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Abstract. Relative excitation spectra of chlorophyll a fluorescence are shown to be very close to relative
action spectra of photosystem II O2 evolution in seven micro- and macro-algae of five phyla. The conditions
under which this correspondence should hold, based on theoretical considerations, and the applications of
this correspondence to interpretation of fluorescence excitation spectra of chlorophyll a from natural populations are discussed. The spectra presented are interpreted in relation to the light-harvesting pigments and
their association with the two photosystems.

Introduction
Knowledge of the spectral response of algal photosynthesis to light is essential to an
understanding of the interactions between light, algae and primary production in the
oceans. Photosynthetic O2 evolution action spectra have commonly been used in
laboratory studies to estimate the wavelength dependence of photosynthesis (Haxo, 1960;
Fork and Amesz, 1969; Larkum and Barrett, 1983, pp. 69-71). This methodological
approach is, however, inconvenient for oceanographic field work due to its complexity, its insensitivity and the susceptibility of some algal species to the manipulations involved. This led to the choice of in vivo action (excitation) spectra of chlorophyll a
(chl a) fluorescence as an increasingly useful alternative in biological oceanography
(Yentsch and Yentsch, 1979; Mitchell and Kiefer, 1984; Neori et al., 1984). Such applications emphasize the need for a precise definition of the relationship between the
two kinds of spectra, and of the conditions which ensure this relationship in a variety
of algal pigment types.
Since the pioneer investigations by Dutton et al. (1943) and in particular those by
Duysens (1952) on the role of accessory pigments and energy transfer in photosynthesis, action spectra for chl a fluorescence have become an essential laboratory tool
in the study of photosynthesis (e.g. Goedheer, 1972; Butler, 1978; Mathis and Paillotin,
1981). A close relationship between in vivo chl a fluorescence from photosystem II
(PSII) and photochemical activity of PSII was suggested (reviewed by Butler, 1978;
Mathis and Paillotin, 1981). Fluorescence from photosystem I (PSI) at room temperature
is considered to be negligible. In spite of the large volume of data published on either
chl a fluorescence action spectra or on photosynthesis action spectra, there are no
systematic in vivo comparisons between the two, as far as we know.
The conditions under which these two kinds of spectra should be approximately similar
can be derived from models of the photochemical apparatus. One, which is often cited,
was suggested by Butler (1978, 1980, 1984). According to this model, an excited chl
a molecule in PSII can lose its energy in one of three ways: (1) a non-radiative thermal
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decay, i.e. heat (D); (2) photochemistry — the reduction of an acceptor in a PSII reaction center, leading to CO2 fixation and O2 evolution (PII), or (3) chl a fluorescence
(FH), which includes variable (Fv) and constant (Fo) components.
A fourth pathway, that of energy transfer from the light-harvesting pigments of PSII
directly to PSI, or spillover (e.g. Mohanty and Govindjee, 1973), could be added.
For our purposes, however, spillover can be considered with pathway 1 (D) above,
as such energy dissipation does not result directly in either fluorescence or O2 evolution (Butler, 1984).
Butler (1980) argued that the yields of both PSII photochemistry W>PII) and
fluorescence ($FII) depend on only one variable - the fraction (A) of open to total
PSII reaction centers. #PII is highest when A = 1 (that is all reaction centers are open),
while <£FII is highest when A = 0 (when all reaction centers are closed). Two consequences of Butler's theory are: (i) under conditions which keep A at a constant value
appropriate for either fluorescence or O2 evolution, as defined above, the yields <£PII
and 0FII should stay constant at all wavelengths [see Prezelin and Ley (1980) and Krause
and Weis (1984) for possible complications which may be applicable to natural
populations]; and (ii) as long as A is constant, photochemistry and chl a fluorescence
should both be linear functions of the number of light photons absorbed by PSII. As
a result, considering that in healthy cells Fo is much smaller than Fv when A = 0
(Mathis and Paillotin, 1981), and of quite similar spectral response (Kitajima and Butler,
1975), the shapes of the action spectra of #PII and <j>Fll should be rather similar.
The value of A can be kept at the desired level in a variety of ways. For action
spectra of PSII O2 evolution, Joliot and Joliot (1968) designed a modulated light beam
system in which the value of A could be kept constant by a strong background light
beam. For measurements of chl a fluorescence action spectra, the value of A can be
kept at the desired level (close to zero) by addition of DCMU (3-(3,4-dichlorophenyl)1,1-dimethylurea). After a short exposure to light, DCMU-treated algae have all PSII
reaction centers closed (i.e. A = 0), and <j>FU is at a higher value, which is nearly
light independent within the time-scale (minutes) and with the weak excitation light
intensities used for fluorescence measurements (Joliot, 1965; Slovacek and Hannan,
1977; Butler, 1978; Mathis and Paillotin, 1981).
In this paper, we compare action spectra for in vivo chl a fluorescence of DCMUtreated cells, and for PSII photochemistry of normal cells (as measured by O2 evolution). We test experimentally the predicted relationship between these spectra, under
defined conditions, for seven different algae representing the major algal pigment types.
Materials and methods
Microalgae
Unialgal cultures were grown in standard media as indicated below, and were continuously illuminated at low light levels by 'Cool White' fluorescent light, which resulted
in light-limited growth rates of 0.1 - 0 . 2 doublings day" 1 . All cultures wefe actively
growing when sampled, as determined by cell counts.
Chroomonas sp. (Provasoli isolate; Cryptophyta), was grown in 'D' medium (Provasoli
and MacLaughlin, 1963), in batch culture, shaken daily, illuminated as 10 /tE m~ 2
s" 1 and at a temperature of 18-20°C.
538

Chlorophyll a fluorescence and O2 evolution in algae

Rhodomonas D3 (Provasoli isolate, SIO code no. CR13; Cryptophyta), was grown under
the same conditions as Chroomonas.
Glenodinium sp. (Bernard isolate, SIO code no. PY33; Pyrrophyta), was grown in
'GPM' medium (Loeblich, 1975), in a semi-continuous turbidostat, illuminated at 30 /xE
m~ 2 s~ l , at a temperature of 18°C. The culture was stirred by a magnetic stirrer, and
bubbled with air.
Chaetoceros gracilis (SIO code no. BA13; Bacillariophyta), a small cell size species,
was grown under the same conditions as Glenodinium above.
Macroalgae
Healthy, endophyte-free specimens of Porphyra perforata (Rhodophyta), and of Ulva
sp. (probably californica; Chlorophyta), were collected from rocky intertidal beaches
in La Jolla. Blades were kept at low light levels (20 pE m~ 2 s"1) in unenriched, flowing
or frequently changed filtered sea water, and remained in healthy condition for weeks.
Spectra of these vegetative blades were measured one or two days after collection.
Phycodrys sp. (strain JS-SC No. 119; Rhodophyta), a thin-bladed species, was grown
in an aquarium with flowing filtered sea water, at an irradiance of 3 fiE m~ 2 s" 1 .
In-vivo fluorescence action spectra of chl a
Spectra were measured with a Perkin Elmer MPF 44A spectrofluorometer, and were
corrected using the rhodamine B method (Yguerabide, 1968). The excitation band width
was 3 nm and emission was set at 680 nm with a 10 nm band width. A Corning CS
2-61 blocking cutoff filter was placed in front of the emission monochromator.
Microalgae, suspended in growth medium, were placed in a standard 1-cm fluorescence
glass cuvette. At the concentrations used (specified in figure legends), cell densities
did not significantly alter spectral shape, as tested on dilution series. For macroalgae,
small, visibly homogeneous pieces, with a size of approximately 2 x 5 mm (slightly
larger than the focused excitation beam) were cut from very thin vegetative blades.
They were placed vertically in a drop of sea water, and held by water adhesion to a
black brass block at a 45° angle to the exciting beam and to the emission monochromator
line of view. All measurements were made at room temperature (20-22°C), within
several minutes after the samples had been withdrawn. Prior to measurement, the sampled algae were incubated for 1 min in white light (~20 /tE m~ 2 s" 1 ) in the presence
of 5 0 - 1 0 0 iiM DCMU (Joliot, 1965; Papageorgiou and Govindjee, 1968), added as
either a methanolic or an ethanolic solution. No deleterious effects were observed for
either of the solvents, which were added at 1 % v/v or less (see also data of Holt and
French in Macdowall, 1949, Table V). The fluorescence yields of the DCMU-treated
cells were stable for the duration of the measurements.
Photosynthetic action spectra
Spectra were measured polarographically using a modulated beam, bare platinum oxygen electrode system (Joliot and Joliot, 1968; Joliot, 1972), essentially as described
previously (Prezelin et al., 1976). The action spectrum apparatus was modified by the
incorporation of a microcomputer which continuously monitored wavelength, light in539
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tensity and the modulated oxygen electrode signal. The computer controlled the light
level at each wavelength, rotating a calibrated circular gradient UV-VIS-NIR neutral
density disk (Oriel Corp., model 28650) in order to keep the monochromatic modulated
beam quantum flux incident to the electrode mount at a constant, operator-determined
level during a scan. The light detector was a calibrated silicon photodiode (EG and
G model UV-444BQ). Final quantum corrections were made with a thermopile (Kettering Scientific Research, Model 68). The monochromatic light was isolated by a Bausch
and Lomb 500 mm grating (1200 grooves mm" 1 ) monochromator from a 150 W xenon
arc lamp. Entrance and exit slits were 3 and 2 mm respectively, producing a spectral
band width of 5 nm. The measurements were taken point by point at 3- to 4-nm intervals, starting at the short wavelength. The monochromator was automatically driven,
and stopped for about 30 s at each point. After a few seconds for light level adjustment
and signal stabilization, seven readings were taken by the computer at 2-s intervals.
The median value of these was selected and stored by the computer as the datum for
modulated oxygen evolution at that wavelength. In this operational mode, a full spectrum (375—740 nm) was completed in about 50 min. Slower sweeps, and the collection of more points at each wavelength, did not affect the spectra. Due to the 8-bit
resolution of our data acquisition system, wavelength readings were accurate to
±1.5 nm. A continous bright background beam was provided by a 50 W tungsten lamp,
focused through a Calflex-C (IR reflecting) filter and a red or far-red cutoff filter, as
defined in the figure legends.
Preparations of microalgae on a recessed electrode were handled as described by
Prezelin et al. (1976). With macroalgae, a raised electrode was used, so that the retaining dialysis membrane held the algal blade in close contact with the platinum surface. A piece approximately 3 x 3 mm was cut from a vegetative and visibly
homogeneous blade, for mounting on the electrode. For each preparation, the intensity
of the background beam was adjusted to maximize the modulated signal. The modulated
beam intensity was kept in the linear region of a P versus I curve which was run immediately prior to each wavelength sweep. Specific conditions can be found in the figure
legends.
Fluorescence and O2 evolution action spectra were determined on the same day. Aliquots of the same culture or like pieces from the same blade were used. The fluorescence
spectra were digitized and stored by the computer. Values between experimental data
points were interpolated at 1 nm intervals. To reduce random noise in the data, the
action spectra for O2 evolution had to be smoothed by a moving average of 9 nm, and
in some cases (described in figure legends) the average of several replicate spectra had
to be calculated. The spectra are given in relative units, and they are scaled to coincide
at 480-500 nm.
Results
The action spectra for chl a fluorescence and for O2 evolution are presented as plots
of relative response versus wavelength. Our PSH O2 evolution spectra look similar to
previously published PSII spectra from related algae (Vidaver, 1966; Ley and Butler,
1976). In all algae there were only minor differences in the shapes of the fluorescence
spectra between normal and DCMU-treated cells, although the absolute fluorescence
540
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Fig. 1. Action spectra of PSII O2 evolution (light line), and of in vivo chl a fluorescence after treatment
with DCMU (heavy line): (a) Porphyra perforaui Background beam intensity was 3 mW cm" 2 ( - 177 jtE
m~2 s" 1 ), defined by a Corning CS 2-64 red cutoff filter and a Calflex-C filter. Monochromatic beam in1
tensity was 10 /iW cm" 2 at 550 nm ( -0.46
): (b) Pliyaxlr\s sp. Background beam was defined as in Porphyra. with intensity of 1 mW cm" 2 ( - 5 7 fi£ m~2 s '). Monochromatic beam intensity was
2.5 jiW cm" 2 at 550 nm ( - 0 12 ^E m~2 s" 1 )
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Fig. 2. Action spectra of PSII O2 evolution (light line), and of in vivo chl a fluorescence after treatment
with DCMU (heavy line): (a) Chroomonas sp. Cell density and chl a concentration during fluorescence measurement were 8.1 X 105 cells ml" 1 and 0.516 jig ml" 1 , respectively. Background beam intensity was 1 mW
cm" 2 ( - 6 0 / J E m~2 s" 1 ). defined by a Calflex-C filter and a Hoya R-70 far-red cutoff filter Monochromatic
beam intensity was 6 >iW cm~ 2 at 550 nm (— 0.28 pE m~2 s" 1 ): (b) Rhoilomonas D3. PSII action spectrum
is an average of two spectra. Cell density and chl a concentration during fluorescence measurement were
1.9 x 10s cells ml" 1 and 0.48 fig ml" 1 , respectively. Continuous background beam was defined as in
Chroomonas. with the intensity of 5 mW cm" 2 (-298 /iE m" 2 s" 1 ). Monochromatic beam intensity was
2.5 pW cm" 2 at 550 nm ( - 0 . 1 7 / i E m" 2 s" 1 ).

values increased about 2.7-fold as a result of the DCMU treatment. In spectra of the
former (normal) cells (not shown), the peaks were somewhat higher (<5%), relative
to the less-prominent regions of the spectra, in comparison with the latter, DCMUtreated cells.
In the red algae Porphyra and Phycodrys (Figure 1), the green region (centered at
550 nm) shows high activity while the blue-violet and red regions (centered at 435 nm
541
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Fig. 3. Action spectra of PSII O2 evolution (light line), and of in vivo chl a fluorescence after treatment
with DCMU (heavy line): (a) Glenodinium sp. PSII spectrum is an average of three spectra. Cell density
and chl a concentration during fluorescence measurements were 1.7 X 10s cells ml" 1 and 0.214 jig ml" 1 ,
respectively. Continuous background beam was defined as in Chroomonas with intensity of 1.5 mW cm" 2
( - 127 fiE m~2 s" 1 ). Monochromatic beam intensity was
cm" 2 at 550 nm ( - 0 . 4 /xE m" 2 s" 1 );
(b) Chaeloceros gracilis. Cell density and chl a concentration during fluorescence measurement were 10s
cells ml" 1 and 0.291 jtg ml" 1 , respectively. Continuous background beam was defined as in Chroomonas,
with intensity of 3 mW cm" 2 (~255 yS. m" 2 s" 1 ). Monochromatic beam intensity was 7.5 /iW cm" 2 at
550 nm ( - 0 . 5 nE m~ 2 s" 1 ).

and 675 nm, respectively) show relatively little response. The action spectra for chl
a fluorescence closely match those for PSII O2 evolution activity.
In the cryptomonads Chroomonas and Rhodomonas (Figure 2), the blue and red
regions, as well as the green region in Rhodomonas (phycoerythrin-rich) and the orange
region (centered at 620 nm) in Chroomonas (phycocyanin-rich) display prominent activity. The match between the spectra of chl a fluorescence and PSSI O 2 evolution is
very close in Chroomonas. In Rhodomonas, the fluorescence spectrum deviates from
the PSII O2 evolution spectrum by up to 20%.
The dinoflagellate Glenodinium and the diatom Chaetoceros (Figure 3), belong to
a collective group of algae containing chl a and c and a major polyoxy xanthophyll
(peridinin and fucoxanthin, respectively). In both, the blue-violet, blue (centered at
470 nm) and red regions show higher activity than in the green region, with a distinct
shoulder in the blue-green (centered at 520 nm). The match between the chl a
fluorescence spectrum and the PSII O2 evolution spectrum is very close in both algae.
Interestingly, the action spectra of the two algae are also very similar to each other
and to the spectra of several other diatoms and dinoflagellates we have examined (Neori
and Haxo, unpublished). Such a similarity between these two algal orders was noted
by Yentsch and Yentsch (1979).
In the chl a- and ^-containing green ;Jga Ulva (Figure 4), the most active regions
are the red and the blue, with distinct shoulders in the blue-violet and in the orange
regions. The match between spectra of chl a fluorescence and PSII O2 evolution is good.
In some of the figures, at wavelengths shorter than 420 nm, the spectra of chl a
fluorescence increasingly deviate from those of PSSI O2 evolution. We attribute this
discrepancy to selective light scattering by the algae. This scattering increases exponentially with decreasing wavelength at that region when using a standard spectrofluorometer
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Fig. 4. Action spectra of PSI1 O2 evolution (light line), and of in vivo chl a fluorescence after treatment
with DCMU (heavy line) in Ulva sp. (probably U. californica). Continuous background beam was defined
as in Chroomonas, with intensity of 2 mW cm" 2 ( - 170 /iE m~2 s~'). Monochromatic beam intensity was
15
cm" 2 at 500 nm (~ 1.0 i>£ m~2 s" 1 )-

with perpendicular geometry as employed in our study (Latimer and Rabinowitch, 1956).
We did not apply a correction as has been done elsewhere (e.g. Thielen and Van Gorkom,
1981), since our measurements showed no appreciable error in the region of primary
interest, 435 nm and above.
Discussion
The seven algal species investigated represent some of the major photosynthetic pigment types in the oceans. While all photoautrophic organisms have chl a (the bulk of
which has in vivo absorption peaks close to 436 nm and at 677 nm, see Table I), taxonomic groups characteristically differ in their photosynthetic accessory pigment composition, and in the manner in which these pigments are associated with either PSI,
PSII or both. Many aspects of this subject have been recently reviewed by Larkum
and Barrett (1983). Our spectral data reflect the great variabilty in pigment composition and function association in the major groups of algae.
In red algae (Figure 1), most of the accessory pigments (mainly biliproteins, see Table
I) transfer the excitons of photons absorbed, primarily or exclusively, to chl a molecules
of PSn. Bulk chl a, however, is largely in PSI (Ley and Butler, 1975; Hiller and Goodchild, 1981). As a result, the major spectral regions of chl a absorption (blue-violet
and red wavelengths) typically show very little PSII activity as compared to their absorption spectra (Haxo, 1969; Larkum and Barrett, 1983). It should be emphasized,
however, that light absorbed in these chl a regions can be active in photosynthesis through
the Emerson enhancement effect, provided there is sufficient light absorbed by PSII
to balance the excitation for both photosystems (Haxo, 1961; Larkum and Barrett, 1983).
In cryptomonads (Figure 2) the increased PSII activity in the blue-violet and red regions
reflects a more even distribution of chl a between the two photosystems (Ingram and
Huller, 1983). However, blue-violet and red PSII activity is much lower in cryptomonads
than might be expected for their absorption spectra (Haxo and Fork, 1959; Haxo, I960),
indicating that a significant fraction of chl a is in PSI (Lichtle et al., 1980). The high
PSII activity in the region of biliprotein absorption (centered at 540-650 nm, see Table
543
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Table I. Pigments expected to make major contributions to whole-cell absorption in the species studied at
the observed maxima listed below (peak maxima ± 2 nm). Pigments and spectral assignments are based in
part on unpublished data and representative citations listed below.
Species

In vivo absorption
maxima (nm)

Pigment

Porphyra
perforala!'bci
(Rhodophyta)

436, 677
493, 546, 565
617
438, 625, 680
498, 540, 566
625
435, 638, 676
460, 632
545, 565
460, 495
435, 676
460
585, 625, 645
460, 495
440, 590, 622, 675
462, 590, 637
525 (broad)
495

Chlorophyll a
R-phycoerythrin
R-phycocyanin
Chlorophyll a
R-phycoerythrin
T-phycocyanin
Chlorophyll a
Chlorophyll c2
Phycoerythrin type I
Alloxanthin
Chlorophyll a
Chlorophyll c2
Phycocyanin type I
Alloxanthin
Chlorophyll a
Chlorophylls ct and c2
Fucoxanthin
/3-Carotene and minor
xanthophylls
Chlorophyll a
Chlorophyll c2
Peridinin
0-Carotene and minor
xanthophylls
Chlorophyll a
Chlorophyll b
Lutein and other
carotenoids

Phycodrys sp. d c
(Rhodophyta)
Rhodomonas D3 bdr e*•'•>
(Cryptophyta)

Chroomonas

S

p.d-8hJu

(Cryptophyta)

Chaetoceros s p . m n
(Bacillariophyta)

Glenodinium sp." p
(Pyrrophyta)

437, 590, 622, 676
462, 590, 632
525 (broad)
497

Ulva sp. ab< < r
(Chlorophyta)

437, 678
- 4 7 5 , 652
-475

a

Haxo and Blinks (1950); bFork (1961); cHaxo et al. (1985); d O'Carra and O'hEocha (1976);
'resembles Selesseria decipiens, Haxo and Blinks (1950, Figure 20); rHaxo and Fork (1969), like
Rhodomonas lens, Figure 2; 8Chapman (1965); hCheng et al. (1974); 'Pennington el al. (1985); JMacColl et al. (1976); klike Hemiselmis virescens, Haxo (1960); 'Ingram and Hiller (1983); mMann and
Myers (1968); "Goedheer (1970); "Prezelin and Haxo (1976); PPr^zelin et al. (1976); qFork (1963);
"Vidaver (1966).

I) indicates that these pigments are affiliated with PSII, perhaps excusively, as in the
red algae. In Rhodomonas, the peak of activity at 465 nm may be due to chl a absorption and suggests the association of this pigment primarily with PSII (see also Ingram
and Hiller, 1983). The discrepancy between the spectra of chl a fluorescence and of
O2 evolution in the spectral range 530—600 nm (Figure 2b) could result from energy
losses by phycoerythrin fluorescence. Biliproteins are generally considered to transfer
energy in vivo at high efficiency (Glazer, 1981). However, significant fluorescence
may be emitted directly from the light-harvesting biliproteins, as can be implied from
Yentsch and Yentsch (1979), Harnischfeger and Herald (1981) and Neori (unpublished).
The action spectra for both chl a fluorescence and PSII O2 evolution in a diatom
and a dinoflagellate (Figure 3), reflect the involvement of chl a as well as the accessory
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pigments in PSII light harvesting of these algae. The latter pigments include a polyoxy
xanthophyll (fucoxanthine in diatoms, peridinin in dinoflagellates and chl c. The action spectra in these groups are quite close to their absorption spectra, due to the association of most of the pigments, except for some of the chl a, with PSII (Hiller and
Goodchild, 1981; Larkum and Barrett, 1983).
In the green alga Ulva the pigment system and photosynthetic responses have been
shown to be similar to those of the much-studied Chlorella (Vidaver, 1966; Ried 1972).
The spectra of chl a fluorescence and of O2 evolution reflect the primary association
of chlorophylls a and b, and perhaps also of some carotenoids, with PSII (Vidaver,
1966; Ried, 1972; Hiller and Goodchild, 1981).
In all seven algae, action spectra of chl a fluorescence and of O2 evolution show
close correspondence in the spectral region of 420-600 nm. This suggests that standard spectrofluorometers can be used to acquire information on the photosynthetic activity of PSII in algae. Spectrofluorometers, with their superior sensitivity and stablity,
can provide spectra with detail not currently obtainable by oxygen electrodes. These
advantages have already facilitated new studies on the role of carotenoids in lightharvesting in cryptomonads (to be presented elsewhere). If the region below 420 nm
is of interest, it may be advisable to use a special spectrofluorometer with front surface
emission, as in Kiefer and SooHoo (1982), instead of the standard 90° geometry
employed in our work. The use of total fluorescence (FII) with DCMU-treated algae,
rather than variable fluorescence (Fv), increased the sensitivity of the measurements.
DCMU treatment had only minor effects on the spectral shapes, implying that under
the conditions used the state of PSII reaction centers (A) of normal cells did not change
appreciably during our fluorescence measurements.
The present observations on the close relationship between spectra of chl a fluorescence
and of PSII photosynthetic activity in cultures can help to interpret similar spectra data
for natural populations. Caution should be advised, however, since various factors may
distort fluorescence action spectra of chl a for natural populations, relative to their PSII
action spectra. Such factors include the presence of fluorescent organic and non-organic
substances which can occur in natural samples. We would like to point out that the
DCMU-induced increase in 0FII is largest for healthy, photosynthesizing cells
(Samuelson and Oquist, 1977; Slovacek and Hannan, 1977). Thus, DCMU treatment
can increase the contribution of healthy cells to the fluorescence spectra for samples
of natural populations, make these spectra more similar to the PSII photosynthesis
spectra.
Large differences between the values of 0FII for difference components within the
algal population can distort fluorescence spectra, if they did not correspond with differences between the relative value of #PII for the same components. Rhythms of the
kind reported by Pr6zelin and Ley (1980) can create such a distortion, if they do not
apply equally to the entire algal population, especially when the PSII spectra of the
different components not similar to each other. The necessary handling procedures of
natural samples, such as filtration (Yentsch and Yentsch, 1979; Neori et al., 1984),
could create artifacts which should also be considered. Some species of phytoplankton,
notably cryptomonads, can break on the filter pad during filtration, and the leaked
pigments can significantly alter the fluorescence spectra.
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The relationship between PSII action spectra and total photosynthesis action spectra
warrants further discussion. In populations comprised of diatoms and dinoflagellates,
fluorescence spectra as shown here may well give a good approximation of the spectral
response of absorption and of overall photosynthetic potential, since most of the pigments
are associated with PSII. On the other hand, in populations dominated by biliproteincontaining red algae and cyanobacteria, there would be a large difference between the
spectrum of chl a fluorescence and the spectrum for potential overall photosynthesis,
due to the preferential association of chl a and of the accessory pigments with different
photosystems. This is also true of the biliprotein-containing cryptomonads, but to a
lesser extent. In such cases, the use of chl a fluorescence spectra, which are related
to PSII activity alone, can lead to major underestimates of the photosynthetic potentials
of populations.
Bearing in mind the possible distortions, whose magnitude and importance cannot
be evaluated until measurements of the photosynthetic action spectra for a range of
field samples are possible, the present study (as well as additional studies in progress)
of laboratory cultures suggest that fluorescence excitation spectra of chl a in vivo when
applied to such field samples provide a fair measure of PSII activity.
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