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SUMMARY 

Populations of North Atlantic nanoplankton were collected from ten stations at four depths on a transect from Africa to Florida ' 
oroplast containing cells where examined using sequential epifluorescence and electron microscopy. This technique allows protists 

ivided into groups based on the presence or absence of chloroplasts, after which they can be examined and identified using electron 
opy. Of the 549 chloroplast containing protists so examined, the majority were in the class Prymnesiophyceae (53.9 %). Also present 
numbers (18.6 %) were unidentified biflagellates without scales or a haptonema which might, without the use of this technique, 

en classified as heterotrophic due to their superficial resemblence to Bodonid species. Members of the Chrysophyceae (12.9 %) and 
phyceae (10.7 %) were present in smaller numbers. A total of 22 previously described species were identified and five new species, 
hromu/ina elegans, C. leadbeateri, C. pelagica, C. simplex and C. tenuisquama are described. Four of the five new species were 
nt, demonstrating the paucity of current knowledge of open ocean nanoplankton. Most species were widely distributed across the 
t, however some species occurred only at pelagic stations, suggesting sensitivity to coastal influence .. 

RESUME 

Des populations de phytoplankton de l'Atlantic-Nord ont ete recoltees a quatre profondeurs differentes et a dix stations reparties 
d'une radiate allant de la cOte africaine it la Floride. Les cellules ant ete examinees tout d'abord en lumiere UV afin de separer 
ces aplastidiees de celles pourvues de chloroplastes. Ulterieurement, seules ces dernieres, apres ombrage metallique, ont ete 

ees en microscopie eiectronique it transmission. Parmi !es 549 specimens etudies, la majorite d'entre eux appartient aux 
siophycees (53,9 %). D'autres prennent place parmi Jes Chrysophycees (12,9 %) et Jes Prasynophycees (I0,7 %). Au total, 27 espt!ces 

nouvelles ont ete identifiees : Chrysochromulina elegans, C. /eadbeateri, C. pelagica, C. simplex et C. tenuisquama. Des cinq nouvelles 
, quatre sont abondantes, ce qui d6montre combien la connaissance actuelle du nannoplancton est insuffisante. La plupart des 
etaient tres abondantes it toutes Jes stations d'6chantillonnage mais certaines se sont montI"ees sp6cifiquement p61agiques. 

Current address: SEAMOCEAN, P.O. Box 1627, Wheaton, MD 20902. 

Manuscrit re~u le 2 mai 1984. Accepte par le Comit6 de lecture le 16 juillet 1984. 
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INTRODUCTION 

Several recent studies have addressed the importance 
of microflagellates, both with and without chloroplasts, in 
marine nanoplankton. Heterotrophic microflagellates are 
regularly present in large numbers and play a role as 
bacterial consumers (HAss & WEBB, 1979; BURNEY et al., 
1981; BURNEY et al., 1982; FENCHEL, 1982; SIEBURTH & 
DAVIS, 1982; LINLEY et al., 1983). Microflagellates with 
chloroplasts are also present in large numbers, have high 
reproductive rates and may be responsible for more than 
50 o/o of primary productivity (DURBIN et al., 1975; 
THRONDSEN, 1976; HALLEGRAEFF, 1981; BEERS et al., 1982). 

Despite their importance, knowledge of their taxonomy 
and distribution remains incomplete. Previous work which 
has been done has sometimes been based on culture 
(THRONDSEN, 1970; THRONDSEN, 1976) which allows ample 
material for accurate identification but results in an 
investigation of only those species which can be cultured. 
Others have conducted taxonomic and distributional 
studies using electron microscopy (LEADBEATER, 1974; 
MOESTRUP, 1979; BOOTH et al., 1982; BUCK & GARRISON, 
1983). This technique allows identification of many 
microflagellate species based on fine structural details that 
cannot be seen with the light microscope, and is not 
limited to those species which can be cultured. It does not, 
however, distinguish those species which contain chloro
plasts from those which do not. 

The present study was conducted to examine the 
taxonomy and distribution of open ocean nanoplankton as 
a prerequisite for further ecological work. The technique 
of sequential epifluorescence and electron microscopy 
(DAVIS & SIEBURTH, 1984) used in this study allows the 

differentiation and identification of microflagellates 
chloroplasts from those without chloroplasts. The pre 
paper deals with those species containing chloropl 
data concerning heterotrophic microflagellates will app 
separately (DAVIS & SIEBURTH, in prep.). 

MATERIALS AND METHODS 

Samples were collected from 14 August to 12 Septem 
1981, on a transect (latitude 24°30' N) from south of 
Canary Islands to South Florida (Fig. I) on RIV At! 
tis II cruise 109 : 3. Samples were taken from four dep 
I m (or 10 m), 35 m, 65 m and 100 m with acid was 
Niskin bottles. Water thus obtained was preserved 
0.5 o/o gluteraldehyde/formalin, a mixture of fixati 
which results in minimal disruption of delicate micr 
gellates (TSUJI & YANAGITU, 1981). 

Taxonomy of microflagellate species was determ· 
through the use of sequential epifluorescence and ele 
microscopy (DAVIS & SIEBURTH, 1984). For this techni 
80 ml of each preserved sample was concentrated to 
over a 0.2 um Nuclepore filter in a Swinnex cha 
(vacuum less than 12 cm Hg) and desalted with disti 
water. A single drop of this concentrate was placed 
replicate Formvar coated electron microscope grids 
vacuum dried. Within 24 hours the resultant grids 
examined at 600 X With an Olympus Vanox epifluores 
microscope equipped with a BG-12 excitation filter a 
barrier filter with a low pass cutoff at 500 nm. The posi 
and approximate size of red, autofluorescent areas on 

R/V ATLANTIS II CRUISE 109:3 
AUGUST-SEPTEMBER, 19B1 

•7 •5 

!S()•W 

FIG. 1. - Station map of RIV Atlantis cruise I09 :3. 
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icating the presence of chloroplasts) were noted 
map. 

grids were later shadowed with 1/2" of 60 : 40 
lladium wire using a Denton DV-502 evaporator 

examined using a Ziess EM 9 S-2 transmission 
microscope. Grid maps prepared using epifluo
microscopy were used to locate protists with 
sts while protists in other locations on the grids 
idered to be heterotrophs. Micrographs were 

11 recognizable protists with chloroplasts to study 
cell architecture. Use of this technique assures 
ecies described in this study possessed chloro-

te sub-samples to be used for counts of chloro
taining nanoplankton were first passed through 
ytex serening (Sterling Marine Products, Mont
and then I 0-25 ml subsamples were filtered onto 

Nuclepore filters which were prestained with 
black (DAVIS & SJEBURTH, 1982). Numbers of 
escent cells were determined with the epifluores
uipment described above. 

RESULTS 

al of 200 grids were examined and 684 electron 
phs of 549 chloroplast containing protists were 
. Of these cells, 236 could be identified to at least 
98 could be placed only into larger taxonomic 
nd 15 could not be identified. All new species, 
exception of C. e/egans were abundant. Five new 
Chrysochromu/ina elegans, C. /eadbeateri, C. pela
simplex, and C. tenuisquama) represented by 75 
als were identified. A complete list of identified 
pears in Table I. Although the designation of 
abundance is arbitrary, it gives some idea of the 
occurrence of each group. In this and all other 
ional results in this paper, it should be noted that 
he relatively small volumes of water that can be 
d for electron microscopy, errors of omission may 
pecially for more rare species. 

· ens were placed in classes according to the 
g criteria : Cryptophyceae possessed two flagella 
ximately equal length with mastigonemes : Dino
were identified by thecal structure; Prasinopfiy
sessed one or four flagella, and some had scales; 
hyceae had two subequal flagella, one with 
emes; and Prymenesiophyceae possessed two 
subequal flagella and either a « typical » prymne
scale and or a haptonema. 

specimens from the present study are divided 
g to these criteria, prymnesiophytes dominate all 
oups, representing 53.9 % of the population (Ta-
Second to this group are the naked biflagellates 
a haptonema, representing 18.6 %. Many or all of 
bers of this group may also be prymnesiophytes 

have either lost their haptonema or from which the 

TABLE I 

List of taxa encountered at ten trans-Atlantic stations 
along latitude 24°30'N. 

Relative Abundance 

Rare Occa- Frequent 
sional 

PRYMNESIOPHYCEAE : 

Chrysochromulina chiton Parke & Man 
ton ········ ............ , ....... X 

C discophora Manton ................................ X 

C. elegans sp. nov ....................................... X 

C. ephippium Parke & Manton .............. X 

C herdlensis Leadbeater X 

C Jeadbeateri sp. nov. .............................. X 

C. pachycylindra Manton & Oates .......... X 

C. parkeae Green & Leadbeater .............. X 

C. pelagica sp. nov ..................................... X 

C pringsheimii Parke & Manton ............ X 

C simplex sp. nov ..................................... X 

C. tenuispina Manton ................................ X 

C tenuisquama sp. nov ....... X 

C. vexillifera Manton & Oates ................ X 

C sp. # ! ................... , X 

C. sp. # 2 ....... ,, .................. , .. , .......... , .......... X 

C. sp. # 3 ... ,, ................... , ........................... X 

Corymbellus aureus Green X 

Navisolenia aprilei Lecal .... X 

Phaeocystis poucheti Lagerheim .............. X 

P. scrobiculata Moestrup X 

Platychrysis pienaarii Gayral & Fresnel X 

Prymnesium patellifera Green & Hib-
berd .................................... X 

CHRYSOPHYCEAE 

Dictocha fibula Eherenberg ...................... X 

Meringosphaera mediterranea Lohmann X 

M.sp. # I .................................................. X 

Ochromonas sp ........................................... X 

PRAS!NOPHYCEAE 

Mantoniella squamata Desik ............. , ...... X 

Micromonas pusilla Manton & Parke .... X 

Pedinomonas mikron Throndsen ............ X 

Pseudoscourfieldia marina Manton .......... X 

Pryamimonas obvata N. Carter ................ X 

Pryamimonas sp. # ! .......................... , ..... X 

01NOPHYCEAE 

Prorocentrum sp ......................................... X 

TOTALS ...................................... 7 14 13 

Criteria : Rare = I specimen; Occasional = 2-5; Frequent = > 5. 

scales have not been released, rendering them invisible in 
whole mount EM. Also present in significant numbers are 
the chrysophytes (13 %) and prasinophytes (II%). 

The abundance of chloroplast containing microflagella
tes ranged from 1.4 to 11.4 x IO' cells/ml. They were 
twice as abundant at a depth of 65-100 m 

615 



... 

TABLE II 

Microflagellate occurrence by group in a trans~Atlantic transect 
along latitude 24°30' N. 

Class No. of Organisms % of Total 

Identified Cells : 

Prymnesiophyceae ...................... 296 53.9 
Chrysophyceae ............................ 71 12,9 
Prasinophyceae .......................... 59 10.7 
Dinophyceae .......... 4 0.7 
Cryptophyceae ............................ 2 0.4 

Unidentified Cells : 

Naked Biflagellates .................... 102 18.6 
Unrecognizable cells .................. 15 2.7 

TOTAJ..S ___ 549 100 

(5.8 ± 2.2 x IO'/ml) than at 1-35 m (3.0 ± I.I x 10'/ml). 
Their abundance in coastal stations (5.4 ± 3.6 x 10'/ml) 
was only slightly higher than in the Sargasso Sea 
(4.0 ± 1.7 x 10'/ml). Most of the 12 abundant species in 
this study were widely distributed across many of the 
sampling stations (Table III). However, some species, in 
particular some Prymnesiophyceae, were absent from 
coastal stations. This was particularly true for Chrysochro
mulina pe/agica sp. nov. which was present in large 
numbers but only at stations 3-6 and Corymbel/us aureus, 
present only at stations 3-7. No significant distributional 
patterns were noted relative to depth. In regards to 
occurrence in the western and eastern parts of the transect, 
Chrysochromulina leadbeateri sp. nov. and C. tenuis
quama sp. nov. tended towards the central and western 
part while Phaeocystis scrobiculata was observed in the 
central and eastern part. 

TABLE III 

Distribution of abundant species by station along a trans-Atlantic 
transect at 24030' N. 

See Fig. I for relative positions. 

Station # 

1 2 3 4 5 6 7 8 9 IO 

Chrysochromulina ephippium ...... X X X X 
C. leadbeateri.. ............ X X X X X X 
C. pelagica .................. X X X X 
C: simplex ............ X X X X X X X 
C: tenuisquama .... X X X X X X 
C. sp. # 1 ...................................... X X X X X 
Corymbellus aurcus X X X X X 
Phaeocystis scrobicu/ata ................ X X X X X 
Meringosphaera mediterranea ...... X X X X X X X X 
Ochromonas sp ............................... X X X X X X X X 
Micromonas sp ............................... X X X X 
Pedinomonas mikron .................... X X X X X X X X X 
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DESCRIPl'ION OF SPECIES 

Prymnesiophyceae 

Chrysochromu/ina chiton PARKE & MANTON 

Members of this species exhibit wide variability in sc 
size. The scales of the present specimens were in agr 
ment with the type description (dimensions 0.9 x 1.2 
and 2.0 x 2.4 um). Present at sta. 8/lm. This species 
been recorded previously from England, Norway, D 
mark, Yugoslavia, Algeria, New Zealand and Austra 
(PARKE et al., 1958; LEADBEATER, 1972 a; MoESTRUP, 19 
HALLEGRAEFF, 1983). 

Chrysochromulina discophora ¥ANTON 

This species possesses three scale types, a small a 
large oval scale and a long spined scale. The large o 
scale possesses a radial pattern on the proximal face 
a random pattern on the distal face. Specimens from 
present study differ from the type description only 
having large scales which are slightly smaller (1.8-2.0 
versus c. 2.0 um). All other details are identical, inclu 
the presence of spines with four struts that occur at 
poles of the cell. 

Present at sta. 4/65m, 4/ l OOm and 6/35m. This spe 
has not been reported since its description from the wa 
of the Galapagos Islands by MANTON (1983). 

Chrysochromulina elegans sp. nov. (Figs. 2-5) 

Chloroplast containing cells, 3-4 um in diameter \Ii 

dried, possibly up to twice as large when living, with 
equal flagella 14-17 um in length. Haptonema longer t 
the flagella, in 12-14 coils in fixed specimens. Round 
oval plate scales covering the cell surface, 0.6-0.8 um , 
diameter, the proximal surface with a radial pattern 
60-70 lines, divided into four quadrants. The distal su 
with a random pattern, a narrow, patternless, r · 
marginal rim and a slightly curved 0.1 um long ce 
spine with four narrows struts, adnate to the scale su 
and ending at the marginal rim. One to several plate s 
also bearing long spines, 4-7 um in length, 0.2 u 
diameter and tapering gradually to a point at the tip. 
larger spines with four adnate, ridge like struts at the 
forming a cruciform pattern in cross-section just above 
plate surface. 

Distribution : Sargasso Sea, South Forida c 
Type specimens : micrograph numbers 10 761/10 
(Figs. 2, 3). 

Chrysochromulina elegans sp. nov. 

Cellulae siccae 3-4 um diam., forsam usque du 
majores ubi viventes, continentes chloroplastos, fla 

FI 



rysochromulina elegans sp. nov. A complete specimen with a haptonema (H) and a single spine (S). Marker bar = 5 um. 
elegans. A group of plate scales showing the radial pattern on the distal face (D) and the random pattern on the proximal 

face (P). Marker bar = I um. 
C. elegans. A specimen with a greater number of spines distributed over the cell surface. Marker bar = 5 um. 

F10. 5. - C. elegans. A group of four long tapering spines. Marker bar "" 1 um. 
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duabus aequalibus 14-17 um longis. Haptonema flagellis 
longior 12-14 spiris speciminibus siccis. Squamae lamella
tae circulares vel ovatae tegentes superficiem cellulae 
0.6-0.8 um diam. superficies proximalis ordinatione radiali 
60-70 linearum quadrifara aequaliter. Superficies distalis 
ordinatione fortuita; margini angusta et elevata sine 
ordinatione; margo elevata et spina media 0.1 um longa 
dilute curva tigillis angustis quatuor, adnata a superficie 
squamae ad marginem. Una usque multae squamae lamel
latae ferentes quoque spinas longas 4-7 um longas, 0.2 um 
diam. et decrescentes gradatim ad punctum apice. Spinae 
majores spinis quatuor adnatis cristatae velut tigilla basi 
formantes ordinatione cruciformi cruciatim admodum 
super superficiem lamellatam. 

Distributio : Mare Sargassi et littus Floridae meridiona
lis. Specimen typicum : numerus micrographis est 
10 761/19 762 (Figs. 2, 3). 

The scales and spines of this species adhere tightly to 
the cell surface and are therefore found evenly arranged 
around the cell in dried specimens (Fig. 2). The radial 
pattern on the proximal surface of the plate scales and its 
division into quadrants is reminiscent of a number of 
Chrysochromulina species, including C. parkeae, C. tenuis
pina, C. ephippium and C. herdlensis. 

Of the several species of Chrysochromulina with long 
spines, including C. hirta, C. tenuispina, C. pringsheimii and 
C. parkeae, the present species is most similar to C. man
toniae, particularly with regard to spine structure. The 
ridge like struts of the long spines, the curvature at their 
base (visible in Fig. 2) and their tapering to a point are 
common to both species. However, the present species 
differs from C. mantoniae in several respects. First, the 
distal face of the plate scales of C. e/egans bears a random 
pattern and a short spine with four adnate struts (Fig. 3), 
while C. mantoniae possesses plate scales that are consis
tently oval in shape and without central spines or struts. 
Second, the smaller plate scales (LEADBEATER, 1972 a) of 
C. mantoniae are absent from the present species. Finally, 
the large, tapered spines in C. elegans, though similar to 
C. mantoniae, are distributed evenly over the cell surface 
when present in greater numbers (Figs. 4, 5), rather than 
being concentrated at the poles. Micrographs of an in
complete specimen of this species have been previously 
published by MANfON and ◊ATES (1983). Present at 
sta. 4/35 m, 5/lOm, 6/lm, 9/65m and 10/65m. 

Chrysochromulina ephippium PARKE & MANTON 

Spined scales of the present specimens were in aggre
ment with the type description (dimensions 
0.3-0.5 x 0.4-0.6 um), none were of the larger size descri
bed by MOESTRUP (1979). Present at sta. 4/lOOm, 7/lOOm, 
8/lOOm, 10/35m & 65m. This species is widely distributed, 
having been reported from the nearshore waters of 
England, Norway, Denmark, West Greenland, South 
Africa, Yugoslavia and New Zealand (PARKE et al .• 1956; 
LEADBEATER, 1972 a; LEADBEATER, 1974; MoESTRUP, 1979). 
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Chrysochromulina herdlensis LEADBEATER 

Three scale types were noted in this species. A large 
oval scale, c. 2.0 x 2.3 um in size, a medium sized ova¥ 
scale, c. 1.3 x 1.8 um in size and a smaller oval scale"' 
c. 0.2 x 0.3 um in size. Details of scale morphology were/ 
as previously reported except that some plate scales bore:
a small raised central area in addition to their inflexed, 
rims. Present at sta. 3/35 m, 6/65 m, 7/65 m and 10/65 
This species has been previously recorded from nearshott'._, 
waters of Norway, Denmark, Greenland, Isreal and East: 
Australia (LEADBEATER, 1972 b; MANTON & LEADBEA'fD4'.-
1974; HALLEGRAEFF,. 1983). 

Chrysochromulina /eadbeateri sp. nov. (Fig. 6, 7) 

Chloroplast containing cells, 1.5-4.0 um in diame 
when dried, possibly up to twice as large when living, 
two slightly subequal flagella, ca. 11 um and 13 um 1 
Haptonema longer than flagella and in 8 to 18 
in dried specimens. Body scales of two types, both ofw 
are 0.2-0.4 um in diameter, with a cruciform cen 
pattern surrounded by a 0.03 um diameter central · 
One scale type circular with an additional raised ring 
the periphery and a radial pattern of 25-30 lines on 
face and a similar pattern without the raised ring on 
other. The other scale type with a slightly raised ang 
rim, probably cup shaped, with little or no pattern o 
than the circuform center and central ring. 

Distribution : Pelagic waters of the Southern No 
Atlantic Ocean, the South Florida coast, Eastern Aus 
and the Coast of Norway. Type specimen : Microg 
number 10881/10882 (Figs. 6, 7). Named in honor 
B.S.C. Leadbeater for his work in protistology. 

Chrysochromulina leadbeateri sp. nov. 

Cellulae siccae 1.5-4.0 um diam. forsam usque du 
ubi viventes, continentes chloroplastos, flagellis dua 
subaequalibus circiter 11 um et 13 um longis. Hapton 
flagellis longior spiris 8-18 plo speciminibus siccis. S 
mae corpis typicae duae, utraeque 0.2-0.4 um di' 
ordinatione media cruciformi circumcincta annulo ce 
0.03 um diam. Prima squama typica circulari an 
adject(? elevate prope peripheram; ordinatione ra 
25-30 linearum in superficie una et ordinatione simili 
annulo elevato' in superficie altera. Squama typica a 
dilute elevata angulata margine, cruciformi verosimil 
ordinatione paulatim vel non praeter centrum crucifo 
et annulum medium. 

Distribution : Mare Sargassi, littus Floridae meridi 
lis, Australia orientalis et littus Norvegia. Specimen ~ 
cum: numerus micrographis est 10881/10882 (Fig. 6, 
Nominata honoranda B.S.C. LEADBEATER pro operi 
suis Protistologiae. 

The haptonema and flagella of this organism are e 
lost and as a result, only 3 of the 27 representatives of 
species in the present study were complete, most othaig: 

appearing as 
Incomplete s 
before and s 
the name Ch 
and HALLEG 
Fig. 6. 

The first of 
pattern and a 
Fig. 7) differs fr 
raised ring near 
reduced clarity 
(C in Fig. 7) h 
is without the 
thickened mar 
C. campanulife 
species in several 
by LEADBEATER (I 



FIG. 6. - Chrysochromulina leadbeateri sp. nov. A complete specimen with a detached haptonema (H). Marker bar = 5 um. 
C. leadbeateri. A field of scales showing two faces of one scale type (A & B) and a second, cup-shaped scale type (C). Marker 

bar= I um, 

aring as cell bodies surrounded by a field of scales. 
mplete specimens of this species have been observed 
re and scale micrographs have been published under 
name Chrysochromulina sp. # 1 by LEADBEATER (1972a) 
HALLEGRAEFF (1983). The type specimen is pictured in 
6. 

e first of two scale types possesses a typical radial 
ern and a central ring on both faces. One face ('A in 
7) differs from the other in possession of an additional 
d ring near the scale margin ('B' in Fig. 7) and in the 
ced clarity of its radial pattern. The second scale type 

in Fig. 7) has the cruciform center and central ring but 
ithout the radial pattern and has a somewhat angular, 
ened margin. The scale most similar to this occurs in 

campanulifera, but differs from that of the present 
ies in several details of size and pattern. As suggested 

LEADBEATER (1972a) the second scale type in the present 

species is probably cup shaped, however, this suggestion 
can only be confirmed using sectioned material. Present at 
sta. 4/1 & 65 m, 6/100 m, 7/35 & 100 m, 8/1,35,65 & 
100 m, 9/65 m and 10/65 m. 

Chrysochormulina pachycylindra MANTON & OATES 

This species is one of several in the genus with long, 
cylindrical scales. The single specimen in this study had 
cylinders which were 0.5 um in diameter and up to 18 um 
long (slightly longer than the type description). Plate 
scales, ca. 0.7 um in diameter and with distinct rims were 
also present. Present at sta. 9/35 m. This species has not 
been reported since its original description from material 
collected at the Galapagos Islands, off South Africa and 
the English Channel (MANTON, OATES & COURSE, 1981). 
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Chrysochromulina parkae GREEN & LEADBEATER 

Incomplete specimens of this species in the present 
study had three of the four scale types, a small oval 
(0.7 x 1.5 um) scale, a large (1.2 x 2.2 um) oval scale and 
long, spined scales (16-31 um in length). Present at sta. 2/1 
& 35 m. This species has been previously recorded from 
waters off Norway, England, Denmark, Yugoslavia, New 
Zealand and East Australia (GREEN & LEADBEATER, 1972; 
MANTON & LEADBEATER, i974; LEADBEATER, 1974; MoES
TRUP, 1979; HALLEGRAEFF, 1983). 

Chrysochromulina pelagica sp. nov. (Fig. 8-13) 

Chloroplast containing cells, round, 6-10 um in diame
ter, with two equal flagella, 22-25 um in length and a 
haptonema, longer than the flagella, in 20-25 coils in fixed 
specimens. Cell body enclosed within a two layered scale 
case. Inner layer scales round to slightly ovate, 0.8-1.2 um 
in diameter with a radial pattern divided into four 
quadrants on the proximal face, the distal face with a 
central random pattern surrounded by a radially patterned 
rim with a central, narrow, raised ridge. Outer layer scales 
with 6-8 um long spines attached to cup shaped base scales 
by four arched struts. Strut surfaces covered with a 
delicate, random pattern. Spine base scales similar to 
underlayer plate scales but with a 0.2 um high upturned 
rim with a circular pattern, to which the spine struts 
attach. 

Distribution : Pelagic waters of the Southern North 
Atlantic Ocean. Type specimen : Micrograph numbers 
11230/11231 (Figs. 8, 13). Named for its habitat. 

Chrysochromulina pelagica sp. nov. 

Cellular circulares 6-10 um diam., continentes chloro
plastos, flagellis duabus aequalibus 22-25 um longis et 
haptonemate flagellis longiore 20-25 spiris speciminibus· 
siccis. Corpus cellulae inclusus intra capsam bistratam 
squamarum. Squamae strati interiori circulares ovatae plo 
0.8-1.2 um diam., ordinatione radiali quadrifara aequaliter 
supra superficiem proximalem; superficies distalis ordina
tione fortuita centrali circumcincta a margine radiali crista 
angusta centrali elevata. Squamae strati externi spinis 
6-8 um longis affixis squamis cupulatis basis a arcuatis 
quatuor tigillis. Squamae basis similes squamarum lamel
latarum strati inferioris autem margine verticali 0.2 um 
alta ordinatione circulari cui tigilli spinarum ligant. 

Distribution : Mare Sargassi. Specimen typicum : nume 
rus micrographis est 11230/11231 (Figs. 8, 13). Nomina 
pro locatione typica. 

This species, whose wealth of architectural deta 
makes its description difficult (Fig. 8), shares some charac 
teristics with Chrysochromulina pringsheimii. For example 
both species have a tightly construted scale case tha 
remains intact even after loss of the protoplasm (PARKE 
MANTON, 1962). 

Underlayer plate scales bear the typical radial patte 
divided into four quadrants on the proximal face (Fig. 9 
Plate scales with a short central spine, as in C. pringheimi 
are absent. A random pattern, often present on the dist 
face of Chrysochromulina scales, is here limited to the 
center of the scale, with a radial pattern on the rim 
(Fig. I 0). Examination of broken scale cases suggests that 
underlayer plate scales overlap and are held together by 
more than their adherence to the cell body (Fig. 11). 

Spine structure is similar to C. pringsheimii and C. hirt 
(MANTON, 1978b) in the presence of four arched struts, bu 
the spine base structures in the present species are mo 
complicated. In the present species, spines are distribute 
over the entire cell surface and bear widened spear-Ii 
tips (Fig. 12). Spine base plates are similar to underlay 
plate scales but with an additional 0.2 um high, raised ri 
to which the spine struts attach. At high magnification, 
delicate random pattern is visible on the strut surfa 
(Fig. 13). Also distinguishing this species from C. pring 
heimii are the distribution of spines over the entire c 
surface (Fig. 10) and the blunt, broad spine tips (Fig. 11 
Present at sta. 3/1 & 35 m, 4/1 m, 5/35 m and 6/35 
100m. 

Chry.sochromulina pringsheimii PARKE & MANTON 

This species was identified from a group of isolat 
scales. Present at sta. 3/35 m. This species has bee 
recorded from England, Norway, Denmark and E 
neashore waters of Australia (PARKE & MANTON, 196, 
LEADBEATER, 1972a; MANTON & LEADBEATER, 1974; HAL 
GRAEFF, 1983). 

Chrysochromu/ina simplex sp. nov. (Fig. 14-18) 

Chloroplast containing cells, 2.0-6.0 um in diamet 
possibly up to twice as large when living, with two eq 
flagella 9-27 um in length, and a haptonema much Ion 

FIG. 8. - Chrysochromulina pelagica sp. nov. A complete specimen with a haptonema (H) and densely packed spines covering the ce1-
surface. Marker bar = 5 um. 

FIG. 9. - C. pe/agica. A group of scales showing the radial pattern on the distal face. Marker bar = 0.5 um. 
FIG. 10. C. pelagica. The distal scale face with a random central pattern and a weak radial pattern on the rim. Marker bar = 0.5 

Fm. 11. - C. pelagica. A group of plate scales from a broken scale case showing their regular overlap. Marker bar = 0.5 um. 
FIG. 12. - C. pelagica. A group of spines showing their peculiar spear like tips. Marker bar = 0.5 um. 

Fm. 13. - C. pelagica. Detail of the spine base, including the base plate (B), which is similar to the body scales, and the raised rim 
to which are attached the four spine struts (St). Marker bar = 0.5 um. 
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FIG. 14. - Chrysochromulina simplex sp. nov. A complete specimen with a haptonema (H). Marker bar == 2 um. 
FIG. 15. C. simplex. A field of scales showing the concentric pattern on the distal face (D) and the radial pattern on the proximal 

face (P). Note also the variation in scale size. Marker bar = 0.5 um. 
FIG. 16. C. simplex. Another specimen possessing scales with two dimples on the proximal face of some scales (DS). Marker 

bar= 0.5 um. 
FIG. 17. - C. simplex. Scales from the same specimen showing dimples on the distal face. Marker bar = 0.5 um. 

FIG. 18. - C. simplex. Another specimen with a single, central dimple on the proximal face of some scales {DS). Marker bar = 0.5 um, 
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an the flagella, in 18-30 coils when fixed. Cell body 
vered by a single, slightly ovate scale type, 0.4-1.0 um in 

·ameter and quite variable in size, both within and 
ween individuals. Proximal scale face with a simple 

dial pattern, ca. 36 lines per scale in small scales, up to 
0 in larger scales. Distal face with a concentric pattern. 
me scales in some individuals with one or two smaII, 

rcular to ovate dimples near the center of the scale on 
th scale faces. 

Distribtltion : Pelagic waters of the North Atlantic, 
arshore waters of England, Denmark and New Zealand. 

ype specimen : Micrograph numbers 11221/11222 
igs. 14, 15). Named for the simplicity of the scale 
ttern. 

hrysochromulina simplex sp. nov. 

Cellulae 3.5-4.0 um diam., forsam usque duplae majo
s ubi viventes, continentes chloroplastos, flagellis dua
s aequalibus, et haptonema multo longior quam flagel-

18-30 spiris ubi siccis. Corpus cellulae tectus squama 
ica dilute ovata 0.4-1.0 um diam. et amplitudines admo
m variabilia intra uterque inter individua. Superficies 
uamae proximalis ordinatione radiali, c. 36 linieae in 
uamis majoribus. Superficies squamae distalis ordina
ne concentrica. 
Distribution : 'Mare Sargassi, Anglia, Dania et Nova 
landia. Specimen typicum : numerus micrographis est 
221/11222 (Figs. 14, 15). Nominata pro simplicitate 
dinatione squamae. 

This species possesses a very long haptonema which, 
e may other Chrysochromu/ina species, is coiled after 
ation (Fig. 14). The most striking feature of this protist, 
er than the simplicity of its scale pattern, is the 
· ability in both scale size and pattern. The largest scales 
a single individual may be twice as large as the as the 
allest (Fig. 15). A constant gradation in scale size 
monstrates that there is one scale type rather than two. 
hough scale and spine size have been shown to be 
"able between different individuals of the same species 

DBEATER, 1972b), this is the first Chrysochromulina 
cies with this degree of variability within single indivi
ls. 

The pattern present on the plate scales in this species, 
ial on the proximal face and concentric on the distal, 

present in several Chrysochromnulina species, including 
ephippium, C. herdlensis, and C. mantoniae (MANTON & 
A.DBEATER, 1974). Changes in scale size are accompanied 
small changes in pattern, for example, larger scales 

ve a greater number of more closely spaced lines on the 
ximal face and sometimes have one or two dimples at 
center of the scale (Figs. 16-18). 

Scale micrographs of incomplete individuals of this 
cies have been previously published under the name 
rysochromulina « Plymouth 383 » by MOESTRUP (1979) 

HALLEGRAEFF (1983). Thomsen states (per. comm. in 
ESTRUP, 1979) that an identical, undescribed species 
·des in the Plymouth Culture Collection. Present at sta. 

'35 & 65 m, 3/1 & 35 m, 4/65 m, 6/35,65 & 100 m, 7/35 
65 m, 8/35 & 65 m and 9/1 & 100 m. 

Chrysochromulina tenuispina MANTON 

A single individual of this species occurred at station 9. 
Although it has been here described as C. tenuispina 
(MANTON, 1978a) it also resembles the similar species, C. 
hirta. It resembles the former in the size of the plate scales 
(1.3 x 1.7 um) and length of the spines (2.5 um) but 
resembles the latter in the presence of four thin struts, 
adnate to the scale surface. Pr.esent at sta. 9/35 m. 

Chryschromulina tenuisquama sp. nov. (Figs. 19-21) 

Chloroplast containing cells, 2-5 um in diameter when 
dried, possibly up to twice as large when living, with two 
subequal flagella, 7-14 um and 9-17 um in length and a 
coiling haptonema, 3-4 times longer than the flagella. 
Body covered by a single, delicate scale type, slightly ovate 
in outline, 0.4-0.6 um x 0.5-0.8 um in size. The proximal 
scale face with a radial fibrillar pattern of 35-55 lines, 
divided into four quadrants. The distal face with an 
identical radial pattern, on which is superimposed an 
irregular circular pattern of c. 20 non-concentric lines. 

Distribution : Sargasso Sea and the South Coast of 
Florida. Type specimen : Micrograph numbers 
11112/l l l 13 (Figs. 19, 20). Latin name meaning thin or 
delicate scales. 

Chrysochromulina tenuisquama sp. nov. 

Cellula sicca 2-5 um diam., forsam usque dupla major 
ubi vivens, continenes chloroplastos, flagellis subaequali
bus, 7-14 um et 9-17 um longis et haptonemate helici 
flagellis 3-4 plo Iongiore. Corpus tectus squama typica 
unica tenui, dilute ovata, 0.4-0.6 um x 0.5-0.8 um ampli
tudine. Superficies squamae proximalis, ordinatione ra
diali fibrillari 35-55 linearum quadrifara aequaliter. Super
ficies distalis ordinatione simili radiali super quam ordina
tio circularis irregularis circiter 20 linearum nonconcentri
carum superimposita est. 

Distribution : Mare Sargassi et littus meridionalis Flori~ 
dae. Specimen typicum : numerus micrographis est 
11112-l l l l3 (Figs. 19, 20). Nomen latinum signiticans 
squamae graciles vel tenues. 

The haptonema of this species, unlike several others in 
this study, is not easily lost on fixation and is only partially 
coiled in most speciems (Fig. 19). Plate scales adhere 
tightly to the cell body and are found in a field surroun
ding the cell body in dried specimens. In addition, they are 
exceptionally thin and delicate, making observation of 
their fine structure difficult and causing many of then to 
fold (Fig. 20). These scale characteristics are shared with 
Chrysochromulina fragi/is (LEADBEATER, 1972b) and Chryso
chromulina « aff. fragilis » (MOESTRUP, 1979). 

The proximal scale face exhibits a typical radial pattern 
divided into four quandrants (Fig. 21). The distal face has 
a backgroung radial pattern indentical to, and possibly 
showing through from the proximal face. Superimposed 
on this radial pattern are a series of lines that appear at 
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Fm. 
Fm. 20. 
FIG. 21. 

19. - Chrysochromulina tenuisquama. A specimen with a detached, patrially coiled haptonema (H). Marker bar = 5 um. 
C. tenuisquama. A field of scales from the same specimen showing tendency of the scales to fold (F). Marker bar = 0.5 
C. termisquama. A field of scales showing the radial pattern on the proximal face (P) and the circular, non-concentric patteni' 

on the distal face (D). Marker bar = 0.5 um. 



• 
: to be random, but which on closer inspection can be 
1 to form a series of irregular, non-concentric circular 
ovate lines (Fig. 21). Present at sta. 4/1 m, 6/100 m, 
5 m, 8/35 m, 9/35 m and 10/35 & 65 m. 

rysochromulina vexil/ifera MANTON & OATES (Figs. 
22, 23) 

This species possesses three scale types, large and small 
:te scales and long spined scales, the last of which occur 
the poles of the cell (Fig. 22). Marking the surface of the 
ge plate scales are four ridges that form a cross without 
:degree angles at the center (MANTON & OATES, 1983). 
~ visible on some large scales is a row of pores near the 
~e periphery (Fig. 23). Specimens from this study agree 

in nearly all respects with the type description, though the 
large scales are slightly smaller (1.5-1.7 um vs 2.0 um) and 
the random pattern said to occur on their distal face is less 
pronounced. Present at sta. 4/35 m, 5/10 m, 6/1 m and 
9/65 m. 

This species has been reported only from its original 
description from the nearshore waters of the Galapagos 
Islands by MANTON & OATES (1983). 

In addition to the Chrysochromulina species identified 
above, there were more than a dozen other Chrysochromu~ 
Jina species present on the girds that are undescribed but 
were too incomplete or too rare to allow description. A 
partial description of three such species follows. 

FIG. 22. - Chrysochromu/ina vexillifera. A complete specimen with three spines and a haptonema (H). Marker bar - 5 um. 
F10. 23. - C. vexillifera, A field of scales including both small and large scale types. Marker bar = l um. 
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Chrysochromulina sp. # I (Figs. 24, 25) 

This species was present on a number of grids but its 
lack of haptonema in all specimens prevents its full 
description. Specimens which where present have 
15-40 spines arranged evenly around the cell surface and 
two flagella, 20-25 um long (Fig. 24). Spines are supported 
by four tapering, wing-like struts that extend one third the 
spine length and have a random pattern on their surface 
(Fig. 25). Plate scales have the typical radial pattern on the 
proximal face and random pattern on the distal face. 
Present at sta. 3/65, 4/1 & 100 m, 6/100 m, 7/65 m and 
9/35,65 & 100 m. 

Chrysochromulina sp. # 2 (Fig. 26) 

This species has a body size of ca. 5 um, two flagella, 
ca. 15 um in length and two scale types, the smaller of 
which possesses an intricately detailed surface pattern. 
The larger scale is ca. 1.2 um in diameter and has a radial 
pattern on the proximal face and a concentric pattern on 
the distal face. The smaller scale is ca. 0.3 um x 0.5 um in 
size with two central projections and a beaded rim on both 
faces. The proximal face also possesses a radial pattern 
(Fig. 26). Present at sta. 3/35 m, 7/1 m and 9/1 m. 

Chrysochromulina sp. # 3 (Fig. 27) 

This species has a 4-5 um body and 2 flagella, ca. 20 um 
long. Scales are round, 1-1.5 um in diameter, with a radial 
pattern on the proximal face and a concentric pattern on 
the distal face. Some scales also have two central holes 
with raised rims (Fig. 27). Scale micrographs of this 
species have previously been published by LEADBEATER 
(1974). Present at sta. 3/65 m and 5/35 m. 

Corymbel/us aureus GREEN (Figs. 28, 29) 

This species was originally described by GREEN (1976) 
as the only motile colonial 'member of the Prymnesiophy
ceae and has been recorded since from a group of isolated 
scales (MOESTRUP, 1979) and from a single colony (HALLE
GRAEFF, 1983). Several individuals of this species, which is 
distinguished by its short haptonema (Fig. 29) and scales 
with raised rims, central spines and two central pores 
(Fig. 30), were encountered in this study. Scale sizes and 
flagellar lengths agree with the type measurements. It is 
unknown whether specimens in the present study were 
members released from broken colonies. Present at sta. 

3/10 & 35 m, 4/1 m, 5/10 & 65 m, 6/65 m, 7/35 m 
8/1 m. 

This species has been previously recorded from 
waters off England, New Zealand and Eastern Austr 
(GREEN, 1976; MOESTRUP, 1979; HALLEGRAEFF, 1983). 

Navisolenia aprilei LECAL (Fig. 31) 

This unusual species is characterized by long, fusifo 
scales cases composed of a single scale type. Scales 
shaped as parallelograms with upright rims and bear 
elaborate pattern of ridges (LEADBEATER & MORTON, 19 
Individuals of this species in the present study w 
identified from isolated or broken scale cases o 
(Fig. 31). Present at sta. 3/35 m and 8/35 m. This spe ' 
has been previously recorded from the coasts of Isreal 
Yugoslavia (LEADBEATER & MORTON, 1973; LEADBEA 
1974. 

Phaeocystis pouchetti (HARIOT) LAHERHEIM 

This species is characterized by an alternation betwee11'i 
a non-motile colonial form and a motile unicell with 81\ 
short haptonema. Two small scales cover the cell surface::' 
and thread-like material radiates from the cell, formi 
five-pointed star at the center. Unicells, including 
scale types and five-rayed structures, were observed:: 
Present at sta. 9/1,35 & 100 m. P. pouchetti is widlg 
distributed, especially in colder waters of both the nor~ 
them and southern hemispheres (PARKE et al., 1971:;; 
LEADBEATER, 1972a; MOESTRUP, 1979; BOOTH el al., 1982;' 
HALLEGRAEFF, 1983). 

Phaeocystis scrobicu/ata MoESTRUP (Fig. 30) 

This species, which has never been reported from 
northern hemisphere, differs from the more common 
pouchetti in several respects, including possession of 
longer flagella, larger scales and thread-like material in 
groups of nine rather than five. Nine rayed thread-like 
material identical to the type description was found on 
grids from several stations in the present study (Fig. 
and was seen surrounding some cells. Both large and 
small scale types were present, but the large scales were
smaller (0.3 x 0.4 um vs 0.45 x 0.6 um) and the flagella 
shorter (8-10 vs 23-30 um) than the type description. 

MoESTRUP raised but rejected the suggestion that P. 
scrobiculata might be a stage in the life cycle of P. pou-

FIG. 24. - Chrysochromulina sp. # 1. A specimen with flagella but without a haptonema. Marker bar == 5 um. 
FIG. 25. - C. sp. # I. Detail of spine structure showing the winged struts (St). Marker bar - I um. 

FIG. 26. Chrysochromulina sp. # 2. A field of scales showing the distal faces of the large (DLg) and small (DSm} scales and the 
proximal faces of the large (PLg) and small (PSm) scales. Marker bar - 1 um. 

FIG. 27. Chrysochromulina sp. # 3. A field of plate scales showing the radial pattern on the proximal face (P), with and without the 
two central holes, and the concentric pattern on the distal face (D). Marker bar == 1 um. 
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chetti. Scale size and flagellar length of specimens in the 
present study are more similar to the latter species while 
details of spine, thread and scale structure are more 
similar to the former. The taxonomic distinctiveness of 
these two species can only be confirmed with further 
study. Present at sta. 1/65 & 100 m, 3/1 & 35 m, 4/1 m, 
6/100 m and 7/35 m. 

This species has been previously reported from the 
waters off New Zealand and East Australia (MoESTRUP, 
1979; HALLEGRAEFF, I 983). 

Platychrysis pienaarii GAYRAL & FRESNEL 

This species is characterized by an alternation between 
a non-flagellated palmelloid stage and a flagellated uni
cell. Motile cells have two equal flagella and a short 
haptonema. A single specimen of this species was present 
at sta. 5/10 m. 

This species has not been reported since it original 
description from the English Channel by GA YRAL & 
FRESNEL (1983). 

Prymnesium patellifera GREEN & HIBBERD (Fig. 32, 33) 

This species is characterized by a short non-coiling 
haptonema, two long, subequal flagella and two types of 
plate scales, both with a radial pattern, a central thicke
ning and a narrow inflexed rim, one scale type being 
different from the other with the addition of a tall upright 
rim (GREEN et al., 1982). A complete specimen from 
the present study is pictured in Fig. 32. The flagella 
and haptonema of this specimen is slightly longer 
(20 um vs 10-14.5 um and 5 um vs 3.0-5.0 um) and the 
scales slightly smaller (0.2 um x 0.35 um vs 
0.25-0.27 um x 0.36-0.37 um) than the type description 
but the scale pattern is identical, exhibiting both the 
central thickering and the raised rim (Fig. 33). Present at 
sta. 6/ I 00 m. 

This is the first report of this species since its original 
description, and the first from field samples. P. patellifera 
was originally described from cultures collected from 
English Bay, Vancouver, British Columbia; Sequim Bay, 
Old Town Lagoon, Friday Harbor, Washington; The Fleet, 
Dorset (GREEN et al., 1982). 

Chrysophyceae 

Dictyocha fibula EHRENBERG 

A single specimen of this silicoflagellate was present at 

station 6/100 m. It has been reported from a large numb 
of locations but is usually restricted, to warmer watern:: 
(TAPPAN, 1980). 

Meringosphaera mediterranea LOHMANN (Fig. 34) 

This distinctive species is covered with undulated 
spines bearing short barbs (Fig. 34). Present at sta. 3/1,HI 
& 65 m, 5/10 m, 6/1 & 35 m, 8/1 & 35 m, 9/35 m and 
10/ 1 m. This cosmopolitan species has been previouslf 
reported from the sea off Greenland, Britian, DenmarKi--' 
the Adratic, the Indian Ocean, the Gulf of Elat, the 
sub-arctic Pacific, the Wedell Sea and off East Australia: 
(MOESTRUP, 1979; BOOTH et al., 1982; BucK & GARRISOS, 
1983; HALLEGRAEFF, I 983). 

Meringosphaera sp. # I (Fig. 35) 

This species, though similar to M. mediterranea in size 
and gross morphology, does not possess undulated or 
barbed spines (Fig. 35). Without a study of this species in 
culture or from a larger number of field samples, it is 
difficult to determine if this is a separate species or a 
morphological variety of M. mediterranea. Present at st.a 
3/35 m and 9/35 m. 

Ochromonas sp. 

This designation is applied to what may be a group of 
similar species, all of which possess two unequal flagella, 
the longer of which bears mastigonemes. Present at sta., 
2/1 & 100 m, 4/1 & 100 m, 5/10 m, 6/65 & 7/100 m, 
8/35,65 & 100 m, 9/1,35,65 & 100 m and 10/1, 65 & 100 m. 

Prasinopyceae 

Mantoniella squamata (MAITTON & PARKEL) DESIKACHARY 

This species is characterized by the presence of a single 
flagellum, though two are sometimes present in dividing 
cells (MANTON & PARKE, 1960) and a single scale type with 
a characteristic spider's web pattern. Specimens in the 
present study were 2.5-3 um in size, with 19-30 um long 
flagella and scales 0.3-0.4 um in diameter. Present at sta. 
6/100 m, 7/100 m and 9/1 m. 

· This species has been previously recorded from a 
number of locations including nearshore waters off 
England, Norway, Greenland and Australia (MAITTON & 
PARKE, 1960; THRONOSEN, 1969; MAITTON & LEADBEATER, 
1974; HALLEGRAEFF, 1983). 

FIG. 28. - Corymbellus aureus. A complete specimen with a surrounding scale field and a short haptonema (H). Marker bar "" 5 um. 
FIG. 29. - C. aureus. Detail of scale structure showing the short spine on the distal face (D) and the two central pores on the proximal 

face (P). Marker bar - 0.5 um. 
FIG. 30. - Phaeocystis scrobiculata. The distinctive 9-rayed structure composed of thread-like material. Marker bar = 5 um. 

FIG. 31. - Navisolenia aprilei. Part of a broken scale case showing the distinctive rhombic scales. Marker bar = 1 um. 
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Micromonas pusilla (BUTCHER) MANTON & PARKE 

This very small uni-flagellated species is without scales 
or mastigonemes. Specimens in the present study were 
0.8-1.6 um in diameter with 3-5 um long flagella ending in 
a hairpoint. Present at sta. 2/65 m, 5/10 m, 8/65 m and 
9/1, 35, 65 & 100 m. 

This species has been previously recorded from the sea 
off England, Norway, Finland, Denmark, Spain, in the 
Caribbean Sea, the Sargasso Sea, the Pacific Ocean, and 
off New Zealand, Greenland and Australia (MANTON & 
PARKE, 1960; THRONDSEN, 1969; THRONDSEN, 1976; MOES
TRUP, 1979; JOHNSON & SIEBURTH, 1982; HALLEGRAEFF, 
1983). 

Pedinomonas mikron THRONDSEN 

This species is characterized by 1.5-2.5 um cells with a 
single, 7-12 um long flagellum and is one of the two 
marine members of this predominately freshwater genus. 
The specimens in the present study were within the limits 
of the type description. This identification must be consi
dered tentative as the description of P. mikron was based 
on light microscopy only. However, the present specimens 
are very similar to electron micrographs prepared on 
cultures of P. minor KORSCHIKOFF, a freshwater member of 
this genus. Present at sta. 2/1 m, 3/10 & 35 m, 4/35 & 
100 m, 5/10,35 & 100 m, 6/65 & 100 m, 7/100 m, 8/100 m 
and 9/100 m. 

This species has not been recorded since its original 
description from Norway (THRONDSEN, 1969). 

Pseudoscou,fieldia marina (THRONDSEN) MANTON 

This species possesses two subequal flagella. The cell 
body and flagella are covered with small scales. Present at 
sta. 6/110 m and 9/65 & 100 m. This species has been 
previously recorded from the sea off Norway, Denmark 
and South Africa (THRONDSEN, 1969; MANTON, 1975). 

Pyramimonas obvata N. CARTER. 

This species has four equal flagella, 3 body scale types 
and 2 flagellar scale types. Specimens from this study were 
complete, possessing all five scale types. Present at 
sta. 4/65 & 100 m. This species has been previpusly 
described from the sea off Denmark,. Washington, En
gland, Greenland and Australia (MANTON & LEADBEATER, 
1974; NORRIS & PIENAAR, 1978; PENNICK et al., 1976; 
HALLEGRAEFF, 1983). 

Pyramimonas sp. # 1. 

One (or several) other species of Pyramimonas w 
also present, but were too incomplete to allow identifi 
tion to species. Present at sta. 5/10 m, 6/65 & 100 m, 8/ 
& 100 m and 9/1 & 65 m. 

DISCUSSION 

Results of this study indicate that scaled microflage 
tes in the class Prymnesiophyceae are dominant in N 
Atlantic pelagic nanoplankton. The majority of these 
in the genus Chrysochromulina which now contains 37 
described species (Table IV). Of the 34 marine sp 
there is insufficient data at present to classify most s 
as pelagic or neritic, as we have done in Table III. 
predominance of prymnesiophyte species is in agre 
with previous studies which have used electron mi 
copy for examination of marine nanoplankton (Mo 
1979; HALLEGRAEFF, 1983) and contrasts with others 
based on culture techniques which suggest the domi 
of non-scaled nanoplankton species such as the Ch 
phyceae (THRONDSEN, 1969). These observations on 
dominance of difficult to grow open ocean Prymnesio 
ceae suggest that scaled species may have fastidious 
very different nutritional requirements. 

The abundance of scaled and spined species in 
ocean nanoplankton also raises questions concerni 
adaptative significance of these structures. MA?-,:T 
OATES (1983) have suggested that the presence of 
and spines in micro.flagellates may increase fric 
resistance and reduce sinking speeds. This suggestion Bi'. 
rendered unlikely by observed microflagellate swi~ 
and sinking rates. Swimming speeds range from 76 um/sc:£ 
in small species such Ochromonas minima to 350 um.lsei.t 
in larger flagellates (THRONDSEN, 1973). These rates are a 
contrast to sinking rates of 4.2-7.2 um/sec (EPPLEY et-..,; 
1967) and suggest that sinking may not be important fa; 
small, motile species. In addition, the presence of scalea'. 
and spines, which are more dense than cytoplasm,. 1dla.-' 
tend to increase rather reduce sinking speeds (Voo,a,:-
1981). Perhaps a more likley role for spines and scales &-
to orient the cell during sinking or to directly shield dar_-,-.-
chloroplasts from high light intensities. This suggestion a
supported by the presence in several species (e.g., 0~ 
chromulina pelagica sp. nov.) of 2 scale layers that comple-: 
tely cover the protoplast surface. 

The presence of large numbers of unidentified specia{ 
of Prymnesiophyceae in this study demonstrates the im-,_' 

dequate state of current knowledge and the need f« 

FIG. 32. - Prymnesium patellifera. A complete specimen with a haptonema (H). Marker bar == 5 um. 
FIG. 33. P. patellifera. Detail of scale structure showing the raised rim and central thickening. The scale with spiderweb pattern is from 
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Mantoniel/a squamata. Marker bar = 0.5 um. 
FIG. 34. - Meringosphaera mediterranea. Note the undulating spines and the smaller barbs. Marker bar = 5 um. 
FIG. 35. - Meringosphaera sp. This species possesses straight spines without smaller barbs. Marker bar = 5 um. 





TABLE IV 

Species within the genus Chrysochromulina, their habitats and 
literature references. 

Species Habitat References 

Chrysochromulina acantha Marine Leadbeater & Manton, 1971 
C adriatica .... Marine Leadbeater, 1974 
C. alifcra .............................. .Marine Parle et al., 1956 
C. bergencnsis ...................... Marine Manton & Leadbeater, 1974 
C bi"rgcri .......... Marine Hallfors& Thomsen, 1979 
C. brcvifilum ........................ Marine Parke et al., 1955 
C. breviturrita ...................... Freshwater Nicholls, 1978 
C. camel/a Marine Moestrup, 1979 
C. campanulifcra ................ Marine Manton & Leadbeater, 1974 
C. chiton .............................. Marine See Text 
C. cyathophora Marine Thomsen, 1979 
C. cymbium.,, ....................... Marine Leadbeater & Manton, 1969 a 
C. discophor.0 .... Marine See Text 
C. eleganr Marine Sp. nov. 
C. cphippiu ... Marine See Text 
C. cricina .............................. Marine Parke ct al., 1956 
C. fragl'lis Marine Leadbeater, 1972 b 
C. hcrdlcnsis ........................ Marine See Text 
C. hirta .................................. Marine Manton, 1978 
C. kappa ........ Marine Parke et al, 1955 
C. latilcpsis ., ........................ Marine Manton, 1982 b 
C. laurcntiana ...................... Freshwater Kling, 1981 
C. leadbeateri ...................... Marine Sp. nov. 
C. mactra .............................. Marine Manton, 1972 a 
C. mantoniae Marine Manton & Leadbeater, 1974 
C. megacylindra .................. Marine Manton, 1972 b 
C. microcylindra .................. Marine Leadbeater, 1972 b 
C. minor Marine Parke ct al., 19S5 
C novae-zclandiae .............. Marine Moestrup, 1979 
C. pachycylindra .................. Marine See Text 
C. parkcae ............................ Marine See Text 
C. parva Freshwater Kristiansen, 1971 
C. pe/agica ...... Marine Sp. nov . 
C. polylcpis .... Marine Manton & Parke, 1962 
C. pringsheimii Marine See Text 
C. pyramidosa ...................... Marine Hallegraeff, 1983 
C. simplex Marine Sp. nov. 
C spinifera .......................... Marine Moestrup, 1979 
C. strobilus ............................ Marine Leadbeater & Manton, 1969 b 
C tenuispina ........................ Marine See Text 
C tcnuisquama Marine Sp. nov. 
C vexillifera ........................ Marine See Text 

further work on the taxonomy and ecology of open ocean, 
chloroplast containing nanoplankton. The use of sequen
tial epifluorescence and electron microscopy has also 
demonstrated the presence of phototrophic naked biflagel
lates which might have otherwise been dismissed as 
heterotrophs. Further work on the taxonomy and ecology 
and the relationship of these organisms to morphologically 
similar heterotrophic flagellates is called for. 

The most abundant species identified in this study were 
widely distributed across the southern North Atlantic. This 
was particularly true for nanoplankton species that appear 
to be ubiquitous in the marine environment, for examples, 
Meringosphaera mediterranea and Micromonas pusilla. In 
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fact, recent studies have found remarkable similari 
between nanoplankton species in both hemispheres, s 
gesting that many open ocean microflagellates are cos 
politan (MOESTRUP, 1979; HALLEGRAEFF, 1983; MoESTR 
1983). However, many undescribed prymnesiophyte s 
cies were noted in this study and the most abund 
species in this study were 4 of the 5 new species. Th 
have probably not been described to this point beca 
most previous studies of this type have been conducted 
coastal stations. Some of the most abundant species h 
described may be sensitive to coastal influence, explain 
their preference for pelagic waters. 

The sampling procedure used in this study would on 
reveal free cells and not include those associated wi 
microaggregates where aggregate _associated phototrop 
can account for up to 20 % of total primary productivi 
The apparent success of these prymnesiophytes may 
due to their haptonema, an organelle of attachment. Th 
could use their flagella to approach sedimenting organ 
aggregates. Such aggregates could not only provide ri 
sources of nitrogen, as suggested by Goldman (in pres 
but could also provide a means of transport away from: 
phototoxic levels of solar radiation. Further studies of the 
prymnesiophytes should look for their possible associatiom 
with particles. 
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