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Benthic diatoms are very important primary producers in understanding estuary ecosystems and their pro-
ductions are largely varied by their photo-physiological characteristics. The short-term effects of increased temperature
on the photosynthetic and photo-physiological characteristics of cultured different species of benthic diatoms
(Navicula sp., Nitzschia sp., Cylindrotheca closterium, and Pleurosigma elongatum) were investigated by mea-
suring their PSII-fluorescence kinetics using a Diving-PAM. Photosynthesis versus irradiance curves were mea-
sured every two hours at six different temperatures (10, 15, 20, 25, 30, and 35°C) for twenty-four hour. The effective
quantum yield of PSII (®psir) for most of the species showed a decreasing trend with increased temperature. The
relative maximum electron transport rate (rETRmax) was significantly increased up to the optimum temperature
level and then sharply decreased. Relative to the values of other parameters, the maximum light use coefficient
(ov) was not substantially changed at lower temperature levels (<30 °C) but significantly decreased only at higher tem-
peratures (30 and 35 °C). The light saturation coefficient (Ex) mirrored the rETRmax temperature response. In regards
to the temperature acclimation abilities of the four species with time, Navicula sp. and C. closterium acclimated
to short-term changes in temperature through their photo-physiological adjustments.
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5x10° 139 ¥tAS uAsh= oz deA )2 v (Cahoon,
1999), ah-¢] U4 ] 50%714] 7]ofsh= A0 KAy vp
%JtH(Underwood and Kromkamp, 1999). B=3t o3, 58 A4
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At © 2 MPBO] F3d-2 Ul (Barranguet ef al., 1998; Perkins
et al., 2001} 2% (Blanchard et al., 1996; Guarini et al., 1997),
CO, °¢5e &3l Z=d¥cH(Underwood and Kromkamp, 1999).
I FolME 25 MPBE] LAkt AA A 7 wstel] <
32 = Wrk o2} (Cadee and Hegeman, 1974; Admiraal and
Peletier, 1980), THAIZte] Artels} 7231 Miglel| Fa3t 9=
7)X1tkar B a1 v} Itk Colijn and Van Buurt, 1975; Admiraal, 1977).
- 591, 954 3 (chlorophyll fluorescence) 54 ©|-&-3F
HglZ] 4l 274 712 MPBY A A8 FAske A7t
RA3}E 37 9)ok(Barranguet and Kromkamp, 2000; Perkins e al.,
2001; Serddio et al., 2005). 7]&oll= MPBE] B3-S S74sh=
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7R gket APEAS Q= sk 5 WHEAR] Aloko]
St} wkde)] 54 ¥F FAHS oA wEa vl Al
W oz FEA Zx} S (electron transport rate: ETR)¥} 2§
S 54T + v 84S 7R Y Morris and
Kromkamp, 2003). 18|22 54 F4 A4S o] 85to] MPB
AEeFe 73}s A (Serodio et al., 2001; Honeywill et al.,
2002), 2 ©o]F 2l5 =74 (Serodio et al., 1997; Consalvey et
al., 2004y} x| A4S 57 (Barranguet and Kromkamp, 2000;
Serddio, 2003)5h= 177k wWol Al=¥ AL Sltt.
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Aol AR AXTER AlRE HsAdellAl 22l ® Navicula sp.
(B-159), Nitzschia sp. (B-131), Cylindrotheca closterium (B-62),
Pleurosigma elongatum (EB-44)2 % $=13)|fm| Al 25722 (KMMCC)
O g HE] ok wol, v eA] S vl Th(Guillard and
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Ryther, 1962). W% &%= 15+1°C, 5=+ 100 pmol photonsm™s?
12h:12h light: dark =710 = FA8c. 7} 2] 445 33t
1] 7 (ZEISS AXIOSKOP)© 2 #23 74 Wis oz =&}
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closterium 033 p-d', Pleurosigma elongatum 0.13 p-d"' ©]$th.
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#m] 7 (Scanning Electron Microscope: SEM, TOPCON ABT-32)
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QA1 probeE AlE ¢l 2 mm dEel XA - 3 S73ISict
B33 E4d2 0041 988 pmol photons'm™s'7F<] 8THAIS] H=
1 3}of| whE Wl Hk-S- =4 (rapid light-response curves: RLCs)C. 2
H7RIA L, ZF F% Rl 1023 &3] S8 7 W
A A 233A ] F- A YA (effective quantum yield of the
PS: Q)Psn)% :TLE]'%‘\E]" ‘DPSII% 21]2:‘16}74]3]' 'ﬂ'%ﬂo% hi %5\—7]' —g_)l:
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FETR = ®,g,- PAR @)

Diving-PAMS ©o]g3te] Z7gw Fwof whe A dxbdd-
(TETR)S 2] (3)2] Platt 5-(1980)%] FElo] g5=0] q, B, PsE T
3, 2 @)l g Hdl AAREE (ETRmax)yS 753131
o} oolw) P o A1Ee] T dapgakE oL & AR A= ETR
Fhol AgHglon Ed= B3 el o] 8= 38 (wavelength 400-
700 nm, PAR)S] F%, Ps= BA 37 §lS o, ol A A4
45 YeRfs vishASRolth ai= light curve®] 27] 718712
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a1, °o]5 #<=-3 A|53(photoacclimation index)® AHE-3}53 T}
(Talling, 1957).
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WS Dpg Q] W3h= Al FEO0E 8 4= Q) AH|, 257}
=N S7RI7} 35°ColM 9A8] FAERs Navicula sp., &
A, 30 °CAX T3] Tadh= Nitzschia sp.8t C. closterium, *l
A, L5 A WAl el A4 20~25 °C7HA] A B
Zgro|ut, 30, 35 °ColM % AA| TAsHA] %= P elongatum™. T+

FO) - olFE - ol

=

EE A (Fig. 1). Navicula spc 2% 7452 87 57181 20 °C
o= 0.68714] 453191, 25~30 °C FLol|A] 0.66-0.630.F TF
2 742 3 F, 35°ColME 0172 B3] 14813}, Nitzschia
sp-8t C. closteriume =57} oyl wpel F7lsted 20 °Cell=
Z}z} 0.59, 0.61 ©]1oH, 25 °CollA 0.54, 0.57% 2zF 74319
a1, 30°C ool #A3] W ke BTtk Nieschia sp.,
0.06~0.08; C. closterium, 0~024). 38, P elongatun 10 °ClIA] 0.46
o] HlwH wh ks wolt}, 257} skl wel dx} SV
o] 35 °CollM = 0.65% AF &% oM 718 =8 7kS Bt

= A3 w2 Y wARSe W) 7 2w 23
rETRmaxi= WSR2 15 °ColA 5748 54 g o7 B
SHrETRmaxP)slod A&l gko 2 EAISIITHFig. 2a-d). )=
AE7F D] 539200 mL)E o7sle] dojxlorw 7t F
o] AEE] AolE BAsh= FAloll, 15504 uiede Fo] T
7re] 25 wiste] mEH o] YRt 33 549 Aol FElskl
R {8t Aelt}, Navicula sp., Nitzschia sp.8t C. closterium 3
9] rETRmax"= 2% Aol et 1.6-20 J&= S7Fskelrh
Navicula sp.2] rETRmax® & 2% Aol el g4 S71ske]
25~30 °CollM] 7P¢ =2 3k Helow, 35°Collie w43] A
Ik, Nitzschia sp.2} C. closterium=. 257} 7353l meh
rETRmax™7} A1438] F7kste] 25 °Colld Hdligks vebla, 1
o] % Zrasttt 35°ColM = AL YeER A edgteh. vl P
elongatume TFE £} D] 2% 5ol et rETRmax™}F X4
Aow F7FeIaL, &5 sl e rETRmax®e] A4 wkg-
& ok Foll vlE] FElElth AR 2% H91(10~35 °C)ellA
F2|9] &% (optimal temperature)71S- TR 9IFOL} 30~35 °C
A 7P = vkt
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Fig. 1. Effects of temperature on the effec-
tive quantum yield of PSII, expressed by
means of replications with standard devia-
tions (n=30). The data were measured
during twenty-four hour. (a) Navicula sp.,
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Fig. 2. Relative effects of temperature on the relative maximum electron transport rate (rETRmax®, upper panels), the maximum light use coef-
ficient (o, middle panels), and the light saturation coefficient (Ex, lower panels) for Navicula sp. (left), Nitzschia sp. (left middle), Cylindrotheca clos-
terium (right middle), and Pleurosigma elongatum (right). The rETRmax ® were normalized to the data at 15 °C, respectively.

h). 22}, Navicula sp., Nitzschia sp.2t C. closteriums 30 °C ©]
Fe] 2 2EolA tha Fadhe A UERISITE. Navicula
spaz 10~30 °C7H4] ©F 0.64°] A gt ghe FAlskth 35 °CollAIRt
oF 0.19% 743Kt} Nitzschia spi= 10-25°C 25 W Sjollx] H4t
0.54¢] Fha B3O, 30 °Colki= 0.32, 35 °Collx= 0.06°0.% 7+
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Fig. 3. Comparison of the gross photosynthetic rates (closed circles) from oxygen based measurements and rETRmax (vertical bars) from
fluorescence measurements for (a) Navicula sp., (b) Nitzschia sp., (c) Cylindrotheca closterium, and (d) Pleurosigma elongatum. Oxygen
data were collected for three hours of incubation and fluorescence data were collected after two hours of treatment.
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Fig. 4. Comparisons of photosynthesis versus irradiance (P-1) curves for Navicula sp. (left), Nitzschia sp. (left middle), Cylindrotheca closterium
(right middle), and Pleurosigma elongatum (right) at two different temperatures. The data in upper panels (a-d) were measured after two-hours
and the data in lower panels (e-h) were measured after eight-hours. The closed circles represent relative ETR under the culture temperature
(15 °C), whereas the open circles indicate relative ETR under each temperature with maximum photosynthetic capacity.
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Table 1. Surface Area: Volume (SA:V) ratio and shape for Navicula sp., Nitzschia sp., Cylindrotheca closterium, and Pleurosigma elongatum,

respectively.

Species Surface area (um?) Cell volume (um?) SA:V (um™) Shape

Navicula sp. 194~277 111~198 1.40~1.75 prism on elliptic base
Nitzschia sp. 39~41 13~14 2.89~2.90 prism on parallelogram-base
Cylindrotheca closterium 609~641 481~489 1.27~1.31 prolate spheroid +2 cylinder
Pleurosigma elongatum 4317~4412 9171~13757 0.32~0.47 prism on parallelogram-base

Table 2. P-values of statistical tested variance (ANOVA) for the significance of measurement time. The results were based on data measured
under each temperature with maximum photosynthetic capacity during the eight hours experiment.

Navicula sp. Nitzschia sp.

Cylindrotheca closterium Pleurosigma elongatum

rETRmax % (P<0.05) NS (P=0.097)
o % (P<0.05) % (P<0.05)
Ex %% (P<0.001) NS (P=0.135)

NS (P=0.413) % (P<0.05)
% (P<0.05) *% (P<(0.05)
** (P<0.05) NS (P=0.227)

*kk ¥* A significant effect (P<0.001) (P<0.05).
NS, no significant value (£>0.05).

rETRmax} o8] WskE B30, Bl Wart §lichP>0.05).
7}t Z=2] tETR-E 48] 22 Fig. 40l A=I8IItt. Gylindrotheca
closteriums 71 W2 tETR 3t YERNI O™ | P elongatum®]
7P & tETRES R,

E 9

MMAERL| 25 Halof| e defy 22| Hel

Kromkamp (1998 33 S74& ©|83to] MPB2] 33y
&S wEL Ao R ST 5 QlSS Wel vk Qi ¥
Fow FHsE AR ol
of] wh} xjo] 7t vEb o, o] A233A1<]
= 3l B & AATH Dpsin> A 2FAl] EASHE 54
7 Frt W oluqA] FollA Flel gkgel o] &5k U E
EPER, Opgr ST ZA ANAR1 23] 14
4= Q7] wjFoltH(Genty et al., 1989). Navicula spi= ®psi©]
AAB] 7HAFE 35°C7T o] Foll QlojA XA o) Fah= &
T2 AZAEY, Nitzschia sp.2} C. closterium= 30 °C7} o] &
ol oA AAF 252 ke thFig. 1). o]& 2 254
HAE A -A 534 (chlorophyll-proteins complex)2] 4=}
A B WAL Ee] B O Qs BloR A7t & 4 itk
(Briantais et al., 1996). "t P elongatum®] &% <7}l w
& Opsid] AEFHRJ] S7H= P elongatum?y A8 2711 35°C
7HA 8] WMol ME we 2=oA FE a&o] o H=A YEr
= As gJrlgitt

ZAdbAQl 333 52 (photosynthetic capacityys WERI=
of AAPALE (rETRmax) 378 25 (15 °C)RL} 52 254
HZtS B3lom, rETRmaxel] tidh 2529 e HA o] 2
Loof] meket wi7bA] 257t Adsstell whet HxlA o w S
a1, 71 o|F w27 730 tHFig. 2a-d). o= FE3 FFA
(light-saturated photosynthesis)ellA] Pmax®} 2% A}0]2] #HA]
A BolX|e dlelold, ool ©A|E - (unicellular algae)
oA AHA o7 VERItH Davison, 1991). AAAGELE #2533

AlA R8s Ak ST AE o] Q7] wiel, A
S(ETR)S F 338/ E (gross photosynthetic rate)2] proxy@= A}
438 5= Qltk(Kroon ef al., 1993). ¥ Aol M} a8}
A Fe) o) dofR F A ES vwdl| 2 A3}, Navicula
sp.2} Nitzschia sp.ollA 25 Ws}ol| whE 33 wkg-2o] Aol
FAFHAl YERATHFig. 3a,b). 18, C. closterium®} P elongatum
< Ao ARG ST F A EC] thh vEA JERTHEig.
3c,d). o]&st zlole Al FsFolut vEFZEE et T, Al
9] veg]ofe] tiabag ) e Ak AR Fgef oJste] Ak
2H7F S8 AR F Aba AAk(gross O, production)©] A
HrlE o] e = A02 & 4= Qlth(Weger et al., 1989). 712
o] st A EL fiiat 2ol o) HEES W HEE 2
Sy 7Kl wt Aba ARES] EUX|E US4 Ve R
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2003). Berry®} Raison(1981)& %7} 5718kl wel ol of
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o]57] uiitel Ati AwlE vlS EEs] dojutal, I® Qlsto]
Fo e NS =257t STkl wet v A ¢ e
kgl bl gt} weba] o]glst QRlEe] ogh Aka 4| Sk At
2> WA F ARPAES Aol ] BAL C. closterium®} P. elongatum
oA AAEHA] b= AFE YERA gt Ao & AZFEIT). Morris
& Kromkamp(2003)2] AN C. closterium & =2 <50
Al G A B BUATF velsew, 3 SA%k0] A
A SAET & 2504 Hullgks Hol= dido] Hud \f
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o] th(Wilhelm, 1990). 121\ Navicula sp., Nitzschia sp.2} C.
closterium® 735~ 30 °C2} 35 °CollA] a7} T 43 =t (Fig.
2e-g), Ol & 2EolA el &gk 540 A WEoE 4
ZHEt, dfvfeld o= W 57 T9E UERL, B S 95
2 a ST FAEY] QU] Wil & 224 Aol st §
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) di o
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S 5 AEA g AR A ot B SxoM e & 3l
thar Bkl ) ok, 18y P oelongatume 2% WSl e o2
st A Qlar, 2318 ¥ 2xM ol A FAEE Bo)
d& HERISITHFig. 2h).

Exe Fxsle] Az og &% Wl mj$ wigsl vke-S
Som, Bl 2o thgt Hhg~2 rETRmax®] HH-g-3} w9 Gk
(Fig. 2i-l). )17 Ex} rETRmax/ae]] 23 A1 00, rETRmaxs
220 S Wol W1, o HlwA E0] JETFS d WIgker
2, K& 259 12 Wsh= rETRmax] BH8-3} v]2=61A] Vel
7o w AzbEnt, o] st A= mARRS B REE A
A, SN, BASHS Fote] 778 Hancke 5
(2008)2] AFIME 2 S VERASITH

CIA[ZI] 2= w3 mE 2t B2 &8 5%

TH B A 5L Ex HEoE SAste], WAz 2%
H3lof] w2 7} £2] $=§-(acclimationyd == #7353t} Behrenfeld
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2004).
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