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MORPHOLOGY AND DISTRIBUTION OF  
THE ACANTHOECIDAE (CHOANOFLAGELLATA)  
FROM THE WEDDELL SEA DURING THE  
AUSTRAL SUMMER, 1977  

Kurt Buck  

INTRODUCTION  

Literature review  
The placement of choanoflagellates as a  

group in either the plant or animal kingdom has  

vacillated back and forth for a century. Based  

upon mitochondrial and flagellar substructure  

(Leadbeater and Manton 1974, Hibberd 1975,  

1976), these organisms are now assigned to the  

Families Codonosigidae, Salpingoecidae and  

Acanthoecidae, Order Choanoflagellate, Class  

Zoomastigophorea, Phylum Protozoa. The cells  

of the Family Codonosigidae are naked, the cells  

of the Family Salpingoecidae are thecate  

(bounded by an investment without costae), and  

the cells of the Family Acanthoecidae are  

loricate (bounded by an investment with costae  

made of siliceous strips) (Leadbeater 1977, Nor-

ris 1965). The Acanthoecidae are further dif-

ferentiated from the other choanoflagellates in  

that they are exclusively marine. This study will  

concern itself with the Acanthoecidae.  

With the erection of the genera Crinolina  
(Thomsen 1976), Bicosta (Leadbeater 1978), and  
Ca//iacantha (Leadbeater 1978), there are now  

approximately 12 genera and 40 species which  
belong to the Family Acanthoecidae. Geograph-
ically, loricate choanoflagellates have been  

found in polar (Manton et al. 1975, Throndsen  
1970a,b, Reynolds 1976, Deflandre 1960, Manton  

and Oates 1979b), temperate (Leadbeater 1972 α,  
b, 1973, Manton and Oates 1979a, Moestrup  

1979, Norris 1965, Thomsen 1973, 1976, 1977,  

Throndsen 1969, 1974), subtropical (G. Fryxell  

Pers. comm.), and tropical (Manton and Oates  

1979b) regions. With the exception of Deflan-

dre's report from Terre Adelie of Parvicorbicula  
socialis (Meunier) Deflandre, a seemingly cosmo- 

politan species, the polar reports have been pu -

marily of arctic species.  
As a group choanoflagellates seem to favor  

calm waters of nearshore areas for their habitat,  

being found in the stagnant water of salt  

marshes (Leadbeater and Morton 1974a), tide  

pools (Norris 1965), fjords (Throndsen 1974,  

Thomsen 1973, 1976) and coastal waters  

(Throndsen 1969, Manton et al. 1975, 1976). Ob-

servations in open ocean have been made on  

two species of the genus Bicosta (Throndsen  

1970b, Reynolds 1976). Neustonic (Norris 1965),  

epiphytic (Ellis 1930, Norris 1965), and plank-

tonic (Throndsen, 1974) modes of existence have  

been described. Manton et al. (1975) propose an  

association with sea ice as a common denomi-

nator for a group of Acanthoecidae observed in  

the Canadian Arctic, although no specific  

reports of such an association were made. The  

presence of at least one species under arctic sea  

ice has been documented (Manton and Oates  

1979b). Environmental tolerances of the family  

as a whole seem to be wide; they have been  

found in water with temperatures ranging from  

-1°C to 24°C and salinities ranging from 5°/ ο  to  

36 °1. Without exception, insufficient data exist  

to be able to establish habitat, environmental, or  

geographical ranges for any given species.  

In describing the morphology of the Family  

Acanthoecidae the terminology of Leadbeater  

(1972α) will be followed. The lorica is composed  

of longitudinal and transverse costae (Fig. 1). The  

anterior end is open (the posterior end in Crino-
lina spp. is open as well) and has the flagellum  

projecting from it. In the present taxonomic  

scheme the lorica shape, presence or absence of  

anterior projections, numbers of costae (both  

longitudinal and transverse), and in one case the  



anterior projections 

anterior transverse costa 

longitudinal costa 

second transverse costa 

transverse costal strip 

caudal appendage 

Figure 1. Morphology of Acanthoecidae. 

orientation of the costae (Acanthoeca Ellis) are 
characteristics most commonly used to differen-

tiate genera. Costal numbers (both longitudinal 

and transverse), presence or absence of a caudal 

appendage, and costal shape are the characteris-

tics most commonly used to differentiate 

species. Each costa is made up of rod shaped 

subunits, called costal strips, which in some 

species are heteropolar. The heteropolar costal 

strips are tapered at one end and bulbous, 

T-shaped, or L-shaped at the other end. Other 

costal strips are usually tapered at both ends. In 

the species that have heteropolar transverse 

costal strips, it is the non-tapered end that is re-

sponsible for joining individual costal strips and 

connecting longitudinal and transverse costae. 
The variation of costal substructure between 

species has been largely ignored in the literature, 

making assessment of its taxonomic importance 

difficult. The shape and size of the protoplast, 

the length of the flagellum, and the number and 

length of the collar tentacles are characteristics 

that are usually included in a species descrip-

tion, but differentiation on both the generic and 

specific levels is based solely upon lorica mor-

phology. 
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The composition of the costal strips and  
hence the lorica has been determined to be sili-

ceous. Exposure to hydrofluoric acid (Lead-
beater and Morton 19746) and X-ray analysis  
(Thomsen 1973) have been used to test this.  
When tests for crystalline structure of the silicon  
were conducted and negative results obtained,  
Leadbeater and Manton (1974) concluded that  
the silicon was present in an amorphous form.  
The substance holding the costal strips to one  
another does not withstand treatment with po-

tassium permanganate and hydrochloric acid, a  

procedure used to clean organic matter from  
diatom frustules (Fryxell and Hasle 1970), indi-

cating that it may be organic in nature.  
Bacteria and other small particles are ingested  

by choanoflagellates as food. Collar tentacles  
remove the particles from the water currents set  
up by the beating of the flagellum inside the Iori-
ca (Leadbeater and Morton 1974a, Ellis 1930), al-

though presumably dissolved organic matter  

may also function as a food source for some  

species (Gold et al. 1970).  

Reproduction (production of another proto-

plast) and replication (production of another br-

ica) have been studied with both light and elec-

tron microscopes, using wild as Well as cultured  
organisms. The entire sequences have been es-
tablished by piecing together discrete observa-

tions of the separate steps (Ellis 1930, Thomsen  

1976, 1977, Leadbeater 1975). After reproduction  

occurs, the juvenile protoplast migrates out of  

the mother lorica and attaches to the external  
anterior end of the lorica, a position it usually  

maintains only for a short period of time  

(Thomsen 1977). Costal strip bundles are present  
within the juvenile cells (Leadbeater and Manton  

1974); it is presumably these costal strips that are  
laid around the juvenile protoplast to produce a  

new lorica. All evidence points to an exact  

placement of specific costal strips (Manton et al.  
1976) although the mechanism involved is still  
unknown. Thomsen (1973) has observed what  
could be interpreted as a mature lorica initiating  
division at its posterior end. Colony formation as  

a result of juvenile cells and loricas not disas-
sociating themselves from the parent loricas has  

been observed. The colonies may be spherical  

(anterior ends directed inwards) (Thomsen 1976)  

or in mats (Deflandre 1960, Manton et al. 1976),  

depending upon the species and the interpreta-

tion.  

Objectives  
Determining the geographical, habitat, and  

spatial distribution of selected species of the  
Acanthoecidae, particularly with respect to pre-

vious observations, is one of the main objectives  
of this report. Another objective is to examine  
the costal substructure of the species with a  
scanning electron microscope in an attempt to  
clarify the taxonomic importance of this charac-
teristic. A new species, Diaphanoeca multi-
annulata, is described for the first time from  
these samples.  

MATERIALS AND METHODS  

This study was essentially observational in  
nature, using standard methods of light and  
scanning electron microscopy. The morphologi-

cal and taxonomic aspects of this study rely  
heavily upon micrographs of selected organisms  
from sampling stations where the concentrations  
were highest. The distributional aspect relies on  
surveying samples obtained during a cruise of  
the US Coast Guard Icebreaker Burton Island to  
the Weddell Sea during February and March  
1977 (Fig. 2, Table 1). Samples were obtained in  
three ways: with a 35-µm mesh net towed from a  
depth of 200 m below the surface; with a CRREL  
ice corer that obtains a 7-cm-diameter cylinder  
through ice floes; and by hand from the edges of  
ice floes and from ponds on ice floes. A total of  
thirty-three water column and five ice floe  
samples were taken (Table 1) and examined. Of  
the five ice samples, four were obtained from ice  
floe edges or ponds and one was obtained with  
the ice corer.  

Samples were preserved as soon as possible  
after collection with enough hexamine-buffered  
formalin to produce a concentration of approx-

imately 2% formalin in the sample. The samples  
were returned to Texas A&M University for sub-

sequent analysis. Approximately 20 ml from  
each sample was rinsed with laboratory distilled  
water using it centrifugation-decantation tech-
nique (the sample is centrifuged, the supernatant  
decanted, and distilled water added). After the  
final (fourth) rinse a pipette was used to transfer  
a portion of the pellet to whole coverslips. for  
use with the light microscope (LM) or to a por-
tion of a cleaned coverslip mounted on an alum-

inum stub for use with the scanning electron  
microscope (SEM). The samples were then air  
dried. Those samples to be studied with the light  
microscope were covered with Hyrax or Cumar  
(mounting media) and allowed to dry overnight;  
the excess mounting medium was then scraped  

3  
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Figure 2. Cruise track and pack ice limits of the Weddell Sea biocruise, February-March  
1977. Dashed line represents the pack ice limit and the solid line represents the cruise  
track.  

away and the edges were sealed with fingernail  
polish. The samples for the SEM were gro υ nded  
to the stub with silver paint and coated with  
gold-palladium. The light microscope was a  
Zeiss Standard K with phase optics; the scanning  
microscopes used were Hitachi JSM U - 3 and  
U - 35.  

RESULTS  

Observations  
Diaphanoeca rnuitiannuljta , µ. ηυν. Fi}{, 3 -12  

Diagnosis: Lur ι c a barrel shaped, Transverse  

c nstae, 4 or 5 ι omposii of 111  osial strips,  

bulbous at one end, taµered at other end, spa i'd  

4  



Table 1. Location, date, type of sample, surface temperature,  

and salinity of the stations occupied during the Weddell Sea  

biocruise, February-March 1977.  

Sta. 

Latitude 

(5) 

Longitude 

(W) 

Date 

(1977) 

Α 60°17.0' 44°34.0' 13 Feb 

B 63°57.0' 53°12.0' 16 Feb 

B-C 63°56.0' 52°13.0' 17 Feb 
B-C 63°58.0' 52°25.0' 17 Feb 

C 63°58.0' 52°25.0' 17 Feb 
C-D 64°13.0' 51°56.0' 18 Feb 

D 64°57.6' 56°26.2' 18 Feb 
D 64°57.6' 56°26.2' 18 Feb 

D-E 65°13.0' 51°51.0' 19 Feb 
E 65°23.0' 51°28.0' 19 Feb 
E 65°23.0' 51°28.0' 19 Feb 

E-F 65°59.6' 51°42.3' 19 Feb 
F 66°45.1' 50°30.5' 20 Feb 

F-G 67°04.5 50°00.0' 20 Feb 
G 67°49.4' 49°07.2' 21 Feb 

G-H 68°43.0' 47°28.0' 21 Feb 
H 69°21.0' 46°46.0' 22 Feb 

H-I 69°30.0' 46°55.0' 22 Feb 
I 79°15.2' 45°36.8' 23 Feb 
I 70°15.2' 45°36.8' 23 Feb 

I-I 70°39.0' 44°00.0' 23 Feb 
71°25.0' 45°00.0' 24 Feb 

I-K 72°08.0' 41°35.5' 24 Feb 
K 73°07.0' 41°44.0' 25 Feb 
K 73°07.0' 42°44.0' 25 Feb 

K-L 74°08.0' 41°08,0' 25 Feb 
L 74°37.6' 38°54.8' 26 Feb 

L-M 74°41.1' 36°32.3' 26 Feb 
M 75°39.5' 34°27.0' 27 Feb 

M-N 77°27.0' 34°54.0' 27 Feb 
N 77°460' 35°10.0' 28 Feb 

N-Ο 77°46.0' 35°59.0' 28 Feb 
G 76°54.6' 34°04.1' 1 Mar 

0- Ρ  76°49.7' 32°27.9' 1 Mar 
P 76°19.8' 28°40.0' 2 Mar 

Sample 	Surface 	Surface  
type 	temp. (°C) 	sal. (°l ° ,J  

Net 	1.7 	34.1 
Net 	1.7 	33.4 
Ice' 
Net 
Net 	-0.8 	33.2 
Net 
Ice` 
Net 	-1.7 	34.3 
Net  

Ice` 
Net 	-1.7 
Net 
Net 	-1.3 	33.8 
Net 

Net 	-0.8 	33.3 
Net 
Net 	-1.7 	33.5 
Net 
Ice` 
Net 	-2.2 	33.4 
Net  
Net 	-1.6 	33.7  
Net  
Icet  
Net 	-1.5 	33.4  
Net  
Net 	-1.9 	33.4  
Net  
Net 	-2.0 	34.0  
Net  
Net 	-2.4 	33.8  
Net  
Net 	-1.3 	33.8  
Net  
Net 	-1.7 	33.3  

*Ice floe pond or edge  

tice floe core  

at intervals of 1-1/2, 4, 5-1/2, and 7 costal strips 

from anterior ends of longitudinal costae; 

longitudinal costae 11-13, composed of 8-9 costal 

strips, blunt at both ends, of slightly smaller 

diameter than transverse costal strips; projections 

1-1/2 costal strips in length occurring beyond an-

terior costa; caudal appendage 3 costal strips in  

length arising from reduction and convergence of  

longitudinal costae posterior to 4th transverse  

costa.  

Holotype: Figure 3, 

Type location: 70°15.2'S, 45°36.8'W, 23/02/77, ice 

floe pond, -1.8°C. 

Loricas of this species were found in many of 
the net tows and in four of the five ice samples  

(Table 2). Although the number of costae varied  

(Figs. 4-6), twelve longitudinal and four trans-

verse costae was the norm (Figs. 4, 5). Electron  

microscopy of this organism permitted the struc-
ture of the costae to be discerned. The trans-

verse costae are composed of as many costal  

strips as there are longitudinal costae. The costal  

strips, bulbous on one end and blunt on the  

other end, are attached to the longitudinal cos-

tae by their bulbous ends and to each other by  

the blunt end somewhere along the adjoining  

costal strip (Fig. 6). The point of attachment for  

the blunt end and the adjoining costal strip dif-

fers for each costa; in the anterior transverse  

5 
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Figure 3. Diaphanoeca multiannulata. Line  
drawing.  

Figure 4. Diaphanoeca multiannulata. intact  
lorica with caudal appendage, 4 transverse and  

13 longitudinal costae. LM. Ice floe pond, sta-
tion 1.  

Figure 5. Diaphanoeca multiannulata. Lorica  
with 5 transverse costae (arrows). LM. Ice floe  
pond, station 1.  
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Table 2. Distribution of Acanthoecidae from the Weddell Sea biocruise, February-March 1977.  

(1) denotes  ice. 

Acanthoecopsis 	Bicosta 	Bicosta Calliacantha Calliacantha Crinolina Diaphanoeca Parvicorbicula  

Station 	spiculitera 	antennigera spinifera 	multispina 	simplex 	aperta 	multiannulata 	socialis  

A 
A-B  

B  
B-C(1) 
B-C  
C 

C-D  
D( Ι) 
D 

D-E  
Ε(Ι) 

Ε  
F  

F-G 
G 

G-H  
H  

H-I 
Ι(Ι) 

Ι  
1  

‚ - Κ  
κ(Ι)  
κ  

κ -L  
L  

1-Μ 
 Μ 

Μ- Ν  
Ν  

Ν -C1 
Ο  

Ο- Ρ  
Ρ  

Χ 

Χ 

Χ  

Χ 
	

Χ 
	

Χ 

Χ 
	

Χ 
	

Χ 

Χ 
Χ 

Χ 
Χ 	 X 	 Χ 
Χ 	 Χ 	 Χ 

Χ 
Χ 
Χ 

Χ 

Χ 

Χ 

Χ 

Χ 
	

Χ 
Χ 
Χ 
Χ 

Χ 
	

Χ 
Χ 
	

Χ 
Χ 	Χ 
Χ 	Χ 

Χ 
Χ 
Χ 
Χ 
Χ 
Χ 

Χ 
	 Χ 

Χ 
	

Χ 

costa the strips overlap each other by 40-50% of  

their length while in the third transverse costa 

the overlap is 10-15% (Figs. 6, 7). Since the  

number of costal strips is constant, this overlap  

produces transverse costae of different diam-
eters, hence the barrel shape of the lorica. The  

longitudinal costal strips are blunt at both ends  

and overlap one another by 10% of their total  

length (Fig. 7). At or below the posterior trans-

verse costa, a reduction in the numbers of longi-

tudinal costae occurs as they converge and form  

a caudal appendage (Fig. 8). Mean lorica length  

(excluding the caudal appendage) and diameter  

at the third transverse costa were statistically dif-

ferent for stations I and K: 43 ± 3 µm x 25 µm ±  

2 µm and 33 ± 6 µm x 21 ± 2 µm, respectively.  

The presence of a caudal appendage and one  

anterior transverse costa with three or four even-

ly spaced transverse costae posterior to it dis-
tinguish D. multiannulata from the type species 

of the genus, D. grandis Ellis. D. multiannu/ata 
 differs from D. pedicellate Leadbeater by 

possessing additional transverse costae (D.  
pedicellate has 3) and having anterior projec-

tions constructed of more than one costal strip 

(Fig. 6). The presence of costal strip bundles  

within loricas was also noted (Fig. 12).  
Crinoline aperta (Leadbeater) Thomsen (Figs.  

13-16). Loricas of this species were found at most  

of the southern stations in the ice as well as in  
the water column (Table 2). The lorica is con-

structed of twelve longitudinal and two trans-

verse costae with the longitudinal costae contin-

uing beyond both ends of the lorica (Figs. 13, 14).  
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Figure 6. Diaphanoeca multiannulata. Complete 
lorica with 5 transverse and 11 longitudinal cos-
tae. LM. Ice floe pond, station I. 

Figure 7. Diaphanoeca multiannulata. Whole lor-
ica showing 12 longitudinal and 4 transverse cos-
tae, anterior projections, and a caudal appen-
dage. LM. Ice floe pond, station 1. 

Figure 8. Diaphanoeca multiannulata. Whole 
lorica showing costal strip components of both 
longitudinal and transverse costae. SEM. Ice floe 
pond, station I. 

Figure 9. Diaphanoeca multiannulata. Anterior 
transverse costa and anterior projections. Pro-
jections are 1 1 costal strips in length. The 
mode of attachment of the transverse costal 
strips to each other and to the longitudinal cos-
tae is visible. SEM. Ice floe pond, station 1. 
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Figure 10. Diaphanoeca multiannuIata. Partial 
lorica with intact second and third transverse 
costae. SEM. Ice floe pond, station 1. 

Figure 11. Diaphanoeca multiannulata. 
Coalescing of longitudinal costae below the 
fourth transverse costa. The caudal appendage 
arises from this stalk. SEM. Ice floe pond, sta-
tion D. 

Figure 12. Diaphanoeca multiannulata. In-
complete 1orica with costal strip bundle. SEM. 
Ice floe pond, station D. 
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Figure 13. Crinoline aperta. Line drawing. 

Figure 15. Crinoline aperta. Lorica showing the  
size difference between the anterior and posterior 
transverse costae. LM. Ice floe pond, station L.  

The costal strips of the transverse costae are 

tapered at one end and L-shaped at the other 

end (Fig. 16). The upturned end of each costal 

strip on both the transverse costae is directed to-

wards the anterior (narrow) end of the lorica. It is 

the L-shaped end that is responsible for the at- 

Figure 14. Crinoline aperta. Lorica with 2 
transverse (the smaller of the two is the anterior) 
costae and 12 longitudinal costae and projec-
tions at the posterior and anterior ends. LM. 
Water column, station L. 

Figure 16. Crinoline aperta. Section of the  
anterior transverse costa and a longitudinal costa  
showing the L-shaped transverse costal strip and 
the Y-shaped notch made by the longitudinal cos-
ta in which the transverse costa sits. SEM. Water  

column, station L. 

tachment of the transverse costa to the lo πgitud-
inal costae. At the anterior transverse costa the 

longitudinal costa forms a Y-shaped notch in 

which the transverse costa is situated. The Iori-

cas ranged in size from 24-40 µm long, 12-16 µm  

in diameter at the anterior end and 13-18 µm in 
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Figure 17. Parvicorbicula socialis. Line drawing. 

Figure 18. Parvicorbicula socialis. Lorica 
with two transverse and ten longitudinal 
costae and no caudal appendage. Note 
the attachment of the distal end of the 
longitudinal costae to the midpoint of 
the anterior transverse costal strips. SEM. 
Water column, station K. 

Figure 19. Parvicorbicula socialis. Posterior por-
tion of lorica showing the second transverse cos-
ta situated at the posterior end of the anterior lon-
gitudinal costal strip. Longitudinal costal reduc-
tion from ten to five occurs below the second 
transverse costa before uniting at a point. SEM. 

Water column, station K. 

diameter at the posterior end. Although smaller 

than those previously reported (Manton et al. 

1975) (Appendix A), there is little doubt, based 

on both gross morphology and costal substruc-

ture, that this organism is C. aperta. 

Parvicorbicula socialis (Meunier) Deflandre 
(Figs. 17-24). This species was encountered at 

more stations than any other member of the 

Acanthoecidae, and although it was found in ice 
samples it seemed to be most abundant in the 
water column (Table 2). The lorica is composed 
of ten longitudinal and two transverse costae, 

possessing in some cases a caudal appendage. 
The anterior transverse costa is constructed of 

ten overlapping costal strips, tapered at both 
ends. The second or posterior transverse costa is 
constructed of fewer (6 or 7) but similarly shaped 

costal strips and is situated one costal strip 

beneath the anterior transverse costa (Figs. 18, 

19). The longitudinal costae join the anterior 

transverse costae in the middle of the compo-

nent costal strips; at the point of contact the 

11 



Figure 20. Parvicorbicula socialis. Detail 
of the attachment of the longitudinal 
costae to the anterior transverse costa 
showing the enlargement of the anterior 
end of the longitudinal strips. SEM. 
Water column, station K. 

Figure 21. Parvicorbicula socialis. Posterior tran-
sverse costa showing coalescing of longitudinal 
costae into a stalk from which a caudal appen-
dage arises. SEM. Water column, station K. 

10um 

Figure 22. Parvicorbicula socialis. Lorica 
showing longitudinal costal reduction to 
3 below the second transverse costa. LM. 
Water column, station L. 

Figure 23. Parvicorbicula socialis. Complete lori-
ca with intact cell and flagellum (arrow) project-
ing out of the anterior end of the lorica. LM. 
Water column, station H-l. 
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Figure 24. Parvicorbicula socialis. Aggregations  
of loricas, indicating colony formation. LM.  
Water column, station Η-1.  

Figure 26. Acanthoecopsis spiculifera. Complete  
lorica with 16 longitudinal and 3 transverse cos-

tae, anterior projections and a caudal appendage.  
LM. Water column, station P.  

Figure 25. Acanthoecopsis spiculifera. Line  
drawing.  

longitudinal costal strip is enlarged (Fig. 20). Re-

duction in the number of longitudinal costae  

may occur at or below the second transverse  

costa (Figs. 18, 19, 21, 22). The longitudinal cos-

tae may join together at a point or they may  

coalesce into a stalk from which a caudal ap-
pendage arises (Fig. 21). Both stalked and un-

stalked loricas were observed. The mean size  

range of the loricas measured from station L  

(n =10) was 14 x 12 pm (length excluding the  

caudal appendage x anterior lorica diameter).  

The protoplast in those loricas where one was  

observed was situated below the second trans-
verse costa and possessed a flagellum that ex-

tended anteriorly out of the lorica (Fig. 23). In  

several cases aggregations of loricas were ob-
served, indicating colony formation of some sort  

(Fig. 24).  

Acanthoecopsis spiculifera Norris (Figs. 25 -26).  
This species was found at station P in the water  

column and in the ice at stations I and K (Table  

2). The loricas were approximately 28 pm long  
(excluding caudal appendage) and possessed  

caudal appendages 11 pm long. The lorica was  
composed of sixteen longitudinal and three  
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transverse costae (Fig. 26). Projections beyond  

the anterior transverse costa were observed and  

the longitudinal costae converged posteriorly to  

give rise to the caudal appendage. No observa-

tions on the subunit structure of the costae was  

possible due to the scarcity of the organism in  

this material. There is little doubt that this organ-

ism is the species described by Norris (1965) (Ap-

pendix A) with the light microscope and exam-

ined by Thomsen (1977) with the electron micro-
scope. Discrepancies in lorica size, the number  

of longitudinal costae, and the arrangement of  

the transverse costae do exist but it is felt that  

these differences reflect additional morphologi-

cal variability not noted by Norris in the Pacific  

samples with which he worked (Thomsen 1977).  

Bicosta spinifera Throndsen (Figs. 27-28).  

Loricas, both whole and partial, were found at a  

number of southern stations in the water column  

and in the ice at four stations (Table 2). The  

structure of the lorica is simple, lacking trans-

verse costae and possessing but two longitudinal  

costae (Fig. 28). The longitudinal costae cross  

each other about two-thirds the length down the  

lorica and give rise to two sweeping anterior pro-

jections and to the caudal appendage poster-

iorly. The length of the lorica from its base to the  

top of the anterior projections is 30 µm. The  

Figure 27. Bicosta spinifera. Line drawing.  

junction between the longitudinal costae and  
the anterior projections can be seen as thicken-

ing in the costae (see arrow, Fig. 28). The size and  
gross morphology of the loricas from the Wed-

dell Sea fit well within the original description  

made with the L Μ and the subsequent ΕΜ study 

by Reynolds (1976) (Appendix A). 

Bicosta antennigera Moestrup (Figs. 29-30). 

Loricas of this species were observed at stations 

I and K in the ice and stations 0-P and P in the 

water column (Table 2). The lorica of this species 

is formed by two short longitudinal costae from 

which spring the sweeping anterior projections  

(two) and the caudal appendage. The anterior  

projections seem to be composed of two costal 

strips each (Fig. 30) while the caudal appendage  

and the longitudinal costae appear to be unit 

structures. The base of the cell is situated at the 

junction of the longitudinal costae and the an-

terior projections (Fig. 31). No transverse costae 
were observed. The total length of the lorica, in-

cluding the caudal appendage, was 25 µm; the  

distance between the ends of the anterior pro-

jections was also 25 µm. The lorica morphology  

of the organisms collected from the Weddell Sea 

agrees well with the type description (Moestrup, 

1979) (Appendix Al although they are somewhat 

smaller in size. Differentiation between B. minor  

Figure 28. Bicosta spinifera. Lorica with 2  
longitudinal and no transverse costae and a cau-
dal appendage. The junction of the anterior pro-
jection and the longitudinal costa is denoted by a  
thickening (arrow). LM. Water column, station  
L-M.  
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Figure 30. Bicosta antennigera. Lorica lacking the  
distal ends of the anterior projections. Note junc-
tions of the anterior projection and the longitudi-
nal costa (arrow). LM. Water column, station  D-f Figure 29. Bicosta antennigera. Line drawing.  

Figure 31. Bicosta antennigera. Complete lorica  
with cell, 2 longitudinal and no transverse costae,  
anterior projections and a caudal appendage. LM.  
Ice floe pond, station 1.  

(Reynolds) Leadbeater and this species found in  

the Antarctic involves the number of costal  

strips which make up the lorica chamber (two for  

8. antennigera vs. four for 8. minor) as well as  
the orientation of the lorica chamber and the an-

terior projections.  

Calliacantha simplex Manton and Oates (Figs.  

32-34). Specimens in various conditions were ob-

tained from both the water column and ice at a  
number of stations (Table 2). Lorica construction  

consists of two transverse and four longitudinal  

costae, anterior projections and a caudal ap-

pendage. The second transverse costa is made 
 up of costal strips with a smaller diameter than 

those of the other costae and is situated about  

one fourth the length of the lorica below the  

anterior transverse costa (Figs. 33, 34). The  

anterior transverse costa is angular in shape (Fig.  

34) and is apparently formed from just four  

costal strips. The lorica (excluding the caudal ap-

pendage) is 10-14 µm long and has a diameter of  

approximately 11 µm at the anterior transverse  

costa. The caudal appendage is 7 µm long while  

the anterior projections are 14 µm long. These  

dimensions agree quite well with those given in  

the type description (Appendix A) (Manton and  

Oates 1979b). The revised taxonomic description  

15  



 

Figure 32. Calliacantha simplex. Line drawing. 

 

 

Figure 33. Calliacantha simplex. Lorica with 2 
transverse (arrow denotes position of the second 
transverse costa) and 4 longitudinal costae, in-
complete anterior projections and a caudal ap-
pendage. LM. ice floe pond, station 1. 

of C. ratans (Grontved) Leadbeater, the type 
species of the genus, defines C. natans as having 

three anterior projections and six longitudinal 
costae with the anterior projections arising inde-
pendently of the longitudinal costae (Manton 
and Leadbeater 1978). The light micrographs of 
the present study as well as the electron micro-

graphs of the type description show that C. 

simplex possesses four longitudinal costae and 
an equal number of anterior projections which 
are continuous with the longitudinal costae 

(Manton and Oates 1979a). 

Calliacantha multispina Manton and Oates 
(Figs. 35-38). Organisms of this designation were 

found in four of the five ice samples and at the 

four southern stations (Table 2). The shape of the 

lorica (conical), the presence of both anterior 

projections and a caudal appendage, and the 

number of longitudinal (six) and transverse (two) 

costae present characterize this organism and 

Figure 34. Calliacantha simplex. Lorica with 2 
transverse (arrow denotes the position of the se-
cond transverse costa) and 4 longitudinal costae, 
complete anterior projections, and an incomplete 
caudal appendage. LM. Ice floe pond, station I. 
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Figure 35. Calliacantha multispina aff. Line  
dra wing.  

Figure 37. Calliacantha multi-

spina aff. Incomplete lorica 
showing 5 longitudinal and 2 
transverse costae. The anterior 
costa is thicker than the second  
transverse costa. Note the twist  
in the longitudinal costae (arrow) 
and the simultaneous longitud-
inal costal reduction (arrow). LM. 
Water column, station O-P. 

Figure 36. Calliacantha multi-
spina aff. Orientation of the lor-
ica showing the full extent of the 
caudal appendage and anterior 
projections. Note twist in the 
longitudinal costae (arrow) and 
the simultaneous longitudinal 
costal reductions (arrow). LM. 
Water column, station O-P. 

place it within the genus Calliacantha. The longi-

tuainal costae undergo two reductions (see ar-

rows, Figures 36-38) as they posteriorly converge.  

After the second reduction the longitudinal  

costae appear to cross and possibly fuse (Figures  

36-38). The caudal appendage arises from the  

convergence of the longitudinal costae. The re-
duction in numbers of longitudinal costae oc-

curs simultaneously on each side of the lorica  

with respect to the distance from the base of the  

lorica. The costal strips of the anterior transverse  

costa are thicker than those of the second trans-

verse costa or longitudinal costae. The second  

transverse costa is situated approximately one  

fifth the total length of the lorica below the an-
terior transverse costa. The length of the lorica  

(excluding the caudal appendage) is 26 µm, the  

diameter at the anterior transverse costa is 9 µm  

and the caudal appendage is 15 µm long.  

These dimensions are within the range given for 

the type description (Appendix A) (Manton and 

Oates 1979a, Manton and Oates 19796) with an 

"unusual duplication" (presumably the twist) at 
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Figure 38. Calliacantha multi-

spina aff. Incomplete lorica 
showing 2 transverse and 5 longi-
tudinal costae and 6 anterior pro-
jections. Note the longitudinal 
twist (arrow) and the simultane-
ous costal reductions (arrow). 
LM. Ice floe pond, station E.  

the posterior end (Manton, Pers. comm.). The 

description of the type of the genus, C. natans, 
 allows for the reduction of the six longitudinal 

costae to as few as three before coalescence at 
the posterior end. If it were not for this discrep-

ancy and the posterior twist, the organisms in 

Figures 36-38 would be very similar to C. natans. 
 Until further observations can be made, the or-

ganisms in Figures 36-38 will be designated C. 

multispina aff. 

The key in Table 3 was prepared to assist in 

identifying the loricas of the species of Acan-

thoecidae found in samples from the Weddell 

Sea. 

Distribution and environmental  
tolerances  

The distribution of loricate choanoflagellates 

in the Weddell Sea is summarized in Table 2 by 

station; Table 1 presents pertinent geographical,  

sampling, and environmental data. General  

trends in the distribution include an increase in  

diversity (as measured by the numbers of species  
present) from the northern stations to the  

southern stations and the presence of a few 

species, notably P. socia/is and D. multiannulata,  
at most or all of the stations where choanoflag-

ellates were recorded. As mentioned in the ob-

servations, some species, A. spiculifera and Β.  
antennigera, were absent from all but a few sta-

tions. Ice stations I and K had not only more  

species than the matching water column stations  

but more than any other stations sampled.  

Temperatures and salinities for the water col-

umn at the stations where these measurements  

were taken (Table 1) can be approximated by the  

surface temperatures and salinities due to the  

well mixed nature of the upper water column  

from which the samples were taken (FI-Saved  

and Taguchi 1979). The temperature range of  

- 2.4° to 1.7°C represents a maximum difference 
of 4.1°C while the salinity range of 33.2 0/00 to  
34.3 °/oo  represents a maximum difference of  

1.1 °/°° . The relative uniformity of the two envi-

ronmental parameters studied prevents explana-

tion of the distribution of loricate choanoflagel-

lates from the water column based upon salinity  

and temperature alone.  

Measurements of salinity and temperature of  

the ice floe ponds were not obtained in the field. 

The temperature can be approximated to be be-

tween the air temperature (about 0°C) and the 

water temperature, placing it within the range of  

temperatures observed at the surface of the 

water column. Ponds that form on sea ice can do 

so in two different ways, either through solar in-

duced melting or subsidence of the floe and sub-
sequent flooding. In the case of the ponds en-

countered in the Weddell Sea there is strong evi-

dence to suggest the latter case. All the ponds  

encountered were near deformational features  

such as ridges where the topside loading would 

deflect the flat plate floe so that the surface 

would be below sea level, allowing it to be 

flooded through cracks or connections to the 

open water (S. Ackley, pers. comm.). Therefore 

the salinity of the ponds should approximate 

that of sea water or be somewhat less if snow 

was incorporated into the water of the pond. The 

ice core sample was not accompanied by tem-

perature observations, although the assumption  

that the temperature, particularly of the brine 

pockets and fissures, must be at or below freez-

ing (-1.8°C for sea water at 36°loo)  would seem to 

be valid. Salinities of 10-cm sections of the core 
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Table 3. Key for the identification of Ioricas of Acanthoecidae from the  

Weddell Sea.  

Α 	Lorica possessing projections of the longitudinal costae beyond the transverse costa (e) at one  

or both ends. 	(If yes then B)  

ΑΑ 	Lorica not possessing projections of longitudinal costae beyond the transverse costa (e).  

Parvicorbicula soda/is 
B. 

	

	Longitudinal projections of costae present only at anterior end of lorica, posterior end 

characterized by a coalescence of the longitudinal costae and a caudal appendage. 

(If yes then C) 

BB. 	Longitudinal projections of costae present at both ends of lorica. 	 Crinoline aperta  
C. 

	

	Lorica composed of 6 or fewer longitudinal costae and 2 or fewer transverse costae. 

(If yes then 1) 

CC. 	Lorica composed of 10 or more longitudinal costae and 3 or more transverse costae. 

(If yes then D) 

1. Lorica composed solely of 2 longitudinal costae. 	(If yes then A) 

1'. 	Lorica composed of four to six longitudinal and two transverse costae. 	(If yes then 2) 

a. 	Longitudinal costae spiraled or twisted about one another 	 Bicosta spinifera 
aa. Longitudinal costae not spiraled or twisted about one another. 	Bicosta antennigera  
2. Anterior projections 4, continuous with longitudinal costae. 	 Calliacantha simplex 
2.' 	Anterior projections 6, continuous with longitudinal costae. 	Calliacantha multispina  

D. 	Longitudinal costae 14 or more, transverse costae 3, largest diameter of the lorica at the 

anterior transverse costa. 	 Acanthoecopsis spiculifera 
DD. Longitudinal costae 13 or fewer, transverse costae 4 or more, largest diameter of lorica at third 

or fourth transverse costa. 	 Diaphanoeca multiannulata  

were determined, and showed a maximum of  

6/,,,, at a depth of 120-130 cm below the surface  

(ice floe thickness was 145 cm) (Ackley et al.  

1979). This, however, does not represent the sa-

linity of the brine pockets and fissures where it is  

hypothesized that the choanoflagellates exist. In  

the brine pockets and fissures, salinity varies due  

to the variable degree of freezing throughout the  

floe. In some of the smaller pockets (where the  

greatest amount of freezing and brine were  

found) salinity exceeds that of the water from  

which the ice was formed.  

DISCUSSION  

Morphology  

The use of SEM as a tool in the morphological  

and taxonomic aspects of this study has re-

vealed that the manner in which transverse  

costae within an organism vary their diameters is  

a character that is probably important in the es-

tablishment of a species concept for the Acan-

thoecidae. The variation of the transverse costae  

ultimately determines lorica shape, a wide-

spread characteristic used in describing genera.  

In Parvicorbicula socia /is, P. quadricostata  
Throndsen, and P. circularis Thomsen, the  

characteristic cone shape of the genus is  

achieved by having a posterior transverse costa  

(there are but two transverse costae) of smaller  

diameter than the anterior transverse costa  

(Manton et al. 1976, Thomsen 1976). The number  

of component costal striµs is less in the posterior  

than the anterior transverse costa, while the  

length and degree of costal strip overlap is ap-

proximately equal. In Pleurasiga reynoldsii  
Throndsen, a barrel shape is achieved by having  

an anterior transverse costa with a larger diam-

eter than the posterior transverse costa (this  

species also has only two transverse costae). This  

variatidn in costal diameter is achieved by hav-

ing anterior costal striµs of greater length than  

those of the posterior transverse costa. The num-

bers and degree of the costal strip overlap are  

constant (Thomsen 1976). In Crinoline isefiorden-
sis, the skirt-shaped lorica is achieved by having  

two transverse costae of different diameters. In  

this case, however, a combination of costal strip  

length and degree of overlap is used to achieve  

this effect (Thomsen 1976). In Diaphanoeca pedi-
cellate Throndsen, a barrel-shaped lorica is  

achieved by having two transverse costae with  

the same number of transverse costal striµs but  

with a lesser degree of overlap in the second  

transverse costa. Transverse costal strip length is  
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constant (Thomsen 1976). D. multiannulata  
shares this method of lorica shape control  

although it is somewhat more elaborate because  
four costae are involved. The exactness of depo-

sition of component costal strips is indicated by  

the differences in size and morphology not only  

between transverse and longitudinal costae but  
between individual transverse costae in some  
cases (Calliacantha simplex). The differences in 

the manner of lorica shape determination be-

tween the genera (investigated to date by elec-

tron microscopy) and the exactness of costal  

strip deposition indicate that this character may  

be potentially important from a taxonomic  

standpoint, both in assigning new species to a 

genus or in reassigning species described with-

out attention to this detail. More investigations  

with the electron microscope will be needed be-

fore the taxonomic potential of this character  

can be fully appreciated, but the results of this  

study indicate that the manner in which the lori-

c α shape is determined may be a conservative  

characteristic.  

Another morphological consideration that de-

serves further investigation with respect to its  

contribution to the taxonomy and phylogeny of  

this group is the size range of a species. The dif-

ficulty of determining diameters and lengths of  

two-dimensional representations of three-dimen-

sional structures notwithstanding, the size of the  

loricas of a species seems to have an inverse re-

lationship with the temperature of the environ-

ment in which they are found (Manton et al.  

1976, Manton and Leadbeater 1978). This is  

borne out in the present study to some extent. A.  

spiculifera, which has a temperate type locality,  

was considerably larger than the type speci-

men; however, B. spinifera and C. aperta were 

considerably smaller than the type specimen. 

The discrepancies between the size ranges of the  

two bipolar species are difficult to comprehend.  

Seasonal (winter-summer) forms of Parvicor-

bicula socialis with distinct and different size  

ranges have been observed in the Arctic (Manton  

et al. 1976), and it is possible that this sort of  

phenomenon is responsible for the discrepancies  

noted here. It is suggested that lorica size, al-

though an easily discernible characteristic with  

the light microscope, not be utilized to differen-

tiate species, at least until a more comprehen-

sive picture emerges.  

Distribution  

The reports of B. spinifera, C. aperta, A. spicul-

ifera, and C. simplex from the Weddell Sea repre- 

sent a significant extension of the geographical  
range of the four species. B. spinifera has been  

reported from its type locality, the Norwegian  

Arctic (Throndsen 1970a), from fjords of Norway  
(Leadbeater 1972a), and from fjords of Denmark  
(Thomsen 1973). C. aperta has been reported only  

from its type locality at Cornwallis Island in the  

Canadian Arctic (Manton et al. 1975). A.  spiculif-
era has been reported from its type locality on 

the Washington coast (Norris 1965) and from the 
 coast of Finland (Thomsen 1977). P. socialis has  

been reported from Terre Adelie (Deflandre  
1960) in the Antarctic as well as from many other  

localities throughout the world (Manton et al.  

1976). This and other studies indicate that cho-

anoflagellates prefer temperate and polar re-

gions although subtropical and tropical regions  

need to be investigated before this can be c on-
firmed.  

The spatial distribution of choanoflagellates  

within the Weddell Sea over a cruise track that  

covered approximately 1000 nautical miles indi-

cates that loricate choanoflagellates were gener-

ally present, although in small quantities for  

some species, at the time of sampling (1 ahle 2). 
 The paucity of some organisms may inclh( ate the  

true population, may mirror equipment selectiv-

ity whereby some of the smaller organisms slip  

through, or may be caused by the destruc lion of  

the less robust forms as a result of the preserva-

lion and preparation techniques. Additional  

studies on the spatial and temporal distribution  

(keeping in mind the effects of col Icr ion. pres-
ervation, and preparation techniques) of choan-

oflagellates need t υ be carried out before a c um-

plete picture of the biogeography will begin t ο  
emerge. The presence of choanoflagellates over 
a vast, albeit relatively uniform, area ī nclicates  

that many of these organisms may be cosmopoli-
tan; certainly P. socialis is ubiquitous. However,  

there is a paucity of reports in which choanoflag-

ellates are present as part of the fauna. Spec ial 

sampling techniques and an awa reness oil  Ilse• 

part of researchers of the existence of choano-

flagellates would lead to their inc lusion in future  

studies.  

Habitat  

The association of choanoflagellates possess-

ing caudal appendages and anterior projections  

with the sea ice has been suggested by Manton  

et al. (1975). It is tempting to arrive at the same  

conclusion for the Weddell Sea when it is noted  

that six of the seven species reported from this  
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area possess these appendages. If this conclu-

sion is valid, then the presence of choanoflagel-
lates in the water column could be the result of 

seeding from the ice. Breakup of sea ice along 
the open ocean/pack ice interface does occur 

and is responsible for the release of dense algal 
populations into the water column (Ackley et al. 

1979). Presumably this seeding could be a 
method of introducing choanoflagellates from 

the sea ice into the water column. Quantitative 

studies of ice algae and water column algae 

from the same areas indicate that there are spe-

cies which not only prefer the ice environment, 

but even flourish in it (Ackley et al. 1978). No 
comparable quantitative studies were done with 

choanoflagellates, largely because accurate 

methods for enumeration have not been devel-

oped. This limits the extent of our ability to de-

fine preferred habitats or conclude whether the 

Acanthoecidae observed in the water column 

are autochthonous or were introduced from the 

ice. Choanoflagellates in this study are definitely 

ice-dwellers, as there is no other mechanism to 

allow for their transport from the water to the 

ice (with the exception of initial freezing). Quan-

titative studies of samples obtained from trans-

ects perpendicular to the ice edge would estab-

lish whether the choanoflagellates found in the 

water column were native or not. 

Ice is an ecologically interesting habitat for 

choanoflagellates for several reasons. The disad-

vantages usually associated with an ice environ-

ment include freezing or subfreezing tempera-
tures and osmotic and metabolic stresses not 

normally encountered in the open ocean. The 

temperature in the ice during the austral winter, 

a period of time during which choanoflagellates 

have to survive if not grow, can be calculated by 

assuming a linear change between the water 

underlying the ice (about -1.8°C) and the air 
temperature, which during the winter is well 

below freezing. Assuming that the ice was 2 m 

thick, water temperature was -1.7°C, air temper-
ature was -20°C, and the heat conductivity of 
ice is constant, then the temperature and salinity 
30 cm from the bottom of the ice floe are 

-4.45°C and 44.7 °/00  (Meguro et al. 1967). The 
mechanism with which the choanoflagellates, 

and ice algae for that matter, cope with these 

low temperatures and osmotic stresses remains 

unknown. However, tide pool organisms, includ-

ing those choanoflagellates recorded by Norris 

(1965), must cope with greater extremes in salin-

ity and temperature mediated by periods of  

evaporation and precipitation. All evidence 
from field studies indicates that, as a group, cho-
anoflagellates have great environmental toler-

ances. Work with organisms in culture could 
confirm not only general patterns but also toler-
ance levels for individual species. 

On the other hand the advantages of inhabit-

ing the ice are twofold. The ice provides a spati-
ally stable environment like that in which choan-

oflagellates have been found most often and 

presumably prefer and in which food is thought 

to be abundant. The ice community, predomi-

nantly pennate diatoms, choanoflagellates, and 

bacteria, is trapped within the ice until, in the 

case of the Weddell Sea community, physical or 

mechanical breakup wrought by the winds, 
waves, and tides releases them. Not only does 

the ice provide a substrate in which the choano-

flagellates can grow but the algal standing crop 

is conserved within the ice (until such release oc-

curs, predominantly along the ice edge) resulting 

in high standing crops of algae (maximum chlor-
ophyll a values ranged from 0.3 to 4.4 mg/m for 

those cores examined) (Ackley et al. 1978). Al-

though little or no work has been done on bac-

terial populations within the ice, given the high 

concentrations of algae and the resultant dis-

solved organic matter, it would seem safe to as-

sume that they are high. Choanoflagellates feed 

on bacteria (Leadbeater and Morton 1974a, Ellis 

1930) and may be able to use the dissolved or-

ganic matter directly (Gold et al. 1970). Sieburth 

et al. (1978) place choanoflagellates in the eco-

logical category of protozooplankton, a group 

defined as being unicellular and possessing a 

size, metabolic activity, and division rate similar 

to phytoplankton although they are included in 

the animal kingdom. Protozooplankton are con-

sidered beneficial to the phytoplankton because 

they recycle the nutrients stored in the bacteria, 
which live off the dissolved organic matter and 

dead cells of the algae. Choanoflagellates pro-

vide for a rapid conversion of bacterial biomass 
to nutrients. A tightly coupled trophic scheme 
exists in the interstitial pockets of brine within 
the ice, at least until release to the ocean occurs. 
A more classical trophic scheme between bac-

teria and larger metazooplankton is postulated 

for the choanoflagellates in the water column. It 

appears that the disadvantages of being associ-

ated with an environment with extremes of tem-

perature and salinity are outweighed by the pres-

ence of a substrate, lack of predators, and the 

availability of food sources. This ice system with 
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its three main components deserves more atten-
tion than it has hitherto received, keeping in 
mind the elucidation of above-mentioned rela-

tionships and their quantification. 

SUMMARY  

Conclusions 

1. Choanoflagellates were widely distributed 

throughout the region of the sea ice edge in the 

Weddell Sea. Eight species, including one des-

cribed for the first time, were observed in water 

column and ice floe samples. 

2. The tolerance of the low temperatures and 

high salinities, characteristic of the Weddell Sea 

ice community, by all eight species has been 

established. 

3. The geographical range of five species of 

Acanthoecidae (Crinoline aperta, Parvicorbicula  
socia /is, Bicosta spinifera, Bicosta antennigera, 

 and Acanthoecopsis spiculifera) has been signifi-

cantly expanded. 

4. The mechanism of shape control of the lori-

c α may be conservative and potentially useful as 

a taxonomic character. 

5. The size of loricas is judged not to be a 

good taxonomic character because of the varia-

bility within species reported from different 

areas of the world. 

Recommendations for future work  
It may be concluded from compilation of 

evidence from the present work and other  

studies that choanoflagellates of the Family 

Acanthoecidae are, in general, cosmopolitan, 
euryhaline and eurythermal, and dwell in many 
marine habitats. Biogeography, spatial distribu-
tion, environmental tolerances, assoc iations 

with the ice community, morphology, and taxon-
omy of the Acanthoecidae, all addressed to 

some extent in this report, need further investi-

gation. Development of a method for enumera-
tion, an increased awareness on the part of 

researchers of the presence of choanoflagel-

lates, and widespread sampling in all geographic 

regions and seasons would advance our under-

standing of the biogeographical distribution of 

this group. A more comprehensive examination 

of the components of the ice community with 

the goal of understanding its trophodynamics is 

needed. 
All future studies must be based upon a firm 

taxonomic background that is itself based on  

morphological and phyletic relationships. Al-
though the advent of electron microscopy has 
greatly expanded the morphological base by in-
creasing resolution, depth of field, and the abili-

ty to discern surface detail, it is hoped that more 
emphasis on conservative features such as cos-

tal strip shape, relative size of the costal strips, 

and methods of control of lorica shape will play 

greater roles in establishing this morphological  
base. However, the need for light microscopy to 
identify and enumerate field samples should not 
be forgotten. 
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APPENDIX A. TYPE DESCRIPTIONS OF  

ACANTHOECIDAE COLLECTED FROM THE  

WEDDELL SEA.  

Crinoline ayerta  
Original description: Leadbeater, 1975  

Lorica barrel-shaped, open at both ends, with  

a long fringe of slender projecting costae ar οιι nd  

each opening. Overall length 45-50 pm, width at  

the anterior end 17-25 pm, at the posterior end  

25-35 pm. Number of longitudinal costae 12,  

each composed of 9 or 10 costal strips with over-

lapping ends and with a firmly constructed costa  

located at a distance of 2 costal strips from the  

anterior end of the lorica, and another located 3  

or 4 costal strips from the posterior end. t r'ns-

verse costal strips 1-shaped, tapered ‚ii one end  

and sharply upturned at the other, those from  

the anterior ring thicker than those from the p υ s-

terior ring but both thicker than the longitudinal  

costae; all upturned tips in both transverse c Os-

tae directed towards the anterior end of the lori-

c α and each individually attached to the e orre-

sponding longitudinal costa. Protoplast located  

centrally ca. 8 pm long x 5 pm wide, with a 

flagellum ca. 40 pm long and a ring of about 50 

tentacles, each up to 8 pm long. 1 ype lotaiily: 

Resolute Bay, Cornwallis Island (let. 74°40' Ν,  

long. 95°00'W).  

Acanthoecopsis spiculifera 
Original description: Norris, 1965 

Cells with a form typical for c hoanuflagel-

lates. Cell enclosed by a lorica c οm ροsed pri-

marily of 14 longitudinal costae, closely envel-

oping cell body, spreading slightly at collar to  

form a broad chamber enclosed by widely 

spaced costae. Tips of costae free from one an-

other, two or three transverse c υ stae entire ling  

the longitudinal costae at the point σιι iipied by 

cell's anterior end; two or three other transverse  

costae encircling lorica just above c elI base. 

Base of lorica attenuate, longitudinal ( ostae 

converging to form a stalk up to 56 pm long.  

Lorica 15-18 pm long, lorica oody 8-9 pm long,  

lorica neck (spines) 8-10 pm long, neck die. up to  

10 pm, cell die. 4-5 pm. Dia. of stalk aµprοxi-

mately 0.3 pm.  

Type locality: Tide pool at Turn Is., San Juan  

County, Wash.  

Bicosta spinifera  
Original description: Throndsen, 1970a.  

Cell solitary, collarless, egg shaped to  < VI i ιιιΙ i 

calky ovoid, with single collar; flagellum single,  

about 4 times the length of the cell; ιιυι leus an-

terior; lorica extremely hyaline, inure or less  

goblet-shaped with 2 (occasiunalh 3) uMIyiiely  

running longitudinal ridges winding slightly stil-

t- ally on the outer surface and c o utinuing admmm -  

ally as slender curved spines, ροstt'riurh, ii n 'ig-

ing to make a long posterior pruje ι lion; i ell  

length: 6-9 pm; diameter: 3-4 µn ι; lurk a length  

with anterior and posterior t° ιιι ' I n  ills. 50-80  

pm. Habitat: the sea in the vie mily 01 'ledr  

Island, 74°30' Ν, 25° F (1.5°C).  

Bicosta antennigera  
Original description: Moestrup, 1979  

Solitary, protoplast c. 6 p m long, with d single  

anterior flagellum, 16-18 pm long. The cell lo-

cated in a lorica composed of seven costal  
strips. Two costal strips, each 8-10) ;m long, turn  

the lorica chamber which c contains the prot ι i-

plast. Anteriorly each of the strips joins with a 

long anterior spine, 32-37 µm lung and ma ιΙ e of 

two costal strips. These differ in length, the prox-

imal being 8-10 pm long, he distal, which is  

tapering and curves inwards, measures 23-28  p 

m. Posteriorly the strips of the toric a c hamper  

overlap and join with a posterior spine, c . 25 pm  

long, made of a single costal strip. I o4dl length  

of the lorica c. 60 pm.  

Type micrograph: Figure 41. frummm Kaikoiira,  

New Zealand (42°25'S, 173°42' Ε) 13 Si'pteinher  
1974.  

Calliacantha simplex  

Original description: Manton and Oates,  
1979b  

Lorica with four anterior spines, ea h oftinu-

ous with a longitudinal costa, the Tatler c onverg-

ing without numerical change to the base of the 
 chamber. Both transverse c aside at I a heel I 0 Ill' 

penultimate costal strips of the loilgil Ii(hiilal 

costae and not directly to the terminal strips  

forming the spine ends. Apparent length of tlhe'  

anterior spines 15 pm ± 5 pm, the posterior  
spine 10 µm ± 4 pm. Overall lurk a length c u ni-
monly 35 pm ± 10 pm, with the chamber 12 pm  
± 3 pm but all parts can be either larger under  
arctic conditions or smaller (southern I κ 'niis-

phere and Galapagos Islands); spec imens of I he  
latter type, with an average overall length of 20  

pm, perhaps a separate spec ies or subspe< ieti.  

The number of tentacles approximately 30. Ildg-

ellar length variable hut can greatly exceed that  
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of the spines. 

Geographical distribution: probably w ο rld-

wide in coastal waters. Type specimens: '. 01-

lected 19 June 1975 in South Alaska trom the sea  

surface in mid-channel about a third of the ay 

between home and St. Augustine Island, water 

very clean. Also recorded in other samples from 

the same area at depths from the surface to 10 m 

and at sea temperatures 6-10°C, also in North 

Alaska under sea ice (temperature 0°C), in arctic 

Canada (temperature -1°C), in Britain (tempera-

ture 16.5°C), Galapagos Islands (temperature 

22°C) and South Africa. 

Calliacantha multispina  
Original description: Manton and Oates 1979 

Lorica 19-34 .m long, lorica chamber (ex-

cluding spines) 8-15 µm long. Spines commonly 5 

but sometimes 4, 6 or exceptionally 7. L ο ngitucli-

nal costae equal in number to the anterior sines 

and directly continuous with them (ex ι hiding 

random duplications or deletions atfecting  

single loci). Anterior transverse costa firmly at-

tached to the spines near their lower ends, the 

posterior transverse costa thinner and more 

lightly attached near the middle of the longitudi-

nal costae. The component strips of both trans-

verse costae exactly bridging the distance be-

tween longitudinal costae. Numerical reduction 

among longitudinal costae occurring at the hind 

end of the chamber as in C. natans. Distribution, 

temperate coastal waters near the surface in 

both the northern (Portsmouth) and southern 

hemisphere (Cape Town). Type specimen. Speci-

men in Figure 4 collected 10 November 1972 be-

tween Robben Island and Cape Town, 10 m 

depth, sea temperature 10°C. 
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