybrid fish. This indicates that most of the ayu in Kagami
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Dam Lake are hybrid fish, and their reproduction contributes to the persistence of the population.
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Fig.1 Map showing sampling locations (St. 1-4) of
ayu in the Kagami River. The landlocked ayu in-
habits the upper reaches of Kagami Dam Lake.
Hatchery-reared ayu had been stocked in all areas
of the Kagami River.

FTNENA8REB L UB4REDEIS2E (LT, 201643
flf, 2016KD-P), 20174F10 J1I0H B L 11 A TH
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Table 1 Biological information of ayu examined in this study

. . . L. Catching SL BwW
Population ID  Date of collection Location Origin method n (cm) (@)
Reference

2016B-L 2016 Dec. Lake Biwa Landlocked  Wild net 43 (33'8; 4091) —
2016K-A 2016 Mar.-May é(;c};) Pref. Amphidromous Wild electroshock 47 (5 4%;(? 35) (106652075)
2016K-H 2016 Apr.-May Kochi Pref. Amphidromous Hatch. — 30-90 (gg_ﬁﬁg) (15276_;14 63)
2017K-H 2017 Apr.-Jun. Kochi Pref. Amphidromous Hatch. — 90 (ggié% (Zéié %
2017M-H 2017 Apr.—Jun.  Miyazaki Pref. Amphidromous Hatch. — 30 (7672193?) (;g’_ié-g)
Non-reference
B Landlocked 145+1.7 40.2+t15.3
2016KD-P 2016 Oct.-Nov. St. 1 Hatch. Parent cast net 82 (10.0-18.6) (13.0-90.3)
2017KD-R 2017 Mar. 3 St. 1 Landlocked Running electroshock 37 égg;gg) %61%10 23;
" " " " 50.4%2.0 1.4%0.2
2017 May 1 31 (47.6-56.4) (1.0-2.0)
" " " " 59.1+12.9 3.1x2.1
2017 May 19 26 (411-86.2) (0.6-9.1)
_ _ Landlocked angling 814.0+*1.5 46.9*16.1
2017KD-A 2017 May-Sep. St. 1-4 Hatch. Adult (tomozuri) 438 (7.4-17.8)  (5.7-110.6)
_ Landlocked 13.1+1.7 281119
2017KD-P 2017 Oct.-Nov. St. 1 Hatch. Parent cast net 50 (10.4-16.7) (10.7-56.8)

Hatch., hatchery-reared; n, number of fish; SL, standard length; BW, body weight; Running, upstream migrated.
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o720 145 N72PCREWY % 101574 B L, Sample
Loading Solution (SLS; BECKMAN COULTER inc.)
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tial Bonferroni DHi1E*" TIT > 720 44 [ 0 # (Z 14
PRBIFRIZ DWW T, ERRE L POPULATIONS 1.2.30
(https://bioinformatics.org/populations/) % i \» T &
ZPEEEDa®™ #5184 L, UPGMA (Unweighted Pair
Group Method with Arithmetic mean) 12 & 1) &%
1 % 1ERk L 7212, MEGA 10.05°” THER L7zo IREMS
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72 F AT ZORFEERNE, MBI L TV oM
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JEIIZED SR ERT B L NEERTIFE T 51
ReMAE eI/ L, BFERAZHEE Lz, 72721,
&% OEFNIHIE S 2 AR D ZEHT0.05 Al O ff 17413 1
RANIHE L e R E L7z,

B, SR, HRHBIRER, EIFERIZH V7R
% Fig. 212F &, DTRIELTL#ET 5,

& xR
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Fig. 2 Figure showing abbreviations of specimens,
identified stock and genetic origins. See Table 1 for
abbreviations of specimens.

2017K-H (20174FRHAIAL), 2017 M-H (2017 4F &I
ANL) 2312-158 (F— F13#F 7213148 TH o7z
(Fig. 3a) 0 AL 7 ZOBE L7 EHIEEEIT RIR T 2T
HDHY LT LI TH %L, FEALERL W
©, " 2016KD-P (2016 4F % f1 &), 2017KD-A (2017
EHERE) B X UN2017KD-P (201 7T4EBMEE) 12DW
THE BRI E 15 L T ok %2 AT 7 2, 164
PLEOfE% 7 27 & L CTHRI L7 (Fig. 2)o
i IC KT S 1722016K-H, 2017K-HB L O
2017TM-H D H A Sr:Calb F v — b /X & — 3, Huloh
57 300-400 pm 3T F TH-8Hi R & HER L 7215, IR
[ZEE U, #9500 pm 2 5 AT TFH2-3 i 2 %
R L7z (Fig. 4a)." & L1 CH AR X 1172 2017KD-R
(20174E ERE) /3% — 1%, BAPLD SEDEE
T, BIE1-2RIR 2 HERE L7z (Fig. 4a)." SRHDF v —
X% — v O HTRE R & U2, 2016KD-P, 2017KD-A
BLUV201TKD-P2 5 N L7 & ¥ A7 2% 5 L
7= (Fig. 4b—c) o
HASrCalttrict L2 EEAEAZAL TV
2016KD-P? 33 & 1%, MIHE A5 85 % & B A Sr:Ca
WHNIZE D AL 7 225178, 27 225162 & ¥
AIEN, WFEEI L AHBICTRIEIL R D> 720 2016KD-P
DH)LELGE VML LT AEE L724921%, M
LA BHISEOATHRHR L, NL7 3105478, ¥
LT 2R B S T, FAEIIIZ2016KD-P O
8223 A7 2 (2016KD-PH) #6428, % 27>
(2016KD-PL) 25182 & I 5l & 4 7z (Fig. 3b)s
2017KD-A B £ 0°2017KD-P 7 & H 7 Sr/Ca 44T 12 it
Lzt i o9l B iE, MR LRy s s Ba
Sr:Calbric & W A7 22320, ¥ A#l7 12871
REHM SN, 72720, WFEIC LD THIEA2
RBACA U7z 216 0 2 K0 H HfERIE B A Sr:Ca ft
SMORREELET LI EIZL, Bi1eKRTHo721
ffExE NLT 2, 14 Th o2 1lE%E 5 27
Ak L7ze BED O 397 RIS A 5o A CHI
ATV, ANL72A%129f, 7407 2252682 & 5
ENTzo WM, 2017KD-A B X U82017KD-P ? 488
Bix, ANL732 (2017KD-AH B &£ °2017KD-PH) 7%
149, % & 7 2 »3392 (2017KD-ALE £ O
2017KD-PL) &5l &7z (Fig. 3c)o
PEBOBRRT LDEIS LAKE 2017KD-A BT
5 NTL7 2 (2017KD-AH) O &4 135 T83%, 6A
T31%, TH T9%, 8H T8%, 9H T14%TH v,
5OHDNLT 2L ¥ Al 7T LOFEIITEEELH D
(Fisher's exact test, 5-9 H p<0.001), AL7 0%
GlEsATE L, 6 AT {2 - 72 (Fig. 5a), &
EWMEICOWTIENT L7z 2A, ALTZOHEEIESY 4
BHZESE 1,250 0, 252 HEDSE. 3,4 TH <,
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Fig. 3 Histogram of the number of scales above the lateral line toward the fifth ray of the dorsal fin in reference (a), and

captured individuals in 2016 (b) and 2017 (c).

(a) Reference populations

10.0 10.0 10.0
80 4 2016K-H 2017K-H 8.0 2017M-H 20 2017KD-R
6.0 A “'4 f) n=5 n=5 6.0 n=5 60 n=5
4.0 4.0 4.0
= 2.0 2.0 20
= 0.0 : : 0.0 + . : 0.0 4 . .
< 1000 1500 1000 1500 0 500 1000 1500 0 500 1000 1500
X
—
o
ug (b) Captured populations in 2016 (2016KD-P) (c) Captured populations in 2017 (2017KD-(A+P))
e
8 10.0 10.0 10.0
- - 10.0 -
5 80 8.0 Landlocked <0 Hatchery 8.0 Landlocked
6o 6.0 60 n=5 6.0 n=5
4.0 4.0 4.0 4.0
2.0 2.0 2.0 2.0 K, A hitobaia

0.0 A 0.0 40

0.0 +

0 500 1000 1500 0 500 1000

1500

0.0 -+ T T
0 500 1000 1500

Distance from otolith core (um)

1500

Fig. 4 Profiles of ayu otolith Sr/Ca ratio. The concentration ratios were multiplied by 10°. Chart patterns are hatchery-
reared and landlocked strains in reference (a), and captured individuals in 2016 (b) and 2017 (c).
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(a) Adult fihses caught by Tomozuri in 2017 (2017KD-A)
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Fig. 5 Percentage of hatchery-reared and landlocked ayu captured in 2016 and 2017. Adult fish were caught by tomozuri
angling from May to September in 2017 (a). Parental fish were caught by cast net from October to November in 2016 (b)

and 2017 (c).
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Fig. 6 Comparison of body weight between hatchery-
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11 A TE» > 72 (Fisher's exact test, 10-11 H p=0.017;
Fig. 5b)o 2017KD-P2517 5 AT 7 2 (2017KD-PH)
DEAIZ10H T15%,

reared (H) and landlocked (L) ayu captured by to-
mozuri angling in each month (from May to Sep-
tember) in 2017. Boxplot values are the median
(center line), the mean (cross), 25% and 75% per-
centiles (top and bottom of the box), and maximum
and minimum values (whiskers). Circles indicate
outliers. Asterisk (¥) indicates statistical signifi-
cance between hatchery and landlocked ayu (¢-test,
p<0.05).
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N7z (p<0.05; Table 2) EEFICBITL9~Y—T—D
)V T ) OV X 0.009-0.055 TdH > 720 HEHA -1
2016KD-PL® Pald THENT 25T & 72 o 7225, bk
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Fig. 7 Estimated hatching dates using otolith daily
increments of upstream-migrated juveniles from
Kagami Dam Lake, caught by electroshock at St. 1
on Mar. 3, May 1 and May 19 in 2017.

Table 2 Genetic variability of reference and non-refer-
ence populations

n  Na Ar Ho He H-W

Reference population

2016B-L 43 99 7.6 0.633 0.717 1/9

2016K-A 47 123 9.2 0.719 0.723 1/9

2016K-H 90 14.1 9.3 0.732 0.745 2/9
Non-reference population

2016KD-PL 18 9.0 9.0 0.685 0.752 1/9

2016KD-PH 64 12.8 9.0 0.634 0.735 5/9

2017KD-R 94 129 86 0.727 0.744 5/9

n, sample size; NA, number of alleles; Ar, allelic richness; Ho, ob-
served heterozygosity; HE, expected heterozygosity; H-W, signifi-
cance of tests for deviations from Hardy-Weinberg equilibrium
(p<0.05)

iz

quential Bonferroni ffi1E#%, k=15 Table 3).

S OB BME % G 2 720, 9~ — 7 — &
DT ) IVHRE & B REB A ER L7728 25, 2016K-
A, 2016K-H 3 & U°2016KD-PH ® 34 3¢, 2016KD-
PLB X U'2017KD-R®D 24 HC, & 5122016B-LD1
BTy T A =Sz (Fig. 8),

Ji I TEFRAT T, JRMELENT L L 72 2016B-LALEEE M
R (LLF, BLE 9 5) &R #HE (BLF, MID &
T5) IRV T o N, FOEEIEIBLYED - 7,
2016K-A & 2016K-H & i 24k (LLF, KA 3 %)
EMIDIZHRD iy b, ZOHEEIZKADE - 720
2016KD-PL, 2016KD-PH¥E X 0'2017KD-Rii BL,
KA, MIDIZIRY i i, 20412 2016KD-PL &
2017KD-R CTMID 7% <, 2016KD-PH TKA2SE 7>
720 723, 2017TKD-RIZDOWT, I VEMRAT RS F % ESN
HoOMEZEIZHRBLE A, &FI250 25 KADE
AX 10 HEEIR SR ICIE_T, 11 H & 12 A IR T
o7z (Fig. 9)o
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BEHASnCaltZ L, HHTAHI LD TE, W
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0.0%, 2017KD-A (20174 $y##) B X UF2017KD-P
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|

0.01

Fig. 8 UPGMA (Unweighted Pair Group Method with
Arithmetic mean) dendrogram based on Nei's ge-
netic distance between each pair populations using
nine microsatellite DNA loci.

Table 3 Pairwise Fst values (below diagonal) and p values (above diagonal) between six popula-
tions based on nine microsatellite DNA loci

Reference populations

Non-reference populations

2016B-L 2016K-A  2016K-H 2016KD-PL  2016KD-PH  2017KD-R
2016B-L — * * * * *
2016K-A 0.070 — ns * ns *
2016K-H 0.066 0.000 — * ns *
2016KD-PL 0.019 0.018 0.016 — ns ns
2016KD-PH 0.056 0.003 0.001 0.013 — *
2017KD-R 0.017 0.028 0.029 —-0.004 0.022 —

ns, not significant; *p<0.05 (k=15, k is the number of tests) following sequential Bonferroni correction.
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Fig. 9 Frequency of identified stock origin in each
population by assignment tests using nine micro-
satellite DNA loci. BL,, Lake Biwa; KA, amphidro-

mous in the Kagami River; MID, individuals not
discriminated by either BL or KA.
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Fig. 10 Scatter diagram based on likelihood between landlocked Lake Biwa population (2016B-L) and amphidromous popu-
lation (2016K-A) by assignment tests using nine microsatellite DNA loci. Each scatter diagram indicates reference popu-
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