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Yutaro Tsuchiya', Yoshinari Sakaguchi? and Ryuta Terada'*: Phenology and environmental characteristics of four Sargassum species
(Fucales): S. piluliferum, S. patens, S. crispifolium, and S. alternato-pinnatum from Sakurajima, Kagoshima Bay, southern Japan. Jpn. J.
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The seasonal patterns in size and maturation of four Sargassum species (Fucales): S. piluliferum, S. patens, S. crispifolium and S. alternato-
pinnatum, were examined from May 2009 to April 2010 at Sakurajima, Kagoshima Prefecture, Japan, located on the coast of Kagoshima
Bay. A line-transect survey was conducted to elucidate their community structure. Dry weights of two species, S. piluliferum and S. patens,
showed a peak in May accompanying maturation, whereas, two subtropical species, S. crispifolium and S. alternato-pinnatum, were peaked
in July. After the latter two species matured, they disappeared completely from the substrata by September. Branches and branchlets of
former two species also disappeared by September, but stems and holdfasts survived as well as short young shoots, which are available
for next year’s growth. The earliest regeneration of branches and the occurrence of new germlings were confirmed in February. Seawater
temperature ranged from 15.6 °C in February to 29.4 °C in August, however, long term monitoring data from 1972 through 2010 indicates
that average winter temperature (February) has increased by approximately 1 °C in the last 38 years.
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Fig. 1. Map of Japan and Kagoshima showing the study site in this
study.
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Table 1. Vertical and horizontal distribution of a seaweed community in Sakurajima,
Kagoshima Bay, on May 17, 2010. Values for each species indicates the coverage of
the quadrat (50 cm * 50 cm). [+] indicates less than 5% coverage.

Transect #1

Distance from MHW.S.(m)* 23 24 26 27 28 30

36 42 46 48 51

Depth (m)* 05 00 04 -08 -12 -19 43 -26 -43 -57 -80
BR BR BR BR BR

Substratum B B B B B BR BR BR BR
C € CcC € c B BR B B B B

Sargassum fusiforme 80 60 40 10

Sargassum piluliferum 30 50 80 30

Sargassum crispifolium 5 5

Sargassum patens

Undaria pinnatifida +

Chondracanthus intermedius 5

Crustose coralline algae + 5 + + + + + + 20
Articulated coraline algae + + + + + 5
Jania adhaerens + + + 20
Ceramium sp. + + + + + + + 5
Peyssonnelia sp. 5 + + 20
Codium intricatum + 5 5
Colpomenia sinuosa 10 10 + 10
Gelidium elegans 15 5 10 10 20 5
Padina arborescens 5 20 20 10
Asparagopsis taxiformis 5
Caulerpa racemosa var. late-virens +
Ulva sp. + +
Portieria hornemannii + + +
Others 5 10 10 10 10 10 5 10 10 5
Transect #2
Distance from MHWS.(my* 25 26 27 28 29 30 31 34 37 39
Depth (m)* 07 06 01 -12 -13 -15 -18 -39 49 57
BR BR BR BR
Substratum B B B B BR BR BR BR BR BR
C € cC ¢cC B B B B B B
Sargassum fusiforme 60 80 10
Sargassum hemiphyllum 5 2
Sargassum piluliferum 10 40 40 20
Sargassum crispifolium 40 30 10
Sargassum patens 10
Sargassum alternato-pinnatum 60 +
Chondracanthus intermedius 20
Caulacanthus ustulatus 5
Crustose coralline algae 10 + + + + +
Articulated coraline algae + + + + + 5
Padina arborescens 10 5 10 5 40 40 5
Colpomenia sinuosa 20 + 10 5
Gelidium elegans + 10 5 2
Portieria hornemannii + + +
Ceramium sp. + 5 10
Jania adhaerens 5
Peyssonnelia sp. + + +
Ceramium sp. +
Codium intricatum +
Others + + + 5 5 10 10 10 10 20
Transect #3
Distance fromMHWS.(m)* 25 26 28 30 32 35 39
Depth (m)* 0.1 02 04 -14 -16 -26 -43
BR BR BR
Substratum B B B BR BR BR BR
C €C C B B B B
Sargassum fusiforme 40 30
Sargassum patens +
Sargassum piluliferum 30 5
Sargassum hemiphyllum 40 10
Sargassum crispifolium 30
Colpomenia sinuosa + 5 30
Padina arborescens + 10 5 + 20
Crustose coralline algae + + + + +
Articulated coraline algae + + + + +
Gelidium elegans 10 40
Asparagopsis taxiformis 10 10
Caulerpa racemosa var. late-virens +
Jania adhaerens +
Others 10 10 5 10 10 10 2

B: Boulders, BR: Bedrock, C: Cobbles, MS: Muddy sand, P: Pebbles.
Datum of depth: 1.5m below mean sea level.
M.H.W.S.:Maximum high water spring.
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Table 2. Water temperature, salinity, dissolved oxygen (DO), dissolved
inorganic nitrogen (DIN) and phosphorus (PO4-P) at the study site (Sakurajima,
Kagoshima Prefecture, Japan) during May 2009 to April 2010.

D W.T. Salinity DO DIN PO,-P

Mo esw mglh @M M)
May. 17 21.8 344 9.20 2.50 0.32
Jun.7 219 344 7.08 3.21 0.32
Jul. 3 243 33.1 993 3.29 0.21
Sep.7 289 32.6 7.21 4.50 097
Oct. 26 229 332 771 2.07 042
Jan. 30 17.0 31.1 9.21 279 0.65
Mar. 1 16.6 320 7.55 1.71 0.65
Apr. 14 16.6 30.0 8.38 1.71 0.32
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Fig. 2. Seasonal changes of the plant length of four Sargassum
species, S. piluliferum, S. patens, S. crispifolium, S. alternato-
pinnatum, at Sakurajima, Kagoshima Prefecture, from May 2009
through April 2010. Error bars: S. D., NC: Not collected.
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Fig. 3. Seasonal changes of the dry weight of four Sargassum
species, S. piluliferum, S. patens, S. crispifolium, S. alternato-
pinnatum, at Sakurajima, Kagoshima Prefecture, from May 2009
through April 2010. Error bars: S. D., NC: Not collected.

%55 28 ‘CHIBICE LK LR L7 (Table 2), —4, Fik
MEE L 8 BLEERIX 1 Bt THRAIWIIETL, 9H7H
1228.9°C, 10 26 Hi222.9°C,1 H30HIZ 17.0 °C# > 7,

HAkhORERER (DO) i3, 708 mgL' (62 7H)
25993mgL’ (7TH3H) oMz2RL, AREREIIR
sileh oz, H5iE 30.0 psu (4 A 14 H) %5 34.4 psu (5
B 17 H) THBL 253, KK Z RV T2 33-34 psu 72>
7z

¥k OBEEFEMKER (DIN) 2171 uM 3B 7H) »
5 4.50uM (9 A 7 B) °HB L, IAFERY ~ (DIP) i1 0.21
M (7H3H) »5097uM 9HT7H) ozxRL%,



JEVISTERER > 20 Z Jm s 4 MO R 5

BACROREEL

1972 42> 6 2010 4EI2 217 T D BEVE o AR BES CE T 2 D L
AoKil %z Fig. 7 (2R L7z, MR o KR 214 °C 72 -
7o03, AR L DR KR IE 1998 4543 22.5 °C ik b
<, I 1982 4 20.8 °C 72 o 7=, HZEHgKE (8 H
D1 A1) 1%, 1998 43 30.1 °C D3 b & <, iefid
1992 £ 25.5°C £ o 7=, £ZVAKIRQ Ho 1+ A1)
1%, 2010 FD 17.3 °CHim b mi <, iRl 1978 D 14.3
°C o, H, B, LFTKIRITEIC K > THIIEL 7225,
[ LA U A T2 7K i T y=0.0058x+9.899, 5 2= -1 /K it
T y=0.0173x-6.4277, % Z=F-¥5/Kilit T y=0.0286x-41.184
ERh, PP EFKIIZIZIIEIR O o708, ZFKiR
1 38 4EMITHI 1 °C L L T, ZRZF o [lgEfRo ]
R BOE U 7o, AR L R KR o [l fR Bons
0 TRAVIEICNLTRAERLAD SNk, £F
FEARIFERE RO oz (p<0.05),

EE

WEOBE (KIEHRE) T, w4977, YV<e¥E
Z7; AYEYZ, BPX, ATIREY, ¥LNELIELEH
WA 7 ELDMER SN, TDHL, vAIT 704 Y
€7, YV=FETBARMBEEATERD S SUMITH 1T T
DR &AM BAN R4 L, o 2 7 €52 M
ZEEHE LTHIsNT WS (BFE - Fdk 1989, i H 1998,
Yoshida et al. 2004, Shimabukuro er al. 2008), —Ji, ¥
LU NE Z ISR & JWM, FEVERER IS A L,
2770 7 EARMPEFRBAT R S IWNIcHafiT 2 (F
[1 1998, Shimabukuro er al. 2008), Al L5
Nizdr - 7end, MAIZiEa ) 7 %€ 7 Sargassum incanum
Grunow, ¥ 1€ Sargassum cristaefolium C. Agardh,
SYVEY, 7Y T/ HEOWMBMERL Loni e s

Fig. 4. Vertical section of the holdfast of Sargassum
piluliferum, showing two lines that lie along the
surface of the holdfast. (arrows)
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Fig. 5. Annual ring-like tissue (line) composition
of Sargassum patens (White, n=30) and Sargassum
piluliferum (Black, n=28) collected from May to July
in 2009.
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Fig. 6. Seasonal changes of surface seawater temperature
at the offshore of Kagoshima City (study site) from June
2009 through June 2010.
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