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PREFACE

he Danish Three-Year Expedition to East Greenland in 1931—34,

which, under the leadership of Dr. Lauvce KocH, was to make a
thorough scientific investigation of the regions between Scoresby Sound
and Danmarkshavn on the north-east coast of Greenland, had for its
object among other things a detailed investigation of the topography,
hydrography, and animal life of the large fjord systems — an object
which was to be attained not only through faunistic and zoogeographic
investigations, but in which the main stress was to be laid on biologic-
ecological results.

As a member of this expedition the author had the opportunity of
wintering, from August 1931 to August 1932, on Ellag in the Franz
Joseph Fjord district, investigating exclusively marine-biological prob-
lems, which, among other things, rendered it possible to make a series
of investigations of the animal life of the fjords through all the months
of the year, and to operate fairly extensively with living material.
Several of these investigations were continued the following year (August
1932 to August 1933) from Eskimonas on Claveringg by mag. sc.
HoLGErR MADSEN, so that the risk of generalising purely local variations
or drawing too many conclusions on the basis of a single year’s obser-
vations would thereby be considerably minimised. Moreover in the
summer of 1932 a thorough investigation of the whole Franz Joseph
Fjord complex was made from the expedition ship, s.s. “Godthaab”,
under the leadership of Dr. R. Spirck, and in 1933 the author was
able to make a similar investigation of Scoresby Sound from the
“Godthaab”.

The material secured during these investigations was brought back
to the Zoological Museum of the University of Copenhagen, where the
preparation was subsequently continued. As a result of this work a
series of papers have already been published (Spirck 1933, H. MADSEN
1936, THORsoN 1933, 1934a, 1934b, 1935a, and 1935b), and the present
paper, too, is to be regarded as part of this examination and description
of the material.
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A work like the present, which deals with so many different animal
groups, cannot, of course, be carried through without the author receiving
help from many quarters.

Professor zoologiee Ap. S. JENSEN secured to me the unique oppor-
tunity of wintering in Northeast Greenland under conditions which
rendered it possible to do zoological work all the year round, and Dr.
R. Spirck has been of great assistance to me both during my stays in
East Greenland and during the working up of the material in Copen-
hagen. I beg both these gentlemen to accept my most cordial thanks.

Further, my colleagues at the Zoological Museum of the University
have assisted me in the determination of difficult animals; thus cand.
mag. K. STEPHENSEN (Crustacea), mag. sc. Mrs. E. WESENBERG-LUND
(Polychaeta), and Mr. S. HEpING (Echinodermata). Dr. TH. MORTENSEN,
Dr. P. L. Kramp, and Professor C. WESENBERG-LUND helped me in
questions concerning literature and have also otherwise shown great
interest in my work. Stud. mag. E. BERTHELSEN determined a large
part of the crustacean material, stud. med. Miss BErTHA JENSEN dis-
sected out the large gonad material which forms the basis of the investi-
gations on spawning, Miss E. GLEERUP translated the present paper
into English and Mr. H. RguLIiNG plotted the numerous curves. Further,
mag. sc. HoLGER MADSEN, who continued the investigations at Eskimo-
nes, placed material at my disposal, cand. mag. H. UssinG undertook the
examination and description of the plankton animals and also supplied
me with observations on larvee of bottom animals found among these,
which I had not observed myself. The two latter gentlemen have
further been my zoological collaborators in Northeast Greenland. The
Greenlander BENJAMIN SAMUELSEN, Godhavn, collected monthly plank-
ton samples at Ellag in the autumn of 1932. To all these I here wish
to express my grateful acknowledgements.

Finally, my special thanks are due to the leader of the Three-Year
Expedition, Dr. Lavce KocH, who by the excellent planning of the
winterings and by placing the expedition ship the s.s. “Godthaab” at
the disposal of the marine-biological investigations in the summers of
1932 and 1933 created such rich possibilities for carrying out the bio-
logical work, and who also during the subsequent working up of the
material has assisted me in every way.




INTRODUCTION

As part of the results of the marine-biological investigations in
Northeast Greenland in recent years (topography, hydrography, and
the animal-communities of the sea-bottom) have now been worked up
and published, it is possible to survey the bottom fauna in its main
features.

The object of the present work, then, is to attempt, on the basis
of the material collected from Northeast Greenland, to point out im-
portant biological features common to the invertebrate species that
compose the bottom fauna of the arctic seas, and, if such common
features can be ascertained, to compare them with biological features
common to the bottom animals within other areas of the sea-bottom.

Of the more important biological functions of the marine inverte-
brates reproduction and nourishment seemed to me to be well suited to
serve as a basis for such an investigation of common features. As regards
reproduction this choice proved very happy, it being possible to take
a survey of its main features. However, as regards the nutritive problem
the case is somewhat different, the physiology of nutrition in the marine
invertebrates being still so little known that a real survey must for the
present be regarded as impossible. In this paper, therefore, only some few
aspects of the question of nourishment have been indirectly elucidated
through a survey of the growth and the consumption of oxygen.

During the work with these matters it has been a great impediment
that after the return from Northeast Greenland in 1933 the investigation
has been entirely dependent on the observations and material collected
up to that time, supplementary investigations in the localities where
collections were made not being possible. Thus a number of observations
which might perhaps have been established with certainty by renewed
investigations on the spot were reduced to mere hypotheses and con-
jectures. 1f these observations have nevertheless been included here, it
is in the hope that marine biologists will in future direct their attention
towards them and subject them to a thorough investigation.
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The area of the sea whose bottom fauna is to be treated in the
present paper comprises partly the outer coast of Northeast Greenland
from Kangerdlugssuak (68°10" N. lat., 32°00" W. long.) in the south to
Danmarkshavn (76°50" N. lat., 19°00" W. long.) in the north, partly
the immense fjords which open out along this stretch of the coast.
While in this work the designation “Northeast Greenland” includes the
coast and fjords as a whole, the term “the Northeast Greenland fjords”
will be used in the description of phenomena ascertained in the fjords
alone. As by far the greater part of the material collected is derived
from “the Northeast Greenland fjords”, these will be described in some-
what greater detail here.

The Scoresby Sound and the Franz Joseph Fjord districts are the
largest and the second largest fjords of the world, respectively. From
the outer coast their many ramifications extend 250 to 300 km into the
country, where their interiors are bounded by huge perpendicular moun-
tain walls and terminate directly in the glaciers of the inland ice. During
eight and a half to nine months of the year the surfaces of the fjords
are covered by a layer of ice 1m to 2m thick, which only disappears
during the actual summer months (July, August, and September). These
facts alone will render it obvious that marine-biological work in these
regions is very difficult, and when it is further added that the ships of
the expedition in order to be able to push into the fjords at all often
have to pass an ice barrier along the outer coast 100—200 km in width,
it is not to be wondered at that the animal life of the fjords has
hitherto been very little known. [t is true that earlier expeditions have
brought home animal material from these tracts, so that it has been
possible to obtain a quite provisional faunistic survey of the fjords, but
investigations have never before been made from purely biologic-
ecological points of view, the special relations between the stock of
bottom animals and the particular conditions of the fjords having so
far been entirely unknown.

However, through the investigations made in Northeast Greenland
during the last few years we have succeeded in obtaining in broad
features a general view of the topography, the hydrography and
the animal communities of these fjords, and as the subjects to be
discussed in the present paper are based entirely on the view gained
during the last few years, it seems reasonable here to give a summary
of the conditions especially characteristic of Scoresby Sound and Franz
Joseph Fjord.

1) Topography (cf. SPArck 1933 and THOrsoN 1934a). In those
parts of the Franz Joseph and Scoresby Sound fjords that are situated
nearest to the open sea the rocks are chiefly sediments, which form
not particularly high, often fairly rounded mountains. In the interior



VI  The Larval Development etc. of Arctic Marine Bottom Invertebrates. 9

of the fjords conditions are quite different. Here the crystalline rocks make
their appearance — at a sharp boundary nearly in the middle of the
fjord areas — and these rocks are now predominant throughout the
interior of the fjord areas. Where the crystalline rocks begin, the land-
scape immediately changes its character. Perpendicular mountain walls,
about 1500 to 2000 m high, with jagged, often ice-clad peaks bound the
fjords; at the heads of the ramifications of the fjords the inland ice sends
out its glaciers, and here, especially in summer, the large production of
huge icebergs, which lend their special character to these inner fjords,
takes place.

The bathymetrical conditions of the fjords correspond entirely to
the configuration of the surrounding territory. Thus at a rather small
depth (about 200 m) a “shelf” extends along the outer coast. The shelf
1s cut across by grooves, through which the Greenland Sea communi-
cates with the outer fjord basins, which attain a depth of 400 to 600 m.
In the inner fjords the depths — corresponding to the much higher
mountain walls — are much greater, ranging in the Franz Joseph Fjord
district from 600 to 900 m, while in Scoresby Sound they may be even
about 1450 m (Northwest Fjord) — the greatest depth of any fjord
known so far. While in the Franz Joseph Fjord area the various basins
are often separated by shallow-watered thresholds (at a depth of less
than 200 m), and the whole fjord area thus consists of typical threshold
fjords (e.g. Dusén Fjord, Geolog Fjord, and Franz Joseph Fjord itself),
the thresholds in Scoresby Sound are but few in number and occur at
a depth of at least 400 m. In Scoresby Sound a threshold is absent,
among other places at the mouth of the fjord, and the outer basin of
Scoresby Sound, 150 km long, seems throughout the greater part of its
depth to communicate directly with the open sea, and moreover Scoresby
Sound opens into the sea with a much wider mouth than Franz Joseph
Fjord.

2) Hydrography (cf. SpArck 1933, THorsoN and Ussing 1934a).
In Scoresby Sound and Franz Joseph Fjord a surface layer with positive
temperatures of a thickness of 10—25 m is formed in the summer. At
the surface proper the temperature may rise to about 12°C and even
to a depth of 10 m temperatures of 5°—6° have been measured (average
temperature, however, 2.5° C). This surface layer has an average salinity
of about 30 per mille. Immediately below the surface layer and down
to a depth of 300—400 m there is a layer of water with negative tempera-
tures (0° to —1.70° C, salinity 32.30—34.80 per mille), the so-called
“Polar Current water”’, and below this another layer with positive
temperatures (0° to 1.70° C and a fairly constant salinity of 34.60 to
34.95 per mille). At the beginning of October the positive surface layer
disappears and soon assumes the same temperature as the subjacent
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layer of Polar Current water, and at the same time the surface of the
fjord is covered by a layer of ice, which towards springtime may be
more than 2 m thick. Not till the end of June or the beginning of July,
when this layer of ice breaks up or melts, will a positive surface layer
form again and remain for 3—4 months. During the melting of the ice
this surface layer may for a short period (about two weeks) be extremely
fresh (thus at a depth of 3 m at Ellag the salinity was 3—4 permille).

It seems indispensable for the occurrence of positive bottom water
in the deep East Greenland fjords that the threshold of the fjord, if any,
should lie below the surface of the bottom water layer with positive
temperatures (i. e. deeper than 300—400 m). As stated above, several
of the thresholds in Franz Joseph Fjord occurred at a depth of 200 m
only, and fjords of this type, therefore, in addition to the positive surface
layer, contain only Polar Current water (e. g. Dusén Fjord and Geolog
Fjord). In Scoresby Sound, however, no thresholds occur at depths less
than 400 m, which naturally has the effect that the positive bottom
water layer occurs even in the innermost fjord ramifications. This also
results in a difference in the movements of the water within the two
fjord areas, the movement being somewhat stronger in Scoresby Sound
than in Franz Joseph Fjord, where it seems to be extremely slight. The
latter conjecture is supported i. a. by the fact that the deeper water
layers of the inner fjords are known to be very poor in oxygen and
consequently can hardly be supposed to be renewed very often. A zoo-
logical phenomenon that might perhaps be supposed to indicate the
same is, that sedentary animals like hydroids and bryozoans are very
rare in the inner fjords, and that actinians are normally only found
adhering to living snails (Sipho, Buccinum), and their nourishment
therefore is less dependent on the movements of the water. In the outer
district of Scoresby Sound the communication with the sea is so open
and the movements of the water so considerable that extensive areas
with a sandy bottom are found, a phenomenon which according to the
available literature does not seem to be common in the Arctic.

Finally it should be noted that in summer — especially in the
month of August — the transparency of the water in the inner fjords
is very slight, i. a. on account of the mud carried down by the large
water-streams and the glaciers of the inland ice, which may make the
surface of the water quite milky. This opacity of the water is of great
ecological importance, since it prevents the light from penetrating
through the water and thereby reduces the intensity of the assimilation
of the phytoplankton even within the already very limited summer time
(cf. pp. 83—95).

3) The animal communities of the fjord bottom (cf. SPirck
1933 and 1935, Tuorson 1933 and 1934a).
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I. The animal communities of the level sea bottom. By
means of !/, and !/; sq.m. PETERSEN bottom samplers a large number
of quantitative bottom samples were taken in the Franz Joseph Fjord
and Scoresby Sound in the years 1931, 1932, and 1933. The details of
these investigations with tables and plates showing the distribution of
the bottom animals were published in the above-mentioned works. Here
merely a brief summary of the animal communities and their distribution
as a basis for the subsequent investigations will be given.

The Macoma-calcaria-community. The type animal is the lamelli-
branch Macoma calcaria, which is always frequent in the samples. This com-
munity occurs everywhere on the soft bottom along the coasts of the North-
east Greenland fjords from 4m out to 45m depth. As this community
may vary considerably in its composition in the different localities, some
of the more frequent variations will be described in greater detail.

The Astarte-borealis-zone. In addition to Macoma calcaria there
occur here as typical accompanying animals the lamellibranch Astarte bore-
alis and the worms Priapulus caudatus, Nereis zonata, and Harmothoé im-
bricata, while ophiurans are entirely absent. In Franz Joseph Fjord the
polychaete Pectinaria granulata is extremely characteristic of this zone,
while it is wholly absent from Scoresby Sound. The Astarte-borealis-zone
is the shallow-water zone of the Macoma-calcaria-community, which
zone both in Franz Joseph Fjord and in Scoresby Sound has its main
distribution at depths ranging between 4m and 15m, and thus in summer
attains fairly high water temperatures (up to 5° to 6°C).

The lower Ophiocten-zone. In addition to Macoma calcaria the
ophiuran Ophiocten sericeum and the crustaceans Philomedes globosus and
Diastylis sp. are characteristic of this zone, and in Franz Joseph Fjord
further Pectinaria granulata. In Franz Joseph Fjord this zone is found
throughout the fjord area at depths of from 14 m to 25 m, and thus lives
even in the water layers which have positive temperatures in the summer
(though only slightly above 0° C). In Scoresby Sound this zone is not
distinguishable from:

The deeper Ophiocten-zone. Macoma is still the type animal.
Ophiocten sericeum is a frequent accompanying animal, and in addition
the lamellibranchs Pecten groenlandicus, Portlandia lenticulata, Nesera
obesa, and Macoma moésta are of common occurrence, though none of
them can be said to be especially frequent. In Franz Joseph Fjord, too,
Pectinaria granulata is absent from this zone, while the zone proper is
distinct at all depths from 25 m to 45 m, and thus is characteristic by
living constantly at negative temperatures. In Scoresby Sound the zone
is completely fused with the preceding one to a common Ophiocten-zone,
which is found in the same localities and at the same depths as the two
Ophiocten-zones in Franz Joseph Fjord.
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The Halcampoides-zone. Macoma is a type animal, but in regard
to weight it ranks second to the accompanying animal, the actinia
Halcampotdes purpurea, which may occur in a number of over 100 indi-
viduals per sq.m. and of a weight of about 280 gr. Of other typical
accompanying animals may be mentioned Ophiocten sericeum and the
lamellibranch Axtnus flexuosus. This zone is only known from Hurry
Inlet in Scoresby Sound, where it was found at depths of about 30 m.
Thus it seems to live under constantly negative temperatures, but to
all appearance (judging e. g. by the large number of sedentary actiniae
and the considerable weight, about 370 g per sq.m), this zone will only
develop under particularly favourable food conditions.

The Macoma-calcaria-community is unquestionably the shallow water
community most widely distributed within the Northeast Greenland
fjords, where it extends along the coasts out to about 45—50 m depth.
Its weights also are fairly considerable, for the four above-mentioned
zones about 110 g, about 80 g, about 100 g, and about 380 g per sq.m
respectively.

The Macoma-calcaria-community is further widely distributed in
the other arctic seas, whence it is known 1i. a. from Storfjord at Spits-
bergen (the Ophiocten-zone, cf. Brorzxy 1930), from the Spitsbergen
Bank (Iperson 1931), from the walers round the Kéanin Peninsula
(Zenkewirscn 1931), from the Barents Sea (the Astarte-borealis and
Ophiocten-zones), and from the White Sea (ZEnkewitscH 1927), as also
from northern Norway (Soor-Ryen 1924), (cf. also SPArck 1935). From
the Faroes and Iceland, too, this community is known (SPirck 1929),
and it also occurs as a relict in the Baltic and the southern part of the
Great Belt (C. G. Jou. PererseEn 1913, Tuorson 1933, p. b0).

For the succeeding investigation of the reproduction and nourish-
ment of the animals of the sea bottom this even distribution of the
Macoma-community throughout the Arctic means that a large proportion
of the results gained may be generalised for other arctic seas also, which
necessarily gives the investigation a wider range.

The Venus-fluctuosa-community. The type animal is the lamelli-
branch Venus fluctuosa. Frequent accompanying animals are the lamelli-
branchs Thracia truncata, Pandora glacialis, and Astarte borealis. Thus
only lamellibranchs are of quantitative importance within this com-
munity. The community is known from the shallow-watered coast
stretches at the mouth of Scoresby Sound (Cape Hope), where a strong
movement of the water has sorted the suspended material, so that a
“pure” sandy bottom is found. The community is known here {rom
depths of 9m to 20m, and as the surface temperature at the mouth of
Scoresby Sound is generally lower than in the inner fjords (cf. THORSON
and Ussing 1934a), it means that the community lives at constantly
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negative temperatures. The weights (about 370 g per sq.m) are very
considerable, presumably on account of the rich supply of nourishment
furnished by the strong movement of the water.

The Venus-community is not known from any other arctic localities,
but will probably prove to be present wherever a suitable sandy bottom
is found.

The Portlandia-arctica-community. The only type animal is the
lamellibranch Portlandia arctica, and hardly any accompanying animals
occur. In its typical form the community is found off river mouths and
in front of the large glaciers in Franz Joseph Fjord and Scoresby Sound,
in the loose, light-grey mud deposited by the melt-water. It occurs at
depths ranging from 10 to 60 m. On account of the melt-water of the
rivers the temperature in the localities of the community will probably
not rise above 0° C even in the summer. The weights are inconsiderable
(about 40 g per sq.m). The community is so far known from the North-
east Greenland fjords only, and its distribution can hardly be compared
with that of the other Northeast Greenland animal communities, but
must be regarded as more local.

The Astarte-crenata-community. Type animals are the lamelli-
branchs Astarte crenata and Arca glacialis. Typical accompanying animal
is the lamellibranch Azinus flexuosus. The community is very poor in
species, and occurs at all depths from 40m to at least 5560 m. However,
in the area of Franz Joseph Fjord the community seems to occur chiefly
in the Polar Current layer (only down to 300—400 m depth), and to be
replaced in deeper water by the succeeding community. In Scoresby
Sound it is found (in Northwest Fjord) at far greater depths, and is
especially in the outer completely mixed with the Foraminifera-
community. On account of the poor food conditions in the fjords it
must even be considered ecologically as a “deep water community”, and
in agreement herewith the weights are inconsiderable, but vary greatly
(3 to 40 g per sq.m). In contrast to the communities previously mentioned,
the Astarte-crenata-community is characteristic in that the lamellibranchs
form less than 50 per cent. of the total weight, the polychaetes and
ophiurans constituting the remainder.

The Astarte-crenata-community is abundantly distributed in the
Northeast Greenland fjords and is also known from a number of other
localities in the Arctic, for instance from Storfjord at Spitsbergen (BroTzKY
1930), from the Spitsbergen Bank (Iperson 1931), from the Barents Sea
(according to written information from Mrs. V. A. BrotzkY), and from
the fjords of northern Norway (Soor-Ryen 1924). In contrast to the
Macoma-calcaria-community, which also had a wide distribution, the
Astarte-crenata-community is not known from Iceland and the Faroes,
the possibility exists, however, that the community does occur there,
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though if so, in much deeper water, whence no bottom-samples have
hitherto been available. The wide distribution of this community in the
Arctic renders it probable — as for the Macoma-community — that several
of the biological results arrived at through the subsequent investigation
may be generalised for larger areas of the arctic seas (cf. pp. 122—127).

The Foraminifera-community. The type animals are various
Foraminifera (Rhabdamina cornuta, Miliolina bucculenta), and as accom-
panying animals may be mentioned Azinus flexuosus, Azinopsis orbi-
culata, and the polychaete Asychis biceps. Known from all depths between
50 m and 780 m from Franz Joseph Fjord, however, generally only from
depths over 200 m, while in Scoresby Sound the community is mixed
with the Astarte-crenata-community in the outer districts, and in the
middle basin (Hall Fjord) it is the sole community present at all depths
over 40 m. Ecologically it must, like the Astarte-crenata-community, be
regarded as a “deep water community”, and its weights are small and
varying (3 to 138 g per sq.m), but on an average about 30—40 g per sq.m,
or somewhat higher than the weights of the preceding community.

As mentioned above, the community is widely distributed in the
Scoresby Sound and Franz Joseph Fjord. It is unknown from other
arctic seas, where, however, it no doubt lives, and it must be pre-

-sumed to be identical with the Foraminifera-community described by
STeEpHEN 1923 (from the deep portions of the northern Atlantic).

II. The epifauna.

A. The epifauna of the level sea bottom.

The Sazicava-arctica-community. The type animal is the lamelli-
branch Saxicava arctica. Various polychaetes are accompanying animals.
Sometimes found in huge lumps adhering to stones and other inequalities
of the sea bottom. Occurs at all depths from about 8 m to about 40 m,
that is to say, at both positive and negative summer temperatures. This
community is the arctic equivalent of the Mytilus and Modiola epifaunas
of the boreal seas, and it seems to be far more frequent in the Franz
Joseph Fjord area than in Scoresby Sound. It must be presumed to be
widely distributed in the Arctic.

In deeper water (100 m and more) an Ascidia-epifauna and a Gor-
gonocephalus-epifauna are further met with, whose geographical and
quantitative distribution are too little known to allow of a more detailed
discussion.

B. The epifauna of the vegetation.

The Margarita-groenlandica-community. The type animals are
the snail Margarita groenlandica and the lamellibranch Modiolaria discors
(var. laevigata). Typical accompanying animals are the echinoderms Ste-
phanasterias albula, Ophiura robusta, and Strongylocentrotus droebakiensts.
This very productive zone, which corresponds entirely to the Zostera-
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epifauna of the boreal seas, is of common occurrence from a depth of
some 4—b m to about 25—30 m, associated with growths of Des-
marestia and Fucus. Thus nearly throughout its zone of occurrence
positive summer temperatures prevail, and it is widely distributed in
the arctic seas.

In deeper water (about 25—40 m) there occurs a red algal epifauna
with Acmaea rubella, Antedon sp., and Pecten islandicus as type animals.
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Fig. 1. Curves showing weight of bottom animals per sq.m. in gr. in different
localities within the Scoresby Sound.

However, this zone seems in East Greenland, as well as in other parts
of the Arctic, to be of small quantitative importance.

Most of the animal communities summarised here have been dis-
cussed in a recently published paper (Spirck 1935) and considered in
relation to the animal communities of other seas.

From the weights of the various animal communities given
above it is strikingly evident that the shallow-water communities
(the Macoma- and Venus-communities) present the highest weights,
while the animal weight for the “deep water communities” is very low.
This is further illustrated by fig. 1, which also shows the astonishing
decrease of the weights with increasing distance from the open sea. That



16 GUNNAR THORSON. VI

this must have some relation to the food conditions and the factors on
which they depend (water movement, illumination, salinity, oxygen
content, etc.), must, I suppose, be taken for granted at the outset.

For the succeeding investigation the animals of the Macoma-calcaria-
and the Astarte-crenata-communities as well as the animals of the two
shallow-water epifaunas (the Saxicava-arctica- and the Margarita-groen-
landica-communities) have especially been used. All these communities
are known to be extensively distributed in the arctic seas, so that part
of the results gained must be assumed to be valid for large portions of
the bottom fauna of the arctic seas. As moreover these four communities
show four widely different ecological types, viz. a shallow water com-
munity, including zones with positive and zones with negative summer
temperatures, a “deep water community”’, which lives under very
unfavourable food conditions, a level bottom epifauna, and finally a
fauna associated with the vegetation and hence free from the competition
at the sea bottom, it should be possible through these animal stocks
to obtain a general view of important biological functions of the animals
of the sea bottom within these fjord areas and, in part, to generalise
these results for other areas of the arctic seas.



REPRODUCTION

The object of the first of these investigations of the bottom animals
of the Northeast Greenland fjords was to study their reproduction. The
material must at the outset be regarded as suitable for such an investi-
gation. Thus a whole-year plankton investigation from the Soliterbugt,
Ellag, for the year 1932 was of great importance. For each month
of the period January—July 50 monthly vertical hauls from 50 m depth
(bottom) to the surface of a certain locality of the bay were available,
and from the period August—December 10 monthly hauls were taken
in the same place and in the same manner. During the winter these
samples were taken in a shed built on the ice for this purpose. Through
a hole in the ice floor, and by a special heating of the shed the plankton
samples were placed in glass tubes without freezing, so that a counting
of the contents could take place on living material. During the first
half of 1932, from which so many plankton hauls are at hand, hauls
were taken by means of plankton gauze of different density from
different depths; but first of all it was arranged that in each month
all the year round 10—20 vertical hauls should be taken through the
same water column, with the same plankton net (gauze No. 12), and
with the same velocity of the hauls, so that the averages of these sample
series throughout the year are directly comparable and thus provide a
reliable annual cycle both for plankton animals and — what is of special
interest for the present investigation — for pelagic bottom animal lar-
ve. Further, for the period from August, 1932, to July, 1933, an exactly
corresponding series from Eskimones on Claverings (74°20" N. lat.)
is at hand, collected by mag. sc. HoLcerR MapsEN; here, however,
the monthly number of samples is smaller than that from Ellag.

In addition to these very valuable plankton series, which will also
be worked up later as regards the plankton animals proper, a very large
material, preserved in alcohol, is at hand from the wintering on
Ellag 1931—32, consisting of bottom animals from the months of May
to October. In the summers of 1932 and 1933 this material was further

100 2
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supplemented by numerous collections from the Scoresby Sound and
Franz Joseph Fjord areas, and a control material was likewise col-
lected at Ellag in August, 1933. To these must be added a large
number of observations on living material made during the long stays
in East Greenland, and special investigations on the reproduction of
particularly difficult groups. As regards the prosobranchs, whose larve
were entirely absent from all the plankton samples, it was necessary to
collect egg-capsules and egg-masses of as large a number of species
as possible in order to elucidate the mode of development. This neces-
sitated a special investigation, whose results assumed such proportions
that a separate treatise was necessary (cf. THorsoN 1935a), as the num-
erous details would fall outside the scope of the present work.

For quite practical reasons it has further proved necessary to restrict
the investigations of the reproduction to the groups of bottom animals
which are quantitatively predominant in these regions. Hence the various
systematical groups have not been given an equally detailed treatment;
on the contrary, ecologically important groups of animals have heen
dealt with at greater length than the groups which are less dominant
within the areas in question. Thus the Echinodermata are only treated
in a fairly small section, which has even given comparatively few fresh
data, while the highly dominant groups such as the Gastropoda and the
Lamellibranchiata have both of them been subjected to a special, detailed
examination, etc.

In the treatment of the problem of reproduction for each group
an accurate account is given of the material employed and the way in
which it has been treated.

A. Echinodermata.

In the monthly plankton investigations at Ellag in the year
1932 the echinoderm larve played but a subordinate part, qualitatively
as well as quantitatively. Thus only two different types of larva could
be demonstrated with certainty in the plankton, viz. the larvee of Stron-
gylocentrotus droebakiensis and Ophiocten sericeum, of which the latter
larva had not previously been described. At Ellag the Ophiocten
larva was ecasily identifiable, partly on account of its great frequency,
which corresponded entirely to the great dominance of Ophiocten sericeum
in the place, partly through a comparison of the egg-size and time of
spawning of the mother animals with the time of occurrence of the larva
in the plankton (cf. THorson 1934b). In the summer of 1933 it was
further possible to identify the larva of the common epifauna-ophiuran
Ophiura robusta; its characteristic larva as well as Ophiura robusta itself
occurred in large numbers at Cape Hope (Scoresby Sound). The latter
form is only known from its occurrence in the plankton during the short
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summer, while the larve of the two other forms are distributed as
follows in the plankton in the different months of the year:

Ophiocten sericeum?).

| |
| Jan. | Febr, | March| April May | June | July | Aug.| Sep. | Oct. | Nov. | Dec.
| | _

6| 4 110 1 0
470 | 195 | 75 10

~D
[y
S

Elag........... !7 sl 155l 0] o0
Eskimones ..... }10 10 5} 5 0 0

Strongylocentrotus droebakiensis.
\

T 7 N
Jan. | Febr. March April| May June‘ July | Aug. | Sep. | Oct. | Nov. | Dec.

Elag........... ol ol o o0 o] of%= o] 0| 0| 0]o0
Eskimonzs ... .. 0|00 0 o|6|8| 1|02 0o

These two tables show that the larvee of Ophiocten sericeum are far
more frequent in the plankton than those of Strongylocentrotus, and while
the latter were only found in the plankton in June, July, and August,
the Ophiocten larve seem to have two annual maxima in the plankton,
a summer maximum in July, August, and September, and a winter
maximum in January and February. In agreement herewith the in-
vestigations of the spawning period of Ophiocten at Ellag showed a
summer spawning and a late autumn spawning (November, December)
(THORrsoN 1934a). This is a remarkable fact, as the larve of Ophiocten
are the only larve of bottom animals normally occurring in the
plankton at Ellas and Eskimones in January and February. A large
number of the larvee found during these winter months had started
the metamorphosis into the youngest bottom stage. As the length of
the larval stage is fairly considerable, it is quite possible that the last
part of the larval stage is passed without feeding. This isolated occur-
rence of Ophiocten larve in the winter plankton may possibly be due
to the fact that only such individuals of Ophiocten which are exposed
to positive temperatures in the shallow water, spawn during the summer,
while the Ophiocten individuals which live in somewhat deeper water
and consequently at constantly negative temperatures spawn later in
the year.

Our only knowledge about the time of spawning and the occurrence
of larve of Ophiura robusta is that young larvee were common in the
plankton at Cape Hope, Scoresby Sound, on July 13, 1933, and that
fully developed larve of this species were found in the plankton off
the colony of Scoresby Sound on August 14, 1933. At Ellag and
Eskimonees no larve of this species were found.

Thus, despite the large material of plankton samples from Ellag

!} The figures indicate the amount of larvee per 10 samples.
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and Eskimonees and the supplementary summer samples from other
parts of the fjord complexes, only three pelagic echinoderm larve
are known from the Northeast Greenland fjord plankton, viz. Strongylo-
centrotus droebakiensis, Ophiocten sericeum, and_ Ophiura robusta (cf.
Tuorson 1934b). As all these three species are extremely common as
bottom animals in the fjords, it is quite conceivable that some of the
rarer species also have pelagic larve, but that these have been over-
looked. Hence it seems reasonable to ascertain the size of the eggs and
the time of spawning in as large a number of the echinoderms of the
area as possible in order to obtain a general view of their reproduction.
The size of the egg in particular is of interest, since Lupwic (1904,
p. 684) and TH. MOoRTENSEN (1920) and others have shown as regards
a great number of echinoderms that big eggs rich in yolk as a rule
develop into bottom forms without any pelagic stage or with a much
shorter larval development.

From Northeast Greenland in all 40 species of echinoderms are
known from the literature and through the supplementary investigations
of recent years, viz. 3 Crinoidea, 18 Asteroidea, 10 Ophiuroidea, 2 Echi-
notdea, and 7 Holothurioidea (cf. MorTENSEN 1903, 1910, 1913, Hepineg
1935). As regards the mode of reproduction however, most of them
are almost unknown.

By means of the available literature on the reproduction of the
echinoderms the following types of reproduction and development can
be erected:

1) Reproduction by small eggs with a small content of yolk, shed directly
into the sea. Long pelagic larval stage.

2) Reproduction by eggs with a large content of yolk, shed directly into
the sea. Much reduced larval stage or direct development.

3) Reproduction by means of large eggs with abundant yolk, which
develop protected by or attached to the mother animal. Direct
development with no pelagic larval stage.

4) Reproduction by viviparity. The big eggs rich in yolk develop without
pelagic stages in the reproductive organs of the mother animal. When
only the yolk mass of the egg itself is used for this development, it
does not differ essentially from type 3).

5) Asexual reproduction by division.

In order to obtain some clue to the mode of development of the North-
east Greenland forms it will, as stated above, be reasonable to investigate
the size of the mature eggs in as large a number of species as possible.
MorTENSEN (1910, 1924, and 1927) has already observed such large-
sized eggs in four of the echinoderms occurring within the area that he
thinks it justifiable to assume that these forms lack a pelagic larval
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Fig. 2. Volume of nutrient matter in eggs of different echinoderms from the Northeast Greenland fjords. The two smallest eggs belong to
the only two forms figured which are known with certainty to have pelagic larve.

1. Ophiacantha bidendata (0,8 mm.), 2. Asterias linki (0,68 mm.), 3. Clenodiscus crispatus (0,60—0,70 mm.), 4. Pontaster tenuispinus (0,60—0,65 mm), 5. Hymenaster pellucidus

(0,50—0,60 mm.), 6. Ophiopleura borealis (0,55—0,58 mm.), 7. Poraniomorpha tumida (0,50—0,52 mm.), 8. Ophioscolex glacialis (0,46—0,51 mm), 9. Ophiopus arcticus (0,40 mm.

after MORTENSEN), 10. Bathybiaster vexillifer (immature egg, 3,8—4,5 mm.), 11. Pourtalesia jefireysi (3,8—3,6 mm.), 12, Elpidia glacialis (immature egg, 2,5—2,8 mm.),
13. Ophiura robusta (0,17 mm.), 14. Ophiocten sericewm (0,17 mm,),
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stage. This applies to Pontaster tenuispinus, Ctenodiscus crispatus, Ophio-
pus arcticus, and Ophiacantha bidentata. The examination was continued
on the recently collected large material, and in eight additional species
the present author found eggs of a similar considerable size, viz. in
Elpidia glacialis (not yet mature egg 2.3 mm in diameter), Bathybiaster
vezillifer (4.0 mm in diameter), Poraniomorpha tumidae (5.0 mm in dia-
meter), Hymenaster pellucidus (5.0 mm in diameter), Asterias lincki
(6.8 mm in diameter), Ophiopleura borealis (4.5 mm in diameter), Ophio-
scolex glacialis (4.5 mm in diameter), and Pourtalesia jeffreysi (3.2 mm
in diameter).

Fig. 2 shows the size of the eggs of those echinoderms within the
area whose egg-diameters are known. For comparison the eggs of two
forms occurring in the Arctic are inserted, which are known to have
pelagic larve, viz. Ophiocten sericeum and Ophiura robusta; the eggs of
these two species prove to be of quite another and much smaller order
of magnitude than the eggs of the other forms of the area. As regards
Hymenaster pellucidus, the above-mentioned large eggs are known
definitely to develop without pelagic larve, the species having protection
of the young and the young being visible through the thin dorsal skin
of the mother animal (MorRTENSEN 1927). Furthermore, the literature
records several forms with protection of the young or direct development.
This form of reproduction has been ascertained in Pteraster militarts
(DanieLseN and Koren 1856), Henricia sangutnolenta, Asterias miillert
(M. Sars 1844)Y), Ileliometra glacialis, Hathrometra proliza (MORTENSEN
1910), and Solaster papposus (according to MORTENSEN 1927, p. 114).

In the starfish Stephanasterias albula, however, the mode of repro-
duction was entirely unknown, although this form is of common occur-
rence throughout the fjord area on Fucus growths in shallow water.
With this frequent occurrence in mind it was remarkable that all the
plankton samples examined from all times of the year never contained
one single Bipinnaria larva. Hence it was natural to assume that the
species reproduces by large eggs and direct development. To examine
the egg-size 32 adult individuals of the species were therefore opened,
i. e. the 32 largest individuals found in the fjord area in the period May
to September. Great was my astonishment when sexual organs were only
found in one of the 32 individuals, namely in the largest individual,
in the shape of an undeveloped testicle, while in the remaining 31
individuals sexual organs were entirely lacking. Since moreover this
species always show traces of selfdivision, having arms of two markedly
different sizes, and since, as mentioned above, sexual organs are lacking, it
is very probable thatin the Northeast Greenland fjords the species normally

!) Here in the form groenlandica, which is possibly a distinct species (cf.
LieBerkIND 1921).
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multiplies by division, i. e. by asexual reproduction. This is further
supported by the fact that the smallest individuals found of this species
(greatest length of arms 2 mm) already showed distinct traces of division.
Finally there is a possibility that the species may have sexual repro-
duction in the winter months, whence no collections of bottom animals
are available. However, this is very improbable, the species being a
distinct shallow water form, which in the summer is exposed to consider-
able positive temperatures and thus precisely in the summer time must
be assumed to possess particularly favourable conditions for spawning.
As larvee of starfishes have never been collected from the plankton, the
species must thus, in case it spawns in the winter, have large eggs; and
that sexual organs with large mature eggs, though lacking entirely in
the summer, should be able to develop in the course of such a short
time, does not agree very well with conditions in the other animal forms
of the area. However, since, despite all, the largest individual of the
species found contained one undeveloped testicle, this indicates that the
species — either at a rather high age or in particularly favourable years
— may reproduce sexually also, but it is hardly to be doubted that the
commonest method of reproduction of the species in East Greenland is
asexual, i. e. by division.

By combining our knowledge of the methods of reproduction in the
Northeast Greenland echinoderms gained from the literature and the
reproductive data of these arrived at through the most recent years,
the following general view of the reproduction of the Northeast Greenland
echinoderms may be given: Of the 40 species of echinoderms of the area
the method of reproduction is known entirely or in part in 24 species
(60 per cent.), which may be grouped as follows:

1) Small eggs, pelagic larve, 5 species (Ophiocten sericeum, Ophiura
robusta, Ophiura sarsi?, Strongylocenirotus droebakiensis, and Cucu-
marta frondosa)t).

2) Big eggs rich in yolk, shed directly into the sea. Much reduced larval
stage or direct development. 12 species (Pontaster tenuispinus, Bathy-
biaster vezillifer, Ctenodiscus crispatus, Poraniomorpha tumida, Asterias
linkt, Solaster papposus, Ophiopleura borealis, Ophiopus arcticus, Ophia-
cantha bidentata, Ophioscolex glacialis, Elpidia glacialis, and Pourtal-
esia jeffreysi.

3) Big eggs, rich in yolk. Protection of the young. Direct development.
6 species (Pteraster militarts, Henricia sanguinolenta, Hymenaster pel-

1) Ophiura sarst, which is not particularly common within the area, is supposed
to have pelagic larve (presumably Ophiopluteus compressus (MORTENSEN 1924)), Cu-
cumaria frondosa (only known from the outer coast) has barrel-shaped red larvee (Mor-
TENSEN 1927), but in their pelagic stage they do not take any nourishment from
the surrounding water masses.
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luctdus, Asterias groenlandica, Heliomeira glactalis, and Hathrometra
proliza).

4) Big eggs rich in yolk, developed in the sexual organs. Viviparous.
No species.

5) Asexual reproduction by division. One species (Stephanasterias albula).

It will be seen that of the 24 species examined, 19 species (i. e.
79 per cent. of the forms examined or about 48 per cent. of all the forms
known from Northeast Greenland) have direct development with no
pelagic larval stage. These 79 per cent. include all the investigated forms
with a “purely” arctic distribution, since 13 of the 19 species live almost
exclusively in the Arctic, while 6 are arctic-boreal or have an even more
southerly distribution?). All the five forms with pelagic larve have an
arctic-boreal or still wider distribution.

Since it is chiefly the same forms of echinoderms that occur through-
out the arctic area, the results of this investigation can in all essentials
be generalised for the whole Arctic. In support of this, reference may
further be made to a paper on the plankton in the Eisfjord in Spits-
bergen (Hj. Brocr 1908). Of echinoderm larvee only two different
ophiurid larve occurred in the summer plankton at Spitsbergen (Ophio-
plutet). 1 have had the opportunity to see the larval slides from this
material, and was able to ascertain that they were the larvee of Ophiocten
sericeum and Ophiura robusta, or precisely the same two ophiurid larva
that were found in the Northeast Greenland plankton, viz. larvee of
arctic-boreal forms.

In addition to the echinoderms known from East Greenland some
few other forms with direct development, known from the Arctic, will
be mentioned here for the sake of completeness. Cucumaria glacialis
(Spitsbergen, Novaya Zemlya, the Kara Sea) has protection of the
young, the eggs are 1 mm in diameter, Ophiotjalfa vivipara (Davis Strait)
is viviparous (MoRTENSEN 1913, p. 37), Ceramaster granularis (arctic-
boreal distribution, i. a. Spitsbergen and Southeast Greenland) has big
eggs with direct development (MoRTENSEN 1927, p. 82), Hippasteria
phrygiana (arctic-boreal distribution, i. a. Southeast Greenland) has big
eggs and direct development (MoRTENSEN 1927, p. 88).

1) By the Arctic I mean here the area (Northeast Greenland, Spitsbergen,
the Barents Sea, etc.) where the arctic animal communities (the Macoma-
calcaria-community, the Venus-fluctuosa-community, the Arca-Astarte-crenata-com-
munity, the Sazxicava-arctica-community, etc.) predominate or are the only com-
munities represented, while by boreal seas I mean seas (from the Faroes in the
north to the Channel in the south, where boreal animal communities (the Macoma-
baltica-community, the Syndosmya-alba-community, the Modiola-modiolus-commu-
nity, and the Tellina-tenius-community) are entirely or essentially dominant.
The seas surrounding Iceland should accordingly be regarded as arctic-boreal
transitional zones (cf. SpArck 1935 and 1936).
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Fig. 3 shows the relation between forms with a direct development
and a pelagic development in the fauna of echinoderms at Northeast
Greenland, Iceland, the Faroes, and Denmark. From the four areas
mentioned the species whose development is known number 23, 25, 33,
and 44 species respectively, in my opinion a sufficiently large number
to allow of such a comparison. The graphs show distinctly that even
at Iceland conditions are quite different from those at Northeast Green-
land and in fact approach rather closely to the purely boreal repro-
ductive proportions of the echinoderm fauna found at the Faroes and
in the Danish waters.

Very little is known about the length of the spawning time

R Lchinoderms
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Fig. 3. Graph showing the percentage distribution of the zchinoderms as regards
modes of reproduction in Northeast Greenland, at Iceland, at the Faroes, and in
the Danish waters. The number of species whose development is known consti-
tutes in Northeast Greenland 62°¢/,, at Iceland 60°¢/,, at the Faroes 75°/, and in
Danish waters 699/, of the whole Echinoderm-fauna in the locality.

in the Northeast Greenland forms. By far the greater number of the forms
examined contained big, nearly mature eggs in the summer (more
especially from July to September), but the few forms that were care-
fully examined as to spawning times, viz. Ophiacantha bidentata (MoR-
TENSEN 1910, p. 274), and Ctenodiscus crispatus (v. HorsTEN 1915, p. 20),
show that their eggs are spawned during a very long period. However,
as regards Ctenodiscus it can be stated that the spawning does not take
place with the same intensity all the year round, since by measurements
of the stock in alocality it is possible to distinguish distinct “age groups”
(HorsTEN L. ¢.). Such along time of spawning — i. e. less interdependency
of reproduction and summer time than in forms with small eggs and pela-
gic larvee — seems to be a normal phenomenon in all forms with big
eggs and direct development within other groups of invertebrates also.
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Hermaphroditism as a normal occurrence is not known from any
of the Northeast Greenland echinoderms. In Ophiocten sericeum only two
hermaphrodites were found in the very large material investigated (749
individuals) (cf. THORsON 1934, p. 14), and this species thus has decidedly
separate sexes. The investigations of the other species are based on
much smaller series, but no trace of hermaphroditism was found in them.

As regards viviparous ophiurans it has been ascertained (MORTENSEN
1920 and 1936) that these forms are almost always hermaphrodites, and
it might therefore be anticipated that similar conditions would be found
in the arctic species with their big eggs. However, it may be very difficult
to decide whether or not a species is hermaphroditic, since the change
from one sex into the other may take place through a long period during
which it is difficult to ascertain the sex, so that only observations of
the animal through several years may reveal its hermaphroditic character.

Summarising the data arrived at concerning the reproduction of the
Northeast Greenland echinoderms, the result may be briefly given as
follows: all the Echinodermata with an arctic distribution so far examined
showed reproduction by big eggs and have probably a direct development
or possibly a reduced larval stage. Only a small part of the species
(about 21 per cent.) have small eggs and pelagic larvee, and such forms
had in all cases an arctic-boreal distribution. However, several arctic-
boreal forms also had large eggs and a non-pelagic development.

B. Polychaeta.

As in the case of the Echinodermata, it will be reasonable for the
Polychaeta also to consider first the distribution of the larvee through-
out the year in the considerable material of plankton from Ellag and
Eskimongs. The subjacent table gives such a view of the polychaete
larvee found in the plankton, the figures in the table showing the total
amount of polychaete larva in ten samples. The figures in parentheses
indicate the number for each date of fully comparable samples on which
the amounts in each individual case are based.

As appears from the table, the plankton hauls are altogether ex-
tremely poor in polychaete larvee at nearly all times of the year. This
may mean either that the polychaetes living within the area spawn at
a uniform rate throughout the year, but only some few species at a
time. In that way the number of eggs for the individual month would
be so low that they would leave no quantitative traces in the plankton
in the form of larvee. Or it may mean that the larvee occurring in the
plankton belong to a very few species, while all the other species repro-
duce themselves by direct development without pelagic larvze.

A careful examination of the plankton larve found showed them
to be the larve of a very few forms only (cf. figs. 4 and 5). The only
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Ellag ‘ Eskimonas
Number of larve per \‘ Number of larve per
Date 10 samples Date 10 samples
50—0 m 256—0m | ' 50—0m -| 25—0m
18-25/, 1932 0 (20)1) 0 (20) || 2/, 1933 2 (b) ..
10/, 1932 1 (10) .. L2/, 1933 2 (4) 0 (2)
26/, 1932 0(20) | 0 (20 18/, 1933 0 (5) ..
11/, 1932 1(10) | .. |9/, 1933 2 (4) 3 (2)
28/, 1932 0(20) | 0 (20) ]; 29/, 1933 0 (5) ..
10/, 1932 1(10) | .. 13/, 1933 0 (4) 0 (2)
26/, 1932 0(20) | 0 (20 " 30/, 1933 0 (5) ..
11/ 1932 1 (10) .. 19/ 1933 0 (4) 0 (2)
26/, 1932 0 (20) 0 (20) .. .. ..
12/ 1932 2 (10) . |z, 1933 0 (5) ..
26/ 1932 3 (10) ‘ 0 (10) “ 18/, 1933 80 (4) 20 (2)
26/, 1932 10 (9) .. | 12/, 1933 0 (@) ..
18/, 1932 2 (10) .. |18/, 1932 160 (2) ..
28/, 1932 1 (9) . |30/, 1932 30 (4 0 (2)
18/, 1932 0 (10) .. |18/, 1932 17 (3) ..
15/, 1932 409 .. ; .. .. ..
15/, 1932 5 (9) .. 3/,, 1932 2 (b) 0 (2)
20/, 1932 0 (9) .. 19/, 1932 5 (2) .
.. .. .. 12/, 1932 7 (4)

really large maximum of polychaete larvee found in the plankton hauls
(Eskimones, August 16, 1932, 50—0 m, hand net, 165 polychaete larve
per ten samples) proved to consist exclusively of the larvae of a single
species, whose larval development was traceable in all stages (fig. 4).
In the plankton from Ellag only two different types of larvae were
of regular occurrence (fig. 5), and from Ellag, even from all the
months of the year, not a single specimen of an unsegmented pelagic
polychaete larva is known (Mitraria or similar forms). The least seg-

7 mme

Fig. 4. Polychaete larvee from plankton taken at Eskimonss. Four stages of
development of the same species. The youngest stage is a typical Trocophora larva.
Sample taken on August 16, 1932.

1) The figures in parantheses indicate the real number of samples taken on
the different dates.
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mented polychaete larve found in the plankton from Ellag already
had a front segment and three following segments (fig. 5F). The above-
mentioned larval type from Eskimones (fig. 4), however, had unseg-
mented larvee in the youngest stages found.

It will now be natural to investigate the quantitative distribution
of the polychaetes on the sea bottom, especially in the bay at Ellag

Fig. 5. Polychaete larvee from plankton at Ellag, summer 1932.

A, B, and C, larve of the same species. — D and E presumably different stages
of development of another form. — F, the youngest polychaete larva found in
the plankton at Ellag.

where most of the plankton hauls were made. In the shallow water
at Ellag the following polychaetes abound: Pectinaria granulata (3—
25 m, about 16 species per sq.m), Terebellides stromi (3—45 m, about
8 sp. per sq.m), Aricia cuvieri (3—45 m, about 4—12 sp. per sq.m),
Nereis zonata (3—14 m, about 8 sp. per sq.m, soft bottom, more numerous
in the shallow water vegetation), and Harmothoé imbricata (3—14 m,
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about 8 sp. per sq.m, soft bottom, and in large numbers in the shallow
water vegetation). Further the following species are frequently found,
though in much smaller quantities: Flabelligera affinis, Ammotrypane
aulogaster, Brada villosa, and — in deeper water — Onuphis conchylega
(cf. Tuorson 1933, Table I, IV, and XI).

Of these forms Terebellides stromi is known to develop in more
southern seas without pelagic larve, the young individuals passing
directly into the uppermost bottom layer (LEscakk 1903, p. 128), and
precisely the same applies to the genus Aricia (Scoloplos), whose larva
when escaping from the common egg-mass is very like the adult (LESCHKE
1903, p. 126; GraviEr 1923, p. 175). These two forms may thus be left
out of consideration in the investigation of the origin of the pelagic
larvee. Of the forms which are especially dominant at Ellag there
remain, then, Pectinaria granulata, Nereis zonata, and Harmothoé imbri-
cata — three forms, of which a considerable material preserved in alcohol
has been brought home from Ellag. By means of investigations
of the time of spawning and of the size of the eggs, and by comparisons
with related larval forms mentioned in the literature it must be possible
to decide to what extent the larval stages of these forms were traceable
in the plankton.

First the spawning was investigated. For this purpose a fairly large
material preserved in alcohol, of 22 of these three forms, collected at
Ellag at various dates during the period May to September was
used.

The spawning of Pectinaria granulata showed the following facts:
May 24 to June 8, 1932. Depth 3—8 m, length of tube 16—30 mm,
30 @2 and two ¢J were investigated with the following result: quite
young eggs (0), semi-mature, closely coherent eggs (3), loose eggs almost
ready to be spawned (17), eggs in the stage of spawning (9), the ovary
almost empty with some few big eggs (3). Spawning commenced, but
most @@ have not yet spawned.

June 25 to July 5, 1932. Depth 8—18 m. Length of tube 15—
36 mm, 23 @2 and 1 ¢ were investigated with the following result:
quite young eggs (0), semi-mature, closely coherent eggs (0), loose eggs
nearly ready to be spawned (15), eggs in the spawning stage (9), the
ovary almost empty with some few big eggs (0). (Size of individuals as
in the preceding sample, the depth, however, slightly greater). Spawning
commenced, but most 2@ have not yet spawned. Condition precisely as
that of the preceding series of samples.

August 3to 5, 1933. 4—16 m depth. Length of tube 20—50 mm.
63 @9 investigated: quite young eggs (6), semi-mature, closely coherent
eggs (0), loose eggs nearly ready to be spawned (2), eggs in the spawning
stage (3), ovary nearly empty with some few big eggs (53). As the
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individuals are on an average much larger than those of the preceding
series, no direct comparison can be made. Of the six @@ with a length
of tube ranging from 20 to 36 mm, corresponding to the preceding series,
one showed quite young eggs, one eggs in the spawning stage, and four
nearly empty ovaries with some few big eggs, and thus conditions
correspond to those observed in larger individuals. Conclusion: in Pecti-
naria granulata the spawning seems in all essentials to be completed at
the beginning of August. The circumstance that this series of samples
is derived from 1933 and the two preceding ones from 1932 would seem
to be of subordinate importance according to former experience, as the
breaking up of the frost, heating of the water, etc., varied within about
ten days, at the most, during the three years in which the observations
were made (1931, 1932, and 1933), and also observations of the time of
spawning in lamellibranchs, plankton, etc., showed nearly the same con-
ditions at the same times of the different years.

September 15—19, 1931. 5—18 m depth. Length of tube 17—
36 mm. Of 30 individuals investigated four were identifiable as 33, while
no individuals with recognisable eggs were found. Result: as no recog-
nisable @@ were found, the spawning must be assumed to be quite finished
in the month of September.

The data arrived at here concerning the spawning of Pectinaria
granulata may be summarised as follows: Spawning seems to take place
at a uniform rate from the end of May to the end of July. The spawning
is finally completed at the beginning of August. As no eggs were ascer-
tained in the September individuals, spawning equally distributed
throughout the year is excluded. In 92 maturity seems to be reached
when the tube has a length of 20 mm, in 33 at 16—17 mm.

The spawning of Harmothoé imbricata showed the following facts:
May 24 to June 8, 1932. 3-8 m depth. Length of body 19—24 mm.
Of 113 individuals 63 recognisable as @@. The latter may be classed as
follows: quite young eggs (1), semi-mature, closely coherent eggs (15),
loose eggs almost ready to be spawned (34), eggs in the spawning stage
(7), ovaries almost empty with some few big eggs (6). Result: Spawning
commenced, but most @ have not yet spawned. Corresponds precisely
to the observations made in Pectinaria granulata at the same date.

August 3—8, 1933. 3—16 m depth. Length of body 20—40 mm.
Of 28 individuals only 8 were recognisable as @@, all of which had quite
young eggs. Result: Judging from the rather small material the spawning
seems already to be finished, since no individuals with big eggs were
observed.

September 15, 1931. 5—5 m depth. Length of body 18—30 m.
Of seven individuals examined none could be determined as to sex, the
gonads being entirely reduced. As the samples from May 24 to June 8
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have shown that individuals of a body length of 20 mm are sexually
mature, it seems justifiable to assume that the seven September indi-
viduals have finished their spawning.

Thus the data concerning the spawning of Harmothoé imbricata
arrived at here show a fairly close agreement with Pectinaria granulata.
A uniform spawning takes place at the end of May and in the month
of June, but is completed before the beginning of August.

The available material of Nereis zonata is somewhat smaller than
that of the two preceding species, but still show the course of the
spawning sufficiently well. An August series of Nereis zonata (Aug. 3—5,
1933, Ellag, 4—16 m depth, length of animal 40—115 mm, 7 33,
16 @, 8 ??) showed the following features: no visible eggs (8 sp.), quite
young eggs (3 sp.), semi-mature, closely coherent eggs (0 sp.), almost
mature eggs (5 sp.), eggs in the spawning stage (4 sp.), the ovaries
of the mother animals almost empty (4 sp.), that is, a period of spawning
continuing till somewhat later in the summer than in Pectinaria and
Harmothoé. A considerable number of individuals with a body length of
less than 80 mm had undeveloped sexual organs, which fully explains
that a series of this species (Ellag, July 5, 1932, 10—15 m, 36 sp.,
length of body 20—70 mm) did not show the least sign of maturity even
though this date actually falls at the maximum spawning of the species.

It will be seen that in the above-mentioned three forms of Poly-
chaeta — all of which are extremely common in Northeast Greenland —
the spawning is intense in early summer (May—June) and presumably
is completed in July or the beginning of August, in Nerets zonata probably
at the end of August. It should, however, be noted that in all three
species spawning was repeatedly observed in living material at Ellao
in May and June 1932.

Within the period of spawning of these common shallow-water
species the plankton tables from Ellag only show an increase in
the number of polychaete larvee from 0 per sample (May 26, 1932) to
about 1 larva per sample (July 26, 1932), while the corresponding increase
in the number of e. g. the lamellibranch larve ranges from about 10
larvee per sample in May to about 125 larvee per sample in July (cf.
p. 47). Thus the rise in the number of polychaete larve per sample at
Ellag in June is so slight that it can be stated with almost absolute cer-
tainty that animals of such common occurrence in the Northeast Green-
land fjords as Harmothoé imbricata, Nereis zonata, and Pectinaria granu-
lata cannot have pelagic larval stages. Since, however, all these three
genera are known to have species in boreal seas whose larve pass through
a pelagic larval stage, a closer examination of these phenomena would
seem to be called for.

Harmothoé imbricata, which is distributed from the Mediterranean
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to the Arctic, where it is circumpolar, is known to have pelagic larva
(LescakEe 1903, p. 130) in boreal seas (e.g. in the Baltic near Kiel),
which larve cannot be distinguished with certainty from those of Lepi-
donotus squamatus. The larva of the latter species is figured by LESCHKE
(I. ¢.), and it can be definitely stated that in the plankton series from
Ellag throughout the whole year not a single larva is found which pre-
sents even the slightest similarity to that pictured by LescukE. Thus
Harmothoé imbricata must have a direct development in Northeast
Greenland, while in boreal seas it has normally pelagic larvee. This
assumption is supported by the fact that in Misaki in Japan Harmothoé

Fig. 6. Young polychaetes in the bottom stage. Presumably young Harmothoé
imbricata. To the left, a mature egg of the same species. Bottom stages taken in
May, 1932. at a depth of 50—155 m.

imbricata has been found with eggs and big larvee respectively under
the elytra, and in Japan these larve are known not to leave the mother
animal till a fairly advanced Trocophora stage (Gravier 1923, p. 177).
In the living East Greenland individuals of this species the eggs were
also found under the elytra, and the same phenomenon was also observ-
able in part of the material brought home preserved in alcohol. Now
there is a possibility that the species in boreal seas uses both this and
the pelagic method of reproduction, but although the species in boreal
waters is often observed and examined on account of its great frequency,
it has never been found here with eggs below the elytra. Thus there
can hardly be any doubt that this species reproduces itself by different
methods under different ecological conditions.

Since accordingly Harmothoé tmbricata must be supposed to have a
direct development with no pelagic stage in Northeast Greenland, it seems
probable that in the time about the period of spawning of the species
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the quite young animals may be found in the uppermost bottom layer.
This seems, indeed, to be the case. In the bottom material from
Ellag, from 50 and 155 m depth, May 1932, a couple of quite young
polynoids were found, which were less developed (i. e. with neither elytra
nor eyes) but otherwise agreed entirely with LESCHKE’s pelagic polynoid
larvee from the Kiel Bay (ci. fig. 6). There is therefore a great probability
that we are here concerned with the larve of Harmothoé imbricata,
which thus in Northeast Greenland are not pelagic at this stage of develop-
ment. The very slight difference in size of the mature egg of Harm.
imbricata and that of the smallest of these larve provides further evidence
that no protracted pelagic stage can occur.

Nereis zonata is mainly distributed in the Arctic?), and so far its
mode of reproduction is entirely unknown. It is known, however, that
in the time of reproduction the species may be epitoque (according to
verbal information by His. DiTLEvsEN). However, this is not the normal
method of reproduction of the species in the Northeast Greenland fjords.
In May—June, 1932, when numerous spawning individuals were observed
in an aquarium at Ellag, neither 33 nor 29 were epitoque. As
moreover the author in the months May, June, and July, 1932 (i.e.
during the spawning period of the species), worked daily in the inner
fjords round Ellag and Cape Hedlund at all hours of the day and
night without ever observing epitoque individuals, there is a strong
probability that the species may spawn in these places without becoming
epitoque. Great, therefore, was my astonishment when in the summer of
1933 at Amdrup Harbour in Scoresby Sound (near the open sea) I had
an opportunity of observing two epitoque free-swimming individuals of
this species (both 33). The crew of the ship reported that during the
night they had seen numerous individuals of the species swimming about
the ship near the surface of the water. Hence there can hardly be any
doubt that the species reproduces itself in two different ways in North-
east Greenland. From the area of Kangerdlugssuak also (Uttental Sound,
August 22, 1933, 50 m wire, depth 50 m, coiled trawl, E. BERTHELSEN
leg.) two epitoque individuals are at hand, one of which is an &, while the
other had already discharged its sexual products.

At Ellag no larve were found in the plankton which bore even
the slightest resemblance to the well-known types of Nereis larve,
so at the outset it was extremely probable that the species here had
a direct development. But how, then, were conditions at the outer
coast, where epitoque individuals had been found? From the literature
one example is known which seems to agree closely with the peculiarities
observed in Nereis zonata. Thus WisTINGHAUSEN (1891) ascertained that

1) Some few records are, however, at hand from the Channel and the Me-
diteranean.

100 3
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Nereis dumerili at Naples reproduces itself by two methods; by far the
greater number of individuals spawn without being epitoque, and if so,
the eggs develop directly without a pelagic larval stage, whereas other
individuals of the same spawning become epitoque (Heteronereis) and
have pelagic eggs and larve.

It seems quite natural to combine these phenomena with the data
ascertained for the Northeast Greenland Nereis zonata,and the possibility is
then near at hand that the individuals that spawn without being epitoqueis
have an unpelagic larval development, while the epitoque individuals
will presumably prove to have pelagic larve. In this connection it should
be noted that pelagic larvee are known to be more frequent near the
open sea, whence the epitoque individuals are known so far, than in the
inner fjords, so that the above-mentioned possibility seems probable for
that reason also (cf. the larval tables for Ellag and Eskimons).

The main impression obtained from these considerations is the con-
siderable lability in the method of reproduction of this genus, which
must enable it to subsist under extremely varying ecological conditions.
As a further confirmation of this it may be mentioned that according
to METSCHNIKOFF’s investigations (1871) both Nereis dumerili and Nerets
pelagica (the latter normally with a pelagic larval stage) may occur as
hermaphroditic as well as viviparous individuals.

There remains, then, Pectinaria granulata. LEscakE (1903, p. 127)
mentions a larva from the Kiel Bay which to all appearance belongs to
Pectinaria belgica, and SemmEe (1927, p. 84) describes the oldest larval
stages of Pectinaria auricoma and P. korent. The latter older stages are
provided already in their pelagic life with the tube characteristic of the
genus Pectinaria, while the young larva described by LEscHKE has a ty-
pical Trocophora stage. From the Northeast Greenland plankton
no larve are at hand which bearanyresemblancetothesewell-
known forms. This is all the more peculiar, since P. granulata in
contrast to Nereis zonata and Harmothoé imbricata have very small eggs
(0.07 mm in diameter; Harm. tmbricata 0.25 mm in diameter; Nereis
zonata 0.22 mm in diameter; Onuphis conchylega 0.18 mm in diameter),
a common characteristic of forms with pelagic larvee. However, Tere-
bellides stromi has just as small eggs (0.072 mm), which are laid in slimy
lumps and developed without a pelagic stage (LEscake 1903, p. 128),
and a similar mode of reproduction may therefore be assumed for
DP. granulata. There is also another possibility, namely, development by
means of nurse eggs, in cases where the eggs are laid in a capsule and
only some of the eggs are developed, securing nourishment by devouring
the rest of the eggs. Such a procedure is known from Spio filiformis
(MesNiL & CAULLERY 1917, p. 646), which develops in the autumn
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without any pelagic stage by means of nurse eggs, while in the spring
it develops without the aid of nurse eggs and with pelagic larve.

Thus the mode of reproduction in Pectinaria granulata can only be
guessed at. The only thing that can be stated with some degree of
certainty is that the species in Northeast Greenland develops without
pelagic larve.

Other species living in the fjords of Northeast Greenland and whose
methods of reproduction are known, are the above-mentioned Spio fili-
cornis (cf. p. 34), which is very frequent, among other places in the very
shallow-watered areas with sandy bottom at the mouth of Scoresby
Sound; Syllis incisa, which is viviparous, and whose embryos develop
in the posterior part of the body (LEvinseN 1882, vol. 1, p. 246); Pomato-
cerus triqueter (found at Danmarkshavn), which is viviparous, and whose
big eggs (0.44 mm in diameter) are developed in the posterior part of
the body (Gravier 1923, p. 218); Spirorbis verruca, whose reproduction
is unknown, whereas the other species of the genus are hermaphroditic
and viviparous (LescHkE 1903); and Mikroserpula inflata, which has a
reduced larval stage (Dons 1933). Finally, Nephthys ciliata, Capi-
tella capitata, and Onuphis conchylega are known to have pelagic
larvee in boreal seas, while their reproduction in arctic seas has not
been investigated. As regards Onuphis conchylega, a direct development
in the Arctic may very well be conceived, since the mature eggs (in
Scoresby Sound 0.18 mm in diameter) very nearly attain the size of the
eggs of Nereis zonata (at Ellag 0.22 mm in diameter).

Thus it has not been possible to determine with certainty the species
of polychaete larve found in the plankton. It can only be stated that
the larvee found originate from a very few species, and that even these
forms showed a distinct tendency to a shorter pelagic larval stage, all
the polychaete larvee found in the plankton at Ellag having an ad-
vanced organisation, a considerable size, and a complete lack of the
pelagic Trocophora stage, which even at Eskimonsss was ascertained in
one single species only,

In the summer of 1933 a further sign of this non-pelagic development
in by far the greater number of the polychaetes of the area was ascer-
tained. While thus plankton hauls in the month of August at Ellag
only yielded the usual quite few polychaete larve, in a haul made by
means of a MoRTENSEN detritus collector (MorTENSEN 1925, p. 445)
through the uppermost bottom layer in the same locality a large number
of quite young —in part unsegmented and absolutely indeterminable
— polychaete larvee were found, which moved briskly through the
detritus layer in the Petri-dishes in which they were placed. Similar
experiences were made during an investigation in shallow water in the
areas of sandy bottom in Scoresby Sound.

3*
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Of the three shallow-water forms investigated in Northeast Green-
land Harmothoé imbricata proved to be normally hermaphroditic, and
in Pectinaria granulata, which is normally unisexual, a number of herma-
phroditic individuals were also found. In Nereis zonata, however, herma-
phroditism was not ascertained.

Our present knowledge of the reproduction of the Northeast Green-
land Polychaeta may be briefly summarised as follows: 73 polychaete
species in all are known from Northeast Greenland (DitLEvsen 1911,
E. WesenBeErRG-Lunp 1934, and the results of the collections made
during the last few years). Of these 73 species, the mode of reproduction
is known altogether or in part in only 13 species (about 18 per cent.),
seven of which, belonging to the genera Syllis, Pomatocerus, Spirorbis,
Spro, Terebellides, Scoloplos, and Aricia, normally have a non-pelagic
development, while three species, viz. Nereis zonata, Pectinaria granu-
lata, and Harmothoé imbricata, are in all probability able to reproduce
themselves without any pelagic larval stage, and accordingly ten of the
above-mentioned 13 species must be assumed to be able to reproduce
themselves in this way. Zoogeographically these ten species are distributed
as follows: Arctic distribution, three species (Pectinaria granulata, Spir-
orbis verruca, Syllis tncisa), arctic-boreal distribution, two species (Aricia
cuviert and Spio filicornis), and a wider distribution, five species (Scolo-
plos armiger, Ilarmothoé vmbricata, Nereis zonata, Terebellides stromi, and
Pomatocerus triqueter).

Further, three species (Capitella capitata, Onuphis conchylega, both
of a wide distribution, and Nephthys ciliata, which has a arctic-boreal
distribution) are known to pass through a pelagic larval stage in more
southerly seas, but it is not known whether they develop in the same
way in Northeast Greenland (cf. the above remarks on Onuphis).

The small number of polychaete larvee found in the Northeast
Greenland plankton, which moreover only belong to a very few species,
renders it probable that several other polychaetes in Northeast Green-
land reproduce without any pelagic larval stage.

In 70 of the 73 species of polychaetes occurring in Northeast Green-
land the distribution is sufficiently known to allow of a regional char-
acterisation, and zoogeographically they are distributed as follows:

1) Arctic distribution................ 20 species 28.60 per cent.

2) Mainly arctic and sparse boreal distri-
bution............ ... ... o 11 — 15.70 —

3) Arctic-boreal or still wider distribution 39 — 55.70 —

The fact that the number of arctic-boreal or more widely distributed
species even in Northeast Greenland is higher (55.70 per cent.) than the
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number of forms with an arctic or mainly arctic distribution (44.30 per
cent.) may possibly be partially accounted for by the lability in their
mode of reproduction characteristic of the polychaetes. Such a lability
in the few species investigated having been ascertained with certainty
in Spio filicornis and Harmothoé¢ imbricata and with a great degree of
probability in Nereis zonata, it is to be expected that similar labile
modes of reproduction are found in a considerable additional number
of Northeast Greenland forms not yet examined.

C. Gastropoda.

In the monthly plankton hauls made near Ellag throughout the
year 1932 larvee of the pteropods Clione limacina and Limacina heli-
cina were found, whereas all the samples were absolutely free from larve
of prosobranchs and other opisthobranchs. It was therefore natural to
investigate more closely the reproduction of these groups, and since the
opisthobranchs occurred in small numbers and with no quantitative
importance, the investigation was especially concentrated on the proso-
branchs. During the wintering at Ellag 1931—32 and on the summer
trips with the “Godthaab” in 1932 and 1933 a considerable material of
gastropod egg-clusters was collected, which after the return of the
expedition was subjected to a special study (cf. THorson 193ba). The
technique was rather simple, the distribution of the species in the fjords
being highly different within the individual genus, some species oc-
curring only on sandy bottom, others on clay bottom, some at the
outer coast, others in the inner fjords, etc. By applying the principle
of elimination it was therefore as a rule possible to find localities in
which only one species of a particular genus occurred, to which the egg-
capsules of that genus found in that place probably belonged. The
decisive proof of the identity of species was then obtained through a
comparison of the shape and shell structure of the embryonal shells with
the apex of the adults. In this way it was possible to identify the egg-
capsules and the embryos of 27 Northeast Greenland prosobranchs, in
twenty of which the mode of reproduction was entirely unknown. It
turned out that in all the 27 species the embryos pass directly from
the egg-capsules into the free-swimming bottom stage without any
pelagic larval life (THORsoN 1935a). From the literature the mode of
reproduction in three species of Northeast Greenland prosobranchs is
known, viz. Sipho propinquus, Sipho turritus, and Onchidiopsis glacialis
(FrieLe 1882, BeErgH 1886), and the process of reproduction is thus
known for altogether 30 Northeast Greenland prosobranchs.

Reproduction without a pelagic larval stage may take place in
different ways in the Northeast Greenland forms. A summary of the
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different methods of reproduction and of the East Greenland species in
which they were found will be given below.

1) Eggs with a small amount of yolk and with primitive pelagic larval
stages. This method of reproduction is unknown from Northeast
Greenland.

2) Eggs with a small amount of yolk, laid in larger or smaller coherent
masses. Only a few of the eggs in each mass develop, and use the
undeveloped eggs (nurse eggs) for food. This stage is succeeded either
by a much shorter pelagic stage or by a direct transition to the free-
living bottom stage.

This method of reproduction is known for 15 Northeast Greenland
species (Sipho curtus, S. islandicus, S. lachesis, S. kroyert, S. pro-
pinquus, S. turritus, Neptuna despecta, Jumala ossiana, Volutopsis
norvegica, Buccinum hydrophanum, B. belcheri, B. groenlandicum,
B. ovum, B. sericatum, and Onchidiopsis glacialis.

3) Eggs with a large amount of yolk, which develop directly into the
free-living bottom stage or possibly have a very short pelagic
larval stage.

This mode of reproduction is known in 12 of the forms occurring
within the area (Bela simplex, B. exarata, B. pyramidalis, B. bicari-
nata, B. nobilis, Raphitoma amoena, Pyrene rosacea, Trichotropis
borealis, Tr. conica, Margarita cinera, Marg. helicina, and Velutina
undata.

4) Eggs with a considerable amount of yolk, which is further surrounded
by white, which is devoured by the embryo. Direct development with
no pelagic larval stage. This mode of development has not previously
been known in prosobranchs, and will be discussed in detail below.

This method of reproduction was observed in three species only
(Natica groenlandica, N. affinis, and Natica islandica).

5) Eggs developed inside the body of the mother animal, presumably
in the ovary. (In the case considered here it was impossible to decide
whether the development took place in the ovary or in the pallial
cavity. Accordingly it is either a case of protection of the young
or of viviparity.)

Known from one Northeast Greenland species only (Acmaea rubella).

It will be seen that among these forms several genera are re-
presented which also have species in more southern seas, and it will now
be of interest to compare the methods of reproduction of such southern
species with the data found here for their arctic relations. The most
interesting in this connection is probably the genus Natica. The mode
of reproduction in Natica pulchella (HErTLING 1932) is known from
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boreal seas, where it reproduces itself by means of small eggs and primi-
tive pelagic larvee; and also that of Natica catena (ANkeL 1930), which
has nurse eggs and consequently large embryos. In the summer of 1935
the author had an opportunity of investigating the egg-masses of this
species at Frederikshavn (the Kattegat), and here observed that the
embryos of V. catena on leaving the egg-mass pass directly to the sea-
bottom without any pelagic stage?). From the Adriatic Sea OpaNER (1914)
has further described a pelagic Veliger larva of Natica sp., which, how-
ever, was already able to crawl about by means of its foot. The fact
that pelagic larvee are found in several species within this group in boreal
seas but are totally absent in the Arctic, agrees well with our knowledge
of other animal groups; but it is peculiar that the genus may arrive
in two quite different ways — either by means of nurse eggs (Natica
catena) or by a combination of volk and white (cf. the Northeast Greenland
Natica species) — at the same result, namely a direct development. As
regards Natica catena the problem might perhaps be unravelled by
observations of its reproduction in a series of localities with as different
an ecolagy as possible. For it is well known that other forms with nurse
eggs (e. g. Sipho, cf. THorsoN 193ba, pp. 7—16) have a greatly varying
embryonal period according to the number of nurse eggs per embryo
(see also below), and as it has been suggested i. a. for Buccinum that
the failing ability of the nurse eggs to develop is due to impregnation
by “‘sterile” (“atypische”) spermatozoa (Hyman 1901, PorTMANN 1926
and 1927); it is possible that under other conditions such species
would develop far more eggs, and if so, the larvee, on account of the
smaller amount of nourishment per embryo, must leave the egg-capsule
at a more primitive stage, in which case they may probably have a
pelagic development. In Natica, however, atypic spermatozoa have
not yet been ascertained, and thus the nurse eggs here are perhaps
of a different character (ANkEL 1930). In Northeast Greenland such a
pelagic development seems absolutely impossible, judging from the
methods of reproduction of all the prosobranchs living there; here
we find the mode of reproduction perfectly suitable for a direct
embryonal development, viz. yolk combined with white, by which it is
made possible for the embryos not to leave the egg-mass until they are
11/, mm broad, two-whorled bottom stage forms.

In a number of other genera, too, boreal and southern species with
a pelagic development and arctic species with a direct development are
known. In the Lamellariidae this phenomenon is particularly striking,
the boreal species Velutina laevigata and Lamellaria perspicua having a

1) In a paper just out (March 1936) Marie LeEBour states that she has
found pelagic larve of this species at Plymouth.
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pelagic larval form, “Echinospira”, which is especially suitable for a
protracted plankton life, while the arctic Velutina undata has a direct
development without any trace of a pelagic stage (cf. M. LEBour 1935,
p- 170, and THorsoN 1935 a, p. 65). Within the genus Bela, Bela turricola
is known to have pelagic plankton larvee in boreal seas (VESTERGAARD
1935), while the five Northeast Greenland species of Bela all have a direct
development. The Trochus species of the boreal seas also have pelagic
larvee (RosErT 1902, LEBOUR 1933), while the arctic subgenus of this
group, Margarita, has a direct development. Finally, the genus Acmaea
is normally egg-laying and has pelagic larvee, while the arctic Acmaea
rubella is viviparous (see, however, below).

Among the species with direct development hitherto known from the
literature, none is known with bigger eggs than Fulgur carica (CONKLIN
1907), which has a southerly distribution and whose egg-diameter is 1.7
mm. Among the Northeast Greenland species this size is probably exceeded
by Natica groenlandica, whose egg-diameter is 2.25. The eggs of the remain-
ing Northeast Greenland prosobranchs, however, are much smaller, the
eggs of the genus Bela in the Arctic being about 0.8 mm in diameter.

The above-mentioned great variation in the method of reproduction
in species of the same genus shows that too great importance has hitherto
been attached to the syslematic position of the individual gastropod
species in the theoretical indication of its larval form. Thus the Lamella-
riidae are generally regarded as characteristic on account of their “Echino-
spira” larve (i. e. larvae that are especially well adapted for a pelagic
stage). The genus Natica was known to have pelagic larva; now, however,
four forms with direct development are known; Acmaea belongs to a group
with pelagic larve, the arctic species, however, is viviparous. All this,
and especially the peculiar varying methods of reproduction within the
genus Natica, warn us to be very cautious in drawing conclusions from
the systematic position of the species to its ecological type of larval de-
velopment. It would seem that generadistributed overanexten-
sive area may often show a greater variation from species to
species in their methods of reproduction than species be-
longing to different genera but living in the same localities
(i. e. under the same ecological conditions).

While in boreal seas the genus Natica showed examples of repro-
duction by means of nurse eggs, but in the Arctic had quite a different
mode of reproduction, the genera which normally reproduce themselves
by means of nurse eggs (Buccinum, Neptunea, Stpho, Jumala, Volutopsis)
seem both qualitatively and quantitatively to have their optimum occur-
rence in the Arctic. This appears very plainly from the subjoined table,
which gives the specific number of forms reproducing by means of nurse
eggs, for Northeast Greenland, Iceland, the Faroes, and Denmark.
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1) Northeast Greenland, in all 18 species?!) (Buccinum 6 sp., Sipho 8 sp.,
Volutopsis norvegica, Neptunea despecta, Jumala ossiana, and Onchi-
diopsis glactalis).

2) Iceland, in all 16 species (Bucctnum b sp., Stpho 8 sp., further Volu-
topsis norvegica, Neptunea despecta, and Chrysodomus turtont).

3) The Faroes, in all 6 species (Buccinum 1 sp., Sipho 4 sp., further
Neptunea despecta).

4) Denmark, in all b species (Buccinum 1 sp., Stpho 2 sp., further Nep-
tunea antiqgua and Natica catena).

The Northeast Greenland Natica species excepted, these nurse egg
forms have no doubt gone furthest in respect of direct development. Here
Jumala ossiana with its embryo 20 mm high, having 4%/, whorls (cf.
THaorsoN 193ba, fig. 16), should especially be mentioned. As mentioned
above, the examination of the material brought home of these Bucci-
nidae showed that the amount of nourishment present for each embryo
is of decisive importance for the size of the embryo on leaving the egg-
capsule. Capsules with the same quantity of nurse eggs always had larger
embryos if only one individual per capsule was found than if the capsule
contained several embryos. Thus according to the number of nurse eggs
per embryo in Sipho islandicus the embryos ready to emerge may vary
from 31/, whorls and a shell-height of 8.5 mm to 1'/,—2 whorls and a
shell-height of 3.5 mm. This shows that embryos feeding on nurse eggs
do not escape at a definite stage, but are directly dependent on the
number of nurse eggs, or, in other words, that the number of embryonic
whorls is a direct indicator of the conditions of nourishment under which
the embryo lived in the egg-capsule (cf. THorRsoN 193Ha, pp. 10—16).
This warns us to be very cautious in using the apex as an especially
reliable systematic character. For if it is possible — and much speaks
in favour of this assumption — that a species in different places of its
area of distribution is able to feed its embryos in different ways, so that
the larval period is not always the same, the apex will first of all be
affected and accordingly be a very uncertain systematic character.

The sole method of reproduction prevailing within the prosobranchs
of Northeast Greenland, namely the direct development, opens up a very
interesting perspective if we compare it with conditions at Iceland, the
Faroes, and Denmark, as done above with those forms alone that repro-
duce themselves by means of nurse eggs. As regards the latter forms the
sharp line of demarcation between a large and a small number of species
occurred between the seas around Iceland on the one hand and those
around the Faroes on the other. If, however, we compare the methods

1) Herein are included all the species with nurse eggs found along the
coast of Northeast Greenland.
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of reproduction within the whole fauna of prosobranchs in the four
localities mentioned, the transition from the high percentage of directly
developing forms in Northeast Greenland to the percentage of species with
pelagic development in the Danish waters appears to be quite even (cf.
fig. 7). The percentage comparison seems to show a very close relation
between the locality and the method of reproduction.

Of the Northeast Greenland forms whose reproduction has been
investigated, one species, Natica groenlandica, even occurs in
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Fig. 7. Graphs showing the percentages of the modes of reproduction of the proso-

branchs in Northeast Greenland, at Iceland, at the Faroes, and in the Danish waters.

The number of species, whose development is known, constitutes in Northeast

Greenland 59°/,, at Iceland 38°/,, at the Faroes 36°/, and in Danish waters 44°/,
of the whole Prosobranch-fauna in the locality.

Danish waters, that is, in boreal seas. It will be interesting
to investigate whether here the species reproduces itself in a diffe-
rent way from that prevalent in the Northeast Greenland fjords. A
couple of egg-masses of this species from the Sound was therefore
examined, and it proved that the size of the eggs and the mode of
development was exactly the same as in Northeast Greenland. This shows
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that the peculiar method of reproduction of this species is not a purely
phenotypic property induced by the local conditions, but a property
characteristic of the species.

It will now be of interest to investigate whether the methods of
reproduction of the prosobranchs in Northeast Greenland agree with
those of other arctic seas. Particularly interesting in this respect is the
Karajak Icefjord near Umanak in West Greenland, the only locality in
arctic seas in addition to the fjords of Northeast Greenland in which
plankton samples have been taken in nearly all months of the year (cf.
VanuOFFEN 1897). While this plankton contained large quantities of
lamellibranch larvee and pteropod larve, prosobranch larve seem to be
entirely absent in all the months of the year — that is, similar conditions
to those of the Northeast Greenland fjords. However, VANHGFFEN does
not call attention to this phenomenon, which appears so distinctly from
his plankton lists, and consequently gives no explanation of it either
(cf. also p. 124, where the results from Karajak are discussed in detail).

From the Eisfjord at Spitsbergen a large number of plankton
samples are at hand from July and August (Brocu 1910, p. 37). In this
material shells of four different pelagic gastropod larve were found
which did not agree with any known forms and which cannot even be
referred to any genus or family. Thus this plankton indicates quite
different conditions from those shown by the Northeast Greenland fjord
plankton; the explanation is near at hand, since the Spitshergen waters
are known to harbour a number of arctic-boreal or even more widely
distributed forms of gastropods (e. g. Turritella reticulata, Machaeroplax
varicosa, Trophon clathratus, and Aeolidia papillosa), which are not found
at Northeast Greenland. It is very probable that the gastropod larvee
found belong to the species mentioned here, whose methods of repro-
duction are otherwise quite unknown.

However, even from Northeast Greenland a single example of a
pelagic gastropod larva is known. In the innermost broad of Dusén Fjord
some plankton hauls were taken on August 12, 1933, which contained
several larvea, in which the shape of the shell resembled the larval stages
of tectibranchiate snails. The gastropod fauna on the spot was carefully
investigated, and it proved later that all the prosobranchs found there
were forms whose direct development could be ascertained by means
of material brought home. Then only the opisthobranchs remained;
of these the arctic-boreal Cylichna alba was unquestionably the most
dominating form in the place, and hence it is highly probable that it
is the larvee of this form that were found in the plankton. However,
even these larve represented a much advanced Veliger stage, and probably
have but an extremely short larval life.

The large material of egg-masses from the fjords of Northeast Green-
land i. a. supplied a fairly good idea of the time and length of the period
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Species

May

*Sipho curtus. .. ...
Sipho islandicus. ........ \
*Stpho lachesis. .......... (l
*Sipho kreyeri ........... )
*Jumala ossiana. . . ... ... I
Volutopsis morvegica . . ... ‘
* Buccinum hydrophanum . . ‘
* Buccinum belchers ....... |
Buccinum  groenlandicum?) |
* Buccinum sericatum . . . .. 1
*Bucctnum ovum . . . ...... (
*Bela stmplex. ........... \
*Bela exarata ............ ;‘
Bela bicarinata . ......... 3
Bela pyramidalis . .......
*Bela nobilis.............
Trichotropts borealis . .. ..
*Trichotropis conica . . .. ..
Natica groenlandica. . . . ..
Natica clausa ........... |

1) This species lives only at the southeast coast of Greenland and is only included here for comparison with other Buccinidae.
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of spawning and development in several of the prosobranchs occurring
within the area. This is shown by the table p. 44. A heavy line
indicates that the material at hand is sufficient to allow of a fairly
accurate determination, while the thin lines indicate that the material
is defective and does not give an exhaustive picture of the conditions.
If an egg-capsule at the earliest date of the year whence samples are
available, contained large embryos, this is a sign that the spawning had
commenced some time before, and this is indicated by a stipled line
preceding the continuous line. If, however, an egg-capsule at the latest
date of the year whence samples are at hand, still contained undeveloped
or slightly cleaved eggs, it can be inferred that the development will not
be completed till some time afterwards, and this is indicated by a stipled
line after the continuous line?). :

Thus the time intervals given in this table for each species comprise
the length of the period of spawning plus the length of the time of
development, that is, the time interval between the earliest date of the
year at which an egg-capsule with undeveloped eggs of the particular
species was found and the date at which the last embryos have left the
last laid egg-capsules.

In spite of the longer and shorter periods of spawning in the various
prosobranchs of the area in question, all these forms seem to have
relatively short periods of spawning as compared with those of more
southern forms. Thus the Littorina species are known to spawn all the
year round; LEBouRr (1934, p. 529) states that larvee of Rissoa parva
can be found in the plankton during ten months of the year, etc. At
Northeast Greenland the developmental stages of all the egg-capsules
found seem to show that the maximum of reproduction occurs within
the ice-free summer time, and that the development is as a rule com-
pleted within that period. This could be ascertained with certainty in
several species (Sipho curtus, Buccinum belchert, Bela pyramidalis, Natica
groenlandica, and Margarita helicina), and the table indicates that nearly
all the forms follow this rule. As all the species mentioned in the table
with the exception of Sipho lachesis, Volutopsis norvegica, and Bela
nobilis have their main distribution at depths of less than 25 m, their
period of spawning thus coincides with the period of the year in which
the temperature of the water at that depth is positive (cf. pp. 9 and 80).
Further it seems as if the arctic species of a genus as regards repro-
duction differ fairly much from species of the same genus which are
distributed outside the Arctic also; both Bela simplex and Bela exarata
spawn in the early summer, and since the embryos of both these species
were almost of the same size in nearly all the egg-capsules at the same

1) The forms marked with an asterisk are almost exclusively distributed in
arctic seas.
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dates, the spawning process proper must be presumed to take place
within a very limited period, whereas Bela bicarinata and Bela pyra-
midalis spawn later in the summer and — judging from the size of the
embryos — over a longer space of time. Something similar is known for
the genus Sipho, S. curtus spawning within a fairly limited period and
completing both spawning and embryonic development in little over
three months, while S. islandicus has a longer period of spawning and
accordingly a considerably longer combined period of spawning and
development. However, the specimens at hand are too few to show
whether or not this rule is universally valid.

As usual in the prosobranchs, by far the greater number of the species
of this group, too, are unisexual in arctic seas. Of hermaphrodites only the
following forms are known, viz. Onchidiopsis glacialis, Marsenina microm-
phala, Velutina laevigata, Velutina undata, and finally the viviparous Ac-
maea rubella. Further, hermaphroditism was found, as normally, in the
opisthobranchs, which, as mentioned above, are not very numerous.

Thus hermaphroditism plays a rather subordinate role for this
animal group in arctic seas, and the percentage of hermaphrodites as
compared with unisexual forms seems not to be much greater here than
in more southern seas.

A survey of the methods of reproduction in the Northeast Green-
land prosobranchs show the following facts: Of the 51 prosobranchs
found at Northeast Greenland, 25 species have an almost exclusively arctic
distribution, 17 species are mainly distributed in the Arctic but may
also occur in the northern parts of the boreal seas, 4 species are arctic-
boreal, and 5 species have a still wider distribution (the Mediterranean,
etc.). The 30 species of prosobranchs whose reproduction is known, and
which all had a direct non-pelagic larval development, may be grouped
as [ollows in respect of distribution: exclusively arctic distribution, 17
species; mainly arctic and slight boreal distribution, 10 species; arctic-
boreal distribution, 1 species; and still wider distribution, 3 species. It
will be seen that within the forms investigated as well as within all the
prosobranch species of Northeast Greenland there is a great dominance
of forms whose distribution comprises exclusively or essentially the
Arctic. This corresponds closely to the observations made concerning
the echinoderms, but is in contrast to those of the polychaetes (p. 36),
the fauna of which in Northeast Greenland is largely made up of widely
distributed forms.

Of the invertebrate groups investigated in Northeast Greenland the
prosobranchs is moreover the group within which the non-pelagic larval
development is most pronounced, since hitherto not a single case of
pelagic larval development has been ascertained. The above-mentioned
investigation of Natica groenlandica indicates (cf. p. 42) that this non-
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pelagic method of reproduction is characteristic of the species under
other ecological conditions also, and very probably the same applies to
the mode of reproduction in the remainder of the Northeast Greenland
species. Here, too, the prosobranchs of Northeast Greenland must there-
fore be assumed to contrast with the polychaetes, since in the latter
there seems to be a great lability in the methods of reproduction in the
individual species.

D. Lamellibranchiata.

In the fjords of Northeast Greenland the lamellibranchs are re-
presented by a fairly considerable number of species, and while the
majority of the prosobranchs were decidedly arctic, the lamellibranchs
include a somewhat greater percentage of widely distributed forms.
In the prosobranchs pelagic larval stages were not observed at all in
Northeast Greenland, whereas the series of plankton hauls from all the
months of the year show that pelagic lamellibranch larva occur through
a fairly long period and in the actual summer time (May to August)
even in a very considerable number. Thus in the month of July an average
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of 125 individuals for each sample taken with hand net (vertical haul,
50—0 m, Ellag) was found (cfr. Fig. 8).

Hence we are certain that some of the lamellibranch species found
in the Northeast Greenland fjords have pelagic larval stages, and the
question then arises whether such a pelagic stage is the rule in all the
arctic lamellibranchs, or whether the lamellibranch larvee in the arctic
plankton are derived from a small number of species. If the latter is
the case, a new problem presents itself, namely the determination of
the species of the pelagic larvee in order to decide whether they belong
to purely arctic or to more widely distributed forms. Such an identifica-
tion is, however, extremely difficult and is normally only possible through
observations of living material, either directly by the hatching of eggs
whose species is known, or by cultivation of pelagic larvee. In this way
it is attempted to attain such an advanced s<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>