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SATELLITE (AVHRR/NOAA-9) AND SHIP STUDIES OF 
A COCCOLITHOPHORA BLOOM IN THE WESTERN 

ENGLISH CHANNEL

Group GREPMA

Groupe de Recherches Pélagiques en Manche et Atlantique'

ABSTRACT: R outine satellite observations conducted  in assistance to an oceanographic cruise called a tten ­
tion to anom alously high reflectance in the visible region of the spectrum  (channels 1 and 2 of the meteorological 
rad iom eter AVHRR) off the northern coast of Brittany in July 1986. In situ m easurem ents show ed turbidity 
to be extrem ely high in the upper 7 m eters although chlorophyll content and  phytoplankton populations were 
m oderately abundan t th roughout the water colum n. Scanning electron m icroscopy perform ed after the cruise 
revealed  the presence of a dense suspension of disintegrated coccoliths of Emiliania huxleyi (up to 50 IO6 
coccoliths I “ 1) in the  turbid layer. Infrared imagery together with hydrological m easurem ents suggested that 
the  bloom  had been  initiated in a originally coastal, m ixed water m ass which had recently undergone seasonal 
stratification. This is thus the first evidence that coccolithophorids, and not only dinoflagellates, may be responsible 
for phytoplankton bloom s along the U shant tidal front. The usefullness of real-time assistance of rem ote se n s­
ing to plankton studies is em phasized.

Introduction

Highly reflectant waters associated to a shallowsea ther­
mal front (the U shant tidal front) were first observed by 
the satellite Landsat 2 on July 2-3, 1977 (Le Fèvre et al. 
1983). No sea-truth data were available in this case, 
how ever. Various hypotheses were thus suggested, in­
c lud ing  b lo o m s of c o c c o lith o p h o r id s  as th e se  
phytoplankters are covered with a calcified skeleton. 
Similar waters were observed later by the Coastal Zone 
Color Scanner (Nimbus 7, CZCS) further offshore, at the 
edge of the armorican and celtic shelf (Holligan et al. 
1983b ; Holligan and Viollier 1986). In May 1982, sea- 
truth surface observations confirmed, for the first time, that

such phenom ena were caused by Emiliana huxleyi, a coc- 
colithophorid species (Holligan et al. 1983b).
Reflectant waters have since been com m only m entioned 
every sum m er in the European shelf waters either on the 
CZCS images (e.g. July 6, 1985 : Fig. 1) or on visible- 
spectrum  images of the meteorological satellite NOAA 
(Groom 1986; Groom  and Holligar, in press). No more 
sea truth data could be obtained, however.

On the other hand there have been m any m entions, 
since the beginning of this century, of a change in the usual 
color a n d /o r  aspect of the sea due to a proliferation of 
this species (references are given in the Discussion together 
with an overview of the autoecology and physiology of 
the organism ). Different nam es and epithets have been

1. A group of som e 25 scientists from different French institutions under the code RCP. 755  of the Centre National 
de la Recherche Scientifique. As far as individual authors are concerned, the present paper is co-authored by M. Viollier, 
A. Sournia, J-L. Birrien, M .-J. Chrétiennot-Dinet, P . Le Borgne, P. Le C orre, P. Morin and J. P. Olry.

Please quote this paper as : GREPMA, 1987. C orrespondence may be addressed to: A. Sournia (Station Biologi­
que de Roscoff), Laboratoire de Géologie, M uséum National d ’Histoire Naturelle, 43, rue de Buffon, 75005 Paris 
(France).
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used to describe these optical characteristics in so far as 
the hum an eyes can perceive them  : discolored water, 
milky water, white water, red tide and son on. The follow­
ing quotation m akes it clear that the color is variable and 
its appreciation rather subjective : “The coccoliths produc­

ed an effect similar to that of chalk suspended in water. 
The sea water was milky and very turbid. The fingers of 
the hand  were indistinguishable in the Bonne Fjord at a 
depth of 25 cm. At a distance the water show ed pale 
green, resembling enam el, and its appearance was uni-
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Fig. 1. C om parative im ages obtained from NOAA-9 AVHRR (channel 2 substrac ted  from channel 1 : on top ) and 
N im bus-7 CZCS (channel 2, corrected  for a tm ospheric effects bottom ). July 6, 1985, at 14.02 GM T for AVHRR and 
11.43 GM T for CZCS. On both im ages, w hite patches w ith eddy outlines are  observed W est of B rittany i clouds, also 
in white, differ by th e ir g ranu lar aspect. (N o sea-tru th  m easu rem en ts  w ere available at th is da te).
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que. In the harbour region it was m ore gray or brownish” 
(Braarud, 1945). It may be added  that a bluish or pale 
turquoise tends to predom inate in rem ote sensing from 
satellites and air planes, as far as “true colour” is concern­
ed. The term s “reflectant w aters” or “turbid waters” will 
be used here after indifferently.

New satellite and in situ observations on the Ushant front 
were m ade available during the oceanographic cruise 
“Iroise” in the sum m er of 1986 and are p resented  in this 
paper. W hereas most of the cases of reflectant waters have 
been recorded, so far, West or South-West of Brittany (Fig. 
1 ; see also Le Fèvre et al. 1983), the 1986 event occur­
red northward, along that part of the Ushant front which 
enters the English C hannel.

Originally, our attention to this phenom enon was first 
called by satellite information which was transm itted on 
board in (nearly) real time from the C entre de 
Météorologie Spatiale (Lannion, France). The route of the 
ship could be modified subsequently and allowed the tu r­
bid patches to be explored and sampled. At Station 205-3, 
on July 24, vertical profiles of tem perature and 
nephelom etry exhibited an extremely high turbidity in the 
upper 7-10 m eters above a well-marked therm ocline. 
W aters sam ples were immediately collected for various 
purposes (see below). Although light microscopical obser­
vations were carried out on board, the origin of turbidity 
could be elucidated only after the end  of the cruise with 
help of scanning electron microscopy, and the reason for 
this will be given.

We thank J . Le Vourch and  M. Derrien (Etablissment 
d ’Etudes et de Recherches M étéorologiques, CMS, L an­
nion) for real-time assistance and image processing of the 
satellite data. The CZCS image was provided by Earthnet 
Station (Mas Palom as, Spain) and the AVHRR data were 
m ade available through SATMOS (CNES, CNRS and 
C M S). The CTD system was loaned by INSU and 
operated  by CL Bournot. The cooperation of the crew

on board N .O. “C ryos” is gratefully acknow Ledged. This 
work was mainly supported by CN R S/IN SU  funds. 
Thanks are expressed to Dr P.M . Holligan and Prof. A. 
Morel for their com m ents on the manuscript.

Methods

Satellite image processing-T he A dvanced Very High 
Resolution Radiom eter (AVHRR) on board the NOAA 
series of meteorological satellites is provided with 5 chan­
nels, namely: two in the thermal infrared (1 0 .2 -1 1 .3  and 
1 1 .5 -1 2 .5  pm), one in the middle infrared (3 .5 5 -3 .9 3  
pm) and the last two in the “solar reflection” region 
(580-680  and  7 2 5 -1 1 0 0  nm). For reasons of m ere con- 
veniency, the two latter channels will be referred to 
here after as “visible channels”. The thermal infrared chan­
nels allow variations of the sea surface tem perature (SST) 
to be m apped with an absolute accuracy of 0 .6  K using 
a multispectral algorithm (Castagné et al 1986) and a 
relative accuracy of 0 .1  K when using the channel 
1 0 .2 -1 1 .3  only. The two visible channels have been 
designed for the m apping of clouds, snow and ice 
coverage ; they have also been used for the estimation 
of land albedo and vegetation index (Townshend et al
1985). A new application of the two latter channels is dealt 
with here, namely: the rem ote sensing of turbid waters.

Table 1 shows the radiometric characteristics of the 
reflected sunlight channels (1 and 2) of AVHRR and com ­
pares them  to channels 3 and 4 of CZCS. It can be seen 
that AVHRR channel 1 overlaps CZCS channels 3 and 
4 but its radiometric resolution is lower by a factor 4  and 
2 respectively. Consequently, coccolithophorid blooms 
should appear on the AVHRR channel 1 at the limit of 
its detection capability, typically over a range of 10 digital 
levels, versus 40  for CZCS channel 3.

W hen processing AVHRR channels 1 and 2, a difficul­
ty arose from the so-called sun glitter effects. Actually,

Table 1. Comparative radiom etric characteristics of the reflected sunlight bands of CZCS and AVHRR

Nim bus-7/CZCS NOAA-9/AVHRR

Channel num ber 3 4 1 2

Spectral range(nm ) 540-560 660-680 550-680 710-1100
Reflectance saturation! R .̂,,) 0.108 0.06 1.06 1.04
N um ber of digital levels! N) 256 256 1024 1024
Radiom etric resolution . 0 0  , n
( R v N ) I O 1 4 2 3  10 10
Variability over coccolithopporid -o  1(-
bloom s(digital levels)
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CZCS was provided with a tilt m echanism  which avoided 
the scanner to observe at angles close to the solar specular 
reflection angle. Such is not the case with AVHRR on the 
images of which sun glitter appears as a bright North-South 
band, and as a roughly gaussian distribution on the beam 
line profiles (Cox and Munk 1954, Wald and Monget, 
1983 ; Fig. 2 herein). However, since the signal enhance­
m ent due to sun glitter varies only little with wavelength

and is approximately the sam e in channels 1 and 2, the 
m ere substraction of reflectance of AVHRR channels 1 
and 2 allows most part of the perturbing effects to be 
eliminated, as is dem onstrated on Fig. 2.

Two types of docum ents were thus available to us from 
N O A A /A V H R R :

-S S T  deduced from channels 4  and 5 ;
-w ater reflectance (Rw) as an index of water turbidity,

i l  i
¡I SUN B L I T T E R

C 1-C 2

Hu

Fig. 2. Scan line of AVHRR through  th e  reflectant patch show n on Fig. 1. On top : sun g litter appears to be th e  main 
com ponent of channel 1 data  (C l) . T his effect was largely elim inated after substraction  of C hannel 2 (C1-C2, at b o tto m ).
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deduced from the difference betw een channels 1 and 2.
SST m appings were received on board every day or 

so, weather permitting, from Lannion with a delay of about 
one day. D ue to their experim ental nature, Rw maps 
required a few days more.

It should be recalled here that the CZCS imaer, although 
it has worked som e 6 years more than expected, ceased 
practically functioning in 1985 and was formally abandon­
ed in January  1987 (circular letter from N ASA ). It has 
not been replaced, as yet by any similar sensor.

Continuous measurements at sea-The cruise “Iroise” 
(named after the “mer d ’lroise”, off the West coast of Brit­
tany) took place from July 11 to August 11, 1986 on 
board N. O. “C ryos” .

Continuous surface monitoring and discrete vertical pro­
files at stations were achieved during the whole cruise for 
tem perature, turbidity and fluorescence. Horizontal 
measurem ents were performed by pumping surface water 
into two Turner Design fluorometers (model 10-005R), 
one in the fluorescence m ode and the other in the 
nephelom etry m ode. For vertical profiles, a Variosens HI 
(Im p lusphysik , H am burg) w as lo w ered  at sea  
simultaneously to a CTD probe. The flashes em itted by 
the Variosens (10 Hz) are filtered in the range 350-500nm . 
A first receiver m easurem ent the light scattered at 90° in 
the sam e spectral range (Friingel and Koch 1976) ; this 
m easurem ent is converted into Formazin W ater Turbidi­
ty Units, FTU (Früngel and Koch 1980). A second receiver 
m easures the in vivo fluorescence of chlorophyll in red 
light, 685 nm.

Chemical and biological procedures-Water samples were 
collected at the different depths with Niskin bottles on a 
rosette sam pler. Nutrient analyses were perform ed with 
routine techniques (Strickland and Parsons 1972); most 
nutrient analyses were autom atized by m eans of the 
TechniconR Autoanalyser II (Tréguer and Le Corre 1975) 
with an analytical precision of ± 0 .02  patg P, ±  0. 1/^atg N 
and ± 0 .1  patg Si I -1; amm onia was m easured manually 
using following the method of Koroleff (1970) with a preci­
sion of + 0 .0 5  uatg N I -1. Dissolved oxygen was 
m easured with the Winkler m ethod as described in 
Stickland and Parsons (1972) with a precision of + 0 .0 2  
ml. I -1. Chlorophyll a and derivatives were estim ated 
fluorimetrically using one of the Turner Design instruments 
and  Lorezen’s equations.

Unconcentrated phytoplankton samples were examined

on board under a stanard microscope using a counting slide 
w hen blooms were suspected to occur. Routine countings 
were m ade ashore, one m onth after the cruise, by m eans 
of the sedimentation technique under an inverted 
microscope. Scanning electron microscopy was practiced 
five months after the cruise as follows. 10ml aliquots of 
the preserved (neutral formaldehyle) samples were filtered 
on NucleoporeR m em brans (1pm pore size ; 13 mm 
diameter) using a glass syringe and sw eenex MilliporeR 
system. After rinsing with distilled water and air drying, 
the preparations were coated with gold-palladium 
(N anotechR Sem prep 11). A Stereoscan 200 (Cambridge 
Instrum ents'1) was used at low magnification (ca 1,000) 
for counting the coccoliths and at higher magnification (ca 
10,000) for detailed observations of the coccoliths and the 
coccospheres. Coccoliths (which proved to be distributed 
at random on the filters) were enum erated on photographs 
and their abundance was determ ined after due considera­
tion of the subsampling factor and magnification.

Results

Although the num ber of available satellite data was 
severely reduced by the cloud cover, a major patch of tu r­
bid water was observed twice on July 9 and 17 (Figs 3B 
and 4B). Tem peratures are shown on Figs 3A and 4A 
respectively. On July 9, the patch was located in a zone 
of relatively warm waters (16°C) limited to the South and 
East by the cold, mixed coastal waters (14°C) and to west 
by warmer, stratified waters (17°C ). On July 17, the col­
dest mass has spread northw ard (unless som e tidal effect 
was neglected) and the warmest one has disappeared (Fig. 
4A ). The white patch then fits the limits the of mixed waters 
m ore closely (Fig. 4B). Although the m aximum of reflec­
tance is still located at the same place (49°05'N  ; 4°20 'W ), 
extensions towards North-East may be noted on the second 
image. Other cloud-free images which were obtained either 
before (June 30) or after these observations (August 4) 
did not reveal any m ore turbid waters in the area.

Due to the time delay for processing and interpreting 
the visible AVHRR imagery and the various commitments 
of the cruise, the ship was not able to explore the patch 
until July 24. The nephelom etric signals recorded with the 
continuous pum ping system gave the first indication that 
som e oceanographic phenom enon was implicated (Fig. 
5b). Visual observations were not so convincing, so difficult 
it is to estimate the colour of the sea from a vessel ; a 
discolouration was obvious for som e of us, however.
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Fig. 3. AVHRR, July 9,1986,14.00 GMT. On top : sea surface tem p era tu re  as deduced from C hannels 4 and 5 colder 
w aters appear in light tones. Bottom  : sea surface reflectance in th e  visible spectrum  as th e  difference betw een C han­
nels 1 and 2 : th e  m ore reflectant w aters (arrow ) appear in w hite: C louds can be identified after th e ir  elongated or 
g ranular appearance and-' or th e ir  comm on p resence  on both im ages.
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Fig. 4. AVHRR. July 17, 1986. 14.05 GMT. Sam e as Fig. 3. T he location of th e  station and tran sect of July 24 (Fig. 
5) is shown on top as a black bar.
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C o n tinuous horizontal reco rds of tem p era tu re , 
chlorophyll and  turbidity (Fig. 5b) indicate a basic asym ­
metry on the two sides of the turbid patch. While the 
western border (Fig. 5b, left) exhibits a characteristic fron­
tal structure with increased tem perature and a chlorophyll 
peak, the eastern limit of the patch (right) is only underlined 
by slight changes of tem perature and chlorophyll.

At station 205-3 (49°09 'N  ; 4 °2 3 'W  ; depth: 99m), 
located near the turbidity maximum , the tem perature p ro ­
file show ed that the 7 upper meters were w arm er by 4 °C  
than the underlying waters (Fig. 5a). The nephelom etric 
profile gave exceptional high values in this surface layer. 
By contrast, in uiuo fluorescence (Fig. 5a) and chlorophyll 
content (Table 2) were almost constant, except for a slight 
increase at the thermocline. Phytoplankton examination 
on board, as well as the enum eration m ade later on 
sedim ented sam ples, show ed m oderately abundant and 
fairly diversified populations, including small num bers of 
the coccolithophorid Emiliania (Table 2) while som e kind 
of unispecific outburst was expected, such as occurs in “red 
tides” The remaining samples were thus prepared for elec­
tron microscopy, and the explanation followed : large 
num bers of isolated, disintegrated coccoliths of Emiliania, 
which had not been seen under the light microscope, were 
discovered on the filters. Dividing their num ber by an a p ­
proxim ate num ber of coccoliths per cell (Table 2) leads to 
a potential concentration of organisms in the order of 
m agnitude of the usual “red tides” (2-3 millions cells per 
liter). As also shown on Table 2, the coccoliths and the 
“potentially p resent” cells of coccolithophorids (as well as 
the relatively few cells actually observed) were mostly con­
fined in the upper layers. Fig.6 shows the abundance of 
the coccoliths on the filters and three cells of Emiliania at 
different stages of growth or disintegration.

Table 2. Phytoplankton counting at Station 205-3.

Apart from the coccoliths and coccospheres, m oderate 
phytoplankton crops were observed at all depths in terms 
of cell counts (Table 2) as well as chlorophyll content (Table 
3), and waters were thoroughly oxygenated (Table 3). In 
counterpart, a shallow thermocline was present and ac­
com panied by a slight increase in pigm ent concentration 
; dinoflagellates were relatively more num erous in the sur­
face layers, and bottom  waters were significantly enriched 
with respect to am m onia (Tables 2 and 3). Such a set of 
data, in the regional context (Wafar et al. 1983, Morin et 
al. 1985) can only be understood if one admits that St. 
205-3 took place in a body of coastal(mixed) waters which 
had been quite recently stratified. This is also substantiated 
by the examination of the infrared imagery of June  30, 
1986 (Viollier 1986) which shows cold surface waters at 
the future location of station 205-3.

Discussion

Emiliania huxleyi (Lohmann) Hay and M ohler (im­
proper or obsolete synonym s : Pontosphaera huxleyi  
L o h m an n  = H y m e n o m o n a s  hu x ley i  (L ohm ann) 
K am p tn e r = C occo li th us  hu x ley i  K am ptner=  G e­
phyrocapsa huxleyi (Lohmann) Reinhardt b e lo n g s 
to  th e  class P ry m n e s io p h y c e a e  ( =  H aptophyceae), 
order Coccolithophorales.

The main stage of its life cycle consists of small (usually 
4-6pm  diameter) coccospheres bearing several discoid 
calcareous platelets called coccoliths. A detailed m or­
phological description m ay be found in Me Intyre and  Bé 
(1967) and com m ents on the taxonom y of £. huxleyi are 
given by Heimdal and G aarder (1981). Motile, naked and 
flagellated cells as well as non-calcified stages are also 
found in culture (Braarud 1963 ; Klaveness and Paasche

Sedim entation and optical microscopy Filtration and scanning electron microscopy

Depth
(m )

Diatoms
Dinofla­
gellates

Em iliania Chilomonas
Dissociated
coccoliths

Intact E m ilian ia  cells 
potentially present*

10:i 1 1 m l 1 IO3 I ' 1

0 56 27 129 76 31,400 1,570-2,093
3 70 26 77 45 53,380 2,670-3,560
5 149 22 34 6 21,520 1,076-1,435

20 110 0.6 67 6 8,080 404-538
30 94 0.6 55 4 3,600 180-240
50 146 6 44 8 3,800 190-253

*  Assum ing an average num ber of 20-15 coccoliths per coccosphere i see text.
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Table 3. Hydrological m easurem ents, nu trien ts and chlorophyll content at Station 205-3 
(July 24, 1986 : 49°09'6 N ;4°23 '3  W -depth  ; 99 m

Dept

(m )

Temp.

°C

Diss. oxygen N utrients, uat g 1 1 Pigm ents, ug 1 1

ml 1 1 % sat. N-Not N-No, N-NFI, Si (OH)., P-PO, Chlor, a pheoph.

0 16.60 6.14 111.6 0.3 0.05 0.21 0.2 0.04 0.64 0.35
3 16.59 6.18 112.3 0.4 0.05 0.14 0.0 0.04 0.96 0.28
4 13.58 6.45 110.4 0.8 0.11 1.18 0.1 0.14 1.02 0.76
5 13.91 6.32 108.9 1.0 0.11 0.89 0.2 0.13 1.57 0.59
6 13.26 6.28 106.7 1.4 0.15 0.67 0.5 0.15 1.22 0.50

10 12.75 6.16 103.1 1.9 0.16 1.18 0.5 0.18 0.96 0.57
21 12.62 6.14 103.1 2.0 0.17 1.19 0.6 0.19 0.90 0.49
31 12.58 6.07 101.7 2.0 0.18 1.28 0.6 0.19 0.96 0.28
49 12.57 6.08 101.9 2.0 0.19 1.32- 0.6 0.19 0.93 0.38
79 12.57 6.08 101.9 2.0 0.19 1.37 0.6 0.19 1.06 0.26

1971). “This minute species is doubtless the most 
widespread coccolithophorid in the sea” (Braarud 1962). 
Evidence of its wide occurrence in the Atlantic O cean is 
plenty (Berge 1962 ; Braarud 1962, and older references 
therein ; Me Intyre and Bé 1967 ; R aym ont 1980) ; only 
the colder parts of the polar seas and the w arm er parts 
(or seasons) of the tropical seas are seemingly avoided. 
Massive bloom s have been reported throughout the 
distribution area, limits included (for intance, blooms are 
known in the southern Sargasso Sea as well as in 
Norwegian fjords). The temperature and salinity tolerances 
and the nutrient requirements are all typically of the “eury-” 
m ode, as verified on cultures. As regards light, E. huxleyi 
sustains low energy levels but also proved to be phototactic 
(Mjaaland 1956). There seem s to be only one specific re ­
quirem ent, nam ely the need for long photoperiods (> 14 
hours), a condition which was obviously satisfied in the 
p resent observations ; continuous light does not even af­
fect growth (references in Bonin et al. 1986). A full ac ­
count of its physiology and growth characteristics is given 
by Bonin et al. (1986). Note that a large intraspecific 
genetic differentiation has been found (Brand 1982), in­
cluding variability within populations of a given sam ple.

At first glance, from the above account, there would 
be nothing suprising in this additional account of an 
Emiliania bloom in tem perate shallow waters of the NE 
Atlantic. Several aspects deserve much attention, 
how ever.

First, blooms which have been ascribed (with due iden­
tification) to E. huxleyi seem to have all occurred in either 
inshore waters, bays and fjords (references in Braarud 
1962 or R aym ont 1980) or in truly oceanic waters.

Records from the slope waters (Holligan et al 1983 b) are 
associated with a specific hydrological event, namely : an 
increased vertical mixing due to tidal friction on the con ­
tinental margin (Pingree and Mardell 1981 ; Maze et al. 
1986). In the present case, coccolithophorids have 
developed in the vicinity of a thermal, tidal boundary, the 
Ushant front. It may be noted that this structure was merely 
know n, so far, as a preferential site for dinoflagellate 
blooms (Holligan 1983a ; Partensky and Sournia 1986). 
No reflectant patches were noticed outside the m ention­
ed area, neither before (end of June) nor after (beginn­
ing of August) the m entioned dates. In other term s, there 
is a negative evidence that the phenom enon was a local 
one rather than a local episode of som e regional 
phenom enon. There are also clear indication from 
hydrology and  chemistry that the water mass was an, 
originally, mixed one which had recently undergone 
stratification. Thus, a front effect is typically involved under 
both its spatial and tem poral acception (Legendre and 
Dem ers 1985 ; Frontier 1986). It can be noted , on this 
respect, that on both horizontal (Fig. 5b) and vertical (Fig. 
5a) continuous profiles, the highest chlorophyll contents 
are located at or near the sharpest tem perature gradients. 
Nevertheless, the proximate cause which triggered the 
phytoplankton outburst are left unexplained. Which is the 
favourable factor or situation brought about by the tidal 
front which initiated the explosive growth of Emiliania? 
The question is particularly delicate as this species prov­
ed to be an extremely opportunistic one, as shown above.

O ne rem ark m ay be pu t forward that could account for 
m any other phytoplankton blooms as well. E. huxleyi 
possesses as its major carotenoid pigment the fucoxanthin
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Fig. 6. Scanning electron microscopy on Emiliania huxleyi from Station 205-3. A-A counting field of  d issociated cocco­
liths on the N uclepore filter (surface sam ple). N ote an intact cell which appears as a dense  w hite dot on the left m argin 
of the field 1 this part is en larged on the next photograph. B -Enlargem ent of the intact cell shown in A. It is presum ably 
a young cell with about 10 coccoliths. One detached coccolith is seen in distal (ex te rn a l) view on top, ano ther one in pro­
ximal (in te rna l) view below 1 th e ir m orphology is typical for w arm  w ater cells, with an open (no t solid) central area or 
“shield" (M cIn tyre  and Bé 1967). C-A dislocated cell which consisted of about 15 coccoliths (3 -m eter d e p th ) . D-A p re ­
sum ably o lder cell with about 15 coccoliths. One each of them  the two plates are  m ore separated  from each o ther and 
the central shield is nearly  solid. One coccolith seen in proxim al view at the low er right co rner shows both heavy calcifi­
cation and m arginal erosion (50-m eter dep th ).
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derivative 19' hexanoyloxyfucoxanthin which recently pro­
ved to be an efficient light-harvesting pigment (Haxo 1985). 
This relatively rare pigm ent is also found in two other 
organisms which are notoriously known to produce heavy 
blooms in the N.E. Atlantic : the dinoflagellate Gyrodinium 
cf. aureolum  (ref. above) and  the prym nesiophyte Cor­
ymbellus aureus (Gieskes and Kraay 1986). H ence the 
hypothesis that this peculiar carotenoid provides a selec­
tive advantage to a few phytoplankton species and allows 
them  to develop a bloom strategy.

A nother feature of interest is that the 1986 event was 
perceived as a suspension of coccoliths rather than a bloom 
of coccolithophorids. The bloom itself could be traced 
through the remaining num ber of disintegrated skeletal 
pieces. Note that the effective bloom would have yielded 
chlorophyll concentrations much higher than observed, 
even if admits that the am ount of chlorophyll per cell is 
relatively small in Emiliania (Morel and Bricaud 1981 ; 
Bricaued et al. 1983). A “wasteful” overproduction of coc­
coliths, as considered by W estbroek et al. (1983) may also 
have taken place to som e extent.

We have no indication about the precise date the living 
cells disrupted, nor do we know how long the coccoliths 
suspension rem ained in the upper layers. It is noteworthy, 
how ever, that the bloom disintegrated while it was still in 
the euphotic layer (rather than sinking and slowly 
disintegrating). On the other hand, the coccoliths have cer­
tainly rem ained in the upper m eters of the ocean a matter 
of days. The sinking rate of intact cells has been estim ated 
by several authors at about 1 m d _1 (references in Bonin 
et al. 1985) but individual coccoliths sink necessarily slower 
(laboratory m easurem ents m ade by H onjo (1976) have 
lead to sinking ra tes<0 .13  m d~ ‘ at tem peratures<18°C  
for individual coccoliths of E. huxleyi). In our observations, 
the thermocline seem ed to act as an effective barrier against 
sinking, as shown by coccoliths counts at the different 
depths (Table 2). As a m atter of fact, vertical transport 
seem ed to be so low during the period study that an 
horizontal advection may have taken place betw een July 
9 and July 17 (Figs. 3A and 4A).

The anomaly of reflectance has been detected by remote 
sensing, its marine (rather than atmospheric) orgin has been 
proved by in situ measurem ents of turbidity and, eventual­
ly, its phytoplanktonic nature was elucidated through scan­
ning electron microscopy. Two of these techniques are 
m odern ones and two or three of them  are but seldom us­
ed  simultaneously. It is thus highly probable that similar 
phenom ena have often escaped attention in the past. Yet,

their quantitative im portance cannot be overlooked. The 
reflectant areas in 1986 covered 220 and  680 km 2,on Ju ­
ly 9 (Fig. 3B) and July 17 (Fig. 4B) respectively. The 
1977event (Le Fèvre et al. 1983), in so far as it had  the 
same cause, affected an ocean area of 2100 km2 ; the 1985 
patch (Fig. 1) was about the sam e size. All these figures 
are quite smaller than the 1982 bloom on the continental 
slope which was estimated at 7 ,200 km2 from which a pro­
duction of 72 ,000  metric tons of calcium carbonate was 
calcuated (Holligan et al. 1983 b). Even if the latter 
phenom enon was to prove to have been an exceptional 
one, none of these pelagic blooms should be held for 
negligible in terms of fluxes and budgets, particularly as 
regards the entrance of a regional, epicontinental sea such 
as the English Channel.

This is the second time at least (see Berge 1962) that 
Emiliania is found to be associated with the heterotrophic 
flagellate Chilomonas marina (Braarud) Halldal. Possible 
trophic relationships should then be looked for in the future. 
A nother matte of interest are the specific optical p roper­
ties of E. huxleyi. B raarud (cited in Berge 1962) was the 
first to suggest that coloration (or discoloration) of the sea 
could be related to an active reflection by the coccoliths 
rather than to  absorption by photosynthetic pigm ents, as 
usual. Bricaud and Morel (1986) gave theoretical evidence 
that the backscattering coefficient for detached coccoliths 
is actually high and accounts for the observed values of 
reflectance.

Last, two rem arks are to be m ade as regards the use 
of rem ote sensing in phytoplankton and primary produc­
tion studies. First, although another colour analyser that 
would replace CZCS is desperately and urgently needed , 
yet the large band (s) of the existing meteorogical satellites 
in the visible spectrum  may be quite efficient in locating 
som e types of phytoplankton developm ents or their re­
mains. On the other hand, real-time assistance to operating 
vessels in shown here (1) to be practicable, at least within 
delays of one day (infrared imagery) or a few days (visible 
imagery) ; (2) to be of invaluable help for sea-truth 
m easurem ents ; (3) to allow the sampling strategy to  be 
modified according to som e unexpected or transient 
phenom enon.
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