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ABSTRACT: Sediment traps used during REFLEX (REpeated
FLadenground Experiment. North Sea) collected macroaggregates of the coccolithophorid Emiliana huxleyi just
after their maximum of abundance in surface water. Such
macroaggregates have not been described earlier for this
worldwide phytoplankter, they are fragile and therefore probably destroyed during normal samphng procedures. Comparable aggregates are described for 2 other coccolithophorids
(Bernard 1939, 1953, 1963),they are probably important in the
transport of coccoliths to the seabottom and may be more
widespread among coccolithophorids.

Sediment traps are valuable tools for studying the
flux of particles from surface to seabottom (Honjo
1980, Blomquist & HBkanson 1981, Angel 1984). During REFLEX, funnel-shaped, floating 'Kiel-type'
(Zeitzschel et al. 1978) sediment traps were used (without multisample apparatus), to obtain information on
the downward flux of organic carbon from the euphotic
zone in the Fladenground, North Sea. Traps were
attached to a drifting buoy launched at 58'42.5'N,
0°28.5' E, which followed the water layer at l0 to 20 m
depth from April 27 to May 25 (1983) and moved
40 miles north during this period (Tijssen 1985).Every
24 or 48 h, depending on weather conditions, the traps
were recovered and replaced. Traps were situated at
40, 65 and 70 m depth, i.e. below the euphotic zone but
well above the seabottom (120 to 160 m) to minimize
trapping of resuspended bottom material. In the same
area resuspended bottom material was collected in
traps to some 100 m above the seabottom before the
formation of a thermocline, and to 40 m above the
seabottom afterwards (Davies & Payne 1984).
Samples for phytoplankton counts were collected in
the surface layer (15 m depth); after 19 May samples
from 0, 3, 9, and 15 m were combined because the then
abundant flagellate Corymbellus aureus tended to be
unevenly distributed through the surface layer (see
also Gieskes & Kraay 1984). A succession of phytoplankton was observed (Fig. 1) comparable to that
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described for spring 1976 in the same area
(Wandschneider 1980). Chaetoceros spp., including
large chain-formers, were present at the start of the
study indicating the end of the spring diatom bloom.
They were followed by peaks in abundance of
Emiliana huxleyi and of a small centric diatom Thalassiosira conferta. Following a 4 d break in observations,
a colonial flagellate (C. aureus) and other unidentified
microflagellates were dominant.
Part of the material collected in the traps was studied
microscopically before homogenizing the material for
further subsampling. It consisted mainly of faecal pellets and phytodetritus (either broken faecel pellets or
marine snow; Silver et al. 1978).comparable to earlier
results in this area (Davies & Payne 1984). The faecal
pellets were not produced by copepods, the most
important zooplankton organisms present (Krause &
Trams 1982, 1983, Fransz & Die1 1985), in fact their
easily recognizable pellets (Martens 1978) were
observed only sporadically in the traps. Copepod pellets were apparently recycled in the euphotic layer as
observed earlier (Paffenhofer & Strickland 1970,
Krause 1981). Most pellets were large (up to several
mm long), rod-shaped and belonged to euphausiids,
but other unidentified types were also collected.
Traps on 8 to 9 May contained large aggregates
(Fig. 2) consisting almost exclusively of intact
Emiliana huxleyi cells, embedded in mucoid material.
These occurred following the peak of abundance of
this coccolithophorid in surface waters (1.45 X 106
cells dmP3).The ovoid form of the aggregates resembled faecal pellets (not those of copepods which have a
higher length/width ratio of 7; Martens 1978). HOWever, all cells appeared undamaged, suggesting they
had not been passed through a digestive tract (intact
coccolithophores have been observed in copepod
faecal pellets together with loose coccoliths; Honjo &
Roman 1978). Moreover, one would expect other phytoplankton remains in addition to E. huxleyi in a faecal
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Fig. 1. Phytoplankton composition of surface water. Fladenground (North Sea) from April 28
to May 25 (1983). (a) A Emiliana
huxleyi, o Thalassiosira conferta;
(b) Chaetoceros spp., m Corymbellus aureus; ( c ) 0 all other
diatoms, all other flagellates
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pellet of a herbivore since other phytoplankton species
of comparable size were available (Fig. 1).
Aggregates of coccolithophorids have been described for 2 other species: macroaggregates of Cyclococcolifhus fragilus ('palmelloid stages') observed
from the Mediterranean (Bernard 1939, 1953, 1963);
and aggregates of Umbellicosphaera sibogae collected
in traps in the Panama basin a t 890, 2,590 and 3,560 m
after a bloom of this species in the surface layer (Honjo
1982). Diatoms may also form macroaggregates of comparable size and form after blooming, and subsequent
sinking to the seabottom has recently been observed
(Smetacek 1985). Smetacek suggests this to be a crucial part of their survival strategy: the population is
rapidly removed from an inhospitable environment
and a refuge population is established at depth or on
the bottom. Macroaggregates of coccolithophorids may
serve a similar function. They also may be more com-

mon than hitherto observed. Macroaggregates are
fragile and may not be adequately sampled by conventional sampling methods (Bernard 1939, Silver et al.
1978, Eisma et al. 1983). Some suggestions for aggregate formation in other coccolithophorid spp. can be
traced in the literature: 'Kettenbildung' (chain-formation; Lohmann 1920) was observed in 3 species (Calyptrosphaera oblonga, Calcidiscus leptopora, Cyclococcolithus fragilis); for the latter species macroaggregates were later observed (Bernard 1939, 1953, 1963);
'Kettenbildung' and mucus formation was found occasionally in many species by Schiller (1925);a cluster of
Gephyrocapsa oceanica cells was observed in Australian waters (Hallegraeff 1984); Cruciplacolithus
neohelis formed aggregates in laboratory cultures
(Honjo 1977).
Sedimentation of coccoliths on the seabottom can
probably only take place when they are transported in

Cadee: Macroaggregates of Emiliana huxleyi in sediment traps

Fig. 2. Emiliana huxleyi. ( A )Macroaggregate
from sediment trap 65 m depth, Fladenground
(North Sea) containing about 15,000 intact cells;
bar: 100 pm. (B) Enlarged part of same macroaggregate; bar: 100 pm. (C) SEM photograph
of intact cells from homogenized material from
the same sediment trap; bar: 10 pm
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m a c r o a g g r e g a t e s or faecal p e l l e t s (Honjo & R o m a n
1978). Loose coccoliths ( s i n k i n g r a t e
10 c m d - l ,
Honjo 1976) will probably never reach the seabottom,
intact cells (sinking rate
1 m d - l , Smayda 1971) also
n e e d a m u c h l o n g e r t i m e t h a n m a c r o a g g r e g a t e s (sink100 m d-l, S m a y d a 1971) to r e a c h t h e seaing rate
bottom.
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