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Abstract 

Haptophytes are abundant and impon ant constiwents o f Lhe plankton of 
polar waters. The colonial stage of Ph.aeocystis commonly dominate the phyto
plankton of the marginal ice zone where it is a major source of particulate and 
dissolved organic carbon. The extent to which this pede contributes to 
carbon flux to Lhe deep sea is equivocal, bm recent evide nce indicate that, 
despite heavy edimentation, much is utili1ed by microbial activil • and grazing 
in the upper a photic zone. Phlli!OC)'stis i · al o a major source of Lhe precursor of 
dime thyl sulfide, which in air is rapidly oxid ized to a number of products 
including sulfate. h has been proposed that sulfate panicles act as cloud 
conden ation nucle i Lhe reby influencing glo bal albedo and therefore climate. 
Lightly calcified coccolilhophorids are a characteristic, but not endemic, 
ele ment of polar nanoplankton. Originally conside red to be autotrophic, it 
has recently been fo und tha t they are hcterou·ophic. The mixotrophic genus 
Ch,ysoch.romulina occur· associated with the ea ice and in Lhe water column. 
Finding scale of these organisms in gut contents of Antarctic krill, Euphau'iia 
superba, collected from unde r the ice during winter, has prompted specula tion 
on the importance of mixotrophy in light lim ited polar \vaters. 

Introduction 

For the purpose of this paper we are con idering polar waters lo be those 
parts of the Southern Ocean outh of the Antarctic Convergence and in 
the no rthern he mi phe re , the ArCLic Ocean and its surrou nding ice
covered eas including the Bering, Greenla nd, Kara, Barents, East Siberian, 
Chuckchi, and Beaufort Seas. Because of the amount of work carried o ut 
in the Gulf of Alaska, some aspects o f Lhi region are also considered. 

Historically, the tudy of phytoplankton in po la r water ha concen
trated o n the large robust diatoms, the o rgan isms most likely to be 
retained by plankto n nets and survive torage in presen ,a tives. As a 
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conseque nce there has been a lo ng standing view that the primary 
productivity and standing crop of phytoplankto n in polar waters is dom
in ated by large diatoms. Although Phaeocystis was recognized by inve ti
gators early this cen tury, Hasle (1969) was among the first to stress the 
abundance of nan oplankto n and ' monads and fl agell ates' in Antarctic 
waters. It is now clear th at small organisms, representing a great diversity 
of taxa, play a ro le in polar waters and frequently are dominant (Weber 
and El-Sayed 1987; Booth 1988). Di atoms, especially nanoplankto nic 
forms, constitute the greatest bio mass of phytoplankto n in pola r water 
and account for most of the pecies diversity. However, the diaLOms are 
rivalled in abundance by blooms of chlorophyll c-con tain ing o rgan isms, 
e.g. haptophytes and cryptophytes (Booth et aL 1 982; Bum a et al. 1992). 

Haptophytes are a major component of the phytoplankton throughout 
the world ' oceans (Thomse n et aL, Chapter l 0), and in polar waters 
Phaeocystis pouchetii is highly conspicuo us and important. Other 
haptophytes are generally less abundant but are of considerable interest 
and importance. Th ese organisms include coccolitho phorids, including 
the lig htly calcified forms that have recently been fo und to be he te rotro
phic, and Clnysochmmulina. Here we report on the variety of haptophytes 
from bo th Arctic and Antarctic waters and discuss the ir role in these cold 
water environmen ts. 

Characteristics of polar waters 

Po lar marine oceans are characterized by low and relatively invariant 
temperatures (-2 to +5 °C) , and extreme variatio n in irradiance and day
length. The seasonal ice cover of the e waters also conu·ibULes to the pro
longed periods of low light conditions, especially if it is snow covered. Sea 
ice has o the r profound effects on polar waters by inhibiting wind driven 
vertical mixing, and by con tribu ting to the tabili ty of the water column in 
sp•; ngtime b the production of a surface !aye•· of less saline water from the 
melting ice. T he marginal ice edge zone that accompanies the springtime 
re treat of the sea ice is a region of e levated bio logical activity at all u·ophic 
levels (Ainley et aL 1986; Smith and Nelson 1986). This region is the site of 
around 60% of tl1e annual pelagic primary productivity of the Southern 
Ocean (Smith et aL 1988) . These authors have also suggested th at there i 
very high interannual variabili ty (around ± 25%) in the primary productivity 
of this region. Concentrations of nitrate, phosphate, and silicate are high in 
po lar waters. Maximum nutrient concenu·ations in Arctic waters are typi
cal.ly lower than the minimum concentrations of Antarctic waters (Sakshaug 
and Holm Hansen 1984). While nutrient concentration apparent.ly o nly 
rarely limi ts phytoplankton growth in Antarctic water (Lizone and Sullivan 
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1992). the low phytoplankton biomass following the ice edge bloom is a 
result of nutrie nt limitation in Arctic waters (Sakshaug and Skjoldal 1989). 
ln Antarctic waters, phytoplankton biomass in open water i low, resul ting 
from light limitation as a consequence of deep vertical mix ing. The factor 
controlling growth and distribution of phytoplan kton and ice algae have 
been reviewed by Smith and Sakshaug ( 1990) . The recent reviews b 
Sakshaug and Slag tad t (1991). Harrison and Cota (1991), and Sakshaug 
et aL ( 1991) deal with the ro le of lig ht, nutrients, and other factor on 
ph toplankton productivity in polar water . 

Organisms 

PhaeOC)•slis 

Altho ugh diatoms are u ua lly the principal con tituen LS of the microbial 
community of Amarctic pack ice, a varie t of a utotrophic nano flagellates 
are regularly present. The mo t abundant of these organi ms are both the 
flagellate and colonial stage in the life cycle of Phaeocystis (Garrison and 
Buck 1989; Lance lot and Rousseau, Chap ter 12; Medlin , Chapter 21). 
That Phaeocyslis sp. is a major compo nen t of polar phytoplankton assem
blage ha been well established (Fryxell 1989; Verity et al, 1991; Davidson 
and Marchant l 992a). Garri on et al. (1987) found that Phaeocystisand the 
d iatom ilzschia cylindnt.S dominate the algal populations in the pack ice 
community and the water column of the marginal ice edge zone. Despi te 
the recent plethora of studies on Phaeocystis, its taxonomy, life cycle, and 
ultrastruClure remain poorly understood (Davidson and Marchant 19926; 
VerityetaL 1991). 

In Antarctic waters Phaeocyst.is is usually the fir t alga to bloom in the mar
g ina l ice edge zone. We have found that, a lthough the abundance of 
diatoms and Phaeocystis begin to increase at the ame time, the growth of 
diatom populations slow during the peak of maximum growth of Phaeocystis 
increasing again after the Phaeocystis peak (Davidson and March ant 1992a). 
Factor accounting for this do minance of Phaeocystis are yet to be fully 
resolved. In Arctic waters Phaeocystis is abundan t. comprising more than 95% 
of the plankton cells, from the onset of the spring bloom, or follows the 
diatom peak whe n silicate becomes limiting (Vernet 1991). In the Gulf of 
Alaska, Booth et aL ( 1982) reponed high concentrations of nanoplanktonic 
organi ms which were dominated by motile cell of PhaeoC)•slis pouchelii. This 
i in contrast to other regions where bloom of thi alga principally comprise 
the colonial stage of the life cycle. Preceding the bloom, other haptophyte , 
e pecially the coccolithophorid Emiliania lwxlryi, were present. 

The brown ice photosynthe tic community is domi nated by d iatoms, 
dino fl agella tes, and occasio na lly hap tophyte colo nie (Figs 11.1- 11.5) 
routine ly identified a Phaeorystis p. The relea e of warmers from uch 
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Figs 11.1- 11.5 Colonial a nd flagellate stages of haptophyte species from the 
Antarctic ice biota. ( 1) Formation of swa rme rs inside colony. (2) Pan of vegetative 
colony with spherical cells embedded in muci lage; the boundary of the colony is 
particular evident in the lower pan of the micrograph. (3) Shadowcast whole 
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colo nies ha bee n LUdied on three occasions (Garrison and Tho m en 
1993; Thomsen , unpublished results). Whereas the colonies are basicaJly 
indistinguishable, the fl agella tes emerging from the e , fo llowing the low 
me lting of ice-core , were found to be different at the generic level, and in 
a ll cases unlike typical Phaeocystis swarmers. figures ll. l- 11.5 illustra te 
o ne such type of fl age llate emanating from an ice biota colony. These 
pa rticular swarmers were subsequently (5-6 ho ur after their formation) 
found to attach themselve to the spines and proce ses of large diatom 
a lso present in the sample. Realizing that la rge diatoms are very like) 
trapped during frazi l ice fo rmation and incorpo ra ted into sea ice, this 
strategy suggests tha t this particular type of organ ism is primarily adapted 
to a life within sea ice. 

Pigment analysis has proved to be mo t useful in ascertaining the distri
bution of phyto p lan kton which con tain fucoxamhin and its derivatives, 
19'-hexanoyloxyfucoxanthin and 19'-butano loxyfucoxanthin . Fucoxan
thin i found in diatoms, haptophytes, raphidoph te , and chrysophytes 
(]effrey and Ve k 19 l ; J effrey and Wright, Chapter 6) , and 19'-hexanoy
loxyfucoxanth in is a maj o r carotenoid of coccolithophorids and some 
o ther haptophytes, including Phaeocystis and Corymbellus aureus. A 19'
butanoyloxyfucoxanthin-like pigment has been found in Antarctic strains 
of Phaeocyslis (Wright and Jeffrey 19 7). Both the 19'-hexanoyloxy
fucoxan thin and the 1 9'-butanoyloxyfucoxan thin-like pigments were 
found to be concentrated in the < 5 J.Lm fraction , and fucoxanthin in the 
> 5 J.Lm size fraction in water samples taken in the Pryd z Bay region of 
Antarctica, indicating the likely distributions o f haptophytes and diatoms 
(Wright and j effrey 1987). Gieskes and Elbrachte r ( 1986), on the basis 
of th e rela tive abundance o f 19'-hexanoyloxyfucoxanthin among the 
carotenoids, concluded that most of the nanoplanklo n from the Antarctic 
Peninsular region consisted principally of haptophytes. Phaeocystis is likely 
to be largely responsible for the high concentratio n of this pigment in 
Antarctic water , whi lst north of the Antarctic Convergence both 
coccolithopho rid and Phaeocystis con tribute. 

Coccolithophorid 

Coccolithophodds are an abundant compo nent of the phytoplankton in 
temperate and tropical water forming dense bloom of 1- 2 x 106 cells t- 1. 

Detached coccoliths, the periplast caJc ite plate prod uced by coccoli-

mount (TEM) of swarm er showing flagella and short haptonema. (4) Light micro
graph or swarm er (interference contrast optics); the wmw indicates direction or 
swimming. (5) Detail of cell (TEM shadowcast whole moum) showing the cell 
periplast which is devoid of scales. Scale bar = I JJ,m (3, 5); 5 JJ.Ill (I, 2, 4). 
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thophorids, reach concentrations of 4 x 108 J- 1 which is sufficie ntly de n e 
to be easily seen from aircraft and sensed by atellites (Balch et al. 1991 ). 
They are like ly to be the la rgest single carbonate sink in marine biogeo
chemical cycles contributing to the massive accumulation of carbonate in 
sedime nts. Mo re than 90% of the total carbon be ing accumulated in 
marine sedime n ts is in the form of calcite (Aiken et al. 1992) . Detai led 
studies on th e latitudinal and depth disu·ibutio n of coccolithophorids in 
the Southern Ocean have revea.led that the abundance of these organisms 
decreased with increasing latitude and south of 60 °S they we re essentiaJly 
absent ( 1i hida 1986). This d istribution of coccolithopho rids ha been 
inde pendently confirmed by Sikes and Volkman (1993) , who reported the 
con centratio n of a lkenones synthesized by Emiliania httxleyi decreasing 
with increasing latitude across the So uthern Ocean south of Australia to 
about 60°S from where these lo ng-chain unsaturated ketones were es
sentially undetectable. J acques and Panouse (199 1) a.lso report Emiliania 
huxle)'i at only the northern end of . eries of north-south transects in tl1e 
Weddell-Scotia Confluence area. 

The presence of coccoli ths in sedime n ts has been regarded as indicat
ing sedimentation from o utside polar waters. As indicated by Honjo 
(1990) , whi le this notion is a pplica ble to An tarctic wate rs, year-round 
sedimentation of coccoliths and cocco li thophorids, dominated by Cocwli
lhus fJelagicus, occurs in northern waters. including tl1e Greenland Basin 
and ilie Fram Strait. The most abundant coccolithophorid found in the 
Gulf of Alaska was Emiliania huxleyi at a concentratio n of 3 x 105 cell 1- 1 
(Booth el aL 1982) , which is the most abundant coccolithophorid in the 
subarctic Pacific. Coccolithus pelagicus is apparen t.ly the mo t stenoth e•-mal 
specie of coccolithophorid occurring over a te mpe rature range of 0 to 
15 oc (Okada and Mclntyre 1979). It has been found abundant in the 
water column as far north a 86° (H o njo 1 990). Finding a high flu x of 
Coccolithus pelagietts during winter and earl)' spring has prompted 
speculation that this organ ism is hete rotrophic at this time (Paasch e 1968; 
Okada and H oruo 1973) ratl1e r t.l1an be ing advected under, or released 
fro m sea ice. However, as Ho njo (1 990) points out, if he te rotrophy is the 
mechanism used in boreal waters why does iliis a lso not occur in Antarctic 
waters where insolation, tempe rature, and ice conditions a re similar? 

Figs 11.6-11.9 Two lightly calcified Antarctic coccolithophorids (shadowcast 
whole mounts/ TIM). (6) Wigwamma m·cticn; complete cell with two flagella and 
haptonema. (7) High magnifica tion of Wigwammn m·ctica heterococcolith haped 
as 'wigwams'. Note organic base plate patterning (an·ow) . (8) Detail of T1igonaspis 
melvil/ea nagellar pole holococcoliths. (9) Trigonaspis melvil/ea: complete cell with 
nagella and coiled up hapLOnema. 1otice Lhread from Phaeorystis pourhetii. Scale 
bar I J.Lin . 
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Table 11.1 O ccu rrence o f lightJy calcined coccoli th opho rids in po lar 
regio n s 

Greenland Resolute Homer Antarctica 
Ba)' Alaska 

Bo/oniger 
B. boltictiJ * 
Calciarcus 
C. alaskensis * * 
C. aff. alasltensis * * 

Pappomonas 
P. Jlabellifero va r . Jlabellif I'Ya * 
P. Jlabellifera var. borealis * * 
P. vi rgulosa * * 
P. wuldelfensis * 
Pappomonas sp. * 

Papposphaera 
P. obpyramidalis * 
P. sagillifero * * * 
P. sarion * 
P. simplicissima * 
Papposphaera spp. * * 

Qua tern arielf a 
Q. obscura * (*) 

Trigonaspis 
T. diskoensis * 
T. melviff.ea * 
T. minttlissi71la * (*) 

Turrisphaera 
T. arctica * * * (*) 
T. borealis * * * (*) 
T. polybotrys * (*) 
T. spp. * 

Wigruamma 
W amwlifera * * * 
W antm·ctica * 
W. arcfica * * * 
W. scenozonion * 
W. triradiata * 
W. spp. * 
Coccoli thoph. spl (Thomsen et al. 198 ) * 
Coccolithoph. sp2 (Thomsen et al. 1988) * 
(*) in d icates th a t the species iden t ifica lion is u nce rtai n . For simplicity th e listing 
does n o t re fl ec t taxono m ic cha nges reccn ll y mad e to ac knowle d ge life h is tory 
C\le nts (Tho msen t l al. 1991 ) . Based o n data fro m : Ma n to n a nd Oates 1975; Man to n 
a n d Suther la nd 1975 ; Man ton t l al. 1976a, b; Manto n et al. 1977; T h o msen 1980a. b, 
r: T h o msen 1981 ; T ho msen ~~al. 1988; T homsen , u11 p u blishcd resu lts; I-lan sen et al. 
1989: 0stergaard 1993. 
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The preparation of freshly collected samples for TEM has re ulted in 
the finding o f a contingem of Ug htly calcified coccolitho ph orid which 
appear to have their main distribution in polar regions (Figs 11.6-1 l .9). 
These organisms were first encounte red in subarctic and arctic samples, 
and were Late r found to form a characteristic nanoplanktonic e lement also 
in Antarctic wate rs (see Thomsen et aL 1988 for review). Table 11.1 sum
marizes the findings from po lar regions. It sho uld be emphasized that 
these lightly calcified coccolitho pho rids are not endemic to po lar regions, 
but are occasionally found in tempera te and subtropical regions (Norway: 
Espeland and Thro ndsen ( 1986); Baltic Sea: Thomsen ( 1979), Thomsen, 
unpublished data; North Pacifi c Ce ntral Gyr e: Hoepffner and Haas 
(1990) ; Mexico: Thorn en , Kosman , and Buck, unpublished data; South 
Africa: Manton and Oate (1975) , Manton et al. (1977) ). 

Severa l taxa of Arctic coccolitho phorids previously conside red to be 
auto nomo us species are, in fact, part of life histories combining he te ro
and ho lococcolithophorid forms (Thomsen et al. 1991). Addition al ex
amples of combination cells, with holococcoliths and heterococcoli ths 
forming part o f the same periplast, have recently been encoun tered in 
Arctic (0 tergaard, pe r o nal communicatio n) and Antarctic amples 
(Thomsen, unpublished results) . 

All species of Prymnesiophyceae, with the exceptio n of the enigmatic 
coccolithophorid Balaniger balticus (Thomsen and Oates 1978; Thomsen 
1986) , have been considered photo yn the tic. However it ha become 
evident that all Antarctic coccolithophorids listed in Table 11.1 are in fact 
he terotro phic organism (Garriso n and Thomsen 1993; Thomsen, unpub
lished resul ts). It remains to be verified whether these taxa are genuine 
heterotrophic organisms, or forms that have secondarily lost the pho to
synthetic apparatus. The he terotro phic nature of these organisms that 
thrive on the o utskirts o f the coccolitho phorid pastures is likely to be 
linked to the stressed environment o f the po lar regions (low light, low 
temperature, low salini ty) . The polar lightly calcified cocco lithopho rids 
are most abundant in water column amples ( I X 103- 5 X 103 cells 1- 1), 

and only rarely observed in pre parations from recently formed ea ice. 
However, healthy looking cells have been encountered in Antarctic grease 
ice, platele t ice, and thin pancake ice (Thomsen, unpublished resul ts), 
but never in multi-year brown ice samples. 

Chrysochromulina 

Chrysochromulina is a genus consisting of some 50 pecie that are appar
ently ubiquitous in the world's oceans. E tep et al. (1984) found the Prym
nesiophyceae, of whi ch th e majority were specie of Clnysochromttlina, to 
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be the dominant nanoplanktonic organ isms o n a tran ect along 24° 30' 
la ti tude in the Atlantic Ocean. Although species of Chrysochromulina have 
been repo rted to be widely distributed, th e re are few da ta on the ir 
abundance; which is no t urpri ing conside ring the ir size, fragility, and 
the difficul ty of recognizing many species without e lectro n microscopy. 
Although not repon ed as occurring in high numbers, Ch1ysochmmulina is a 
compo nent of polar waters of both hemi phere . Thomsen (1982) 
reported nine described pedes of Ch1ysochromulina from Disko Bay, West 
Greenland, and at least another 11 w1de cribed species. Chrysochromulina 
hi1ta has been reported from Alaskan waters an d the Norm West Pa sage 
a t wa ter te mpera tures o f 6 and - 1 °C respective ly (Man ton 1978) . 
Although species of thi genus have been een in Antarctic waters, there 
have been no de tai led investigatio n reported . In the Soutl1ern Ocean 
mere are at least 10 species including unde cri bed forms (Marchan t, 
unpublished data). It has been reported from pack ice microbial 
assemblages (Garrison and Buck 1989), and j acques and Panouse (1991 ) 
list its possible occurrence in me Weddell-5cotia Confluence area. 

Other hapt(}phytes 

On ilie Pro-Mare cruise in me Baren ts Sea, Throndsen and Kristiansen 
(1991) repo rted find ing Dicmlericr inomala and Imanlonia rotunda. These 
organisms, which are 3-5.5 J,Lm and 2-4 J.Lm in ize respectively, were diffi
cu lt to separate by light microscopy. Together with the prasinophyte 
Manloniella squama/a and the ch ry ophyte Pseud(}pedinella tricoslala, they 
reached maximum abundance in open pack ice and in o pen water rather 
th an close pack ice, but were never found to do minate ilie plankton. The 
colon ia l fl agellate Co1)'111bellus aureus, which has been reported to 
do minate ilie spring bloom in the North Sea (Gieskes and Kraay 1986), 
does no t appear to have been reported as a component of polar waters. 

Role of haptophytes in polar wa ters 

Studies in lakes have hown that a lgal phagotrophy is a sign ifi can t com
pone nt of the ir food webs. Bird and Kalff (1986, 1987) reported that the 
ch ry ophycean alga, Dinob1yon, depended more o n grazed bacteria than 
on photo ynthesis for nutrition, removing mo re bacteria from the water 
column than me crustaceans, rotifer , and cil ia tes combin ed . Ochromonas 
and Chmmulina, aJ ochry ophytes, which accoun ted for about 25% of me 
planktonic b iomass in a mall Finnish lake, ingested 75-203% of the ir 
body carbon per day from bacteria (Salonen and Jokinen 1988). Uroglena 
americana, another chry ophyte, was reported to be pho to heterotrophic, 
requiring bacteria for growth (IGmura and I hid a 1985). However, m e 
ecological importance of mixotroph in the ea is no t clear (Porter et aL 
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1985; E tep et aL 1986, Sander 1991 ). Mixotrophy would be expected to 
increase the effi ciency of the tran fe r of energy and nutrients to higher 
trophic levels. 

Many specie of Chrysochromulina have been found to be photohe tero
trophic (able to uLilize organic carbon in the light) , bo th a di o lved 
organ ic carbon (Pintner and Provasoli 196 ) and by phagocytosis of 
particulate material (Green 1991,Jones et aL Chapter 13). Of the some 20 
species of thi a lga o n which ob ervations or phagocytosis have been 
reported, only in C. mantoniae and C. fragilis has ingestion of particles not 
been unequivocally hown (ManLOn and Leadbeater 1974). In polar 
waters which are ice and snow covered for much of the year, light limits 
photosynthe ·i . The abili ty of autotroph to feed phagotrophically would 
be expected to permit growth or these organism when there is insuf
ficient light for photosynthesis. In the Southern Ocean, organisms such as 
bacteria have been found in the vacuoles of Chrysochromulina. Periplast 
scales of this alga have been found in the gut contents and faece of 
different developmental tage of An tarctic krill (Marchant, unpublished). 
As krill and other crustacea feed under the ice in Antarctic waters (Daly 
1990), mixotrophs, including Cluysochromulina, may provide an important 
food source during winter. 

One of the most important phytoplanktonic organism in polar waters 
is Phaeocystis. This alga may influence the growth of other autotrophs by 
mediating the availabili ty of manganese (Davidson and Marchant 1987), 
although thi is disputed by Lubbers et al. (1990). These authors 
demonstrate that colonial Phaeocystis can remove most of the manganese 
from the medium in which it is growing. Lubber et aL ( 1990) suggest that 
this alga is likely to play an important role in the manganese cycle and 
probably the cycles of other trace metals such a zinc, iron and copper. At 
least in Antarctic waters, this alga provides substrates for heterotrophs by 
the secre tion of a large proportion o f its photoassimilated carbon as parti
cu la te and dissolved organic matter (Davidson and Marchant 1992a). The 
role of Phaeocystis in polar waters in the global carbon cycle is unclear. As 
well as being a major component of the phytoplankton bloom in the 
Antarctic marginal ice edge zone (Bodungen et al. 1986; Fryxell and 
Kendrick 1988; Davidson and Marchant L992a) thi alga has been 
reported to form massive blooms in the Barents, Greenland, and Ice landic 
Seas (Stefansson 1990; Wassmann ei al. 1990; Smith et aL 1991). From the 
removal of nitrate, Smith et al. ( 199J ) calculated that the new production 
was some 40 g C m-2 over the 35 day duration of the bloom. The extent 
of the contributio n of organic carbon from this bloom to deep water is 
equivocal. Hebbeln and Wefer (1991 ) reported a vertical flux of 33 mg 
C m-2 d- 1 in the Greenland Sea following the Phaeocystis bloom, and Estep 
et aL ( 1990) found that cope pods in this region graze Phaeocystis. In the 
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Bare n ts Sea where macrozooplan kton also graze Phaeocystis colo nies, 
extremely high sedimentatio n ra tes have been repor ted (Wassmann et aL 
1990). Togethe r wi th diato ms, Phaeocystis is like ly to contribute substan
tial ly to marin e snow and vertical flux fro m the photic zone. Wassman n 
et aL ( 1990) consider that, d espite the heavy sedimen tation of this alga, it 
is like ly to play a re latively minor role in carbon flux to the deep sea and 
the sequestering of C0 2 because much of the pa rticulate an d dissolved 
material de rived from the photoassimilated carbon of this alga is utilized 
by microbial activity and zooplankto n grazing in the upper aphotic zone. 
The extent of the loss of mate rial fro m the photic zone of An tarctic waters 
is presently under investigation . Short term shallow sedimen t trap deploy
men ts indicate low vertical loss ra tes of around I % of suspe nded particle 
load per d ay (Smetacek et al. 1990). Higher rates gene rally were found 
only when euphau siid faeces were th e prin cipal con tent of the sedime nt 
trap . Although Phaeocystis is a principal compone nt of the spr ing phyto
plankto n bloom in some regio ns wi th in the Bransfi e ld Strait, sediment 
trap data did no t indicate that this alga con u·ibutes directly to verti cal flux 
(Bodungen et aL 1986). In tl1is region sedimen tatio n is do mina ted large ly 
by grazers, especially euphausiids. In addition , ilie impo rtance of proto
zoan faecal pe lle ts in ilie vertical flux of carbon and o tl1er e lements in 
po lar wate rs has recently been recognized (Nothig and Bodungen 1990). 
Phaeocystis has been found in faeca l pellets o f Antarctic sea ice 
di nofl agellates (Buck et al. 1990). 

The extent to which haptophytes are a consti tuent in th e die t of 
metazoan grazers in polar waters has ye t to be ascerta in ed . It is hardly 
surprising tl1at iliis topic has received little attention because of the 
technical difficulties involved . Marchan t and Nash (1986) demonstrated 
the presence of Phaeocystis in gut con ten ts and faecal material of Antarctic 
krill (Euphausia superba) . Phaeocystis has also been found in faecal material 
in the Scotia and Weddell Seas by Gonza les (1992), who also repor ted 
finding coccoliilis of Emiliania huxleyi in alp faeces from iliis area. Periplast 
scales of Ch1ysochromulina have also been found in kri ll faeces (Marchant, 
unpublished data). Although Phaeocystis is grazed by herbivores including 
Euphausia superba (Marchant and Nash 1986), the effect of grazing on this 
alga and its food val ue are equivocal (Verity and Smayda 1989). In an 
investigation on the impact of copepod grazing on a phytoplankto n bloom 
in which Phaeocystis comprised about 97% of ilie biomass and tl1e re
mainder was mainly diatoms, m e diatoms accounted for some 74% of the 
copepod diet (Ciaustre et aL 1990). O nly 1.5% of the bio mass of Phaeocystis 
was grazed by the copepods, th e remainder apparently be ing lost to the 
pe lagic food web. In addi tion , Claustre et aL (1990) reported that the low 
nutritional value of Phaeocystis was due to its fatty acid to chlorophyll a ratio 
be ing much lower than was found in diatoms. Thi was also the case for 
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a mino acids and vitamin C. Phaeocystis from Antarctic sea ice has been 
found to have sign ificanLly lowe r concentratio n of neutral lipid than 
dia tom assemblage do minated by Nitzschi.a a nd Navicula (Priscu et al. 
1990). In an investiga tio n of the fatty acid of krill a nd Antarctic Phaeocysti.s, 
Virtue et al. (1993) concluded that Phaeocysli.s was deficient in a numbe r of 
thee entia! fatty acid . However, this a lga may be an adequate food ource 
for krill because of the crustacean' s apparent abili ty to conve rt exogenous 
hort chai n fatty acids to lo ng chain po lyunsaturated fatty acids. An tarctic 

e uphausiid reportedly have a dietary preference fo r diatoms (Mille r and 
Hampton 1989). At an Antarctic inshore site very little of the carbo n attri
butable to Phaeocystis is appare nt! utilized b metazoa (Davidson a nd 
Marchant 1992a) and, as wa found by Cla usu·e et al. (1990) , mo t of the 
carbon was not used in situ. 

Emission of dime th I ul fide (OM ) from Ll1e oceans account for the 
largest biogenic ource of reduced sulfur compounds to the aunosphe re 
(Andreae and Raemdo nck 1983). DMS is produced , together with acrylic 
acid, by the e nzymatic cleavage of dimetl1yl sulfo niopropio na te (DMSP), 
which is likely to have osmoregulato ry and bacteriocida l activity (Sieburth 
1960; Barnard et aL 1984). DMS is ra pidly oxidized in the atmosphere to a 
numbe r of products including sulfur dioxide, me thanesulfonate , and sui fate 
(Ande rson et aL 1992). It is proposed that sulfate particles constitute a major 
source of cloud conde nsation nuclei (CCN). and that the abunda nce o f 
CCN determine global albedo the reby establishing a mechanism for the 
regulation of climate by marine bio logical activi ty (Charlson et al. 1987). 
Some members of the Prymnesiophyceae, uch as Hymenonwnas canerae and 
Plweocystis produce three orders of magnitude more DMS per cell than most 
o the r groups of phytoplankton (Barnard et al. 1984). Admittedly based on 
few studies, the abundance of Phaeocystis at higher latitude correlates with 
e levated concentration of DMS in the water column (Andreae and 
Raemdonck 1983; Barnard et aL 1984). To date , the highe t recorded con
centration of DMS in seawater is 290 nM measured at an Antarctic coastal 
site, coinciding with a bloom of colo nial Phaeocysti.s (Gibson et aL 1990). 
These aumors have estimated that Antarctic Phaeocysli.s may contribute as 
much as 10% of the total global flux of DMS to Llle atmosphe re. 

T he marked deple tio n in stratospheric ozone over Antarctica during 
pring produces an extended period when incident UV radiation is as high 

o r higher than at Llle summer sol tice (Fred erick and Snell 1988). This 
finding has prompted considerable activity to ascertain the impact of UV on 
Llle productivity and survival of Antarctic marine phytoplankton . It has 
become appare nt fro m various investiga ti ons that the re i sub tantial 
inte rspecific variabili ty to UV exposure (Karen tz 1991; Smith f't aL 1992). 
The colonial stage in the life cycle of Antarctic strains of Phaeocysli.s pou.chelii 
have five to ten times the concentratio n of UV-B ab orbing compounds Lllan 
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a number of strains of P. pouchetii from o ther parts of the world 's ocean 
(Marchant et aL 1991). It was also found that the motile cells of Antarctic 
Phaeocyst.i.s lacked UV-B absorbing compounds. When exposed to a gradient 
in intensity of UV irradiation the percent of motile cells urviving was very 
much lower than cells of the colonial ph a e (Marchant et aL 1991). T hus, as 
well as the1·e being a high level of interspecific variation among diatoms in 
the impact of UV-8 , th e two principal rages in the life cycle of Phaeocystis 
also demonstrate substan tial variation in their urvival. The consequence of 
such a vulnerable stage to UV exposure has yet to be explored. It appears 
that colonial Phaeocystis is less tolerant of UV exposure than all of the species 
of Antarctic diatoms that have been inve tigated to date (Smith et aL 1 992). 
The extent to which difference in the tolerance of components of 
phytoplan kton communities could lead to changes in communi ty structure 
cannot presently be assessed. Further, we ar e not aware of inve tigations on 
the UV-B tolerance of o tl1er taxa of haptophytes. 

Conclusions 

Hapto phytes, especially Phaeocystis, are frequently the dominant au to
tro phs in polar waters and have been identified as having key roles in a 
variety of microbial processes, some of which are of global significance. 
Despite this, however, many aspects of their biology are on ly supe1·fi cially 
known. Clearly, furthe r investigations are required before we have an 
understanding of these environmentally and economically ignificant 
organisms. 
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