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Abstract. Conversion factors for calculating carbon
biomass of Phaeocystis sp. colonies and free-living cells
were determined from microscopic observations and
chemical analysis conducted on cultured and natural
Phaeocystis sp. populations originating from the South-
ern Bight of the North Sea in 1986 and 1987. They allow
calculation, in terms of carbon biomass, of the different
forms of Phaeocystis sp. that succeed each other when
the population is growing, on the basis of microscopic
observations. The latter include enumerations of free-
living cells (flagellated and non-motile) and colonies, as
well as colonial biovolume measurement. Specific appli-
cation to natural populations from Dutch coastal waters
during spring 1986 shows that more than 90% of
Phaeocystis sp. carbon biomass is under colonial form,
most of it exceeding the grazing characteristics of current
zooplankton at this period of the year. Detailed analysis
of seasonal changes shows in addition that the size of the
colonies greatly increases during the course of Phaeocys-
tis sp. flowering, reaching sizes as high as 1 mm diameter
at the top of the bloom when nutrients are depleted.
Physiologically this corresponds to an enhanced synthe-
sis of mucilaginous substances, with the decrease of avail-
able nutrients leading to an increasing contribution of the
matrix to the total colonial carbon during the course of
the bloom. Carbon content of Phaeocystis sp. colonies
therefore greatly varitlzs with their size, ranging from 0.3

to 1430 ngC colony ™.

Introduction

Phaeocystis sp. is a very widespread phytoplanktonic al-
ga that massively blooms mainly in temperate (Gieskes
and Kraay 1975, Cadée and Hegeman 1986, Lancelot
et al. 1987) and polar waters (Kashkin 1963, El-Sayed
etal. 1983, Chang 1984, Eilertsen and Taasen 1984,
Palmisano et al. 1986, Davidson and Marchant 1987).
This prymnesiophycean is characterized by a complex
polymorphic life cycle and occurs under at least two dif-

ferent morphological stages: unicellular and colonial.
The former is characterized by free-living cells of 3 to
8 um either flagellated or non-motile. The latter is com-
posed of cells devoid of flagella, embedded in a mucilag-
inous matrix mainly composed of polysaccharides
(Chang 1984, Lancelot unpublished data). These colonies
originate either from one motile single cell that loses
motility, secretes its mucilaginous substances (Kornmann
1955, Lancelot and Mathot 1985) and divides inside the
colony or, later in the course of the life cycle, from true
colonial division (Kornmann 1955, Verity et al. 1988).
Colony size varies therefore by more than two orders of
magnitude during the course of their development, rang-
ing from 10 pm to 3 mm under natural conditions. Their
cellular content varies accordingly, from 2 to about
10 000 cells, and their shape greatly changes with age
(Bitje and Michaelis 1986). The two morphological
forms cohabit in natural environments but feed different
planktonic organisms: single cells are ingested by proto-
zoa like tintinnids and other ciliates (Admiraal and
Venekamp 1986), whereas colonies in the 10 to 300 um
size range can sometimes be grazed by zooplankton, de-
pending on the species and its development stage (Weisse
1983, Daro 1985, Verity and Smayda 1989). Ungrazed,
large colonies deposit onto the bottom (Wassman 1984,
Jenness and Duineveld 1985), cover beaches as layers of
seafoam (Bétje and Michaelis 1986, Lancelot et al. 1987),
or are degraded in the water column by planktonic
bacteria (Billen and Fontigny 1987).

Regarding the trophic réle of Phaeocystis sp., and its
importance as a dominant species in eutroph environ-
ments, either natural like Antarctic waters or anthropo-
genically influenced like the well known eutrophicated
North European continental coastal zones, the accurate
determination of single cell and colony numbers together
with their respective carbon content is of prime impor-
tance for understanding of the dynamics of Phaeocystis
sp. blooms.

Unfortunately, there is still presently no unifying
criteria for accurately assessing Phaeocystis sp. abun-
dance. This is explained by the lack of adequate proce-
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dures for the sampling and preservation of intact colonies
and for the mechanical separation of free-living cells and
colonies. Current literature reports Phaeocystis sp. as sin-
gle cell numbers (Eilertsen et al. 1981, Cadée and Hege-
man 1986, Veldhuis et al. 1986, Weisse et al. 1986), as
chlorophyll a (Gieskes and Kraay 1975, Cadée and Hege-
man 1986, Lancelot and Mathot 1987) or as colony num-
bers (Jones and Haq 1963, Bitje and Michaelis 1986).
The first two methods, because they do not distinguish
between unicellular and colonial forms, greatly overesti-
mate Phaeocystis sp. single cell abundance when colonial
forms are predominant, as is usual in natural environ-
ments (Lancelot et al. 1987). Indeed chlorophyll a con-
centrations refer to both colonial and free-living
Phaeocystis sp. cells as isolated by classical filtration pro-
cedures, whilst cell counts from classical Lugol’s iodine
or formalin preserved samples enumerate colonial cells as
well because these preserving agents dissolve the mucilag-
inous matrix (Chang 1984, Admiraal and Venekamp
1986). Colony enumeration, on the other hand, is of
minor ecological interest when not combined with colo-
nial size and cell content evaluation.

An important step was, however, recently achieved by
Davidson (1985) and Davidson and Marchant (1987),
who established an experimental procedure for the esti-
mate of free-living and colonial cell numbers. These au-
thors not only used a suitable preserving agent for colo-
nial forms but established a log/log regression between
the diameter of Phaeocystis sp. colonies growing in the
Southern Ocean and their number of cells. This relation-
ship allows the assessment of the cell content of
Phaeocystis sp. colonies from the knowledge of their size.
From this, carbon content of colonies on the one hand,
and of free-living cells on the other hand, should now be
estimated provided the above relationship is general for
Phaeocystis sp. and the conversion factors for the trans-
formation of individual cells and mucilaginous matrix are
determined.

In the framework of a joint EEC Research Project on
the dynamics of Phaeocystis sp. blooms in the North
European continental coastal zones of the North Sea, we
have determined conversion factors that allow one to eas-
ily calculate Phaeocystis sp. single cell and colony biomass
on the basis of single cell and colony counts and colonial
volume measurements. These factors were statistically
determined by combining numerous microscopic obser-
vations including cellular and colonial volume measure-
ments and chemical and biochemical analysis. They were
established from both pure cultures and field communi-
ties dominated at more than 95% by Phaeocystis sp. Eco-
logical interest of this methodology is given by applica-
tion to pure culture and field populations of Phaeocystis
sp. at different stages of their development.

Materials and methods

Phaeocystis sp. samples

Phaeocystis sp. samples originated from both field populations and
unialgal cultures. Field populations were sampled in Dutch and
Belgian coastal waters respectively during spring 1986 and 1987 and
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Fig. 1. Phaeocystis sp. Comparison between colony diameters mea-
sured by inverted and epifluorescence microscopy (r? =0.99; n=16;
y=1.03 x)

were directly fixed for microscopic analysis. Subsamples were treat-
ed for chlorophyll a and dissolved organic carbon (DOC) analysis
according to methods described below.

Cultures of Phaeocystis sp. colonies were first inoculated with
a suspension of free-living cells. The latter had previously been
obtained by gentle filtration through a 10 um sterile net of unialgal
Phaeocystis sp. culture originating from the Channel (strain from
Plymouth Marine Laboratory, UK). Culture medium was prepared
with sterile, filtered seawater enriched as in Veldhuis and Admiraal
(1987) except for nitrate, ammonium and phosphate whose concen-
trations were respectively 50, 25 and 5 uM. Cultures were grown at
11°C in an illuminated growth cabinet (Luminincube II, Analys)
under a 12 h light:12 h dark cycle at 120 gE m~2 s~ *. Subsampling
for microscopic and chemical (DOC and chl a) analysis was per-
formed at short intervals during 2 wk in order to follow appearance
of colonies and change in colony and single cell numbers.

Microscopic analysis

Cell and colony enumerations and biovolume measurements were
carried out either by inverted (Leitz Fluovert) or epifluorescence
microscopy (Leitz Laborlux D). The two methods are highly com-
parable as shown in Fig. 1 which compares the diameters of a large
range of colony sizes measured by inverted and epifluorescence
microscopy. Experimental procedures were the following: (1) Sam-
ples for inverted microscopy were preserved in glass bottles with a
glutardialdehyde-lugol (35%o, v/v) solution (1 m! for 100 ml seawa-
ter) as prepared according to Thomas (personal communication)
and stored in the dark at 4°C. Fixed samples (10 ml) were sediment-
ed for 12 h in Utermohl plankton chambers. (2) Samples for epiflu-
orescence microscopy (2 to 10 ml seawater) were stained with
acridine orange solution as recommended by Hobbie et al. (1977).
Colonies were sampled with open-end pipettes (Sterilin), collected
on black-stained 0.2 um filters using a gentle vacuum in order to
avoid colony disruption. After filtration, filters were placed on
microscope slides and stored in the dark at 4°C until analysis.
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Fig. 2. Phaeocystis sp. Typical shapes of colonies observed in cul-
ture and field populations and their transformation in simplified
geometrical forms. Volume over-estimations (stippled areas) and
under-estimations (filled areas) are equivalent. Dimensions to be
measured are also indicated. Ellipsoids are considered as rotating
around their major axis; their volumes are then calculated by
V=4/3na*b

In each case, all colonies (n=10 to 150) were enumerated and
their size measured with a precision of +0.5 ym. Single cells were
counted on several (10 to 30) randomly chosen fields (10 to 50 cells
field ™ 1). Colony cell content determination was performed only by
epifluorescence microscopy. Indeed, this method allows easy enu-
meration of stained cells because of their two-dimensional location.
Cell and colony sizes were estimated visually by comparison to a
calibrated grid. Cell volume was calculated by considering
Phaeocystis sp. cells as ellipsoids, whilst colonial volume was calcu-
lated by considering colonies as spheres, ellipsoids or an arrange-
ment of both. The hypothesis was formulated that ellipsoids are
elongated, i.e. rotating around their major axis. Typical shapes of
Phaeocystis sp. colonies that can be observed in culture and field
populations and their transformation in a collage of geometrical
forms are illustrated in Fig. 2.
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Chemical analysis

Samples for chlorophyll ¢ and DOC analysis were collected by
filtration of small volumes on pre-ashed fiberglass filters (Whatman
GF/C) using a high vacuum pressure in order to achieve complete
colony disruption. Chlorophyll a was measured either by spec-
trophotometry (Lorenzen 1967) or by fluorescence (Yentsch and
Menzel 1963) and dissolved organic carbon was determined by a
persulfate, UV assisted wet oxidation, followed by infrared determi-
nation of CO, using Dohrmann 180 equipment.

Conversion factors

Relationship between colonial cell number and biovol-
ume

The relationship between the colonial volume and cell
number per colony was established on the basis of micro-
scopic observations performed during the development
of a pure Phaeocystis sp. culture, initially inoculated with
single cells. Fig. 3 shows the size distribution of colonies
at different stages of culture growth together with the
change in colony number. Colony size, expressed in
equivalent spherical diameter unit, increased with the age
of the culture from 10 to 2000 um. At the same time, a
progressive change in dominant shapes from spheres to
ellipsoids and irregular forms was observed. Detailed ex-
amination of temporal change in colony size and number
clearly indicated that colonies are not only continuously
initiated by free-living cells but also originate from the
division of colonies themselves, in perfect agreement with
Verity et al.’s (1988) data.

Fig. 4 shows a highly significant log/log relationship
(r*=0.95, n=244) between colonial volume and cell
number per colony for the large range of colony sizes and
shapes illustrated in Fig. 3. This relationship allowed us
to estimate the cell content C of a colony from the knowl-
edge of its volume ¥V expressed in mm?, according to the
following equation:

log C=0.51log V'+3.67.

The slope of the regression line indicated that the
relative importance of the mucilaginous matrix with re-
gard to the cell number was increasing with the size of the
colony.

The zero ordinate of the regression line, on the other
hand, estimated at 8 um the minimum size of a starting
colony from a single free-living cell.

Validation of this empirical relationship and its appli-
cability to Phaeocystis sp. colonies from several origins
were examined in Fig. 5 where similar data relative to
both natural populations and unialgal strains isolated
from temperate and polar waters are compared with the
regression line and its 99% confidence interval as calcu-
lated from data illustrated in Fig. 4. Examination of
Fig. 5 suggests that the empirical log/log relationship is
valuable for Phaeocystis sp. colonies from several origins.
The higher deviation to the regression line for Southern
Bight field data might be explained by the presence at the
top of the Phaeocystis sp. bloom of large colonies charac-
terized by highly diversified shapes whose geometrical
form is sometimes difficult to define properly.
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Fig. 3. Phaeocystis sp. Size distribution of colony number at six
different stages of development of a pure culture. Sizes are ex-
pressed in terms of equivalent spherical diameter. Colonial diameter
size code is as follows: (1) <50; (2) 50—100; (3) 100—-200; (4) 200~
300; (5) 300—400; (6) 400—500; (7) 500-600; (8) 600—700; (9) 700~

Carbon content of free-living and colonial cells

Two procedures were used and compared to determine
conversion factors for calculating carbon content of
Phacocystis sp. free-living and colonial cells from micro-
scopic counts.

V. Rousseau et al.: Phaeocystis sp. carbon biomass

6000
¢ 6000
L 11th DAY
T 4000 -
E
S
3000
N
o
B 2000
E
R
/
{ 1000
0._ A Z| 2
12346678 910112131415 16 17 18 19 20 21
$IZE CODE
Total = 7666 colonies / L
6000
8 5000 -|
¥ 13th DAY
0
7 4000 -
E
N 3oooJ
-
N -~
s |
¥ 20001 g
B P
E -
-
7 ~
1000 P
L -
1234567 8 910111213 14 15 16 17 18 19 20 21
SIZE GODE
Total = 15000 colonies / L
6000
g 5000
L 14th DAY
'I‘ 4000 -|
E
s
3000
0
2
M 2000 %
E e
5 .
7
/1000 %é
—

14 16 16 17 18 19 20 21

@

123 456788910112t
SIZE CODE

Total = 13000 colonies / L
800; (10) 800-900; (11) 900-1000; (12) 1000—1100; (13) 1100
1200; (14) 1200—1300; (15) 1300—1400; (16) 1400—1500; (17) 1500~
1600; (18) 1600—1700; (19) 1700—1800; (20) 1800—1900; (21) 1900—
2000 pm

The most classical one is based on the determination
of plasma volume from cell volume measurement and its
transformation to carbon using the conversion factor
0.11 (pgC um™3) recommended by Edler (1979) for
flagellates. Table 1 reports average value and standard
deviation of Phaeocystis sp. cell carbon content calculat-
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Fig. 4. Phaeocystis sp. Relationship between colonial
volume and cell number per colony for the large
range of colony sizes and shapes sampled during the
batch culture development illustrated in Fig. 3. Colo-
nial equivalent spherical diameter scale is indicated
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Table 1. Phaeocystis sp. Cell carbon content (pgC cell ~*) calculated
from cell volume measurements

Cells No. of observations C content +SD
Colonial cells 220 14.1545.34
Free-living cells
Flagellated 85 10.80+3.47
Non-motile 260 15.914+4.86

ed from cellular volumes relative to a large number of
Phaeocystis sp. cells originating from pure culture and
sampled in the Belgian coastal waters in spring 1988 and
1989, at different stages of the spring bloom development
(Rousseau unpublished data). Examination of Table 1
shows that carbon associated with non-motile free-living
cells is very close to that associated with colonial cells
indicating their colonial origin. On the other hand, mean
carbon content of flagellated single cells is lower, as ex-
pected from their smaller size.

10 on left of volume scale

The second procedure estimates a factor for the
conversion of cell counts to carbon unit on the basis of
the statistical regression analysis between biochemical
carbon and cell number. Biochemical carbon is defined
by the cell content in proteins, polysaccharides and lipids
and is calculated from chlorophyll @ concentrations using
a 29 C:chla (w:w) conversion factor as recommended in
Lancelot-Van Beveren (1980) when Phaeocystis sp. dom-
inates the community. This procedure does not discrimi-
nate, however, between colonial and free-living cells, as
chlorophyll a concentrations refer to the whole popula-
tion isolated by filtration. This statistical analysis was
performed on Phaeocystis sp. populations sampled in the
Belgian and Dutch coastal zones for different stages of
the bloom development. The slope of the regression line
estimates at 13.5+ 1.8 pg the Phaeocystis sp. cell carbon
content (r2=0.81, n=29, p<0.01). Good agreement was
observed between the latter value and the carbon content
of colonial and non-motile free-living cells calculated by
means of the plasma volume method.
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Fig. 5. Phaeocystis sp. Comparison between data relative
to both natural populations (open symbols) and unialgal
strains (filled symbols) isolated from temperate and polar
waters, and the regression line and its 99% confidence
interval calculated on the basis of data illustrated in

Fig. 4. Data are from: (») Belgian coastal waters (Rousscau
unpublished data); (a) German Bight (Kornmann 1955);
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Carbon content of mucilaginous matrix

Mucilaginous substances that compose the colonial ma-
trix are currently separated from cells by vacuum filtra-
tion at high pressure through glassfiber (Whatman GF/
C) filters (Lancelot and Mathot 1985). This mechanical
procedure disrupts the colonies and solubilizes the colo-
nial matrix into seawater. However, under these condi-
tions, the dissolved mucilaginous compounds arising
from living colonies cannot be distinguished from DOC
of other origin without laborious chemical treatment in-
cluding desalting, concentration of organic matter by di-
alysis and chemical precipitation of the mucilaginous
substances.

This chemical procedure, unsuitable for routine anal-
ysis, was bypassed by utilizing statistical regression anal-
ysis between DOC concentration — a variable characteriz-
ing the total pool of dissolved organic substances — and
the total colonial volume — a variable specific of the

104

(@) Prydz Bay (Davidson 1985)

colonies. This statistical analysis was applied on several
couples of data originating from both pure Phaeocystis
sp. cultures and field communities dominated at 95% (in
terms of cell number) by Phaeocystis sp. colonies. DOC
data were, however, previously corrected for a back-
ground DOC value due either to culture medium initially
enriched with vitamins or to refractory dissolved organic
matter always present in natural seawater. The former
has an average value of 2.8+ 0.4 mgC 17! whilst the lat-
ter reaches a mean background value of 1.1+0.5 mgC
17! in early spring in the coastal waters of the Southern
Bight of the North Sea.

The relationship between DOC and total colonial vol-
ume of Phaeocystis sp. is illustrated in Fig. 6. A good
correlation (r>=0.74, n=24, p<0.01) is observed be-
tween total colonial volume of Phaeocystis sp. and its
organic carbon content. The positive Y-intercept ob-
served in Fig. 6 is due to the high variability of the back-
ground value. The slope of the regression line estimates
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Table 2. Phaeocystis sp. Conversion factors for the determination of carbon biomass

Variable Measurement

Conversion Source

Colonial cell no. C Colonial volume V'

C biomass of

log C=0.51log V+3.67 This paper Fig. 4

Colonial cell Cell ne. 14.2 pgC cell ** Edler conversion factor (1979)
Motile isolated cell Cell no. 10.8 pgC cell ™! Edler conversion factor (1979)
Non-motile isolated cell Cell no. 15.9 pgC cell ™! Edler conversion factor (1979)
C content of mucilaginous matrix Colonial volume 335 ngC mm 3 This paper Fig. 6
4
107

., mgC -1
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T — T —
2
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Colonial volume | 103mm I

Fig. 6. Phaeocystis sp. Relationship between total colonial volume
and corresponding dissolved organic carbon concentrations

at 335+42ngC (mm? colonial vol.)”* the factor for
the conversion into carbon unit of mucilaginous bio-
volume.

Applications

The conversion factors recommended in the previous sec-
tion are summarized in Table 2. They were used for calcu-
lating and comparing Phaeocystis biomass changes dur-
ing its development in a pure culture and in the natural
environment.

Fig. 7 shows the variations in carbon biomass of re-
spectively free-living, colonial cells and colonies as calcu-
lated from microscopic counts and colonial volume mea-
surements during the development of a batch culture of
Phaeocystis sp. of which the frequency diagram of
colonies is illustrated in Fig. 3. As indicated by Fig. 7,
colonies develop and immediately dominate the popula-
tion in terms of carbon biomass. Colonial biomass con-
tributes indeed to 50 to 95% of total Phaeocystis sp.
biomass during the course of culture development. Ex-
amination of Fig. 7 shows, on the other hand, that free-
living cells and colonies have an identical carbon
turnover rate. It indicates in addition that the specific
growth rate of Phaeocystis sp. free-living and colonial
cells, respectively 0.62 and 0.58 d ™1, are very close.
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101- Fig. 7. Phaeocystis sp.

Temporal change in calculated
carbon biomass of free-living
cells (o, continuous line),
colonial cells (a, continuous
line) and colonies (m, dashed
line) during the batch culture
development illustrated in
Fig. 3

o 4 8 12 16

Time ., d

A highly different feature is however observed when
carbon data relative to Phaeocystis sp. colonies are dis-
cussed in terms of their size distribution. Fig. 8 shows the
relative contribution per colony of different sizes of colo-
nial cells and mucilaginous matrix to the total Phaeocy-
stis sp. colonial carbon for four typical stages of the batch
culture development. It clearly indicates that the specific
carbon content of the colonies increases according to
their size allowing a highly variable carbon/colony ratio
ranging from 0.3 to 1436 (ngC colony™?) for colonies
whose diameters are respectively 10 ym and 2 mm. Al-
though cellular carbon rises, the contribution of mucous
carbon to total Phaeocystis sp. biomass is increasing
much more rapidly when the size of the colonies is getting
larger and becomes dominant once colonial diameter is
higher than 400 um. When colony diameter is higher than
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Fig. 8. Phaeocystis sp. Size distribution of colony carbon content
with relative contribution of cellular and mucous carbon at four
stages of batch culture development as illustrated in Fig. 3. For size
code, see Fig. 3

1 mm, mucous contributes up to 90% of Phaeocystis sp.
colony biomass. This has important ecological implica-
tions for organisms of higher trophic level that feed on
Phaeocystis sp. Cells and mucous are indeed of very dif-
ferent nutritional quality. The mucilaginous substances
of the matrix being mainly composed of polysaccharides
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and devoid of nitrogen (Guillard and Hellebust 1971,
Chang 1984, Bracckman personal communication), they
are of less nutritional value.

Ecological implication of the size distribution of
Phaeocystis sp. biomass in the natural environment was
deduced from Figs. 9 and 10 which indicate, respectively,
the size distribution of Phaeocystis sp. colony number
and of carbon content at two different stages of its devel-
opment in the Dutch coastal waters during spring 1986.
Grazable and ungrazable colony size-classes were defined
on the basis of copepods species and development stages
present at the time of the Phaeocystis sp. bloom (Daro
1985) as well as their grazing characteristics determined
under controlled conditions (Weisse 1983). According to
this, a size limit of 300 um of equivalent diameter was
chosen.

Similarly to its development in batch culture,
Phaeocystis sp. population is dominated by numerous
small sized colonies during its growing phase, when nutri-
ents are sufficient. At this time, the population is dominat-
ed by grazable forms of Phaeocystis sp. (Fig. 9, Table 3).
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different stages of bloom development in Dutch coastal waters
during spring 1986. For size code, see Fig. 9

Table 3. Phaeocystis sp. Carbon content (ug C17*) of grazable and
ungrazable forms at two periods of the spring bloom in 1986 in
Dutch coastal waters. Numbers and percent mucous also given

Date Free-living  Grazable Ungrazable
cells (<300 pm) (>300 pm)
No. C No. C Mu- No. C Mu-
10°1°* 031! cous 10%1°! cous
Yo %

May 06 7.56 107 28 125 26 22.5 1031 65
May 13 1.82 26 27 23 38 8.4 2984 85

Reversely, at the stationary phase of its development, the
population has decreased in terms of colony number but
is dominated at 75% by big colonies whose size is greater
than 1 mm.

A different feature can be observed when data of
Fig. 9 are converted into carbon unit as illustrated by
Fig. 10. Carbon content of small colonies is insignificant
compared with the large size ones, these latter being com-
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posed of more than 50% of mucilaginous substances.
At the top of the bloom when large colonies dominate
the population, Phaeocystis sp. biomass is composed of
85% of mucilaginous substances. This corresponds phys-
iologically to the enhanced synthesis of mucilaginous
substances that compose the colonial matrix when avail-
able nutrients become scarce (Lancelot and Billen 1985).
According to this, colony carbon content ranges between
0.4 and 813 ng in the Dutch coastal waters during the
course of Phaeocystis sp. flowering. The ecological im-
pact of the size distribution of Phaeocystis sp. biomass on
heterotrophic growth in the Dutch coastal waters during
spring 1986 is clearly shown by Table 3, which gives avail-
able food for specific grazers (ciliates and zooplankton)
in terms of carbon and cell or colony numbers for the two
stages of the bloom. Examination of Table 3 highlights
the fact that most Phaeocystis sp. biomass is not grazable
by zooplankton and thus escapes this trophic pathway.
Ungrazed Phaeocystis sp. colonies can, however, be de-
graded by planktonic bacteria. The efficiency of this mi-
crobial trophic pathway is however highly questionable,
as more than 50% of Phaeocystis sp. biomass is com-
posed of mucilaginous polysaccharides, the biodegrad-
ability of which remains to be determined.

Conclusion

The conversion factors recommended in this paper for
the calculation of Phaeocystis sp. carbon biomass, on
the basis of microscopic observations, were shown to be
useful both for determining the life cycle of Phaeocystis
sp. during the course of its flowering, and for evaluating
available food for ciliates and zooplankton that graze,
respectively, on cells and colonies — provided that micro-
scopic observations are detailed as follows: (1) counts of
free-living cells and distinction between flagellated and
non-motile cells; (2) counts of colonies and measurement
of their respective biovolume for different colony size-
ranges, determined on the basis of grazing characteristics
of zooplankton present at the time of Phaeocystis sp.
bloom. These colony size-classes vary, therefore, from
one biotope to another.
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