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Abstract 

The Haptophyta compiises 11 unmineralized genera with approximately 80 
species, and more than 200 coccolithophorid species allocated to about 70 
different genera. Results from Pacific Ocean su""eys indicate, based on 
epiAuorescence microscopical counts, that the biomass and relative 
contribution of haptophytes to autotrophic biomass is relatively low, 13 ± 
9%, and constant over a wide variety of environmental settings. Also the 
biomass contiibution of haptophytess tO the nanoplankwn, 37 ± 20%, is 
remarkably consistent worldwide. 

Introduction 

Marine haptophytes occupy an important position within the food web 
of the upper water column and their metabolic products may have an 
impact o n global climate. In oceanic waters they comprise a large 
proportion of nanoplankton biomass ( Chavez et aL 1990; H oepffner and 
Haas 1990; Sieracki et al. 1993), and therefore are major agents in the 
cycling of organic matter within the ocean ic microbial food web. With 
the proven capacity of some haptophytes to graze upon picoplankton 
(Kawachi et al. 1991; Sanders 1991), they occupy the ecological niches of 
both primary producers and grazers. The capacity of certain haptophytes 
(coccolithophorids) to produce refractive and fossilizable CaC03 body 
parts makes them important contributors to the vertical flux of carbon 
in the ocean (Broecker and Peng 1982). The production of CaC0 3 
modifies alkalinity and, in short time intervals, can increase the partial 
pressure o f C02 in the upper water column (Balch et al. 1992). In 
addition, they are one of the major phytoplankton groups implicated in 
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DMSP (Keller et al. 1989) and thence DMS production. The haptophytes, 
therefore, with their cosmopolitan distribution, have the potential to 
affect factors involved in global climate change (Mal in et aL 1992). The 
importance of coccoliths in interpreting palaeoclimatological trends is 
inarguable. Evaluating the importance of haptophytes in these processes 
relies on the ability of oceanographers to assess accurately both the 
assemblage composition and abundance/ biomass of haptophytes. 

For the purpose of this review, three major groups of haptophytes are 
defined: (a) unmineralized forms with only organic scales (i.e. lacking 
CaC03) ; (b) weakly calcified forms (mostly holococcolithophorids and, 
e.g. 'polar' heterococcolithophorids); and (c) coccolithophorids (organ
isms with heavy CaC03 deposits, i.e. mostly heterococcolithophorids). 

Scanning electron microscopy (SEM) and transmitted light microscopy 
(LM) , utilizing the inverted microscope and settling chambers (Reid 
1980) on samples from the water column and sediment traps, have in
creased understanding of the diversity, abundance, and biogeography of 
coccolithophorids in major parts of the world ocean (Hasle 1959; Okada 
and Honjo 1973; Reid 1980; Boysen 1991). 

Identification of the species of weakly calcified and the unmineralized 
forms generally requires transmission electron microscopy (TEM) (e.g. 
Estep et aL 1984; Thomsen et al. 1988). Most surveys of the flagellated 
nanoplankton have been based upon near-shore samples, and present 
knowledge of the biogeographical ranges of weakly calcified and unmin
eralized forms is, therefore, incomplete. 

Complete enumeration of haptophytes relies upon the epifluor
escence microscopy (EFM) of samples filtered on to polycarbonate filters 
(Booth 1987). The unmistakable haptophyte signature of cells viewed 
with EFM (chloroplasts reminiscent of the wings of butterflies with two 
equal length flagella and a haptonema) has facil itated the acquisition of 
data on the spatial and temporal distribution of the group. While EFM is 
a major tool for the enumeration of haptophytes, it does not allow for 
species-specific identifications, although it appears that the cocco
lithophorids can be distinguished from the weakly calcified and unmin
eralized forms. The present lack of techniques to identify and quantify 
the weakly calcified and unmineralized forms simultaneously means that 
knowledge of their ecology is sparse. A major part of this paper sum
marizes the existing data on the group with particular emphasis on the 
Pacific Ocean. 

Assemblages 

Haptophyte taxonomy is currently in a state of flux. New species are being 
discovered continuously and the validity of generic circumscriptions is, in 



Haptophytes as components of marine phytoplankton 189 

many cases, questionable because of limited information on type 
specimens and the recent examples of cells, simultaneously carrying 
coccoliths or scales, previously assigned to different species or genera. 
Only a small percentage (< 5%) of the heterococcolithophorid species 
(and mostly coastal forms) have been established in culture, a step which 
may be necessary to assign organisms unequivocally to taxa. 

At present the Prymnesiophyceae comprises 11 unmineralized genera 
with approximately 80 species, and mo re than 200 coccolithophorid 
species allocated to about 70 different genera. This chapter will focus on 
certain unmineralized genera, and aims to present new information on 
the abundance of haptophytes in time and space. 

Coccolithoplwrids and weakly calcified fonns 

The coccolithophorids constitute a conspicuous element of the plankton 
in oceanic regions. Species diversity is high in tropical regions but con
siderably lower in temperate regions. Only a few coccolithophorids (e.g. 
Coccolithus pelagicus and Emiliania huxleyi) have been reported from sub
polar regions. 

Extensive surveys of coccolithophorids using SEM techniques have 
contributed significantly to a thorough understanding of both morpho
logical and distributional characteristics of individual species (e.g. Okada 
and Honjo 1975; Gaarder and Heimdal 1977; Okada and Mclntyre 1977, 
1979; Conley 1979; Heimdal and Gaarder 1980, 1981 ; Reid 1980; 
Hallegraeff 1984; Kleijne 1991, 1992; Samtleben and Schroder 1992). Dis
tinct assemblages have been identified fo r both the Atlantic Ocean 
(tropical, subtropical, transitional, subarctic, and subantarctic; Mclntyre 
and Be 1967; Okada and Mclntyre 1979) and the Pacific Ocean (subarctic, 
transitional, central north, equatorial north, equatorial south, central 
south; Okada and Honjo 1973). In addition several studies from the Pa
cific have identified 'shade' assemblages, those groups of organisms found 
exclusively or predominantly at greater depths than 100 m (Okada and 
Honjo 1973; Fryxell et aL 1979; Reid 1980; Boysen 1991). 

Due to sampling being biased towards coastal and polar regions, the 
lightly calcified genera (e.g. Papposphaera, Pappomonas, Wigwamma) are 
thought to be found mainly in regions of the world oceans that border the 
main biogeographical provinces of coccolithophorid distribution, i.e. the 
edges of the ocean basins. However, recent surveys of nanoflagellates from 
temperate, subtropical, and tropical regions have shown that these lightly 
calcified genera are also found in regions where typical coccolithophorids 
are abundant (Thomsen, unpublished results). 

Figures 10.1-10.9 show coccolithopho rid diversity and illustrate some 
of the species encountered during the September 1989, California 
Undercurrent Cruise (see also Fig. 10.18 and below). The lightly calcified 
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Figs 10.1- 10.9 A selection of coccolithophorids encountered along a Californian 
transect (see also Fig. 10.18). TEM shadowcast whole mounts ( 1, 3, 4, 6-9); light 
micrographs (2, 5). (1) Complete cell of Ophiasler hydraides showing flagella and 
short haptonema. Single coccoliths from Emiliania huxleyi (arrow) and Flmisphaera 
(doublr arrow) are pointed out. A likely Synechococcus cell (an·owhead) serves as a 
natural scale bar (1 p.m). (2) PafJjJosf>haera sp.; dried cell. (3) Detail of tips of 
coccoli th appendages (see also 2). ( 4, 5) Turrisphaera sp.; notice ( 4) hexagonal 
crystallites. (6, 7) Polycrater galapagensis; the arrow (6) points to the haptonema. 
(8, 9) Papfmnonas Jlabellifera var. Jlabellifera. Scale bar = 0.5 p.m (3, 4, 7); 1 p.m (1, 6, 
9); 5 p.m (2, 5). 

'polar' genera include Papposphaera (Figs 10.2, 10.3), Turrisphaera (Figs 
10.4, 10.5), and Pappomonas (Figs 10.8, 10.9) . Other organisms illusu·ated 
are Ophiaster hydroides, Emilliania huxleyi, Florisphaera sp. (Fig. 10.1), which 
represent types of coccolithophorids commonly encountered in sub
tropical samples. Polycrater galafJagensis (Figs 10.6, 10.7) is previously 
recorded only from the Ga.lapagos Islands (Manton and Oates 1980) and 
the Atlantic Ocean (Chretiennot-Dinet 1990). It is unusual in having a 
microcrystalline substructure based o n calcium carbonate as aragonite 
instead of t.l1e more usual calcite (Manton and Oates 1980). The material 
illustrated here (Fig. 10.6) documen ts for the first time the presence of a 
haptonema in this species. 

Unmineralized forms 

The diversity among unmineralized haptophytes is much less pro
no unced than among the coccolithophorids. Only some genera, e.g. 
Chrysochromulina Lackey, Phaeocystis Lagerheim (Figs 10.14, 10.15; 
Marchant and Thomsen, Chapter 11; Lancelot and Rousseau, Chapter 
12), Corymbellus Green and hnantonia Reynolds appear to be abundant in 
the open ocean (Estep et aL 1984; Hoepffner and Haas 1990; Table 10.1). 

Table 10.1 Unmineralized haptophytes encountered in oceanic regions 

1 2 3 4 

Chrysochromulina 

C. aff. acantha Lead beater & Man ton * 
C. apheles Moestrup & Thomsen * 
C. bergenensis Lead beater * 
C. cliiton Parke & Man ton * 
C. cyatho-phom Thomsen * 
C. discophora Man ton * * * 
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Table 10.1 (cont.) 

1 2 3 4 

Chrysochromulina 
C. ekgans Estep et aL * 
C. ephippium Parke & Manton * * 
C. fragilis Lead beater * 
C. herdknsis Lead beater * * 
C. hirta Man ton * 
C. latilepis Man ton * 
C. kadbeateri Estep et aL * * * 
C. mantoniae Lead beater * * 
C. pachycylindra Man ton & Oates * * * * 
C. parkeae Green & Lead beater * 
C. pelagica Estep et aL * * 
C. pringsheimii Parke & Man ton * * 
C. pyramidosa Thomsen * 
C. simplex £step et aL * * * 
ChT)•sochromulina 'Plymouth 384' (Moestrup 1979) * 
C. tenuispina Man ton * 
C. tenuisquama £step et aL * 
C. vexillifera Manton & Oates * * * * 
Cl11ysochromulina spp. *(3) *(>10) 

Corymbellus 

C. aureus Green * * * 

Phaeocystis 

P. pouchetii (Harior) Lagerheim * * * 
P. scromculata Moestrup * * * 

Plat)'chl)'sis 

P. pienaarii Gayral & Fresnel * 

Prymnesium 

P. patelliferum Green et al. * 
(1) Trans-Atlantic stations (Estep tt aL 1984); (2) North Pacific central gyre (Hoepffner and 
Haas 1990); (3) Stations off California (Thomsen and Buck, unpublished results; see also 
Figs 10-16); (4) Calapagos (Manton 1982, 1983; Manton and Oates 1983). 
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Chrysochromulina Lackey, 1939 The genus Chrysochromulina is a ubiqui
tous component of marine nanoplankton. The history of research in this 
genus largely reflects the introduction of electron microscopical tech
niques to marine biology. Early species descriptions were based on light
and electron microscopical studies of culture strains (Parke et aL 1955, 
1956). However, the astonishing diversity within this group of organisms 
was emphasized when freshly collected samples were prepared for the first 
time directly for TEM work (Leadbeater 1972; Manton and Leadbeater 
1974). The number of species currently described is close to 50. However, 
the number of unidentifiable Chrysochromulina-like groups of scales that 
appear in almost any whole mount preparation from a marine environ
ment (Thomsen, unpublished results), make it likely that the actual 
number of species may exceed 100. 

Species of the genus Chrysochromulina are highly variable in body shape 
and dimensions. Some species (e.g. C. aph~les. C. minor, C. elegans, 
C. pyramidosa) approach the cell-size category of picoplankton with a 
diameter only slightly larger than 2 JLm, while other species may be up to 
20- 30 JLm in length (e.g. C. parkeae, C. pringsheimii and the enigmatic 
C. birgen). The flagella, 6-40 JLm long, and in particular the haptonema, 
4-180 JLm long, display an astonishing size variability among the species 
described. In addition to cell size and shape, the length of the haptonema 
relative to either flagellar length or cell body diameter are useful criteria for 
LM identification of particular species. The haptonema is, in most species of 
Chrysochromulina, capable of coiling (see Inouye and Kawachi, Chapter 4). 

Differences in morphology and number of types of organic scales 
covering the cell body form the prime criteria for distinguishing species 
on a routine basis from TEM whole mounts (See Lead beater, Chapter 2). 
In some species, e.g. C. elegans, the scale case consists of only two types of 
scales (Fig. 10.10), whereas in other species, e.g. C. parkeae, a total of five 
different types may be distinguished. The range in scale morphology 
within species of Chrysochromulina is almost endless. The main types are 
plates (Fig. 10.10), cups, cylinders (Fig. 10.13), and spines (Fig. 10.12). 
Some scales are large enough to be visible clearly in the LM when live 
cells are studied either by phase contrast or Nomarski optics. This, in 
some cases, enables a precise identification of the species, e.g. C. parkeae 
and C. hirta, and sometimes it narrows down the possible identification to 
between a few species e.g. C. ericina or C. spinifera. 

Most species of Chrysochromulina are at present known from only a 
handful of localities due to the fact that a TEM examination of whole 
mount'> of cells is necessary to confirm their identity. Much of the material 
studied so far originates from coastal localities. The number of major 
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Figs 10.10-10.16 A selection of unmineralized prymnesiophytes encountered 
along a Californian transect (see also Fig. 10.18). TEM shadowcast whole mounts. 
(10) Detail of Ch1ysochrornulina elegans periplast showing plate scales with concentric 
and radiating surface markings. (11 ) Complete cell of Chrysochrornulina pyrarnidosa; 
the inset shows plate scales and pyramidal scales at a higher magnification. 
(12) Chrysochrornulina mantoniae plate scales of two sizes and basal part of spine 
scale. (13) Chrysochrornulina cyathophora cell surrounded by numerous flattened 
cylinder scales. (14) Ejectile structure from Phaeocyslis pouchetii. (15) Detail of 
Phaeocystis scrobiculaLa periplasl. (16) Corymbellus aureus spine scales. Scale bars = 
0.5 p,m (10, 11 (inset) , 13, 15, 16); 1 p,m (11 , 12, 14). 

surveys of nanoflagellates from oceanic regions, including routine iden
tification of cells from TEM whole mounts, is limited (Estep et al. 1984; 
Hoeppfner and Haas 1992). Table 10.1 lists findings of species of 
ChrysochTomulina from oceanic regions. However, the general picture 
emerging when analyzing Chrysochrornulina distributional data is that most 
species are apparently ubiquitous in the world's oceans (see also Marchant 
and Thomsen, Chapter 11). 

Corymbellus Green, 1976 This monotypic genus is fairly easy to recognize 
in the LM because of the tendency to form large, spherical or annuloid, 
motile colonies (up to 200 ~J-m). The single cell is about 8 x 10 !J-m with a 
short, non-coiling haptonema. The scale covering consists of two types of 
slightly differently sized minute scales. One type of scale has a central 
four-strutted spine bridging a central pore (Fig. 10.16). 

The species was first described from the English Channel (Green 1976) 
and has since been reported from New Zealand (Moestrup 1979), 
Australia (Hallegraeff 1983), the oceanic parts of the Atlantic Ocean 
(Estep et aL 1984), North Sea (Gieskes and Kraay 1986), Beagle Channel 
(Thomsen, unpublished results), and California (Thomsen and Buck, un
published results). Evidently Coryrnbellus au1-eus is a widespread organism, 
with the potential offorming local blooms (see Moestrup, Chapter 14). 

Imantonia Reynolds, 1974 Irnantonia rotunda is a minute flagellate (2-4 !J-m 
in diameter) with two chloroplasts, two flagella, and a much reduced 
haptonema. A small protuberance containing endoplasmic reticulum, and 
no microtubules, is sometimes present between the flagella (Green and 
Pienaar 1977). Scales of one or two types ('bicycle-wheels') , distinguished 
by their size and the presence or absence of an upturned rim, cover the 
cell body. Aspects of the ultrastructure of this organism have been 
described by Hori and Green (1985) and Green and Hori (1986). 
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Originally bnantonia rotunda was described from the arctic Atlan tic, 
Spitsbergen (Reynolds 1974), but has since been reported from a wide 
range of localities indicating a cosmopolitan distribution. These include 
Friday Harbor, USA (Green and Pienaar 1977), Australia (Hallegraeff 
1983), the English Channel and Cape Town (Chretiennot-Dinet 1990), 
Denmark (Thomsen et al. 1992), and the Weddell Sea (Thomsen, un
published results). 

A recent extensive TEM survey of phytoplankton from Danish brackish 
waters (Thomsen et al. 1992), showed this organism to be present in al
most all samples analyzed. The small size of the cell and the fact that TEM 
of whole mounts of cells is needed for proper identification has prevented 
the frequent recognition of I. rotunda as a significant component of 
haptophyte plankton. 

Abundance and distribution 

Estimates derived from microscopy 

Quantitative estimation of haptophyte abundance has been obtained 
using two principal techniques. The first focuses on coccolithophorids, 
while the second attempts to provide abundance and biomass estimates 
of all haptophytes. The former relies on transmitted light microscopy of 
sedimented water samples (Reid 1983) to identify and quantify material 
(Fryxell et aL 1979; Re id 1980) , although SEM has also been used for this 
purpose (e.g. Boysen 1991). Such techniques are not suitable for 
estimates of total haptophytes due to inadequate preservation of 
unmineralized and lightly mineralized forms. Total haptophyte 
abundance and biomass estimates are usually undertaken by EFM after 
filtering water samples through polycarbonate filters (Booth 1987, 1988; 
Chavez et aL 1990, 1991). Scanning electronmicroscopy has also been 
used as a quantitative technique for studying total haptophyte numbers 
(e.g. Booth et al. 1982). 

As a consequence of this methodological dichotomy, it is difficult to 
make general statements regarding, for example, the relative importance 
of coccolithophorids. Furthermore, the inability to identify individual spe
cies by EFM prevents the acquisition of detailed quantitative information 
on communities of unmineralized haptophytes as has been possible for 
the coccolithophorids. 

Coccolithoph01ids Blooms (> 106 cells I-1) of coccolithophorids are 
persistent features in certain regions of the Atlantic. Satellite remote 
sensing in the 550 nm band by the Coastal Zone Color Scanner indicates 
extensive blooms (>50 000 km2) . Emiliania huxleyi may be dominant with 
population abundances exceeding 2 x 106 cells 1-1 recorded in the Gulf of 
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Maine and off the south of Iceland (Balch et aL 1991, 1992). The 
contribution to the total carbon fixation in the Gulf of Maine by the 
prymnesiophyte bloom was calculated to be 0.5% of the annual 
planktonic production. However, the contribution to the vertical flux of 
carbon from the surface of the ocean to depths was calculated to be 25% 
of the annual total, presumably via the contribution of the CaC0 3 in 
coccoliths (Balch et aL 1992). However, blooms of coccolithophorids are 
not confined only to regions of the open ocean. In Norwegian coastal 
waters, the North Sea, and the Skagerrak conspicuous blooms of Emiliania 
huxleyi appear to be an almost annual phenomenon with cell numbers up 
to 115 x 106 cells 1-1 (Berge 1962; Holligan et aL 1989). 

Large scale spatial and temporal studies carried out during the 1970s in 
the Pacific Ocean point to a contrasting picture. Quantitative data ob
tained using inverted transmitted light microscopy by Hasle (1959), 
Okada and Honjo (1973) , Fryxell et al. (1979), and Reid (1980) document 
heterococcolithophorid abundances in the range of 104 cells I- 1 (Table 
10.2). Higher abundances have been reported from the Pacific, but only 
north of 45°N (Okada and Honjo 1973). The method used in these 
studies is recognized now as inappropriate for assessment of the total auto
trophic biomass due to undersampling of the picoplankton and an inabil
ity to differentiate autotrophs from non-autotrophs. Therefore, it is 
impossible to ascertain the relative contribution of coccolithophorids to 
total phytoplankton biomass. However, counts made with EFM on equat
orial Pacific (10°N-l0°S) samples indicate a maximum coccolithophorid 
contribution of 4% of total haptophyte numbers (Table 10.2). These 
estimates of coccolithophorid population densities made using EFM are 
similar to those made by inverted microscopy of settled samples, and are 
several orders of magnitude less than the numbers of the unmineralized 
(and weakly mineralized) forms of haptophytes. 

Weakly calcified and unmineralized fonns A total of 180 surface samples have 
been analyzed by EFM from three areas in the Pacific Ocean (Table 10.2). 
Haptophytes have been enumerated as a taxonomic group and their cell
sizes measured to enable conversion to biovolume and subsequently 
carbon content (see Chavez et aL 1991 for methodology). The confidence 
limits obtained after counting three replicate transects on three replicate 
filters, counting approximately 100 cells for each, was 7% of the mean, 
using EFM analysis of samples taken off the coast of California in March 
1993. Coccolithophorids were not separated into a distinct group in 
counts made of water samples from the temperate contine n tal shelf 
stations, but they were assumed to be relatively rare in these areas. The 
results of these surveys show that the relative contribution of haptophytes 
to autotrophic biomass and abundance is relatively low, 13 ± 9%, and 
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Table 10.2 Abundance (cells I- 1) ofunmineralized haptophytes, weakly 
calcified prymnesiophytes and coccolithophorids from several studies 
conducted in the Pacific Ocean 

Unmineralized and Fully 
weakly calcified mineralized 
haptophytes coccolithophorids 

Range Mean Range Mean 

Pacific Stratispheric 1.4 X 105- 1.7 X 10° NC NC 
Investigation 7.5 X 106 

California 2.3 X 105_ 1.4 X 106 NC NC 
Undercurrent 3.7 X 106 

EquaPac spring 4.3 X 105- 9.3 X 105 7.6 X 102- 5.55 X 103 
1.8 X 106 4.6 X 104 

EquaPac autumn 3.8 X 105- 1.0 X 10° 1.2 X IOL 8.40 X 103 

1.9 X 106 6.6 X 104 

Hasle (1959) l.l- 2.0 X 104 

Reid (1980) 3.1 X 103- 5.08 X 103 

1.1 X ]04 

Fryxell et aL (1979) 9.4 X 102_ 6.12 X 103 
1.8 X 104 

Notes: The Pacific Su·atispheric Investigation was conducted off the coast of Washington in 
April of 1989-1991. The California Undercurrent Investigation tOok place off Monterey Bay 
from August 1989-January 1991, and the EquaPac cruises were part of NOM's Global 
Climate Change Cmises to the Equatorial Pacific ll0°W-140°W, l0°S-l0°N in 1992. T hese 
estimates were performed using EFM. The coccolithophorid estimates are similar to those 
made using the inverted microscope and settled volumes, and are several orders of 
magnitude less than the wee kly calcified and unmineralized forms. 
NC = not counted as a separate group. 

constant over a wide variety of enviro nmental conditions (Table 10.2, 10.3; 
Fig. 10.17) . Also the contribution of haptophytes to the nanoplankton is 
remarkably consistent over both a wide range of environmental conditions 
and assemblages (37 ± 20%; Table 10.3) . Table 10.3 additionally shows 
the average conn·ibutions from other groups ofphytoplankton to the total 
autotrophic biomass for the three study sites. 
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Fig. 10.17 Haptophyte biomass (T) and contribution to the LOtal autotrophic 
biomass (0) for· the EquaPac spring and autumn 1992, California Undercurrent 
(CUC) , and Pacific Stratispheric Investigation (PSI) cruises. Autotrophic biomass 
does not take into consideration prochlorophytes which can account for up to 
50% of the chlorophyll in equatorial regions (Chavez el al. 1991). 

The inability to resolve even generic differe nces by EFM, and the dearth 
of TEM studies of the weakly calcified and unmineralized forms from the 
o pen ocean means that fundame ntal questions about the species and 
generic composition of haptophyte communities remain unresolved. Of 
primary importance is the rela tive abundance of Phaeocyslis motile zooids. 
Motile zooids of both P. pouchelii and P. scrobiculala are co mopolitan in 
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Table 10.3 Average contribution (±S.D. ) of the haptophytes to the 
surface autotrophic nanoplankton and total autotrophic biomass 
(J.LgC 1-1) from four Pacific Ocean Investigations. Cruises are the same as 
for Table 10.2. Autotrophic nanoplankton inlcudes haptophytes, 
cryptophytes, prasinophytes, dinophytes, and Phaeocystis (colonial) 

Total 
autotrophic 

Nanoplankton biomass 

Pacific So·atispheric 0.38 ±0.22 0.07 ±0.05 
Investigation 

California Undercurrent 0.38 ±0.20 0.13 ± O.ll 
cruises 

EquaPac spring 0.33 ±O.ll 0.17 ±0.09 

EquaPac autumn 0.26 ±0.08 0.15 ± 0.07 

Grand mean 0.37 ±0.20 0.13 ±0.09 

Average contribution from taxonomic groups of organisms to the total 
autotrophic biomass for the three study sites. 

1 2 3 4 5 

PSI 0.42 O.o7 0.03 0.14 0.24 
cue 0.44 0.13 0.13 0.08 0.13 
Equapac 0.47 0.13 0.31 0.07 0.03 

11 

44 

80 

34 

22 

180 

6 

0.08 
0.08 
0.00 

1 = picoplanklon, 2 = haptophytes, 3 = dinoflagellates, 4 = pennate diatoms, 5 =centric 
diatoms, 6 = cryptomonads. 

distribution. Given the potential noxious bloom threat and production of 
DMS associated with P. pouchetii colonial forms, information on the 
quantitative distribution of P. pouchetii motile zooids is imperative to 
understanding the autecology of this organism. The cosmopolitan distri
bution of the motile zooid implies that blooms of the colonial form are 
possible on short time-scales once conditions that favour this form are 
realized. Estep et al. (1984) indicated that both species of Phaeocystis are 
occasional or even frequent components of mid-Atlantic phytoplankton 
assemblages. Based solely on SEM counts Booth et al. (1982) found that 
Phaeocystis periodically dominated the unmineralized component of the 
phytoplankton in the subarctic Pacific. Quantitative estimations from the 
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California Undercurrent Cruise Sept. 1989 
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Fig. 10.18 Relative abundances of the two principal components of unmineral
ized haptophytes (=prymnesiophytes) (Phaeocystis and Chrysochromulina) and 
coccolithophorids on a 200 km transect conducted during a California 
Undercurrent cruise in September 1989 (see Fig. 10.17 for accompanying biomass 
data). The total number of cells examined for each station are located along the 
top axis. 

California Undercurrent cruise in September 1989 (Fig. 10.18), show a 
decrease in the relative contribution of Phaeocystis motile zooids to the un
mineralized forms with distance from shore to open water accompanied 
by a concommitant increase in coccolithophorids. Unfortunately, in this 
study there was no separation between coccolithophorids and the weakly 
calcified forms. The hypothesis of the relative unimportance of coccoli
thophorids would imply that most haptophytes enumerated are weakly 
calcified or unmineralized forms. However, it does raise the possibility 
that the TEM studies are overlooking a significant fraction of the 
unmineralized forms. Other high resolution surveys are necessary before 
these questions can be fully resolved. 

Estimates derived from the serial dilution culture technique 

One of the few ways of obtaining species specific abundance data for non
mineralized members of the Haptophyta is through the technique of 
serial dilution culture (Throndsen 1978a). In studies of nanoflagellate 
abundance in Norwegian coastal waters by Throndsen (1976, 1978b) he 
quotes abundance data for Chrysochromulina spp. of 103-105 cells 1- 1 and 
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Dicrateria inomata, which according to Throndsen (1976) may also have 
been Imantonia mtunda, of 103-105 cells I - 1• In dilution cultures, the 
cosmopolitan coccolithophorid Emiliania huxleyi was found to outgrow 
most flagellates reaching population densities exceeding 106-107 cells 1-1 

(Throndsen 1976). 
A season of haptophyte abundance data based on the serial dilution 

culture technique is available from the Kiel Bight, Western Baltic (Jochem 
1990). Dicrateria and/or Imantonia were present from April until October 
at temperatures ranging from 2-20 °C, with maximum numbers of 105 

cells 1-1 recorded dw-ing July. Species of ChTysochromulina were observed 
throughout the period studied, but at a lower abundance of 102-104 cells 
J-1. 

In a recent survey of protist plankton from the Kattegat (T homsen 
1992) the quantitative technique of serial dilution was used in conjunction 
with TEM. Three species of Ch1ysochromulina (C. brevifilum, C. hi1·ta, and 
C. spinifera) were observed. The maximum cell numbers noted were 
104-105 cells 1- 1 dw-ing the late summer. The coccolithophorid Emiliania 
huxleyi simultaneously reached a maximum of 105- 106 cells I- 1• lmantonia 
rotunda occurred throughout the year with between 102-104 cells I - 1• 

Unfortunately this quantitative culture approach has not yet been used 
in oceanic situations. 

Estimates derived from algal pigments 

Investigations of marine phytoplankton distribution using pigments as 
diagnostic markers for specific groups of phytoplankton have been pub
lished recently (e.g. Siege! et aL 1990; Ondrusek et aL 1991). The marker 
specific for haptophytes is 19'-hexanoyloxyfucoxanthin. Ondrusek et aL 
(1991) found this particular pigment to be the most cosmopolitan of the 
acetone-extractable carotenoids in the open North Pacific Ocean. The 
highest concentrations of this pigment, together with chlorophyll b, were 
observed near the base of the euphotic zone. A somewhat similar trend 
was evident in the Sargasso Sea (Siege! et aL 1990). Here the distribution 
of the haptophyte pigment marker was similarly parallel to that of 
chlorophyll b, but the subsUJ·face maximum was at a depth of 5% incident 
PAR, somewhat nearer the surface than in the North Pacific Ocean. 

Mixotrophy 

The capacity of autotrophs to ingest particles (mixotrophy) considerably 
increases the complexity of the microbial food web (see J ones et al. , 
Chapter 13). The magnintde and occurrence of mixotrophy in the eu
phoric zone of the open ocean needs to be assessed accurately before 
reasonable modelling efforts may proceed. There are indications that a 
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significant percentage of autotrophs may be capable of mixotrophy. 
Caron (cited in Sanders 1991) observed that up to 53% of the autotrophic 
flagellates from the Sargasso Sea contained ingested food particles. Noes
timates were given for the composition of these assemblages, but it is likely 
that haptophytes were a significant component. 

Unmineralized forms from the EquaPac cruises have been observed 
frequently containing ingested Synechoccocus. Up to a maximum of 10% of 
the unmineralized forms of haptophytes contain such autotrophic 
picoplankton (unpublished data). This is a conservative estimate for total 
mixotrophy, since heterotrophic bacteria are potential prey and are much 
more abundant than the minute picoalgae. Green (1991) reports 24 
species of Chrysochrornulina ingesting particulate material. 

Conclusions 

Information on the diversity and importance of the Prymnesiophyceae 
has increased in phase with the advances in technology available for their 
study and observation. Light, transmission electron, scanning electron, 
and epifluorescence microscopy, together with satellite remote sensing 
have all contributed to major advances in the understanding of this 
group of organisms. The Haptophyta are accepted as a ubiquitous and 
important component of autotrophic nanoplankton in the open ocean. 
However, despite recent technological advances, several important and 
unanswered questions remain with respect to open water haptophytes. 
The qualitative composition of haptophyte assemblages in the open 
ocean remains virtually unaddressed mainly due to the inaccessibility of 
samples from the deep ocean basins. With the increase in large 
multinational, multidisciplinary integrated research programmes and an 
appreciation of the importance of this information, the lack of 
taxonomic knowledge of oceanic phytoflagellates is being corrected 
slowly. It is possible only to infer the relative abundances of the various 
groups that comprise the haptophytes with the quantitative techniques 
currently in use, e.g. EFM analysis of organisms concentrated on to 
filters. While it is currently the most commonly used method of 
enumeration, it does not enable differentiation between the lightly 
calcified, unmineralized, and the heavily calcified forms. For instance we 
have difficulty reconciling the EFM analyses, which indicate low 
coccolithophorid abundances, e.g. from the California Undercurrent 
cruises, with relative abundance counts from the TEM which indicate 
40% of the haptophytes to be coccolithophorids. A single method com
bining EFM with light microscopy (with polarization) of FTF (filter
transfer-freeze; Hewes and Holm-Hansen 1983) samples, or the use of 
aluminium filters (McKenzie et al. 1992) may be appropriate for this 
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purpose (W. Balch, personal communication). The use of molecular 
techniques (Campbell et al. 1989) may also soon increase the under
standing we have of the distribution of members of this group. 
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