JekEmrE 102, 1-11 (2022)
Sci. Rep. Hokkaido Fish. Res. Inst.

B ERBAFEFAFOATHBRIAEFT AT, HvHZAV7T,
AV ABEUT A XTI H X BEEF O HEEHA

SHERRT, EAGE, aamE
UBEIL AN REIE R RKERERS, HUBBEIRE S REEIEKERERS

Timing of spore release of four kelp species, Saccharina longissima, Saccharina coriacea, Costaria costata, and
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We investigated the timing of spore release of Saccharina longissima, S. coriacea, Costaria costata, and Alaria praelonga on
the Pacific coast of eastern Hokkaido. This was accomplished by quantifying the number of kelp spores in seawater, using
membrane filters (analyzed using real-time PCR), and by estimating the density of young sporophytes by culturing the
membrane filters. The maturation progress of adult S. longissima (in Nemuro), and C. costata and A. praelonga (in Kushiro)
was observed to compare their respective spore release periods. The peak spore release period for each species was estimated
to be from June to October for 4. praelonga, August for C. costata, September for S. longissima, and October and November
for S. coriacea. Many released spores were detected 2—3 months after the populations of each species began to mature.
Seaweed removal operations to maintain populations of edible kelps were conducted in winter (November—February) on the
coast of eastern Hokkaido. The present study revealed that only edible kelps (S. longissima and S. coriacea) peaked their spore
release in autumn. This suggests that the seaweed removal operations in winter may improve environmental conditions (photon
and water flow conditions) for gametophyte maturation and micro-sporophyte growth rather than create space for spores to

settle.
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Fig.1 Study site off the coast of Ochiishi (A, B) in Nemuro
and Katsurakoi (C) in Kushiro, eastern Hokkaido,
Japan.
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Fig.2. Blade length (top) and weight (bottom) of Saccharina
longissima sporophytes collected at site A in Ochiishi
from June 2017 to December 2018. Open and filled
circles show mean values of different year classes,
respectively. Vertical bars on the symbols represent
the standard errors of the means. Asterisks show

significant differences between the same months of

each year.
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Fig.3 Percentage of individuals with sori on the blades of
Saccharina longissima sporophytes collected at site A
in Ochiishi from June 2017 to December 2018. Open
bars indicate no sori, and bars filled in gray and black
indicate sori on the old and new blades, respectively.
Asterisks show significant differences between the
same months of each year. The numbers above each
column indicate the number of specimens observed,
and N.D. indicates no data.
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Fig.4 Blade length and weight (top) and percentage of
individuals with sori on the blades ( bottom) of
Costaria costata collected at Katsurakoi from
December 2015 to December 2016. Open and filled
circles in the top panel indicate the blade length and
weight, and the bottom panel indicates blades with
and without sori, respectively. Vertical bars on the
symbols represent the standard errors of the means.
The numbers above each bar indicate the number of
specimens observed, and N.D. indicates no data.
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Fig.5 Blade length and weight (top) and percentage of
individuals with sori on the sporophylls (bottom) of
Alaria praelonga collected at Katsurakoi from
December 2015 to December 2016. Open and filled
circles in the top panel indicate blade length and
weight, respectively. Filled black and gray bars in the
bottom panel indicate sporophylls with and without
sori, respectively. Open bars in the bottom panel
indicate no sporophylls. Vertical bars on the symbols
represent the standard errors of means. The numbers
above each bar indicate the number of specimens
observed, and N.D. indicates no data.
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Fig.6 Density of kelp sporophytes germinated on membrane
filters obtained by filtering seawater collected from
the surface at each survey site (A, B) in Ochiishi from
June 2017 to December 2019. Vertical bars on each
column represent the standard errors of means. N.D.
indicates no data.
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151248 /ml, 201945139 H 0 %6 T 1389 98 /ml D> s 3 -7
HBE L7z, REEBTIX, 20174E8~11H, 20194E1H, 4
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Table 1 The relative number of kelp spores of Saccharina longissima, Saccharina coricea, Costaria costata, and Alaria
praelonga obtained by filtering seawater collected from two levels at each study site (sites A and B) from June 2017 to
December 2019. Gray cells indicate that recorded numbers were above the quantification lower limit. A dash (-)
indicates that numbers were below the detection lower limit, and N.D. indicates no data. Bold numbers indicate the
maximum number of kelp spores recorded for each year.

Kelp Species Saccharina longissima Saccharina coriacea Costaria costata Alaria praelonga
Site A B A B A B A B

Sampling layer surface bottom  surface bottom surface bottom  surface bottom surface  bottom  surface bottom surface  bottom surface  bottom

Date Jun 14,2017 - - 7.3 - -

Jul 13 - - - - 33 14.2 140 122 3.8 8.1
Aug. 17 4.8 151 193 - 209 106 133 493 33 9068 10072 345 58 149 311
Sep. 22 627 14699 2050  261.1 116 447 41 83 34 47 368 225 28.6 67 457
Oct. 16 33 - 322 239 60 69 473 8Ll 155 228 414 261
Nov. 10 434 317 489 654 112 74 199 91 63 51 10.5
Dec. 18 - - - - - - 10.1 - -
Jan. 15,2018 67 441 268 54 3.7 232 - 48 97
Feb. 21 - - - - - - -
Mar. 15 35 34 - 40 42 55 53 14 07 - -
Apr. 17 0.7 - 0.7 - - - - 16 09
May 16 1.4 1.6 - 12 5.1 4.1 23 25
Jun 19 - - - - - 09 07 67.1 426 152 99 1763 1029
Jul 12 - 0.8 95 128 - - 09 44 - - 882  164.4 11 - 20 53
Aug. 20 81 133 89 64 09 22 - - 3.8 1.9 986 514 179 69 171 112
Sep. 18 13 26 31 108 23 - 324 457 22 124 3.1 13 36 35
Oct. 16 - 1.0 69 70 1021 2268 3428 3287 22 14 09 64 60
Nov. 14 88 63 19 89 100 97 136 - 55 43 - -
Dec. 11 1512 98.6 2.0 18 99 85 82 67 1.4 14 07 1.9 11
Jan. 22,2019 12 - 63 - 15 - - 12 - -
Feb. 19 - - 0.7 - 1.8 15 45 - L1 038
Mar. 15 0.8 166 126 30 39 76 134 43 25 08 - -
Apr. 23 2.5 - 15 - 0.9 18 36 2.6 19
May 13 - - - - 69 36 3.0 454
Jun. 21 - - - - 49 57 152 150 3270 348 350
Jul. 26 68 50 429 304 . 16 45 751 846 100 57 657 822
Aug 27 486 261 146 529 - - 0.7 77 sl 1095 397.1 166 32 329 1296
Sep. 11 13898 69.0 2818  450.4 09 17 - 1576 14 175 313 414 22 266 772
Oct. ND. ND.  ND. ND. ND. ND. ND. ND. ND. ND.  ND.  ND. ND. ND. ND. ND.
Nov. 7 1.8 386 365 913 1080 3999 4259 0.9 26 39 117
Dec. 9 13 08 2.6 137 58 15 138

The quantification lower limit from June 2017 to January 2018 was 40.0 (50 ml filtered) or 66.7 (30 ml filtered) ind./ml, and that from February 2018 to December 2019
was 10.0 ind./ml, The detection lower limit from June 2017 to January 2018 was 2.4 (50 ml filtered) or 4.1 (30 ml filtered) ind./ml, and from February 2018 to December
2019 was 0.67 ind./ml. Limits were calculated based on Takaya ez al. (2016) and Takaya (2020).

720 20184F 138 H DIEEBIZB VT, FHTHRDLL D128
E/mlo ek A3 L 72,

2.y HZaArT FAEATIE, 20174E8~11H, 2018
41, 3, 5/ &8~12/1, 20194E1~3H, 9, 11, 12|23
TR SN, KEOREMEIE, 20174597, 20184F10
HBLUOR209F1MHDKBTENEN447, 22688 L
108.0f/mIT&H - 72, FA LB TIE, 2017426 ~12 1, 2018
E3~5H, 7TH, 9~12/1, 20194E1~4H, 8, 11, 12712
WEFHAHE SNz, 20174E1X10H OEEIE T, 20184F 1%
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OFH a2 TN, BT ORFEER RN TR O FE 3 R
& o T TAFFEHRE [AF520E] BLU [HF5
ERE] OIWEDDH Y, ZDOIWD ) bFEGOFKIIETH L4
TGP AEO T TH D EHEESN TS (Er K
5, 1973a; A K5, 1973b)s T4 3> 7 (A5
) OT-EHOEEEIZ, 14EHOBEMAEI9IH ~BE3H,
EHOEMADI6~12H L S NTWwd (E4 AR5, 1973a),
WEHEONRETRE L2273 > 71d, R
SUEHOEATH ), TR F /ZIFTEIRMERI AL &
6F7213TH DO TEROK % LG L 72 (Fig.2,3), 8
~RFIIZIEEZEETOERICFEEPERINTEYD
(Fig.3), WFEDME, (A RS, 1966: 4k 4 K5, 1973a;
M-I, 1994) LK EBALEEIAR LD SN0 T,

KWL TIE, Hy AT a3 s TOTEROIEE I % B
SMPICTELRDoIZMER T Y 53y 7HFEHE I
B AZLIEENT, BT A2HAETLEEDOATH D
LENTWE (EaxKRS, 1966: )15, 2012), ff4K5
(1966) 1%, #IBENEPITIZBWT, 6, TBLUI0H®
HyHTaAr7 QELIIER) OBHRIEZTR, 10
HOBWRIZOATIEE R L T\ b, T72, 2F72133
SEHON v T 3y TIE8H LI FEE O AE £
D, ZOBARIZEET D EHEEINL TS (JITIE,
2012),

BHRIZBU 2 AT XOT-EBOTEFEENNE, REEN
FEFIT B XL O BENILRITTEIZS~8ATH L Z LA
W ENTWD (ia K, 1978 5 ALHEE TS TF e Heks
SR e RS, 2019) o SIBRTIRHEZANG R CHRE L2 A Y
A LRI, EREB L OERBEENRKE 2 D505
TEMOEIIGE D, THBLU9RIZIFREL 7242 T
ORI TERIER SN TBY (Fig.4), BHEOMR
EMER—E L Tz,

TAXT A A, BRI TR 2 TS A Mho3fE &
R Y, BRI TIEERRE L, RSN R S L
FEHEOEMITFEHREZTELT 50 T4 XTH AOTEEH
OB IZ4H ~BEIH FCLFEEIN TS (&M
SEFE, 1994) JIBRTHEARECTRE LT A X T A
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ETOBREPRBEAORLTIELH L T 723 H LIREIEZE
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RPN REICAET T2 ay JHEEOF a7,
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B LU L, BT HRIERAWRE 2l ET AR LT
Wb EEZ D,

3 T HEEEOYIL TR E ) 7 V5 £ APCRTHEE
LB EOWEETHA S, 6 BLUS~11FICHBIL
PRI, 6FETA XTI A, SHIZFAY A, 9FIXF
Har7, 0BXOCNUART Yy HTary 7T ETHD
EHEEEN D (Fig.6, Table 1), 20174F 3 X UN20194E 13,
IFIZF I Ay TOGR T AL EMBLL 7225, 201849
Az A I L 7> 72 (Fig.6, Table 1), 2018
EIF20174E L ) FH a v TORENRIF T, B 51
IZH#EfT LT/ (Fig.2, Fig.3), 72, 20184E10 124
BLT Oy TOTERTISCHE % J, TERE
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D EOKERD? S, ERRKPFHEGEICB T a3 7HilE
BEOWEET OB, 73> 71EFIH, o F
Ay TIFI0H F/20F 1, ATV AE8H LifEE SNz,
T A XTI AGMIED & LI E ORI A S
F,6~10 12 DEETFERILT 2 LfE sz, &
R THE L AT ABLUT A XTI 5 ADilEFET O
RN, ARSI B B i TS 30T B R
EA A, 2019) ZIEIE—E L Twiz,

2L, ABtgCHH LTy THOT I A4 < —
X M1 a3 » 7 Saccharina gyrata & ORI SKEETH 5
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FREBT A ENTE Lo, S8, BETEOHE
WEOH LDz,
ZEEHEOEETHEDNAT Y —BOMEE IS A c§
LD B B o

a2 7 HimRAEO R AR & EET O EEHOMF
RIFROERAZBIL, 3> 7 HEED R Ao
Sy EE, ) TV A APCRTHERE L 72 F O % H
OMBEE B & OT-FERE O IR % Table2 (278 L 72,
FH AL TOTEBEOILEEENIL, #HEOMA (EeAR
5, 1966 {4 KRS, 1973a; &0 - W, 1994) & ke
12, 6~12ATH oo FH Iy THEETONHEIAMIZ6
~12H (xRS, 1973a) F72138~1H (& - I,
1994) L HfEE STV 525, RIFFEIZ & 0 BB IE9H
THLZENHO N otz T2, T3V TIZ
SHUBBIZ TR AN T S5 (4 K5, 1960 ; JITIE,
2012) DKL, #EETOREBNIZI0F 21211, A
TAIS~OHIITFREBEZTZT 20120 L, #EET O
HEEIIS A TH Y, TEHOIEI 2 52~3 7 Atk
W T ORI & 72 % pid Sl LT 72 (Table 2). 7
A X7 H ANIMBFED L B 2 B A Lo 5
N o 72hs, T 2 886 T 5AI LG 26 F 14,
TREIEOTLBIEI OK3» B Tdh o7z (Table 2),

L ERTETEOHEENIETTA2I VA a

TIAR—FFHHETEEE DI,

BHRASFRREO 3 > 7 B0 E T RhEl 9

TNE, FEHEATAMEEEMATEETEINL, £
MR VEBE Z AT 5 LS N T s (BRI -
TR, 1958)0 L L, RBIEDON R E L7z > 7 HifFsk
DT OWMBIE, TRERMEOERIEH A 52~37 A
RTH Y, FEROTEBEMPIZIFITE A LHEET 2
LCwiahpos: (Table 2), 72, 1ZIFETOEKIZTF
FEREDSTER S N BN, T3 T98H, AV AWT
A, 7AX 75 A950 725722 (Fig.3-5), &M
FORMEHIEED1r Ji%TdhH -7z (Table 1,2) =2
— ¥ —F v NO®Ecklonia radiatald, BZZFTEH 7 K
AN, TORIITEETF 2R L2 »W 2 L &
NCTwb (Novaczek 1984), F72, IV 7 H )V =T b
@ Pterygophora california, Eisenia arborea3s & UFLaminaria

Sarlowiil\ &1 Z2FE DT H O wA) D2 H MIE#EE T =

T, R OB EET 2T 5 2 & 5
57 E N T W5 (Graham, 1999), AEFFED X %Ak B [7]
BRIZ, o ke 7238 A S d, g
A OP~HZEL L DEEFEMIBTELEEZOLN
%o

;AL THEEF ORI & #EERREA OREF

BRI R TIF DAL T B M B o L e 25 5%
&, FEEMOHEHNI LY oA EmSENT 22 &
& ERARARE 2SI TR E RO F ISR BB AT
HBENDLZIETHLEEZLNTWD (KM, 1995), H
TR TITh LTV B MR B o 1, +

Table 2 Mean monthly density and maturation periods of sporophytes, and monthly percentages of spores in four kelp species
Saccharina longissima, Saccharina coriacea, Costaria costata, and Alaria praelonga.

Jan. Feb. Mar. Apr. May Jun. Jul. Aug Sep.  Oct. Nov. Dec.
. . 2 90.8
Mean monthly density of sporophyte (ind./cm’) 09 01 03 01 02 67 08 86 257" 145 55 14
Saccharina longissima
Maturation period of sporophytes (>1 year old) D ———EEEEEEELEE
Monthly percentage of spores (%) ++ +=+ =+ 83.0 ++ 5.0

Saccharina coriacea
Maturation period of sporophytes (>1 year old)*3
Monthly percentage of spores (%)
Costaria costata
Maturation period of sporophytes
Monthly percentage of spores (%)
Alaria praelonga
Maturation period of sporophytes
Monthly percentage of spores (%)

5.0 458 473 ++

++ 123 76.7 6.9

10.5 325 143 20.7 18.0 ++ +

The mean monthly density of kelp sporophytes was calculated from the density of kelp sporophytes that germinated on the membrane filters from June 2017 to December 2019.

I Excluded extreme high data for site A in September 2019

number of spores in each month
total number of spores in this study

*3 Referenced from Sasaki et al. (1960) and Kawashima (2012)
+ indicates < 1% , ++ indicates 1-5%

X 100

2 Monthly percentage of spores =
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