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RADIOLARIA IN PLANKTON FROM THE ARCTIC DRIFrING 
STATION T-3, INCLUDING THE DESCRIPTION OF 

THREE NE•W SPECIES 

Kunigunde Hiilsemann* 

Introduction 

T ITTLE work has been done on the Radiolaria from arctic regions. Two 
_L factors are responsible for this: the inaccessibility of the area and the 
present neglect of this animal group by zoologists. 

The first record from the Arctic is given by Brady (1878). His material 
came from bottom samples obtained in Baffin Bay and stations that extended 
to a latitude of 8 3 ° 19N ., the most northerly point attained at that time. Un-
fortunately, the ten species of Radiolaria that Brady found have not been identi-
fied any further than to genus. 

Since the turn of the century small expeditions have been made to collect 
plankton, mainly by Scandinavians (Jorgensen, 1900; 190 5; Cleve, 1899; 1900a) 
and Germans (Borgert, 1901; Popofsky, 1905, 1907; Schroder, 1909; 1911; 
1929), in the Greenland, Barents, and Kara seas - the seas that extend from the 
Atlantic Ocean. These expeditions resulted in a number of papers dealing with 
Radiolaria from subarctic and arctic waters. 

The first collections from the Arctic Basin were taken by the Russians. 
Bernstein's ( 1932; 1934) material originates from collecting cruises in the Kara 
and Barents seas carried out in the years 1925 to 1929 from the icebreaker 
G. Sedov, and in the northern part of the Barents Sea ( latitude ranging approxi-
mately from 76° - 80°N.) in the years 1930 and 1931 from the icebreakers 
G. Sedov and Lomonosov. Bernstein describes about a dozen species of Radio-
laria which she interprets as being endemic forms from the Barents Sea or 
immigrants from the Arctic Basin. 

Bogorov ( 1946a) describes ten species of Radiolaria from the plankton 
collections obtained during the drift of the icebreaker G. Sedov in 1937-40 
while frozen into the ice pack. The collections covered an area ranging in 
latitude from 86° 38N. to 84° 47N. and in longitude from 73° 02£. to 28° 54£. 
Bogorov also used material from one station of the icebreaker Sadko (81 ° 1 lN., 
13 7 ° 2 5E.). In his report on the plankton from the N-169' aircraft expedition to 
ice floes north of W ran gel Island, Bogorov ( 1946b) lists only one unidentified 
radiolarian. 

In a report on the Russian North Pole 2 station of 1950~1 Somov (1955) 
lists the findings of Radiolaria for a number of stations, but to date only one 
species, P'orosp·athis holostoma, has been identified. 

•woods Hole Oc•eanographic Institution, Woods Hole, Mass. 
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Materials and methods 

Fig. 2. 
Simplified track of 
Ice Island T-3. 

The Radiolaria considered here are part of the plankton collected by 
Charles Horvath in the years 1952-5 during three periods, totalling fourteen 
months, on Fletcher's Ice Island, T-3 (also known as Drift Station Bravo), 
making up nearly one composite year. The plankton was obtained at 26 
stations in 116 tows in the Arctic Basin, about one-third of which were over the 
continental shelf north of Ellesmere Island (Figs. 1 and 2). The area covered 
ranges in latitude from 86° 53N. to 82 ° 40N. This is the first plankton collected 
from that area. Further studies are planned on systematic groups from the 
collection. 

The tows were made vertically through holes in the ice with various types 
of plankton nets of a rim diameter of ½ m. (see also Mohr, 1959). A closing 
net was used only at stations 38, 73, 74, and 107. At most of the stations several 
hauls were made from various depths to the surface, generally from 200 m. to 
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the surface and from a few metres above the sea floor (2500-430 m.) to the 
surface. 

The plankton usually was preserved in formaldehyde and was stored in 
70 per cent alcohol, to which some glycerine had been added. The Radiolaria 
were then sorted into vials. Permanent preparations were made of the small 
species (N assellina and Spumellina) and of some representatives of the larger 
ones. In addition, after sorting, parts of the remaining plankton from six richer 
tows (stations 43.2, 46, 53, 60, 72, 87) were boiled in hydrogen peroxide to 
digest the organic matter and then boiled in hydrochloric acid to remove all 
calcareous contents. After careful washing in distilled water and settling or 
centrifuging, the residue was transferred to slides, dried, and mounted in Per-
mount (see Campbell, 1954). This method added a number of smaller speci-
mens to the ones already found by sorting. Obviously, the numbers recorded 
for animals found in digested samples only are unrepresentatively low. 

The biological stations at which plankton tows were made are listed in 
Table 1. At all 26 stations radiolarians were found, though not in every haul. 
Fourteen hauls were brought up which did not contain any Radiolaria ( 12 per 
cent). In the quantitative eonsiderations in this study only those 89 tows are 
included which contain radiolarians and for which full data are furnished (see 
Fig. 3). Nineteen of the tows (22 per cent) were taken with a closing net at 
various depth intervals; of the remaining 70 tows more than half (38 tows) were 
hauled from 200 m. or less, while 32 were hauled up from a few metres above 
the sea floor to the surface. 

NUMBER OF TOWS 
10 20 30 40 50 60 70 

0 
45.7% 54.3% 

500 DD 
78% 

en 1000 22%0D w 
Q: ... 
Lu 

DD 1500 

:z: ... 
Cl. 
w Open net tows Closing net tows 0 

2000 

2500 

Fig. 3. Depth ,and number of plankton tows. The large numbers indicate the percentage 
of open net and dosing net tows; the small numbers contrast the open net tows from depths 

greater than 200 m. with those from 200 m. and less to tihe surface. 
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In Table 2 the larger species are listed in relation to the depth of the tows 
from which they were obtained. For each species are given a) the number 
of individuals found, b) their percentage within the depth range, and c) the 
calculated number of individuals per tow. The table indicates clearly the 
exclusive or prevailing occurrence of some forms in greater depth (Aulographis 
taumorpha, Porospathis holost01na, Coelodecas py gmaea) or in the upper water 
layers (Sp,ongotrochus glacialis, Cannosphaera antarctica). As might be ex-
pected, the greatest numbers of species per depth range are found in the longest 
water columns. This is true also for the numbers of individuals per tow, even 
if there is not a continuous transition from depth zone to depth zone. 

Although samples were obtained in winter (December-January), in spring 
(April-May), and during summer (May-August), they are not easily compar-
able. It was only in the first period (winter), when the ice island was closest 
to the north pole, that hauls were taken from depths as great as 2000 and 
2500 m. to the surface. In spite of these being the longest water columns 
sampled, they are the poorest in number of specimens. It was interesting that 
the poverty of the plankton in this area was also shown in the material collected 
with an automatic sampler during the cruise of the atomic submarine Seadragon 
under the polar ice ( Grice, 1962). The spring and summer periods of plankton 
collecting from the ice island showed great improvement; the hauls did not, 
however, reach deeper than 1600 m. About one-third of these stations are 
situated above the continental shelf, a fact which has also been kept in mind 
when drawing the conclusions reported here. 

Oceanographic setting 

In order to understand the distribution of the species, a brief review of 
the oceanography of the area of this collection is necessary ( see Fig. 1). 

Sea floor. The area covered by the drifting station extends from the 
continental shelf off northern Ellesmere Island nearly to the north pole. The 
continental shelf continues for 100 km. out from shore with a water depth of 
about 500 m. at the edge. From there the slope drops to 1700 m. The increase 
of depth continues towards the deeper part of the basin to a low of 2700 m. 
In a distance of about 525 km. from shore a gradual rise of the sea floor to 1500 
m. is followed by a relatively rapid one to the extensive Marvin Ridge, which 
has a rather abrupt escarpment to the north. This ridge is south of and parallel 
to the Lomonosov Ridge, from which it is separated by a valley about 50 km. 
wide (for details see Crary and Goldstein, 1957, and Green, 1959). 

Currents. The drift of the ice island in the main followed the pattern of 
the surface currents. In this region a clockwise eddy extends from the Beau-
fort Sea probably almost to the pole, although velocities in the northern part 
are likely to be very low. A shallow current also flows north through the 
narrow Bering Strait into the Chukchi Sea where it mixes with Siberian shelf 
water. Occupying an upper stratum between 7 5 and 100 m., this Bering Sea 
water may be traced to the north pole (Brodskiy, 195 6; Coachman and Barnes, 
1961). Finally, one branch of the mighty submarine current, which carries 
most of the Atlantic water into the Arctic Basin, moves through our area in 
the region of the north pole on its way to the Beaufort Sea. Even there it still 
makes up a considerable part of the entire water mass. 
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Temperature. The temperature of the Arctic Ocean water in which the 
ice island drifted does not vary greatly, ranging between 0.52°C and -1.74°C. 
The Arctic Basin contains three distinct water masses: 1) The surface layers. 
Here the coldest temperatures were measured, and seasonal changes had little 
effect. Where present, the Bering Sea water could be recognized by a shallow 
temperature maximum, separating the cold surface water from the deeper 
Atlantic water. 2) The intermediate layer of Atlantic water, shown by positive 
temperatures, was found at a depth from about 244-818 m. 3) The bottom 
water with temperatures down to -0.41 °C (Worthington, 1959) is also of 
Atlantic origin, but apparently forms only under special circumstances in the 
Norwegian Sea (see Coachman and Barnes, 1961). 

Salinity. The salinity is uniform at all ice island stations below 500 m., 
being between 3 4. 7 and 3 4. 99%0 (Worthington, 19 5 9). The salinity of the 
surface water is much reduced because of the influx of fresh water from the 
land masses surrounding the Arctic Ocean and from melting snow. 

Light. During the summer months there is a considerable melting of pack 
ice which allows more light to penetrate the ocean. Consequently, there is an 
increase in phytoplankton followed by an increase in the amount of zooplank-
ton (Shirshov, 1944, quoted by Green, 1959). 

Ecology 
Ecological considerations are given little room in earlier publications; most 

authors emphasize only the describing of the species collected. Although it is 
impossible as yet to determine the boundaries of the habitat for the species in 
our material, it is possible to give their geographical range, and this is indicated 
in Table 3 and discussed in the taxonomic section. 

Table 3 shows that the majority of the species composing the radiolarian 
fauna is arctic or arctic-boreal. A somewhat smaller number is cosmopalitan. 
Four species are known to occur in both arctic and antarctic waters only. 
There is not enough information to place some of the species in these three 
categories. 

The depth distribution of each species is reported in the taxonomic section 
of this study. Definite depth zones are indicated for most of the species. The 
upper layers ( down to 200 m.) are inhabited by Cannosphaera antarctic a and 
Spongotrochus glacialis, both of which are found in much smaller numbers 
from 400-200 m., and probably Aulastrum spinosu:m. The few findings of 
A. spinosum in this collection, which come from open net tows from various 
depths to the surface, do not indicate its living zone. However, information 
from earlier workers suggests that the species should be encountered in the 
upper zones. In the deep zone are found most of the Aulacantba scolymantha, 
Aulograpbis taumorpba, Porosp·athis holostoma, and Coelodecas pygmaea. The 
other species collected occurred in such small numbers that they could not be 
included in either group. 

Riedel ( 1958) worked on bottom samples from the vicinity of the Ant-
arctic continent and near the Kerguelen Islands. He correlated the frequency 
of occurrence and number of species with the increasing depth of the water 
at the respective stations. The number of samples available did not permit 
definite conclusions as to the ecology of the species; however, it was sufficient 
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to permit suppositions that " ( 1) the majority of the species which are found 
consistently in the shallower samples are either restricted to Antarctic waters 
or have a bipolar cold-water pattern of distribution ... " and "(2) many of the 
species which are apparently cosmopolitan are found only in the deeper 
samples ... " (p. 222). 

These hypotheses can equally be applied to the arctic species. Apparently 
there are two groups of species in the polar regions: one which lives in the cold 
upper layers, and the other, with a wider distribution in warmer oceans, which 
inhabits the slightly warmer layers of water at greater depth. 

It is known that the density and viscosity of water increase with the depth. 
In less dense water there is reported to be a tendency for the forms to build 
small, spherical skeletons or long spines to enable them to keep afloat more 
successfully. In deep waters the forms, in turn, are believed to develop large 
skeletons and odd shapes ( compare Haecker, 1908). This hypothesis may 
apply to some species from the upper water layers, including Spongotrocbus 
glacialis, the nasselline radiolarians with long spines such as Plectacantba 
oikiskos, Pbormacantba hystrix, and Botryopyle setosa, also Cannosphaera 
antarctica, which is more or less spherical. On the other hand, the majority 
of the deep-water nassellines and Cadium melo have compact and elongated 
shells. Thus, our findings do not fully support the hypothesis. 

The size of eurythermal species appears to be smaller in the Arctic Ocean 
than in other, warmer waters. Among such species in this collection are 
Sphaeropyle lcmgii, Tetrapbormis rotula, Aulographis taumorpha, and Cadiunz 
melo; Aulacantba scolymantha was present exclusively as the delicate form 
typica. The only species larger than described earlier is Tetraphonnis triloba. 
Popofsky ( 1908, p. 199) also mentions that antarctic animals of certain eury-
thermal species are frequently smaller than examples from warmer seas. 

The present arctic planktonic fauna is composed of various elements. 
The influx of Atlantic and Pacific waters supplies the plankton of the central 
Arctic Basin with species mainly confined to these particular water masses and 
thus at characteristic depths. Although a particular water mass may become 
unrecognizable as such after moving for hundreds of miles, the species carried 
along may still be alive and intermingle with the local fauna. Our collections 
of the Radiolaria discussed below clearly show their relations to the adjacent 
oceans. 

Taxonomy 

In this report Campbell's (1954) system of radiolarian classification is 
followed except for the subfamily Spongopylinae Dreyer which is not separated 
here (see Spongotrochus glacialis). The type specimens of the three new species 
will be deposited at the Smithsonian Institution, United States National Museum, 
Washington. 

Suborder Acantharina Haeckel, 1862 
Acantharina were found in many plankton samples and usually occurred 

in numbers. Unfortunately they were not recognized at the beginning of the 
sorting because of their small size and their softness. 

There were two species of Acanthometron J. Muller, 1855 (Astrolonchi-
dae), and one species of Litholophus Haeckel, 1862 (Litholophidae). One of 
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the Acantbometron species has very thin, long, smooth, cylindrical spines which 
appear to be soft; it may be identical with the cosmopolitan A. elasticum 
Haeckel. It is unlikely to be the very similar A. pellucidum, because the 
characteristic bifurcate distal ends of the spines were not observed. The spines 
of the other A cantbometron species are thicker, and the specimens may be iden-
tical with A. cy lindricum Haeckel of the Central Pacific Ocew. This species 
was the most frequent of the three acantharians. 

The Litbolophus species has about fourteen quadrangular spines, two of 
which are 0.785 and 0.920 mm. long and 0.004 mm. wide. Distally the very 
ends of the spines are twisted and slightly thickened (Fig. 4); the edges of 
the spines seem to bear scattered small wings. The conical central capsule 
encloses the basal 0.015-0.020 mm. of the spines. 

Suborder Spumellina Ehrenberg, 187 5 
Family Astrosphaeridae Haeckel, 1882 
Genus Haliomma Ehrenberg, 1838 
Haliomma sp. (Fig. 5) 

Description. There are two concentric shells, the outer one of which is 
thick-walled with hexagonally-framed circular pores of slightly different size. 
The inner sphere has small roundish pores. The two spheres are joined by 
slender radial beams. Eight three-bladed radial spines are irregularly distri-
buted on the outer shell. These spines originate from nodal points on the 
outer shell, probably as continuations of the beams connecting the two shells. 

Dimensions. Diameter of outer shell 0.045 and 0.048 mm., of inner shell 
0.016 mm.; width of pores in outer shell 0.003-0.007 mm.; basal breadth of 
spines 0.005-0.007 mm. 

Collection. Arctic Ocean, station 31; one specimen, 1400 m. to the surface. 
The radial spines were broken short. 

Discussion. The dimensions of this specimen correspond with those of 
H. minutum Mast, which has 12 spines ( outer shell 0.04 mm., inner shell 0.02 
mm., pores in outer shell 0.004 mm.; Mast, 1910). However, the arctic speci-
men has a fairly thick outer shell the round pores of which are funnel-like, 
sunken, and hexagonally framed, whereas H. minutum has only simple round 
pores in a thin shell. 

Genus Cladococcus Muller, 1856 
Cladococcus leptus sp.n. (Figs. 6 a, b) 

Description. Very delicate form. The spherical lattice shell is composed 
of polygonal, mostly hexagonal meshes of slightly different size, not rounded 
off at the corners as in other members of the genus. The bars of the shell are 
cylindrical and mostly straight. There are 8 (-10) straight three-bladed main 
spines, evenly distributed over the shell, each one originating at a nodal point 
of the shell. The spines taper gradually and end as fine points. At the base 
of each spine the three edges continue for a short distance on to the three bars 
that meet there. About one-third of the distance from the base of a spine three 
slightly curved branches diverge from the edges and form a whorl. Each 
branch divides dichotomously at about half of its length. In a distance of 
about four-fifths from the base of a spine a whorl of three dents is found 
originating again from the edges. Short, very fine by-spines stand in the nodal 
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points of the shell where no large spines originate. They are straight and 
project little beyond the protoplasm, ending in three (?) small branches. 

Dimensions. Diameter of shell 0.090'---0.100 mm.; length of main spines 
0.128 mm., width of their base 0.003 mm.; whorl of branches 0.040--0.050 mm. 
from the shell; second whorl 0.103-0.109 mm. from the shell; width of tangen-
tial bars of the shell 0.002-0.003 mm.; length of by-spines 0.020-0.022 mm. 
The protoplasm extends about 0.015 mm. beyond the shell. 

Collection. Arctic Ocean, station 39; one specimen, 1400 m. to the surface. 
Discussion. C. lep·tus is clearly distinguished from the species known in 

the literature by the dichotomous ramification of the branches on the spines 
and its delicate shell. This new species has to be placed in Haeckel' s ( 18 8 7, 
p. 225) subgenus Cladococcodes which is defined as "branches of the spines 
again ramified. Pores regular . . . similar form". There is some similarity to 
forms which Jorgensen ( 1900) described as possibly young representatives of 
Arachnospbaera dicbotoma. But since there is no sign of further ramification 
of the branches of the new species, and since the shell of A. dicbotoma isi ·only 
0.060 mm. in diameter, the one specimen in the collection is not identified with 
Jorgensen's. forms. 

Some distant similarity also exists between C. leptus and a juvenile Tbalas-
sop~egma tenuis (Mast) (Hollande and Enjumet, 1960, Pl. 50, Fig. 6). How-
ever, the (inner) shell of T. tenxuis has round, hexagonally-framed pores in 
comparison with hexagonal or polygonal meshes built by slender cylindrical 
bars in the shell of C. lep-tus; also the branches of the first whorl on the spines 
of T. tewuis do not ramify dichotomously. 

Genus Echinomma Haeckel, 1862 
Echinomma leptodermum Jorgensen (Fig. 7) 
Echinomma leptoderma Jorgensen, 1900, p. 57 
Ecbin01nma leptodennum Jorgensen, 1905, p. 116, Pl. 8, Figs. 33 a-c; 1907; 

Gran, 1902; Schroder, 1909; Mielck, 1911; 1913; Bernstein, 1934; Bogorov, 
1946a 

? Actinornma borealis Cleve, 1899, p. 26, Pl. 1, Figs. 5 a, b (non idem c) 
Description. The shell consists of three concentric lattice-spheres, which 

are connected by radial beams. The two outer spheres are spherical, the inner-
most is somewhat irregular. The outermost shell is thin walled with roundish 
polygonal pores of very uneven size. Beginning with the second sphere, the 
8-15 radial spines are three-bladed, about as wide inside as outside the third 
shell, and pointed. In addition, on the outer sphere there are three-bladed, 
pointed shorter by-spines; they are less numerous and seem sometimes to be 
lacking. 

In some (young) specimens the outer shell is indicated by transverse pro-
cesses on the radial spines. The specimen in Fig. 7 is in a somewhat further 
developed stage than Fig. 33c (Pl. 8) in Jorgensen (1905). 

Dimensions. For the dimensions see Table 4. 
Collection. Arctic Ocean, station 53; one adult and one juvenile specimen, 

2 00 m. to the surface. 
Distribution. E. lep·todermum is found in northern moderate and cold 

waters, south to Faeroe and Shetland islands, in the Greenland Sea, and the 
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Fig. 8. Cromyechinus borealis. 
Juvenile specimen. The inner-

most shell is not shown. 

50,u 
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Fig. 7. Ecbinornma leptoder-
mum. Juvenile specimen. 

.. 

. . . . . 
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northern Kara Sea. Bernstein ( 19 34) found it at moderate depths, down to 
420 m., in the northern Kara Sea; she concluded that the species was an immi-
grant from the Arctic Basin. This view was supported when Bogorov ( 1946a) 
found it in the Arctic Basin. 

Discussion. As Jorgensen remarks, a specimen consisting of two shells 
and only a vestigial third one might equally well be assigned to the genus 
Actinomrna (without by-spines on the third shell) or Haliornma (with only 
two shells). However, its measurements, which correspond to the description 
of the species, may justify a classification as Ecbinomma leptodermum. 

Genus Cromyechinus Haeckel, 1882 
Cromyechinus borealis (Cleve) (Fig. 8) 
Actinonmia boreale Cleve, 1899, p. 26, Pl. 1, Fig. 5c (non idem a, b); 1900 
Chromyo1mna boreale Jorgensen, 1900, p. 59; Gran, 1902 
Chromyecbinus borealis Jorgensen, 1905, p. 117, partim, PI. 8, Fig. 35, Pl. 9, 

Figs. 36, 37 a, b (non idem c, d); Mielck, 1911; 1913 
Cromyechinus borealis Schroder, 1909 

Description. The shell consists of four concentric lattice-spheres con-
nected by radial bars. The outermost shell is very delicate. It may, however, 
be indicated only by transversal processes on the radial spines of the third shell 
(Fig. 8). There are both three-bladed, pointed mainspines and by-spines in 
the third shell as well as on the fourth shell. The dimensions of the second 
and third shell are very close to the corresponding ones of Echinomma lepto~ 
d ermum. The pores of the fourth shell are usually small and roundish like those 
of the second shell. The pores of the third shell are very uneven, roundish 
and oblong. 

Dimensions. For the dimensions see Table 4. 
Collection. Arctic Ocean, station 46, one incomplete specimen; stations 

60, 72, each one adult specimen; 1500 and 1600 m. to the surface. This is the 
first record from the Arctic Ocean. 

Distribution. C. borealis was reported earlier from deep Norwegian and 
Spitsbergen waters and from near surface waters on the American side of the 
Atlantic (Jorgensen, 1905). 

Discussion. Jorgensen describes two series of forms in C. borealis: one 
has shorter, broader spines, the other one longer, more slender spines and a 
pylome in the outer shell. A pylome is a considerable opening on one side of 
the outer shell where the nearest spines and by-spines are particularly long. 
Within each series there are many variations, and Jorgensen considers that there 
may be several closely allied species. Evidently he was not familiar with 
Dreyer's ( 1889) study on pylomatic radiolarians. According to this paper 
the series with pylome should be placed in the genus Sphaeropyle Dreyer within 
the subfamily Sphaeropylinae ( see S. langii). 

The forms Riedel ( 1958) identified as Actinormna imperfecta are probably 
very closely related to C. borealis. He includes two-shelled specimens with 
only indications of a third shell and four-shelled specimens in this species. 
Both his Fig. 5 (Pl. 1) and the dimensions of A. imperfecta suggest that at least 
the four-shelled forms-and those three-shelled ones with a beginning fourth 
shell-were identical with C. borealis. However, Riedel specifies that the 
spines of the fourth shell represented "prolongations of at least some of the 
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rods connecting it with the third shell." In other words, there are less spines 
on the outside of the fourth shell than bars on its inside. In the specimens from 
the Arctic, there are more spines with every shell, including the fourth shell. 

50µ 
Fig. 9. Sphaeropyle langii. The innermost shell is not shown. 

Genus Sphaeropyle Dreyer, 1889 
Sphaeropyle langii Dreyer (Fig. 9) 
Spbaeropyle larngii Dreyer, 1889, p. 89, Pl. 9, Fig. 54 
Chromyechinus borealis Jorgense~ 1905, p. 117 partim, Pl. 9, Figs. 37 c, d (non 

idem a, b, Pl. 8, Fig. 35, Pl. 9, Fig. 36) 
Description. As Cromyechinus borealis, except that the fourth shell has a 

pylome (Fig. 9). 



18 RADIOLARIA IN PLANKTON FROM THE AltCTIC DRIFTING STATION T-3 

Dimensions. For the dimensions see Table 4. 
Collection. Arctic Ocean, station 96; one specimen, 200 m. to surface. 

This is the first record from arctic waters. 
Distribution. The specimens of Dreyer ( 1889) come from the sea floor of 

the Central Pacific and the southern North Pacific from depths of 2300 and 
2900 fathoms. Jorgensen's ( 1905) material is from Norwegian waters. 

Discussion. Jorgensen describes under the name of Chromyechinus bore-
alis two series, one of which has a pylome in the fourth shell (see also C. 
borealis), ignoring Dreyer's ( 1889) classification of pylomatic forms as Sphaero-
py te Dreyer. The only four-shelled Spbaeropyle of Dreyer ( 1889) is S. larngii. 
By-spines are neither mentioned in his description nor in his Fig. 54 (Pl. 9); 
mainspines are only very few. There are hints in the figure that the spines are 
also three-bladed. Jorgensen ( 190 5) says, however, by-spines were rare in 
his material. The diameter of both the third and fourth shells of our specimens 
are larger than in Jorgensen's description of C. borealis ( see Table 4). 

Although the descriptions of one of the series of C. borectlis and S. langii do 
not correspond completely, both are united here as S. langii. The separation 
of the pylomatic forms as a systematic group might be disregarded as is pro-
posed in this paper for Sp-ongotrochus glacialis. However, as only one speci-
men of Sphaeropy le langii was found it is better to postpone a decision. 

Family Spongodiscidae Haeckel, 1882 
Genus Spongotrochus Haeckel, 1860 
Spongotrochus ? glacialis Popofsky (Figs. 10, 11) 
Sp-ongotrochus glaci'ctlis Popofsky, 1908, p. 228, Pl. 26, Fig. 8, Pl. 27, Fig. 1, 

Pl. 28, Fig. 2; 1912 
sp,ongotrochus ? gktcialis Riedel, 1958, p. 227, Pl. 2, Figs. 1, 2, Text-Fig. 1, 

partim 
Description. The lenticular-discoidal shell is of spongy structure. The 

disc has a coarse surface, built of circular or subcircular meshes of different 
size. On the margin and in most specimens on both sides of the disc there are 
irregularly distributed solid spines of varying length between which are con-
siderably smaller spines. In some specimens there are very few or no small 
spines. The disc can occur with or without pylome. 

Dimensions. The dimensions of the arctic specimens of S. glacialis measured 
( 90 animals) are recorded in Table 5, which also includes the measurements 
given by other authors. It will be seen that the measurements of the arctic 
specimens show a greater variation than those given by Popofsky ( 1908) for 
antarctic ones, probably because of the larger numbers collected. 

Collection. Arctic Ocean, stations 5-107; more than 2,000 animals. In 
the tows up to the surface the animals occurred in rather regular numbers. 
In the closing net tows a preference for the upper water layers down to 400 m. 
is evident; at depths below 400 m. only single animals were taken. 

Distribution. S. glacialis has been reported from , antarctic waters and the 
South Atlantic at depths from 400 m. to the surface and in bottom samples. 

Discussion. S. glacialis was the most abundant species in the arctic material. 
The specimens were present in all stations except station 3, the first at which 
plankton was collected. In that haul the only radiolarian was a Porospathis 
holostoma, and I suspect that the poor contents were the result of poor tech-
niques rather than a real absence of other animals. 
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F. ig. 10. Spongot alis Ab rochus ? glaci-
. normal spines. 

Fig. 11 S · P<;mgotrochus ? gl • 
alts. Pylome. • act-
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It was not easy to identify these specimens with species already known to 
science. Apparently there is a wide variation in some of the species of the 
spongodiscids and without doubt there are transitional forms. All the speci-
mens found have to be placed in the subfamily Spongotrochinae, defined as 
being equipped with solid spines. None lacked spines completely. 

The most significant characteristics of S. glacialis as they appear in our 
samples are the number and length of the spines and their distribution on the 
disc. Twenty-five per cent of the specimens ( of 90 measured) have spines 
only on the margin, the rest have them also on both sides of the disc. The 
former could be assigned to Popofsky's ( 1908) Stylospongia arachnia ( == 
Sty lotrochus arctchnius) in spite of some basal teeth or wings on the spines in 
his figures. He mentions these only in the description of Spongotrochus 
glacialis as juvenile characteristics. However, apart from the distribution of 
spines on the disc, both fonns are so much alike in other characters that it 
seems admissible to unite them in one species., Spongotrocbus glacialis, as Riedel 
( 19 5 8) has suggested. Therefore the phrase, "On the margin and in most 
specimens on both sides of the disc there are ... spines" has been embodied 
in the description. 

The arctic specimens have from 5-16 larger spines, 9 being the commonest 
number with the odd numbers outweighing the even ones. The length of the 
larger spines does not usually exceed the diameter of the disc. Most of the 
spines continue within the disc, and some of the radial bars are recognizable 
through the meshes up to the darker central part. In about 15 per cent of the 
specimens there are no by-spines. 

The arctic specimens are most similar to Popofsky's Figs. 1 (Pl. 2 7) and 
2 (Pl. 28) (1908) from the Antarctic. He found more larger spines, 13-20 
or more, and considers the occurrence of only a few small spines as a juvenile 
characteristic and a feature of S. gla-cialis. In his S. glacialis, however, he notes 
that the length of the spines, unlike the arctic specimens, was as great or greater 
than the diameter of the disc; his measurements of Sty lospongia arachnia ( 1908, 
Table 5) are more similar to those of our specimens. By contrast Haeckel's 
(1862, 1887) measurements for wann-water forms give the disc as smaller, 
possessing spines 2-4 times as long as the diameter of the disc. The majority 
of Riedel's specimens from the South Atlantic ( 1958) had rather short spines. 

Another significant characteristic of Spongotrochus glacialis is the so-called 
pylome, a kind of funnel-like opening in the disc, which is present in about 
two-thirds of the specimens from the Arctic. In half of these it is more or less 
inconspicuous and in half it is very distinct. The pylome is generally a narrow 
radial tube tapering into the dark central part of the disc and ending with an 
opening in the margin which is. of ten surrounded by longer spines, sometimes 
slightly inclined to the pylome. The tube appears as a transparent radial 
channel (Fig. 11). The function of the pylome is unknown; so is its origin. 
Dreyer ( 1889) assumes that the protoplasm flowing in a radial direction pro-
duces the pylome and strengthens the radial bars preventing the development 
of a spongy texture and resulting in the transparency of this part of the disc. 

Stohr ( 1880) is the first author to mention a pylome in a spongodiscid. 
He found it only once, in Sty losp-ongia craticulctta ( ==Spongotrochus cra1ticu-
latus Stohr). Haeckel ( 1887) did not find it in other specimens which he 
identified with that species and considered it as an anomaly1 . Dreyer ( 1889) 

1 Haeckel used the word osculum. 
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made an extensive study of the pylomatic radiolarians. In it he described 
several spongodiscids with pylomes for which he added the new subfamily 
Spongopylinae to the three existing ones. Its definition is simple: Spongo-
discidae with pylomes. The only genus as yet is Spongopyle, with one pylome. 
In two subgenera Dreyer distinguished between animals with a circular and 
those with an elliptical or oval disc. 

If Dreyer's separation of the pylomatic spongodiscids is ignored, which I 
feel it should be, the pylomatic species can easily be assigned to already known 
genera of two of the earlier three subfamilies, the Spongodiscinae (Spongopha-
cida Haeckel) without spines and the Spongotrochinae (Spongotrochida 
Haeckel) with solid spines. 

Riedel ( 1958) did not mention a pylome when describing Spongotrochus ? 
g&icia'iis, neither did Popofsky ( 1908). However, if one tries to see a pylome 
in Popofsky's illustrations, one could be suspected in his Sty lospongia arachnia 
in both Figs. 5 and 6 (Pl. 26), in the sector between 4 and 5 o'clock on a dial. 

In our arctic material the two-thirds of Spongotrochus glacialis specimens 
with a pylome look just like the one-third without it. Both groups are found 
in the same samples. Dreyer ( 1889) also reports that he found every grade of 
transitional form between those with and without pylome, but he names the 
end-forms as new species in two different subfamilies (Sp-ongotrochus antarctica 
and Spongopyle setosa). He admits that these forms would have to be under-
stood not as juvenile stages but as variations of the very same adult form (p. 
192), and on p. 195 confirms that some forms may at one time be developed 
with a pylome and at another without. He even writes that the development 
of a pylome is a phenomenon which can occur independently in the same way 
at different places in the system (p. 116). In spite of these facts he explains 
his establishing of several new species on the grounds that formation of species 
is going on at present and that when the intervening varieties die out the 
separation will have taken place (p. 193). 

The writer cannot accept this thesis and considers the different forms with 
and without pylome as variations of the very same species. This belief might 
be extended to the genus Schizodiscus. Dogel' (in Dogel' and Reshetnyak, 
1952) described three new species with pylome for which he established a new 
genus, Schizodiscus. Do gel' placed it in the family Porodiscidae Haeckel ( now 
Euchitoniidae Haeckel emend. Campbell), the concentric-chambered rings of 
which are mentioned as visible only in the area of the pylome; in the figures, 
however, they are not recognizable. It would appear more reasonable that 
these species were simply pylomatic forms of non-pylomatic species, and that 
the genus Scbizodiscus should be eliminated. 

Spongotrochus glacialis is apparently a widely variable species. Riedel's 
specimens from the South Atlantic ( 1958) described as Spongotrochus ? 
glacialis, which occurred in great numbers in his bottom samples, differ in two 
marked respects from our arctic specimens. The central area of the disc is 
pronouncedly thickened in both Riedel's descriptions and figures, which is 
not the case in the arctic specimens or those from the Antarctic (Popofsky, 
1909). The specimens from the North Pacific, mentioned by Riedel (p. 228), 
may come closer to those from the Arctic. Riedel also found a lenticular 
lattice-shell enclosing the spongy disc in a number of specimens. No such 
lattice-shell was observed in the Arctic, nor is there any known genus that has 
developed such a structure. The spongodiscids are expressly described as 
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never being covered with porous plates (Haeckel, 1887, p. 573). Riedel has 
little doubt that those forms with lattice-shells are the completely developed 
individuals; the less developed, and at the same time more common ones, he 
treats as possible "juvenile" representatives of S. glacialis. He has avoided 
making nomenclatural changes, which he believes may be necessary with more 
thorough study, including a re-examination of earlier described forms. The 
spines in Riedel's animals are mostly short and stout, though some of his speci-
mens have long spines. Riedel also includes some of the specimens which 
Popofsky ( 1908) identified as Spongodiscus f avus Ehrenberg var. maxima in 
his Spongotrochus? glacialis, considering them as incompletely developed forms. 
No spineless specimens were found in the Arctic so nothing can be added to 
this thesis. It is possible that none of the arctic specimens was fully developed 
as all their discs have notched margins, which Popofsky assumes points to 
possible continuing growth. 

Suborder Nassellina Ehrenberg, 1875 
Family Plectaniidae Haeckel, 1882 
Genus Plectacantha Jorgensen, 1905 
Plectacantha oikiskos Jorgensen 
? Peridium intricatum Cleve, 1899, p. 31, Pl. 2, Figs. 8 a, b; 1900c 
? Peridium !arum Oeve, 1899, p. 31, Pl. 2, Figs. 9 a, b; 1900c 
Perip1ecta intricata Jorgensen, 1900, p. 7 3 
Plectacantha oikiskos Jorgensen, 1905, p. 131, Pl. 13, Figs. 50-7; Mielck, 1913; 

Bernstein, 193 2 ; 193 4 
Description. The skeleton consists of a basal tripod. The dorsal and the 

two lateral spines are connected by three arches. Each spine has two paired 
forked branches. The branches of the radial spines unite to form an irregular 
meshwork which is only incompletely closed. 

CoUection. Arctic Ocean, stations 60 and 72; few specimens, 1500 and 
1600 m. to the surface. First record for the Arctic Ocean. 

Distribution. P. oikiskos was found in the northern Barents and Kara seas, 
off the Norwegian west coast, in the Greenland Sea, and as far south as the 
Skagerak. 

Discussion. This species occurs only in the northern cool and cold-water 
region and usually in small numbers. It seems to live in fairly deep water. 

Genus Phormacantha Jorgensen, 1905 
Phormacantha hystrix (Jorgensen) 
Peridium hystrix Jorgensen, 1900, p. 76; Gran, 1902 
Phormaccmtba hystrix Jorgensen, 1905, p. 132, Pl. 14, Figs. 59-63;? Popofsky, 

1908; Mielck, 1913; Bernstein, 1934 
Description. This species. closely resembles the preceding one. The 

skeleton also consists of a basal tripod with three arches, but it has a strong 
ventral sagittal spine. The united branches of the radial spines form a network 
of numerous meshes. 

Collection. Arctic Ocean, stations 43.2 and 72; at least two specimens, 
1500 and 1600 m. to the surface. First record for the Arctic Basin. 

Distribution. P. bystrix is reported from the Norwegian and Greenland 
seas and the northern part of the Kara Sea. . 
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Discussion. Bernstein ( 1934) found this species at one station in the Kara 
Sea in a depth of 200-100 m. As the water temperature at 150 m. was positive, 
she came to the conclusion that P. by strix was carried in with Atlantic water 
which flows in between Franz Josef Land and Vize Island after mixing with 
water of the Arctic Basin. The presence of the species in our material supports 
Bernstein's supposition. 

Family Triospyrididae Haeckel, 1882 
Genus Aegospyris Haeckel, 1882 
Aegospyris S'P• (Figs. 12, 13) 

Description. The shell consists of a bilocular cephalis with unequal 
rounded pores and a slight sagittal constriction. There are four large basal 
pores. Five divergent basal feet extend downward being prolongations of the 
inner skeleton. The unpaired (dorsal) foot seems to be the strongest; it is 
connected proximally with the cephalis by a simple lattice-work. The dorsal 
part of the sagittal ring arises free to the apex penetrating the shell as an apical 

Fig. 13. Aegospyris sp. 
Lateral view (left side) . 
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Fig. 12. Aegospyris sp. 
Basal-ventral view. 
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spine while the greater part of the ring lies enclosed in the shell wall. From 
this latter part of the ring a small vertical spine arises. Two additional spines 
are developed on the frontal apical portion of the cephalis; some less distinct 
spines are scattered over the cephalis. 

Dimensions. Height of sagittal ring (3 specimens) 0.033-0.035 mm.; length 
of bilocular cephalis ( 1) 0.048 mm. 

Collection. Arctic Ocean, stations 46, 60; three specimens, 200 and 1600 
m. to the surface. 

Discussion. The closest description for this species in Haeckel ( 1887) is 
that for Aegoipyris aequispina Haeckel. However, the shell is described as 
tuberculate, and the dimensions are larger. In all our specimens the spines are 
broken short, so that it is impossible to say anything definite about their length, 
which characterizes the species. 

Family Tholospyrididae Haeckel, 1887 
Genus Tholospyris Haeckel, 1882 
Tholospyris gephyristes sp. n. (Figs. 14, 15 a, b) 

Description. The shell consists of a bilocular cephalis with unequal, 

soµ 

Fig. 14. Tholospyris gephyristes sp. n. 
View at upper (left) ventral side. 

Fig. 15. Tholospyris gephyristes sp. n. 
a) Cupo1a, view at upper (right) dorsal 
side; b) Base of spine bridging the 
sagittal constriction of the shell. 
Higher magnification and different 

specimens from Fig. 14 . 
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rounded pores and a small, fenestrated conical cupola which is prolonged into 
an apical spine. Three basal feet are prolongations of the dorsal and the paired 
lateral spines of the inner skeleton. Between their proximal portions a small 
amount of lattice-work connecting the spines may be present. From the 
lower part of the sagittal ring, where it is incorporated in the shell wall, arises 
a small vertical spine. There is a spine in the sagittal constriction on the dorsal 
side right below the cupola, like an elongation of the sagittal ring to the dorsal 
side. Another spine arises above the sagittal constriction on the ventral side; 
this spine does not originate in the constriction, but from a columella bridging 
the shallow groove. Haeckel ( 1887) shows a similar slender, bridge-like 
columella on the ventral side of T. tripodiscus (Pl. 89, Fig. 1), but no spine 
originates from there. Further, the insignificant cupola and small size of the 
new species, which is only about one-third of T. tripodiscus, distinguish the 
two species. 

Dimensions. Two specimens: height of sagittal ring 0.032, 0.035 mm.; 
length of cephalis 0.044, 0.04 7 mm. 

Collection. Arctic Ocean, stations 43.2, 60, 72; five specimens, one of 
them from 200 m., the others from 1500 and 1600 m. to the surface. 

Family Sethopiliidae Haeckel, 1882 
Genus Dictyophimus Ehrenberg, 1847 
Dictyophimus gracilipes Bailey 
Dictyopbirnus gracilip·es Bailey, 1856, p. 4, Pl. 1, Fig. 8; Haeckel, 1887; Cleve, 

1900a; 1900c; Popofsky, 1908; Bernstein, 1932; 1934; Riedel, 1958. 
Dictyophimus clevei Jorgensen, 1900, p. 80, Pl. 5, Fig. 26; 1907; Mielck, 1913 

Description. The cephalis is hemispherical or caplike with numerous small 
pores, sometimes thorny, bearing an eccentric apical spine and an oblique 
vertical spine. The opening of the thorax is wide. The pores of the thorax 
are larger than those in the cephalis and are irregular. The three ribs in the 
thorax wall are prolonged into three long basal feet which are round in cross-
section. The internal skeleton consists of one dorsal, two lateral, one apical, 
and one vertical spine, which corresponds to the fonnula of the Plagiocarpct 
type of Popofsky ( 1908, p. 264). Occasional accessory spines, mentioned by 
Bernstein ( 1932) and Riedel ( 1958), have not been found in the arctic material. 

Dimensions. Twelve specimens: width of thorax 0.042-0.077 mm.; length 
of feet 0.032-0.103 mm. 

Collection. Arctic Ocean, stations 43.2, 46, 53, 60, 72; frequent in the 
digested samples and entangled with spines of Spongotrochus glacialis, 200, 
1500, and 1600 m. to the surface. First record for the Arctic Ocean. 

Distribution. D. gracilipes had already been collected frequently in cold 
northern waters such as the Bering, Barents, and Kara seas (Bailey, 1856; 
Bernstein, 1934), but had not been reported from the Arctic Ocean. It had also 
been found in antarctic waters. 

Discussion. Here D. gracilipes is understood as described by Riedel ( 1958) 
who allows the species a fairly wide variability. The present writer also 
suggests the possible identity of D. platycephalus Haeckel ( 1887) and D. 
brandtii Haeckel ( 1887) with D. gracilipes, but not, in contrast to Riedel, of 
D. elegmns ( see the following species). 

This species apparently occurs at various depths. 
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Dictyophimus histricosus Jorgensen 
Dicty.ophimus histricosus Jorgensen, 1905, p. 13 8, Pl. 16, Fig. 89 

Description. D. histricosus is similar to the preceding species, but is larger 
and bears on cephalis and thorax irregularly distributed, slender by-spines which 
are round in cross-section and more numerous on the cephalis. 

Dimensions. Seven specimens: width of the thorax 0.080-0.100 mm.; 
length of feet 0.125-0.140 mm. 

Collection. Arctic Ocean, stations 46, 60, 72; seven specimens, 1500 and 
1600 m. to the surface. First report for the Arctic Ocean. 

Distribution. West coast of Norway. 
Discussion. Dogel' (in Dogel' and Reshetnyak, 1952) described a very 

similar species, D. elegans from the Northwestern Pacific Ocean. Although in 
D. elegans the separation of the cephalis from the thorax seems to be more 
complete, and the feet appear to be somewhat longer, it is considered as possibly 
identical with D. histricosus. One specimen was found on a spine of Spongo-
trochus glacictlis, the others in digested samples. 

Genus Eucecryphalus Haeckel, 1860 
Eucecryphalus hi.stricosus sp. n. (Figs. 16, 17) 

Descrip·tion. The shell consists of cephalis and thorax. The cephalis bears 
an apical horn and numerous small bristles which also extend over the upper 
part of the thorax. The thorax has a straight end or is slightly constricted 
distally; the pores are hexagonally or unevenly rounded and stand in more or 
less regular vertical rows. In the cephalis the pores are smaller. The inner 

50).J 50µ 
Fig. 16. Eucecryp/:ialus histricosus sp. n. Fig. 17. Eucecryphalus bistricosus sp. n. 
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skeleton is of the Plagiocarp·a type of Popofsky ( 1908), i.e. there are the dorsal, 
two lateral, one apical, and one vertical spines which all project beyond the 
shell wall, being only little longer than the bristles. 

Dimensions. Two specimens: length of cephalis 0.013, 0.016 mm., of 
thorax 0.058, 0.060 mm.; width of thorax 0.045, 0.050 mm. 

Collection. Arctic Ocean, station 72; three specimens, 1500 m. to the 
surface. 

Discussion. This species, as it is described here, should be placed within 
the genus Eucecrypbalus, the characteristics of which are, according to Camp-
bell ( 1954): three free wings or solid spines outside the thorax; without apical 
hole; with apical spine. The shell mouth which is devoid of spines classifies it 
in the subgenus Eucyrtomph:a.Zus. 

There is a similarity to Sethoconus tabulatus of Cleve ( 1899) in the form 
and dimensions of the shell and the bristles. However, Cleve mentions the 
apical spine as the only one, and his illustration shows also the part within the 
cephalis. When tracing S. tabukttus back to the previous collector, Haeckel 
(1887), it turns out that he had added "a distinct small horn" to the original 
description of Ehrenberg ( 1873a, p. 306; 1873b, Pl. 4, Fig. 18; as Cycladopbora 
tabulata) and it was Cleve who had added the bristles to the characteristics of 
the species. Ehrenberg specified only the part of the apical spine within the 
cephalis ( costa media). The writer considers with reservation the identity 
of Eucecryphalus tabulatus with Cleve's Sethoconus tabulatus from the Green-
land Sea, but is very hesitant about extending this identification to the specimens 
found by Haeckel and Ehrenberg. 

Genus Lithomelissa Ehrenberg, 184 7 
Lithomelissa ? laticeps Jorgensen (Fig. 18) 
Lithomelissa laticeps Jorgensen, 1905, p. 136, Pl. 16, Fig. 84 

Description. The cephalis of this delicate form is longer than wide, of 
slightly oval form. It bears numerous small, fine thorns. Cephalis and thorax 
are distinctly separated. The thorax widens distally. Its roundish pores vary 
in size and stand in subregular vertical rows; the pores of the cephalis are more 
uniform in size and arrangement. The inner skeleton consists of one apical 
and one vertical spine which are incorporated in the shell wall as cephalic ribs 
and prolonged as slender apophyses, and by the dorsal and two lateral spines 
only the minor part of which continues into the shell wall as thoracic ribs. 
They are prolonged as free solid spines outside the thorax. 

Dimensions. Length of cephalis 0.038 mm., width 0.033 mm.; length of 
thorax 0.024 mm., width 0.050 mm.; length of apical spine 0.064 mm., of 
thoracic spines 0.105, 0.109 mm. 

Collection. Arctic Ocean, station 72; two specimens, 1500 m. to the 
surface. 

Distribution. L. la1ticeps was found between Shetland and Faeroe islands, 
and west of Norway. 

Discussion. The very thin thorax wall and the large pores in its basal end 
indicate that the specimen illustrated is not fully grown. Jorgensen ( 1905) 
found this species in a sample taken from 900 m. to the surface. Since he 
expressly mentioned the lack of by-spines on the skeleton, and since the spines 
are considerably longe.t; in the arctic specimens, the writer placed her two 
specimens here with reservation. 
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Fig. 18. Litbomelissa ? laticeps. 

Family Sethophormididae Haeckel, 1882 
Genus Tetraphormis Haeckel, 1882 
Tetraphormis rotula (Haeckel) 
Enneaph:ormis rotula Haeckel, 1882 
Setbophormis rotula Haeckel, 1887, p. 1,246, Pl. 57, Fig. 9; Popofsky, 1908, 

partim; Dogel' and Reshetnyak, 1952 
Description. The large cephalis is cap-shaped, flat, and tri-lobed. Three 

rods diverge from the centre of its top and unite with the three radial ribs 
shortly before these meet the collar ring. A fine, irregular network fills in 
the sectors between the radial rods. Cephalis and thorax are separated by a 



TAXONOMY 29 

hexagonal collar ring which has three larger sides and three alternating shorter 
ones. The three ribs from the centre of the collar septum continue radially 
through the middle of the larger sides of the collar ring (primary ribs); from 
each of the six corners of the ring one radial rib originates ( secondary ribs), 
making nine ribs in all. These thicken towards their distal ends and bear at 
equal distances five pairs of opposite branches, the outermost being the biggest. 
The opposite branches of neighbouring ribs unite in five concentric nine-
angled rings lying nearly in one plane. 

Dimensions. Two specimens ( sta. 72): diameter of cephalis 0.100-0.112 
mm., of thorax 0.260-0.275 mm. 

Collection. Arctic Ocean, stations 43.2, 60, 72; six adult and several juv. 
animals, 1500 and 1600 m. to the surface. First record for the Arctic Ocean. 

Distribution. Central and North Pacific, antarctic waters, perhaps Green-
land Sea (Cleve, 1899). 

Discussion. Popofsky ( 1908) unites under the name Sethophormis rotula 
three species of Haeckel ( 1887) which he considers as only different stages of 
development in the following order: Tetrctphormis triloba, T. rotula, T. ennea-
strum. This would mean, that rotula develops from trilobct, and enneastrum 
again from rotula; in other words, the radial ribs and the concentric nine-angled 
rings of the thorax should develop first and then produce additional inter-
polated radial beams subdividing the meshes in smaller ones. However, the 
findings in our collection do not support Popofsky's opinion. On pp. 29-31, 
discussing T. triloba and T. enne11strum, I have explained why I have split 
this species and have followed the original classification of Haeckel. However, 
there is no doubt about the very close relationship between the three species. 

The adult specimens collected correspond to the description and figure 
Haeckel gives for T. rotula, although their dimensions are somewhat smaller. 

The specimens of Popofsky ( 1908) from cold antarctic waters were found 
in hauls from 385 m. and less to the surface. Haeckel's Pacific stations are all 
deeper than 2 300 fathoms; this does not necessarily mean that the animals were 
caught in these great depths. However, if one assumes with Popofsky (p. 
199) that the specimens did occur in considerable depth - especially since they 
were lacking in surface hauls from the same place - then T. rotula would be 
a cold-water form which in the lower latitudes submerges under the warm-
water surface layers. Popofsky suspected that this species reappears again in 
northern polar waters, as our findings have shown. 

Tetraphormis triloba Haeckel (Fig. 19) 
Sethophormis triloba Haeckel, 1887, p. 1,246 
? Sethophormis rotula Popofsky, 1908, p. 285, partim 

Description. The cephalis is similar to the preceding species, but the three 
rods are much stronger ( according to Haeckel, 1887). The collar ring and 
the thorax are also very similar to the preceding species, except that T. triloba 
has four instead of five concentric nine-angled rings in the thorax. 

Dimensi1ons. Two specimens ( sta. 7 2): diameter of cephalis 0.12 5 mm., 
of thorax 0.295 mm. A reconstruction from a broken part (sta. 43.2) gives: 
diameter of cephalis 0.100 mm., of thorax 0.290 mm. 

Collection. Arctic Ocean, stations 43.2, 72; five specimens, 1500 and 1600 
m. to the surface. First record for the Arctic Ocean. 
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Distribution. Northern Central Pacific. 
Discussion. In Fig. 19 the thickened ends of the two secondary ribs of 

T. triloba are obvious. I do not believe that an animal with such a skeleton 
could grow an additional fifth ring to become the form described as T. rotultti. 
Popofsky ( 1908) evidently found exclusively young stages since he expressly 
mentions that his specimens were young and that none of the radial ribs was 
thickened at its distal end. If he had had an adult representative of this species 
in his material from the Antarctic, he would not have considered it as a juvenile 
form of T. rotula. 

The dimensions of the arctic specimens are greater than those of the 
Pacific ones given by Haeckel. 

Tetraphormis enneastrum (Haeckel) (Fig. 20) 
Sethopbormis enneastrum Haeckel, 1887, p. 1,246 
Sethopbormis rotula Popofsky, 1908, p. 285, partim, Pl. 34, Fig. 5 only 

Description. Shell as in Tetrapbormis rotula, only additional, shorter 
interpolated radial beams subdivide the meshes of the thorax into smaller, 
irregular ones. 

Dimensions. Diameter of cephalis 0.110 mm. 
Collection. Arctic Ocean, stations 60, 72; three juvenile specimens, 1500 

and 600 m. to the surface. First record for the Arctic Ocean. 
Distribution. Northern Central Pacific, antarctic waters. 
Discussion. The specimens found in the collection have developed only 

parts of their second or third nine-angled ring (Fig. 20), but have already 

If Fig. 19. Tetraphormis triloba. 
Two ribs. 
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Fig. 20. Tetrapbormis enneastrum. Juvenile specimen. The cephalis is not shown. 

started to build additional radial beams into the skeleton. They are considered 
to be juvenile stages. On the basis of their morphology the writer concludes 
that the additional radial beams develop first rather than after completion of 
the nine radial ribs and their five connecting rings --- as is to be gathered from 
Popofsky's study. For this reason T. enneastru:m is treated here as a distinct 
species as was done by Haeckel. A still younger stage would be Popofsky's 
( 1908) Fig. 5 on PL 34. 

Family Lophophaenidae Haeckel, 1882 
Genus Conarachnium Haeckel, 1882 
Conarachnium profundum (Ehrenberg) 
Cornutella clctthrata profunda Ehrenberg, 1854, PL 35B, Fig. 21; Bailey, 1856 
Cornutella profunda Ehrenberg, 1858, p. 31; 1873b; Haeckel, 1862; Riedel, 1958 
Sethoconus profundus Haeckel, 1887, p. 1,294 
Cormttella hexagona Haeckel, 1887, p. 1,180, PL 54, Fig. 9 

Description. The cephalis is small, spherical, and poreless; it bears a short, 
single, apical horn. The thorax is slender, conical, smooth. Its subcircular 
pores stand in vertical rows gradually increasing in size towards the open basal 
shell mouth. 
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Dimensions. Three specimens: length of cephalis 0.008-0.012 mm., width 
0.010-0.012 mm.; length of thorax 0.125-0.160 mm., width 0.045-0.052 mm. 

Collection. Arctic Ocean, station 72; three specimens, 1500 m. to the 
surface. First record for the Arctic Ocean. 

Distribution. C. profundum was found at various depths in the Mediter-
ranean, tropical parts of the Indian and Pacific oceans, the North Atlantic and 
northern Pacific oceans, and in the Indian Ocean sector of antarctic waters. 
The species is cosmopolitan. 

Discussion. The generic name of this species is changed here to Conarach-
nium according to the definition of the genus in Campbell's ( 1954) system. 
Riedel ( 195 8), too, suggested that the species of the genus (there: C ornutella) 
are probably best regarded as dicyrtid. 

Riedel considered the possible identity of C. profundu.m with ten similar 
species described by Ehrenberg (1873a, 1873b) and Haeckel (1887). 

Family Theocorythidae Haeckel, 1882 
Genus Theocalyptra Haeckel, 1882 
Theocalyptra davisiana (Ehrenberg) 
Cycladopbora? davisiana Ehrenberg, 1862, p. 297; 1873b, Pl. 2, Fig. 11 
Pterocodon davisianus Ehrenberg, 1862, p. 300; 1873b, Pl. 2, Fig. 10 
Eucyrtidium davisianum Haeckel, 1862, p. 328 
Pterocanium davisianum Haeckel, 1862, p. 332 
Sticbopilium davisianum Haeckel, 1887, p. 1,437; Cleve, 1899; 1901; Mielck, 

1913 
Theocalyptra davisiana Riedel, 1958, p. 2 39, Text-Fig. 10, Pl. 4, Figs. 2, 3 

Description. The shell is campanulate, conical, consisting of two, three, 
or four segments, with an open basal mouth. The hemispherical cephalis bears 
two spines one of which is nearly apical, the other one is oblique; its pores are 
small, irregular. The collar stricture is indistinct, but always recognizable. 
The thorax, as it is termed by Riedel ( 19 5 8), namely the entire subsequent 
portion of the shell, is conical or bell-shaped, and in some specimens, very 
indistinctly divided into two parts. The thoracic pores, rounded proximally 
and larger, rectangular distally, form transverse rings or endless rows. In 
many specimens a further, short segment follows that is flared at a wider angle 
than the thorax. More delicate bars than those of the thorax separate its large, 
polygonal pores. Three divergent spines penetrate the thorax w~ll in its upper 
portion as free prolongations of the dorsal and the two lateral spines of the 
inner skeleton which corresponds to the Plagiocarpa type of Popofsky ( 1908). 
The two cephalic spines are prolongations of the apical and the vertical spines 
of the inner skeleton. 

Dimensions. Three specimens: length of cephalis 0.016-0.021 mm., of 
postcephalic portion 0.04{}-0.051 mm.; width of postcephalic portion 0.062-
0.071 mm. 

Collection. Arctic Ocean, stations 43.2, 60, 72; eight specimens, 1500 and 
1600 mm. to the surface. First record for the Arctic Ocean. 

Distribution. T. davisiana is apparently cosmopolitan. It was reported 
from the northern and tropical Pacific Ocean, tropical Indian Ocean, the 
Greenland and N orwegian seas, and from antarctic waters south of the Indian 
Ocean and the American continent. Riedel suggests that this species occurs 
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more frequently in middle and high latitudes than in the tropical parts of the 
oceans. 

Discussion. It is difficult to classify this species correctly. For reasons 
of simplicity the present author follows Riedel ( 1958) in placing it in the genus 
Theocalyptra. In the arctic specimens, the cephalis is set off. A segmentation 
in the subsequent portion is indistinct and inconstant. The specimens in this 
collection are distinctly smaller than those measured by Riedel; some of them 
may be juvenile. 

Family Stichocorythidae Haeckel, 1882 
Genus Artostrobus Haeckel, 1887 
Artostrobus annulatus (Bailey) (Fig. 21) 
Cornutella ? annulata Bailey, 1856, p. 3, Pl. 1, Figs. 5 a, b; Ehrenberg, 1862; 

1873b 
Eucyrtidium annulatum Haeckel, 1862, p. 327 
Cornutella annulata Haeckel, 1887, p. 1,182 
Artostrobus annulaitus Haeckel, 1887, p. 1,481; Cleve, 1899; Riedel, 1958 

Description. The shell is slender and subcylindrical; its diameter is the 
widest close to the distal end. The cephalis is subglobular, without pores, and 
bears an eccentric apical spine. The collar stricture is indistinct. The entire 
postcephalic portion of the shell - the thorax, as regarded by Riedel ( 19 5 8 )-
bears numerous rings of rounded or rectangular pores increasing in size towards 
the distal end. In the cephalic region there is an inner skeleton which consists, 
besides the apical spine, of the dorsal and the two lateral spines which are 

Fig. 21. Ar.tostrobus annulatus. 50,u 
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prolonged downward beyond the thoracic wall. A prolongation of the 
median bar can be looked at as a vertical spine which, however, does not 
penetrate the shell. 

Dimensions. Length of shell 0.045 mm.; width of thorax (2 specimens) 
0.025 and 0.029 mm.; length of apical spine 0.035 mm. 

Collection. Arctic Ocean, stations 60 and 72; three specimens, 1500 and 
1600 m. to the surface. First record for the Arctic Ocean. 

Distribution. A. cmnulatus is a cosmopolitan species. It was found in 
the Bering and Greenland seas, in Davis Strait, tropical Pacific and Indian 
oceans, and in the Indian Ocean sector of antarctic waters. 

Discussion. There is much uncertainty about the classification of the 
species ( see above). Riedel ( 19 5 8) regards the entire post-cephalic part of 
the shell as thorax with numerous horizontal rings of pores rather than as 
segments following one another each with one ring of pores. The writer is 
inclined to look at A. cmnulatus as a species with rudimentary segmentation, 
indications of which are present in the specimens at hand. If this view is 
adopted, there would be no need for a new revision of the position of this 
species. The specimens in this collection are relatively short. Probably they 
are not fully grown. 

Genus Lithamphora Popofsky, 1908 
Lithamphora furcaspiculata Popofsky 
Litbcrmphora furcaspiculata Popofsky, 1908, p. 295, Pl. 36, Figs. 6-8; 1913 
? no name Cleve, 1899, p. 30, Pl. 2, Fig. 6 

Descrip,ti'on. The shell is formed by several portions of various length. 
The cephalis is irregular, subglobular with irregular, round pores. Thorax, 
abdomen, and postabdomen have five to eight or more regular transversal rings 
of pores. Above or below the strictures between thorax and abdomen and 
between abdomen and postabdomen there may be a narrow zone without pores. 
The shell mouth is open. There is a complicated inner skeleton in the cephalis 
and the upper part of the thorax, from which spines proceed into the cephalic 
lobes and the neck stricture, but are not prolonged as apophyses. From the 
centre of this skeleton three or four spines descend downwards through the 
thorax, the abdomen, and the upper portion of the postabdomen. 

Dimensions. Length of cephalis 0.013, 0.016 mm., of thorax 0.019, 0.022 
mm.; of abdomen 0.018, 0.042 mm.; width of thorax 0.038, 0.039 mm., of 
abdomen 0.043, 0.046 mm. 

Collection. Arctic Ocean, station 72; two specimens, 1500 m. to the 
surface. First record for the Arctic Ocean. 

Distribution. Antarctic waters, South Atlantic Ocean, possibly Greenland 
Sea. 

Discussion. Both specimens of L. furcaspiculata apparently were not 
fully developed; they had only one section of the postabdomen instead of two 
to four sections. One specimen is closer to Fig. 6, Pl. 3 6 of Popof sky ( I 908), 
the other is very similar to Text-Fig. 136 of Popofsky (1913, p. 410). The 
specimen in Cleve's ( 1899) Fig. 6 (Pl. 2) mentioned without description on 
p. 30 as "a nearly related form" to Litbomitra australis (Ehrenberg) ? , may be 
identical with Litbampbora furcaspiculata; two descending spines within the 
shell are recognizable in the drawing. 
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Family Glycobotrydidae Campbell, 1954 
Genus Botryopyle Haeckel, 1882 
Botryo pyle setosa Cleve 
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Botryopyle setosa Cleve, 1899, p. 27, Pl. 1, Fig. 10 a, b; 1900; 1901; Linko, 1907; 
Meunier, 1910; Bernstein, 1932 

Amphimelissa setosa Jorgensen, 1905, p. 137, Pl. 18, Fig. 109; Ostenfeld, 1910; 
Mielck, 1911; 1913; Bernstein, 1934; Bogorov, 1946 

Description. The skeleton is divided by a horizontal stricture into cephalis 
and thorax. The cephalis is trilobate. In the skeleton wall are irregular, 
rounded pores and on the outside some long, slender spikes being elongations 
of bars of the inner skeleton. This corresponds to the Ccmipy laccmtha type 
of Jorgensen ( 1905) and Popofsky ( 1908) which has in addition to the four 
basic ( dorsal, apical, and two lateral) spines a ventral and two lateral dorsal 
spines. To these come a few strong arches, also situated inside the cephalis. 
The proximal part of the apical spine forms a free columella within the cephalis. 
In cross-section the shell is oval, the dorsoventral axis being the longer one. 
The thorax mouth is wide open. 

Dimensions. Twelve specimens: total length of shell 0.048-0.062 mm.; 
maximum width (long diameter) of thorax 0.047-0.066 mm. 

Collecrion. Arctic Ocean, stations 43.2, 46, 60, 72, 87, 104; sixty speci-
mens, 200, 1500, and 1600 m. to the surface. 

Distribution. The numerous findings of B. setosa were all located in the 
cold-water region to the north of the Atlantic Ocean and in the Arctic Basin 
(Bogorov, 1946). 

Discussion. Cleve ( 1901) lists B. setosa in an account of plankton from 
the Malay Archipelago. One may, however, assume with confidence, that he 
had specimens of Lithomelissa setosa in his collection, since he has elsewhere 
( Cleve, 1900b) identified B. setosa with L. setosa Jorgensen, 1900. 

B. setosa is apparently a typical representative of arctic-boreal and polar 
plankton of mainly deeper water, although it was also found in hauls from less 
than 200 m. (Cleve, 1899; Bogorov, 1946). 

Suborder Phaeodarina Haeckel, 1879 
Family Aulacanthidae Haeckel, 1862 
Genus Aulacantha Haeckel, 1860 
Aulacantha scolymantha Haeckel forma typica Haecker 
Aufocantha scolymantha Haeckel, 1860, p. 799; 1862, p. 263, Pl. 2, Figs. 1, 2, 

Pl. 4, Figs. 1-5; Hertwig, 1879 
Aulacantba scolymantha Haeckel, 1887; Hensen, 1887; Mobius, 1887; Van-

hoff en, 1897; Jorgensen, 1900; Cleve, 1900c; Borgert, 1901; Wolfenden, 1902; 
Lo Bianco, 1903; Immermann, 1904; Jorgensen, 1907; Schroder, 1913; Dagel' 
and Reshetnyak, 1952 

Aulacantba scolymcmtha forma typica Haecker, 1908, p. 93; Meyer, 193 3 
Aulacantha laevissima Fowler, 1898 

Description. The skeleton consists of a veil of fine tan~ential needles 
forming a ball and 3~50 (and more) cylindrical radial spines which have 
numerous small thorns on their distal third. All specimens found belong to 
the small and delicate form typica Haecker. 

Collection. Arctic Ocean, 11 stations: 25, 31, 38, 53, 60, 72, 73, 74, 76, 
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92, 96; sixty-eight specimens. They were present only in the longer vertical 
tows; in the closing net tows just two specimens were found above 400 m. 
( 400-200 m.). It appears that this form inhabits the deeper layers in this part 
of the Arctic Ocean. 

Distribution. A. scolymantba is a cosmopolitan and eurythermal species. 
Including the findings in the Arctic it is reported from all oceans. Haecker 
( 1908) gives the vertical distribution of A. s. typica as 50-1700 m. Meyer 
( 193 3) lists its occurrence in all depths but it was most frequent in the layers 
from 0--400 m. 

Genus Aulographis Haeckel, 1879 
Aulographis taumorpha Haeckel (Fig. 22) 
Aulogra·phis taumorpha Haeckel, 1887, p. 1,577, Pl. 103, Fig. 16 

Description. The skeleton consists of a veil of tangential needles forming 
a sphere, with 18-24 radial tubes meeting in the centre. The tubes are cylin-
drical, slender, straight, and taper gradually toward the distal end, their diameter 
being widest after the first proxim~l third of the entire length. The terminal 
branches are two, opposite each other, smooth, straight or slightly concave in 
the proximal part, recurved in the distal part (Fig. 22). 

In one specimen there was one radial tube with three instead of the usual 
two terminal branches. These were equidistantly spaced from each other. 
They were shaped normally, not like the distal crown of recurved branches of 
A. triglochin Haeckel. 

50,u 

Fig. 2·2. Auto grapbis taumorpha. Branches on distal ends of two spines. 
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Dimensions. The dimensions of the tubes are as follows: 

Haeckel 
Arctic 

tubes (25) 
length (mm.) width (mm.) 

0.7 -0.8 0.Ql -0.015 
0.33-0.61 0.008-0.013 

branches ( 45) 
lengthi (mm.) 

0.1 -0.15 
0.045-0.110 
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Collection. Arctic Ocean, 8 stations: 5, 11, 25, 38, 53, 73, 74; eleven speci-
mens; at station 72 eighteen single tubes from a digested sample indicate the 
presence of a twelfth specimen. The specimens come from closing net tows 
from depths of 1400-1200, 1600-1400, and 1600--400 m., and from open net 
tows from depths of 2000, 1600, 1500, and 1400 m. to the surface. First record 
for the Arctic Ocean. 

Distribution. A. taumorpha was reported from the North Pacific Ocean 
at lat. 31 °8N., long. 137°8E. Haeckel almost uniformly lists only one station 
when describing a species. Therefore we do not have further information on 
A. tau:morpba from other stations nor on the frequency of its occurrence. A 
depth of 2250 fathoms is given for the station he cites. 

Discussion. Since Haeckel ( 1887) described A. taumorpba, it has not been 
reported again. The arctic specimens correspond very well with the descrip-
tion Haeckel has given, except for the slightly different shape of the radial tubes, 
which he describes as gradually tapering towards the proximal end, and their 
smaller dimensions. 

Family Aulosphaeridae Haeckel, 1862 
Subfamily Aulosphaerinae Haeckel, 1862 

Parts of one broken specimen of the subfamily Aulosphaerinae were found 
( sta. 5). The regular network of the shell is diagnostic. 

Subfamily Auloniinae Haeckel, 1887 
Genus Aulastrum Haeckel, 1887 
Aulastrum s pinosum Borgert 
Auklstncm spinosurn Borgert, 1901, p. 24, Fig. 23; Haecker, 1904; 1908; 

Schroder, 1913; Peters, 1929; Doge!' and Reshetnyak, 1952 
Description. The skeleton is a lattice-sphere with subregular, mostly 

pentagonal or hexagonal meshes. On the tangential bars of the lattice-shell 
there are fine, single thorns. Radial spines with thorns originate at nodal Points. 
In the proximal end of the radial spines the thorns are irregularly distributed 
and in the distal end they are arranged in one or two whorls. 

One specimen found in sta. 46 lacked the thorns on the tangential bars of 
the lattice-shell. 

Collection. Arctic Ocean, 4 stations: 31, 46, 92, 104; in each haul one 
specimen was present. They came from open net tows from depths of 1600, 
1400, 7 30, and 480 m. to the surface. Two of the specimens were damaged. 
This is the first report of the species from the Arctic Ocean. 

Distribution. This bipolar species has been reported from Antarctica 
(Haecker, 1904; 1908; Schroder, 1913; Peters, 1929), the Labrador Current 
(Borgert, 1901), and the Northwest Pacific (Dogel' and Reshetnyak, 1952). 
It occurred sometimes in numbers (Borgert, 1901) in hauls from various depths 
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to the surface, including hauls less than 100 m. (Borgert, 1901; Haecker, 1904; 
Peters, 1929). 

Discussion. The thorns on the tangential bars are fine and single as 
described by Borgert ( 1901); however, both Haecker ( 1908) and Schroder 
( 1913) describe them as button-ended small threads. The thorns on the radial 
spines end bluntly or with an insignificant button, forms which are mentioned 
by Borgert only as thorns. Their distribution in the arctic specimens is closer 
to that in Borgert's original description and figure than to the one given by 
Haecker. In other words, the button-ended thorns on the radial spines are 
irregularly distributed on the proximal end of the radial spines rather than 
"mit ... haufig paarweise angeordneten Seitenasten" ( frequently arranged in 
pairs) (Haecker, 1908, p. 124); and arranged only occasionally in one or two 
whorls in the distal end of the radial spine rather than in 2-3 ( Haecker, 1908) 
or even 2-6 whorls (Schroder, 1913). Both Haecker and Schroder worked 
on plankton from Antarctica, on the other hand, Borgert's material came from 
the Labrador Current. Hence it is supposed that A. spinosu:m from the north-
ern cold-water region is not identical with that from Antarctica. Other authors, 
Peters (1929) and Dogel' and Reshetnyak (1952), do not mention such details. 
However, Peters lists Haecker ( 1908) as his source for identifying the species. 

Family Cannosphaeridae Haeckel, 18 7 9 
Genus Cannosphaera Haeckel, 1879 
Cannosphaera antarctica Haeckel (Figs. 23, 24) 
Cannosphaera antarctica Haeckel, 1887, p. 1,640, Pl. 112, Figs. 1-3; Vanhoffen, 

1897; ? Jorgensen, 1900; Borgert, 1901; Jorgensen, 1907; Haecker, 1904; 1908; 
Borgert, 1909; Schroder, 1913; Peters,. 1929; Dogel' and Reshetnyak, 1952 

Description. The outer shell consists of irregular, mostly pentagonal 
meshes the bars of which bear on the outside tridentate anchor threads in 
groups of two or three and contain a fine thread inside. The inner shell has 
a wide opening on one side and is therefore not truly spherical. It is con-
nected with the outer lattice-shell through numerous fine radial rods equipped 
with verticils of four very delicate anchor-threads. At each nodal point of 
the outer lattice-shell arises a simple radial spine bearing at its distal end a 
verticil of 3 to 5 small, curved terminal branches. In the arctic specimens the 
radial spines contain a fine thread and are thorny (Fig. 2 3). The thorns are 
usually distributed in whorls. 

Two animals were found which had four central capsules (stations 96, 99). 
Dimensions. Diameter of inner shell 0.195-0.225 mm.; width of tangential 

bars (33) 0.008-0.012 mm. (Jorgensen, 1900: 0.017 mm.); length of radial 
spines ( 13) 0.280-0.480 mm. 

Collection. Arctic Ocean, 21 stations: 5, 11, 22, 25, 31, 38, 39, 43.2, 46, 53, 
60, 72, 73, 74, 76, 80, 81, 92, 96,. 99, 104; more than 110 intact specimens. In 
the closing net tows specimens were taken at depths of 200 m. to the surface 
and 400-200 m. Broken parts of this very brittle species, mainly inner shells, 
can be ascribed to at least 390 more specimens. This is the first report of its 
occurrence in the Arctic Ocean. 

Distribution. C. anta:rctica has been reported repeatedly from the Ant-
arctic Ocean and from northern cool-water regions. It was present in most 
cases in fairly large numbers, up to the 5 0 m. level. 
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Discussion. Haeckel describes this species as having 60-90 radial rods; in 
the arctic specimens I counted 40 ( 3 specimens) or even less, a number J orgen-
sen ( 1900) gives as probable for his broken specimens from the Norwegian 
west coast. He suspected he had a new species, with a larger inner shell 
(0.346-0.400 mm.). However, the diameter of the inner shell of the arctic 
specimens is smaller, which more nearly corresponds to the original description 
( 0.2-0. 3 mm.). The radial rods are widened at their proximal end and funnel-
shaped in the arctic specimens (Fig. 24) as in Haecker's Fig. 18 ( 1904, p. 621) 
rather than mammillate expanded as in Haeckel's 1887 figure. 

Fig. 23. Cannosphaera antarctica. R,adial spine, upper part. 

50µ 
Fig. 24. Cannospbaera antarctica. Funnel-shaped proximal ends of radial 

rods on inner shell. 
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The radial spines on the outer shell bear thorns. Other authors (Haeckel, 
1887; Borgert, 1901; Haecker, 1908) described and illustrated the spines as 
being smooth. 

In summary, the differences of the arctic specimens from the original 
description are: about 40 radial rods rather than 60-90, their funnel-shaped 
proximal widening rather than a mamillate expansion, and finally, thorny radial 
spines rather than smooth ones. 

Because of these evident differences in the shell structure and because of 
their occurrences in great numbers (see above) the writer considers it justified 
to separate the specimens from the Arctic Ocean as a new form, oli go bactria .. 

Family Cadiidae Borgert, 1901 
Genus Cadium Bailey, 1856 
Cadium melo (Cleve) 
Cadium Wallich, 1862 
Cadium marinum var. Wallich, 1869, p. 109, PL 3, Figs. 6, 11, 13, 14; var. c 

Certes, 1889'; Borgert, 1892; Jorgensen, 1900 
B eroetta melo Cleve, 1899, p. 2 7, PL 1, Fig. 8; 1900c 
Cadium melo Borgert, 1901, p. 50, Fig. 58; 1903; Jorgensen, 1905; Haecker, 

1906; Jorgensen, 1907; Haecker, 1908; Borgert, 1910; Schroder, 191 3; Meyer, 
1933 

? Cadium scblumbergeri Certes, 1889, p. L31, Pl. 4, Fig. 4 
Description. The shell is elliptical. Its opening is on the end of a short 

collar-like peristome cut off at right angles to the main axis. The surface of 
the shell bears longitudinal striae. Although lacking in three out of the ten 
specimens, there is generally an apical spine ( or a button). 

Dimensions. Six specimens (stas. 60 and 72): length of shell 0.071-0.083 
mm.; width 0.048-0.061 mm. 

Collection. Arctic Ocean, stations 60, 72, 92, 96; ten specimens, 1600, 1500, 
7 30, and 200 m. to the surface. 

Distribution. C. melo has been found in the North and South Atlantic and 
Indian oceans, and in arctic waters (Greenland Sea and west of Spitsbergen). 
The species occurred in various depths, but was more frequent in the deeper 
zones. Usually it was present in small numbers. 

Discussion. The dimensions of the measured specimens are smaller than 
the ones given by Haecker (1908) and Borgert (1910) which are: length of 
shell 0.085-0.138 mm., width 0.053-0.096 mm. The length of the shell agrees, 
however, with the data given by Certes ( 1889): 0.060--0.080 mm. It is possible 
that this species is identical with C. schlumbergeri Certes. 

Family Porospathididae Borgert, 1901 
Genus Porospathis Haeckel, 1879 
Porospathis holostoma (Cleve) 
Polypetta holostoma Cleve, 1899, p. 32, PL 3, Fig. 4; 1900c 
Porospathis holostoma Borgert, 1901, p. 48, Figs. 56, 56a; 1903; Jorgensen, 1907; 

Haecker, 1908; Borgert, 1910; Schroder, 1913; Dogel' and Reshetnyak, 1952; 
Somov, 1955 

Descrip,tion. The shell is spherical with a regular surface pattern of 
triangular ridges; the opening is ,located on the end of a cylindrical tube with 
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a trumpet-like end. On the shell there are radial spines the lengths of which 
are about 3-4 times the diameter of the shell. In the half of the shell on the 
side of the tube ( ad tubal) the spines are more numerous than on the abtubal 
side. 

One of the specimens could be identified as belonging to the egg-shaped 
variety oligosityla· Haecker (1908). It was in a tow from a depth of 1600 m. 
to the surface ( sta. 7 6). 

Dimensions. Diameter of shell ranges from 0.070-0.150 mm. (Haecker, 
1908), eight specimens: 0.120-0.160 mm. 

Collection. Arctic Ocean, 16 stations: 3, 5, 9', 11, 31, 39, 43.2, 46, 53, 60, 
72, 73, 74, 76, 81, 92; more than 420 specimens. Only eleven out of these were 
found in depths above 400 m. 

Distribution. Since its description P. holostoma has been reported from 
all oceans. The depth of occurrence is specified as being exclusively greater 
than 400 m. (Haecker, 1908). 

Discussion. The :findings of P. bolostoma in the collection give further 
proof that its main distribution is below 400 m. 

Family Coelographididae Haeckel, 1887 
Genus Coelodecas Haeckel, 1887 
Coelodecas pygmaea Haecker 
Coelodecas pygmaea Haecker, 1907, p. 167, Fig. 19; 1908; Schroder, 1913; 

Popofsky, 1926 
Description. The outline of the lattice mantle is a broad egg-shape. The 

styles project only a little beyond the lattice. The terminal coronets of the 
styles are produced by branches which taper dichotomously three times or, 
rarely, four times on the distal end, therefore having 8 or 16 fingers. These 
fingers are long and slender, mostly more or less undulating, and armed along 
their entire length with recurved hooks which decrease in size distally. At 
the end each finger bears 3--5 stout teeth bent outward. 

One animal was found having one terminal coronet made of two singly 
bifurcated branches; the other coronets of this animal had the usual eight 
fingers ( sta. 7 6) . 

Dimensions. Length of terminal coronet, from first fork to distal ends of 
fingers 0.250-0.385 mm. (45), extreme values 0.200 and 0.420 mm.; length of 
recurved hooks 0.009-0.028 mm. (88), extreme values 0.006 and 0.034 mm. 

Collection. Arctic Ocean, 18 stations: 5, 9, 22, 31, 38, 43.2, 46, 53, 60, 72, 
73, 74, 76, 87, 92, 96, 99', 104; sixty specimens. In sta. 72 parts only were found. 
The specimens were found in the hauls from depths greater than 200 m., but 
four hauls on different stations from only 200 m. to the surface yielded six 
specimens, five of which were fairly intact. This is the first coelodendrid 
reported from the Arctic Ocean. 

DistributiJon. C. py gmaea has been reported from the warm- and cold-
water regions of the Indian Ocean (Haecker, 1907; 1908), from the warm and 
northern cool-water regions of the Atlantic (Popofsky, 1926) and possibly 
from Antarctica (Schroder, 1913). In the Plankton-Expedition (Popofsky, 
1926) C. pygmaea was present only in hauls from 500 m. and deeper to the 
surface. 

Discussion. Popofsky ( 1926) interprets these results as indicating that 
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C. py g;ma;ea occurs mainly in the upper layers of the so-called skotoplankton 
(a depth of 350-400 m. to 1000-1500 m.).1 He ascribes the absence of this 
species from the closing net tows of the Plankton-Expedition to its sparsity. 

The localities for C. py g;maea in the North Atlantic were in the Irminger 
Sea and the Labrador Current. The species has been found neither in the 
East nor in the West Greenland currents. Borgert ( 1911) mentioned these 
currents as poor in tripylean radiolarians. Popofsky ( 1926, p. 7 5) held that 
coelodendrids should not be expected to occur in the currents from the Arctic 
Ocean, since he considers warm-water regions as their main habitat. He 
believes that the coelodendrids living in the North Atlantic areas were carried 
alive into regions of cool water. 

On the basis of the results of the Plankton-Expedition, Popofsky lists 
C. py gmaea as rare both in number of catches and of individuals. But in the 
part of the Arctic Basin where our material originates this species does not 
seem to be rare. Among the seven species of tripylean radiolarians found here 
it holds second place in frequency of occurrence ( in 18 stations) although it 
ranks fourth in number of individuals taken. 

These results encourage the writer to assume that C. py gmaea· has its centre 
of distribution in the Arctic Ocean. With our records, this species can be 
called eurythermal, and the writer suspects that upon further investigation it 
will also be shown to be cosmopolitan even though it has not been reported 
from the Pacific. 

Summary 

In plankton collected in the Arctic Ocean in the area between the north 
pole and Ellesmere Island thirty-two species of Radiolaria were found. Their 
taxonomy is studied and the ecology discussed. Three new species and one 
new form are described. 

Zusammenfassung 

In Plankton, <las vom Polarmeer aus der Gegend zwischen Nordpol und 
Ellesmere Island stammt, wurden zweiunddreissig Radiolarien-Arten gefunden. 
Ihre taxonomische Stellung wird erortert und ihre Okologie diskutiert. Drei 
neue Arten und eine neue Form werden beschrieben. 
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Table 1. Biological stations at which plankton was collected. 

Depth of Depth 
St rz tion Dale Lat. Long. water of tow* No. of tows 

No. (m.) (m.) 

3 6 12 52 86° 53 N. 82°00W. 2800 200 + 3 
2500 + 
2500 

5 29 12 52 86 06 95 20 2386 200 + 4 
200 

2000 + 
2000 

9 5 53 86 00 93 40 2205 200 + 4 
200 + 

2000 + 
2000 

11 16 1 53 85 58 91 10 2000 4 

21 14 4 54 84 41 81 31 200 
22 15 4 54 84 41 81 31 200 
25 19 4 54 84 39 81 20 1600 200 2 

1400 
31 25 4 54 84 40 81 30 1537 200 2 

1400 
38 3 5 54 84 36 81 10 surface + 8 closing net 

200 
400- 200 + 
600- 400 + 
800- 600 

1000- 800 
1200-1000 + 1400-1200 

39 4 5 54 84 35 81 10 1531 200 3 
1400 
1400 

43 . 2 18 5 54 83 27 89 50 1600 200 4 
200 

1600 
1600 

46 21 5 55 83 15 90 30 1772 200 4 
200 

1600 
1600 

53 28 5 55 83 15 90 15 1683 200 4 
200 

1600 
1600 

60 5 6 55 83 11 89 20 1654 200 4 
200 

1600 
1600 

72 20 6 55 83 07 90 20 1670 200 3 
200 

1500 
73 23 6 55 83 12 90 15 1700 200 6 closing net 

200 
400- 200 
400- 200 

1600- 400 
1600- 400 

*=depth in metres to the surface, unless otherwise indicated. 
? = incomplete, or doubtful, information, omitted in T able 2. 

+=no Radiolaria present, omitted in Table 2. t = figure given in record. 
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Table 1.-Continued 

Depth of Depth 
Station Date Lat . Long. water of tow* No . of tows 

No . (m.) (m. ) 

74 25 6 55 83° 07 N. 91° 35 w. 200 16 closing net 
200 

400- 200 
400- 200 
600- 400 
600- 400 
800- 600 
800- 600 

1000- 800 + 1000- 800 
1200- 1000 + 1200- 1000 
1400-1200 
1400-1200 
1600- 1400 
1600- 1400 

76 3 7 55 83 00 92 35 1514 400 ft. (133) 5 
200 
200 

1600 
1600 

80 9 7 55 82 47 93 10 490 200 4 
200 
4~0 
480 

81 16 7 55 82 49 93 20 515 200 4 
200 
500 
500 

87 23 7 55 82 54 92 45 823 200 5 
200 
934t 
800 

? 
92 30 7 55 82 48 93 00 739 200 4 

200 
730 
730 

96 6 8 55 82 38 94 15 441 200 4 
200 
420 
420 

99 13 8 55 82 32 95 40 436 200 4 
200 
432 
432 

104 20 8 55 82 45 94 10 492 200 4 
200 
486 
486 

107 25 8 55 82 40 95 00 ?100 9 closing net 
?100 

? 
? 
? + 
? 
? 
? 
? 

*=depth in metres to the surface, unless otherwise indicated . 
? = incomplete, or doubtful, information, omitted in Table 2. 

+=no Radiolaria present, omitted in Table 2. t =figure given in record. 



Table 2. Depth of plankton tows a nd numbers of specimens of the larger species collected. 

Depth of tows 1600 1600 1400 1200 1000 800 600 400 Total 
(m.) 2500 2000 1600 1500 1400 930 800 730 500 480 430 420 200 133 -400 -1400 -1200 -1000 -800 -600 -400 -200 no. 

Species spec-
No. of tows 1 2 10 1 4 1 1 2 2 4 2 2 37 1 2 2 3 1 2 3 2 4 imens 

S pongotrochus No. taken 9 504 40 34 35 24 45 26 146 34 84 1196 26 6 1 2 3 35 2250 
glacial is % at depth 30 61.6 65.6 31.5 97 100 65.2 96 73 72.3 92.3 77 .2 87 5 .5 20 74 25 72.9 

Av. no. per tow 4.5 50.4 40 8 . 5 35 24 22.5 13 36.5 17 42 32.3 26 3 1 0 . 7 1. 5 9 

Aulacantha No. taken 12 t 3 2 2 21 1 2 17 5 2 68 
scolymantha % at depth 1.5 2 . 8 2.9 4.3 19 5 16 .3 62.9 41.6 4.2 

Av. no. per tow 1. 2 0 .8 1 1 10 . 5 0.5 0 .7 6 2.5 0 . 5 

Aulographis No. taken 1 3 t 2 3 2 12 
taumorpha % at depth 3 .3 0.4 1.9 16 16 .3 

Av. no. per tow 0.5 0.3 0.5 1.5 0 . 7 

Aulastrum No. taken 1 1 1 1 4 
spinosum % at depth 0 . 1 0.9 1.5 0.5 

Av. no. per tow 0 . 1 0.25 0 . 5 0 .25 

Cannosphaera No. taken 62 t 22 10 49 11 5 337 2 4 502 
antarctic a % at depth 7.6 20.4 14.5 24.5 23.4 5.5 21.8 16 . 4 8 .3 

Av. no. per tow 6.2 5.5 5 12.25 5 . 5 2.5 9 .1 0 . 7 1 

Cadium No. taken 1 5 3 1 10 
melo % at depth 0.1 8.2 4 .3 0 . 06 

Av. no. per tow 0.1 5 1.5 0 . 03 

Porospathis No. taken 1 18 215 16 45 4 1 5 4 75 15 6 4 7 2 2 420 
holostoma % at depth 100 60 26.3 26.2 41.6 5.8 4 0.3 13 70 79 50 80 26 16.7 4.2 

Av. no. per tow 1 9 21.5 16 11 2 0.5 0.13 4 37 . 5 7 . 5 2 4 2.3 1 0.5 

Coelodecas No. taken 2 19 t 1 1 4 4 2 10 6 2 1 2 5 60 
pygmaea % at depth 6.7 2.4 0.9 3 5.8 2 2.2 0.64 5.5 100 3.7 16.7 10.4 

Av. no. per tow 1 1.9 0 . 25 1 2 1 1 0 . 27 3 1 0.3 1 1.25 

Total no. Radiolaria 1 30 817 61 108 36 24 69 27 200 47 91 1549 30 108 19 12 5 2 27 12 48 

No. of species 1 4 8 7 7 2 1 7 2 4 3 3 5 2 4 3 4 2 1 4 4 5 

Animals per tow 1 15 82 61 27 36 24 35 14 50 24 46 42 30 54 10 4 5 1 9 6 12 

t = Parts of animal present. 
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Table 3. Species and their geographical range. 

,;, 
;s 
"Cl 
i:: 

>, -~ i:: 
i-: ell ell Q) 

i:: (.I ell .... Q) 
...c: i:: ell i:: lC Q) 

ell U) (.I i:: i:: u U) Q) 0 cd -~ !: Q) cd (.I '[j 0 '@ .;l ·ui U) Q) "Cl -~ i:: Q) ell lC ell Q) 
cd .... "Cl z cd U) cd i:: ro (.I Q) (.I ·n 11.. ·M .... 

o::i 0 i:: .... Q) ro C1 .... 0 U) lC (.I 0 0 ro Q) ._ Q) 00 U) .... ro lC 
00 "Cl '2 bl) 0 U) Q) !: '@ !: B i:: bll ·n 11.. '@ ·u <J ,D .... 0. 
Q) 

-~ 
ro i:: ...c: 0 .b ro .... .... 

-~ 
ro 0 ·n .... QJ ·g ..., ro Q) ..., .... ;a ro i:: 11.. C1 ro JS 0 E Q) (.I ,D Q) 00 .... .... .... Q) i:: ;a ·5 11.. 

0. .... cd .... Q) ro ro 0 ro i Q) 
Q) 

i QJ i:: <J 0. ID 

U) < ,-'l 0 ..:: s: o::i z u en .5 o::i z u en <I; .... :0 0 
ell <J 

H aliomma sp. X X 

Cladococcus leptus sp.n. X X 

Echinomma leptodermum X X X X X X X X 

Cromyechinus borealis X X X X X 

Sphaeropyle langii X X X X 

Spongotrochus ? glacialis X X X X 

Plectacantha oikiskos X X X X X X X X 

Phormacantha hystrix X X X X X X 

Aegospyris sp. X X 

Tholospyris gephyristes sp.n. X X 

Dictyophimus gracilipes X X X X X X X X X 

Dictyophimus histricosus X X X 

Eucecryphalus histricosus sp.n. X X 

Lithomelissa ? laticeps X X X X X 

Tetraphormis rotula X X X X 

Tetraphormis triloba X X 

Tetraphormis enneastrum X X X 

Conarachnium profundum X X X X X --x-- X X 

Theocalyptra davisiana X X X X X X X X 

Artostrobus annulatus X X --x-- X X --x-- X Y. 

Lithamphora Jurcaspiculata X --x-- X X 

Botryopyle setosa X X X X X X X 

Aulacantha scolymantha X X X X X X X X x-x-- X X 

Aulographis taumorpha X X 

A ulastrum spinosum X X X X X 

Cannosphaera antarctica X X X X X X X X X 

Cadium melo X X X X X X X 

l'orospathis holostoma X X X X X X X X X 

Coelodecas pygmaea X X X X X X 

x=present 
? = uncertain 
-x-= no exact position given 
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Table 4. Dimensions of the shells of Echinomma leptodermum, Cromyechinus borealis, and Sphaeropyle langii. 

first shell second shell third shell fourth shell 
(mm.) (mm.) (mm.) (mm.) 

Echinomma leptodermum 0 . 015-0 . 017 0.035-0.040 0.085-0.088 
(Jorgensen. 1900) 

Echinomma leptodermum 0. 015 or more 0.040 
(Jorgensen, 1905) 

Actinomma boreale 0 .100-0. 120 
(Cleve, 1899) 

Cromyomma boreale 0.015- 0 . 017 0.034-0 . 037 0.077-0.085 0.096-0. 115 
(Jorgensen, 1900) 

Cromyechinus borealis 0 . 016 0.034-0 . 040 0.077-0.089 0.096-0.121 
(Jorgensen, 1905) 

Sphaeropyle langii 0 . 012 0.043 0.112 0 . 169 
(Dreyer, 1889) 

Arctic specimens 
Echinomma leptodermum 0.020 0 . 043 (0. 072) 

juv. 
Echinomma leptodermum 0.019 0.042 0.082 

ad. 
Cromyechinus borealis 0.012- 0.015 0 . 040 0.078-0.085 (0. 115) , 

juv. 
Cromyechinus borealis 0.015,0.016 0 . 040,0.042 0.078,0.085 0 . 1 08, 0 . 12 7 

ad. (2 specimens) 
Sphaeropyle langii 0.015 0 . 040 0.075 0 . 104-0. 108 

Table 5. Dimensions of Spongotrochus glacialis. 

Spongotrochus glacialis 
Popofsky (1908) Antarctic 
Popofsky (1912) South Atlantic 
Riedel (1958) Antarctic 

Arctic specimens (90) 

Stylospongia arachnia 
Popofsky (1908) 
Haeckel (1862, 1887) 

*Larger and smaller spines are not distinguished. 

Diameter of 
disc. (mm.) 

0 . 2 -0.24 
0 .13 -0 . 14 
0. 195-0. 465 

0.100-0.485 

up to 0 . 37 
0.12 -0.15 

Length of larger 
spines (mm.) 

up to 0 .22 

0. 005-0 .170 (often about 
0.070)* 

0.070-0.310 

up to 0. 2 
0.2 -0.6 
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