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The chlorophyll a:b ratios were measured in about fifty species of marine benthic

algae.

There seemed to be a general tendency that the a:é
ratios in samples collected from deeper ranges and shaded sites were lower The
a:b ratio varied from 2 or above to values close to 1.0 in Ulvales, Cladophorales and
Siphonocladales, while in the case of Siphonales (Codiales, Derbesiales and Caulerpales)
the variability of the a: & ratio seemed to be small, and low values were generally observed.

green algae over seven orders.

The variation in the a: ratio occurred not only among species but also among indivi-
duals of the same species collected from different habitats with different light field.

Key Index Words: Caulerpales; Chlorophyta; chlorophyll a:b ratio; Cladophor-
ales; Codiales; Dasycladales; Derbesiales; light field ; Siphonocladales; Ulvales.

JEFFREY (1965) reported chlorophyll a: b
ratios below 2.0 for siphonous green algae,
and KEAsT & GRANT (1976) considered that
the a:b ratios in siphonous green algae
were characteristically lower than those in
other members of the Chlorophyceae and
higher plants. On the other hand Naka-
MURA et al. (1976) concluded that the occur-
rence of lower a:b ratios close to 2.0 was
a general characteristic of marine members
of the Chlorophyceae.
noticed in our previous study that the
chlorophyll a:4 ratio was considerably
different among the algae collected from
different habitats (YokoHAMA 1973, Yoko-
HAMA et al. 1977, KAGEYAMA & YOKOHAMA
1977).

The present paper will report the chloro-
phyll @ : b ratios measured in about 50 spe-
cies including the members of Siphonales
and others collected from various habitats
with different light fields.

However, it was

Materials and Methods

About 50 species of the Chlorophyceae
of benthic type were collected from inter-
tidal and subtidal zones at Shimoda in
Central Japan and at Okinawa and Amami
in the southern part of Japan. Thalli col-
lected at Shimoda were soaked in a large
volume of seawater and carried to the la-
boratory of the Shimoda Marine Research
Center, where they were kept in running
seawater for a few hours before pigment
extractions. Those collected at Okinawa
and Amami were frozen and carried to
the laboratory, where the extractions were
made.

The fresh or frozen material was extrac-
ted with cold methanol. The extract was
mixed with a nearly equal volume of di-
ethylether. The pigments were transferred
to the ether layer by shaking with a 10%
NaCl solution. After repeating wash with
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Table 1. Molar ratios of chlorophyll a to chlorophyll 4 in
marine benthic green algae of seven orders

Species Habitat Chl. a:b
ULVALES
Monostroma nitidium U 213
Ulva amamiensis* 5m 1.22
U. japonica 20 m 1.18
U. pertusa M 1.59
Enteromorpha compressa U 1.85
CLADOPHORALES
Chaetomorpha sp. 8] 1.89
C. crassa 0.5m 1.45
C. spiralis O0Om 1.56
Cladophora sp. U 2.04
C. japanica 0 m (Sh) 1.02
C. ohkuboana 17 m 115
C. wrightiana 2 m (Sh) 1.30
Anadyomene wrightii* L 1.56
Microdictyon japonicum L (Sh) 1.14
SIPHONOCLADALES
Cladophoropsis zollingeri L (Sh) 1.08
Boodlea coacta (outer part) L 2.56
(inner part) 2,04
Valonia macrophysa 18 m 1.22
Dictyosphaeria cavernosa L 2.27
DASYCLADALES
Neomeris annulata* M 1.54
Halicoryne wrightis* M 1.61
Acetabularia ryukyuensis* M 1.85
CODIALES
Codium adhaerens 18 m 1.09
C. divaricatum 18 m 1.05
C. fragile L 1.23
C. intricatum 0.5 m 141
C. latum L 141
18 m 1.25
C. mamillosum 18 m 1.10
DERBESIALES
Bryopsis sp. L 1.37
Pseudobryopsis hainanensis* Cultured** 1.37
Derbesia marina 0.5 m (Sh) 1.19
Cultured** 0.88
Halicystis ovalis Cultured** 0.99
Pedobesia lamourouxii 5 m (Sh) 111
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Species Habitat Chl. a:b
CAULERPALES

Caulerpa ambigua L (Sh) 1.67
C. okamurai L 1.52
C. peltata var. peltata* L (Sh) 1.33
C. racemosa var. clavifera {. macrophysa* L 154
C. racemosa var. laete-virens L 1.67
Chlorodesmis comosa* L 1.67

2m 1.61
Udotea javensis* L 1.67
U. orientalis* L 1.64
Avrainvillea erecta* L 1.69
Tydemania expeditionis* 2 m (Sh) 1.23
Halimeda discoidea 0.5 m 1.52
H. incrassata {. incrassata* L 1.47
H. macroloba* L 1.30

2m (Sh) 1.23
H. opuntia {. opuntia* L 1.54

Number in m denote depth from low water mark. U=upper intertidal zone; M=middle

intertidal zone; L=lower intertidal zone.

Sh denotes shaded site. * Collected at Okinawa

or Amami. ** Cultured for more than one month under 2 klux of fluorescent illumination.

the NaCl solution, the ether layer was
dried up under reduced pressure, and the
residue was redissolved in a small volume
of ether.

The absorption spectra of the ether solu-
tions of pigment were determined with
a Shimadzu Spectrophotometer UV-200.
The concentrations of chlorophyll @ and &
were calculated from the absorbances at
642.5 nm and 660 nm, known from the ab-
sorption spectra, using the equation of
CoOMAR & ZsHEILE (1942).

Results

Table 1 presents the chlorophyll a:b
ratios measured in about 50 species over
seven orders of the Chlorophyceae collected
from various habitats. As can be seen in
the table, the chlorophyll a:& ratios are
different among the materials. There
seems to be a general tendency that the
samples collected from deeper ranges or
shaded sites possess lower values of chlo-

rophyll a:b ratio. The samples of each
order collected from deeper ranges or
shaded sites possess the a:b ratios close
to 1.0. However, the a:b ratios in the
samples collected from sunny sites at shal-
low waters are remarkably different among
the orders. Those in Codiales, Derbesiales
and Caulerpales are generally lower than
those in Ulvales, Cladophorales, Siphono-
cladales and Dasycladales. The correlation
between the chlorophyll a: & ratio and the
habitat in each order is more noticeable
in Fig. 1 made from the data presented in
Table 1.

Difference in the chlorophyll a:b ratio
is also remarkable between individuals of
the same species collected from different
habitats. Codium latum was collected from
both lower intertidal zone and the depth
of 18 m. The a: b ratio observed with the
sample from the intertidal zone was 1.41,
while that with the sample from the deeper
range was 1.25. A similar difference can be
seen between the samples of Halimeda
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Fig. 1.

Interrelation between chlorophyll a: b ratio and habitat. Depth means

that from low water mark. Closed circle denotes shaded site.

macroloba collected from a sunny site at
lower intertidal zone and a shaded site at
the depth of 2 m.

Boodlea coacta collected from lower in-
tertidal zone possessed the a:b ratio of
2.56, the highest of all the values observed
in this study. This value was, however,
not that of whole plant of this sample.
The collected sample was shaped into a
hemispherical clump with the radius of
about 8cm. The highest value was that
in the cells of its outer part, and the value
in the cells of its inner part was 2.04.

The chlorophyll a: & ratio was also
shifted under artificial conditions. A ratio
lower than 0.9 was observed with the sam-
ple of Derbesia marina cultured for more
than one month under 2 klux of fluorescent
illumination with day length of 14 hours
at 20°C, while the value in the sample
collected from nature, a shaded site at the
depth of 0.5m was 1.19.

Discussion

We observed the variation in the chloro-
phyll a: b ratio from about 2.5 to 1.0. The
variation can occur not only among species
but also among individuals of the same

species, and there seems to be a close cor-
relation between the a:b ratio and the
light field.

The a: b ratios observed with the shallow-
water samples of Siphonales (Codiales, Der-
besiales and Caulerpales) were generally
lower than those with the shallow-water
ones of the other orders. Therefore, as
far as the shallow-water samples are con-
cerned, members of Siphonales seem to
possess chlorophyll a : b ratios considerably
below those found in other species, as
observed by JEFFREY (1965) and KeasT &
GRrANT (1976). In this study, however,
exceedingly low value close to 1.0 was also
observed with the deep-water samples or
shade ones of Ulvales, Cladophorales and
Siphonocladales.

Rawmus et al. (1976 a, 1976 b) also reported
the adaptive change in the chlorophyll a: b
ratio for Ulva lactuca and Codium fragile.
The higher proportion of chlorophyll &
can be more favorable for growth in deep
waters and shaded sites since chlorophyll
b absorbs short-wave light more effectively
than chlorophyll @ does. Another charac-
teristic of green algae growing in deep
waters or shaded sites is to contain sipho-
naxanthin as a photosynthetic pigment col-
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lecting green light dominating underwater
in the coastal area (YoxoHAMA et al. 1977,
KAGEYAMA et al. 1977, KAcGEyaMAa & YoOKo-
YAMA 1977).
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