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Ten years of monitoring the seaweed community in Nomo, Nagasaki Prefecture, southwestern Japan
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Over the last few decades, the extent of marine kelp forests has decreased along the west coast of Kyu-
shu in Japan. We monitored the distribution of seaweeds and seawater temperatures off Nomo, Nagasaki,
western Kyushu from 2010 to 2019, to examine the relationship between seaweed distribution and abun-
dance, and water temperature, with particular attention to Ecklonia radicosa. In 2010, Ecklonia cava ssp.
kurome, E. radicosa and Sargassum macrocarpum dominated along the transect. However, E. cava ssp. ku-
rome and S. macrocarpum disappeared by December 2013. Moreover, E. radicosa drastically decreased in
2016 and has not been observed since 2017. In contrast, small macroalgae such as Zonaria diesingiana in-
creased in abundance after the larger macroalgal species disappeared. Water temperatures in the spring of
2016 were the highest recorded in the decade from 2010 to 2019 (18.2-19.7°C) and blades of E. radicosa
were frequently lost in 2016, probably because of browsing by herbivorous fish. Previous studies showed
that feeding rates of herbivorous fish increase, while relative growth rates of E. radicosa are stable, within
the recorded temperature range. Changes in the balance between fish herbivory and seaweed productivity
due to increasing water temperatures could be responsible for the decline of E. radicosa.
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Fig. 1 Map of the study site showing the location of
the transect line (dotted line).
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Fig. 2 Depth profile (fop) and substrate types (bot-
tom) along the transect line.
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Fig. 3 Benthic community composition along the transect line from October 2010 to November 2019. Dominance was calcu-
lated by dividing the total number of points at which each species occurred by the total number of points at which algal

or sessile animal cover was recorded.



R UL EFRENT 5T D Y O AL 333

o

May

)
10 AMmrr
os i | f
os b

(%] 1

08

os

04 il

03

il |

July 9,

Dominance

10 20 30 40 SO €0 70 80 SO 100110120130 140 150 160 7O 180 190 200

O Other

Crustose coralline algae
Articulated coralline algae
Small-sized macroagae
Sargassumsssp.
Sargassum macrocarpum
Ecklonia radicosa
Ecklonia cava ssp. kurome

BEEBzZS0ODB0O

June 10, 2016

Iw.wm i
IE |

June 27,2017

ggz:ﬁm” AEARHNMND ﬁ?[ﬂ:
: ]

= QRN

L davieoote o
g g;:rsm_;ﬂgg;;ug i
G

) July 12, 2019

37[ INARAARARNEARANMAE
10 i1l I ih
=

10 20 30 40 SO €0 70 80 SO 100110120130 140 150 160 170 180 180 200

Distance from starting point (m)

Fig. 4 Benthic community composition recorded at 10-m intervals along the transect line during vegetative periods (May to
July). Dominance was calculated by dividing the total number of points at which each species occurred, by the total num-

ber of points for all species surveyed, at 10-m intervals.
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Fig. 5 Benthic community composition recorded at 10-m intervals along the transect line during the non-vegetative season
(October to January). Dominance was calculated by dividing the total number of points at which each species occurred,
by the total number of points for all species surveyed, at 10-m intervals.
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Fig. 6 Community composition of small-sized macroalgae along the transect line from October 2010 to November 2019.
Dominance was calculated by dividing the total number of points for each small-sized macroalgal species, by the total
number of points for all small-sized macroalgal species surveyed.
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Fig. 7 Seasonal water temperature (mean = standard deviation) from 2010 to 2019. Dotted lines indicate average water
temperatures over the 10-year monitoring period. White bars indicate water temperatures within the 1-year period be-
fore the drastic decrease in Ecklonia radicosa.

Table 1 Monthly average seawater temperature in Nomo, Nagasaki Prefecture, Japan

Jun. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
2010 15.0 14.6 15.5 15.8 18.8 21.1 24.0 27.6 27.4 23.9 21.1 17.8
2011 14.6 14.1 14.6 15.4 17.9 21.3 24.0 26.2 25.5 23.7 21.3 18.3
2012 15.2 14.0 16.1 15.7 18.8 21.7 23.8 26.9 26.6 23.3 20.0 16.5
2013 14.1 13.2 14.1 16.1 19.2 22.1 24.6 26.7 25.9 24.1 20.6 17.5
2014 15.6 15.2 16.2 16.7 19.1 21.2 23.3 25.4 25.6 24.1 21.1 17.0
2015 14.3 13.5 13.4 15.8 18.8 20.8 22.6 25.4 25.0 23.3 21.0 18.3
2016* 15.9 14.0 15.3 17.7 19.5 22.0 24.0 26.4 25.8 24.4 21.4 18.1
2017 15.4 14.0 14.0 16.2 18.5 21.2 25.1 25.9 25.2 24.4 20.9 16.8
2018 15.3 14.4 15.3 17.2 19.6 22.2 24.3 26.5 26.9 22.9 20.9 19.3
2019 16.5 14.8 15.1 16.9 19.4 21.8 24.2 26.4 25.7 24.3 21.4 18.9
Mean 15.2 14.2 15.0 16.4 18.9 21.6 24.0 26.3 26.0 23.8 21.0 17.8

* Ecklonia radicosa drastically decreased in 2016.



336 MH, A4, 0, 86 EA

7 OHEROBERZHETTH 2 L 3LV, —F, JBfT
Wrgeid, BN ZHFAEIIEDCLDOTH LAY, 7a Ak
HomKReEEMEOAEICLY, /aF)ErG
MAMAEEOEE L BRI L 2HBOBBIZL Y ES L
UBMEEMLCVWAY ya xR aF ) s O
K ERERLEMGETOHE S TEY, > 20
HRIIEMEAKIRD B AR EO EENSES L&
EZHNTWA,

Ty NI AR, INFTREREREOEES,
EBRCERELEOR Y F il THE S Tw» 5.2
BEEET ¥ M7 AOGAERE SNTW225, 2000
FERUBEHR SN TE 5T, BRI Esfefs
T2 BEEL Y LILICMET 2 EETIE, 20164
FCTHELHIDHLDODOT V7 XOEEGDTK ST
Wzs, T U M7 AUX 2016 4RI L, 2017 R ICIETH
RL72Y £72, 7T b AR, BEEEEORY FEHTD
2016 4E ICTHLATHERR SN TCTB Y, DAFEREICB VT
i P 2 R 2 T 26 L 22T RBIEAS R S T B 2
ARIFZEICL D, BEXD LARICAET 25 RAT R TH
EREFEBEIIIZT Vb7 AL Lz E2WSIZL
22 EhD, 201607 ¥ M ADEKIZINETE
ZONTWLLRICIRHB TR Z 5 72 RS 5.

REOT7 VN7 AD20164FE0OHRETIE, WEOH W
BRECHEBARRLIERIME KB L - lkA % { Blgg s
7oo BT, FEREE RIB LM, AFEICLL LR
ORALEENSLERONZ LS, DEBROfFED
EDT Vb7 AOHRIZEG LT 5 A REMEARRE S
TW5,” RFEAHTD, KE L RIS 2
MAMAEOMEZ ALz, BRITEETIET AT
Siganus fuscescens, 7 % A Calotomus japonicus, / h
A4 A X 3 Kyphosus bigibbus ® 3FED KA1 A FEA A B
T B BAERRICE ) 70Ok e JaF ) B OFE
BIIEFFIZ T AP BEG L T2 2 EDRIES LT
BY Y RFEICBITILT Y P AOERICHL T YA
DG L7 S Do ) M A ARXIROT A TOHE
B IR RO BN 2 & & DR ST 5,2
THA TR FER - AEIEERI TRV, K
FiF2BR & FALEERD 5 17°C 7 5 18°CHil 4 Tht b BT A
I 5 & v ) 522D L BT 813 KIR R F ISP
BAIZHEMT 5 L V) MEP 2 H 5. 20164E1F, o
L HRTHEOKB AR C4FIZIE17TCH 5 18°C
OKIBHIHELTEBY, 754 OBEHE & KIRO R
W2 EH50MRIZHEDNTL, 751 OEEIEE
MEN % DS o 2 L BT E L, —F, T
k7 X DHEDEREERIZ14°CH 5 22°C T E WD
OO, ZOKEHATIZIZEZ-ETHL. Y50
EMS, FEOEKRIZE Y 75 A Lok OEE
WA Z, T NI XAOBERENEERE L Ao 7

CENT VM ADOFEROERDO—DI 7% o 72 et
Bbo EBEBIOZOELTIIT Vb7 AD5ANHE
BN, TV N7 AOHEEIEFEHFHOF S M THR S
M, TN ADEE L TR S URHEE & TE_ZED 5
FIPTTRESB LGSR TwEEY), P 2
DOWFFERE R S BOWHRIRNT ~ s 7 A OFRIHEL /-
THEM A LT 20D EZ6NL, T b7 ADWEE
1213, BICBUT AEREOEEREFTARROFED %1
Bl RO ORERMNETIZEDKEES D
M5 LTwA I REAIEMENTVEY L L, Kk
M TIZT > b7 ADSEIR L 72 BIAE O E O KR FI4E IS
AR E[E ASFED 5 L7z,

TN ADNHKR LIzt AIRA L TR/ N EE A
HL, By ~d T FR L TVNR, T v SRR
BZho7ze TOHIZOVWTY, ERECHEZESN/EY
DZEALENFIZ—FL L TV B2 IR (VT YN,
~ 7 % Gelidium elegans®s) IR MR (FLNES
Sargassum alternato-pinnatum) 274 TR/
AAZXIDEEDFEZZITIZ NI EATRE ST
%, F72, BH, ME GRER) 1, TEA R
AABFEERIZ BV CONNEE I RANER IS REFE L 2T
WKW ZEEL TWhe ¥ T YN REEO/NHESEZ
HEASEWE 2O LOPMONTEY, Y Kifks
£ QAT ZE I3l M DSBS O 2 LICB S L T\ b
ZLERELTWS,

Lotk, WERIRBEILIZAE D KR FASICL Y, BHA
HRREOERIIESSICERT A EEZZ LN TWEY o
7 HFE O T, MEREOE O, N
HHEERY  TEWENORBITOA —A T ) TRT A
VADPSAFTORELR EMA B THRE S LTw
2.0 KfFeiE s a AL ) aX ) s ETRE T HIUE
WGP OENPOBEIZERT LT v My A, LT
RIEEMEIG B L2 LR L TBY, RITHEO #EY
OEALEFMNT 2 L CEBELRFHICRDIES S F2,
HT AR ED T T BOWERFEOEROUERE LT
&, EFRFUERT 2 E oK AT O £E M
450 540OKEDER SN TE72.2Y Lol
KR TIE, BEOKEFEVEETY, 7 b AKE
IR B 2 & RHERE L /2o KR & B A LIS O R A5
A L7ZWREEEHIRCE R wb o0, 4%, TV b7 A
HHEOLB L KIROBREE 2 5720 RTEH -
BHIRD1IDIC b EEZTWD, T2, 51, WL
B & AKIRIRBE O BRI & BHRE S L, kiR A o8 %
TS 5720, FEOKRBIZOEB LS, £ 0N
TEMWGRE=Y ) Y IPNELEZ B,

& 2
AWFFEZ FERS 5 12H 720, BRI =AEER &



R UL EFRENT 5T D Y O AL 337

DEIRB AL ITFAI 0§ 2 THE & T 2 THE L
7oo F7o, ARREPET HIIHN, KESMIFIEHT O
ISRk, S HERE LI AEEZ THE 2 w2k
Wioo ZCISRELT, ECHHLB L LS. ABFZED—
IR EERAT ik D [5E « FEHHIE PR 2 S B
DRZERH ] O—3rE L THEMBL 7.

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

X ik

Kumagai NH, Molinos JG, Yamano H, Takao S,
Fujii M, Yamanaka Y. Ocean currents and herbivory
drive macroalgae-to-coral community shift under cli-
mate warming. PNAS U.S.A. 2018; 115: 8990-8995.
BREHASY, BPHEME, REAFE. NEEE AL b—
AR SR £ Tl Ul EE, HE 2006.

Tanaka K, Taino S, Haraguchi H, Prendergast G,
Hiraoka M. Warming off southwestern Japan linked
to distributional shifts of subtidal canopy-forming sea-
weeds. Ecol. Evol. 2012; 2: 2854-2865.

HROHR, EAREIER, AL, g % BRG R
IR A “HEY LIE? —FOEELSHOFEICO
W, HFIESE 2009; 41: 629-636.

WHARHEIR, MHE 3, FEFHEE EHN S JUHE R
2B 2 HESOEE, LAY 2018; 236: 210-219.
SNy, AL SL, EARER, MEEE SN 6
2013412584 L 7o RIG BT AR il T 5 12 81 5 7
T A« BV ABOFRBRIZOVT—EFEOREKIRIC &
LI EREFEOREIZ L HHEK. Algal resources 2014;
7: 79-94.

LS. 7 Y AHOGHZEA—FERRINE [h 228
DR L R (RBEAIEoAR) EREMIEAR, W
5. 2009.

Kiyomoto S, Yamanaka H, Yoshimura T, Yatsuya
K, Shao H, Kadota T, Tamaki A. Long-term change
and disappearance of Lessoniaceae marine forests off
Waka, Ikishhima Island, northwestern Kyushu, Ja-
pan. Nippon Suisan Gakkaishi 2021; 87: 642-651 (in
Japanese with English abstract).

Terada R, Abe M, Abe T, Aoki M, Dazai A, Endo
H, Kamiya M, Kawai H, Kurashima A, Motomura
T, Murase N, Sakanishi Y, Shimabukuro H, Tanaka
J, Yoshida G, Aoki M. Japan's nationwide long-term
monitoring survey of seaweed communities known as
the “Monitoring Sites 1000": Ten-year overview and fu-
ture perspectives. Phycol. Res. 2021; 69: 12-30.
Komazawa I, Sakanishi Y, Tanaka J. Temperature
requirements for growth and maturation of the warm
temperate kelp Eckloniopsis radicosa (Laminariales,
Phaeophyta). Phycol. Res. 2015; 63: 64-71.

Terada R, Shikada S, Watanabe Y, Nakazaki Y,
Matsumoto K, Kozono J, Saino N, Nishihara GN.
Effect of PAR and temperature on the photosynthesis
of the Japanese alga, Ecklonia radicosa (Laminariales),
based on field and laboratory measurements. Phycolo-
gia 2016; 55: 178-186.

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

Terada R, Shindo A, Tanaka M, Esaki S. Long-
term changes in seaweed assemblages in Nagashima
Island, Kagoshima Prefecture: Disappearance of the
canopy-forming kelp and fuccoid algae from coastal ar-
eas facing the East Chaina Sea. Nippon Suisan Gak-
kaishi 2021; 87: 631-641 (in Japanese with English
abstract).

Akita S, Yamada H, Ito M, Kobayashi M, Fujita
D. Phenology of annual kelp Eckloniopsis (Phaeophy-
ceae, Laminariales) forest on a Diadema barren in
Uchiura Bay, Central Pacific Coast of Honshu, Ja-
pan. J. Appl. Phycol. 2014; 26: 1141-1148.

B —B, RN, WRED, JILBME, WESE.
FERBIZBTAELET > 7B 7 > b7 X OLIFEE
. KPEXASE 2013; 61: 73-80.

T, HA R AU, EAREIR, EARER
RS TG F O #2810 2R & ISR O 1 )
7y b ZE 2015; 90: 95-104.

A 0. Db W CIUNTEEIROEY,. [HEL B2
7 b—AEREPSFH L T EHAS, BFHsHE, Z5
ANFEME) BUlESFE, FIE. 2006; 33-50

N, WEARER, HA M6 RISEIIEE R R
BT ARV 7@ 3MOFEEE. #IH 2011; 59:
139-144.

Yatsuya K, Kiyomoto S, Yoshimura T. Seasonal chang-
es in dietary composition of the herbivorous fish Ky-
phosus bigibbus in southwestern Japan. Fish. Sci.
2015; 81: 1025-1033.

Kadota T, Kiyomoto S, Fukuda H, Yoshimura T. Tem-
poral patterns of aggregation formation around wave-
dissipating blocks in the grey sea chub Kyphosus bigib-
bus. Nippon Suisan Gakkaishi 2017; 83: 74-76 (in
Japanese with English abstract).
UPHEEME, YRGS, WA, M A SETICE
F% 7 M A AX I o H O R L BRE H B koM
A REERSARNEIEHGE 2016; 64: 219-225

A 0, HAE. BHOEREICBT B
W THEXOKEDISEAT = 2. — A 2003; 107: 14-15.
AAAL N S, RREGIER. AEHOH AR Y
A A A L7 o X BBl o B 5. K E B
fili 2007; 55: 467-473.

Kadota T, Kiyomoto S, Masuda Y, Miyano T, Yoshi-
mura T. Restoration of a small-sized macroalgal bed
through the removal of sea urchins in Kashiyama, Na-
gasaki Prefecture. Nippon Suisan Gakkaishi 2022; 88:
49-57 (in Japanese with English abstract).

Taniguchi K, Yamada J, Kurata K, Suzuki M. Feeding-
deterrents from the brown alga Dictyopteris undulata
against the abalone Haliotis discus hannai. Nippon
Suisan Gakkaishi 1993; 59: 339-343 (in Japanese with
English abstract).

Wernberg T, Krumhansl K, Filbee-Dexter K, Pedersen
MEF. Status and trends for the world’s kelp forests. In:
Sheppard C (ed). World Seas: An Environmental Eval-
uation, Vol. III: Ecological Issues and Environmental
Impacts. 2nd ed. Elsevier. 2019; 57-78.



