
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=tejp20

British Phycological Journal

ISSN: 0007-1617 (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/tejp19

Chrysochromulina hirta sp. nov., a widely
distributed species with unusual spines

I. Manton

To cite this article: I. Manton (1978) Chrysochromulina�hirta sp. nov., a widely distributed species
with unusual spines, British Phycological Journal, 13:1, 3-14, DOI: 10.1080/00071617800650021

To link to this article:  https://doi.org/10.1080/00071617800650021

Published online: 17 Feb 2007.

Submit your article to this journal 

Article views: 75

Citing articles: 16 View citing articles 

https://www.tandfonline.com/action/journalInformation?journalCode=tejp20
https://www.tandfonline.com/loi/tejp19
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/00071617800650021
https://doi.org/10.1080/00071617800650021
https://www.tandfonline.com/action/authorSubmission?journalCode=tejp20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=tejp20&show=instructions
https://www.tandfonline.com/doi/citedby/10.1080/00071617800650021#tabModule
https://www.tandfonline.com/doi/citedby/10.1080/00071617800650021#tabModule


Br. phycol. J. 13:3-14 
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C H R Y S O C H R O M U L I N A  H I R T A  SP. N O V . ,  
A W I D E L Y  D I S T R I B U T E D  S P E C I E S  

W I T H  U N U S U A L  S P I N E S  

By I. MANTON 

University of Leeds, Leeds LS2 9JT 

The external morphology of C. hirta sp. nov., has been described and illustrated from wild 
material collected in Europe, S. Africa, S. Alaska and arctic Canada, identification being 
mainly based on the highly characteristic periplast. This contains three different types of scale, 
including spines of two sizes, both uniformly distributed over the ceil and each attached 
centrally to a strongly concave base-plate with similar surface patterning but with minor 
dimensional differences. Each spine is also supported laterally by four struts with characteristic 
differences of detail in the two sizes. Though superficially radial, all spines are in fact bilaterally 
symmetrical and flattened. Each is also locally twisted into a right handed screw, thereby 
contributing to mechanical stability in spite of exceptionally high length:width ratios. The 
species is not only widespread in both hemispheres but is often extremely abundant in 
temperate coastal waters. 

This beautiful  and widespread  species, abundan t  in many  par ts  o f  the world,  
would have been placed on record  long ago had it not  been except ional ly  p rone  
to d iscard  its appendages  dur ing  processing (e.g. Fig. 1), in which condi t ion  
specific ident i f icat ion is easy but  generic au thent ica t ion  impossible  wi thout  
o ther  evidence. In  the absence o f  culturing,  which has  not  as yet been a t tempted ,  
complete  cells have been so scarce that ,  wi thout  the mic rographs  k ind ly  
cont r ibu ted  by H. Thomsen  o f  Copenhagen  and reproduced  here as Figs  6 and  
6(a), a h a p t o n e m a  still a t t ached  to the  paren t  cell might  not  have been i l lustrated.  

This notwi ths tanding ,  the selection of  a type specimen has been decided in 
favour  o f  S. Afr ica  (Figs  5, 7), guided by the relat ively u n d a m a g e d  cond i t ion  
o f  the p ro top la s t  as a whole  in Fig. 5, with its h a p t o n e m a  in Fig. 5(a) and  
per iplast  in Fig. 7. To supplement  the latter,  we have been at  pains  to i l lust ra te  
per iplas t  detai ls  f rom other  par ts  of  the known range (Figs 8-12), while reserving 
the highest  magnif icat ions  (Figs  13-17) for  the type locality.  T h o u g h  the relat ive 
abundance  o f  the species varies in different places, being in our  experience low 
in arctic C a n a d a  but  except ional ly  high in S. A laska  and S. Afr ica ,  s t ructura l  
var iabi l i ty  is slight and  any one o f  these localities could  have been cited as tha t  
o f  type mater ia l  wi thout  significantly affecting the descript ion.  

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

The techniques used throughout are now standard, involving whole mounts prepared 
in situ from freshly gathered seawater samples. Since all the main areas summarized in Table I 
have been used before it is sufficient here to draw attention to the relative importance of 
latitude, date and sea temperature in determining local ecology. Europe is however omitted 
from Table I since H. Thomsen will himself report further on this. Apart from his micrographs, 
which are in each case acknowledged, the microscope used for every micrograph selected for 
reproduction is explicitly noted in the legend, in conformity with recent practiee and for the 
sake of comparability. 
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TABLE I. Geographical details, with dates and sea temperatures for the 
non-European localities cited for C. hirta sp. nov. 

S. Africa, near Cape Town 
S. Alaska near Homer 
N.W. Passage Resolute Bay 

33 ° 51'S, 18 ° 22'E, mid November 1972, 10°C 
59 '~ 40' N, 151 ° 30' W, late June 1975, 6°C 
74 ° 40' N, 95 ° 00'W, late August 1973, --I°C 

OBSERVATIONS 

When seen with the light microscope (Fig. 2), this species can be recognized 
with considerable, if not complete, certainty by its periplast and appendages. 
The exceptional length of the hair-like spines, each tapered to an invisible 
point and sometimes bent distally, separates it at once from C. ericina Parke et 
Manton (Parke, Manton & Clarke, 1956) which is often present in the same 
localities and similar in protoplasmic morphology but with shorter and fewer 
spines. On the other hand, the capacity of  the haptonema to coil separates it 
equally clearly from Chrysoeampanula spinifera Fournier (Fournier, 1971) which 
lacks this capacity and in which the apparent spines are blunt ended and stiffer 
(Pienaar, unpub. ; Manton~ unpub.). The only obvious risk of misidentification 
would be if other taxa, not yet described, should present themselves with 
similar characteristics in the light microscope. To obviate this risk, taxonomic 
confirmation with an electron microscope is clearly desirable in any locality not 
previously surveyed by this means. 

When seen with an electron microscope, ambiguity vanishes since almost 
every detail of  the three kinds of scale present in the periplast is diagnostic of  
the species. The appendages then become unimportant  although aspects of  
them in three localities will be found in Figs 3-6. In particular, electron micro- 
scopy is essential for determining the number of  gyres present in the retracted, 
coiled, state of  the haptonema which, in each of the two specimens illustrated in 
Figs 5(a) and 6(a) is of the order of t0. This fact permits the approximate 
length of this organelle to be calculated as somewhat, though not much, more 
than the length of a flagellum, as in many other species. 

The three scale types present in any one periplast can be seen together in 
several micrographs, (Figs 9-12). Only the long spines are individually detectable 
with the light microscope, in which they resemble hairs as already noted (Fig. 2, 
right). The much more numerous short spines are commonly scattered in 
profusion beside any dried protoplast in a whole mount  (Fig. 1, 3 etc.), their 
base plates delimiting the external surface of the periplast as a whole to a 
major extent. In rare cases, e.g. Fig. 7(a) from the type specimen, in which they 
have not become separated at all from the underlying surface, a sward of  
radiating hair-like short spines dominates the field between any two large 
spines, though electron microscopy is essential to resolve them visually. In 
contrast, only a broken periplast such as that illustrated in Fig. 11 will expose 
the imbricated underlayer scales to direct view, while still indicating their 
original position. 

The strongly concave, virtually bowl-shaped, base plates subtending spines of  
both sizes are among the more easily recognized diagnostic characters of  the 
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FIGS 1-2. Fig. I. C. hirta sp. nov., a specimen from Denmark (courtesy H. Thomsen) 
without flagella or haptonema (a common condition after processing) but with the 
protoplast and periplast undamaged. Micrograph T 1027, x2000. Fig. 2. Field of 
flagellates on a glass slide photographed with the light microscope (phase contrast, 
film 63.26 Leitz Universal microscope, Ottawa); Meringosphaera mediterranea with wavy 
spines (left), Chrysochromulina hirta sp. nov. (right) from S. Alaska, × 1000. 
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FiGS 3-6. Fig. 3. C. hirta cont., specimen from S. Alaska with flagella but without the 
haptonema. Micrograph Y 7828.22 (EM6B, London), × 3000. Fig. 4. Part of a cell with 
haptonema beside a detached flagellum, from Cape Town. Micrograph Y 5021.8 (801, 
Lancaster), x 5000. Figs 5 and 5a. The type specimen from Cape Town (further details 
in Fig. 7). Micrograph Y 4693.16 (801, Lancaster), x 3000 and x 10,000. Figs 6 and 6a. 
Danish specimen with flagella and haptonema still attached (courtesy H. Thomsen). 
Micrograph T 1114, X5000 and × 10,000. 



Chrysochromulina hirta sp. nov. 

species. Those relating to large spines, attached by conspicuous and relatively 
rigid support struts (Figs 9 et seq.) almost always appear in side view but the 
slightly smaller, shallower and more oval equivalents with slender support 
struts [compare Figs 7(b) and 7(c)], relating to small spines, can often be found 
in polar view exposing their distal or proximal surface, with the concavity 
expressed only as creases in the fabric of  the scale (Figs 12, 16, etc.). 

FIG. 7. Parts of the type specimen (Fig. 5) all from one micrograph Y 4693.17 (801, 
Lancaster): (a), the cell surface near a flagellum showing small spines with parts of the 
bases of large spines visible at left and right, x 10,000; (b), the two sizes of spine, the arrow 
pointing to a small spine showing a right handed twist, x 30,000; (c), a crumpled small 
spine showing the greatly reduced struts, reversed print, x 20,000. 

The patterning on the surfaces of  these concave scales is similar in both sizes. 
The convex (proximal) face carries a familiar pattern of  radiating ridges 
arranged in quadrants though here these are exceptional in failing to reach the 
scale edge which is bounded by a broad patternless zone, equal to almost half 
the radius of  the scale, before the narrow thickened rim is reached [Figs 7(c), 
12, 14-16]. The contrasting, inner (distal), face is striated more or less radially 
throughout by delicate threads (Figs 12, 15) which also cover, conspicuously, 
the massive support struts of  the large spines (Fig. 14), though the very delicate 
struts of  the small spines (Figs 7c, 12, 15) appear to lack them. 

Contrary to first appearances, the spines themselves are not radially sym- 
metrical but bilateral, with spiral asymmetry superposed. Each is forked at the 
base, a feature visible in some aspects but not in others at right angles to these; 
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FIGS 8-10. C. hirta spines from different parts of the world at low magnifications. 
Figs 8 and 8(a) from Resolute Bay, Cornwallis Island (sea temperature --I°C), 
micrograph Y 7727.9 (Corinth, Nottingham), × 5000 and x 10,000. Fig. 9. The three 
scale types from a broken periplast from Cape Town (sea temperature 10°C), micro- 
graph Y 4992 (EM6B, Nottingham) × 10,000. Fig. 10. The three scale types from a 
broken periplast from S. Alaska, (sea temperature 6°C), micrograph Y 7827.9 (EM6B, 
London) × 10,000. 
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FIGS 11-12. Fig. 11. Part of the lining from a broken periplast of C. hirta from S. Alaska 
showing many plate-scales of the underlayer with a few spined scales of both sizes still 
adhering to the outside, micrograph Y 7850.22 (801, Lancaster), reversed print, x 10,000. 
Fig. 12. Details of both surfaces of all three types of scale in a broken periplast from 
S. Alaska, micrograph Y 7847.10 (EM6B, London), x 20,000. 
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examples of  both views seen together will be found in Figs 10 and 12. Proxi- 
mally, the large spines are deeply striated or ridged but distally they are smooth, 
flattened, and twisted, the direction of twist (Fig. 13) being right-handed, as in 
the ordinary carpenter's screw. The small spines, though less conspicuously, are 
also flattened and twisted, the direction in all analysed cases, including parts of  
the type specimen [Fig. 7(b)], being again right handed. 

In both types of  spine, the support struts are arranged as two pairs and are 
not equally spaced along the periphery of the subtending scale (Figs 14, 15). 
Further, when exposed in polar view as in the small spines of Fig. 15 (see also 
Fig. 12 etc.) the struts are found to be diagonal in position with respect to the 
axes of symmetry of the scale, each pair being also shifted tangentially, the 
direction of  shift, though not always the amount, being similar at the two ends 
of  the oval scale. This direction appears to be clockwise when a scale is viewed 
from the distal face or anticlockwise after reversed printing (Fig. 15), in both 
cases conformably with the direction of twist elsewhere along the spine. 

The much smaller plate-scales of  the underlayer (Figs 11, 12 etc.) offer fewer 
unusual features though, being more compact and denser in texture than the 
base-plates of  spines, they add some important further information. They are 
all rimless, patterned to the edge, oval and fiat. On the proximal face, the 
pattern involves the familiar radial ridges arranged in quadrants. On the distal 
face, the equivalent pattern, though less distinct, is composed of  fine threads 
arranged concentrically near the plate edge (Fig. 12) and in other ways, some- 
times including spiralling, towards the plate centre. 

These descriptions of  familiar patterns are nevertheless incomplete since the 
use of  higher magnification reveals an underlying substructure resembling that 
of  a woven fabric within each surface layer. Thus, in Fig. 16, a plate scale 
selected on account of a favourable angle of  shadowing exhibits some quadrants 
(lower centre) with strongly dominant radial ridges, where these run across 
the direction of shadowing, while in other quadrants (at left and right) where 
the ridges are roughly parallel to the direction of shadowing they become 
inconspicuous if not invisible. Concurrently, in the latter, a comparable effect 
of  shadowing has been to enhance the conspicuousness of  a close-set system of 
tangential microfibrils apparently running across and beneath the ridges though 
there is no further information on exactly how these two systems are connected. 
An equivalent substructural analysis of  the distal scale surface is more difficult 
to obtain owing to the indistinctness of  patterning of any kind on this surface, 
as already noted. Nevertheless, after reversed printing to enhance contrast, it is 
possible in Fig. 17 to pick out many short lengths of  thin threads running in 
different directions, including radially and tangentially, for short distances 
before becoming immersed in the fabric. Both surfaces of these scales thus 

FIGS 13-17. Details of scale substructure in C. hirta from the type locality (Cape Town) 
all except Fig. 17x 30,000. Fig. 13. Tip of a large spine showing twisting into a right 
handed screw, micrograph Y 4686.15 (801, Lancaster). Fig. 14. Base of a long spine with 
support struts and bowl-shaped subtending scale, micrograph Y5007.t6 (801, 
Cambridge). Fig. 15. Three base-plates of small spines including views of both 
surfaces, micrograph Y 5007.6 (801, Cambridge), reversed print. Fig. 16. Proximal 
surfaces of a small spined scale and a plate scale, micrograph 4993 (EM6B, Nottingham), 
reversed print x 30,000. Fig. 17. Part of the distal face of a plate-scale, micrograph 
Y 4686.18 (801, Lancaster) reversed print, magnification c. 35,000. 
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possess a more complex substructure than the cruder features of patterning 
taken in isolation might suggest. When these observations are extended to 
the base plates of spines a similarly compound structure can be readily seen on 
the proximal face (upper scale in Fig. 16) though not in all parts of the distal 
face (Fig. 15) which needs further analysis. 

Detectable variability among different individuals of  this species is mainly 
dimensional. The largest spines occur in the coldest water [N.W. Passage at 
- l°C,  Fig. 8, 8(a)], an effect of low temperature which is by no means unusual. 
Spine numbers may also vary though some are likely to become dislodged 
during processing rendering exact enumeration impossible. The specimen in 
Fig. 1 for example has retained 17 spines of  very similar length while that in 
Fig. 3 still exhibits about 30 of much more varied lengths. The essential feature, 
uniform distribution, is nevertheless not in doubt in either. Further information 
on dimensions of the various parts will be found in the formal description. 

DISCUSSION 

The most interesting new fact presented by this organism is almost certainly 
the twisted condition of parts of both sizes of  spine. Though inconspicuous, 
this feature can scarcely be other than functionally significant in permitting 
the extraordinary length relative to thickness of these spines to be achieved 
without loss of mechanical stability. The apparently unidirectional nature of 
the twist and its association, at least in the small spines, with tangential dis- 
placement of the support struts in the same direction, where they join the rim of  
the subtending plate, shows clearly that the twist can scarcely be explained as 
resulting from stress imposed from without hut must be structurally and develop- 
mentally determined, the direction probably reflecting some submicroscopic 
asymmetry about which nothing is as yet known. 

The contrast between these spines and those of  C. ericina and Chrysocampanula 
spinifera, mentioned earlier (p. 4), could scarcely be greater, in spite of  the need 
for circumspection in distinguishing these species with the light microscope. In 
both of them the spines are thin walled, open ended, tubes (Manton & Leedale, 
1961; Manton, unpub.; Pienaar, unpub.) wholly unlike the twisted hairs of  
C. hirta. Closer parallels to C. hirta do nevertheless exist among undescribed 
Arctic species, and further discussion here would therefore be premature. 

Of less immediate interest, though perhaps no less valuable, is the demonstra- 
tion of a compound substructure, clearly if incompletely in both surfaces of  
the plate scales of C. hirta. Surface patterning dominated by radial ridges or 
concentric threads (or equivalent) on the two faces of plates are familiar features 
in many species of Chrysochromulina in which the facts have long been 
interpreted in terms of  an essentially two layered composition of  the plate as a 
whole, each layer carrying its own characteristic surface pattern and able to 
undergo hypertrophy or reduction independently of the other. An early applica- 
tion of this concept to the morphology of the complex scales in C. erieina will 
be found in Manton & Leedale, 1961. It does not of course preclude the presence 
of  additional complexities within the substructure of each layer as indeed has 
been shown here to exist in C. hirta and which can certainly be matched in many 
other species. Nevertheless further elucidation of  the substructural facts in 



Chrysochromulina hirta sp. nov. 13 

v a r i e d  sca le  types  is n o w  h i g h l y  d e s i r a b l e  a n d  m u c h  m o r e  c o u l d  c e r t a i n l y  b e  
a s c e r t a i n e d  f r o m  o u r  p r e s e n t  species ,  espec ia l ly  i f  i t  c o u l d  b e  e s t a b l i s h e d  in  
cu l tu re .  

C H R Y S O C H R O M U L I N A  HIRTA SP. N O V .  

(L. hirtus, ha i ry )  
DIAGNOSIS 

Protoplastus siccus circiter 6 p.m diam., virus probabiliter duplo major. Flagella bina, 
quidque ad 20/zm longum, haptonema extensum paulo longius, retractum helicem circiter 
decem gyrorum formans. Periplastus spinis dimorphis tenuibus aequaliter distributis quasi 
hirtus, quaque spina squamac cavae centro affixa in facie convexa (interiore) costis radiantibus 
quattuor fasces formantibus marginem squamae non attingentibus, in cava (exteriore) filis 
exilibus plus minus radiatim dispositis ornatae, Spinae majores 20-30 ~m longae, basi bifur- 
catae, foveolatae, apice attenuatae, complanatae, dextrorsum tortae, quaeque quattuor 
cristis decurrentibus filis manifestis ornatis suffulta margini incrassato facieique cavae 
squamae plerumque 2-2-5/zm latae affixis. Spinae minores majoribus duplo plures, flagella 
revocantes, paululum dexfrorsum tortae, ad 3/~m longae, squamis magis ovalibus minus 
cavis plerumque l ' 5 x 2 / z m  magnis centro affixae, ornamento ut in illis sed fulciminibus 
parvulis inconspicuis. Sub strato squamarum spinosarum stratum interius squamarum 
imbricatarum planarum margine ut videtur non incrassatarum, quaque squama usque ad 
marginem ornata, in facie interiore costis radiantibus quattuor fasces formantibus, in exteriore 
fills parum manifestis concentrice et radiatim dispositis, plerumque 1-3 × 1.6/~m diam., sed 
etiam majore vel minore. 

Die I0 Novembris anni 1972 in aqua crassa 10 graduum Celsii loci inter insulam Robben 
Island et urbem africanam Cape Town fere intermedii (33 ~ 51" lat. austr., 18 ° 22.4" long. 
orient.) lecta, figura 5 typifica monstrata. Praeterea probabiliter in aqua temperate frigida 
prope terras ubique praesens, certe ad Europam, ad Alaskam meridionalem et aestate in mari 
Northwest Passage ad sinum Resolute Bay inventa, ad Africam australem interdum frequens. 

Protoplast c. 6/Lm when dry, probably twice this size alive. Two flagella, each up to 20/zm 
long, the haptonema somewhat longer when extended, or coiled into about 10 gyres when 
retracted. Periplast with many hair-like spines of two sizes, uniformly distributed, each spine 
attached to the centre of a concave scale, patterned on the convex (proximal) surface with 
radiating ridges arranged in quadrants but not reaching the scale edge; on the concave (distal) 
surface patterned with more or less radially arranged fine threads. The large spines 20-30/zm 
long, forked and grooved at the base but distally attenuated, flattened, and twisted into a 
right handed screw, each spine with four decurrent, buttress-like, ridges with distinctly thread- 
covered surfaces attached proximally to the narrow thickened rim and concave surface of the 
subtending scale; scale diameter commonly 2-2-5/~m. The smaller spines whiplike, twice as 
numerous as the large spines, inconspicuously twisted into a right handed screw, each spine 
up to 5/Lm long, attached centrally to a more oval and shallower concave scale, commonly 
1 "5 × 2/zm, patterned like the preceding but the support struts much reduced and inconspicuous 
An underlayer of imbricated, flat and apparently rimless, plate-scales also present, each 
patterned to the edge with radiating ridges arranged in quadrants on the proximal face and an 
indistinct arrangement of concentric and radial threads on the distal face, size commonly 
1.3 × 1-6/zm but can be larger or smaller. 

Type specimen: Figs 5 and 7 from S. Africa, collected in turbid water almost midway 
between Robben Island and Cape Town (33 ° 51.0' S, 18 ° 22"4 E) on 10 November 1972, sea 
temperature 10°C. Elsewhere probably world wide in cool temperate coastal waters, recorded 
positively from Europe, South Alaska and the N.W. Passage (Resolute Bay) in summer, in 
addition to S. Africa where it is sometimes common. 
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