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Photosynthetic capacity of three common species of macroalgae and the application in cor—
al aquarium. YANG Xiao—zhou' > ZHENG Xin—qing'** LIN Rong—heng' HUANG Ding—
yong' SHI Xiaofeng' NIU Wen-ao' (' Third Institute of Oceanography State Oceanic Adminis—
tration  Xiamen 361005 Fujian China; > School of Life Sciences Xiamen University ~Xiamen
361005 Fujian China) . Chinese Journal of Ecology 2014 33(6): 1528 - 1533.

Abstract: This study investigated the difference of photosynthetic capacity in three macroalgae
species ( Ulva lactuca Enteromorpha clathrata and Caulerpa mexicana) commonly used for nu—
trient removal in coral aquariums. The photochemical efficiency ( F,/F,) parameters relevant to
rapid light curve ( RLC) and non-photochemical quenching ( NP(Q) in the macroalgae were meas—
ured by underwater saturation pulse modulated chlorophyll fluorometer ( Diving-PAM) . The re—
sults showed that F,/F  was 0.808 £0.004 for U. lactuca and 0.816 +0.009 for E. clathraia
which were higher than that for C. mexicana. Higher maximum relative electron transfer rates
(rETR,,) (17.52+2.92 and 19.59 £4.43 pmol e * m > * s~') and half-starved value of light
intensities (,) (53.41 +8.18 and 59.71 +13.52 pumol photons * m > * s ') were observed in
U. lactuca and E. clathrata than that in C. mexicana (13.72 £5.41 pmol e * m~’
rETR,,,. and 32.67 +14.06 pmol photons * m ™ « s~ for [,) indicating that U. lactuca and E.
clathrata have stronger photosynthetic capacities photo—protection capacities and tolerance to
higher intense light than C. mexicana. A significantly lower RLC initial slope « in C. mexicana
implied that this algal species has a higher photosynthetic capacity under weak light condition.
With increasing the light intensity (0 —373 pumol photons * m ™ *s~')  however C. mexicana
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had a limited increase of NPQ (0 —0.2) the maximum of which was equivalent to 38. 1% of
that in U. lactuca and 62.5% of that in E. clathrata. These results indicate that the photosyn—
thesis of E. clathrata may be more easily limited by intense light. Our study suggests that the selec—
tion of algal species for nutrient removal in a coral aquarium should be adapted to the light intensity.
Single species or the combination of different species of macroalgae can be selected according to the
illumination of the coral aquarium in order to maximize the efficiency of nutrient removal.

Key words: macroalgae; photosynthetic capacity; photochemical efficiency; rapid light curve;
non—-photochemical quenching; coral aquarium.
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Table 2 Photosynthetic parameters of three macroalgae species

a

B

rETR,,.,\

I

0.328 +0.014 a
0.328 £0.016 a
0.418 +0.051 b

0.011 £0.008 a
0.027 £0.016 a
0.164 +0.135 b

17.522 £2.922 a
19.594 +£4.432 a
13.718 +5.408 b

53.412 +8.182 a
59.707 £13.520 a
32.674 £14.061 b

* (P <0.05)
0. 08 o7z
WY
. -~ HEHH
0.6
3 K
(R*>0.99 P <0.001) . 2 43
) 0.4
RLC a 2
0.328 +0.014 0. ozl
328 +0.016( P >0. 05) (0.418 +
0.051) (P<0.01) . rETR, . 0 . . .
200 300 400

(17.522 +2.922  19.594 +4.432 pmol e * m > »

s'l) (53.412 £8.182  59.707 =
0.84
5; 0.82 - 2
s a
m T
£ 0.80
- b
Ko78 | i
B
016 |
sk FWE RIEEY:3
B
1 PS I (F,/F,)
Fig.1 PS II maximal quantum yield of photosynthesis
(F,/F,) of three macroalgae species
* (P <0.05)
~20
U SEEs
s P EKE
o 15
°
g
=,
w10
®
il
£
=
E 0 1 1 I ]
0 100 200 300 400

KA HZIEST (umol photons * m™ « s7)

2
Fig. 2
algae

Fitting rapid light curve of three species of macro—

0 l(l)()
A B3RS (umol photons + m™ + 57)
3 NPQ

Fig.3 NPQ changes along with the changes in illumination
of three species of macroalgae

13.520 pmol photons * m ™ « s7")
(P<0.05) - B 0.011 =
0.008 0.027 £0.016 1/15
1/6 (P<0.001)
2.3
NPQ ( 3)
3 NPQ
(P<0.01) .
NPQ
(0~0.2)
38.1% 62.5%
3
3.1
( Schreiber et al. 1997) . F /F, PS
II
PST (
1999) . F,/F,

(2011) . Héder
(2001) o
Borowitzka( 2010)

(2001) .Kiihl

Enriquez



1532 33 6
3 PSII
Table 3 PS I maximal quantum yield of photosynthesis
(F,/F,) of some species of macroalgae
F.IF, ° 3
Ubva lactea 0.808 £0.004 NPQ
Enteromorpha clathrata 0.816 +0.009
Caulerpa mexicana 0.777 £0.025
U. pertusa 0.74 2011 °
E. linza 0.728 £0.022 2009 ( > 400
Caulerpa racemosa 0.766 +0.012 Raniello et al. 2006 Mmol phOtOIlS em 7 es”! )
F.IF, 3.2
(6 ~7h), 3 3
F I/F,
F.IF, 0.75 ( Enriquez & .
Borowitzka 2010) . .
FV /Fﬂl
( 3) .
pSIT
° o« Klein( 2008)
30 ~70 m
( Harrison et al.
1989) . 3
rETR,,. I,
F,IF, ( > 100 wmol photons * m™*
( 1) o o ‘B ]k Sil) [l
3
o NPQ 3
( 3) . NPQ .
( )
( Ralph & Gademann 2005) . o
( LED PAR >
( Miiller et al. 2001) . 50 pmol photons * m™* « s7")
NPQ
38.1% 62.5% PS
II
(
o (2011) PAR <50 pmol photons * m ™ *s7")

o



1533

. 2011.
38(1): 33 -37.
. 2001.
37(4) . 325 -330.
. 2009.
( )
33(5): 762 -769.
. 2008.
. 32(8): 13 -15.
. 2004.
23(1): 13 -15.
. 1999.
16(4) : 444 —448.
. 2011.
. 30(3): 589 -595.

Bartley DB. 1999. Marine ranching: A global perspective//
Howell E Moskness and Svasand T eds. Stock Enhance—
ment and Sea Ranching. Papers from the First International
Symposium on Stock Enhancement and Sea Ranching Ber—
gen Norway 8 — 11 September 1997. Norway: Fishing
News Books Ltd: 79 —90.

Beer S Larsson C Poryan O et al. 2000. Photosynthetic rates
of Ulva ( Chlorophyta) measured by pulse amplitude modu—
lated ( PAM) fluorometry. European Journal of Phycology
35: 69 -74.

Chao NL  Prang G. 1997. Project Piaba: Towards a sustainable
ornamental fishery in the Amazon. Aquarium Sciences and
Conservation 1: 105 —111.

Cohen I Neori A. 1991. Ulva lactuca biofilters for marine fish—
pond effluents. ] . Ammonia uptake kinetics and nitrogen
content. Botanica Marina 34: 475 —482.

da Silva Copertino M Tormena T andSeeliger U. 2009. Biofil-
tering efficiency
clathrata ( Roth) J. Agardh ( Clorophyceae) cultivated in

uptake and assimilation rates of Ulva

shrimp aquaculture waste water. Journal of Applied Phyco—
logy 21: 31 -45.

Delbeek JC  Sprung J. 2005. The Reef aquarium: Science
Art and Technology. Volume 3. USA: Ricordea Publish—
ing.

Driscoll MD. 2004. Effects of hydrodynamic regime on photo—
synthesis in the green alga Caulerpa. Graduate School The—
ses and Dissertations. USA: University of South Florida.

Enriquez S Borowitzka M. 2010. The use of the fluorescence
signal in studies of seagrasses and macroalgae// Suggett
DJ Prasil O Borowitzka MA eds. Chlorophyll a Fluores—
cence in Aquatic Sciences: Methods and Applications.

Vol. 4. Netherlands: Springer: 187 —208.

Garcia-Sénchez M Korbee N Pérez-Ruzafa IM et al. 2012.
Physiological response and photoacclimation capacity of
Caulerpa prolifera ( Forsskal) JV Lamouroux and Cymodo—
cea nodosa ( Ucria) Ascherson meadows in the Mar Menor
lagoon ( SE Spain) . Marine Environmental Research 79:
37 -46.

Hider DP Lebert M Helbling EW. 2001. Effects of solar radi—
ation on the Patagonian macroalga Enteromorpha linza ( L.)
J. Agardh-Chlorophyceae. Journal of Photochemistry and
Photobiology B: Biology 62: 43 —54.

Han T Kang SH Park JS e al. 2008. Physiological responses
of Ulva pertusa and U. armoricana to copper exposure.
Aquatic Toxicology 86: 176 —184.

Harrison PJ Parslow JS Conway HL. 1989. Determination of
nutrient uptake kinetic parameters: A comparison of meth—
ods. Marine Ecology Progress Series 52: 301 —312.

Kiihl M Glud RN Borum J et al. 2001. Photosynthetic per—
formance of surface-associated algae below sea ice as meas—
ured with a pulse-amplitude-modulated ( PAM) fluorometer
and O, microsensors. Marine Ecology Progress Series 223:
1-14.

Klein J Verlaque M. 2008. The Caulerpa racemosa invasion:
A critical review. Marine Pollution Bulletin 56: 205 —
225.

Miiller P Li XP Niyogi KK. 2001.
quenching: A response to excess light energy. Plant Phys—
iodogy 125: 1558 —1566.

Nagahama T Hirata H. 1990. Nitrogen uptake by the sterile

Ulva pertusa Ohmura strain  and their interaction to the

Non-photochemical

bacterial communities. Suisanzoshoku 38: 285 —290.

Platt T Gallegos C Harrison W. 1981. Photoinhibition of pho—
tosynthesis in natural assemblages of marine phytoplankton.
Journal of Marine Research 38: 687 —701.

Ralph P] Gademann R. 2005. Rapid light curves: A powerful
tool to assess photosynthetic activity. Aquatic Botany 82:
222 -237.

Raniello R Lorenti M Brunet C et al. 2006. Photoacclima—
tion of the invasive alga Caulerpa racemosa var. cylindracea
to depth and daylight patterns and a putative new role for
siphonaxanthin. Marine Ecology 27: 20 -30.

Schreiber U Gademann R Ralph P et al. 1997. Assessment
of photosynthetic performance of Prochloron in Lissoclinum
patella in hospite by chlorophyll fluorescence measure—
ments. Plant and Cell Physiology 38: 945 —951.

Timotius S. 2009. A review on ornamental coral farming effort
in Indonesia// International Ocean Science Technology
and Policy Symposium: 12 - 14.

Ukabi S Dubinsky Z Steinberger Y et al. 2013. Temperature
and irradiance effects on growth and photosynthesis of Caul-
erpa ( Chlorophyta) species from the eastern Mediterra—
nean. Aquatic Botany 104: 106 -110.

1989
o E-mail: yangxiaozhou890303 @ live. com




