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Declines and local disappearances of Sargassum fusiforme populations have been reported in its
southern distribution in Japan. The northernmost population has the potential to be an alternative
harvesting ground of the edible alga. In the present study, we investigated the phenology of S. fusiforme
at Cape Kattoshi, Hokuto, Hokkaido, from July 2022 to June 2023. Fifteen individuals were collected
monthly from four sites, 700 m apart from each other. We measured the length and weight of the shoots
and recorded the presence of damages on the shoots and the formation of receptacles. The average
length and wet weight of shoots in all sites exhibited their maximum values in July 2022, and then
decreased until September 2022. After the renewal of the shoots in October, they regrew until June 2023.
More than 60% of shoots were damaged in August 2022, which was higher than those in other months
(< 40%). Receptacles were formed from July to September in 2022 and June 2023. Comparison with
phenological patterns at other locations revealed a delay in the lifecycle of the northernmost S. fusiforme
population, likely due to the extended period of low water temperatures below 15°C.
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Fig. 1. Four sampling sites of Sargassum fusiforme in the present study, Sites A, B, C,and D, on Cape Kattoshi. Interval of each site is 700 m.
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BEEOT—ZDIESDENRKENT2T L, HRVITRE
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Fig. 2. Monthly changes in the length and wet weight of shoots of Sargassum fusiforme from July 2022 to June 2023 at the Cape Kattoshi in
Hokuto, Hokkaido: mean shoot length of raw dataset of all sites with a line indicating estimated curve of generalized additive model (A) and those
in the four sampling sites with lines indicating estimated curves of generalized additive model for each of four sampling sites (B), mean wet weight
of raw dataset of all sites with a line indicating estimated curves of generalized additive model (C) and those in the four sampling sites with lines
indicating estimated curves of generalized additive model for each of four sampling sites (D). Black vertical bars indicate the range of standard
deviations for raw dataset.
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Fig. 3. Monthly changes in the percentage of damaged shoots (A) and shoots with receptacles (B) of Sargassum fusiforme at the Cape Kattoshi in
Hokuto, Hokkaido.
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EE LWARIIRD NG T: (Fig. 3A). AEJEZRIKIEACHE
IS O 2EFIZERDH S5 NT, 2022 4 7 Al 66.7%, 2022
£ 8 H1T 90.0%, 202249 AT 23.3% & 7 > 7= (Fig. 3B).
SHODRHIZ, 2024 41k 8 H 8 H, 2025 4:1d 8 H 10 HICHERR
TN,
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L UFRE EORE R Fig. 4179, HRECEEIRE I,
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Fig. 4. Fluctuation of temperature recorded at Sargassum fusiforme
beds in Site D at the Cape Kattoshi in Hokuto, Hokkaido. The gray

area represents the daily temperature range, and the black line

indicates the daily average.

#£9 H FAOHBFEERE 22.5-24.1°CTH D, 8 HEIZ
ERLCTHo Tz, HRIKIEE & ORFEEE & O 2R K
T3 4.9°C THH DI LT, AMRSIEE L HMEEE
EEDEFIZEZMKREL, RKT155°CTH >z, 2022
f£7-9 HICHMREIREMN 30°CEBZ 20 H D, 8§ H 13
HICIE TR iR EiE 39.7°C ZidEk LTz,

8
BEXIMEEO VFOTNEE FRIRERIE, 20224F 7
Hict IR ANEZZTSRL, 20234FE 6 HEXDEFE L KE R
BMTH->Tze ZDH%, 202240 7-8 HIl& 6 HILL L D38
DVEFEARIREIER L, Zhid 9 AETRH SNz, 2024 FE &
2025 FEDFHEN LB BT oI, 8 AicRELTY
5&5THB, FRIRERITOVTIE, 2022 4 7-8 ADERK
T, FHELE Ko7z, 2022 4 10 A LREICIE/ N O T4
DOIRBHERINIZT NS, 10 HE TIIRIEO FEHAEGE
UREED TR E ANBb b EZ BN,
AFDOHLLINEKIRE DX FEMITH 5 RN SUNCAEE T
5 VF T, Table 1LITRT K5I, FREREN5-7 H,
ETEERIRIE BIHDY 5-8 H, B XU REEFEDHH 400-800
mm TH o7 R R/NHFNE  SFi 1985, fabd RS :
EM - JIIE 2003, =EHERERES @ H5i5 2006, [LHEE
B K & © Yoshida & Shimabukuro 2017). F 7z, FAEEH
&, 58 HTH -7 il 1985, £« I 2003, M5
2006, Yoshida & Shimabukuro 2017), T 5 ZAKEFZE DG
REHBT 3L, §BTINOL VF Tk, EEHOFHOEE,
SO EIERRIRE DR & 0 o 2 EHINEEDY 1 7 U, A
INRSUN & LERTENMEMZ /R Uz, BAICIE, FRER
EWE, AN~ N ELERT 1-2 7 HEL, AWML
ERIRZEERE LR CTHo Tz, HEZIHDO Y3 THESR

Table 1. Comparison of the period of phenological events described in the present study and previous researches.

Apr May Jun Jul Aug Sep Oct  MB Max. (mm) SWT (°C)
max - -
Cape Kattoshi, Hokkaido Pref. @ rep rcp rep 340 + 130 8.4-14.6
dmg dmg -
max
Sabusawajima Isl., Miyagi Pref.® - - rcp rcp - 435 ca.7.2-10
dmg dmg
- max - -
Odawa Bay, Kanagawa Pref.© - rcp rcp rcp ca. 800 ca.12-19
dmg dmg dmg
max
Suooshima Isl., Yamaguchi Pref.@ - - rcp rcp 574 ca.11-16
dmg dmg
- - max max - - -
Shikanoshima Isl., Fukuoka Pref.© - - rcp rcp rcp - - 409 + 100 9.5-18.9
- - - dmg dmg - -

MB Max.: maximum of shoots, SWT: sea water temperature from January to May, max: the period of maximum in shoots, rcp: period of bearing receptacles,
dmg: period of thalli with damages, (a): This study, (b): Momose ez al. (2006), (c): Terawaki (1985), (d): Yoshida & Shimabukuro (2017), and (e): Nagato &

Kawaguchi (2003).
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RBTERE I T2 7 HiZ, AMNDTUND I FDA5HER
IO FICH 20, 9 A X THIMSKENEFT S0
BEBEZMOCIFETThHoTz, ¥z, REFNEEM
I TUEARM P IS R TEOATREMEN D 50, kD
T EIREERIIC K > TREAY A ADVLDZ T eNH S (B
I 1949, #iiFh 2014), F7z, GAMICKBHEEMD, 2022
F7HOHRER CHRRABIUI13H) Z@E%E7 A
K (TH227H) TAETEROZBGMENMERL, TRE
AR SUND & I FTHPIE NIz & D L [HFD 400 mm L
LISE#ET BATREMEAVRM E Nz, & DD, BFLMOHhT
LERENRKTH -7 DA TIE, BEEMBORAME (8
HIME : 463 + 130 mm, GAM OHEEME : 787 mm) 75, AN
RSOV FEFERETH o Tz, ARBIZED 7 AIC D HiIFHT
PFELEDFITE, THEE 732 mm OEEDPEFEN TV,
XoC, tBEMTOE Y FORAKFHEZ RS 57201
WBEFICEPNGIEZ R 20BN H 5,

EIER (LS 2002,2005) fESR (FPE 2012) TOH
Bl LS, MHATIET A I Siganus fuscescens (Houttuyn)
ZF & UT, 7 &A Calotomus japonicus (Valenciennes), ./
k4 2 X 2 Kyphosus bigibbus Lacepede 75 £ D &t fafHIC
XBZEHROPET, IFOEMEKY A XH/NUIC 28550
Hb, L LENS, BEXNZEZOILEERRICIE, Y
FBETHHEBIELBDN M LAV (R 20000, A
T, dUfEICHT % FERM B TH D IS OFER
LR BFRITYF T = Mesocentrotus nudus (A. Agassiz) (il
ZX, BEE 1989, M5 1992) &, b VFHEEFEIT S X
IR H T2 0 DIRONEREREET S (U715 1998, Yatsuya &
Matsumoto 2023), ZD7z&, WEBIYES T3k BRBI%
D, BEIRDO Y FOBAY A AHE 252 T05A]
AETEDN R,

BEBXIROE IVFTE, RNLAMNOE I F KD EHIW
HEDY A 7 IVHENSHEAE, KNREZXDEIRERT
T el REING, MEOS MO SEEICEFTT St
VETEH, MARFHNEN AN REENTVS (- R
2000), /KRN E P FICHZ 2T, KR 15°CLLRT
HAEBGIRMET LERDSIV (FRHS 2014, Kokubu et al
2015, AHS 2015) T &, AR O O BRI AR
HICET % (Zou er al 2006) T ENHASMITIR> TS,
HERE K T, KIEATH S 1-5 HDMKiED B K Z
8-15°C TH 2 (KBJT mi/Kim B 2023 4F ; heeps:/
www.data.jma.go.jp/kaiyou/data/db/kaikyo/series/engan/txt/
areall5.xt)o —/7, AMNPEH~IUNTIRIB X Z 10-19°C T
Ho G 1985, £+ )11 2003, Yoshida & Shimabukuro
2017), HEEERE T 15°C A TOMENEY, Lichi>
T, KRN ERE TS Lick D, EEMNEN, &
RKEFERRARHORBIENASNS EEZOND, KB,
HE, 12 ADHDOKE T YFOXREMNHKET 5 L a2%E
BHRBISRL TV, 7z, Table 1ITRTHED, AMILERD
EWIREEIR S TiE, 1-5 A OHEKIRA HER Ik & 6%

WMENLITITHoTz (BXZE 7.2-10.0°C) EEREDL I F
T, FREREME, B0 yFLRUL 7 ATH->
7o (HES 2006), TOTeMbHE, KRR, FHEO
EREZECHE LI VFOFEHNEEDY 1 7 VIS E
HZTW3EA95, Izl2L, BEIRED Y FDOETEZRIKIE
K 6-7 AT, BBEXMOYFEIDERWFHATSH -
feledh, KR & RFADBIEIEICDOWTIE, E54%57—
REEUTHGEET 5 AR ETH S, £z, MHATO
wize Gl 1985, £« JIIE 2003, Yoshida & Shimabukuro
2017) THEENTKROR &M (HE S KU HB A1,
26-28°C) &, WE M THENE NiokikOmei (HEF
YfE, 24.6°C) &b EDUEhoTcled, EFROKIROEN,
b VFOEHNHEDY A 7 IVICHET ZA[REENH 2 5,
AWFRZRTE, FHESZOE Y FHE LoEEZEH
UTefilid 7w, BEESZIMCB VTR, BRI VFEEENT
HMU7ex A7 T, HREFEEEE D 10°C L EEWIRE
otz 3ah®H v, 30°C ZBAZREEFHEN, BEFD
IRE & FEHTEE DY A 7))V & OBEZFEICIHS MIcd
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Fig. S1. Values of k-index at each basis dimension.

Fig. S2. Values of Akaike information criterion at each basis dimension.

Fig. S3. The plots of deviance residuals against linear predictors estimated
from generalized additive models.

Table S1. Values of estimated marginal means of shoot length in four
sampling sites.

Table S2. Results of p-values from Tukey’s test for shoot length in four
sampling sites.

Table S3. Values of estimated marginal means of wet weight of shoots
in four sampling sites.

Table S4. Results of p-values from Tukey’s test for wet weight of shoots
in four sampling sites.



