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Effects of Temperature, Irradiance and Salinity on the Growth of
Gelidium elegans (Rhodophyta) in Laboratory Culture

Masasuke Baba*
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umol/m*/s, MAIEEAY25~30°C T160~320umol/m/sTdH ¥, WTFNHL3I2CHAEE LIRRE TH o7z, Nt
DFRFEIE LT IR LS DS/ 1320~25°CT32psuTdh 7=, EICHE L7-E LS DOEMIL, 3
HKD325~30°C T32psu, HIFLA20~25°C T24~32psuTdh - 7=, ik F TIHEE S IC L D EBRROK
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Abstract : Effects of temperature, irradiance and salinity on the growth and survivorship of sporelings and
lateral branches in the agarophyte Gelidium elegans collected at the coast of Chiba Pref., central Japan were
examined under laboratory cultures. Optimal growth conditions of sporelings and lateral branches were 28
‘C/100-180pmol/m*/s and 25-30°C/160-320pmol/m™/s, respectively. The upper critical temperature for growth
of both stages was 32°C. As for temperature/salinity conditions, optima of sporelings and lateral branches
were 25-30°C/32 psu and 20-25°C/24-32 psu, respectively. Sudden declining of survivorship with low
salinity was observed in high temperature higher than 32°C for sporelings and 28°C for lateral branches.
Based on these results, growth characteristics and tolerance of G. elegans were compared with those of
other Gelidium species.
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Fig. 1 Growth of tetrasporelings (A) and carposporelings
(B) of Gelidium elegans after 28 days culture under
different temperature and irradiance conditions. Data
are expressed as mean value £ standard deviations
(n=50). Symbols of irradiances are given in Fig. 1A.
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Fig. 2 A tetrasporeling of Gelidium elegans after 28 days
culture at 25°C, 100pmol/m’/s.
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Fig. 3 Growth of lateral branches of Gelidium elegans
after 28 days culture under different temperature and
irradiance conditions. (A) total length, (B) wet
weight. Data are expressed as mean value =
standard deviations (three replicates). Symbols of
irradiances are given in Fig. 3A.
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Fig. 4 Morphological differences of lateral branches of Gelidium elegans after 28 days culture under
different conditions at 25°C. (A) 40umol/m’/s, (B) 80umol/m’/s, (C) 160umol/m’/s and (D) 320
umol/m’/s. Scale bar in Fig. 4A applies to Fig. 4B-4D.
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Fig. 5 Morphological differences of tetraspore germinations
of Gelidium elegans after 24 hours exposure under
different salinity conditions at 25°C. (A) 8 psu, (B)
16 psu, (C) 24 psu, (D) 32 psu and (E) 40 psu.
Scale bar in Fig. 5A applies to Fig. 5B-5E.
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Fig. 6 Germination rates of tetraspores (A) and
carpospores (B) of Gelidium elegans after 24 hours
exposure under different temperature and salinity
conditions. Data are expressed as mean value =+
standard deviations (six replicates). Symbols of
salinities are given in Fig. 6A.
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Fig. 7 Growth of tetrasporelings (A) and carposporelings
(B) of Gelidium elegans after 28 days culture under
different temperature and salinity conditions. Data
are expressed as mean value * standard deviations
(n = 50). Symbols of salinities are given in Fig. 7A.
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Fig. 8 Morphological differences of tetrasporelings of Gelidium elegans after 28 days culture under different
salinity conditions at 25°C. (A) 8 psu, (B) 16 psu, (C) 24 psu, (D) 32 psu and (E) 40 psu. Scale bar in

Fig. 8A applies to Fig. 8B-8E.

O, 728, 8B DOEBRMBINICAEGRTE 2 K
L7=fEfEiE, WTFnoRBICEsWTHLBEINA
Dro =,

RERODERICRIZTEELIEDDEE  2485H
EfMTO~ 7 Y R FROEZRRIL, 15~34
CTIE 8 ~32psuDFEIATIZIEI00% TH Y, 36C
TIE8~24psuT50% LL T TH - 7= (Fig. 11A),

F7-, 96HF[HHEAD T ORFERDAETEFRIL, 15~30
CICBWTHEDFMHIFED 5 398~100% D #i
WZHY, WED D NI ORETRD SN ) -
7= (Fig. 11B), L» L, 32, 34 CIZB\THEIE
R L DEBRROKTRAEEICRY, 32T
TiXl6psuld N C, F7234CTiF24psull FTEN
FN2psul D HLABEICKWEEZ TR LE (P<
0.001), S HIZ36CTIXRTHOHES K THRFEEKIT



B~ YO LREER

3
Salinity (psu)
251 e A
——16
2 - 24
—e—32
1.5 1
‘| .
k
0.5 A1

o

Daily growth rate (%/day)
()

O = N W e oo
1

iz

10 15 20 25 3032
Temperature (°C)

Fig. 9 Growth of lateral branches of Gelidium elegans
after 28 days culture under different temperature and
salinity conditions. (A) total length, (B) wet weight.
Data are expressed as mean value X standard
deviations (three replicates). Symbols of salinities
are given in Fig. 9A.
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Fig. 10 Morphological differences of lateral branches of
Gelidium elegans after 28 days culture under
different salinity conditions at 25°C. (A) 16 psu, (B)
24 psu and (C) 32 psu. Scale bar in Fig. 10A
applies to Fig. 10B, C.
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Fig. 11 Survival rates of carposporelings of Gelidium
elegans after 24 hours (A) and 96 hours (B)
exposure under different temperature and salinitiy
conditions. After exposure to experimental conditions,
sporelings were transferred into 32 psu PES medium
and postcultivated at 20°C, 50umol/m’/s, 12L:12D
condition for 7 days. Data are expressed as mean
value £ standard deviations (six replicates).
Symbols of salinities are given in Fig. 11A.
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Fig. 12 Survival rates of lateral branches of Gelidium
elegans after 24 hours (A) and 96 hours (B)
exposure under different temperature and salinitiy
conditions. Post exposure treatment is the same
procedures as described in the caption of Fig. 11.
Data are expressed as mean value * standard
deviations (four replicates). Symbols of salinities are
given in Fig. 12A.

LM hol, w7V USNDOT SV BTYH, M
7 7 U 1B Gelidium pristoides (Carter, 1985), *
X ¥ 3 JE Gelidium coulteri (Macler and West,
1987) , RN N )V E Gelidium  sesquipedale
(Carmona and Santos, 2006) (23 T, MMoyfaF
A L BB AR OEFEVIZ XL ZREDLENTD
L, BRICEFRZNZ EDRREINLTVS,

~ 7 B HEFEOREICE LI-&ME, 28Co
100umol/m* /s TH Y, EIRMIOAEE LIRIBEIX32
CTHDZENRALMIR -T2, BREEKRDOEEN
B4F7225~30°CIZH\ T, 100, 180pmol/m¥/s? g
REBFEEFAMCEMICHDZ b, ZOXET
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Table 1 Comparison of optimal levels of temperature and irradiance for growth of sporelings and lateral branches in

Gelidium species

Optimal Optimal Experiment
temperature irradiance duration
Species °C) (pmol/m?*/s) (days) Reference
Sporeling
G. chilensis 20 25-75 30 Correa et al . (1985)
G. elegans 24-25 - 4 Katada (1955 as Gelidium amansii')
25 13-39 7 Ohno (1969 as G. amansii)
28 100-180 28 This study
G. lingulatum 20 50-75 30 Correa et al. (1985)
G. pristoides 15-23 — 12 Carter (1985)
G. sesquipedale 21 30 30 Carmona and Santos (2006)
Lateral branch
G. coulteri 20-27 150-250 60 Macler and West (1987)
G. elegans 22 - 7 Yamada (1967 as G. amansii')
20-25 60-100 10 Matsumura et al . (2005)
25-30 160-320 28 This study
G. filicinum 20 45-120 30 Oliger and Santelices (1981)
G. lingulatum 15 120 30 Oliger and Santelices (1981)
G. pulchellum — 130-240 42 Sousa-Pinto er al . (1999)
G. pusillum 15-20 45-120 30 Oliger and Santelices (1981)
26 300 30 Rueness and Fredriksen (1990)
G. spinulosum 15 120 30 Oliger and Santelices (1981)
20-25 300 30 Rico (1991 as G. latifolium )
20-28 100-300 23 Fredriksen et al. (1993 as G. latifolium )

HEFUE L TWD I ERHRIEINTZ, —F, ¥
FIKIT20~32°COFPICBNT, HEBEOETICK
DEERENMIEL, TOMEMN28CEHZ 5 EIR
MITHEEIZR > TN Z b, BREARBET
NEAICERT LIk, MREICEE
FRIFTIENTRBINT, INETI7HDHRE
FERIZOWT, IREORE (FH, 1955 ; L&,
1962), IRE LEEDEE (Ohno, 1969) ¥ h
FhmEIN TS, AE (1955 X THER/NE
FED~ 7 P RIERIZOWT, 12~34C T4 HEEE
FELTHRELLRL, 24~25CHFETHY,
FEIRE328~29CTH D Z &, S HIT3ICTITE
BERBLTTICHET S Z L 2WE Lz, W

B (1962) (XEEIRTHED~ 7 Y USFHHF
EIZOWTIRERZELT N, BHFEELRVINFIT
BABICR LT viEd, EHHE (6 Af) T
IIBICHAERBRATHDLELTWS, ZDIED,
Ohno (1969) 13#Z=)I| RAEEEE D FKIFKIZD
WTIRE EHREBEORELHF, 10~30C, 500
~10,000 lux (= 6.6~132umol/m*/s ; # & {& IX
Thimijan and Heins (1983) O HEIZ LD, UUT
HER) OFBFTT7T HREEEE L, 10, I5CORE
I320C L 0 HEAEIBEVWZ L, 25SCOREDOEH
BETHY, 30CTIHETT 528, 20CLRIFREE
THHEREL TS, &b, ZOREHHMT
X, AMRERLS RBICLEROVERENBRLIARD,
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1,000~3.000 lux (= 13~39umol/m*/s) THIFANE
BICETHLEHLMNILTWD, ABFEORE
ReWwmT oL, BEROEFTHRLE AT LRIE
BE, BRDERIIRREVETH B, T ER
S L EBRYEN R DO THDIEEZLND,
< 7 ORI OV THE L E - RBOBE R
AT RS, RECE L7280, 25, 30
CTP160, 320umol/m*/sTH v, 4 FH _LIRIBE 32
CTHDHZERALMNI T, BHEEKDORERL
5 L, REEREEFTRABETIZEK
L7oy, RISl Lo B R FIR L D b AEn
B 2B HEAPBD LN, ZNETIZTIHD
HIEZ O T, RIS EEEN22°C (LH,
1967), B ILIREN20~25C (kakt s, 2005), *
7=, BEIZHE L 72X E1E20°C DS T60~100
umol/m’/s (FA2%f &, 2005) L ZNEFh#HE I
T3,
AFRTIE, <7 AR OKEERS EESRM
WLV R, EAEETIXIS~25C, BAETIE
25, 30CTHDHZEEHALMIILI, ZDOZ &0
L, WiREICEBT T~ 7 PEEE TIE, KIBIZEK
LDENEBEOEN (L, 1962), EOHEEIZLD
HCOE#Zh R (Gal-Or and Israel, 2004) (12X Y
BARDZITHAEMET L, AEERAMKIERIC
BATT A e N R I, &6, RIFET
I, RBOEWVIEHOME LY LPRSIET D
IR & /INE DRI B A RIET Z E RO M
2o 1= (Fig. 4), RIEEORERIALS (2005)
WCEVEEINTWBIED, G couleri TILS0
pmol/m*/s LA T @ 55 Jt S THE A MR I 2 D
(Macler and West, 1987), Gelidium latifolium T
HEXEFHTIKEOEESRESNLD L
(Fredriksen and Rueness, 1989), Z#FhisfH &
nNTWs, 2B, BGEOHENTO~ I O
ERHBE DR TIE, KIENELS 2B IC LR
W, HREOETFICL Y BEOENSKREBIZHL 25
ERMbLNTWS (KAHE - L. 1960). ~
7 B RIRDNA R & BEDOBRIZOWT, #EEE
THETIXIS~30CICBWTHEIRIFERREGMAITE
HAT250, BEREARIEHEITIOCTHD Z &
(Yokohama, 1972), ZERERE TIIHEKE
I ED25C, JeB AR IR & R SRS B
WCTHDEHREINTHD @[T - I, 1995),
ZOE DI, w7 YREAEOKERIZE LT IRE
25~30CTH D Z ENHRIEN, AEOENE
SEICBITAREBEBORER T - LT,

TV BEIIEREE S L TREMED &
Wiee, RS CEEORE & REER L OB
BRENERICL VKRGS, ZhETIKT 7
HIB D 5 FEDOFEIFERI L7 ORI SN T
mﬁuﬁbtmgtﬁi@*#mﬁ%énfw
(Table 1), T bDHRETITHERELENENE
RN, RGO~ 7 P RFEEOBEIC
HWLUIRE L LRI, MEOHRE BT L,
RREHWEHICH D ZEBHLMNI ST, 77
P ORI O EANE L2 IRE & REOFRMHT,
G. couteri, Gelidium spinulosum 7¢ & OFE D 5 F
EHUTAZ EnS0 T,

AIFFE T, Sz~ 7 O+, #FEEK, Ml
FAZDWT, AR EREICRIZITRE LESOR
BEZNELRF LT, ZORR, WiolareR
faFB I NENDDOFFEROAEFRISITELIL,
BAHOBNMI L D2, BELALBOEROESR
ERBEIZRD bNRhoT-, =7 ONSATF L
FHFORFEIRIL, 32psullBUT20~25CT
HY, BERINB~BP TH-o7T=, I HIZ, 32
psuk ¥ HLEE S (40psu) B L OMEHE S (16psu
UTF) OFEMETIE, BELFBIEDLLTIEEAL
BELRNI ENHLMNI -T2, <7 P DOREE
B (R-Fh ) OWmKIBEEIZOW\WT, =&
BTSN FA321~25C, ERaF225CLL L
(F, 1939), F7-, FERBIW®LAOETIZN
SR LIOERTFEHIZ21~27C (FH,
1955) ThHHZ nHEIN TS, ZDLHIT,
~ 7 Y OfRF R OB ARE X, AFEOR

B THOMNI R AFORFEFREBLIOEFDH
FROMEERE, T -HTHENTREEN
776

<~ 7Y LUNOT 7B TIE, 5EICHOVTH
%w%ﬁgiﬂ‘ﬁﬂ:éh(’b\é ENHDORFRIL
HOB S EMHEIZTE T, F VU E Gelidium
chz/enszs H50~70% (Correa et al., 1985) LW
75% (Hoffmann and Camus. 1989), A X 2
G. coulteri 7374% (Macler and West, 1987),
7 7 U K PFE G pristoides 7% 11~30% (Carter,
1985), H U 7 )V=7 FE Gelidium robustum H10
~60% (Melo and Neushul, 1993), K/ hH L
PE G. sesquipedale 7% 15~90%  (Carmona and
Santos, 2006, Fig. 7 b DFHEAEY ) THDH,
LIz, AFRIChblyUplRFREPBEIND
G. robusutum TlE, TOHEFENELFIEL, E
FIZFHWI ENRHLMZIENRTWS (Melo and
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Neushul, 1993), Z L5 DOWE TITERTIEN R
B0, T 7Y REEDOIERIIINR Y OF
DY, BFHRHPOKENEIFRICRE S EE
ERIFTEHRBEN TS (Akatsuka, 1986 ;
Carmona and Santos, 2006),

< 7V ORRIIRITTIRE LIS OEAK 25
BoRANTRER, BHEEIAE LY &R L (KR
HPTRE U TIPS /N2 E M Szl o 7o,
FEEROKEIT25, 30CH32psuTRL, 15~30°C
ETIHHEDOLENREL, 30CEHR D & IKE
IR DI EMRROETABEIBND Z &M
HoEMNIRoT, SHIZ, 7 UKD RIL20,
25C D24, 32psu TR, ZOREHHFE TIHIRE
LV LEHORENKE L, 10, ISCOKIRMB
LU CH B2 2 ERMANIZIBNT, KESIT2D
EEMEROETHELIRD Z L3 gnoT,
DT EnG, 7Y DOWRELESORE~DE
BT, RFMETIC, M T8CE-Z D@
Rz T, K45 (Q4psull F) BEEWIZIE
M2z &icky, BEECRD EHAUNIN, =
DIZD, EFRRD D HTRHFE LA DIRE &K
W ~DOREIT, FFMEIT32CL L, MIFi328C
UET, #hEhmii s BES 0EEHRIERIC
L DAERBROETRHER SN,

T~ Y RFEOESEZEIZONT, FH
(1955) 1FRFNH O b DI LB ITHTHNZ &
ZIER L, 10psubl ETIZRFEEROREICEN
WELTWD, —77, Wi (1959) I3RFEZK D
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IR ~DEEIT, 2psull FTHREMETL (11
B o« KAPR, 1972), 20psuTHSES 2 (1L H,
1967) Z&EMRMBNT NS, od, ~7 LD
TR TIE6RIZBWT, AIOMEICHEL
TS RN RERICLIME SN, FUED
Gelidium filicinum, Gelidium lingulatum, Gelidium
pusillum, G. spinulosum 75 % 3L #135psu  (Oliger
and Santelices, 1981 ; EBREIFH(T15~55psu, LLF
FER), A X 3 FE G coulteri 73 25~35psu
(Macler, 1988 ; 10~50psu), / /L 7 = —J G.
latifolium %330~35psu (Rueness and Fredriksen,
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