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Br. phycol. J. 13:227-234 
1 September 1978 

C H R Y S O C H R O M U L I N A  T E N U I S P I N A  SP. NOV.  
F R O M  A R C T I C  C A N A D A  

By I. MANTON 

University of Leeds, Leeds LS2 9JT 

Chrysochromutina tenuispina sp. nov., has been described with the aid of light microscopy, 
scanning electron microscopy and transmission electron microscopy on dry preparations set 
up in situ from very cold water (--1°C) at one locality in arctic Canada. The cells are excep- 
tionally large, with a highly characteristic periplast dominated by circular or oval plate-scales, 
some carrying a centrally attached stiff, slender, spine, up to 3 ~m long and not more than 
0"1 ~m thick, indistinctly twisted through approximately two and a half turns from base to 
tip and underlain by larger more oval plates without spines. The patterning on the two faces 
of both types of plate is described in sufficient detail to demonstrate the presence of two sub- 
layers building up the structure of each scale-face, the four superposed sublayers of a complete 
scale being interconnected in various ways. 

Chrysochromulina tenuispina sp. nov. ,  to be  desc r ibed  be low,  is a t  p r e s e n t  
k n o w n  o n l y  f r o m  R e s o l u t e  Bay  in a rc t ic  C a n a d a  whe re  it was  f o u n d ,  a t  a 
t e m p e r a t u r e  o f  - 1°C, in six o u t  o f  t en  seawate r  samples  p r o c e s s e d  in s i tu  in  
A u g u s t  1973. O t h e r  species,  m o r e  spa r ing ly  r ep re sen ted  in the  s a m e  local i ty ,  
i nc luded  C. hirta M a n t o n ,  a lso  r e c o r d e d  f r o m  m a n y  o t h e r  pa r t s  o f  the  w o r l d  
( M a n t o n ,  1978) a n d  o f  specia l  in teres t  he re  for  c o m p a r a t i v e  pu rposes .  B o t h  
t axa  a re  eas i ly  d i s t i ngu i shed  by  m e a n s  o f  well  de f ined  pe r ip las t  cha r ac t e r s  
wh ich  never the less  share  ce r ta in  u n u s u a l  fea tures  n o t  p r ev ious ly  e n c o u n t e r e d .  

M A T E R I A L  A N D  M E T H O D S  
MATERIAL 

Resolute Bay (lat. 740 40' N, long. 95 ° 00' W) had been selected in 1973 because of the 
existence there of the "Char Lake Project" laboratory, established temporarily by the 
University of Toronto through which arrangements for its use were made. Seawater samples 
from depths of 10 and 20 m were drawn up on successive days between 17 and 22 August 
(1973) by means of a van Dorn bottle belonging to the laboratory. Since the bay is fully exposed 
to both tides and wind, the ice cover in mid-August varied from open water to a congested 
mass of floating rafts of ice, impossible to negotiate in a small boat. Fortunately, the occasions 
when sampling was impossible were transient and few. 

On returning to shore, the water samples were processed in the usual way by means of a 
Millipore filter brought out from England and a bench centrifuge with a swing-out head 
belonging to the laboratory. Dry whole mounts were set up after osmic fixation, either on 
glass slides for light microscopy or  on copper grids carrying carbon-on-formvar support films 
for electron microscopy. Shadowing or sputtering with a heavy metal was added later as 
required, mainly in England. 

TRANSMISSION ELECTRON MICROSCOPY 

Although the collecting was completed in less than a week, the working out occupied several 
months and took place in several laboratories either in Ottawa or in England. Five different 
transmission microscopes were involved although only four will be found listed in the legends 
accompanying the micrographs selected for reproduction. These all happen to be of A.E.I. 
manufacture, including a "Corinth" and an "EM6B" in the University of Nottingham and 
two "801" microscopes located respectively in the University of Lancaster and the Culture 
Centre for Algae and Protozoa, Cambridge. 

227 

0007-1617]78]0901-0227802.00/0 © 1978 British Phyeological Society 



228 I. MANTON 

FIOS 1-5. Chrysochromulina tenuispina sp. nov. Fig. 1. A protoplast with haptonema and 
a few scales. Transmission electron micrograph Y 7741.25 (Nottingham "Corinth"). 
x 3000. Fig. 2. The type specimen mounted on a glass slide and photographed with the 
light microscope (exposure 41-9). x 1000. Fig, 3. Scanning electron micrograph of the 
specimen of Fig. 2 tilted at 45 °. Micrograph 7788.11. x c. 2000. Fig, 4, Part of the field 
o f  Fig. 3 near the bases of the appendages, showing detached scales nearby. Micrograph 
7788.13. x c. 5000. Fig. 5. Cell body and associated scales from the specimen of Fig. 2, 
tilted at 45 ° at right angles to the tilt of Fig. 3. Scanning electron micrograph Y 7788.10. 
xc .  5000. 
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SCANNING ELECTRON MICROSCOPY 

This introduces the only technical innovation in a programme of otherwise well known 
routines. The micrographs in Figs 3-6 were obtained with a Cambridge Stereoscan microscope 
in the Botany Department at Imperial College, London, on the basis of a cell on a glass slide 
(Fig. 2) already found and photographed with the light microscope. 

On two previous occasions (Manton et al., 1976, 1977) a cell, selected with the light micro- 
scope on a glass slide, had been successfully re-examined with a scanning electron microscope 
after the slide had been cut up into pieces small enough for insertion into the microscope. 
The specimen of Fig. 2 nevertheless differs from those previously used in one important respect, 
namely, the much smaller size of the required details. Whereas the costae of collared flagellates 
in  the genus Pleurasiga (Manton, Sutherland & Leadbeater, 1976) or the coccoliths of Turris- 
phaera (Manton, Sutherland & Oates, 1977) are visible in a general way without difficulty by 
means of a dry lens applied to a dry preparation examined without a coverslip, the periplast 
of Fig. 2 is hardly perceptible under these conditions. The elegance of the protoplast and 
appendages indicates clearly that it belongs to the genus Chrysochromulina and the relatively 
large cell size suggests a hitherto undescribed species. Specific identification is nevertheless 
impossible without knowledge of the periplast which, in contrast to Pleurasiga and Turris- 
phaera, might be expected to yield rather faint signals in a scanning microscope. For  this 
reason, and after shadowing the specimen with silver, the stage was tilted at an angle of 45 ° 
to the electron beam, a position known to be optimal for achieving maximum clarity of faint 
signals. Since the cell surface was the region of greatest interest, the first micrograph to be 
taken was that of Fig. 5. This was immediately followed by Figs 3 and 4, the direction of tilt 
in these being changed though still at 45 ° with respect to the scanning beam. When the film 
was developed, the foreshortening inseparable from the tilted position (compare the body 
shapes in Figs 3 and 5 with that in Fig. 2) was felt to be disadvantageous and an attempt was 
made to repeat the series without the tilt. This achieved a body shape identical with that in 
Fig. 2 though the periplast details were no longer distinct. Moreover by this time contamination 
had been deposited on the specimen in rectangular patches recording the areas most closely 
examined and it is therefore no longer possible to improve on the micrographs taken while 
the specimen was still pristine. The piece of glass with the specimen on it is nevertheless still 
extant and has been deposited as a permanent record in the British Museum (Nat. Hist.). 

C H R Y S O C H O M U L I N A  TENUISPINA SP. N O V .  
(L.  adj .  s l ende r ly  sp ined )  

DIAGNOSIS 

Protoplastus globularis vel ovalis, siccus 8 13 tzm magnus, vivus probabiliter ad sesqui major, 
duobus flagellis aequalibus circiter 30 tLm longis et haptonemate paulo breviore. Periplastis 
squamae magnae, planae, cincturis angustis laevibus marginatae, aliae inermes, plerumque 
1.3 × 1"6 tzm magnae, aliae spinigerae, plerumque paulo minores, paene orbiculares, praeterea 
similes. Pagina interior squamae cristis radiantibus ornata in quattuor fasces dispositis, 
exterior eristis magis distantibus cursum spiralem sequentibus antihelicte ad centrum versus 
convergentibus, stratis mediis squamae adhuc alia fila monstrantibus. Spina pro squama unica, 
ad 3 t~m longa, 0"05 tLm crassa, centro squamae quattor fulciminibus perbrevibus inserta, 
apice breviter obtuse attenuata, duobus nervis incrassata cursum antihelictum cristarum 
squamae continuantibus per totam longitudinem gyros 2½ percurrentibus. 

Die 18 Aug. anni 1973 prope portum Resolute Bay insulae canadensis Cornwallis Island 
(74 ° 40' lat. bor., 95 ° 00' long. occ.) 20 m sub aequore in aqua marine --1 gradus Celsii lecta, 
figura 2 typifica monstrata, praeterea inter 18 et 22 Aug. quinquies ibidem inventa. 

Protoplast globose to anisodiametric, e. 8-13 tzm when dry but probably up to 5 0 ~  larger 
alive, with two equal flagella, each up to 30 tzm long and a haptonema somewhat though not 
much shorter. Periplast scales large, flat, and of two kinds, evenly distributed and respectively 
with and without centrally attached, rigid, slender spines each up to 3 tzm long × 0.05-0.1 tzm 
thick, bluntly pointed. Both scale-types with narrow patternless rims but the base plates of 
spines a little smaller and more circular than the spineless plates. The latter commonly 
1'3 × 1"6 t~m. Surface patterning similar in both scale-types, the proximal faces dominated by 
radial ridges arranged in quadrants and the distal faces by a few, well separated, spiral threads 
coiled in an anticlockwise direction if seen from above and interpreted centripetally. This 
direction continuing up every spine to give a twist of about 2½ turns along its length. Both 
scale faces exhibiting traces of other components located between the surfaces of the scale. 

Type locality: Resolute Bay, Cornwallis Island Oat. 74 ° 40' N., long. 95 ° 00' W) at 10 and 
2 0 m  depth, sea temperature - - I °C between Aug. 17 and 22, 1973. Type specimen: Fig. 2 
above. 
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F~Gs 6-8. C. tenuispina cont. Fig, 6. scales from the type specimen, scanning electron 
micrograph Y 7788A8. xc .  10,000. Fig, 7. Field of scales near a cell from the type 
locality; transmission electron micrograph Y 7601.31 (Lancaster "801"). x 10,000. 
Fig. 8. Field of periplast scales mainly exposing the upper (distal) faces, a single scale 
with the lower (proximal) face upwards in the centre beneath the spine. Micrograph 
Y 7744.20 (Nottingham "EM6B"). x 20,000. 
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PERIPLAST SUBSTRUCTURE AND DISCUSSION 

The periplast features illustrated in all the electron micrographs are suffi- 
ciently different from those of Chrysochromulina hirta or indeed any other 
named species as to make recognition of our present one easy and certain. 
There are nevertheless some important resemblances to C. hirta in features 
that might otherwise have been thought unique. Thus the presence of a spiral 
twist in spines of exceptional length relative to breadth is shared by both, in 
each case as a character strongly suggesting positive structural significance in 
the maintenance of mechanical rigidity. The ratio of  spine length to thickness 
is of the order of 30-60:1 in C. tenuispina as opposed to over 100:1 in C. hirta 
where however, the twist is additional to other structurally significant factors 
such as conspicuous support struts attached to a substantially widened base, 
both features with virtually no equivalent in our present species (Figs 7-t0). 

The direction of twist in both these taxa is the same, namely, that of  the 
ordinary carpenter's screw, designated "right-handed" here as in the physical 
sciences although other useages sometimes prevail in biology. The same 
direction can be seen in the slow spirals marking the distal surfaces of plate- 
scales (Fig. 8) in all of which the spiral thread appears to turn in an anticlockwise 
direction if followed centripetally from the plate edge on scales lying with their 
distal face upwards. 

Plates lying the other way up and exposing their lower (proximal) face, can 
at once be distinguished by quite different surface markings. These (Figs 8 
centre, and 9a) approximate to the well known pattern of radial ridges arranged 
in quadrants familiar from many other species. Close inspection of  this surface 
nevertheless reveals unmistakable signs of additional components beneath the 
more superficially located threads, all of which are deployed in building up the 
complex structure of a scale. 

The most straight-forward of these extra components are a close-set system 
of pseudoconcentric threads forming a compact sublayer visible between and 
beneath the more superficially located radial threads as in C. hirta. At higher 
magnifications (Fig. 11) it is not difficult to find many places in which the pseudo- 
concentric threads run nearly but not quite parallel to the plate edge, their 
obliquity here indicating that they must be parts of  a system of spirals rather 
than a sequence of  concentric circles. Here and there a single pseudoconcentric 
thread passes over a radial like a stitch. 

It will nevertheless soon be noticed that the system of radial threads is not 
simple but dual, a second set of radials running in parallel with, but at a different 
level from, those on the proximal face. The two sets are separated by the thick- 
ness of the pseudoconcentric layer which is also mainly responsible for the 
considerable opacity of these scales (as seen for example in the inverted speci- 
mens in Fig. 9a). Only at the scale-edge is direct contact between radials detect- 
able. Here (Fig. 11) individual threads seem to fuse in pairs, each pair containing 
a radial thread from each set. 

According to the direction of  shadowing, the clarity of  the radial threads 
exposed between spirals on the distal (outer) face varies; while close inspection 
will always reveal them (Fig. 8) they are sometimes even more conspicuous 
than the spirals which they underlie (Fig. 10). Where a spiral thread crosses 
over a radial it appears to be locally thickened thereby enhancing the roughness 
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FIGS 9-10. C, tenuispina cont. Fig. 9, Tip of a spine from the field of Fig. 9a (see bottom 
edge) to show right-handed twist. Micrograph Y 7719.18 (Cambridge "801"). x 40,000. 
Fig. 9a. Three scales exposing their proximal surface partly overlying one scale with its 
distal face upwards, Micrograph Y 7719.18. x 30,000, Fig, 9b. Another part of the 
micrograph of Figs 9 and 9a showing an exceptionally small plate-scale, x 30,000, 
Fig. I0. A spined scale in side view showing right-handed direction of twist; for further 
details see text, Micrograph Y 7744.21 (Nottingham "EM6B"). x 30,000. 
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of  this face (Figs 9b, 10, etc.). An intimate relation between radials and spirals 
on this face is also expressed in other ways. Thus, towards the scale centre 
where the radius is greatly reduced, the spirals tend to straighten instead of  
becoming more curved, thereby outlining a more or less rectangular central 
region in which the corners coincide with the lines of  separation between 
quadrants of  radials. Almost anywhere along these lines some spirals can 
terminate although elsewhere on this surface local fusion (or branching) involves 
only adjacent spirals as the means by which their overall distribution over the 

FIG. 11. Plate-scales of C. tenuispina lying with their lower (proximal) faces exposed. 
Micrograph Y 7743.7 (Nottingham "Corinth"). × 40.000. 

surface as a whole remains roughly uniform (Fig. 8). Structural relations of  
this kind must be determined developmentally with, in this case, the strong 
probability that these radials must have been formed before the related spirals. 

Both faces of scales in C. tenuispina thus contain two different sub-layers 
with their fibrous components respectively arranged radially and spirally. I f  
these sublayers are termed R and S to indicate these directions, a whole scale 
can be described as a quadripartite stack in which the four sub-layers are 
arranged in the order R S R S  or RSRs  if the reduced number of  spirals on the 
distal face is also recorded. We know, moreover, that the two R layers are 
joined at the plate edge and that within each R S  pair there are intimate surface 
contacts and mutual influences of other kinds which almost certainly reflect 
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developmental  sequences. Since the direction o f  spiralization is the same in 
the s layer as in the spine, the latter seems necessarily to have been developed 
last. We know less, in a sense about  the S layer than about  any other, though  
it is tempting to infer that, as with the s layer the related R layer must  have been 
formed first. The most  obvious conclusion f rom all this is that  the four sub- 
layers were probably  laid down seriatim in the order  in which they are now 
found,  starting peripherally with the proximal R sublayer and ending centrally 
with the distal s layer which may or  may  not be prolonged into a spine. 

In such a description, it is o f  course necessary to distinguish clearly between 
observations and inference. The latter, if  true, can scarcely fail to receive con- 
f irmation f rom other  sources. The observations themselves on the other  hand  
are sufficiently like those already encountered in several other taxa (e.g., 6". 
prinsgheimfi Parke & Manton,  1962; C. hirta Manton,  1978) to indicate that,  
though  more  fully analysed in C. tenuispina than  elsewhere, this species is 
exceptional mainly in the clarity with which its large scales lend themselves to 
visual analysis o f  this type. 

A general conclusion not  easily challenged is that  in spite o f  an air o f  special- 
ized elaborat ion these scales are constructed on  a surprisingly simple plan, 
This, if  confirmed, is probably  the most  impor tant  single finding to have 
emerged f rom the present study. 

The only other  topic on which further  comment  is perhaps needed here is 
geographical  distribution. Al though at present known f rom only one locality, 
C. tenuispina is somewhat  unlikely to be a local endemic since arctic endemics 
are already known to be rare if  not  non-existent. I t  is therefore to be expected 
and  indeed hoped that  this species will be found elsewhere. 
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