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Antaretic Map Folio Series
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The objective aof the Antarctic Map Folio Series is to summarize in a
sticcinct manner the present knowledge of the Antarciic; the Series will con-
sist of some twenty folios, each devoted to one subject or scientific discipline.
The areal extent of the coverage will vary from one folio to grother. For
example, folios dealing with atmospheric and oceanographic parameters will
present data north of what is usually considered the Antarcric fn order to
furnish a meaningful piciure, whereas studies of the ice sneet will necessarily
be limited 1o Antarctica.

In planning the content of the Antarctic Map Folio Series, rhe advice of
numerouy scientists with many fields of interest has been vought with a mos!
gratifving response. Much helpful guidance has also been furnished by the
sctentisis on the siaff of rhe Office of Antarctic Programs at the National

Science Foundation.
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Distrbution of Selected Groups of Marine Invertebrates
“1n Waters South of 35S Latitude

Introduction to Antarctic Zoogeography
J. W. Hedgpeth'!

THE QCEANOGRAPHIC SETTING

From the viewpoint of the distribution of marine organisms, the Ant-
arctic Ocean is a system of concentric rings of water, moving slowly west-
ward and downward near the roughly circular landmass of Antarctica, and
eastward at the surfacc between the region of divergence at about 65°S
(known as the Antarctic Divergence) and the great natural boundary of
the Antarctic Convergence to the north (Deacon, 1937; Mackintosh,
1946). The region of divergence is roughly the limit of pack ice under
present climatic conditions; during glacial perfeds the rclationship be-
tween these two phencmena may have been different. This circulation pat-
tern (Figure 1) corresponds roughly to latitude, and the water masses
associated with it are more uniform in their temperaturc and salinity
characteristics than around any ofher continent. The Antarctic Conver-
genwe, which lies at about 50°S in the Atlantic sector and 60°S in the

Fig. 1. The structure of Antarctic water masses {adapted from a diagram by R, T. Currie in
David, 1965},

Pacific sector, is an almost stationary, permanent boundary. In Folio 6 of
this series this is termed the Polar Front (Gordon, 1967). Surface waters to
the south have temperatures below 1°C in winter and 3.5°C in summer and
salinities less than 34%, while the Subantarctic Surface Water just north
of the Convergence is around 2.0°C in winter and of higher salinity. Sur-
face tcmperatures increase gradually and more or less regularly with lati-
tude northwards to the Subtropical Convergence about 10 north of the
Antarctic Convergence, where the temperature changes from about 10°C
to 14°C in winter, and 14°Cito 18°C in summer {Dcacon, 1963). There is
also a sharp increase in salinity in this region. The Subtropical Conver-
gence is more variable in position than the Antarctic Convergence, and
extcnds northward to North Island of New Zealand and towards 40°8
along both sides of South America, Strictly speaking, the term ‘Antarctic
Ocean’ should probably be confined to the waters south of the Antarctic
Convergence. British and New Zcaiand werkers prefer the less precisely
defined concept of the “Sonthern Ocean’ {for example, Knox, 1960; Dca-
con, 1963; Brodie, 1965). It is nsually understeod as lying south of the
Convergence, but may include parts of the Subantarctic, that broad region
beiween the Antarciic and Subtropical Convergences.

" The surface waters of the ‘Antarctic Ocean’ form a layer about 200 m
deep; at the Convergence this layer sinks below the warmer, lighter Sub-
antarctic water. Near the continental shore the water is very cold and is
more highly saline because of the ice cover. This cold, dense water, with
temperatures below 0°C and salinities greater than 34.5 %, sinks north-

Marine Science Laboratory, Newpoert, Oregon
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ward from the shailow shelf regions as the Antarctic Bottoin Water. Much
of this water mass is formed in the Weddell Sea. The Antarctic Bottom
Water moves northward and becomes mixed with the deep water of the
Atlantic and Pacific Oceans, apparently without a gradient zone such as
the surfacc convergences: Between the Bottom Water and the surface lay-
ers is the great intrusive mass of thc warm Deep Water, originating in the
Adtlantic, Indian, and Pacific Qceans. Much of this water is derived from
the Atlantic, and some of it by mixing with Antarctic Bottom Water.

Most of our information concerning the distribution of marine life is
based on studies of the plankton of the upper laycrs and of the benthos;
censiderably less is known concerning the state of affairs in the deep
waters of the bathypelagic regions.

Ekman’s propesal (1953) to use the term ‘Antiboreal’ instead of
‘Subantarctic’ has not met with general acceptance, especially among
oceanographcrs, who have declined to adopt the suggested change from
Subtropical to Antiboreal Convergence. Some Soviet workers, for ex-
ample, Vinogradova (1962), Andriashev (1962, but not 1965}, and
Lomakina (1964) havc used the term ‘notal’ as the equivalent of Sub-
antarciic (betwecn the Convergences). In English, at least according to
Webster III, this mcans “pertaining to the back or dorsum,’ and the word
‘notalian’ (which T have not encountered anywhere outside the diction-
ary), is delined by this august authority as the *south tcmperatc marine
biogeographic realm that is bounded by the southern isocrymes of 68°
and 44°F." Fleming (1963) suggests that the terms ‘Neocaustral’ and ‘Paleo-
austral,’ which he considers derived by false analegy to Nearctic and
Palearctic, be replaced by the terms ‘Neonotian® and ‘Paleonotian’ in pale-
ontological usage, While onc may be tempted by such a term as “Paleono-
tian’ for many discussions in this field, these and similar terms are subject
to Fleming’s criticism of false analogy, since they imply that the Southern
Hemispherc is the back or dorsum of the globe. Most workers in this field
have obviously found ne objection, fo the usc of the terms ‘Antarctic’ and
*Subantarctic’ for the general bicféraphic realms of what journalists often
refer to as “The Bottom of the World.”

FLANKTON DISTRIBUTIONS

The surface waters of the Antarctic comprise a relatively uniform bio-
geographic region, characterized by very high primary productivity which
in turn is associated with a rich zooplankton population. El-Sayed (1968)
estimutes thal the waters south of the Antarctic Convergence, which con-
stitute about 5% of the world oceans,support 1 gross production in the
order of 20% of the world oceans. On the basis of unit area, this means
that the Antarctic is 400% more productive than the rest of the oceans.
The dominant animal of the Anturctic is the krill Exphausia superba
(Figure 2), which'in the past supported the stocks of whales, and upon

Fip. 2. Euphausia superba Dana (from Sars, 1883); mapnificd about 2.4 times.



which several species of penguins, other sca birds, and many fishes depend
(Marr, 1962 ). Euphausia superby is an Antarctic endemic, occurring, for
the most part, south of the Antarctic Convergence ( Figares 3, 4). Recent
¢stimates of the total population of this single species vary rather widely,
but suggest that the potential fishery for Euphatesia superba might exceed
that of all the other fisherics of the world combined. However, such a
fishery would involve difficult processing problems,

This great productivity and the overwhelming abundance of this en-
demic species (along with other endemic zooplankton species of copepods,
chactognaths, and others) clearly set upper layers of the Antarctic Qcean
apart as a separate and distinct region. Yet the regional abundance of this
species indicates differences within the Antarctic Ocean itself. These dif-
ferences are associated with the geographic conformation of the Antarctic
coatincnt. Most if not all zooplankton specics are circumpolar in distribu-
tion, but they are not uniformly so, with the result that there are both guali-
fative and quantitative diflerences in the complex region of the South
Atlantic, as well as the latitudinal differences south and north of the
Antarctic Divergence. In the opinion of sotne workers, these differences
merit recognition of sub-districts, such as ‘high’ and ‘low’ Antarctic zones
(for example, Lomakina, 1964).

"The Subantaretic waters do not comprise as discrete a zone for plankton
as the waters south of the Antarctic Convergence. There are fewer endemic
species, and most of the pelagic organisms are obviously derived from
farther north, either as widely ranging species or closely related to warmer
water species, David (1963 ) suggests that this colotization from the north
is ‘relatively recent’ for chaetognaiths; he believes that the fauna of the
Antarctic waters arc compesed of 7 species, 3 of which arc endemic, and
that their basic distribution is circumpelar, the Antarctic and Subtropical
Convergences acting ‘to a greaier or [esser extent as boundary regions for
the fauna.’ The occurrence of 4 species common to other regions suggests
that, as far as oceanic distributions are concerned, the value of chaetog-
naths as ‘indicator species’ for specific waler masses is moot. In any event,
there is a tendency for zooplankton organisms to occur in latitudinal
bands according to shundance.

The problem of latitudinal gradients has been discussed by a number of
authors (see the review by Fischer, 1960), but perhaps without adequate
cmphasis on the population aspects. While it may appear, for example,
that the total number of species in higher latitudes may be less than in the
temperate or tropical regions, this diversity is apparently not as sharply
marked with respect to populations. Such a diagram as Figure 5 shows the
abundance, not of each species involved, but of a1l of them combined, and
it does indicate that rotal numbers are greater in the Bering Sea than in
the tropics. Several overlapping species of Euphausia accur in the Sub-
antarctic seas (Figure 6}, but this may be a misleading picture-since it does
not show relative abundances. According t0 Baker (1965), a singlc spe-
cies tends to make up at least 50% of the total of all cuphausiids in each
ten degrees of latitude in the Indian Occan, from the equator to from 60°S
to 70°8. A further aspect of this problem is that of varying seasonal abun-
dances of different specics of the same genus.

According to Voronina (in press}, for cxample, the three abundant
mesoplankton copepods of the Antarctic have different cycles of deveiop-
ment so that their maxima arc spatially isolated. From these various con-
siderations it is probably safe to assume that the overlapping distributions
of planktonic organisms is more a reflection of the kinds of data at present
avatlable than of the actual situation in naturc. When it is remembered that
such distributions associated with different reproductive periods and rates
may occur in an environment that is possibly as uniform as tropical waters
are supposed to be, it is not difficult to suspect that as far as the plankton is
concerned, the idea of latitudinal diversity, at least as simultancous oc-
currence of more or less equally abundant species, may be overemphasized
in the literature.,

In any event, the broad picture drawn by Elkoman (1953) of the pelagic
zones of the southern regions is substantially correct, cxcept that oar
knowledge of comparalive abundances has increased greatly since his
time, and the circumpolar distributions of many plankton specics should
be viewed as eccentric, represented by larger populations in the Atlantic
sector {Scotia Sea and Weddell Sea) and thinner bands around the re-
mainder of the Antarciic,

THE BENTHOS

SUBLITTORAL ENVIRONMENTS, The near -.‘ih{)l"{} bottom of the Axtarctic
Ocean is a narrow region directly influenced by winter icc to a depth of
15 m to 30 m or more. This ‘anchor ice” forms on the bottom as large crys-
tals and in spring and summer is dislodged, rising to the undersurface of
the annual ice, carrying entrapped organisms with it. As a result there is a
bare region to a depth of 15 or 20 m occupied during the Antarctic sum-
mer by such vagile, foraging invertebrates as sea stars, echinoids, nemer-
teans, the isopod Giypionoius and some pycnogonids (Dayton and
Robilliard, in press). Below this is a zone consisting predominantly of
sessile coelenterates, extending to 30 or 40 m, where it is replaced by a
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Fig. 3. Gross distribution of total euphavsiid population (from Marr, 1962).
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Fig. 4. Principal concentrations of Exphaeusia superba (from Marr, 1962),

zone of sponges, bryozoans, ascidians, and numerous assoctated organ-
isms. This zonal arrangemcnt has becn observed by divers in both Mc-
Murdo Scund and the Davis Sea {for example, Gruzov, Propp, and
Pushkin, 1967} ; there appear to be some local differences due to slope or
sediment types or ice action, but there are no significant differences in these
widely separated areas, and the same pattern of zonal arrangement is
probably circumpolar, at least in the near shore continental regions of the
Antarctic. :

Intertidal aigae are abscnt from regions where the shore is ice bound for
extended periods, but there is 1 well developed algal belt or region below
extreme low tide, extending to about 37 m (Zaneveld, 1966). According
to Zancveld, this region can be subdivided into an upper beit or sublittoral
fringe from low tide to 10 m, and a lower sublittoral belt down to 37 m.
Below this is the elittoral or circalitioral region, extending from the sub-
littoral belt to the {imit of macroscopic algae, which may be at a depth of
several hundred meters in the Ross Sea. It is interesting to note that the
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Fig. 6. Zonal distribution of specics of Euphawsia; the black parts indicale greatcst concen-
trations {adapted from Mackintosh, 1960).

division at 10 m corresponds roughly 1o the region of unattached benthos
observed by divers.

To the north, where the shore is free of ice for longer periods, algal
growth increases, and cn many of the Subantarctic islands there arc abun-
dant growths of macroscopic algae, especially Durviliea. This genus is not
represented south of the Aniarctic Convergence, However, iwo sublittoral
brown algae are restricted to the south of the Convergence; these arc
Phyllogigas grandifolias from the South Sheflands to Cape Adare (or
73°8) and Asceseirg mirabiliy on islands of the Scotia Ridge (o the South
Shetlands. Macrocystis pyrifera reaches its southern limits around South
Georgia and the islands near the Antarctic Convergence from Prince
Edward to Macquarie. For further information on the distribution of
Antarctic macroscepic algae, see Neushul (1968) and Zaneveld (1968)
in Folio 10 of this serics.

THE ROSS SEA BONTIHOS. The deeper parts of the Ross Sea, from 200 m
to 400 m, arc rich in assemblages of invertebrates; Bullivant (1967)
recognizes three major assemblages of larger invertebrates associated with
different types of bottom on the basis of gualitative saumples and pheto-
graphs. The first of these he cails the Decp Shell Mixed Assemblage, asso-
ciated with a fine sediment with crratic boulders, consisting for the most
part of tubiculous polychaetes, rooted bryozoa, various echinoderms, and
mollusks. The second type is the Decp Shelf Mud Bottom Assemblage,

occurring on mud or sandy mud botlom with erratic boulders; tubiculous
polychuaetes arc abundant here, along with sipunculids, a foraminifer and
ophiurcids. The third assemblage is that associated with a bottom of
cobbles embedded in muddy sand, consisting for the most part of hard
bottom animals such us bryozoa, gorgonaceans, stylasterine corals and
tunicates, several species of ophiuroids and pycnogonids. A number of
minor assemblages were noted, including the McMurdo Sound glass
sponge assemblage in depths of 69 m to 180 m, on a botlom of ‘unsorted
rock debris.” Somc of these assemblages are not well defined guantitatively.

Taken us a whole the Ross Sea benthos consists primarily of sessile,
filter-feeding, or fine parlicle-feeding invertebrates attached {0 numerous
rocks, and cannot be compared with the shallow, soft, or level bottom com-
munities of European waters, The nearest analogue seems to be the as-
semblage associated with cobble botloms off Point Barrow, Tn dceper
water where sediments are finer, scssile organisms are less abundant, and
polychaetes, crustaceans, echinoderms, and moilusks are relatively more
NUMerous.

It seems probable that similar assemblages occur all around the Ant-
arctic, but comparable quantitative data of the sort that hus been obtained
for the infaunal bottom communities of northern latitudes will be very
difficull to obtain for these essenfially epifaunal assemblages, As Bullivant
remurks, many of the common organisms making up these asscmbluges
are circumpolar in distribution.

SEDIMENTS. Antarctic bottom sediments consist for the most part of
glacial or ‘iceberg’ sediments brought from the contincnt by ice action.
These are not deposited immediately near the shore but are carried out 10
the outer shelf and slope; they consist of muds, fine and coarse sand, and
boulders; the finer sediments are greenish gray in color (Brodic, 1965).
The region of glacial scdiments corresponds roughly with the limit of pack
ice; north of this region the predominant sediment is creamy yellow diatom
oozc with patches of recent volcanics and foruminitera. These sediments
are replaced farther north by foraminiferal ooze and large areas of red
clay in deeper parts of the Pacific sector. Near shore (he abundant filter-
feeding animals of the bottom assembluges suggest low rates of sedimen-
tation. Tt is possible that sedimentation may be comparatively light under
the present climatic regime.

PATTERNS OF DISTRIBUTION, Ekman (1953) divided the benthic faunas
of the shelf and near island botloms inlo Aniarclic and Antiboveal regions,
For the Antarctic he recognized a high Antarctic subregion, in turn di-
vided into the West Antarctic, including the Weddell Sea and Antaretic
Peninsuly, and the East Antarctic, including the Ross Sea. He considered
the low Antarctic region to include South Georgia. He divided the Anti-
boreal region into a South American subregion with a strong Antarctic
component, a region of oceanic islands, and a Kerguelen region, These
generalizations were based, for the most part, on information from the
first infensive era of Antarctic exploration and collecting before 1914;
since then systemalic work wilh many groups has been reappraised, and
new information has become available, 1t shounld be noted that Ekman
{or his translator) is not precise about such terms as *region” and ‘provinee’
and indeed uses them interchangeably.

While many recent workers, including most of the contributors to this
folio, do not find clear evidence of distinct East and West subregions, Kol-
tun, in this folio, notes differences in the sponge genera of East Antarctica,
including McMurdo Sound, and West Antarctica and believes that this
cannot be explained on the usual grounds of madequate collections.
Kussakin { 1967) dcsignates as the East Antarctic province for isopods the
region from somewhere in the Weddell Sea around the entive continent to
90°W in the Bellingshausen Sea. this is almost circumpolar {270°) and
leaves the Antarctic Peninsula and nearby islands, with the exception of
South Georgia, as his West Antarctic province. South Georgia is consid-
ered a separate province in this scheme. On the basis of fishes, Andriashev
recognizes a Continental Province with East Antarctic and West Antarc-
tic districts.

Except for the different uses of ‘subregion’ and ‘province,’ the divistons
proposed by Andriashev and Kussakin are essentially the samc. The East
Antarctic of ihese distribution schemes 1s the continental near shore, or
‘high” Antarctic, of Ekman and many authors tollowing him, but Ekman’s
‘“low’ Antarctic included South Georgia, which, according to some sys-
tematists, merits recognition as a separate region or province. The South
Georgian Province proposed for ascidians by Kott in this folio includes
the islands of the Scotia Ridge and the Antarctic Peninsula, however. A
number of the contributors to this folio suggest that the fauna of the Ant-
arctic Peninsula and island arc is somewhat different in composition from
the ‘high’ Antarctic region, and especially that it shows strong affintics
with that of South Amecrica, The groups involved in such a distribution
pattern include the Bryozoa, Brachiopoda, Mollusca and many echino-
derms. Groups represented mainly by deeper water species, inciuding the
various types of corals, sipunculids, and echiurids do not show such a
regionalization, and arc more closely related to the Convergences than
to continental and island configurations.



In a recent review of benthic faunas, Dell { 1968) reco gnizes four main

groups of mollusks accerding to distribution. These are:
(1) Species found around Antarctica
(2) Species found in Antarctica but only in the regions of
the Weddell Sea, the Antarctic Peninsula and the Bellings-
hausen Sca, that is, the region immediately adjacent to the
Scotia Ridge
(3) Species confined to the Scotia Ridge
(4) Specics characteristic of the Subantarctic islands®

Dell also notes that many Antarctic mellusks have very wide bathymet-
ric ranges (a circumstance also applicable to sponges and pycnogenids ) ;
48 specics have ranges exceeding 500 m, and 5 have ranges greater than
1,000 m.

All of the Antarclic islands have litioral species in common with New
Zealand, South Amcrica, and South Africa in varying degrees (Figure
7). This indicates that the source of colonizing species tends to be the
nearest neighbor (o the west (especially in the case of Tristan da Cunha
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Tig. 7. Distribution of marine fauna of the Subantarctic islands and southern continents
(adapled from Holdgate, 196607,

and South America). and that the distribution of these species is appar-
ently influcnced by the West Wind Drift or prevailing eastward surface
current of these latitudes. Fell (1967) postulates that the New Zealand
region 1s an area of active speciation, sending its colonists castward, so to
speak. However, it should be pointed out that New Zcaland stands astride
the cold temperate and subtropic scas and accordingly provides a broader
range of environments, whercas the similar extent of South America lies
well within cold temperate or Subantarctic conditions, so it should be
cxpected that eurythermal New Zealand species might gain footholds in
South America, Further, the Subantarctic islands by their nature as small,
stenotopic environments, have proportionately fewer species to contribute
to the eastward irend. It does not seem necessary (o invoke rates of evolu-
tion or the Coriolis effect (o account for thiy pattern. Fell also suggesty
that this evolutionary pattern could be traced in the opposite direciion in
the tropics; this idea has been eriticized with respect to insular speciation
by Brigas (1967). To say that such trends in speciation may be related to
the Coriolis parameter is to say little more than this is what might happen
on a spherical rotating body such as the earth.

Although fishes would be expected 1o conform to the gencral distribu-
tion patterns recognized for invericbrates, the distribution of penguins,
when related to their nesting sites, is surprisingly similar. and follows
systematic divisions rather closely, The Antarctic group includes the
Emperor, which nests only on ice on the continental Iedge, and the Adélie

*The somewhat different calegories in Dell's contribution to this folio are based
primarily on origin rather than present distribution, but are essentially the same.
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and Ringed penguins which nest on outlying' Antarctic islands but not
South Georgia, The Subantarctic group includes the Macaroni, King, and
Rockhopper penguins which eccur from South Georgia to Macquarie
Island, that is, on the islands between the Antarctic Convergence and the
northern limit of pack ice. The cold temperate species overlap with the
Subantarctic specics on islands south of New Zealand. The celd temperate
category includes the species of southern New Zealand and South Amer-
ica (Figure 8). Antarctic and Subantarctic species spend more than half
their lives as pelagic animals, and their ranges at sea are incompletely
known, but arc probably not greatly different from the broad distribution
patterns suggested in the [igure. Hence they must be considered important
components of the pelagic regions of the Antaretic, especially the Adélie
and Rockhopper penguins, which occur in observed concentrations of
hundreds of thousands at the breeding sites.

Tn the general biogeographic scheme for littoral regions proposed by
Knox (1960) the Antarctic province includes Bouvet and Heard Islands
as well as the South Sandwich Tslands; South Georgia is considered a
separdte province although lying within the Antarctic region (Figure 9).
The Antarctic Peninsula and Scotia Ridge are considered to be the Scotian
Subprovince; a separate Rossian Subprovince is recognized for the Ross
Sea and adjacent regions. In the Subantarctic or cold temperate regions,
the scattered islands of Prince Edward and Marion, Crozet, Kerguelen,
and Macquarie comprise the Kerguclenian Province, and the Subantarctic
islands near New Zcaland, but not the shore of South Island proper, are
regarded as the Antipodean Province. The southernmost part of South
America and the Falkland Islands make up the Magellanic Province. This
scheme 1s based on consideration ol information about plants as well as
many groups of animals, but is concerned primarily with littoral or shallow
water organisms. Therefore it docs not take into consideration the benthos
of depths below the limils of algal growth, Most of our information for
the benthos concerns the animals of this lower region and includes a num-
ber of groups showing strong affinities with the tip of South America.
Furthermore, it does not seem possible to defend independent or subpro-
vincial status for the Ross Sea; as work progresses on group after froup,
supposed Ross Sea endemics fall by the wayside. Dell (1968) does nat
recognize a separate Ross Sea region for mollusks.

There is no clear agreement among biogeographers as to the limits or
comparative ranking of regions, provinces, or other biotic subdivisions.
As noted above, even Ekman used such (erms as ‘region’ and ‘province’
interchangeably. For the purposes of this folio, the major divisions, that s,
Antarctic and Subantarctic, arc regarded as ‘regions’ rather than ‘proyv-
inces” (Figure 10). The Antarctic Region, including all of the Scotia
Ridge and the pelagic waters below the Antarctic Convergence, has two
major subdivisions which may be regarded as subregions or provinces,
according 1o tastc. These arc the *high’ Antarctic or continental Antarctic,
south of the Antarctic Divergence. roughly equivalent to East Antarctic
of some workers, and the ‘western” Antarctic including the Amntarctic
Peninsula and Scotia Ridge. From this broad viewpoint it does not seem
that South Georgia should be regarded as an independent biogeographic
entity, but may rate status as a ‘district’ or subprovince.

The Subantarctic Region includes the vast oceanic area south of the
Subtropical Convergence (except that the limits of this fegion on the two
sides of South America are not yet defined), and the shallow waters of the
tip of South America. Although the southern part of New Zealand lies
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Fig. 8 Distribution of penguing In the Antarctie and Subantarctic regions (adapted from
Mackintosh, 1960).



within the Subtropical Convergence, the biota is not regarded as ‘Subant-
arctic’ but ‘cold temperate.” There is certainly less evidence of interchange
at this time between South America and the Antarctic regions. There are
some faunal similarities between New Zealand and South America, as
there are between South America and Tristan da Cunha and Gough
Islands, This distribution paliern is usvally associated with the West Wind
Dirift, the prevailing eastward current of these latitudes. A similar eastward
distribution pattern has been recognized for the islands near the Antarctic
Cenvergence from Kerguelen to Macquarte. These islands are usually
regarded as comprising a Kerguclen subregion, province, or district. The
status of such isolated islands as Bouvet and Heard s uncertain because
of inadequate information, but they appear t0 be morc Antarctic than
Subantarctic.

It is possible that some of the faunal relationships between various Sub-
antaretic fslands and such mainland regions as New Zealand and South
America may be due 10 past connections of shallow ‘highways’ which
might have been available in late Cretaceous or early Tertiary fimes. The
sitnation on the Chatham Eslands, less than [000 km from New Zealand,
cmphasizes the difficultics faced by many marine invertebrates in crossing
marine barriers {algae secm 10 be more able to cross such barriers). The
fauna of the Chatham Islands is an interesting mixture of elements from
North and South Islands of New Zealand that may have been established
since post Pliocene times (see Knox, 1954), yet certain common New
Zealand intertidal genera and species have becn unable to establish them-
selves. It is hardly surprising, in the light of this example, that there are
no barnacles, prosobranch limpets, littorines, or mussels in the upper inter-
tidal zone of Macquarie Island (Kenny and Haysom, 1962}.

There seems to be only slight evidence that the Kerguelen-Gaussberg
Ridge and the Macquarie Rise serve as migralion routes, even for eury-
bathic species. The principal migration or transfer route at this time is the
region of the Scotia Ridge, but here, as Dell (1968) points out, the siiu-
ation is much morc complex because of the various island groups and the
shallow regions between them.

BIPOLARITY

Much has been written about bipolarity, the occurrence of identical or
sirnilar species in Arctic and Antarctic waters (sec Ekman, 1933, pp. 244—
263), as an indication of a previous continuous distribution of pelar
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faunas. The basic argument set forth by D’Arcy W. Thompson (1898)
still holds, however, namely that the phenomenon is comparatively insig-
nificant in terms of actual numbers of authentically bipolar species, and
that many supposedly bipelar species will fall under critical systematic
reappraisal, Very few examples of species with completely discontinuous
distribution are cited by the contributors to this folio. In the sponges, for
example, Koltun mentions 4 such species in a total of 300 Antarctic and
200 Arctic species, and several others whose occurrences while essentially
bipolar are nevertheless found in lower latitudes, especially in the North-
crn Hemisphere {see Plate 4). As with many other groups, the general
facies of the fauna is remarkably different, and the large distinctive species
of the family Rossellidae are charcteristic; this family is not represented at
all in Arctic waters.

There appear to be no bipolar or even antitropical species of stylasterine
corals, and the specics of this group form a zoogeographic unit in Antarctic
and Subantarctic waters. The information for the scleractinian corals sug-
gests a similar distribution. Of the 16 species of brachiopods from Ant-
arctic waters, 11 are endemic, and the others are widcspread deeper water
forms. Most of the 130 species of the Bryozoa occurring in the Antarctic
and elsewhere are Southern Hemisphere species, and only a single species
is noted as occurring in the Arctic at all. .

Much of the original emphasis on bipolarity was based on the similarity
of species in the group formerly known as ‘Gephyrea,” an unconvincing
assemblage of sipunculids, echiurids and priapulids. Tt is interesting to
note that Edmonds (in this folio) lists 7 sipunculids as bipolar but cautions
that some of these may turn out to be more widely distributed than pre-
viously thought, As for the echiurids, 2 species are claimed as bipolar, but
the records are admittedly inadequate; for 1 species, 3 specimens are
known (I of them fragmentary) and for the other a singlc slightly dam-
aged specimen is known, all of them from the South Shetland Islands.

The classic bipolar ¢xample, at least in the past, has been that of Pri-
apulus caudatug, and one may still find references to this species as ‘known
only from the north and the south, particularly in the polar regions’
(Hardy, 1967). However, Lang (195[) convincingly demonsirated that
the Antarctic—Subantarctic form tuberculato-spinosus is a separate spe-
cies, and Murina and Starobogatov {1961) recognized Priapulus tuber-
culatospinosus as one of the forms of a widely distributed deepwater spe-
cies found as far north as Kamchatka and deeper waters of the north-
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eastern Pacific basin as well as in decp equatorial watery, Tt is, therefore.
a widely distributed species of cold and deep walers whose pattern sug-
gests deep submergence in middle latitudes. Tis northern counterpart, Pri-
aprifus caudatus, occurs [or the most part in sublittoral waters of the Arctic
but there are records for depths of 2670 m and 1425 m; the southernmost
record for this species is Tomales Bay. California, at about 38" 10N, In
all, 7 species of the genus Prigpulus are now recognized (Figures 11, 12).
Of these, 3 are known from single records or restricted deepwater locali-
ties. The genus may be separated into 2 subgenera, Priapidus s. str, with
a single caudal appendage and Prigpulopsis, for those species having two
tails or caudal appendages. Both groups have specics in northern and
southern waters, but it is possible that Priapulus atlantisi should not really
be considered in this subgenus because of the markedly different structure
of the caudal appendages. In any cvent, the distribution of the genus as
a whole indicates that it is a group of shallow cold-water specics and deep-
water species occurring widely in the ocean basins.” This distribution pat-
tern is similar to that of many other groups, and that of.Priapufus ruber-
culatospinosus s comparable 1o such pycnogonids as Colossendeis an-
gusta.

There appear to be no bipolar species of mollusks although there are
many [amilies and a number of genera common to both Arctic and Ant-
arctic waters as well as Lo colder waters generally. According to Powell
(1963), there arc several ‘bipolar’ genera which are currently represented
by cold-water species extending along the west coast of the Americas;
such a distribution patiern is not bipolar in the strict sense of the term but
suggests dctive migration or speciation in colder waters, as do genera or
species occurring in deep water in the middle latitudes, Certainly it would
be diflicult to demonstrate strictly bipolar or ‘relict’ species in this highly
successtul and abundant group of invertebrates.

Among the benthic arthropods no bipolar pyenogonids are recognized,
and the entire tacies of the group is markedly different in the two regions.
This is most marked in the absence of polymerous forms from Arctic
waters and the development of specics of Cofossendeis and large ammo-
theids in Antarcfic waters.

‘Recent information suggests that very small priapulids {perhaps 2 mim or 3 mm
long) may be widespread in tropical regions. A small priapulid, described from the
larval stages as Tubifuchus corallicola, has been found in coral sund from Curacao

(van der Land, 1968), and is evidently sinular to a form found in shallow sandy
bottom in the Red Sea at Al Gardaqah.
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The absence of large conspicuous benthic decapods, especially brachy-
uran crabs, from Antarctic waters has been noted by Yaldwyn ( 1965) and
others. The ceological role of crabs in warmer witers is evidently assumed
by the large idoieid isopod Glyplonotus antarciicus in shallow Antarctic
walers, There 18 a similar dearth of brachyuran crabs in Arctic waters al-
though there are several anomuran crabs. Recently Soviet investigators
identified several specimens of an anomuran crab from 67°23°S, 179°53'E
at a depth of 500 m to 900 m as Paralomis spectabilis, a species previously
known from southcastern Greenland and Iccland waters (Birstein and
Vinogradov, 1967). Another species of this genus is known from southern
South America and the Falkland Islands, but this scems to be the first hong
fide record of an anomuran crab [rom Antarctic waters proper although
one would like more material to be certain of the identity of the species.
The distribution of the genus as a whole suggests that several species may
have wider distributions but have not been collected. In any event, crabs
of any kind do not appear to be conspicuous members of the Arctic fauna
and, as with the Antarctic Glyptonotus, large idoteid isopods (Mesidotea
stbirica and M. sabini) are the principal benthic crustacean scavengers. It
is of interest to note that although these isopods are placed in different
genera, they are members of the same family and are superficially similar.

Stomatopods also appear to be absent from Antarctic waters, although
Heteroxquilla polvdactyla, Pterosquilla armata and Pt. gracilipes have
been recorded from Patugonian waters according to Dr. Raymond B.
Manning ( personal communication),

The enthusiastic adherent of bipolarity (il such remains) can find little
support in the distribution of cchinoderms and ascidians; both of these
groups have high numbers of Antarctic endemic species and show few
indications of relationship with the Arctic fauna.

Except for cold water and the long polar day and night, there is little in
common between the two polar cnvironments of the globe. The Antaretic
is & ring of cold waler with a botlom deepening towards the rest of the
world ocean, whereas the Arctic is a basin almost completely closed off
from the Pacific and widely open to the world ocean only throu gh the
North Atlantic. Furthermore. in part of the area, between Teeland and the
Faroc Islands, the bottom is separated from the North Atlantic proper by
the Wyville-Thompson Ridge, a notable barrier for benthic Qrganisms,
Several large rivers enter the Arctic, but none flow from the Antarciic con-
tinent.
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When one views the composition of the biota, both qualitatively and
quantitatively, the differenccs between the Antarctic and the Arctic are
even more pronounced (Figures 13, 14), On the basis of Soviet invesfi-
gations of the benthos of various regions of both polar scas, it appears that
the average biomass at comparable depths is from several times to an order
of magnitude greater in the Antarctic. More significant is the percentage
composition of the more common invertebrates of the benthos (Figure
14). While there is in the Barents Sea a bottom asscrnblage consisting for
the most part of sponges, the Arctic does not have the densc sponge—Bryo-
zoa associations of the Antarctic. Conversely, the Antarctic lacks the well
developed bivalve-ophiuroid assemblages of shallow Arctic waters, al-
though at least one ophiuroid, Ophiacantha antarctica, may make up at
least a third of the biomass in localitics in the Ross Sea according 1o Fell’s
{1961) estimate based on photographs and collection records. As empha-
sized by Bullivant (1967) the benthos of the shallow Antarctic shelf is
primarily an epifaunal or hard bottom assemblage and has litile in com-
mon with the Arctic infaunal assemblages. Unfortunately quantitative bot-
tom sampling on a scale comparable to Soviet work in the Arctic has not
been carried out in the Antarctic except for the limited area near Mirny
Station. Thus it is impossible 1o document by quantitative data the impres-
sion that the distribution of bottom communitics or recurrent combina-
tions of species has more of the pattern of a mosaic in the Arctic. Further-
more, the most significant aspect of the shallow bottem life of the Antarc-
ti¢, the comparative rate of tutnover or replacement as contrasted with that
of the Arctic, remains to be determined, although the cxample of sea stars
discussed by Pearse (1965) suggests a similar rate of reproduction in both
polar regions at least for asteroids. It seems possible that the rate of turn-
over may actually be very slow and the dense sponge mats, accumulations
of shells, and barnacle plates represent the production of many years.

There is a pronounced latitudinal discontinuity in many plankton spe-
cies, for which the term ‘antitropical’ has been suggested in preference to
‘bipolar’ (Hubbs, 1952; Brinton, 1962). In discussing such distribution
patterns in relation to euphausiids, Brinton uses the term ‘biantitropical.’

He further notes that these spccics are also panoceanic, occurring in simi-
lar latitudes on both Pacific and Ailantic Oceans. During warm times these
specics would tend to be more widely separated (thus more nearly ‘bi-
polar,” although there are no strictly bipolar euphausiids at this time), and
during periods of cooling, the populations would tend to move closer to
the equator and be continuous, thus making exchange of genetic materizl
possible, Examples of such antitropical distributions are given in Figure
15. Such distribution patterns de not, of course, support a concept of
ocriginal continuity of idenrity of the polar biota, or continuity of ihe bot-
tom fauna. Some of the populations of species invelved in these antitrop-
ical distribution patterns may presently be able to exchange genctic mate-
rial by submergence beneath the tropics.

If we accept Dunbar’s (1968} concept of the polar biota as evolving
systems subject 10 natural selection, it would appear that the different
biotas have responded to different selective pressures. According to geo-
logical opinion {Adie, 1963), the Antarctic continent has been separated
from other landmasses since possibly Jurassic times. This implies that the
Antarctic Ocean as such may have been in existence before the present
cycle of glaciation (whether one-equates this with the Pleistocene or sug-
gests that the Pleistocene began in the Miocenc}. This would suggest that
the marine fanna of the Antarctic has had more time to evolve than that of
the Arctie, since the ocean of the Antarctic regions has been continuous
whereas the Arctic has been ice-covered or landlocked during times since
the Tertiary.
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Planktonic Foraminifera’
Allan W. H. B&*

INTRODUCTION

There are about 30 species of planktonic Foraminifera, as contrasted
with the more than 4200 benthic species in the oceans of the world. Most
of the planktonic specics belong to the familics Globigerinidae and Globo-
rotaliidae, Of the 30 species, 9 occur in Antarctic® and Subantarctic?
waters; however, none of these cold-water species are restricted 10 the
‘Southern Occan,” cxcept possibly the newly recognized Globoroialia
cavernula (Bé, 1967b). These species are distributed in broad zones of
similar temperature in both the Northern and Southcrn Hemispheres.
Hence, itis not possible to refer to these species as endemic to the Antarclic
or Subantarctic, although some of them do appear in very high concentra-
tions of 10 specimens/m* or more in the Antarctic regions. The species
inhabiting the major distributional zones in the world's oceans (Figure 1)
arc listed in Table 1. Tt is noteworthy that the highest specics diversity
occurs between latitudes 40°N and 40°S In regions where surface tem-
peratures are greater than 18°C,

Most plunktonic Foraminifera live in the euphotic xone during their
early stages; they descend to deeper water as adults and secrete thick, cal-
cite tests, Other species prefer to live in deep water; for example, Globore-
tadia scituela Is most commonly cncounlered between depths of 500 m and
1000 m. Spinose Globigerinoides and Globigerina are generally epi-
pelagic, whereas the nonspinose Globorotalia and Globoquadrina have a
greater range of depth habitats,

The plankton samples upon which the accompanying maps are based
were collecled between 1960 and 1965 on the research vessels Elranin of
the National Scicnce Foundation (U.S. Antarctic Research Program),
and Vema and Conrad of the Lamont Geological Observatory ( Table 2).
Allsurface (0 mto 10 m) and vertical (O m to 300 m) tows were ebtained
with plankion nets of uniform mesh size and material (NITEX 202 —
202 p mesh-aperture width) and were provided with {lowmeters [or quan-
titative readings of amounts of waler filtered. The locations of the stations
from which plankten samples have been examined are shown in Map 1,
Plate 1,

Investigations of living planktonic Foraminifera in the Antarctic and
Subantarctic are comparatively few. Boltovskoy (1959a, 1959b, 1939¢,
1961, 1962, 1966a) has studied the distribution of modern species in the
western South Aldlantic between Cape Hom and Porto Alegre. Using
Foraminifera as mdicator species for differentiating botween the Malvin
(Faikland} Current and the Brazilian Current, he was able (o locate the
*‘Subtropical-Subantarctic Convergence Zone™ off Argentina, Iis southern
and northern boundaries are located, respectively, at 47°45'S and 29°30°S
in winter and at 4%°S and 35°30°S in summer ( Boltovskoy, 1966a).

Parker (1960) has delincated the distribution paticrns of planktonic
Foraminifers from the equatorial and southeast Pacific as far south us
"Contribution No. 1223, Lamont Geological Observaiory of Columbia University
*Lamont Geological Obscrvatory, Palisades, New York
“Waters south of the Anlarctic Convergence (sometimes called Antarctic Pelar Front)
“Watcrs betweoen the Antarctic Convergence and the Subtropical Convergence

*Roughly, all oceans south of the Subtropical Convergence
"Roughly cquivalent to the region of the Subtropical Convergence

467§ latitude using 81 plankton samples collected between October 1957
and February 1958, Her tows were obtained with considerably coarser
nets (mesh-aperture width of 630 4) than those used in our siudy, and
they consequently allowed the escupe of a lurge fraction of Foraminifera.
Comparison of Parker's results with ours is possible for the larger species
only. Bradshaw’s (1959) comprehensive work in the North and equatorial
Pacific does not consider distribution south of 20°5. Boltovskoy's (1966b)
distributiona! study, based on three Elianin cruises in the South Pacific
sector of the Anlarctic waters, agrees generally with our results,

Uchic {1964} described the planktonic Foraminifera in two plankton
tows and cleven botiom samples from the southern Indian Gcean, Belyaeva
{1964) has made an extensive comparison of the distribution of living and
dead assemblages of planktonic Foraminifera in 400 plankton and 286
bottom samples in the Indian Ocean. Her observations on the fossil distri-
butions covered the entire Indian Ocean to Antarctica, but her study of
living species was limited to the region north of 4073 latitude,

The dead assemblages of planktonic Foraminifera in South Pucilic sedi-
ments have been studied by Parker {1962), whose definitive taxonomic
survey of 34 species included their gross geographic distributions. Black-
man {1966) also investigated planktonic foraminiferal assemblages in
sediment cores from the southeastern Pacific, including the Albatross Cor-
dillera. Kustanowich (1963) recorded the distributions of 26 species in
scdiments from the New Zcaland region between 18°S and 54°S latitude.
Blair’s { 1965) and Kennctt's ( 1968 ) investigations of planktonic forami-
niferal asscmblages in sediments of the Scotia Sea and the South Pacific
are particularly pertinent, and correlatable to our study, because their core
samples and our plankton tows were obtained on the same expeditions
{ Efranin Cruises 3 to 13).

DISTRIBUTION IN THE UPPER 300 M {(PLATES 1 AND 2)

MaPs 2 AND 3. Globigerina quingueloba Natland

This species occurs commonly along both sides of the Antarctic Con-
vergence but is perhaps more abundant south of it. The typical form has
a final chamber that extends as a lobe over the umbilicus and constricts
the aperture, Unfortunately, this prominent feature is lacking in the ear-
lier stages, und they are then difficult to distinguish from juvenile Globige-
rina pachyderma. Since the latter species lacks spines in the adult stages
and probably also in carlier onlogeny, we consider the possession of spines
by G. guingueloba and the absence thereof on G. pachyderma as the major
distinguishing critcrion. This is not always as obvious as it seems because
the very delicate spines of G. guingueloba can be readily rubbed off by
abrasion while in the plankton nct or sample jar or dissolved by inade-
quately buffered preservative,

The regions and seasons of maximum abundance of Globigerina quin-
gueloba coincide with those of Globigerina pachyderma (Maps 4 and
5), but the former decreases toward the pole and is absent in the south-
ernmost stations {Maps 2 and 3). 1t occurs less abundantly in Subantarc-
fic walers and has a northern limil in the Southern Hemisphere at approx-
imately 40°S latitudc.



Blair {1965) noted that G. quingueloba constitutes less than 105 of
the total planktonic Foraminifera in Recent sediments in the Drake Pas-
sage and the South Pacific and that it appeared in larger numbers and at
more stations north of the Antarctic Convergence than south of it. Kus-
tanowich (1963) found it a rare but widespread species in the surface
sediments around New Zealand and south of it

Globigering quingueloba occurs predominantly in waters colder than
12°C, and in the Antarctic region it is most frequently found in water
temperatures between 1°C and 6°C,

MAPS 4, 5, AND 6: Globigerina pachyderma (Ehrenberg)

This species, particularly the lefl-coiling variety, is the most cold-toler-
ant of the planktonic Foraminifera and is abundant in Antarctic and Sub-
antarctic as well as in Arctic and Subarctic waters. In Subantarctic waters
it 1s especially common over the Argentine continental shelf. The species
is very rare, or absent, in subtropical waters,

Juveniles of G. pachyderma have 4.5 to 5 hemispherical chambers per
whorl, a large aperture, an open umbilicus, and a thin-walled test that
looks considerably different from the compact, thick-walled adult test
with 4 coalescing chambers per whorl, a reduced final chamber, and a
constricted aperture. The typical adult form of G, pachyderma is attained
by crystalline thickening (Bé, 1960b).

The young forms of Globigerina pachyderma are difficult to scparate
from G. guingueloba Natland, as we have discussed previously. Spinosity
may or may not prove to be a real distinguishing characteristic, since it
has not yet been established whether G, pachyderma truly lacks spines in
its earlier stages.

Arctic and
Antarctic

- Subtropical

Subarctic and

Subantarctic Tropical

Transitian
Zone

Fig. 1. World distributional zones of planktonic Foraminifera. Species hat inhabit each
zone are listed In Table 1.
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There are several regions where either the right-coiling or the left-
coiling variety 1s predominant (Map 6). One area where right-coiling
specimens predominate is located over the Argentine continental shelf
north of the Falkland Tslands, where concentrations of G. pachyderma
are exceplionally high for a region so far north of the Antarctic Conver-
gence. Our plankton collections and those of Boltovskoy (1966a) both in-
dicate a sharply defined boundary between predominantly left-coiling and
right-coiling populations north of the Falkland Islands. Another region of
mostly right-coiling forms is east and west of New Zealand (Jenkins,
1967). Because of the generally rapid decrcase of G. pachyderma north-
wards and the lack of sample coverage in certain parts of the ocean, the
actual extent of these regions cannot be readily ascertained. Tt should be
noted, however, that the water is warmer in these areas than in regions
inhabited by left-coiling [orms. It may well be that dextral populations of
G, pachyvderme are distributed In a continuous bell north of their sinistral
relatives in a manner reciprocal to that observed by Ericson (1959) in
the North Atlantic. It is also possible that a gradual and nearly continuous
genetic gradient exists from left-coiling to right-coiling populations of G.
pachyderma and that the latter, in turn, grade into Globoguadring duter-
irei. Cifelll (1961}, Parker (1962) and Zobel (1968) have noted strong
morphological similarities between the two species.

The left-coiling variely occurs preponderantly in the colder Subantarc-
tic and Antarctic waters. The percentage of sinistral forms increases
southward as water temperature decreases. Ninety percent or more of G.
pachyderma tests are sinistral south of the Antarctic Convergence. This
agrees closely with Blair's (1963) and Kennett's ( 1968) observations of
coiling ratios of G. pachyderma in Antarctic Recent bottom sediments.
The 90% lett-coiling isopleth of both investigators is based on fossil pop-
ulations and runs north of the Antarctic Convergence, while our relative
abundances ol 90% for living forms generally follow the Antarctic Con-

TABLE 1. Species Composition of World Distributional Zones
Shown in Figure 1

Zone Species'

NORTHERN AND SOUTHERN COLD-WATER REGIONS

Arctic and Antarctic zones Globigerina pachyderma

{left-coiling variaty)

Glohigerina pachyderma
{right-coiling variety)
Globigerina quingueloba
Globigera bullofdes
Globigerinita uvula
Gioborotalia scitula
Gioborotalia cavernula®

Subarctic and Subantarctic zones

TRANSITION ZONES

Merthern and southern zones
of transition between cold-
water and warm-water regions

Giloborotalia infiata
Also, mixed oceurrences
of subpolar and tropical-

subtropical species

WARM-WATER REGIONS

Naorthern and scuthern
subtropical zones

Globigerinoides ruber

{pink variety in

Atlantic Ocean only)
Globigerinoides conglobatus
{fall species)

Hastigerina pelagica
Globigerinita glutinata
Gioborotalia truncatulinoides
(winter species)

Globorotalia hirsula

{winter species)

Giobigerina rubescens
Globigerina falconensis
Globigerinella aequilateralis®
Orbulina universa®
Globoguadrina dutertrei®
Globorotalia crassaformis

Globigerinoides sacculifer

[incl. “Sphaeroidinelia
dehiscens'’ (Parker and Jones)]
Gioborotalia menardii
Globorotalia tumida
Pulleniatina obliguiioculata
Candeina nitida

Hastigerinella digitata
Globoguadrina conglomerata®
Globigerinella adamsf’
Globoquadrina hexagona®

Most species fram subtropical
zones are also common in tropical
zone

Tropical zones

'Species are listed under the zone where their highest concentrations are observed, but they are not
necessarily limited to these areas.

*Prefer outer margine of subtropical central water masses and fringes of the Transitional Zone.
IRestricted to the Indo-Pacific.
Restricted to the Subantarctic.



TABLE 2. Flankton Collections Used in This Study

Ship and Date of Number of MNumber of
Cruise Mumber Collection Samples Stations
Eltanin
3 April 14—June 12, '63 &6 21
9 Aupg. 12-Sept. 13, 63 63 16
10 Oct. 12— Nov. 29, '63 101 30
i1 Der. 28, '63-Feb. 13, '64 117 20
12 Mar. 13-April 18, '64 o5 ]
13 May 19-June 29, '64 127 15
14 Aug. 2-5ept. 5, '64 152 19
15 Oct. 11-Nowv. 21, 64 175 24
16 Feb, 4-Feh. 18, '65 45 9
17 Mar. 25-April 30, '65 204 23
18 June 5-10,'65 26 3
13 July 13-Aug. 24, '65 147 11
Vema
14 Jan. B-April 5, '58 21 21
15 Feh. 24,759 1 i
16 March 30-Apr. 16,60 3 3
18 Feh. 28-May 15, '62 25 29
18 July 28-Aug. 7,'62 3 3
Canrad
8 Feb. 18-April 1, ‘84 12 15
g Mar. 2-April 14, '&5 15 15

vergence or are located to the south of il. We believe this indicates that a
southward shift of predominantly sinistral populations has taken place in
the recent past.

Globigerina pachyderma occurs most abundantly during spring, sum-
mer and early fall (early October 10 late April}; this comcides with the
period of high phytopiankton preduction. The rcgion of highest abun-
dance, where . pachyderma cxceeds 10 specimens/m®, lies hetween
60°W and 135°W and south of the Antarctic Convergence; a secondary
area of high concentration is located off the Argentine shell (Map 4).
Low concentrations of G. pachyderma prevai] during late fall and winter
{May to September}. The left-coiling populations arc cncountered at
water tomperatures between —17C to 8°C, and reach highest concentra-
tions at temperatures below 2°C. Dextral populations are found primarily
between 9°C and 15°C,

MaPS 7 aND 8: Globigering bulloides d'Orbigny

This is the most abundant specics in Subantarctic watcrs, often reuch-
ing BO% to 90% of the total planktonic foraminiferal populations. Lt is
next in importance to G. packyderma as a cold-water indicator. The spe-
cics occurs in a broad belt roughly between 4078 latitude and the Antarc-
tic Convergence. Highest concentrations are generally observed during
spring and summer, while sparse populations are usual in winter.

Clobigering bulloides 1s found to about 480 km south of the Antarctic
Convergence, but the main decrease in numbers occurs within the first
160 km or o south of the Convergence. In addition, scasonal fluctuations
of G. bulloides are responsible for southward invasions beyond the Con-
vergence during summer and spring and northward reireats during late
fall and winter.

The northern limit of abundant . bulloides in the Southern Hemi-
sphere {5 at approximately 40°8 latitude coinciding roughly with the 18°C
surface isotherm. Globigerina bulloides grades morphologically and zoo-
geographically into G. fafconensis Blow. The latter inhabits the cooler
edges of subiropical regions and differs from G. bulloides in having a
smaller test, a more constricied low-arched aperture with a tip, and more
elongate chambers (13¢, 19674). We believe that the two forms helong to
a cline, :

Blair (1965) found that the 20% 1sopleth of fossil (7. bulloides in Re-
cent bottom sediments of the South Pacific is situated north of the Antarc-
tic Convergence, whereas relalive abundances of 20% for living G bul-
loides are located about 160 km south of the Convergence., As is lrue in
the comparison of fossil with living G. pachyderma populations, we infer
that the present-day extension of G. butloides south of the Convergence is
duc to a warming trend of waters in the recent geologic past.

Blackman { 1966) observed that (. bulloides constituted from 39%% to
73% of the iotal planktonic Foraminifera in Recent sedimcuts of the
Albatross Cerdillera south of 40°S latitude. Kustanowich (1963) alse
observed the dominance of G. bufloides in Subantarctic sediments south
of New Zealand. The specics made up more than 40% of the tetal plank-
tonic Foraminifera south of 40°S latitude.

Globigerina bulloides is encountered primarily in near-surface waters
and decreases in number with depth, Its opiimum temperature range les
between 2°C and 10°C.

MaPS 9 aND 10: Globorotalia truncatulinoides {’Orbigny)

This specics flourishes in Subantarctic waters during late fall and win-
ter {Muy to October}, but 1$ rare during the remaining months of the
year (Figure 2}, The seasonal factor explaing why this specics s sparsely
distributed during summer and early fall, Tf only late fall and winter sam-
ples arc considered, the high densitics found in the Subantarctic region
may well be parl of an extensive bloom ol G. trurcaiulincides over the

middle latitudes of the southcustern Pacific. The northern extent of such
a fall-winter bloom cannot be ascertained because of the paucity of sam-
ples in the southeastern Pacific.

Parker (1960) did not report any G, truncarudinoides south of 40°8
latitude. However, on the Albatross Cordillera between 25°S and 45°S
latitude, in Recent sediments, it is one of the dominant specics, constitut-
ing morc than 20% of the planktonic foraminiferal assemblages (Black-
man, 1966}, The absence of G. runcarulinoides in Parker’s southern
stations may be due Lo its very low concentration between October and
February and is a [urther indication that it is a mid-latitude species which
occurs most abundantly in late fall and winter in subtropical, transitional,
and Subantarctic waters of the South Pacific.

In the North and South Allantic G. truncatufinoides is also a winler
speetes, occarring primarily between Decemnber and April in (he Sargasso
Sea and 1 July and August in the central South Atlanidc (Bé, 1960a, and
unpublished data), However, while it is restricted to subtropical waters in
the Northern Hewnisphere { Bradshaw, 1959; B¢, and Hamlin, 19673, (.
truncatulinoides appears 10 have a wider temperalure tolerance in the
Southern Hemisphere, where it flourishes in Subaniarctic as well as sub-
tropical walers. In the Northern Hemisphere it does not occur in regions
with surface temperatures below 14°C, but in the Southern Hemisphere
this spectes is common in Subantarctic walers with temperatures as low as
4°C.

Blair {19635) reported that in bottom sediments the relative abundance
ol (. truncatuflinoides tests are about 1% and 2% along the Antarctic
Convergence in the South Pacific and about 16¢ to 5% in the Scotia Sea
north of the Convergence. Although this scoms considerably lower than
the high percentages of living G. truncarulinoides along or north of the
Convergence (Map [0}, the lower frequencics in the sediments may re-
Hlect either the averaging effect of the strongly seasonal productivily of
this species or the recency of the incursion of greater concentralions of
G. truncatulinvides in the Subantarctic region.

Left-coiling tests of G. trusicatulinoides greatly outnumber the right-
colling ones in Subantarctic waters.

MAPS 11 AND 12: Globorotalia inflara (d’'Orbigny)

This 1s a good indicator species of transilional waters between thc sub-
tropical and Subantarctic regions in the South Atlantic, but in the South
Pacific highest frequencies are lound mainly in Subaniarctic watcrs ( Map
123, Whereas in the Atluntic highest relative abundances arc encountered
in regions where surface 1sotherms are between 13°C and 19°C, in the
Pacific it is one of thc dominant species of Subantarctic waters having
surface temperatures between 2°C and 6°C,

Globorotalia inflata occurs predominantly during winter and spring
{early August 1o carly January) reaching a climax in Ociober and
November, when relative abundances up to 70% of the (otal population
and absolute abundances of 10 specimens/in® or more are recorded. The
scasonal distribution of (. influte (Ligure 2) shows its spring preference
even more distinetly if Conrad Cruises 8 and 9 are disregarded, because
they are mostly north of 50°S latitude. The high concentrations in the
New Zeatand region contrast with the relatively low densities to the south
near the Antarctic Convergence; this difference can probubly be attrib-
uied (o the seasonal facior.

G influta is not common over the Argentine continental shell, although
the temperaturc—salinity conditions appear favorable for its development.
Here right-coiling Globigering pachvderma and G. bultoides are predom-
inanl among the planktonic Foraminifera.
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varions cruises,
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Whether G. inflgre 13 also abundant in the southeastern Pacific to the
north of our present area of study is a matter of conjecture, Parker
{1960) noted low relative abundances (<I10% ) in 2 out of 11 stations
in this area, but her plankton samples were collected with coarse-meshed
nets {0.65 mm mesh aperture) which in all likclihood allowed (he escape
of many Feraminifera, Blackman (1966) observed thai . inflafa consti-
tuted more than 20% of the planktonic foraminiferal thanatocoenosis in
the sediments south of 45°S latitude of this same arca.

Blair (1965) reporied relative abundances of G inflata as high as 30%
in the southeastern Pacific floor and up to 209 in the Drake Passage sed-
iments north of the Antarctic Convergence, His 10% isopleth is also
located north of the Convergence, whereas cquivalent relative abum-
dances for living (7. inflata are generally south of the Convergence. This
is interpreted as the result of a southward migration during the warming
trend of the recent geological past. Blair's high rolative abundances in the
acotia Sea are also reflected in the living populations which are trans-
ported eastward from the Pacific into the Scotia Sca.

MAPS 13 aND 14 Globigerinita glutinata { Egger)

This is & ubiquitous species that is found commonly in small numbers in
Subantarctic waters. 1ts frequency is usuaily less than 5% of the total
planktonic Foraminifera, although it sporadically increases to 10% or
higher, as in the region west of the Drake Passage (Map 14). In the south-
eastern Pacific and the Atlantic sectors. reduced numbers of this species
are able to cross the Antarciic Convergence. The species is absent in the
southernmost stations, where surfuce temperatures drop below 1°C.

Globigerinita glutineta is an enigmatic specics among planktonic Fora-
mintfera. Tt ranges from Subarctic to tropical to Subantarctic waters, but
it does not appear to have any distinet patterns or cenlers of maximuin
concentration. Bradshaw (1959) observed that it is more abundant
in tropical than in Subarctic regions of the Pacific Ocean. Boltovskoy
(1966a) considered it uscless as an indicator species, because it inhabits
Subantarctic as well as subtropical waters of the South Atlantic off Argen-
tina. The generai lack of dtagnostic morphelogical features and (he vsual
absencc of the distinetive bully in specimens from plankton (ows make it
difftcult 1o determine whether cold-water Subantarctic or Subarctic popu-
lations belong to the same species complex as those from the (ropical—
subtropical regions.

Blair (1965} noted that this species is random[y distributed in frequen-
cies up to 9% in the bollom sediments of the South Pacific and Scotia Sea
north of the Antarctic Convergence.

UNMAPFED SPECIES

Globigerinita uvale (Ehrenbers)

This specics is more frequent and abundant in Antarctic than in Sub-
antarctic regions. Ft was present at 23 stations south of the Antarctic
Convergence and at 18 stations north of it. Globigerinita bradyi Wiesner
and Glehbigerinvides cf. (. minutae Natland of Bradshaw (1959) are con-
sidered conspecific wilth (lobigerinita wvirfa. The tightly cotled, high-
spired, nonspinose test frequently possesses a diagnostic bulla with infra-
laminal apertures, Because ils maximum dimension is 190 4 or less, most
specimens probably escape through the meshes of the plunkton nets and
our guantitative cstimates arc thercfore unreliabic, Blair (1965) reported
a random distribution of G. wvirde in bottom scdiments from both sides of
the Convergence and noted that its frequency rarely exceeded 1% .

Globorotalia scitila (Brady)

This is a Subantarctic, deepwater species which very rarely occurs in
the epipelagic zonc (U m to 300 m). kit appeared in the 500 m to 1000 m
depih range at 4 Eftanin stations during the period August 12 to 21, 1963,
noriy of South Georgia and the Antarctic Convergence. During October
and November 1963, it was again encountercd between 500 m and 1000 m
at 3 stations north and 1 siatioen south of the Convergence. Blair (1965)
reported that G. seitula is rare or ubsent in the Antarctic sediments of the
South Pacific and the Scotia Sea and it tended 10 be more frequent in his
northern Subantarctic samples,

SUMMARY

Nine species of planktonic Foraminifera have been cncountered in the
Antarctic and Subantarciic watcrs. The only species that occurs abun-
duntly in Antarctic watcrs is Glebigering pachyderma. Six species oceur
commonly In Subantarctic waters; these are Globigering bulloides, Glo-
borotalia inflata, Globorotalia truncatilinoides. Globoreralia scitula, Glo-
bigerinita glutinara and Globorotalia cavermula. Globigering quingueloba
and Globigerinite rvida arc more frequent in the Antarctic region, but arc
also ubiquitous in Subantarctic waters. All species show widely overlap-
ping distributions, but their centers of maximum concentrations are gen-
erally located either in Antarctic ot Subantarctic waters.

Two species have distinet seasonal occurrences, Globorotalia trunca-
felinoides s most abundant between early May and lalc Ociober, while
Globoretalia inflata proliferates between early August and early Janoary.

In winter (June through September) the upper 100 m of water around
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Antarctica is comparatively burren of plankton (including Foraminifera)
and the bulk of the planktonic populations inhabit the deeper waters be-
tween 250 m and 1000 m.

In comparing the fossil assemblages in surface sediments studied by
Blair (1965} with living populations from the same regions, we have
noted that the equivalent frequencics of Globigering pachyderma (20% ),
G bulloides (2095 ), Globorotalia truncatufingides (3% ), and G. inflatg
{10% ) are all located north of the mean position of the Antarctic Con-
vergence in the bottom sediments, whereas these frequencies for living
populations are now south of the Antarctic Convergence. The southward
retreat of Antarctic G, pachydersig and the advance of the threc Sub-
antarctic specics indicate the extent of 2 warming trend since the deposi-
tion of the most recent sediments and their skeletal remains.

These findings agree with Hays' {1965 ) observations that the boundary
between Antarctic and Subaniarctic Radiolaria in botiom sediments is
located 37 to 10° north of the mean position of the Antarctic Convergence.
He noted also that north of the Convergence the radiolarian species in
the thin top layer of cores are indicative of a recent warming period during
the past few thousand years.
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Porifera
V. M. Koltun'

INTRODUCTION

Spenges arc the most primitive of multicellular animals: they are, for
the most part, attached to the bottom or to hard objects and are immohile.
The majority of sponges oceur as distinel but irregularly shaped colonics,
but some of them, cspecially the glass sponges (Hyalospongiae) and the
calcareous sponges (Calcispongiuc), may often be found in isolated forms.
Sponges live by pumping water through the numerous openings and feed
upon fine deirital particles and umcellular erganisms from the water car-
ricd into the colony. Sponges reproduce both scxually and asexually. 1n
the first case the fertilized cgg develops into a free-swimming larva, which,
having settled on the bottom, gradually turns into a young sponge. Asexual
reproduction is by budding and the formation of gemmules.

Sponges are widely distributed in seas and oceans from tidal flats to
depths of 8000 m—83500 m; however, ihey attain their greatest abundance
and diversity on the continental shell and in the upper part of the con-
tinental slope. An important factor in the distribution of sponges is the
character of the sea bottom; as sedenlary, atlached forms they tend to favor
boulders and cobbles.

Together with Bryozoa and Echinodermata, sponges are the most char-
acteristic representatives of bottom fauna in Antarctica, It would prob-
ably be difficult to find another part of the world’s occans where sponges
are found in such constant abundance over such a large arca. A broad
belt of sponge colonics extends virtually arcund the cntire Antarctic con-
tinent. This wealth of spenges in Antarctica can doubtlessly be explained
by favorable nutritional and hydrochemical conditions and by the pres-
ence of a large amoun( of terrigenous, stony bottom material that has
been iransported by glaciers and icebergs, Spanges are so abundant that,
in many parts of the shell, skeletal remains deposited on the bottom form
a layer of interlocked spicules 63 cm thick (Koltun, 1966).

At present about 300 sponge species are known in the Anlaretic, inclad-
jng the areas of the Scotia Ridge and the Prince Edward, Kerguelen, and
Macquarie Islands. Many of them arc stenothermal, cold-loving forms,
well adapted to the extremely low water temperatures. A high percentage
of endemic species is typical ol Anlarctic sponges; morc than hall the
known Antarctic species are limiled (o Antarctic waters,

The Antarctic sponge fauna is marked by an almost complete absence
of horny sponges and by poor reprcsentation of such families as the
Geodiidae, Stellettidae, Theneidae, and Tethyidae (Burton, 1932). By
contrast, there i3 an abundance of large glass sponges, cspecially those of
the tamily Rossellidac. Some of these, for example, the barrel-shaped
Scolymastra joubini, arc gigantic, attaining heights of more than 100 cm.

Another distinclive featurc of Antarctic sponges is the wide eurybathic
range in which they occur. This is related to the predominance of mixed
bottom sediments, which, together with other factors, provide relatively
uniform conditions of life over a large part of the continental shelf and
slope. However, the wide range in vertical distribution of Antarctic
sponges is also promoted by other factors. First of all, because of the
absence of a continental tunoff, occan waters extend all the way to the
edge of the Antarctic continent, filling the shelf zone and bringing with
them sponges from the bathyal depths and lower parts of the sublitoral
io the shallower reaches. A characteristic example is provided by the glass
sponges, typically occanic forms that are usually found at depths of more
than 100 m. In Antarctica, however, these sponges arc abundant near the
coast, sometimes at depths of as Iittle as 10 m. On the other hand, the
presence of bottom currents that flow from the coast seaward tends to
promote a pattern of sponge scitlement from the shell down along the
continental slope and even into abyssal depths. This tends to eliminate auy
vertical zonality in sponge distribution within a broad range of the shelf
and slope, that is, between 100 m and 900 m.

Compared with a large numbcr of endemic species, the number of
endemic genera is extremely limited, s is true of most other benthic
animals in the Antarctic, Of the 116 sponge genera found in Antarctica,
only about 10 may be regarded as endemic. They include the Scolymastra,
Acanthorhabdus, Dolichacantha, Hoplakithara, Cercidochela, Bipociliop-
sis, and some other mostly monotypic genera. Most of the Antarctic
sponges belong to genera that are also well represented elscwhere in the
world. They are: Mycale (8), Fedania (8), Myxilla (9), fophon (6},
Tsodictya (9), Anchinoé {5}, Haliclona (21), Adocia {6}, Hymeaiaci-
don (6), and several others. There are also species that belong 10 less
widely distributed genera, which occur only in nearby watcr arcas or in
isolated parts of the Northern Hemisphere. These genera include Mono-
syringa, also known off New Zealand; Cinachyra, with several forms in
the West Indics; Axociella, which has been observed off South America,
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Australia, and In the West Tndies; and Reossefle, primarily an Antarctic
genus, found only in the Azorcs in the Northern Hemisphere.

Many Antarctic sponges are circumpolar in distribution. The most
common are: Rossefle antarctica, R, racovitzae, Scolymuasira joubini,
Cingchyra antarctica, Tetilla leproderma, Myeale tridens, M. acerota,
Asbestopluma belgicae, lophon radiatus, 1. spatidatus, Acanthorhabdus
fragilis, Cercidochela lankesteri, Tedania massa, T, oxeata, Axociella
nidificata, Ectyodoryx ramilobosa, Eurypon miniaceum, Isodictya erina-
cea, and Microxing benedeni (Koltun, 1964). In addition to this muin
group, the Antlarctic sponges also include species with more limited areas
of distribution. For cxample, the McMurdo Sound area is the only place
in Antarctica where representatives of the genera Stefletia, Jaspis, Penares,
Geodinella, Hemiastrella, Rhabdermia, Chondropsis, and Dysidea {Bur-
ton, 1929) have so far been found. Semewhal more widely distributed,
but still within the limits of East Antarctica, arc Hoplakithara dendy, Plo-
camia gaussiana, Clathria pauper, Sphaerotvius schoenus, Dolichancantha
macrodon, Desmacella vestibularis, and Monosyringa longispina. Far
[ewer species are endemic in West Antarctica; among them arc Myeale
macrocheld, M. tylotornota, Isodictya toxiphila, Myxilla australis, M.
pistitfaris, and Hymeniacidon rorguara. This observed difference between
the sponges of West and East Antarctica cannot adequately be explained
simply on the basis of insufTicicnt and uneven exploration and collecting,

An analysis of Antarctic sponges shows 2 close relationship with the
sponges of the Falkland Tslands and South America. Among the Demo-
spongiae and the Hyalospongiae alone thore are more than 50 common
species in these areas. The link with New Zealand and Australia is weaker,
with only 30 common species

The Antarctic sponge fuuna 1s far richer and more diversified than its
Arctic counterpart. The Arctic includes only about 200 specics, and it
should be borne in mind that the Arcfic fauna is now almost entircly
known while new species may still be found in Antarctica. Of great infer-
est is the presence of the undoubtedly bipolar species Sphaeroivius schoe-
aus, Artemising apollinis, Suberifes montiniger, and others in both Arctic
and Antarctic faunas, These arc primarily ancient forms that have under-
gone little change and are now found only in these widely separated parts
of the Nerthern and Southern Hemispheres,

The sponge fauna of the ubyssal depths of the southern oceans hag been
studicd only to a slight extent; it includes ubout 30 deep-sca species, most
of them cndemic and belonging to the genera Caulophacis, Malacosaccus,
Holascus, Awlocalyy, Hyalonema, Ashesiopluma, Cladorhiza, and others,

THE MAPFS (PLATES 3 AND 4)

MaP 1: Family Rossellidac

The Rossellidac arc extremely characteristic of Antarctic waters, Tt is
these glass sponges, found frequently and reaching large size (30 cm or
more high), that give the Antarctic sponge fauna its distinetive and specific
character. T.ike the other glass sponges, the Rossellidae are occanic forms
that usually occur on the shell and continental slope at depths greater than
100 m. In Antarctica, however, in conirvast 1o other parts of the world,
they arc found mainly on the shell and may rise to the upper sections of
the sublitioral, developing abundantly cven at a depth of 10 m. To be sure,
the Rossellidac also inchude a genuine abyssal genus, Batiydorus, known
from depths of 717 m to 4792 m.

Rossella, the typical genus of this family, is limited in distribution to the
Antarciic and Subantarctic, with the single exception of R. nodasirella,
which is found in the Azorcs. This genus reaches ifs greatest diversity
along the Antarclic coast, In the North Pacific Rosseflla is replaced by the
closely related genus Acanthascus, which is represented in Antarctica by
A. australis, lound only once in the Bellingshausen Sea. It is characterislic
that both Rossella and Acanthascus are completely absent in the Arclic.

Map | shows the distribution of Rossella, Bathydorus, and Acanthas-
cuy; il should be noted that Acanthascns also includes the genera Rhab-
docalypiuy, Staurocalyptus, and A canthasaccus, which are here regarded
4s SYNonyims.

Mak 2: Rossellinae

In Antarctic waters, 24 representatives of Kossefla have been identilied,
and Burtoen (1929) has assigned them quite properly to 4 species: R.
gntarciica, R. racovitzae, R, nuda, and R. villosa. Antarctica alse includes
Scolymastra foubini and Ancxycalyx ifimae, the former being one of the
gigantic glass sponges, reaching a height of 100 ¢m or more, All these
species are circumpolar, and 3 of them—R. antarctica, R. racovitzae, and
R. nuda—exiend beyond Antarctica to the Patagonian coast and the Falk-
land Tslands.
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Map 3: Tetractinellida

The Tetractinellida, a basically warmth-loving sponge group, is repre-
sented in Anlarctica by 19 species. As a whole this group is relaled more
closely to the Australia-New Zealand fana than to the Falkland Tslands—
South American sponges. Most of them arc rare; 5 species have been
found oniy in the Ross Sea and off New Zealand (Stellefta crater, §. maori,
Jaspis novaezealundiae, Penares (ylotaster, and Geodinella vastigifera).
Nevertheless, several specics are ruther widely distributed in the Antarctic
and arc quile characteristic of the Antarctic fauna. They are Monosyringa
longisping, Tetilla lepioderma, Cinachyra anfarctica, C'. Barbafa, and
Plakina trilupha. Except for the cosmopolitan genus Tetilla, all the others
have a more limited distribution. For example, Monosyringa is repre-
sented by only 1 additional species, M. morteaveni, off New Zealand,
Cinachyra 1s also known in the West Indies, Australia, Maluysia, and
India, and the genus Plaking is found in the North Atlantic, in the Medi-
terranean, and off Japan. Menosyringa longisping has been found only
in East Antarctica, but the other more common Fetractinelfida ure cir-
cumpolar in distribution, Cingchyra antarctica being the only cndemic
specics. L is noteworthy that the genus Theneq, very characteristic of
shallow waters in many areas of thc Northern Hemisphere, is not repre-
sented on the Antarclic shelf. However, Thenea delicata (2926 m—3400m)
and the closely related Cladothenea andriashevi (3000 m) have been
found at abyssal depths in the Antarctic.

Map 4: Clavaxineliida

The Clavaxinellida play a rather modest role in the sponge fauna of
Antarctica; like the Tetractinellida, they are more lypical of the temper-
ate and warnm oceans. The Antarctic includes about 25 specics of this
sponge group, mostly belonging to the genera Latrunculia, Stylocordyia,
Suberites, Polymasiia, Sphaerotylus, Axinellu, Rhizaxinelly, and oihers,
Tt is intercsting that the percentage of endemic species is relatively low
(35%5 ) in this group and that it includes the most probable bipelar species,
among them Suberites montiniger, Sphaerotylus schoenus, 8. borealis
{5. antarcticus).

The Clavaxincllicla arc found mainly an the shelf and only partly on
the slope. Some specics of the family Polymastiidac may descend to the
ocean [loor and are found at a depth of 5000 m. Other deep-sca sponges
that have recently been found in the Antaretie (Koltun, 1964 ) arc Arergia
acanthoxa (north of the Ross Sea at 3400 m} and Protelaia burtoni (north
of the Balleny Islands at 3000 m).

Map 4 shows the distribution of the most common Antarctic specics of
Clavaxinellida, cxcept {or the bipolar species, which have becn mappced
scparalely on Map 8.

MaP 3: Haplosclerida

The Antarctic sponge fauna includes aboul 50 species of Haplosclerida.
This is a widely distributed eurybiontic {wide-ranging) sponge group,
found mainly on the shelf and only partly in the upper part of the conti-
nental slope. The most numerous genus of these sponges—Haliclona—is
represented in Antarctica by 20 species, and the closely related genus
Adocia by 7 specics. It is notcworthy that certain genera, such as Hali-
chondria and Hymeniacidon, which are characteristic of Atclic and north-
crn lemperate waters, arc very rarely Tound off Antarctica.

Other common Haploscleridu, m addition to those mapped on Map 5,
are Haliciona bidens, H. phakelloides, and Adocia cucurbitiformis.

MaPS 6 anND 7: Poccillosclerida
The Poecillosclerida is the largest and most diversified group of con-

temporary sponges, occurring from tidal flats to ultra-abyssal depths. 1i
inclhudes 124 Antarctic species, belonging to 47 genera. Most of them are
costnopoiitan mass genera represented in the Anlarctic by many species,
They arc the genera Mycale (8}, Ashestopluma (6), FEsperiopsis (4),
fsodicrya (9), Myxilla (), Lissodendoryx (4), lophon (8), Tedania (R),
Hymedesmia (6), Clathrin (3), Artemisina (4), Ectyodoryx (4), An-
chinoé (35}, and others, Among the endemic and monotypic genera arc
Hoplakithara, Cercidochela, Acanthorfabdus, and Bipocillopsis, As in
other oceans, the Poecillosclerida are most abundant in the Antarctic on
the shelf and in the upper part of the slope; however the [oilowing species
have been Tound at greater depths and on the ocean floor: Mycale profunda
(3000 m), Asbestoplioma obae (22350 m), Cladorhiza fridemtata (2880
m), Cladorhiza mani (3700 m), Cladorkiza moruliformis (3568 m),
Meliiderma stipitata (2928 m}, Chondrocladia antarctica (2450 m}, Fs-
periopsis profunda (2928 m), and Esperiopsis scotiae (2560 m), Of spe-
cial interest among the genera found at abyssal depths are Asbestophona,
Chondrocladia, and Cladorhiza, which, logelther with some glass sponges
{ Hyalonema and Caulophacus), may occur in oceanic depressions as deep
as 3500 m.

Maps 6 and 7 show the distribution of the more common Antarctic
species of Poecillosclerida, Other species that are found relatively often in
bottom samples are Mycale gaussiana, Ashestopluma belgicae, Amphilec-
tus rugosus, Hoplakithara dendyi, Myxilfa asigmata, Kirkpatrickia vario-
losa, lophon radiatus, Tophon aceratus, Tedania charcofi, Ariemising
plimosa, Myxodorvx hanitschi, and a few others. Most of the Antarctic
species of Poceillosclerida are circumpolar and are related to the sponge
fauna of the Falkland Islands—South Amcricu arca.

MAP 8: Bipolar distribution of some sponges

The Antarctic sponge fauna includes more than 10 species that can be
regarded as bipolar in distribution. The more important are: Sphaerotyfus
schoenus, S, borealis (=8, antarcticus), Suberites montiniger, Ariemising
apollinis, Hymedesmia simillima, and Hymedesmia longurins. The mor-
phologically similar populations of these species are found in widely
separated areas of the Arctic and the Antaretlc and extend only in part
into nearby watcr arcas. A somewhat different distribution is found for
the bipolar specics Plakina monolopha, Plaking trilopha, Esperiopsis
villosa, and Desmacidon fruticosa, which, especially in the Northern Hem-
isphere, are morc typical of temperate and subtropical waters. Other
species that may be regarded as bipolar are Stylocordyia bovealis, A mphi-
lectus fucorum, Adocia flagellifer, Aplysiffa sulphurea, and Halisarca
dujardini. However, any xoogeographic evaluation of most of these spe-
cles should be made cautiously since the composition of the sponge fauna
of the tropical zone has not been fully studied.

Map 8 shows the distribution of Suberires montiniger, Sphaerotylus
schoenus, S. borealis. and Artemising apollinis, all undoubledly bipolar
in character,
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Stylasterina
H. Boschmd’ and T. P. Lowé’

INTRODUCTION

There are two orders of hydrozoan corais, the Milleporina and Stylas-
terina. The Milleporina are conilined 1o the tropical regions, whereas the
Stylasterina are nearly worldwide in distribution. According Lo present
knowledge they arc most abundant in the North Pacific, Japan, the East
Indics, and the West Indics, but this distribution may reflect collecting
effort. Qur knowledge of the Stylasterina of the Antarctic and Subantarctic
regions has increased enormously on the basis of maierial collected in the
last ten or fiftcen years.

Stylasterinu form calcarcous skeletons supporting three forms of polyps
— gastrozooids, dactylozooids, and gonophores. Gastrozooids are feeding
polyps of the colony, and are housed in skeletal pores called gastropores.

;']Iipjuksmuscum van Natuurlijke Historie, T.etden, The Netherlands
Division of Echinoderms, U5, National Museum, Smithsonian Institution, Wash-
ington, D.C.
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They are short, cylindrical structures bearing a conical hypostome with a
four-cornered mouth and generally have a whorl of fliform tentacles.
CGasirozooids of some genera are nol tentaculate. Dactylozooids, simple,
hollow finger-like polyps with no mouth or tentacles, are housed in skeletal
pores called dactvlopores. They are smaller and much more numerous
than the gastrozooids and cvidently have a tentacular function. Gono-
phores, the reproductive individuals of the styloid polyp stage, are housed
in small cavitics of the skelelon called ampuliae. Fertilization of the female
gonophores results in microscopic planula larvae which develop in the
ampullae, After releasc from the ampullae, the larvue settle on hard sub-
strates such as pebbles, rock, and shells. Neither the pelagic life nor the
settlement of released [arvac is known, Stylasterine colonies generally are
dioecious, but monoccious species are known among the genera Disticho-
pora and Stylaster. Anatomically Stylasterina differ from Milleporina,
which have capitale tentacles on the dactylozooids and gonophores which
produce sexual, free-swimming medusae,



DISTRIBUTION (PLATE 5)

Some 20 rather {ll-defined fosw] species and about 165 Recent. specics
of Stylasterina ure recognized; most of the latter are restricted to the tropi-
cal and subtropical regions, butl 2 specics, Stylaster gemmascens and A lo-
pora novvegica, have their northermmost distribution ol the coast of
Norway within the Arctic Circle, and, in the course of time, nearly 20
species have been reporied from the Antarctic and Subaniarctic regions,
Errina antarctica and Errinag fissurata were the first 2 species described
from these regions (Gray, 1872); additional species were not reported
until 1903 when von Marcenzeller discovered Erving gracilis. Broch, in his
1942 review of the distribution of Stylastering, noted that the genus Erring
was the only one penetrating southward into the Subantarcic region, He
gave more precise information from additional records in 19350, his map
included 9 Aniarctic and Sabantarctic localities of Errina aniaretica {in-
ciuding Errina grocifis), while the text mentioned the localities nzar (he
Falkland Islands of Errinepsiv reticalum and Frrfna spomgiora (now 1e-
carded as a synonym of E. gatarctica). The type locality of Conepord
pauciseptara 15, as Broch noted, in the subrropical region; the species is
now also known to inhabit the Antarctic, In later years a fcw more locali-
ties of Stylasterina lrom the castern side of the Antarctic continent and
from the Ross Sca have become known (Esuchi, 1964; Boschma, 19663,
while investigations by Lowc have added many new Iocalities for known
species and several records ol as vet undescribed species from the Drake
Passage region,

Our present knowledge of the distribution of the Stylasterina shows that
the Anlarclic and Subantarctic regions form a zoogeographical unit. Maore
than half the specics found here are endemic to the region; the others are
known also from a few swrrounding localities, [ Hrring dsperg extends as
far north as the Mediterranean.) In the ecastorn sector of the southern
oceans, the boundaries of the Antarctic-Subantarctic zoogeographical unit
cxtend only as fur north as the coastal waters of New Zealand and the
Kerguelen Islands. In the western sector, these [aunal clements oceur
much larther to the north. oll the South American coasts including the
locality ol Stalion 320 of the Chaltenger Expedition, at 37°17'S, 53°52'W,
off the mouth of the Rio de la Plata, at a depth of 1097 m (600 fms}. Four
of the 5 species of Siylasierina obtained at this locality were also found 1o
live farther south, in the Subantarctic or even the Antarctic region,

The Stylasterina of the vegions surrounding the Subantarctic consist
almost entirely of groups of species completely ditferent from the Ant-
arctic—Subantarctic ones. In the waters surrounding New Zealand, a num-
ber of apparently endemic species of Erring, some species of Stylaster, and
1 of Stenchelia have been recorded”. The only representative of the genus
Stylaster in the Subantarctic region is 8. densicautis. Sporadopora maor-
fensenti, described from off the Three Kings Islands, north of New Zealand,
s now known Lo occur also in the Queen Maud Land area of Anrarctica:
this iz the only New Zealand species known to occur in the Antarctic.
There is not a single record of a species from Australia that has also been
found in the Antarctic—Subantarctic area, bul the data from Australia arc
scanty. The type locality of Conopora fenuis s Station 170 of the Chal-
lenger Expedition, off the Kermadec Islands, in the border region of the
Subantarctic. The species has later been recorded frem several other
widely-scattered localities as [ar north as Japan and as far west as Mauri-
tius. The Stylastering from off the coast of South Africa appear to form a
group of species restiicted 1o the area; none of the species have been re-
ported from other localities.

When attention 1s paid to the occurrence of the species in the Antarctic—
Subantarcric region (also including Station 320 of the Challenger Expe-
dition, off the mouth of the Rio de la Plata), it becomes evident (hat most
of these species are endemic. This holds for the single specles of Stvlaster
and the 3 species of Alfopora. Of Conopora pauciseptata most of the Jocali-
ties are in the Antarctic—-Subantarctic region, only 1 being subtropical.
"The manuscript of the present text was completed in 1367, the data on some new

specics from the New Zealand region, published in 1868, are not taken into consid-
eration here,

In their disiribution 4 species of the genus Erring (antarctica, fissurata,
laterorifa, and an as yet undescribed species) are entirely confined to the
Antarctic—Subantarctic region. Errina gracilis has only 1 locality outside
this region, Tristan da Cunha; the same holds true for Erring labiate, fairly
common in the region, but occurring also off Providence Island in the
westorn Indian Qcean. Errina aspera was originally known only from the
Mediterrancan; later doubtful records for the Azores and the West Indies
were published for the specics, and a subspecies was describecd from
Mauritius. The speciey has now become known from a number of localities
in the Drake Passage region.

The 2 species of the genus Frrinopsiy are known only from the Drake
Passage region. A representative of an as yet undescribed genus occurs
farther north in the vicinity of the mouth of the Rioe de la Plata as well as
near Cape Horn. It is very interesting that the genus Errinopora, which
until recenily was known only from the North Pacific area, also proved to
hive a species (as yet undescribed ) in the Drake Passage region.

Three species of the genus Sporadopora occur in the Antarclic—Sub-
antarctic region; only [ of these fmortenseni) is also known from a locality
outside the area (north of New Zealand).

In summary we can say thal of the 19 species of Stylasterina occurring
in the Antarctic-Subantarctic region, 15 are strictly endemic, 3 (Cono-
pora pauciseptata, Erving labiara, and Sporadopora mortenseni) cach
have, besides focalitics in the region, I rccord outstde, while 1 (Errina
asperg) occurs in as widely distant localitics as the Mediterranean, Mauri-
tius, anct the Thrake Passage region.

As far as their vertical distribution is concerned, all the Antarctic—Sub-
antarctic Stylasterina oceur in depthy berween 200 m and 1300 m; only a
comparatively few specics have been found in shallower or in deeper water.
In the coastal region of South America, Erring antarctica has been ob-
tained from depths of 3.5 m 10 18 m; in other arcas there are records of
the species from 55 m to 200 m. Of Errina laterorifa there are 2 localitics
al depths of 46 m and 80 m; of Errina gracifis there is 1 locality at a
depih of 100 m. Five species that arc rather commonly found in the region
between 200 m and 1300 m occur also at greater depths. The greatest
known depth of Sporadopora dichotoma is 1501 m, of Errina labiata,
1879 mto 1886 m and of Stylaster densicaudis, 1904 m. Most of the records
of Conopore pauciseptata are from depths between 300 m and 1300 m; the
species has also been obiained from 1879 m 1o 1886 m and at a depth of
5845 m in 1 locality. It is inlcresting to note that Vaughan and Wells
{1943, in their table of bathyvmetric ranges of decp-sca Madreporaria,
record but a single genus (rom a compurable depth, namely Fungiacyathus,
wilh & maximum depth of 5872 m.
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Scleractinia
D. F. Syuires*

INTRODUCTION

The Scieractinia include the conspicucus and weil-known stony corals
of the tropics und the less well-known ‘simple’ corals of the cold and deep
waters. Since the early 1800 it has been known that corals occur in the
Antarctic, but knowledge of their distribution and the composition of the
fauna was based mainly on the meager early collections. Thongh modern
collections are from maore widely distributed Jocations and contain numer-
ous specimiens, it his been only during the last decade that the study of

Marine Sciences Research Center, State University of New York, Stony Brook

these corals has advanced. Unfortunately, knowledge is still superficial,
particularly in such Subantarctic areas as the shallow waters surrounding
the islands of the southern 1ndian Qcean and the South Atlantic. Under-
standing of the distribution of the deepwater corals [s also in an exiremely
fragmentary siate.

Present mformation suggests that the corals of the Subantaretic and the
Antarctic comprise u biogeographic unit, the ‘southern ocean’ fauna, com-
posed of the corals which inhabit the southern portions of the Indian,
Pacific, and South Adantic Oceans, as well as the Antarctic waters. In
general, this arca extends as far north as the Subtropical Convergence,
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CHARACTERISTICS OF ‘SOUTHERN OCEAN' CORALS
Corals inhabiting the ‘southern ocean’ may be characterized as ahcrma-
typic by morphological features and by their ecology. They are often in-
correctly called ‘simple’ corals. Wells (1933, p. 27, footnote) made this
definilive statement:
The term ‘deep-sea’ corals is unfortunate, because there is no
real distinction between corals found in the bathyal and neritic
environmenis, with the exception of the truc reel corals which
are exclusively neritic, The term ‘hermatypic,” [rom herma, a
reef, is therefore proposed to describe corals of the reef-building
type, the living spccies of which possess symbiotic zooxanthellae
within their tissucs. In contrast to this term, ‘ahermatypic’ is pro-
posed to describe the corals of the non-reef building type, the
living forms of which do not possess zooxanthellae and which
live under greatly varying conditions of depth, temperature, and
light. The use of these climinates the inaccurate expression
‘decp-sea corals.” Ahermatypic corals include both the deep
{bathyal) and shallow (neritic) water forms which do not

build reefs.
Reefs are difficult (o define in structural terms or in relation to assem-

blages of species, particularly in the geographic margins where the com-
plex associations of the tropics may give way o simpler polyspecific group-
ings, or ideed, monospecific structures in some areus ecologically replaced
by kelp beds (Squires, 1959). A clear favnal demarcation may be drawn
vertically, but as knowledge of deepwater coral structures incrcascs {Tei-
chert, 1958; Stetson, Squires, and Prart, 1962}, the boundary may become
increasingly complex. Aggregations of coral in the marginal regions of the
‘southern ocean’ may forin thickets, coppices, or banks (Squires, 19635).

The term ‘ahcrmatypic’ does not preclude colonisl forms, but the dis-
tinction between colontal and solitary becomes arbitrary in the attempt to
segregate those species which reproduce asexually and those which do not.
Species which reproduce asexually arc gencrally capable of generating a
bewildering variety of colonial growths. Hermatypic corals, through the
mechanism of intratentucular budding (a mcthod not cmployed by the
ahermatypic corals}, produce a complex polyp which is, in many respects,
an individual having an extensive ability 1o adapt the form of its skeleton
in response 10 the external environment, On the other hand, ahcrmatypic
corals are usually individuals distinguished by a single mouth encircled by
one or more circlets of tentacles and which possess & rather simple cup-iike
corallum. Some species produce colonies of an arborescent appearance,
due to extratentacular budding in which the young are produced from the
portion of the polyp outside the tentacular ring, the new polyps often being
placed alternately on the branches. Colonial corals are not found in
waters of the Antarctic shelf, Selenosmilia variabilis and Lophelia pro-
{ifere are found in outlying islands in both the South Atlantic and southern
Indizn Occans. Madrepora vitiae and Solenosmilia varfabilis penetrate
into the “southern occan’ as far south as Macquarie Island along the Mac-
quarie Risg; this i3 the most southerly occurrence of colonial cerals,

Solitary corals are characteristic of cold-water regions, and many of
them have a broad geographic range which is associated with their wide
temperature tolerance and bathynictric range. Antarctic corals are mor-
phologicaily similar to deepwater corals in tropical regions, but whereas
the deepwater tropical species are generally small, Antarctic species in-
clude some of the largest of the solitary corals. The sizc of these corals is
exceedcd only by that of representatives of the shallow tropical recf species
of Fungiidae.

The Antarctic corals arc as yet inadequately known. The appellation
“simple,” connoting lack of structural complexily, has resulted in broad
definitions of species and attribution of cosmopolitan distribution. Recent
studies of populations (for example, Squires, 1961, 19624, and Squirey
and Keyes, 1967) have resulted in refinements and narrowing of ranges
50 that patterns of distribution among these species considered are not
anlike those of other benthic organisms possessing similar mechanisms
tor dispersal. Unfortunately all too few species have been considered in
detail, and many of thosc mentioned in the following text are, in reality,
Form' gencra and species.

Distribution patterns of *southern occan’ corals are very uncven, both
locally and regionally. Most characteristic is the large number of indi-
viduals in contrast (o the low diversity of species taken in a single locality
(Squites, 1964b, p. 448), a pattern weli known among other organisms
from high latitudes (Wallace, 1878; Fischer, 1960). Distribution data
accuinulated solely by dredging can be misleading, but patterns ascribed
to corals have been confirmed by undersea photographs. Thesc show that
when corals oceur, they are, in fact, frequently present in grear numbers of
individuals, bul such groups may be separated by broad areas of very low
density. This arrangement rcsults from many factors, paramount among
which 1s the apparently limited dispersal capacity of ‘southern ocean’ cor-
als. The author (Squires, 19624 and unpublished notes) found highly
advanced free larvae within adult corals and in 1963 {unpublished data}
was able to maintain larvae in an aquarium uniil they reached the settlin g
stage. Although a maximum of twenty days passed between relcase and
scttlement (subject to introduced crror caused by premature larval re-
lease), larvae were at no time motile, Apparcntly larvac of Antarctic cor-
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als mature principally within the adult and settle shortly after release, The
high percentage of settlement of young corals upon adult coralla suggests
that many arc not moved from the pareat population site, although the
larvae could be drifted by bottom currents.

These examples of planulation have been observed in adult corals col-
lected by dredging and then maintained for short periods in aquaria at
appropriate temperaturcs and salinitics but without pressurization. These
observations are of behavior which may result entirely from the traumatic
cxpericnees related 10 environmental changes during the process of col-
lection, and must be verilied by further study.

1t has becn the writer's thesis (Squires, 1965) that since distribution of
sediment type was extremely patchy, distribution of those species having
a high specificity for sediments of certain types would also be patchy,
bascd on the premise that many species require materials of a certain size
for scttlement of larvae (Squires, 19671).

In summary, the characteristics of the ‘southern ocean’ corals, particu-
larly those of the shallower waters are:

(1) Predominance of solitary forms, colonial corals being
found only on the northern fringes of the region.

(2) Contagious distribution of species, reflecting the charac-
teristics of larval distribution and patchiness of sediment type
distribution.

(3) Abundance of individuals at a site, but a limited number
of species in any association,

{4) Large size of individuals, particularly [rom the Antarctic
shelf.

REGIONAL DISTRIBUTION

Although it is a surface fealure of the upper oceanic layers, the Sub-
tropical Convergence (Figurc 10, p. 6, this folio) can be taken as the
northern boundary of the coral fauna of the “southern ocean.’ This feature
lics south of the shallow-waler faunas of Australia and Sowth Aflrica (sce
Plate 6); however New Zealand and South America lie astride the Sub-
tropical Convergence and have faunas of mixed type.

SOUTH ATLANTIC OCEAN. In the South Atlantic, Tristan da Cunha,
north of the Subtropical Convergence, is characterized by species with
northern affinities, including Lophelia prolifera, Solenosmilia variabilis,
and Carvophyllia profunda. A short distance to the south of the Conver-
genee is Gough Island with only one known coral, Caryophyliia profunda
{ = C. cyathus Gardiner, 1939}, Still farther to the south is Bouvet Island
[rom which only one species is known—Caryophyllia antarctica, a true
Antarclic species,

INDIAN OCEAN. In the southern Indian Ocean there are several major
island groups, but little is known of their fauna. The principal gap is in
the region of Kerguelen, McDonald, and Heard Islands, from which there
are no records. From the Prince Edward Islands, south of the Subirepical
Convergence, Flabellum apertum, a Subantarctic species occurring as far
east as the Macquarie Rise, has been recorded. No shallow-water corals
have been taken from the Crozet Islands, although deepwater stations
have been made in the vicinity. Farther cast, the corals collected by the
Deutsche Tiefsee Expedition in 1901-1903 from Amsterdam and Saint
Paul were Solenosmilia variabilis, Lophelia prolifera, Desmophylium cris-
tagalli, Caryophyllia profunda, and a species recorded as Stenocyathus
vermiformis. This assemblage is of northern affinities.

SOUTII AFRICA. The South African coral fauna has not been studied as
a unit. The only listings of the coral species occurring there are the un-
critical lists of Wells (1958) and Squires {1961}, These give a total of
32 species of which only Solenovsmilia variabilis and possibly Desmophyl-
lum capense® are related on the species level o [orms occurring in the
Antarctic,

S0UTH AUSTRALLA, The South Australian fauna has long been known to
conlain a high proportion of autochthonous endemic types, both at a
generic and a specific level, Lists of the 41 species occurring there, both
uncritical, are given by Wells (1958) and Squires {1961}, The South
Australian fauna is mainly ahermatypic, although some elements of the
hermatypic fauna apparently cxtend all the way around the continent
(Squires, 19660). This Is the most southerly occurrence of hermatypic
corals. Few of the species occurring in Australia have close relationships
10 the corals of New Zealand (Squires and Keyes, 1967), and none are in
commeon with the true ‘southcrn ocean’ fauna, as presently understood.
At least one species of the Australian fauna, Ceratotrochus recidivus, has
been found on the Macquarie Rise.

NEW ZEALAND, The shallow water fauna of two northern landmasses,
South America and New Zealand, are interjected into the ‘southern ocean.’
Both regions are connecied by nearly continuous, shallow, submarine
ridges to the Antarctic. These ridges are polential migration routes to and
from the Antarctic, but it appears (hat the connection from South America
Lias served primarily as an emigration routc to the Antarctic waters for

D capense s apparently restricted to South Africa, for records of this species as
given by (ardiner (19389} on the Argentine Shelf are erronsous and represent an
undescribed species.,



corals in recent times, whereas the New Zealand region has been invaded
from the Antarctic in the past and hus a number of relict species. In the
more recent past, faunal elements from New Zealand waters have moved
southwards, The New Zealand fauna has been reviewed extensively in a
number of publications, principally those of Ralph and Squires {1962),
Squires (1963, 1964a, 1966), and Squires and Keyes (1967), but it is
still not fully known. The most recent List (Squires and Keyes, 1967 ) gives
25 species, almost half of which are endemic, the others displaying rcia-
tionships to species both to the north and south, ‘

SOUTH aMERICA. Although very important to the study of the Antarctic,
the faunas of the coasts of Souwh America have not been as intensively
studicd as is warranted. The rather siriking difference between the Chilean
and Argentine coasts has been only partially documented, and the corals
from both regions arc only sketchily recorded. Squires (1961) reported
on the corals from the Argentine shelf, summarizing the work of Gardiner
(1939}, which badly needs review and expansion, and that of carlier
workers, From the Argentine shelf 5 species are recorded, a number en-
lurged in subsequent studics (unpublished) to 14. When rceent findings
are complemented by records of species occurring off the Chilean coasts,
a total of 13 species may be expected. Mosl of these are closely related to
Antarctic species, and Antarctic species do occur on the slopes of the
South American coast, There is an apparent differcnce between the caral
fauna of the Chilean and Argentine shelves, but one which may not be
reitl, for collectiony are nof yet comparable in the two arcas. Missing from
the Chilean region are the specics of Flebelfim which dominate the Argen-
ting shelf: Flabefium curvatum and Flabellum thouarsii, Except for one
occurrence of Flabellum patagonicium off the Rio de la Plata, this species
is upparcntly confined to the Chilean coast, a pattern followed by Solenos-
miliee variabifis in more limited oceurrences. Large colonics of Desmo-
phvliun ingens are typical of the deeps off the Chilean coast, and although
the same species is found on the eastern side of the continent, it does not
reach the same magnificent proporions there. Balunophyllia malouinen-
sis, the ubigquitous specics of Cape Horn and the Falkland Islands is appar-
cntly absent froin Chilean waters.

Relationships with the Antarclic are even less clear-cut. At first, there
appeared to be a distinct gap between the South American faunas and
those of the Antarctic Peninsula (Squires, 1961), but more recent mten-
sive collecting efforts have ylelded colflections demonstrating that the dif-
fercnees are not as great as suppescd. 1t now appears that Flabellum im-
penvum, Caryophyllic antarctica, and Caryophyllia sp.A all occur on the
slepes and ouler shelf of Sowth America. The former species is closely
related to the Flabellum rhouarsii and F. curvarum complex and is inter-
preted as being of modern origin (Squires, 1962a).

ANTARCTICA, Seven species of coral are known from Anlarctica, of
which 1, Fungiacyathus symmetricus, Is a cosmoepolitan deepwater spe-
cies. The remaining 6 are composed of 4 cudemic species (Gardineria
ittled, G. antarctica, Flobellun antarcticum, Balanophyllia chnouws) and 2
species which range into the South American region (Flabeflum impensum
and Carvophyllia anturctica). The uncestral relationships of the Gardi-
sterig are not known although the genus occurs in the West Indies, off
Brazil, and off the Hawaiian and Philippine Tslands. Balanophyilia chnous
Is endemic, without well-understood aflinitics, although Squires ( 1962a)
recognized similaritics between this species and B. aife from New Zealand.,
As yet the species has been recorded only rom the Ross Sea. Flabellum
antarciicum is a member of the “rubras’ group of this genus (Squires
1962b) but is of more distant relationships than F. impensum. Caryo-
phyllia speeics belong to a great and as yet unresolved complex which is
not well undersicod and which is burdencd by a plethora of poorly de-
soribed species,

The Antarctic Peninsula forms the most [ogical transition between the
faunas of South America znd those of the Antarctic. Collections from this
region show a rich and large fuuna of typical Antarctic species extending
to South Georgia and Shag Rock, and indecd beyond, into the decper
waters of the Drake Passage.

SUMMARY, Antarcilic corals are few in number and rather clearly de-
marcated from faunas of ncighboring regions, particularly in the case of
species occurring in shallow waters. Existing possible migration routes
scem (0 have been active both now and in the recent past. Ciose affinitics
exist between species of Flabellwm from both South America, Now Zea-
land, and the Anlarciic, with the genetic source presumed to be the East-
ern South Amercan continental shelf. This hypothesis is (o a large catent
based on as yet unpublished paleantological data and upon premises of
the geologic history of the Scotia Ridge. Similaritics with New Zealand,
through the Macquarie Rise route, are believed to be of historic rather than
modern significance. and the evidence is thal corals are penstrating more
deeply into the Antarclic waters along both routes, with passuge of time.
Other “southern ocean’ regions show rather strong segregation of Faunas
with the coral species being endemic or related to those of northern re-
gions, Australian corals arc the most autochthonous, while those of New
Zcaland are less so, having some strong relationships with northern spe-
cies, possibly through modern immigration (Squires and Keyes, 1967).

The northern boundary of the ‘southern ocean’ region may be conveniently
marked by the Subtropical Convergence aithough this is not thought to be
the limiting mcchanism in the distribution of the species of the *southern
ocean.” Those islands occurting south of the Convergence have a fauna
of southern affinities while those to the north have corals related to thiose
oceurring tn similar regions vet farther to the north, Although all regions
are very scantily represented in cxisting collections, a cledrer definition
appears to exist at the Subtropical Convergence than is found at the Ant-
arctic Convergence.

Lsolating mechanisms are not well understood since detailed knowledge
ol the biology of most species is rudimentary. Although existing evidence
suggests that coral larvue arc short-lived, later data tend 1o sugpest the
contrary, and more information is required. Patterns of sediment selec-
tivity suggest that this may be as important a causal factor in contagious
distribution patterns as larval behavior.

THE MAPS (PLATE 6)

map 1, Caryophylliid corals are among the most important of the aher-
muatypic corals in numbers of species, distribution, and evolutionary attain-
ments. The 6 most common of the 19 caryophylliid corals of the “southern
ocean’ are represcnted on this map. Species not represented are kaown
from too lew records to be significant, or are form,’ or nominal, specics
badly nceding taxonomic revision.

Carvaphyllic anterctica had been thought to be restricted to the Ant-
arctic, but recent collections show it to occur off the Chilean coast, the
Falkland Islands, and Bouvet Island. Tts distribution in the Antarctic re-
flects the distribution of collecting effort, with most numerous occurrences
being in the Antarctic Peninsula and the Ross Sca. Its circumpolar dis-
tribution 15, however, apparent. Caryophyilia sp.A is a closely related
species as yel undescribed, diffcring in the character of pali and septal
spination. Tts distribution is particularly inleresting as it is widely dis-
tributed around New Zealand and less commeonly off South America and
at the northern (ip of the Antarctic Peninsula. It 1s presumed that this spe-
cles is a derivative of C. gntarctica, and the occurrences in South America
may reflect the need lor carctul consideration of the status of the specics.
Curyophyifia profunda is a broadly defined species which has circumpolar
distribution outside the Antarclic. In gencral, it is the name applied to
attached Caryophyifia, and review of the species may reveal a more com-
plex clonal situation. Two species of Deymophyllun arc shown: D. ingens
and D. cristagalli. The former was originally described from the Chilean
deeps where it is large, robust, and common. Similar forms are found
sparingly on the castern coast of South America but are not recorded elsc-
where, D). cristagalli, on the cther hand, is a “lorm’ species including most
Desmophylinm not tgxonomically placed elsewhere. The type locality of
D. cristagalli i1y the Gult of Gascony, but the name is applied equally to
specimens from all paris of the world and, indeed, through the Tertiary
record of the genus. Although study of the New Zcaland fauna has been
uncler way for nearly a decade, there has not been occasien to delinitively
examine the relationships between D, ingeay and the coral referred to as
D. cristugalli from that country. This absence of critical work results from
inconchusive understanding of the biology of the coral with consequent
absence of critical selection of species characteristics. Spherotrochus, a
small turbinolild coral, 3 commonly found in South African, South
American, and northern New Zealand waters. Distribution of a South
American species, Sphenoirochus gardinieri, is shown 10 indicatc how
localized & coral specics muy be.

map 2, This map iliustrales disiribution of a variety of corals rather
arbitrarily grouped together {or convenience, Distributions of 2 species of
decpwater corals, neither common, are shown to illustrate the presumed
cosmopolitan occurreuces of decpwater corals of the ‘southern ocean.’
Leptopernus discus is 1are, known only from 5 specimens, but is quile dis-
tinctive. Tts rarity may result either [rom its extreme fragility, or the prob-
able tendency [or 1ts skeletal material 1o dissolve upon the death of the ani-
mal in the deep waters it inhabits, Fungiacyathuy symmetricus is a ubigqui-
tous species in deep waters, but revision will be required to ascertain if
this distribution is actual,

Shallow-wazer corals include specics from a number of families, Gonio-
corelle dumosa is included to demongtrate the lnteresting pattern of distri-
bution ol sevcral species from New Zealand (see Squircs and Keves,
1967). G. dumesa is a northern specics, occurring in the Malayasian region
but also common in New Zealand on the eastern side of South Island, Tts
distribution probably reflects the wariming effects of currents on the east-
ern coast, but its ability Lo survive in abundance on the Campbell Plateau
indicates thal il is not stenothermal. On the plateau it is the sediment-form-
ing constituent of decpwater coral banks (Squires, 1966). Sterocyathus
decamera is also restricted to New Zealand, but in this instance, largely to
the souther region, and is widely distributed on the Campbell Plateau.
Gardineria antarctica and G, fillei are 2 species of unknown origin but
characteristic of the Amarctic, The genus is found in the West Tndies, ofl
Brazil, and in the Hawaiian and Philippine Tslands, but not anywhere
in close relatton to the Antarctic. The distribution of G. antarctica is cir-
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cumpolar, but G, lillei, less well known, appears to be restricted to the
Antarctic Peninsula except for the single Ross Sea occurrence.

Solenosmifia variabilis is mapped, not because its distribution is of a
significant pattern, but rather because its occurrence at Macquarie Island
is the most southerly known for a colonial coral; a second colonial coral,
Mudrepora vitiae, is known from the somewhat more northerly New Zca-
land waters,

Two species of dendrophylliid corals are shown; Balarophyllia chaous,
because it is the only dendrophylliid to occur in the Antarciic (one locality
in the Ross Sea) and Ralanophyliia malouinensis because it is vestricted
to the Argentine shelf where it is a particularly conspicuous and abundani
form. A balanophylliid coral knewn from & single record at Gough Islund
is thought to be B. malouinensis, but there are many difficuliics in identi-
fving the single specimen, Such an oceurrence would be possible if larvae
could be carried for such large distances, but nothing is known of 1he
breeding of this species,

MaPS 3 axD 4, Corals of the genus Flabellum are among the most
important in the ‘southern occan’ in numbers of specimens and for docu-
mentation of the faunal history of the shallow water areas in the ‘southern
ocean.” Three general groups may be recognized: (1) the rubrum’ group
(Squires, 1962b) includes Flabellum rubrum (2 New Zealand species);
F. impensum, F. antarcticum (Antarctic specics);, F. thouarsii, F. curva-
tum (castern South America); and F. serpuliforme and F. gracile { Atlan-
tic); (2) the lacerate corals including those forms in which the upper
margin of the calice is notched or scalloped, such us F. aperfum and F.
patagonichum; and (3) broadly abeilate Flabellum with a normal epi-
theca including F. kroxi. The first group is widely distributed through the
‘southern ocean’ with only 2 species being found in the Atlantic north of
the region of the Subtropical Convergence, and F. rubrum which is widely
distributed around New Zcaland. Lacerate flabellids are found from pole
to pole and arc not, as vet, a well-defined group of corals, They are more
abundant and more diversified in the Pacilic than the Atlantic and cxiecnd
only marginally into the ‘southern ocean.” The [Habellate Flabellum are
also more typical of the tropical regions and in the Subantarctic they are
found only on the Campbell Plateau.

Those species of the rubrum group occurring in the “southern ocean’ are
indicated. F. rubrum has been discussed elsewhere (Squires, 1962b) and
1y believed to be a relict of an earlier wider dispersal of this group through
the Antarctic. IF. antarcticum and F. impensam display a circumpolar djs-
tribution occurring at almost cvery site from which corals have been col-
lected. F. impensum is particularly common in the Antarctic Peninsula
region where it reaches very large sizes and is quite abundant. It apparently
extends its range across the Drake Passage onto the outer slopes of the
Argentine Shelf where it meets the complex of F, thouarsii and F. curva-
tum, The latter specics is apparently 4 northern extension of F. thouarsii,
and F. impensum is a southern member. In discussing the distribution of
corals on the Argentine Shelf, I postulated (Squires, 1961) that F. thou-
arsii was dependent in its distribuiion on the oceurrence of pebbles on
the Argentine Shelf. Greater distribution of this species in the past is bome
out by its fossil occurrence in sediment cores from much more northern
localities (also associated with pebbles) than at present. The boundary
between the occurrence of F. thouarsii, F. curvarum, and F. impensum s

much more uneasy than depicted on the map. Many collections of the
William Scoresby were poorly recorded and identified by J. §, Gardiner
{1939}, and until this matcrial 18 carefully reconsidered, the degree of
intermingling of the species will not be certain, Discrimination is difficult
but important, for it is one of the keys to the history of the migration of
this important species complex.

F. apertum, a member of the lacerate group, is found in the southern
Indian Occan and more recently along the Macquarie Rise. This species
is believed to be restricted to the Subantarciic waters. F. patagonichum
resemblcs F. apertiem, but apparently is not related, F. patagonichum is
widely distributed around the South American condinent but is not abun-
dant, and its relationships with other species of this group to the north in
the Atlantic 1s not known.

F. knexi is the only member of the flabellate group to be mapped, for
members of this group do not occur commonly in the ‘southern occan’
excepl In the vicinity of New Zealand. This specics shows the distribution
peculiar to many corals occurritg in New Zealand, in which therc is a
broad distribution on the Campbell Plateau and to ihe east of New Zealand
along the Chatham Rise. This species is further discussed in Squires and
Keyes (1967),
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Nemertea
Elliot W. Dawson’

INTRCDUCTION

Nemerteans, popularly known as ribbon-worms, are characterized by
elongated, soft, extensible, ciliated bodics without external signs of scg-
mentation. When alive, they may be brightly colored, especially with
shades of red, orange, yellow, green, or brown. Development may be
direct, leading to the formation of a larva similav to the adult, or in many
heteronemerteans such as Cerebratulus, it may be indirect, with a free-
swimming ciliated larva of complicated form known as g pilidium. The
young won develops by metamorphosis within the pilidium. All nemex-
teans are carnivorous, feeding on protozoans. and various kinds of worms,
mollusks, crustaceans, and larval invertcbrates.

Nemerteans are found along all the sea coasts of the world and offshore
to depths of hundreds of meters. Some of the norihern species appear to be
circumpolar, extending southward along the coasts us fur as Mudcira,
southern New England, California, and Jupan. A few species live in both
the Northern and Southern Hemispheres. Some are limited to the polar
scas and others to the tropics. Some of the bathypelagic species live at
depths of 1000 m to 2000 m or more, and populations may be carried for

‘New Zealand Occanographic Instituts, Wellington
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thousands of miles by deep ocean currents, reproducing generation after
generation in their endless circuits throughout the great occans.

Al the present time the principal difficulty in the study of the Nemertea
is in obtaining adequately preserved and documented collections, Nemer-
reans are dillicult animals to collect and preserve in a useful condition.
Many species contract and fragment violently when placed in prescrving
fluid and considerable patience muost be used to relax them,

Estimates of the number of validly described species of Nemertea vary
from 550 to 750. Of these, nearly 200 specics have been recorded from
the coasts of Europe, 100 from the Pacific coast of North Ameriea, and
53 from the Atlantic coast, An analysis of the situation up to about 1943
(Coc, 1943) showed that 11 spccics were common to both sides of the
Atiantic and 11 cccurred on both Atlantic and Pacific cousts of North
America. The 98 specics of Pacific North America shared 7 species with
the 21 of Pacific South America, 16 with Tapan, and 5 with the 13 species
tnown from South Alrica which, in turn, sharcd 8 with the FEuropean
fauns. Since that analysis, nearly 100 new species have been described
{rom localities throzghout the world, including 37 from Japan, 38 from
eastern South Amcrica (mainly from Brazil}, 7 from eastern Africa and
7 from Burcope. The 67 specics of bathypelagic nemerteans recorded by



Coe (1934) have now been increased by the 11 new species from the
southern oceans described by Korotkevich {1963),

The nemerteans known at present from the Antarctic and the Falkland
Islands consist of 39 species within the following genera: Carining (2),
Baseodiscus (1), Cerebratulus (2), ‘Lineus’ (4), Parapolia (1), Nemer-
topsella (1), ‘Amphiporus’ (10), ‘Tetrastemma’ (13), Cratenemertes
(1}, Obnemertes (4).

A general outline of distributions and references to the literature of each
species, except the 5 pelagic forms described by Korotkevich (1960, 1962,
1963), has already been given by Dawson (1967). Therefore, only major
bibliographic data sources for the benthic forms are given here.

Published records up to 1967 show that of the 39 *Antarctic’ species,
14 species have been recorded only once, 3 have been recorded twice, and
4 recorded three times. The number of sparsely known species is therefore
21, or 53,.8% of the known fauna, Another 10 species, or 25,69, have
bean recorded between 4 and 9 times. Only 8§ species, or 20.5% , have been
recorded more than 10 times (but one, Lineus corrugatus MclIntosh, has
been recorded over 70 times) .

The locations where Nemertea have been cellected in the map area of
Plate 7 are shown on Figure 1. Names of the expeditions are given in
Table 1.

BENTHIC NEMERTEA

Of the 34 benthic ‘Antarctic’ species, 6 are known from only I speci-
men, 7 from less than 5 specimens, 7 from less than 10, 4 from between
10 and 30, and 8 from up to 100 specimens. Only 2 species, Lineus cor-
rugatus Mclntosh and Tetrastemma validum Biirger, are known in great
abundance, but Amphiporus moseleyi Hubrecht and Tesrastemma hansi
Biirger are probably much more common than collection figures show.

PALAEONEMERTEA, This order is said to be represented in the Antarctic
by 2 species of the genus Carinina. However, Miiller (1965) has recently
reviewed the genus, which contains 11 described species, and has shown
that among the 3 doubtful species attributed to this genus are the 2 Ant-
arctic representatives, C. antarctica Burger and C. mawsoni Wheeler.

Since the true status of these species must await the cellection and
examination of new material, no collection localittes have been shown on
the maps.

HETERONEMERTEA. This order is represented by the genera Baseodis-
cus, Parapolia, and ‘Cerebratuius’ and 'Lineus” In the broad sense. Both

TABLE 1. Expeditions Which Have Collected Nemertea in the Region South
of 35°S Latitude

PUBLISHED RECCRDS
Britain, Australia, and New Zealand
1. Voyage of H.M.S. Challenger, 1873-1876
2. British Antarctic Expedition (Scuthern Cross) 1898-1900; British Mational
Antarctic Expedition (Discovery), 1901-1904
. Secottish National Antarctic Expedition, 1902-1904
. British Antarctic (Terra Mova) Expedition, 1910-1913
. Discovery investigations, 1925-1531
. Australasian Antarctic Expedition, 1911-1914; British-Australian—-Mew Zea-
land Antarctic Research Expedition, 1926-1931; Australian National Antarctic
Research Expeditions, 1947-1962 (Macguarie Island)

Lo A .1

Germany
7. German Transit of Yenus Expedition, 1874-1876
8. German group of tha International Polar Year Investigations, 1882-1883
9. Hamburg Magellanic Expedition, 1892-1893
10. German South Polar Expedition (Gauss), 1901-1903
11. Plate collactions, Chile, 1896
12, Schauinsland's Pacific journey, 1896

United States
13. United States Exploring Expedition, 1838-1842
14. United States Antarctic Service expedition, 1932-1241
15, United States Nawvy Operation Windmill, 194715948

France
i6. Expedition led by Capt. Dumonrt D'Urville, 18371840
17. French Antaretic Expedition {led by Charcot) 1903~-1905
18. Second French Antarctic Expedition {led by Charcot) 1908-1910

Russia
19. Sovist Antarctic Expeditions, 1955-1564

Others
20. Austrian voyage in the Movara, 1857-1855
21. Lund University Chile Expedition, 1948-1949
22, Belgian Antarctic Expedition, 1887-1895
23. Argentine Antarctic Institute expeditions

UNPUBLISHED RECORDS

24. Mew Zealand Oceanographic Institute, D.5.LR., Wellington
25. Lamont Geological Observatory, Research Vessel Vema
28, Stanford University Biological Laboratory, McMurde Sound
27. Royal Society Expedition to Southern Chile, 1958-1955
28. Australian Museum, Sydney
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of the Tast named genera conlain a great number of species in the world
fauna and present many taxonomic difficultics. However, some progress
has been made on better definitions of genera and species by Friedrich
( 1960), and others more recently. Parapolia is represented by only 1 rela-
tively little known species (P. grytvikensis) from South Georgia and East
Antarctica (70°E to 85"E) and is not shown on the maps.

Baseodiseus (Map 1, Plate 7} has 1 species known from the Antaretic,
Over 25 species of Baseodiseus are known in the world fauna, 10 of which
occur within the Central 1o South American region according to Corréa’s
list (1955, pp. 4-5).

Cerebratulus (Map 1, Plate 7) is a large genus by nemertean standards
with perhaps 90 recognized species. of which only 2, C. larseni and C.
magefhaensicuys, occur in the Antarctic, . larseni also occurs at Mac-
quaric Island and at South Georgia. C. malvini 1s circumpolar on the Sub-
antarctic islands, but other species within the map area have a more north-
etly distribution.

Lineus (Map 2, Platc 7) contains over 60 species throughout the world,
many of which are now being found to belong more properly to new gen-
era. Lineus corrugaius Mclntosh, a large and conspicuous nemertean,
which has figured notabiy in underwater photographs of the benthos of the
Antarctic (see Peckham, 19604), is truly circumpolar in distribution and
is, as Coe {1930, p. 56) has stated, ‘evidently most abundant and most
widely distributed of all Antarctic species.’

The second species shown on the map, Lireus longifissus (Hubrecht),
is known from Marion Island, the South Orkney Islands, Kerguelen Island,
Macquarie Island, and along the Kemp Coast in East Antarctica.

LOPLONEMERTEA. Benthic penera of this order reported from the map
region are Nemertopsella, Amphiporus, and Tetrastemma,

Nemertopselia marri (not shown on the maps) was described by Wheeler
(1940a) from intertidal specimens collected at Kerguclen Island, and
recent records of its occurrence at Macquarie 1sland have been published
by Kenny and Haysom (1962).

Amphiporus (Map 3, Platc 7) is a worldwide genus containing approx-
imately 100 described species. Amphiporus spinosms Biirger is perhaps
the most abundant species of Amphiporus in the Antarctic, cccurring at
many stations in and around South Georgia, the Ross Sca, and elsewhere,
The genus is particularly well represented at South Georgia by the pres-
ence of 3 species. A mphiporus mosefeyi Hubrecht is another common spe-
cies, especially in King Edward Cove at Grytviken, but several species of
Amphiporus are known from only 1 or a few specimens. Further details
of distribution of the Antarctic A mphiporus species were given by Dawson
{1937).

Tetrastemma (Map 4, Plate 8), the other large genus of Hoplonemer-
ted, is known in the world fauna by about 90 species. Germany, for exam-
ple, has about 10 recorded species, and 12 species occur in the South
American region. The known Antarclic fauna consists of 12 species. South
Georgla is the home of at lcast 10 species, 6 of which are known enly from
this location. The Falkland lslands have 4 known species, 1 of which is
not known elsewhere. Other species occur in the Ross Sea and off several
parts of the Aatarctic continent,

PELAGIC NEMERTEA

The world fauna of polystyliferous heplonemertcans, more often called
the pelagic nemerteans, now numbers 7% specics, 21 of which are known
south of the cquaior (Map 5, Plate 8). No specics were known from the
Antarctic before the collections of the Soviet Antarctic expeditions, al-
though the type locality of Lhe first described species of pelagic nemertean,
Pelagoremertes rollestoni Moseley, 1875, is ‘near the southern verge of
the South Australian Current’ { between Kerguelen and Macquarie Isiands)
at 3300 m. Now, 15 spccies huve been recorded by Kerotkevich (1963)
from the sowthern oceans, of which 5 are truly Antarctic in distribution.
Four of thesc specices belong to the genus Obremerses Korotkevich, 1960,
and only 1 of them has been lound north of the Antarciic Convergenee, in
an area of mixed waters. None of the well-known widespread gencra of
more northerly regions, such as Plankionemertes, Nectonemertes, and
Pelagonemeries, have been found south of the Antarctic Convergence.

The fourth species of Antarctic pelagic nemertean 18 Crafenemeries
pelagica Korotkevich®, belonging to the tamily Amphiporidae. The pelagic
nemertean fauna of the Antarctic has therctore developed in (wo ways,
from the Amphiperidac, belonging to the monostyliferous hoplonemerte-
ans and {rom the polystyliferous hoplonemerteans. This information is
particularly interesting becanse it confirms the hypotheses of the polyphy-
letic origin of the pelagic Nemertca proposed by Biirger (1897-1907)
and Korotkevich (1955) and considered in more detail by Korotkevich
(1962} in opposing the monophyletic origin supported by Brinkmann
(1917).

Belore Korotkevich’s work from the OF, pelagic nemerteans had not
been taken at depths of less than 300 m. The Sovict records extend trom
the surface to 200 m, in an optimum salinity of approximately 34 % and

Now Korothevitschia pelugicus (Korotkevich, 1961). The new genus Korotke-
vitschin was proposed by Friedrich (1968).
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at temperatures of 0°C or warmer. Korotkevich {1963) concluded that
‘... it can be assumed that they do not move beyond the intermediate
water masses of the Antarctic, which, in contrast to the surrounding waters,
have positive temperatures. Thus, it can be assumed that the boundarics
of the intermediate water masses are also the boundaries of the distribution
of pelagic nemerteans.”

BOTTOM CONDITIONS AND DEPTH RANGES

Intertidal collections from various Antarctic and Subantarctic localities
show thal nemerteans may be commonly found underneath stones, in ¢rev-
ices, and espccially in kelp holdfasts.

Recent collections at the Balleny Islands and in Robertson Bay off Cape
Adare have shown the abundance of both numbers and species of nemer-
teans in an organically rich mud bottom.

In the Ross Sca, New Zealund Oceanographic Tnstitute and Stanford
Unfversity investigations from 1958 10 1961 showed that nemecrteans were
particularly abundant in the ‘“Decp Shelf Mixed Assemblages’ and ‘Deep
Shelf Mud Bottom Assemblages” (Bullivant and Dearborn, 1967}, Scuba
diving {Peckham, 1964) has shown that Linens corrugatus, at least, oc-
curs in great abundance in the rich shallow-water fauna close to the bio-
loical laboratories at McMurdo Station. Thus, an animal suitable for the
study of several physiological and ecological problems is very convenicntly
situated.

A number of species, notably Cerebratulus lurseni, Anitarctolineus scotti,
and Amphiporus spirnosus, have been taken from the shore to 500 m and
deeper, Other species seemn to be more depth restricted but this may be
merely an indication of inadequate collecting ol these particular species.
The table on Plate 7 presents depth ranges of the Antarctic Nemertey and
type of substrate when known,

SUMMARY

Tt is difficull to assess, at this stage of knowledge of distribution and
systcmatics, what proportion of the nemertean fauna of the world is en-
demic to the Antarctic. A substantial increasc in our knowledge of the
distribution of nemerteans 1s to be expected when reports are available on
new collections from the Ross Sea and southern New Zealund, South
Anmierican material from the Roval Society Expedition to southern Chile,
and material from Eltanin and Vema cruises. These collections may pro-
vide new data on many species mapped here and doubtless on new specics
as well—especially from the decpwater stations.

An analysis of the 39 species known from the “Antarctic’ in the broud
sense shows the following gocographic allocation:

Antarctica only 9 species
Antarctica and Seuth Georgia & species
Antarctica and the Falkland Islands 4 species
Antarclica, South Georgia and the

Faiktand Tslands 3 species
Antarctica and the Subantarctic, excluding the

Falkland Islands and South Georgia 2 species
Amntarctica and the Subantarctic, including

South Georgia 1 species
Antarctica and the Magellanic Province 1 species
Antarctica, the Magellanic Province, and

the Falkland Islands 1 species
Sonth Georgia and the Falkland Islands enly 1 species
South Georgia only 6 specics
Fulkland Tslands only 3 species
Magellanic Province and the Falkland Tslands 1 species
Other Subantarctic islands only 1 species

39 specics

The 9 Antarctic specics include the 5 pelagic nemerteans, 1 specics of
benthic nemertean known from a single specimen from Shag Rocks (half-
way between the Falkland Islands and South Georgia) and the 2 species
doubtfully placed in Carinina. This lcaves only Amphiporus schollaerti
Wheeler, known from a single specimen collected at 278 m to 500 m in
the Schollaert Channel, Antarclic Peninsula, to be considered as u strictly
Antarctic benthic nemertcan. If the Falkland Islands are considered within
the Antarctic, then 38 of the Antarclic species can be considered endemic.,
This number represents approximalely 5% of the world specics.

Corréa (1953, pp. 4-11) listed 115 species of nemerteans from Central
to southern South America, including the Falkland Islands. Of these, 25%
are known so far only from the- Magellanic Subregion® and another 8%
occur i the Magellanic and eisewhere. Shared with the Magellanic Sub-
region, including the Falkland Tslands, is 25.6% of the Antarctic fauna,
and 7.7% 1s sharcd with Subaritarctic 1slands other than Magellanic. Of
the Antarctic fauna, 40% is found only at South Georgia while 30.8%% 1s
recorded from the Scotian Subrcgion only. No species are at present
known to be restricted to the Ross Sea which is the other region most
cxtensively sampled in Antarctica.

"See Figure 10, p. 6, this folio.
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Brachiopoda
M. W, Foster'

INTRODUCTION

Brachiopods are lophophorate animals that produce a bivalved shell of
upper and lower valves. The majority of brachiopods are epifaunal animais
and are anchored to the substratum by a fleshy stalk, the pedicle, which
emerges from one valve. Most brachiopods attach to hard substrates such
as rock or scattercd stones, the shells of living or dead mollusks, bryozoans,
coelenterates with a stony skeleton, kelp holdfasts, or other brachiopods.
They are rare on soft bottoms which lack scattered hard objects for attach-
ment. Some brachiopods attach to the parchment-like tubes of Phyillochae-
topterus {4 polychaete) emerging from a fine sediment substrate. The
brachiopod species Chlidonophora chuni has a fincly branched pedicle
with rootlets that penetrate the tests of Foraminifera on fine o0ze bottoms.
The pedicle is very adaptable in many articulate brachiopods so that one
species may attach to quitc a few different hard substrates. Some species
are known to attach 1o soft substrates such as worm tubes as well as to hard
substrates. Some brachiopods of the class Inarticulala burrow into soft
substrates, but such infaunal brachiopods have not been reported from
Antarclic waters.

Brachiopods tend (o live in clumped aggregations, and one locality may
have hundreds of individuals, while other apparently suitzbie localities
have no brachiopods at all. This sort of distribution may be related to the
very brief planktonic larval stage, especially of articulate brachiopods.
Brooding of young occurs in some brachiopods, but not in others, Wherc
a larval stage 15 known, it appears to have a plankionic Life of only a few
hours and does not move far frore the bottoin, On the other hand, the
larvae of inarticulates such as Lirgufa and Discinisca, which have a Tonger
planktonic life, have been found in surface waters, Most brachiopods occur
in depths of less than a few hundred moters; therefore, becausc of the short
planktonic stage of most brachiopods, decpwater arcas arc barriers to dis-
tribution.

The inarticulate brachiopods dredged from waters off Antarctica have
all been attached to loose stones or boulders, at Icast insofar as their attach-
ment can be ascertained, The articulate brachiopods, on the other hand,
are known 1o be attached to stones, mollusk and brachiopod shells, cal-
careous worm tubes, bryozoans, and coelentlerates, No brachiopod species
known from more than onc arca is restricted (o any onc substrate. The
available information suggests that Antarctic brachiopods are tound only
wherce there are hard objects on the sea floor. Those Antarctic species col-
lected in localities where the bottom is reported to consist of only fine
sediment were probably attached to worm tubes or other firm objects not
mentioned in the general bottom description. The preference of brachio-
pods for attachment to firm objects is reflected in their geograpbic distri-
bution, which is largely cenfined to continental shelves, slopes, and sea
mounts.

In Paleozoic times brachiopods apparently dominated the benthic fauna
of the seas in number of species and in diversity of form. Although the
modern brachiopod fauna is much reduced in both respects from the level
maintained in this cra, it still appears to equal or cutnumber the late Meso-
zoic and Cenozoic faunas. Brachiopods are an important, perhaps a dom-
inant, group in a number of localities today. Recent brachiopods are most
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numerous and diverse in eool-water areas, although abundance and variety
do not appear o be directly related (o temperature, The diversity of the
Anturctic fauna (16 species) compares favorably with that of the faunas
off other landmasscs in the Southern Hemisphere, For example, there are
17 species off southern Australia, 10 off New Zealand, 16 off South Africa
and 11 off South America, The Antaretic fauna is rather small in number
of species when compared with that found off the coast of Jupan (50 spe-
cies) or westerm North Amcrica (31 specics). However, it should be
rememberad that the Antarctic fauna is still incompletely sampled, and
future collections may bring more species 1o light,

DISTRIBUTION (PLATE 9)

T'he present pattern of distribution of brachiopods around Antarctlica
s more an artifact of limited dredging than of actual distribution. It does
appcar, however, that there are at least two circumpolar species, Aero-
thyris joubini (Map 3) and Compsothyris racovitzae (Map 1),

At least 11 of the 16 species off Antarctica arc endemic to this region.
Only the genus Compsothyris (Muap 1) is endemic to Antarctica, The
degrec of endemism on both the specific and generic levels is much less
than that of New Zealand and only skightly greater than that of South
Americd.

It is possible to make seme generalizations concerning the relationships
ol the Antarctic fauna to that of other parts of the world. Detailed discus-
sion of most of the available information can be found in Thomson (1918)
or Elliott (1951).

The inarticulate brachiopods (Map 1) occurring arcund Antarclica
may be very widespread, such as the deepwatcr species Pelagodiscus atin-
ticus (Map 1), or they may be endemic species of widespread genera such
as Crania lecointei (Map 1). The articulate brachiopods yield more infor-
mation concerning zoogeographic relationships.

The living articulate brachiopod fauna of Antarctica has more similari-
ties with that of southernmost South America than with that of any other
continental area. The dallinid genus Macandrevia (Map 2) is reprresented
in the Southern Hemisphere only off South America and Antarclica. The
deepwaler species Macandrevia diamanting (Map 2) occurs oll Panama,
Poru, and Anlarctica. Thomson (1918) suggested that this genus had
migrated to southcrn South America and Antarctica in post-Miocene
times since it does not occur in the Tertiary deposits of Patagonia. Smooth
terebratelline specics with a magellanii{lorm loop occur ofl Macquarie
Istand, Antarctica, and South America (Map 3). Species from the first two
Iocalities have been assigned by Allan (1939) to the genus Aerothyris
even though species from the Jast two localities are more similar to each
other. The terebratulid species Liothyretla uva has been reported only off
South America and Antarctica (Map 1). The other Antarctic species of
Liothyrelia arc all much more like the South American species than the
New Zealand species.

The living Anlarctic brachiopod {auna has no identity with those of
Australia or South Africa at either peneric or specific lovels. New Zealand
shares two gencra, Amphithyris and Liothyrells, with Antarctica. The
genus Mageliania, which occurs only in Australia, is quite similar to Aero-
thyris in Antarctica except that it has radial ornament. From South African
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waters there is only one highly questionablc rccord of a species of the
characteristic Southern Hemisphere family Terebratellidae, The other
Southern Hemisphere areas have two or more unguestioned representa-
tives of this family. The other Antarctic family in South Africa, Cancello-
thyridae, is essentially cosmopolitan,

Cenoroic {ossi[ brachiopods have been found off the Antarctic Penin-
sula. This fauna is most similar to the Cenozoic fanuna of South Amcrica

TABLE 1. Species Reported From Only One Unquestioned
Lecality in the World

and suggests possibly better connections between the two areas at that
time, or earlier, than at present, The fauna shows more similarity to the
fossil faunas of New Zealand and Australia than does the Recent Antarctic
fauna to the Recent New Zeazland and Australian faunas, The fossil Ant-
arctic fauna is slightly closcr to the fossil fauna of New Zealand than to that
of Australia, The details of this similarity remain questionable because of
{axonomic uncertainties, In any event, the similarity seems no closer than
the generic level, The similaritics of most of the Australian and New Zea-
land Recent and Cenozoic brachiopod faunas, and some elements of the
South American fauna with the Antarctic fauny, are probably due to their
retention of common pre-Cenozoic elements, as pointed out by Allan
(19493,

Species Location D{EPgh The present evidence strongly suggests that genera with a wide bathy-
m metric range such as Macandrevia (Map 2) and Liothyrella (Map 1)
Discina? joubini 657208, 95°27'E 439 have migrated in the late Cenozoic and/or are now migrating from South
Crania rosecradiata Saldanhabaai 8o Amenc;f, to Antarctica. The abscnce of migrants frq?m thc. New anlam!—
(SSal{g!haR?'c] Bay), Australia area may be due to the absence of forms with a wide bathymetric
cuth Alrica range in thesc arcas.
Crania valdivae 38°40°S, 77°38°E 672 Most of the known brachiopod localities south of 3575 latitude and
Liothyrella neozelanica Cook Strait, 166 Irm.’n South Africa arc represented on Plate 9 Tjhe remaining specics,
?qff ngliqgt%n. which have been reported from only one locality in the world, have not
ew ceatan been placed on the maps and are listed in Table 1, Where several localities
Liothyrella winteri 38°40°S, 77°38°E 1230 for the same species occur in a restricted geographic area, only one symbol
Compsothyris? valdivae 33°40's, 77°38°E 672 is used.
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Bryozoa
7. 8. Bullivant’

INTRODUCTION

The Bryozoa are less well known than most other groups of the Antarc-
tic benthos. Although bryozoans often make up a significant bulk of the
benthos, scveral collections from early expediftons remain unstudied.
Thus, only the Stenclaemata from the Swedish Antarctic Expedition,
1901-1903, and the cellniarine Bryozoa from several British cxpeditions
have been described. The distribution and afinities of the Antarctic Bryo-
zoa have been discussed by Waters (1904}, Hastings (1943), Borg
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(1944}, and also by Rogick (1965), who lists the earlier studies.

The Bryozoa form sessile colonies, either erect or encrusting, which may
attach to a variety of substrates such as stone, mollusk shells, arthropods,
scawceds, wood, and the bottoms of ships. Seme species are able to live
on muddy or sandy bottoms anchered by rootlets, or growing in a disc- or
cone-shaped colony lying frce on the bottom. Bryozea feed on suspended
flagellates, small dialoms, other protozoa, and possibly bacteria,

In most species the ciliated motile larva does not feed and seitles after
the first few hours of life, A few species have a feeding larva known as a
cyphonautes, which may spend two months in the plankton.,



A total of 310 species and subspecies of Bryozoa have been recorded
from south of the Antarctic Convergence. It appears that 180 (38% ) of
these species and subspecies arc confined to the Antarctic region.

Of the 130 species which have been reported from other regions as well
as from the Antarctic, the majority are confined to the Southern Hemi-
sphere. A greater number of Antarctic species are found in the southern
South America-Falkland Island region (about 44 ) than in the Australia—
New Zealand region (about 15}, These totals include about 8 Antarctic
species {ound in both regions.

Waters (1904} lists Micropora coriucea, Hippothoa divaricata, Hip-
pothoa distans, “Smittia” reticulara, Idmonea atlantica, and Entalophora
proboscidea as cosmopolitan species which oceur in the Antarctic. There
is doubt as to the validity of Waters® identification of “Smittia” reticulata
{Rogick, 1956) and Idmonea atluntica (Borg, 1944), and it is believed
that his Entalophora proboscidea may be a subspecies (Borg, 19443,
These examples are given to show that until the taxonomy of the Antarctic
Bryozoa has reached a more refined state and until detailed and accurate
descriptions ar¢ available for all species, any study of distributions is
tentative.

In a recent summary list of the Bryozoa collected during the Belglan
Antarctic Expedition, 1939-1960, Redicr (1965) lists Bugula neriting
from the coast of Queen Maud Land. Although Redier does not include
it in his list of first records, this seems to be the first titne B. neriting has
been taken in the Anlarctic. B, reriting is a cosmopolitan shallow-water
species rcadily distributed on the bottoms of ships, 1t s interesling to spec-
ulate whether this is a recent introduction into Antarctic waters and, it so,
whether the specics will now spread around the continent.

About 17 other species which occur In the Antarctic have been reported
from the Northern Hemisphere, including 6 reported by Redicr (1965).
Perhups the most interesting of these records 1s Lichenopora canaliculata
which Osburn (19533) reported from Point Barrow, Alaska.

THE MAPS (PLATE 10)

The sccompanying maps are designed to show the distribution of rep-
resentative Antarctic Bryozoa. Species from a single iocality and doubtful
records are not included,

MAPS 1 AND 2: Family Smittinidae

The smittinids attach to hard substrates, forming cncrusting luyers or
ercct bilamellar plates. The 34 species and subspecies of the family col-
Tected in thc Antarctic have ull been taken at depths of less than 650 m,
Of the 8 genera represented, Embaflotheca, with 9 species, and possibly
Smirtinelia, with 1 Recent specics, arc confined to the Southern Hemi-
sphere {(Rogick, 1955, 1956).

MaP 3: Family Bicellariellidae

Bassler (1953} lists 51 genera in the division Cellularing, inciuding
Bugula and other branching chitinous forms. Hastings {1943 found 14
genera of cellularine Bryozoa with representatives in the Antarctic region,
Three of these genera, Tricellaria, Bugula, and Menipea have a predom-
inantly northern distribution; the afinities of 3 genera are not clear; and
8 genera, Amastigia, Noioplites, Farciminellum, Cornucopina, Himanto-
zoum, Campltoplites, Beania and Caberea have a predominantly southern
distribution.

In the family Biccllariellidae, 3 genera and 9 species occur in the Ant-
arctic, The distribution of 7 species is shown. Cellularine Bryozoa may
oceur at considerable depth, which could explain their spread into the
Subauntarctic. Three species of Cornucoping occur below 1800 m.

MAP 4: Family Sclerodomidae

The family Sclerodomidae comprises 3 genera: Sclerodomis, which is
found in the South Atlantic; Cellarinella, represented by 10 species, 9 of
which are confined (o the Antarctic region; and Systenoporg, with 1 spe-
cies, which is also confined to the Antarctic region.

These examples show that there is a distinet Antarclic bryozoan fauna
which has affinities with the Subantarctic Islands and South America and,
in the southern temperate region, with Australia and New Zealand. This
fauna s largely coastal and appears to be circum-Antarctic. The fact that
the fauna is not divisible into provinces along the very long coastline may
possibly be attributed to the uniform physical conditions of the coastal
Antarctic regions.
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Sipuncula and Echiura
S. J. Edmonds’

SIPUNCULA (MAPS 1, 2, AND 3, PLATE 11)

Sipunculids arc a group of worim-like marine invertebrates that live in
tropical, temperate, and polar waters. The body or trunk of an adult animal
is cylindrical, flask- or sausage-shaped, and from its anterior region & high-
Iy retractile introvert is extcnded from time to time. Sipunculids are soft-
bodied and normally live in protected places. They are often found under
stomes, in the holdfasts of algae or roots of marine angiosperms, and in the
cmpty shells of some mollusks, They are also found burrowing m sand,
mud, or gravel, and sometimes in holes which they have bored in rocks
and coral. Their bathymetric range is wide. They are collected between
tide-marks slong the shore, they are sometimes dredged from the ocean
floor, and they also are known to live in the ubyssal depths. The gut of
sipunculids usually contains sand, mud, fragments of shells, pieces of coral,
and lrustules of diatoms, and it is thought that the animals are detritus
feeders. The sexes are separate. Ripe eggs and sperms are shed into the sca
where fertilization takes place. The zygote quickly develops into a trocho-
phore larva. After swimming freely in the water (for about 2 month in the
case of Sipunculus muduy), the larva sinks to the floor of the sea and devel-
ops into an adult. Larval sipunculids are sometimes found in samples of
plankton.

‘Department of Zoology, University ot Adclaide, Adelaide, South Auvsiralia

Most ol the sipunculids known from the Antarctic and the Subantarctic
have been collected. vsuaslly by dredging, from the Ross Sea, Graham
Land, and a few other widely scparated localities along the coast of Ant-
arctica, and from South Georgia, the Falkland Islands, and Kerguelen
Tsland., A study of the records shows that species belonging to only two
genera, Golfingia and Phascolion, have been found in the Antarctic and
Subantarctic, and that by far the greater number of species fall inlo the
genus Golfingia. Golfingia, however, 1s not restricted to the polar regions
bulis well known in tropical and temperate seas. Sipunculids of the wortld-
wide genus Phascolion usuaily inhabit the abandoned shells of moltusks
like Denralium and Trrritella. Why such well-known genera as Sipuncu-
fus, Siphonoseoma, Phascolosome, and Themiste have not been found in
Antarctic waters is not known. 'I'he most common Antarctic and Subant-
arctic specics are Golfingia margaritacea capsiformis, G. anderssoni, G.
mawsoni, . chlini, G. nordenskjoldi, and Phascolion strombi. Many of
the sipunculids from southern Australia, South Amecrica, and New Zea-
land are warmer-water species, and their ranges do not extend 1o Antarc-
tica.

There seems Lo be little doubt that many of the Antarctic sipunculids are
identical to, or subspecies of, forms that are alse found in the Arctic and
Subuarctic regions. Théel (1911), Fischer {1922), Stecphen (1941), and
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Wesenberg-Lund (1955) have reported that some species of sipunculids
are bipolar. In addition, Murina (1964) bas shown that a number of spe-
cies regarded by previous writers {Stcphen, 1941) as being {ruly Antarc-
tic also occur in Lhe northern cold-water regions of the Pacific Qcean. Also
it is possible that some of the so-called ‘bipolar’ species, for example, Gof-
fingia margaritacea and Phascolion strombi, are more widely distributed
than was previcusly thought.
The species shown on the maps can be divided into four groups.

{1) Species restricted to the Antarctic and Subantarctic
Golfingia benhami
Golfingia charcoti
Golfingia nordenskjoldi

{(2) Species known from cold-water regions in both the Arctic
and the Antarctic (bipolar species)

Golfingia anderssoni

Golfingid eremita australis

Golfingia improvisa

Golfingia intermedia

Golfingia mawsoni

Gelfingia minuta

Phascolion lutense

{3) Specics known to be more widely distributed
Golfingia margaritacea capsiformis’
Golfingia muricaudata
Golfingia ohiin
Golfingla pudica
Phascolion strombi

(4) Species which are tropical or temperate and whose range
does not cxtend to the Antarctic

Golfingia cantabriensis
Golfingia catharinae
Golfingia depressa
Golfingia novaczealandiae
Golfingia schuttel
Golfingia fasmaniensis
Phascolosoma annidatum
Phascolosoma nigrescens
Phascolosoma noduliferum
Phascolosoma scolops
Sipunculus angasiy
Themiste® cymodoceae
Therntiste fisheri
Themiste fuscim
Themiste huttoni
Themiste petricolum
Themiste rosaceum
Themiste signifer
Xenosiphon mundanum

Very litthe is known about the ecology and physiology of the Antarctic
sipunculids. Many of the animals were dredged, sometimes from great
depths where the temperature of the sea is below 0°C. The specimens of
Golfingia margaritacea capsiformis and G. anderssoni collected in the New
Zealand expedition te the Ross Sea were obtained at depths of between
263 m and 752 m where the water temperatures were —1,6°C to —2.0°C
{ Edmonds, 1963). Even under these conditions specimens of G. margari-
tacea capsiformis weighing 35 g were collected. Golfingin murieaudata
was dredged at 2960 m (Fischer, 1922), Phascolion lufense at 4540 m
{Murina, 1961}, and G. nordenskjoldi at 2000 m {Muring, 1964),

ECHIURA (MAP 4, PLATE 11)

Echiurids comprise a small group of unsegmented marine worms re-
lated to the Annelida and Sipuncula. Like the luiter they live for most of
their lives in sheltered places such as sand and mud or in coral and rock.
They are soft-bodicd animals and consist of a cylindrical, sac-like or flask-
shaped trunk and a highly extensible and fleshy proboscis which helps the
animal in obtaining food. Echiurids arc largely detritus feeders. They are
not uncommeoenly collected in tropical and temperate waters, but only a
few species are known from the Antarctic and Subantarctic,

The phylum consists of three chief Mamilies, the Echioridie, the Bonel-
liidae, and the Urechidae. Species belonging to all three families have been

1 have used the name Golfingis margarilacea capsiformis to denote a number of
Antaretic and Subantaretic species considered by scveral authors (Théel, 1911; Ste-
phen, 1941; Wesenberg-Lund, 1954} o be synonymous with . margaritacea (Sars,
18513,

*Stephen (1965) has shown that the name Themivee Gray 1828 must replace Den-
drostornunt Grube 1859 and other authors.
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recorded south of iatitude 35° although there is no evidence that Anelas-
sorhynchus adelaidensis, Bonellia gigas, known from southern Australia,
and Urechis novaezealandiae [rom New Zealand extend their range into
Subantarctic waters, The species rccorded fall into three groups.

(1} Spccies which have been found in the Antarctic and Sub-
antarctic

Echiurus antarcticus

Maxmulleria verrucosum

Thalassema antarcticum

Urechis chilenyiy (from Chile and Patagonia)

(2} Species which it is claimed are bipolar (Stephen, 1941,
p. 243)

Hamingia arctica

Maxmulleria faex

(3) Spccics which have been found only in temperate waters
Arelassorfomchus adelaidersis
Bonellia gigas
Urechis novaezealandiae

The rccords of the ‘bipolar’ species, however, are few. The identifica-
tion of the southern specimens of M. foex is based on an examination of
one fragmentary and (wo complele specimens from the South Shetland
Islands and that of I1. arctica on onc slightly damaged specimen also from
the South Shetlands.

Most of the lileralure on the southern ferms of Echiura is purely taxo-
nomic, and very litlle is known abeut their physiology and ecology. The
best siudied echiurid is Urechis caupo, a Californian species. This animal
lives in a U-shaped burrow which it digs with the aid of its proboscis and
setae and through which a current of fresh water is pumped by means of
a scrics of peristaltic movements of its body. U. caupo fecds by straining
watcr through a fine mucous tube or funnel which it secrctes from a zone
of supetficial mucous glands, When suflicient food accumulates, the tube
is swallowed. How closely the burrowing, feeding, and respiratory habits
of U, ehilensis and U. novaezealandiae resemble those of U, caupo is not
known.
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Benthic Mollusca
R.K. Dell’

The limits of the Antarctic molluscan faunal area cannot be clearly
defined on geographical, climatic, or hydrological evidence. The Antarctic
and Subantarctic faunas occur around the Antarctic continent, along the
islands of the Scotia Ridge, into the Falkland Islands and southern South
America, and through Bouvet, Crozet, Prince Edward, Marion, Kerguelen,
Heard, and Macquarie, the scattered islands of the southern oceans. On
a faunal basis there appear to be fairly definite Antarctic and Subaniarctic
faunas, but there is no hard and fast geographical boundary between them,
and in certain areas they intermingle to some extent. Some elements of
the Antarctic fauna do extend in varying degrees to the north through the

_islands of the Scotia Ridge, and some forms are represented in the Sub-
antarctic islands, Some northern species appear to extend in the reverse
direction into the Antarctic regicn from southern South America through
the Scotia Ridge.

1t is difficult to make comparisons between the Antarctic and Subantarc-
tic molluscan faunas since that of the Antarctic is composed essentially of
deepwater species derived from adjacent abyssal basins, whereas the
Subantarctic fauna is predominantly littoral in origin. Almost nothing is
known of the deepwater molluscan fauna in the South Atlantie, South
Pacific, and South Indian Oceans, but it is probable that Antarctic repre-
sentatives of such families as the Nuculanidae, Malletidae, Limopsidae,
Lyonsidae, Verticordiidae, Cuspidariidae, Bulimidae, Cancellariidae,
Turridae, and many others have come from these regions.

The Antarctic molluscan fauna consists essentially of those species
which occur around the Antarctic continent and along the Scotia Ridge
to the general area of South Georgia, with the provise that, as mentioned
above, some considerable interchange of species takes place both to the
north and to the south. The fauna of South Georgia itself contains a sur-
prising number of endemic elements. '

The major elements in the Antarctic fauna can be characterized as
follows:

(1) A small group of ‘old” Antarctic forms of uncertain deriva-
tion which are widely distributed and which are presumed to
have survived the last glaciation either in the Antarctic itself or
in areas close to if.

(2) A group derived from contiguous deepwater basins in the
South Atlantic, South Pacific, and South Indian Oceans,

(3) A group derived from southern South America through the
Scotia Ridge. Some of this group have established themselves on
the Antarctic continent and have subsequently spread around
its shores; others have established themselves only on the south-
ern islands of the Scotia Ridge, for example, the South Shetland
and South Orkney Islands, the shores of the Palmer Archi-
pelago, and the Weddell and Beilingshausen Seas.

(4) A group of established Antarctic forms which have spread
northwards to varying degrees along the Scotia Ridge and may
have reached some of the Subantarctic islands.

Many of the species known from around the Antarclic continent are
widely distributed. There are still enormous gaps in our knowledge of
geographical distribution in the area, but on the present evidence at least
40 percent of these species appear to be circum-Antarctic. The two wide
areas along the shores of the Antarctic continent from which no benthic
material has been collected are from 90°W to 150°W and from 13"W to
50°E. Some of the gaps in the distribution maps indicate this lack of
sampling. Similarly the fauna of the Crozet Islands is virtually unknown
and the shallow-water faunas ¢f Bouvet, Prince Edward, Marion, and
Heard Islands have been very sketchily sampled.

The molluscan fauna of the Antarctic is relatively impoverished. Many
families which form important elements in the faunas of most other parts
of the world do not reach Antarctic waters. The only effective shallow-
water migrafion route in existence today is through the islands of the
Scotia Ridge from southern South America, and this has probably been
the only route for a considerable period in the geologic past. The extent
to which some molluscan families have invaded the Scotia Ridge is shown
in Figure 1.

Disregarding the area comprising the Bellingshausen Sea, the Palmer
Archipelago, and the Weddell Sea, the faunas of which may well have

Tominion Musenm, Wellington, New Zealand

been influenced by recent migrations, the benthic mollusca known from
the waters surrounding the Antarctic continent are contained in 91 fami-
lies with 154 genera and 309 species (see Table 2), Fifty of these families
have only 1 species. Five families are represented by more than 11 species,
the average per family in New Zealand, Many of the families are repre-
sented by minute, anomalous, or deepwater genera; the Mytilidae have
only the deepwater genus Dacrydium and the Arcidae is represented by
Bathyarca. Many of the species are as yet known only from a single locality
or from very restricted areas. Some of the common species are, however,
known from widely separated areas. The distribution of some of these
commoner Antarctic forms is shown in Map 1, Plate 12.

More detailed distribution maps have been given for two restricted

Fig. 1. The disappearance of molluscan families from South America through the Secotia
Ridge to the Antarctic continent (see Table 1 for explanation).

TABLE 1
Southern Limit Family Southern Limit Family
Cutve A Chitonidae Curve B Olividae
Acanthochlitonldae
Anomiidae Curva it Veneridae
Cardi[fiae Tellinldaa
Mactridag Hiatellidae
Condylocardiidae Calyptraeidae
Lucinidae Retusidee
Solanidas
Corbulidae .
Myidae Curve D Chastopleuridae
Pandaridae .
Taredinidas Curve E Hanleyidae
Acmaeidas Ischnn-chitnnidae-
Naszariidae Mopaliides
Gaimardiidae
Patellldas

TABLE 2. Comparative Figures {or the Faunas of Antarctica,
the Magellanic Region, and New Zealand.

Families Genera Species

BENTHIC MOLLUSCA

Antarclica 81 154 309

Magellanic Regian 114 280 667

MNew Zealand 160 552 1759
BIVALVES

Antarctica 25 36 66

Magellznic Region 39 89 175

Mew Zaaland a4 142 400

Arclic Regicn 31 51 118
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groups. The bivalve genus Limopsis has 6 species represented in Antarctic
and Subantarctic waters (Map 2, Plate 12}. Limopsis marionensis has an
apparently circum-Antarctic distribution extending through the islands of
the Scoda Ridge (except for South Georgia) to southern South America
and also to Kerguelen and Marion Islands. Of the 2 closely allied forms
L. lilliei and L. hirrelia, the former extends around most of the continent
and to Bouvet Island and South Georgia, while L. hirtelly is confined to
southern South America and the Falkiand Islands. Forms of an interme-
diate type are known from South Georgia. One species, L. scabra, is known
only from a small arez off Enderby Land.

The scaphopod fauna of Antarctica is small (Map 3, Plate 12). Two
species, Dentalium (Fissidentalivm) majorinum and Cadulus (Polvschides)
dalli antarctica, are circum-Antarctic in distribution; the Fissidentalium
extends to southern South American waters. Cadulus dalli antarcticus ex-
tends no further north than the South Orkney Islands, but is represented
in the Magellanic region by the subspecies C. dalili dalli. Another species,
Cadulns thielei, 1s known from two widely separated areas in eastern Ant-
arctica while 2 species, Siphonodentalium minimum and Dentalium eupa-
trides, are both known from single localities. Several species have also
been recorded from the Magellanie region, and Dentalium aegeum was
described from Kerguelen.

A number of cephalopods are common in the Antarctic; 12 species of
eledonid octopods are recognized in Antarctic waters. Most of these are
small, but Megaledone senci reaches a total Jength of at least 460 mm.
Two other species of octopods and several squid have been described from
Antarctic waters.

The varying degree to which members of the Anfarctic fauna extend to
the north, particularly in the South American section, is shown in Figure 2.
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Fig. 2. Northern limits of some elements of the Antaretic mollnscan fauna in the South
American sector (see Table 3 for explanation).

TABLE 3

Northern Limit Genus or Species Morthern Limit

Genus or Species

Narthern Limit Genus or Species

Curva A Cyamlamactra Curve E Adacrarca Curve F Venhusiatrochus
Lifnopsais marionensis Pzeudokellys Fromargarita
Propeleda Chlanidetalla
Curve B Yoldia (Aequiyoldiu) eightsi Limatuia hadgsoni Cavineptunex
Lep/dopleurus kerguelensis Limiopsis litiei
Callochiton gaussl Fhilebrya sublaevis Curve & Neobuceinum eatoni
Dentalium {Fissidentallum) majerinum Lissarca notorcadensls Philine alata
Thracia meridionalis Cyclocardia astarioides
Laternuia eifiptica Curve H Cadutus (Folyschides) dali
Curve C Nuttatochiton mirandus Cuspidaria infelix antarcilca
Cyamiomactra laminifara Cuslpild'!lﬂa tenella Subnoba freudulsnta
F'atm_agera palJ'asz Adamussium colbecki
B Lagviltacunaria
Curve D Sﬁhrzofrgchuﬁ Ef.:giyprus Trichoconchs .
Palillitorina peliita Chlenidata Curve | Proslpho mac‘hganf
Balcis antarctica Neacteoning Balels solitarie
Paradmaete fraghlima Falsimargarita garmma
Antirmargarita dulcis
Acteon antarcticus
Talsdoria mejor
- .
Pycnogonida

J. W. Hedgpeth'

INTRODUCTION

The Pycnogenida are, for the most part, holobenthic arthropods, living
on the ocean bottom throughout their life cycles. The larvae are either
nenmotile or capable of very limited locomotion; many of them are para-
sites of coelenterates in which they may form galls or cysts. The adults are
slow moving, somewhat clnmsy animals with limited capacity for dispersal.
Because of their large surface to volume ratio associated with the reduced
body and long slender jegs, some of the larger species may be moved about
somewhat by ncar-bottom currents. One exception to the predominantly
holobenthic habit of the group is Pallenopsis calcanea, which is asparently
bathypelagic, possibly associated with a species of jellyfish. It has been

'Marine Science Laboratory, Oregon State University, Newport
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found in widely scattered localities, suggesting a cosmopolitan distribution
at depths of 650 m to 2000 m {(Hedgpeth, 1962). One North Pacific spe-
cies, Achelia alaskensis, has been found as juveniles in the hydrozoan
medusa Polyorchis, a medusa for which the hydroid stage is as yet undeter-
mined. Some shallow-water species of pycnogenids have been taken in
plankton tows; whether they rise to the surface for breeding or are simply
carried to the surface by water movements is unknown, In any event, the
Pycnogenida as a group do not have free-swimming larvae and, for the
most part, may be distributed either by walking or by riding on some other
organism. The eggs are carried about by the males until hatching, at Jeast
in those species of which something is known of the life cyele. Nothing is
known of eggs or larval stages of the cosmopelitan, deepwater Colossen-
deidae.

The specific diversity of Pycnogonida in Antarctic waters has been



known since the first inflorescence of Antarctic exploration at the begin-
ning of the century; while more critical systematic studies have suggested
the consolidation of some of the previously described species, it is certain
that a very iarge percentage of species of some genera are endemic- to the
regions south of the Antarctic Convergence, Two aspects of the Antarctic
pyenogonid fauna are especially noteworthy. The first is the gigantism of
certain species, and indeed of genera; with the exception of the cosmopoli-
tan deep-sea specics of Colossendeis, Antarctic pycnogonids include the
largest forms known, occurring in several distinctly different families, The
second aspect is the occurrence of 3 fen-legged and 2 twelve-legped forms
in Antarctic waters. Elsewhere this phenomenon is found only in the
American—Atlantic tropics, where there are 2 polymerous forms. The
nature of these polymerous forms is not understoad, but the phenomenon
is unique ameng the Arthropoda; they are possibly phases or polyploid
forms of ordinary or octopodous species. The Antarctic is a region inhab-
ited not only by giant and polymerous species, but also by numerous, very
small forms; in fact, some of the smallest pycnogenids known are endemic
1o the Antarctic region. Thus, there is nol only a large variety of specics
and range of sizes, but also evidently large populations of many of them.
Although Fry (1964} has pointed out that collection records indicate that
pycnogonids may attain very large populations in various parts of the
world, nevertheless, it does appear that, in general, there may be a some-
what higher level of populations in the Antarctic.

Pycnogonids are often abundant in Arctic waters although there are not
as many species there as in the Antarciic. The facies of the Arctic fauna
is notably different because of the absence of giant and polymerous forms.
There are, incidentally, no known bipelar pycnogonids, and only one spe-
cies, Colossendeis angusta, a predominantly deepwater species, oceurs
from Arctic to Antarctic waters. It appears that of the 500 or 600 known
species of pycnogonids, at least half are stenothermic, cold-water species,
occurring either in the polar regions or in the deeper waters of the ocean.
Pycnogonids appear to be scarce in tropical waters, and most of the warm-
water species described are known only from single specimens or from
small series. _

It is, therefore, not surprising to find in such a cold-stenothermal group
that the Antarctic is evidently a region of active speciation and evolution-
ary development. Some of this may be attributed to migration and subse-
quent isolation, as Stock (1937) suggesis for the genus Austrodecus. It
is probably also associated with the rich benthos and abundant detritus
found on the bottom in many areas of the Antarctic shelf. Pycnogonids are
teeders principally upon such soft-bodied invertebrates as coelenterates
and sponges, and some of the very small ones are admirably adapted for
feeding upon such organisms as Bryozoa (Fry, 1963).

Yet, in spite of this active speciation, which accounts for almost half of
the known species in some genera and for at least a fifth of all described
species, there are surprisingly few endemic gepera In Antarctic waters,
Most of the genera represented abundantly in the Antarctic are also repre-
sented by species in other oceans; some are worldwide. Of the 6 polymer-
ous genera—although there is some question whether these are actnally valid
gencra—the following representatives are found in the American-Atlantic
tropics: (1) the monospecific Pentacolossendeis in the Straits of Florida,
and (2) Pemtapycnon geayi in French Guiana and Puerto Rico. The other
polymerous genera, Pentanymphon, Sexanymphon, Decolopoda, and Do-
decolopoda are so far known only south of the Antarctic Convergence. As
collection records increase, genera or species complexes thought to be
characteristically Antarctic turn out to have representatives in other parts
of the world, 4 ustrodecus, a genus consisting of 19 species (Stock, 19573,
is confined for the most part to the Antarctic Region and Magellanic Sub-
region, but species also occur on Tristan du Cunha and Gough Islands, the
Three Kings 1slands north of New Zealand, and & single species (based on
a single specimen) has been recognized from Sagami Bay, Japan (Figure
i). A similar distribution pattern has been recognized for the species of the
generic complex 4Ammothea, sensu lato. The species of this complex are
the largest pycnogonids of this famiiy and are commonly taken in Antarctic
collections. With the single exception of a species from deep water near
the Kurile Islands, all other representatives of this group occur south of
313°S, and most of them are confined to the region south of the Antarctic
Convergence, Certain other genera which appear t0 be endemic to the
Antarctic, for example, Austroraptus and Austropallene, are not taxonom-
ically very different from other genera in their respective families. These
families, Ammotheidae and Callipzlleridae, contain groups of genera sep-
arated on the basis of minor characters, and critical reappraisul may result
in their inclusion with other genera.

With the exception of gigantic forms and a high incidence of polymerous
species, the Antarctic species are not notably different from the general
aspect of pycnogonids in other seas, Antarctic representatives of the largest
genus of pycnogonids, Nymphon, do not look much different from their
congeners in other oceans; of the 110 or 125 described species of Nym-
phon, some 30 are confined to Antarctic waters, This genus is characteris-
tic of deeper and colder waters; there are no true intertidal species. Pro-
portionately, the Arctic is equally well represented with approximately 25
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Fig. 1. Worldwide distribution of dustrodecus by scctions (according to Stock, 1957).

species, a few of which extend inlo boreal waters. An interesting biological
difference between Arctic and Antarctic species has been noticed by Hedg-
peth (1963) on the basis of preserved material. In several Arctic species
the young are carried aboni by the males until they are a third of the adult
size; so far, this has not been observed for any Antarctic Nymphon. Pos-
sibly the food resources of the rich Antarctic benthos make it unnecessary
for the young to remain so long with their parents,

When we examine the pycnegonid fauna of the Antarctic regions per
se, we find little indication of separate regions of development within the
waters of the shelf region, The Ross Sea is obviously not a distinet faunal
region for pycnogonids since no endemic species have been demonstrated,
and the circumpolar species are the largest component of any Antarctic
shell region studied so far. Tt is anticipated that further collections in re-
gions from which we have inadequate records will confirm the circumpolar
distribution of most of the Antarctic shelf species. So far, all records from
the Weddell Sea, for example, are of circumpolar Antarctic species.

The Magellanic Subregion comprises, as far as Pycnogonida are con-
cerned, another faunal area, with at least a dozen endemic species. Some
of these suggest migration from southern South America; one of these,
Achelia sufflata, indicales possible migration southward across the Drake
Passage; others suggest dispersion northward from Antarctic waters, for
example, species of Austrodecus. Species of this genus (see Plate 14) also
indicale possible dispersion from other parts of the Antarctic sheif to Ker-
guelen and to other Subantarctic islands, and perhaps from there to New
Zealand; but there is no suggestion of emigration from Ausiralian areas
including New Zcaland to the Magellanic Subregion. The morphologically
similar species of Ammothea, A. magniceps of Australasia, and A. minor
and A. clausi of Antarctic waters suggest that migration may have oc-
curred along the West Wind Drift, In all, however, there are comparatively
tew indications of faunal migrations to or from Antarctica, except possibly
those of species of Colessendeis along the sea bottom itself.

THE MAPS (PLATES 13 AND 14}

MaP 1, Colossendeidae

The Colossendeidae are a family of deep-sea and cold-water forms,
occurring throughout the major ocean bagins in depths to at least S000 m.
They have not becn found in the deep trenches; however, this may simply
be an artifact of collecting. One of the cosmopolitan despwater species,
Colossendeis colossea, is the largest pyenogonid known, with a leg span of
more than 50 cm. Three polymerous forms are included in this family.
The 2 ten-legged forms are Decolopoda australis (first described by James
Eights in 1834), a relatively common Antarctic species found at South
Georgia, in the Ross Sea, and at Heard Island from the shore to depths of
more than 1000 m, and Pentacolossendeis reticulate, found south of the
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Florida Keys at depths of appreximalely 200 m, The most massive pyeno-
gonid is the twclve-legged Podecolopoda mawsoni, so far known from
only 2 specimens, 1 from the Ress Sea (549 m) and 1 from off Enderby
Land (219 m).

Morc than 30 species of ‘normal’ or octopodous coiossendeids have been
described; 2 species from East Indian waters have been assigned to the
genus Rhopalorhynchus, which is probably not a valid genus. Some ot the
species described under Colossendeis are probably synonyms, but revision-
ary sludies have so far been made only on Antarctic material (Fry and
Hedgpeth, 19697). Atleast 10 species arc restricted to waters south of 45°
S, and the most common species of Antarctic waters, Colossendis megalo-
nyx, extends, in deeper water, as {ar north as Madagascar, Thus, the Ant-
arctic component of this genus comprises atleast 30% of the known species,
in striking contrast (o the Arctic where there is only a single endemic spe-
cies, Colossendeis proboscidea. As collection records increase, it appears
that many, it not most, of the Antarctic specics are circumpolar, whereas
the Arctic (. proboscidea is restricled 1o the area north of the Wyville
Thomson Ridge and the Atlantic and castern American regions of the
Arctic; therefore, it is apparently not 4 circunipolar speceics. Tt 1s also note-
worthy that such widely distributed deepwater species as Colossendeis
colossea, C. angusta, and C, macerrima are rarely found south of 5075,
although there is 1 Antarctic record for €, celosseq and several Tor C.
macerrima.

The Antarctic shelf species of Colmsendeis have well-developed il not
always pigmented eves, whereas the cyes of deep-sea species tend to be
absent, reduced, or weakly pigmented. As Fry (1964 ) suggests, this char-
acler, together with the stenothermal habit of the genus, indicates that
Colossendeis originated on some continental shelf in very cold water from
which the species radiated into deeper water; in addition, the number of
specics In the Antarctic would support the turther idea that the Antarctic
continental shelf is the original center for the evolution of these species.
In this context it is of interest to note that the single endemic Arctic spe-
cies is blind although it occurs in relatively shallow water in the Arctic
basin.

MaAP 2. Colossendels

Of the 11 speuics of Colossendeis known to be endemic or predomi-
nantly Antarctic in distribution, 8 are represented by adequate records;
the others are represented by 1 er 2 records cach, These disiributions, with
the possible exception of that of the widespread Colossendeiy megalonyx
and subspecies, are typicul of many pycnogonids of the Antarctic regions
in such genera as Nymphon and Pellenepsis occurring in moderately deep
water. All arc cssentially circurnpolar and their distribution records reflect
the intensity of bottom sampling in various parts of the Antarctic. As Ant-
arctic research continues we can expect many more records of these species
from the tegions at present sparsely represented.

MaP 3. Austrodecus (glaciale section)

Pycnogonids of the genus Austrodecus are small animals, only 3 mm
to 4 mun in total length, with extremely long, delicate, slender proboscides.
With the exception of Austrodecus profundum, which was taken from a
depth of about 1000 m, the species are essentially sublittoral or shallow
shelf specics from near surface to 640 m, with most of the records from
depths of less than 400 m. Apparently, they feed by suction of the probos-
cis on such things as bryozoun polypides. Stock (1957) recognized 17
species in this genus, most of them confined 1o Antarctic regions. He has
further recognized 4 species groups or sections. Most of the specics (11)
belong to what he terms the glaciale section, which is represented in the
Antarctlic and Subantarctic regions wilh a record from New Zcaland
{Sowh lIsland) and a dubious or uncertain record from Tasmaniz. The
species of this section may further be divided according to the length of the
eye tubercle and other characters.

Austrodecus glaciale 1s the most common species, occurring on the shal-
low shelf areas of the Antarctic continent; it is apparently circumpolar.
There is a dubious record from Discovery Station 113 near Tasmania
which may be due to net contanination. Aleng the coast of Bast Antarc-
tica between 30°E and 140°E, this species occurs with A4 usirodecus fagei.
Stock’s (1957) explanation of this sympatric distribution is that A ustro-
decus fagei has features which suggest that it is more closely related to A.
simulans of Kerguelen Esland than (o the parent species, 4. glaciale; A.
simiitans arose by isolution in Kerguclen, and from that species the stock
which gave risc to 4. fagei reinvaded the Antarctic continent. This hypoth-
esis does not allow for the possibility that A. simudans did not remigrate to
the Antarctic shelf, but it may suggest that 4. fagei represents another
phase cl speciation, perhaps by ecological rather than gcographical isola-
tion,

Be thai as it may, there is evidently a complex of closcly related forms of
specics of these curious smail pycnogonids, which suggest evolutionary
change resulling from isolation of one kind or another and migration from
the parent Antarctic slock, It is interesting to note thatl the ‘short cyed
section is not found on the Antarctic shelf, but hay several distinct species
or forms seattered on the Antarctic islands and in southern South America.
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This suggests that this group represents an earlier wave of migration from
the Antarctic shelf regions.

nMAP 4. Pycnogonidae

The family Pycnogonidae includes 2 genera, Pycrogonum and Penta-
pycron. There arc some 25 specics of Pyenogonum and 2 of Pentapyenion.
Species of Pycnogonum are found in most parts of the world cxcept the
Arctic basin; often there are 2 species occurring sympatrically. There are
no clear trends of relationship between these various species, and i{ is not
possible, with the data available at present, to draw inferences concerning
biogeographic rclationships between one area and another because of
morphology. Most of the species of which we have life history knowledge
arc ectoparasites as adults on sca anemones. Most of the species are littoral
or sublittoral; none are taken in abyssal or hadal depths.

The common Antarctic species appears to be Pycnogonum guini, an
apparently cireumpolar species occurring from the upper subiittoral region
t0 2495 m; large adults may be more than 2 ¢m in length from the tip of
the proboscis to the abdomen, P. gaini has rather long legs for @ member
of this genus. Pycnegomum rhinoceros Is a large, lumpy looking pycno-
gonid whose known distribution includes South Georgia, the Antarctic
Peninsula, and the Weddell Sea from depths of 154 m to 1115 m; so far
it has not been collected from the Ross Sca. In several anatomical features
Pyenogonum rhincceros appears to be related to the ten-legged Penta-
pyenon charcodi. It s interesting, therefore, (o note that most of the records
for Pentapycnon charcoti are from the Antarctic Peninsula, the apparent
population center tor Pycnogonum rhinoceros—if a dozen or so specimens
muy be so loosely interpreted. Two specimens of Pentapycnon charcoti,
however, have been collected from the Ross Sea. The bathymetric range
of the polymerous form is 240 m to 1420 m,

The problem of the Magellanic and Subantarclic 1sland species of this
genus is a good cxample of the type of problem faced by the biogeographer
when he has inadequate material, A number of specimens collected from
the southern part of South Amcerica and the Falkland 1slands have been
identified as Pyenogonum platylophum, This range also coincides with
that of other specimens identilied as Pyerogonum magellanicum, which
may in turn also be identical with Pyenogonum magnirostre Trom Ker-
guelen and Crozet Islunds. Pyerogonum platylophum has also been iden-
tified from the Muacquarie Islands, and there is one Antarctic shelf record
from about 71"E, directly south of Kerguclen lsiand. Perhaps all of these
forms will prove (0 be the same species. There is a related but distinetly
different species, Pycnogenam sivertseni, from Tristan da Cunha and
Gough Tslands. Whatever the final systematic judgment, we arc apparently
dealing with a complex of related forms which may be diffcrentiating from
a basic stock by geographic iselation.

MAP 3. Achelia

Achelia 1s a genns of small, sluggish species usually associated with
some coelenterate. Many of them are probably parasitic in their larval
stages on the samc organism on which they fead as juveniles and adults,
Therelore, the chances for dispersal are not imany, although species may
be trunsported on drfting material or within hydrozoan medusac. Many
spocies oceur along considerable distances of shore line. Many ‘torms,”
*abnormal specimens,” and *varicties’ have becn described for species in
this genus; this supgests that the various species may have morphological
clines, although we do not have eclensive enough material to document
this supposition for any species.

Several distinct groups of specites may be recognized in the Southern
Hemisphere, and may be referred (o as ‘morphogroups.” Of these groups,
one is characteristically Antarctic, including specics occurring in the Falk-
land Islands, along the Scotia Ridge and the Antarctic shelf (o the east of
Capc Adare, with a disjunct representation in East Antarclica. This Ant-
arctic morphogroup includcs 4 specics.

A secend group consists of 4 species distributed principaily around the
shore of Sonth America, including Juan Fernandez Islands, but with one
Antarctic representative, A chelia sufflata, which is known only from a few
records in the east Antarctic region.

A third group, the southern south temperate morphogroup, includes 3
species, ol which 1, Achelia assimilis, occurs in New Zealand and southern
Chile.
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Halocypridag!
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iNTRCDUCTION

ATl members of the Halocypridae arc planktonic in each of their stages,
and the family is of worldwide occurrence; most of the species are tropical
or subtropicai, however. The most important genus in this family is Con-
choecia, with more thun 100 described species. This genus alone accounts
for about 6 percent of all the described species of Ostracoda. Other halo-
cyprid genera, such as Halocypris, Euconchoecia, and Archiconchoecia,
are comparatively insignificant as compared with Conchoecia.

Five species of halocyprids are restricted principally to the waters south
of the Antarctic Convergence, Approximately 17 other species occur in
the southern oceans, raising the complement of Antarctic species to more
than 20, but only 11 of thesc are regularly taken in plankton tows, Large
bathypelagic species, at onc time collected infrequently, are now appear-
ing oftcn in Isaacs—Kidd Midwater Trawl samples, Among thesc 1s the
gigantic bathypelagic cypridinid Gigantocypris mulleri, which attains a
size of 15 mm to 23 mm as compared with the typical Conchoecia of about
2 mum. Although it is often meniioned in the literature, little is known about
Gligantocypris.

Antarctic halocyprids are apparently circumpolar, but since distzibu-
tion records are incomplete for many species, espccially in the Indian
Qcean sector of the Antaretic, it is not certain that all species are cireum-
polar, Little is known of djurnal or seasonal vertical migration of plank-
tonic Osiracoda in the Antarctic; the stutement by Mackintosh (1937,
p. 390) that Conchoecia hettucra is able to accomplish diurnal vertical
migrations is not substantiated by the data he presents, Therefore, it is still
unceriain how thesc organisms maintain their populations in the extreme
southern waters in the prescnce of the prevailing northward component of
the current in the upper water layers.

The distribution maps are bascd on reporls from seven major Antarctic
expeditions and the collections from the USNS Eitanin. No significant
report on Antarctic plankionic Ostraceda with station data has been pub-
lished since 1935. In all, Ostracoda have been identified from 103 sta-
tions made by these earlicr expeditions, and information has been added
from 111 Eltanin stations occupicd in 1963 and 1964°in the Scotia Sea
and the Pacific scctor of Antarctic waters. Several stations of the Deutsche
Siidpolar-Expedition, the Befgica expedition, and the Terra Nova expe-
dition are not shown on the maps because they are oo close together al
this scale, and nine Terra Nova stations in McMurdo Sound have been
designated as a single locality on the maps. Twenty-two Divcovery stations
are not indicated on the maps because only one species, Conchoecia het-
tacra, was identificd in the samples, and other species present were not
identificd {Mackintosh, 1937). These stalions are between 78'W and
81°W and 55°S and 64°S; records from thiy region are available from
Elranin collections. However, 22 additional Discovery stations around
South Georgia and in the area between South Georgia and the Falkland
Islands {Hardy and Gunther, 1933) have been included on the maps.

Of the approximately 23 species oceurting in Antarctic waters, the dis-
tribution of 12 commonly collected and 3 less frequently collected species
is indicated on the maps. The remaining 8 species are of minor importance
and have seldom becn recorded.

THE PLATES

PLATE 15. Distribution of Antarctic species of Halocypridae

These are species confined primarily to the Antarctic regions, and their
northern limit usually is the region of the Antarctic Convergence.

The most common species south of the Convergence is Conchoecia het-
tacra Miiller (Map 4), which is most often identified as a component of
the Antarctic plankton {Mackintosh, 1937; Hardy and Gunther, 19335;
Baker, 1954) and is the only species truly demonstrated to be circumpolar
{Buker, 1954}, This specizs occurs well within the region of pack ice and
probably as fur south as the continent in some localities. It hus becn col-
lected very close to the land by the Deutsche Siidpolar-Expedition in the
Indian QOcean sector of the Antarciic (Miiller, 1908 ), by the Swedish Ant-
arctic Expedition in the Weddeli Sea (Skogsberg, 1920), by the British
Antarctic Expedition in the Ross Sea {Barney, 1921), and by the USNS
FElianin in the Bellingshausen Sca. In some areas there are no stations from
which the northern limit of distribution might be determined.

Conchoecia borealis Sars antipeda Miiller (Map 2) is a relatively large
{2.8 mm to 2.9 mm) und distinct specics. Miiller {1906a) records it as
far north as 1°S. C. boreddis antipoda 15 a decpwater species, primarily
inhabiting depihs greater than 250 m, Presumably the species could be

iContribution No. 1277 from Lamont Geological Observatory of Columbia Univer-
sity, Palisades, New York.
‘Lament Geological Observatory

transported north by the action of the Subantarctic Intermediate Water,
but since the species is far more abundant south of the Convergence ( El-
tanin samples), the Antarciic Is considered its principal habitat. There is
no certainty that this species extends to the continent at all poinis, but
Miiller {1908) did find it in samples taken somewhat south of 65°S during
the Deutsche Stidpolar Expedition. 1t is recorded in the Bellingshausen Sea
( Eftanin samples) at a little over 708, but is not lound in the Belgica
samples in the same area. Barney (1921) recorded this species in
McMurdo Sound,

Conchoecia belgicae Miller (Map 5) is the most southerly distributed
species, found quite close to the continental landmass. Data are scarce
and are recorded only from stations near or in the pack ice, Skogsberg
(1920) statcs that the distribution of this species is south of 64°8.

Conchoecia brachyaskes Miiller (Map 3) is not common in plankton
samples. The available data indicate an unusual distribution. The species
1s found in the true Antarctic, south of the Antarctic Convergence and
very near the continent (Miiller, 1908 ). It has also been reported in trop-
ical regions of the Atlantic and Indian Occans (Miiller, 1906a) ; however,
tew catches are recorded betwceen these twe regions,

Conchoecia isocheira Miiller (Map 3) is the smallest of Antarctic Haio-
cypridac. Samples from the Eftenin cruises containing this species have
been collected as far as 70°S, and data from the Belgica cxpedition record
C. isocheira 1o at least 71°5S in the Bellingshausen Sea. Thesc southern
locations are farther south than the 66°8 limit stated by Skogsberg ( 1920),
indicating that there is probably no scuthern limit based on latitude but
that the limit is the Antarctic continent itself,

PLATE 10. Distribution and southern limits of *warm-water’ Halocypri-

dae found in Antarctic waters

The specles represented here arc not true Antarctic specles, for they
inhabit the tropical, subtropical, and Subantarctic arcas. A few are com-
mon well into the Northern Hemisphere. The southern limit of several spe-
cies is in the area of the Antarctic Convergence; other species extend
somewhat south of the Convergence. Species illustrated in Maps 6 to 9
are primarily found in the wpper 250 m but are also found in smaller
numbers to at least 1000 m,

Conchoecia serrulaia Claus (Map 6) is probably one of the most com-
mon specics in the upper 100 m between 40°S and the Antarctic Conver-
gence. In the Efranin samples it often occurred in prodigious numbers
compared with other species, at times comprising 100 percent of the Ostra-
coda present in the samples, This species is primarily found in the upper
100 m, and its numbers drop off rapidly below that depth.

Conchoecia chuni Miiller (Mup 7) Is an elongate species rarely found
south of the Convergence. It has been recorded as far north as 2°S (Miiller,
1906a), but is principally located belween 26°S and 64°S.

Conchoecia obtusata Sars (Map 8) has been combined with Cornichoe-
cia obtusaty Sars var. antarctica Miller for the purposes of the map.
According to Skogsberg (1920}, C. obtusata occurs primarily north of
60"N latitude, but it is also found alongside the Antarctic form, whose
distribution hie gives as 26°5 to 53°S. Elranin samples have frequently
yielded both types together in Antarctic waters.

Conchoecia rotundafa Miuller (Map 9) has the most irregular southern
distribution of the species considered. In the Indian Ocean this species
was found ncar the Antarctic continent {6575 latitude) by the Deutsche
Suidpolar-Expedition (Miiller, 1908}, In the Bellingshausen Sea it was
again {ound close to the continent at 70°S (Eftanin samples). In other
logalities the southern limits do not approach the continent, but it is not
certain whether this indicates some unknown iimiting factors or is an arti-
fact of inadequate data.

The following species (Maps 10 to 14) principally inhabit depths
greater than 250 m in southern waters, A [arge number of species in the
Antarctic inhabit depths greater than 250 m, and several shown on, thesc
maps are not common above 500 m. Gigantocypris and such large repre-
sentatives of the genus Conchoecia as C. valdivige occur al depths greater
than 250 m. The carapace of these deepwater species is often the reddish
color typical of so many bathypelagic crustacea.

Not only giaats, however, live in the deep water; the sinall species indi-
cated in Maps 6 to 9 can also be {ound below 250 m, along with such dis-
tinctive species as Archiconchoecia cucullata Miiller (Map 14), whose
carapace has a shape unlike that of any other halocyprid.

Conchoecia elegans Sars (Map 10) is probably a truly cosmopolitan
species; in the Pacific it is known from 79°N to 64°S. 1t is one of the most
commonly eotlected species and is found almost anywhere and at any time,

Conchoecia symmetrica Miiller (Map 12) can be found as far north as
the cquator ( Miiller, 1906a). In Antarctic waters it 1$ most abundant be-
low 500 m, but in the Subantarctic it rises near the surface.
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Conchoecia edentaia Miiller (Map 13) is not reported often, though it
occurs frequently in the Eltanin samples. It 15 most abundant at depths
greater than 500 m. Itis apparently one of the bathypelagic species having
a very wide distribution; Rudjakov (1962) found ', edentata m the north-
western Pacilic.
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Cirripedia’
A. Ross® and W. A. Newman®

INTRODUCTION

The subclass Cirripedia, consisting of nearly 1000 species, is usually
divided into the orders Ascothoracica, Rhizocephala, Acrothoracica, and
Thoracica. The greatest diversity of species occurs in the warni and trop-
ical scas of the world, in intertidal regions, and in relatively shallow water,
The region south of the Antarctic Convergence is relatvely depauperate,
with 1 Reconl ascothoracican, 1 rhizocephalun, 1 fossil acrothoracican,
and 29 Recent and 5 fossil thoracicans.

LIVING BARNACLES

The Ascothoracica are commmensal or wholly parasitic on coelenterates
and echinoderms and are widely distributed both geographically and
bathymetrically (Wagin, 1964 ). At present, only one ascothoracican, As-
cotharax bulbosus Heegaard, an endoparasite of the ophiuroids Amphitira
helgica Koehler and A. micropiax Mortensen, is known from Antarclic
watcrs. This parasite was dredged from shaliow waters (100 m o 173 m)
in the vicinity of South Georgia. 1t is probably to be capected that other
species will be found in the deeper waters bounding Antarctica owing L0
the great abundance of potential echinoderm and coclenterate hosts.

The Rhizocephala are wholly parasitic, for the most part on decapod
crustaceans. They occur most commonly on the continenial sheli, alihough
some species are known from decper waters. Examples are Saccufing abyy-
sicola Guérin-Ganivet at 3975 m in the Azores, on Erhusing abyssicola
Smith and Triangulopsis abyssorum Guérin-Ganivel at 4235 m, between
the Azores and Rochefort, on Orophorkynchus parfaiti Milne Edwards (sec
Guérin-Ganivet, 1911}, The single Antarctic species is Briarosaccus cal-
losus Boschma on Lithodes spp. and Paralomis sp. {see Map 4, Plate [7}.
The reason for the scarcity of rhizocephaluns correlates with the relative
scarcity of decapod hosts south of the Antarctic Convergence.

The Acrothoracica are burrowers in a wide variety of calcareous sub-
straia, including corals and mollusk shells. The order is predominantly
tropical und is s0 far known only from shallow walers. Cryptophicfus has
representatives in New Zealand, the southern extremities of South America
and Africa, and around the perimeter of Subantarctic waters. Although
the order was represented during the Cretaceous, no Recent Antarctic spe-
cies arc known.

The Thoracica, the largest and most diverse group of the Cirripedia,
is relatively well represented in the Antarctic. Members arc distinguished
from other Cirripedia and from nearly ail other Crustacea by « calcareouy
shell that is not molted during life. Consequently, they have a well-docu-
mented fossil record dating from Silurian times.

The order Thoracica contains three exiant suborders: the Lepaudomeor-
pha, Verrucomorpha, and Balanomorpha. The Lepadomorpha, or stalked
barnacles, arc considered the most primitive. They also have the greatest
bathvmetric range—from ihe high intertidal regions io depthy greater than
3000 m (Nilsson-Cantell, 1950}, In the Antarctic the lepadomorphs are
the most signtficant group of cirripeds, and the two principal fanmlies are
both represented. The more significant is the holobenthic Scalpellidae.
The other, the Lepadidae, can be divided into two major groups: those
that are epizoic on whales and other marine vertcbrates, and those that are

'This study was supportcd in part by a grant from the Office of Antarctic Programs,
Nalional Science Foundation, through the Snifthsonian Instilation, o W, A, New-
man

Museum of Natural History, San Diego, California

*Scripps Institution of Oceanography, La Jolla, California
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carricd about on floating objects by surface currents. The former are cos-
mopolitan forms because of the migratory habits of their hosts, The latter
is represented by a single endemic species whose distribution is correlated
with the West Wind Drift.

The Verrucomorpha. or wart barnacles, atre sessile forms, descended
Trom an earlicr finc than that which gave rise lo the true sessile barnacles
or Balanomorpha. They are widely distribuled geographically and bathy-
metrically; the majority of the known specics are found in relatively deep
waler, to 4630 m (Nilsson-Cantell, 1950). At present only I species is
known to occur south of the Aatarctic Convergence.

The Balanomaorpha, or acorn barnacles, are divided into 2 families, the
Chihamalidae and Balanidae. Both farnilics are widely distributed, pri-
marily in the shallow seas of the world, The Chthamalidae is morphologic-
ally and palcontologically more primilive, and its members occupy the
highest reaches of the intertidal #one and extend to depths greater than
those reached by the Balanidae. Two deepwater chihamalids occur south
of the Antarctic Convergence. Although littoral balanids at onc time in-
habited the Antarctic, the only ones presently found there are forms occur-
ring on whales; therefore, they arc not members of the Antarclic [auna in
the strict sense,

The life cycle of many shallow-water thoracicans begins with eggs that
are fertilized and brooded within the so-called mantle cavity of the female
or hermaphrodite; the larvac arc then released as [ree swimming nauplii.
In some species the nanpliar stages are passed in the egg, und the larva is
rcleased as a cyprid. Ordinarily, during appreximately two weeks of plank-
tonic development, the nauplius leeds and progresses through six naupliar
stages of Increasing size and complexity before metamorphosis nto the
bivalved, cyprid stage, The cyprid stage, of which there is only one, 15 rela-
tively weak-swimming and non-feeding. It selects the site of permanent
altachmenl, where il will develop into a female, a hermaphredite, or a
reduced male attached to an individual that will act as a female.

Methods of dispersal are of great importance to the biogeographer, The
adult stages of most thoracic cirripeds are generally not considered in prob-
lems of dispersal because, for the most part, they attach to fixed substrate.
Excepiions are found with [oufing {orms and those attached to floating
objects or motile invertebrates and vertebrates. Ordinarily, the naupliar
stage is considered the usual dispersal agent. However, in a4 number of
specics the naupliar stage 1s entirely passed through in the egg as it devel-
ops within the mantle cavity, and only the weak-swimming cyprid cnters
the plunkton. Species in which the planktonic phase ol the life-cycle has
been suppressed through elimination of the nauplius might be expected
to show relatively restricied palterns of distribution, or endemijsm, How-
ever, in the few warm-watcr forms without nauplii, this is not the case.
Indeed, release of non-feeding, advanced larvae may bc related o the
lack of suilablc food available i the plankiop, or to maintaining a popu-
lation in a particular habitat, such as on off-shore islands.

FOSSIL BARNACLES

Thirty-seven nominate taxa are known from south of the Antarctic Con-
vergence. Of these, 6 are fossil, representing 2 of the 4 cirriped orders, the
Acrothoracica and Thoracica. With the exception of the balanomorphs
{Order Thoracica), all of the fossils are rom Cretaccous deposits, and
represent extinet specics (Fable 1).

The single acrothoracican found in Antarctic waters was recognized by
its burrows in belemnite shells and has been assigned to the extingt genus



Brachyzapfes. A closely related species occurs in France in early Creta-
ceous scdiments ( Taylor, 19635).

The fossil lepadomorphs (Order Thoracica) arc represented by [ ex-
tant and 2 extinct genera. Euscalpeifum, with more than one-half of the
15 known species extinct, is represented by E. antarcticum. While other
extinct specics of Euscalpellum are found in New Zealand, Australia, and
Tierra del Fuego, extant specics are not known 1o occur higher than the
40th, parallel in either hemisphere {Withers, 1951}. The extinct genera
Zeugmatolepas and Cretiscalpellum, otherwise known only in European
Cretaceous sediments, are cach represented in Antarctica by a single spe-
cics {Withers, 1947, Taylor, 1963).

The bulanomorphs {Order Thoracica) were better represenied in Ant-
arctica in the past than they arc today. Fossit records for the extant chtha-
malid, Hexelasma antarcticum, are apparently restricted to Pleistocene or
sub-Recent deposits (Speden, 1962). A closely related extinct species,
H. qucklandicum, is known from the Miocene of New Zealand, while the
extant H. Afrsutum is known [rom the northeast Atlantic at depths to 2000
m. On the other hand, all of the Antarctic balanids are extinct, having
been represented by Balanus (Austrobalanus) flosculus sordidus Darwin
and an undetermined species of Balanuy (Fletcher, 1938; Hennig, 1911).
The cxtant austrobalanids, as their name implies, are widely distributed
in the Southern Hemisphere except for South Africa.

TABLE 1. Collection Localities and Ages of Fossil Barnacles

Age and Elevation Above

Locality Mean Sea Level

Species

Acrothoracica

East coast Alexandet Island
735, BB"W {approx.)

Bravhyzapfes elliptica
var. gigantea Taylor

Early Crelaceous
(Aptlam)

Theracice (Lepadomarpha)

Late Cretaceous
{Senonian)

Antarctic Peaninsula
63°58'%, 57930
63°59°5, BT 2EW

euscalpelium antarchicemn
Withers

Annenkov I5land
54°29°5, 3705

Zopgmatalepas georgiensis
Withers

Early Cretaceous
(Aptian)
East coast Alexander Islund

Crefiscalpellem aptiepnsis Early Cretaceous

var, anfarcticum Taylor 73°5, GE*W (approx.) {Aptian)
Tharacica (Balanamorpha}
Hexalasma antarclicum 780405, 167°60'E Fleistocens

Buarradalie 100 200 feet
Plaistocene ar younger

3-10 feet

F8°28'S, 16E°BO'E

Late Cenczeic
750 feet

Balanus fAustrobalanus)
flosulus var. serdidus
Darwin

Kerguelen Izland
5378, 108°E (approx.)

Cockburn Istand Late Cenozeic

640 20°8, HG"50°W

Balanus sp.

THE MAPS (PLATE 17)

Map 1: Worldwide records

The Recent Antarctic cirriped fauna, like some other Invertebrate
faunas of the region, is highly endemic. Many species are known from onc
or more localities within the Antarctic. and many also occur or have their
closest relatives to the north, Coronula, Conchoderma, and Xenobalanus
(Order Thoracica} are wide ranging because they arc epivootic on whales.
The pelagic lepadomorphs (Lepas: Order Thoracica) arc widely dis-
tributed by surface currents. The benthonic Arcoscalpellum (Order
Thoracica) are known from only a few records, and consequently little
information can be advanced regarding their occurrence other than to
point out that they are generally not limiled in their distribution.

MaP 2: Scalpellidae

The Scalpcilidae is the oldest known family of the Lepadomorpha, with
a fossil record dating from Carboniferous times. Of the 17 known genera,
11 are exiant, Scalpeilids range in sizc from a few millimeters te more than
15 cm in length, Bathymetricaily, the scalpellids range from the littoral
to the hadal region, but the grealest diversity in terms of recognized genera
occurs on the continental shelves. Scalpellids occur on a wide variety of
substrate, including rocks, worm tubes, arborescent invertebrates, echino-
derms, and pycnogonids, However, no strict associations have been ob-
served, even though the names of many of the species may imply such an
association.

Only two Recent genera of the Scalpellidac, Scalpellum and Arcoscal-
peifum, arc known from the region south of the Antarctic Convergence.
Both of thesc genera are widely distributed in ull seas. At least 1 species,
Arcoscalpeflum gruvelignum {Pilsbry), is reported in beth hemispheres
and occurs in deeper watcer in the tropics than at high latitudes (Kriiger,
1940). However, no truly Antarctic species are recognized as having a
comparable distribution.

Scalpellum, with approximately 13 species, is represented in Antarctic
waters by 8. vanhoffeni Gruvel and, like most representatives of this genus,

it occurs on the shelf. Such species as S, ornation (Gray) (South Africa),
and §. gibberum Aurivillius (southern cxtremity of South America) eccur
in Subantarclic regions, Both of these species range from relatively shal-
low water to the edge of the continental shelf (8. ornatiun, 66 m to 266 m;
S, gibheram, 0mto 253 m),

Arcoscalpeffum is by far the largest genus of the family with approxi-
mately 160 species, of which a proportionately large number occur in the
Antarctic, OT the 19 species known from this region, & have been recov-
cred from mere than one locality, and all except 2 have becn taken from
between 90 m and 550 m, Two other species represented by single collec-
tions are from the abyss. From published data it appears therc 1s an absence
of barnacles between the shelf and the abyss, but this could be due simply
to a lack ol sampling at the intervening depths. A preliminary examination
of the specimens taken in Antarctic waters by the USNS Eltanin between
1962 and 1965 indicales that this is the case,

Arcoscalpellum compactum (Borradaile) and A. discoveryi {Gruvel)
appear to be amphipolar. The apparent amphipolarity of these 2 specics
could be related o environmental conditions associated with the Fast
Wind Drift and concomitant plankionic factors (Marr, 1962). On the
other hand, it could simply be due to lack of adequate collcctions in the
imtervening areas; they could be actually circumpolar with high population
densities 1 the Weddell and Ross Sca arcas. A further complication in
interpretation arises in this and related problems because young stages of
different species are very similar among themselves but are markedly dif-
Terent morphologically from their adult forms., Many of the single collec-
tions could be of young stages of those or other widely distributed species,
but this cannot be resolved at present.

Areoscalpelium convexum (Nilsson-Cantell} has been taken off South
Georgia and the South Shetlands Islands, and A. magrnaecarinae (Nilsson-
Cuntell} has been dredged twice off the South Shetland Tslands, Neither of
these specics has appeared in the numerous collections from comparable
depihs in the vicinity of the Ross Sea or off Wilhelm 11 Coast { Gauss win-
ter station). Based on the present data, these 2 species must be considered
regionai in distribution.

The preliminary evidence suggests that there are both circumpolar and
regionally distributed species. Presently there are no conclusive data on
means of, or limitations on, dispersal, nor arc there suflicient paieogeo-
graphical data that would scem to account for the meager distributional
patterns of these shallow-water species. Evidence derived from the fossil
record indicates a more diverye scalpellid fauna during the Crelaceous
than exists today.

MaP 3: Lepadidac

The family Lepadidac is an oceanic complex containing 3 principal
genera: Lepas {on floating objects or [loats of its own), Afepas (on large
scyphomedusae), and Conchoderma (on marine vertebrates and other
objects 101 strictly associated with the shore). Only Lepas and Concho-
derma arc known from the Aniarctic.

Of the 10 recognized species of Lepas in the world, only 2 occur in the
Antarctic, One, L. Riffii Leach, is known from a single record. The other
L. australiy Darwin, is a circumpolar species that ranges as far north as
Valparaiso, Chile; Cape of Good Hope, South Alrica; Tasmania; Anck-
innd, New Zealand: and as far south as the South Shetland Isiands. The
majority of the eircumpolar records for L. australis are scattered around
the 50th south parallel.

The genus Ceonchoderma contains 2 cosmopolitan species, Concho-
derma virgatum (Spengler) usually autaches to a wide variety of flouting
objects Or swimming organisms near ot at the sea surfuce, vet it is infre-
guently encountered in polar waters, and at present there are no records
from the Antarctic. Conchoderma auritim (Linnaeus) occurs on cela-
ceans, either on the associated sessile barnacles or on exposed hard parts
of the while such as the teeth or the baleen. Therefore, its distribution cor-
responds to the distribution of its hosts, which occur in [arge numbers in
the vicinity of the South Shetland and South Georgia lslands.

MaP 4: Other Cirripedia

Verruca is the sole extant genus in the suberder Verrucomorpha, Of the
more than 40 described species, only V. gibbosa Hoek oceurs in the Ant-
arctic. This specics also occurs in the southern portion of the three great
oceans at depths of 385 m to 3128 m. V. guadrangularis Hock occurs in
the south Atlantic at depths ranging from 2380 m to 3475 m, immediately
north of the known range for V. gibbosa. Another species, V. nitida Hoek,
occurs on the apposite side of the world in the southern Tndian Ocean at
depths of from 900 m to 1300 m, and thus occupics a comparable but
more northern latitudinal position than that of V., quadrangularis.

The majority of the spectes of Verrucomorpha are bathyal and abyssal,
but a few intertidal specics are known in the world. Ocecurrence in the
intertidal zone is upparently correlaled with paleogeographical and bio-
logical factors rather than simply with temperature as a function of lati-
tude, because represcatatives are found in tropical, temperate, and sub-
Antarctic regions (Hawali, V. cooke! Pilsbry; England, V. stromia (Miil-
ler); Peru to Tierra del Fuego, V. laevigatu Sowerby },
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Two principal gencra of the Chthamalidae occur in deep water, The
morphologically more primitive of these, Pachylasma, with species scal-
tered about the world, predominantly on the shelf to depths of about 4G0
m, has its greatest diversity in terms of species in Indo-Pacific waters.
Three representatives are found in the Southern Hemisphere, 1 littoral and
1 in deep water in southeast Australia (P, auranfiacum Darwin and P.
scufisiriata Broch) and 1 littoral in South Africa (P. giganteum Philippi).
Pachylasma has not been reported from the North Atlantic or from the
Antarctic,

The bathyal genus Hexelasma is predominantly Indo-Pacific, as is
Pachylasma, but it has represeniatives on both sides of the North Atlantic
and in the Antarctic, No species are known from the Indian Ocean proper
orf from the eastern Pacific (from the Bering Straits to Tierra Del Fuego).

Two specics of Hexelasmea are recognized in the Antarctic. One, f.
coroltiforme {Hock), has been reported from two localities on opposile
sides of the Antarctic continent, just within the Antarctic Convergence,
at approximatcly the same depths. The other speeies, H. antarcticum Bor-
radaile, was first discovered as a fossil in 4 glacier about 9 m above sea level
in the Ross Sea area. Living specimens were subsequently found at a depth
of 157 m off the Addlic Coast (141 E) and at 790 m off the Princess
Ragnhild Coast (33" E). Tsolated shells have been dredged at a number
of other localitics. Tf the complete specimens and fragmentary fossil or
subfossil materials are of the same speeics, H, antarcticum 18 apparently a
circumpolar, bathyal species.

The only Recent representatives of the family Balanidae found n the
Antarctic belong to the genera Coronula and Xenohalanus, forms found
only on cctaceans. Their distribution, like that of Conchoderma, is deter-
mined by the migration of the whalcs on which they Iive, and thus they are
not strictly members of the Antaretic fauna, [t is not known, but it is m-
ferred, that whale barnacles are not reproductively active during their
sojourn on the whales in the Antarctic (Clarke, 19660),
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Amphipoda Hyperiidea

D. E. Hurley'!

INTRODUCTION

The suborder Hyperidea includes most pelagic amphapods. All species
of this suborder are either pelagic themselves, or parasitic on or commen-
sal with other pelagic animals, cspecially coelentcrates. Planktonic am-
phipods of the suborder Gammaridea, notably species of Synopia (Family
Synopiidac) and members of the Cyphaecaris complex (Family Lysianas-
sidae), may be taken in the open sca, but are quantitatively insignificant.
{Benthic Gammaridca are, however, frequently found in shallow-water
plankton.) The Gammaridca as a group are not considered here.

As with all Amphipoda, identification of hyperiids is complicated by
the number of mouthparts and appendages to be examined, but, unlike
the Gammaridea, most of the significant taxa are not difficult to identify,
at least to generic level. Many specics of hyperiids have some particularly
distinctive featurcs, for example, the ‘winged’ body of Plaryscelus arma-
tus, or the long grasshopper- or mantid-like head of the transpavent Phro-
nima. Using suitable illustrations, onc can quickly recognize these with
some degree of certainty. There are few larval forms to complicate iden-
tification. or life historjes®; most young are relcased from the parental
brood pouch as miniatures of the adult. Becanse the full complement of
spines or setae may not be developed, juvemile specimens are sometimes
difficult to identify to species level, especially in genera like Hyperia
which have a number of very similar species. Specimens from quantitative
nets, particularly Clarke-Bumpus samplers, which sclecuvely exclude
larger animals, may thercfore be difficult to identify, and the time in-
volved may not be warranted because ol the uncertain identification of
these extremely small specimens,

Because of their pelagic nature, the Hyperiidea are a cosmopolitan
group with few local endemic species. Thus, it 15 unlikely that there are
many undiscovered species. A species which appears t0 be new is more
likely to have been already described but to have been temporarily lost

New Zealand Occanographic Institute, Wellington.

*Larval forms of Cystisoma are known (Barnard, 1832, p. 271; Spand}, 1927, p. 173,
Spooner in Marine Biological Association, 1966).
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by having been subsequently treated as a synonym. This is partly because
the systematics of the group have gone through at least two distinct phascs
and are now entering a third, Onginalily, specimens of many specics were
collected in small numbers, often in ones and twos from widely separated
parts of the world, by the great historical expeditions (Challenger, Sibo-
get, Ingolf, Dentsche Stidpolar, Deutsche Tiefsee) and described as dis-
tinct species, only to be synonymized later as more material became avail-
able and differences previously considered specific were recognized as
being duc to age or sex, With somc species, and some authors, particu-
larly in the 1930's, this tendency may have been taken too far; modern
workers { Bowman, 1960; Yang, 1960), examining large collcctions of
individuals, are re-recognizing species previously consigned to synonymy.

For identification of Antarctic species, the most uscful general publica-
tions arc Stcbbing (1888), Chevreux and Fage {1925), and Spandl
(1927). There are useful keys in Pirlot {1929), Barnard (1940), and
Hurley (1935). A checklist of species, now somewhat outdated but still
nseful, is given in Stephensen (19235).

RISTRIBUTION

I have taken 35°8 as the northern boundary for this compilation (Plates
18 and 19}: thus, the area treated inclodes Antarctic and Subantarctic
watcrs. Within this region the distribution of Hyperiidea in the Southern
Hemisphere appears to be conditioned by the major hydrolegical boun-
daries, Using the Subtropical Convergence and Antarclic Convergence
boundaries and the mean limits of the pack ice {Deacon, 1937%; Mackin-
tosh, 1946%), it is possible to separate the species in these waters into
several groupings, This is necessurily an approximation of the true posi-
tion, since these boundaries vary considerably throughout the year; the
season and depth of capture of specimens have not becn taken into con-
sideration. In marginal instances an arbitrary decision on whether isolated

Despite the datcs of these works, they were the only available comprehensive treat-
ments of ‘Southern Ocean’ water mass boundaries at the time of writing.



transgressions of boundary should be disregiarded has been made on the
basis of the general disiributional pattern as shown by all other records,

The Subtropical Convergence, according 10 Deacon (1937}, lies main-
ly between 35°S and 47°S. Certain tropical specics and cven families,
notlably Oxycephalidae, are recorded a few degrees south of 35°S, but are
not found south of the Subtropical Convergence; likewise, certain colder
water species, notably Parathemisto gaudichaudii, the most common spe-
cies, do not appear 1o go significantly north of the Convergence, There-
fore, in compiling these maps, I have dealt only with those families repre-
sented south of the Subtropical Convergence; thus, the Oxycephalidac are
omitted. However, where a fumily such as the Scinidac {Plate 18, Map 2)
is definitely represented south of the Convergence, 1 have included all
species recorded south of 35°S, even though some, such as Scina inceria,
do not go south of the Convergence. This serves to illustrate both the cos-
mopolitan nature of species which transgress this boundary and the
replacement of cerlain tropical and subtropical species by Subantarctic
and Antarctic ones. Rare species have been included as well as common
oncs.

The pattern of distribution which emerges is onc in which the greatest
number of species are in the tropics, with the number decrcasing south-
wards to the Antarctic; therc arc very few endemic species in the colder
waters, and most of these are restricied fo the area south of the Antarctic
Convergence. Of the 20 families of Hyperiidea, 15 are known from south
of the Subtropical Convergence, and arc represented by 29 genera and
56 species.

Hyperiidea occurring below 35°8 may be grouped as follows:

(1) Tropical species which extend fram the cquater no farther
south than the Subtropical Convergence, for example, Scina
oedicarpus, Iwlopis loveni, Streetsia challengeri, and Platysce-
fus serratidus.
(2) Cosmopolitan species which extend from the cquator 1o
the Antarctic continent. This, surprisingly. is the largest group:
Archaeoscing steenstrupi, Mimonecteola beebei, Lanceola clau-
sit, Scypholanceola vanhoeffeni, Mimoncectes sphaericus, Scina
typhlops, §. borealis, S. spinosa, 8. crassicornis, S. rattrayi var.
Leithacki®, 8. wolterecki, S. pusilla, Ctenoscina brevicandaia,
Vibilia stebhingi, V. untarciica, Hyperia spinigera®, f. galba
(incl. gaudichaudii), Phrosina semilunata, Primno macropa,
Pegohyperia princeps, and Brachyscelus crusculum (to pack
ice only).
(3) Near-cosmopolitan species which extend from the equator
to the Antarctic Convergence, This is also a [arge group: Vibi-
lia propingua, V. armata, V. pyripes, Hyperia luzoni, Hypero-
che mediterranea, vperiotdes longipes, Phronima sedentaria,
P. atlantica, Anchylomera blossevillel, Paraphronima Crassi-
pes, Pseudolycaen pachvpoda, Tryphuna malmi, Brachyscelus
rapacoides, Thamneus platyriynchus, Parascelus typhoides,
Platyscelus ovoides, Hemityphis rapax, and Tetrathyrus forci-
patus.
(4) Antarctic species, which fall into three groups:
(a) Those occurring from the Antarctic continent to the
limits of the pack ice only. There are four species: Para-
lanceola anomala, Mimoscina setosa, Hyperia antarctica,
and Hyperia macronyx,
{(b) Those occurring from the Antarctic continent to the
Antarctic Convergencc. There are five species: Lancecla
loveni var. antarctica’, Cyllopus lucasii, Hyperiella dila-
tata, Hyperoche fuetkenides, und Scing anfarctica®.
(¢) Those occurring from the Antarctic continent to the
Subtropical Convergence. These are Vibilia antarctica
and the two most common and characteristic cold-water
species, Cyllopus magellanicus® and Parathemnisto gaudi-
chaudii®,

A pumber of species do not fit info these patterns, perhaps because of
misidentification or perhaps because there arc insofficient records to indi-
cate their full range. These include: Vibili antarctica (Irom the edge of
the pack ice to north of the Subtropical Convergence) ; Hyperiella antarc-
tica (betwecn the Subtropical Convergence and the edge of the pack ice);
Hyperoche medusarum® (between the Antarctic continent and the Sub-

“Includes Lanceola clansi sp. gracilis, from OB Stu. 36 (627358, 118752°E) where
L. elaust was also recorded (Vinogradov, 1962},

“There is also an apparenily anomalous record of Scing rartrayi (s. str.} from 64729'S,
35°27E (Vinogradov, 1964},

*This appears to be a nerilic species.

Fancecla loveni (5. ste.) is pot recorded south of 30°8 (Vinogradov, 1964, Fig. 21},
"Wagler {1927, p. 103) has an anomalous record of onc young male and one female
from 27°18'S, 2°51'E which seems likely to be & misidentification.

"Except in the Indian Ocean to the east of South Africa where there arc some records
notth of the Deacon-Mackintosh mean position of the Subtropical Convergence. [n
addition, Sicgfried (1963) records #. gaudichaudii north of 2575 off the west coust
of South-West Africa but comments that it is common and very abundant in the cool
neritic water of the west coast (my italics).

tropical Convergence); Parathemiste australis® (Subtropical Conver-
gence region, neritic around New Zealand and Tasmania); and Parathe-
misto gracilipes” (Subtropical Convergence region, mostly neritic around
New Zealand and southern Australia) ; and Chunecla parasitica (2 south-
crn records, 39°29°S, 97°08E and 36°32'S, 160°38'E).

PROBLEMS IN DISTRIBUTION

WARM- AND COLD-WATER FaUNAS. The most striking faunal division in
the Hyperiidea would appear (o be the warm-water—cold-water division
between tropical species and Subantarctic and Antarctic species. In very
general terms, this division scems to be about 30°N and 30°S of the equa-
tor. North of 30°S one finds particularly, although not nccessarily in great
numbers, the families Oxycephalidae, Thavmatopsidae (Cystosomati-
dae), Dairellidae, Lycaeopsidac, and Pronoidae. No one family is found
only south of 30°S, but the two most important genera here arc Cyllopus
and Parathemisto; and, according to Bowman ( 1960), members of Para-
themisto 'overwhelmingly dominaie the cool-water cpipelagic fauna.’

The exact boundary is dillicult to pinpoint. While it would appear to
be about 3075, it could be nearer 40°8, or it could be the entire interven-
ing zone. In the open ocean there are insufficient records to define the
planktonic boundaries; what evidence therg is comes mainly from waters
close to islands or continents, and even here Jaunal studies are insufficient
for satisfactory correlations. .

A good example of the difficulty of defining the exact boundary cven
within several degrees of latitude is found in the New Zealand rcgion.
Immediately north of New Zealand there 1s a “Tropical Convergence’ at
abouwt 30°S (Wyrtki, 1962; also ‘Tropische Stromgrenzen’ of Schott,
1935 and ‘Tropical Front’ in Hurley, 1960b, p. 288), which scems to be
a major hydrological boundary between tropical and more southerly
piankionic faunas. The author (Hurley, 1960b, p. 288) has previously
suggested the possibility of a subtropical planktonic zone here between
the “Tropical Convergence’ and the Subiropical Convergence. This may
be an intermediate “neutral’ zonc of mised fauna. The existence of such a
region is suggested by hydrological evidence that, on the west coast of
New Zealand, the "Tropical Convergence’ and the Subtropical Converg-
ence are quite distinct features, separated by a distinct hydrological
regime (Wyrtki, 1962). An intermediate ncutral zone is also suggested
by limited planktonic information { Barnard, 1930; Hurlcy, 1960b) which
indicates that around the Three Kings Islands' and the Cape Maria van
Diemen arca there are to be found tropical, cosmopolitan, and near-cos-
mopolitan species, but no species restricted to the area, and neither of the
cold-water genera, Cyflopus and Parathemisto. On the east coast the
hydrelogical situation is less clear. Oxycephalidae stray south to about
40°S (Fage, 1960), and the characteristic cool-water spccies Cyllopus
magellanicus and Parathemisto gaudichaudii are not found signilficantly
above the northern [ringes of the Subtropical Convergence region, as
defined by Burling {1961 ). It may be that at this point the northern Trop-
ical Convergence boundary swings down to mect the Subtropical Con-
vergence and that the ‘neutral zong’ is here non-existent. Thus, the sup-
posed ‘neutral zone' may be 4 purely local Tasman Sea phenomenon, but
there appears te be an equally interesting situation in similar latitudes off
South Africa (Gundley and Penrith, 1965; see also footnote 9).

GENERAL CONSIDERATIONS. Cosmopolitan spectes™, which include
many of the most common hypertids, extend through a great latitudinal
range, with its accompanying variations of physical environment, and
should be valuable malterial (or a study of microspecific, micromorpho-
logical, or physiological differences, particularly in relation 10 physical
differences in their environment. One would like to know whether their
recorded continuily is due 1o hauls from different depths at different parts
of the range and, if so, il this is correlated with the varying depths of
water masses at different latitudes. Many of the larger species are known
from great depths, thus supporting the tantalizing possibility that their
distributlion may be continuous, although the depihs at which they oceur
may vary from place 10 place.

In bipolar species there s little information regarding distribution in
relation o depth between Northerm and Scuthern Hemisphere popula-
tions. Is there, for example, in Parathemisto gaudichaudii (Bowman,
1960) some conlinuity of distribution at depth teday? In this species it
would secm unlikcly, although if the two populations arc identical, as
claimed, there must have been some conlinuily between them in the past.

In general, the grealer the sampling depth the larger the specimen, a
circumstance apparently not catirely due to differences in gear. This is
especially noticcuble in the Parascelidae and Platyscelidae, where the nor-
mal 30 cm or 100 ecm plankton nct is likely te produce speciiens of the
5 mm to 10 mm size range from surface and shallow hauls, but specimens
from midwater trawls or from the stomachs of deep-ranging fish are likely
to be In the 18 mm to 20 mm range. Does this indicate depth separation

"“This is an area where cold water is known to upwell {Garner, 1959).

“Brodskij {1965) has a very relevant discussion on the validity of ‘cosmopolitan dis-
tributions.’
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of size ranges? If so, what separation factors are involved? Do none of
the largest specimens come to the surface?

It is obvious that, while the number of species of Hypcriidea may not
be greatly added to by present-day investigations, much—-in fact, mosi—
of (heir ecology and biology is still unknown.

CONCLUSIONS

In the 15 families represented scuth of the Subtropical Convergence,
of 54 genera:

(1) 33 are represented south of 3578

(2) 30 of these are found north of the Subtropical Conver-
gence.

{3) 29 extend south of the Subtropical Convergence but only
3 are restricted to the south of this limit.

(4} 20 cxtend south of the Antarctic Convergence but only 3
are restricted to the souih of this limit,

{5) 18 extend south of the pack icc limits but only 2 are re-
stricted {0 the south of these limits.

In these 15 familics, of 187 specics:

(1) 71 are represented south of 35°§

(2) 58 of these are found north of the Subtropical Conver-
gence,

{3} 56 extend south of the Subtropical Convergence but only
9 arc restricted to the south of this limit,

{4) 36 extend south of the Antarctic Convergence but only 5
arc restricted to the south of this limit.

(5) 32 cxtend south of the pack ice limits, but only 4 are re-
stricted to the south of these limits,

The only family with all genera represented in southern waters is the
monogeneric family Chuneclidae; the single species concerned is repre-
sented by only two records and is not found south of the Antarctic Con-
vergence. Thus, there i no truly endemic Antarctic family nor even Sub-
antarctic family; all found south of the Subtropical Convergence are also
represented to the north,

The numbers of genera and species steadily decrease from warmer
waters to Antarctic watcrs. It seems undeniable that, despite the large
numbers of specitnens found in southern waters, the Hyperiidea have
their erigin not in Antarctic waters, but in temperate or tropical waters,
particularly if Briggs (1966) is correct in his conclusion that ‘the Subant-
arctic scas are now influcnced by their contact with the Antarctic ice pack
and its zone of floating ice; this state of affairs also prevailed during the
ice ages (although the iec pack wag somewhat larger), so temperatures
in that area have probably remained steady.”
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Nebaliopsis typica'

S. R. Geiger’ and C. Brahni’

The Nebaliacea are & group of malacosiracan crustaceans. With the
exception of Nebaliopsis typica, all the specics are benthic, They are small-
to medinm-sized animals (up to about 10 mm), except for Nebatfiopsis,
which attains a maximum length of 56 mm. Some of the benthic species
are intertidal in occurrence; others are found on the continental shelf and
slope. Nebalivpsis typica, the only bathypclagic ncbaliacean, oceurs in
most of the mujor occunic regions of the world. Tt has been collected from
Antarctic and Subantarctic waters, where it has been taken sparingly in
about 10 percent of the bathypelagic hauvls. Near the Antarctic Conver-
gence it was collected at less than 1000 m but was not taken in more than
100 Isaacs—Kidd samples at 585 m and &bove in Antarctic and Subantarc-
tic regions, '

The adaptations of Nebaliopsis for planktonic life have been discussed
by Cannon (1931, 1946) and Linder (1943); the digestive system and
its associated musculature have been studied by Roweil (1943). Studies

'Distribution shown on Flate 20
“University of Southern California, Los Angeles
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of the feeding structures suggest that nebaliaceans filter fine particles from
the water; they also feed upon eggs in the plankton. Developing eggs and
larvae arc apparcntly held in the basket formed by the cighth pair of tho-
racic appendages, which remain small and poorly differentiated in the
temale until the animal is about 35 mum long. At this time the appendages
become cnlarged and develop marginal setac. Development apparently
nceurs within the basket until the larvac are about 5 to 10 mm long, when
they are released as free-swimming post-larvae {Mancoidstadien).
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Crinoidea
J. H. Dearborn® and J. A. RommelF

INTRODUCTION

Crinoids are stalked and sessile or unstalked and free-swimming echino-
derms with radiating movable arms which bear food grooves, The stalked
forms are called sca lilics. Members of the order Comatulidue, the un-
stalked motile species, are known us fcather stars. Although capable of
motion, comatulids are essentially benthic organisms. All extant crinoids
are included in the subclass Articulata. None of the other 3 subclasscs of
Crinoidea survived the Palcozoic. There arc approximately 615 living
species of which about 75 are stalked forms (Fell, 1966). Crinoids occur
in all seas mostly in depths of less than 2000 m,

The sexes arc separate. The gonads develop on specialized genital pin-
nules, usually along the proximal portion of the arm. In the Antarctic
genus Notocrinus the gonads occupy a unique position in the axils between
the pinnules and arms. Sexual dimorphism is found only in certain Ant-
arctic gencra. In Thaumatometra, Phrixometra, Isometra, and Notocrinus,
for example, the femalc genilal pinnules are expanded (o form marsupia or
brood chambers for the devcloping larvae. In Nofocrinus the tosies are
about twice as large as the ovaries. In comatulids for which development
is known, the yolky eggs develop into free-swimming vitellaria-type larvae,
armless and oval in shape with horizontal bands of cilia. Metamorphosis
of the swimming larva results in u stalked pcntacrinus stage. The penta-
crinoid s initially scssile, attached 10 the substrate, algae, or another or-
ganism, frequently an adult crinoid. A stem of ossicles later grows oul
from the aboral poie. The calyx and crown of arms arc cveniually cast ofl,
and once again the organism becomes free-swimming. The development of
stalked crinoids is completely unknown but is presumably similar to that
of comatulids except that the stalked phase persists (Fell, 1966).

The percentage of viviparons comatulids is very high in the Antarctic.
Qver 50% brood their young in some manner, and the figure may be even
higher since 3 species are known only from single male specimens (John,
1938, 1939). Viviparous forms account for only about 1% of the more
than 600 species of comatulids from all other seas. Comatulids may be
distributed by planktonic larvae, by the attachment of pentacrinoid stages
lo movable objects, or by movements of adults themselves. For a large
percentage of viviparous forms in high southern latitudes, dispersal is ac-
complished only by the adults, An important cxception to the viviparous
habit of Antarctic comatulids is the subfamily Heliometrinae which in-
cludes the 3 most abundant species of Antarctic crinoids, Promachocrinus
kerguelensis, Anthomeira adrigni, and Florometra mawsoni,

Certain taxa of southern crinoids are poerly defined, and others are
variously placed by different authors. One of the major problems for work-
ers in this group is the fact that many species are known from only a very
[ew specimens. In addition, the material that is available is frequently in
very bad condition because of the delicate nature of the animals.

In the accompanying maps we have attempted to plot all vaiid pub-
lished records for the spccies included. Where reasonable doubt exists
concerning the specific identification of a specimen, the record has been
omitted.,

The information reported here is a compilation of the literature to daie;
however, therc have been no major taxonomic reports on southern crinoids
since the papers of John (1937, 1938, 1939). There exist at present large
collections of Antarctic and Subantarctic crinoids yel 1o be reported on,
This material has been taken by ships of the U.S. Antarctic Research
Program, the New Zealand Oceanographic lnstitute, various Russian ex-
peditions, and others, mostly after 1958. It is expected that the published
results of studies of these collections will add much to the distribution data
summarized here.

COMPQSITION OF THE ANTARCTIC FAUNA

There arc 23 families of extant crinoids. Five of these families are stalked
forms. Only 2 of the 23 families, the Notocrinidae and Antcedonidac, oc-
cur on the Antarctic continental shelf and the outlying shelves of the
surrounding occanic islands of Soath Georgia, Bouvet, Heard, Kerguelen,
Prince Edward, the Crozets, and Gough. Twenty-two spccics have been
found in this region. Excluding the seas adjacent to New Zealand and
Australia, an additional 16 species in the families Bathycrinidae, Hyo-
crinidac, Thalassometridae, Pentametrocrinidae, and Antedonidae are
known from abyssal depths south of 35°S. Four of these specics are stalked
crinoids in the families Bathycrinidae (1 species) and Hyocrinidae (3
species) (Map 1, Plate 21). Both these families have widcspread genera
outside the Antarctic and Subantarctic.

The remaining 12 abyssal species and their bathymetric ranges are as
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follows: ( Thalassometridae) Thalassometra bispinosa, 2926 m; T. sefosa,
1005 m to 4862 m; (Pentametrocrintdae) Thaumatocrinus renovaiis,
2330 m to 3303 m; (Antedonidae) Tonrometra remoia, 2312 m to 3859
m; Trichometra remota, 2926 m: Thaumatometra abyssorunm, 2926 m;
Bathyvmetra carpenteri, 1832 m. to 4853 m; Florometra spinulifera, 1266
m to 3073 m; Eemetra aniarctica, 2725 m; E. weddelli, 3257 m; Isometra
lineata and {. angustipinna, 1097 m (see Map 3, Plate 21),

The crineids of the Antarctic continentai shelf and outlying oceanic
islands are all comatulids. One Family, the Notocrinidae, is endemic to {his
region and is of special interest because of peculiar reproductive modifica-
tions. Map 2 {Plate 21) shows the distribution of the 2 known species,

All remaining Antarctic and outlying shelf crineids belong to 10 genera
in the family Antedonidae, u cosmopolitan group of about 48 genera
found from intertidal to abyssal depths. Of the 20 species that occur in the
region, 8 arc represented in the maps presented here, Thirteen of the 20
species are known {rom 5 or fewer specimens. Localities and bathymetric
ranges of the 12 specics not shown on the maps are: Hathrometra exigud,
Marion Island, 92 m to 257 m; Phrixometra longipinna, ofl Argentina,
South Georgia and on the Antarctic shelf, 18 m to 2000 m; P. nutrix,
Bransficld Strait and Burdwood Bank, 143 m to 206 m; P. rayneri, Soulh
Georgia, 177 m; Florometra goughi, Gough Tsland, 183 m; Kempometra
griseq, near Clarence Island, 830 m; Enmorphometra aurora, off Enderby
Land and South Georgia, 177 m to 220 m; E. fraseri, off South Shetland
Islands. 425 m; F. marri, near Clarence [sland, 550 m; E. hirsuta, near
Prince Edward Island, 257 m; E. coacinna, off Gaussberg, 380 m to 400
m; Anisemeira frigida, off Mac, Robertson Land, 219 .

At present crinoids arc not well enough known from the Antarctic and
Subantarclic to be good indicators of any zoogeographic provinces, Only
5 species are known from 10 or more occurrenices. Those are Notocrinus
virilis, Promachocrinits kerguelensis, Florometra mawsoni, Anthometra
adriani, and Isometra vivipara. All are circumpolar in distribution except
Isometra vivipara, which is {ound only off the Antarctic Peninsuia and
the eastcrn Patagonian shelf. The presence of a high shelf circumpolar
element of the crinoid fauna scems estabiished, but any other patterns of
distribution remain ill-defined at present.

There are two views of the origin of the Antarctic shelf crineids. Tohn
(1938} belicves that this fauna originated from the scuthern tip of South
America. Marr (1963), 1n & detailed account of the distribution of Ant-
arctic comatulids, takes the view that the high-Antarctic forms originated
on the Antarctic continental shell itsell. He ciles as evidence the ¢ireum-
polar distribution of certain cndemic species, notably Promachocrings
kerguelensis. The vast amount of crinoid material presently being studied
should provide the basis for a firm judgment on the matler.

THE MAPS (PLATE 21I)

nmae L. Stalked crinoids and the comatulid Promachocrinis kerguelensis

{ Antedonidac, Heliometrinaie).

Four species of stalked crinoids are known from the Antarctic and Sub-
antarctic. They all occur in deep water and are rare in existing collections.
Bathycrinus qustralis (Family Bathycrinidae), the most frequently en-
countered stalked form, 1s known from 6 records, 3 of these near the Crozet
Isiands. Tts bathymetric range is 2514 m to 4636 m. As dcfined by Gislén
(1938) the tamily Bathycriniduae consists of 28 species in 4 genera, The
family is nearly cesmopolitan in distribution, mostly in depths exceeding
1000 m. However, 1 Caribbean specics, Democrinus rawsonii, occurs
from 70 m to 650 m.

The remaining 3 stalked species belong to the family Hyocrinidae. This
family comprises 7 species in 5 genera {Gislén, 1939). The bathymetric
range of the Tamily is 480 m to 4973 m. The Antarctic specics shown here
have the foliowing bathymetric ranges: Ptilocrinus brucei, 3245 m 1o
4973 m; P. aniarcticus ca., 480 m; Hyvocrinus bethellianus, 2926 m 1o
4636 m. A third species of PiHiocrinus, P, pinnatus, is known from 2860 m
off British Columbia, The remaining 3 species of hyocrinids arc known
trom low latitudes as follows: Calamocrinus diomedae, off (he Galapagos
Islands and Panama, 705 m 10 1410 m; Gephyrocrinus grimaldii, equa-
torial mid-Atlantic, Madeira, und the Canary Islands, 1790 m to 3380 m;
Thalassocrinus pontifer, from the Moluccas, 2270 m.

Promachocrinus kerguelensis is by far the most abundant crinoid in the
Antarctic and on outlying Subantarctic shelves. This is irue both in terms
of the total number of specimens taken and the number of occurrences
(Marr, 1963 ). The bathymetric range is 10 m to 1080 m. This species is
also the largest comatulid in high southern latitudes and the only poly-
brachiate form therc. There are usually 10 rays and 20 arms. The arms
of large specimens are up to 250 mm long (Jehn, 1938),
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MAP 2. Notocrinidae and A sthometra adriani and Florometra mawsoni

(Antedonidae, Heliometrinac).

The family Notocrinidae is endemic te the Antarctic. There are onty
2 known species both referable to the type genus. The bathymetric ranges
are as [ollows: Notocrings virilis, 163 m 1o 649 m; N. mortenseni, 194 m
to 603 m.

In terms of number of accurrences the second and third most abundant
specics of crinoids of the Antarctic Shell are Anthomerra adriani and
Florometra mevwsoni (Marr, 1963). Both species are circumpolar in dis-
tribution, Their bathymetric ranges are: 4. adriani, 189 m to 917 m; F.
mawsoni, 100 mt0 917 m,

MaP 3. Family Antedonidae, subfamily lsometrinae, and Sefenomeira

anfarctica, sublamily Heltometrinae,

The subfamily Isometrinac conlains 6 known species all referable 10
the type genus. They are all Antarctic or Mage(lanic in distobution. Be-
cause of the limited southern distribution of this subfamily, we have in-
cluded lor comnpleteness 3 species known from single records only. [so-
metra flavescens is known from 12 specimens taken at Discovery Station
160 near Shag Rocks, at 177 m (John, 1938). I. lineate and I. angusti-
pinng are known only frem single specimens from 1097 m off northern
Argentina. . vivipara, the species of Tsometra occurring over the widest
range of latitude, 13 known from the Antarctic Peninsula and the Patago-
nian Shelf, especially in the vicinity of the Falklund Islunds, at depths of
79 m ta 350 m. The bathyinetric ranges of the remuining 2 species are as
follows: I, graminea, 194 mto 367 m; I, hordea, 117 mto 350 m. I, gra-
mineaq is the only memboer of this subfamily with & known circumpolar dis-
iribution,

Solanometra antarctica is known from 137 m to 649 m.
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Holothuroidea

D. L. Pawson®

INTRODUCTION

The Holothuroidea occur in all seas and at all depths from the intertidal
zong to 10,700 min the deepest trenches. The bathymetric range of holo-
thurians far cxceeds that of other groups of cchinoderms, and in abyssal
depths they are especially conspicuous in scme areas, where they repre-
sent more than 90% of the total biomass on the sea floor, Like other
echinoderms, holothurians generally cannot tolerate waters of Iow salinity,
but there are some netable exceptions. In the North Sea Thyvonidium pells-
cidum cuan tolerate salinities of 20%q, while in the Philippines Protankyra
similis inhabits brackish waters in mangrove swamps. Holothurians are
adapted 1o live in a wide variety of habituts, including rock, mud, and the
fronds of seaweed. Although they are generally sedentary or burrowing,
a few species are capable of swimming for varying lengths of time, and a
few seem to spend most of their lives as bathypelagic swimmers.

The sexes are usually separate, but hermaphroditic species are known,
of which 2 common examples in the reglon shown on the maps of Plate 22
are Pentactelfa laevigata and Cladodectyia croceq. Many holothurians
pass through a pelagic larval stage known as an auricularia, but others lack
this stage completely. At least 13 species of Antavctic holothurians have
large yolky eggs and brood their young, thus omitting the pelagic larval
stage. The young of broeding holothurians are usually held on ihe ex-
ternal surtace of the mother, either dorsally or ventrally, or are carried in
specially developed pouches or pockets. This brooding habit is a conspicu-
ous feature of Antarclic holothurians.

In the southern oceuns, dispersal of hoiothurians can be effected by
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drift of larvac {uncommon), by spreading across the sca floor, or by raft-
ing after attaching to flouting scaweed. This latter phenomenon has been
observed by Mortensen (1925}, and 1s believed to be an important dis-
persal mechanism for those species which live within the influnences of the
West Wind Drift.

Holothurians are poorly representod as fossils. The earlicst unequivocal
holothurian {ossil is known from the Ordovician. So far no fossil holo-
thurian remains have been veported from the Antarctic region, and all
speculations on the origin and aflinitics of the Antarctic hoiothwrian fauns
inust be based on the extant fauna.

Our knowledge of the holothurians of the Anlarctic is regrettably scanty.,
Since the works of Perrier (i903), Vaney (1906, 1909, 19i4), and
Ekman (1925}, little has been published on the Antarctic holothurians,
and several major collections still remain unidentified. Therefore, very
few definite stalements cun be made about the distribution and relation-
ships of Antarctic #nd Subantarctic holothurians, and broad generaliza-
tions may prove to be unreliable. The work of Ekman (1925), the most
reeent major work on the Antarctic species, is regarded as definitive.
Unless there is proof to the contrary, T have taken his conclusions regard-
ing the synonymy ol certain holothurians to be valid.

In the following discussion one order of holothurians, the Elasipodida,
is omitted. This group is almost exclusively restricled to the decp sca (the
continental sTope and beyond), and it is now known that a high percentage
of the species are cssentially cosmopolitan in distribution. Forty-four spe-
cies of elasipodids are known to occur in the Antarctic and Subantarctic;
as the fauna becomes better known, it is likely that several of these species
will prove to be synonyms of their northern congeners.



COMPOSITION OF THE ANTARCTIC FAUNA

COASTAL ANTARCTICA. Of the 38 species at present known from the
coastal watcrs of Antarctica (excluding elasipodids), 28 are dendrochiro-
tuceans, and of these the majority are psolids or cucumariids. Only 1 phyl-
lophorid Havelockia secunda, is known, and the familes Sclercdactylidae,
Placothuriidae, Vaneyellidae, and Rhopalodinidae are not rcprescnted.
The deep-sea aspidochirotid family Synallactidae is represented by 8 spe-
cies, but no representatives of the Holothuriidac or Stichepodidae are
known. One molpadid (Melpadia antarctica) and 1 apodid (Taeniogyrus
contortus) arc known. It is cvident that the fauna is of a specialized type,
{or such groups as molpadids and apodids are well represeated in Sub-
antarctic regions, but evidently do not flourish in Antarctic waters. The
facility with which psolids and cucumariids appear to be able to adopt
either a brood-proteciing or viviparous habit may account for their pre-
dominance in the fauna.

Twenty genera are known, of which only 1, Parecucumis (monotypic,
with the species P. antarcticus), is cndemic, Ekmocucumiy is of essentially
southern distribution; 4 of its & species are cndemic 10 the Antarctic re-
gion; 1 species vccurs at South Georgia and the Falkland Islands, and the
other only at South Georgia. The remaining 18 genera are more or less
widespread in world seas. Thus, in spite of its isolation and the low ambient
tempcratures, Antarctica has a holothurian fauna which, in terms of the
genera, is not uniquc,

At the species level the percentage of endemic forms is somewhut
higher, as the following list of Antarctic holothurian species which occur
at depths less than 1000 m shows,

Total number of species 38
Endemic species 22 (38%)
South Georgia only 5

South America, South Georgia,
Kerguelen Islands

Kerguelen Islands only 1
New Zealand and Scuth
America 2

Total non-cridemic specics 16 (42% )

On the basis of the above figares, it might be postulated that the Magel-
lanic Province (Figure 10, p. 6) is an important portal of entry inte the
Antarctic for migrating holothurians, Those species common to South
America and Antarctica must be able to tolerate a temperaturc range of
—2°C o +10°C. No close relationship exists between Antarctica and the
Kerguelen Island or New Zealand regions.

As the fauna comprises 20 genera and 38 species, the average number
of species per genus is approximately 2. Comparcd with the echineids
(approximately 4 species per genus if the monotypic genera are neglect-
ed), the species diversity of Antarclic holothurians is not pronounced.

SOUTH GEORGIA. There are 15 specles in the South Georgia area of
which 1 is endemic. Five are shared only with coastal Antarctica, 3 with
Subantarctic areas, and the remaining 6 species occur both in coastal
waters of Antarctica and in Subantarctic regions. The fauna is there{ore
mixed, derived in part from the Antarctic fauna and in part from a Sub-
antarctic ‘pool’ of widespread species.

ORIGIN OF THE ANTARCTIC FAUNA

The only Subantarctic region which resembles the Antarctic in terms
of its holothurian fauna is southern South America. In view of the diversc
nature of the fauna at the generic level, it would appear that the Antarctic
holothurian fauna has been built up piecermeal by immigration of species
which can folerate ihe low temperatures. There is some evidence to indi-
cate that the fauna of Antarctica, like that of southern South America,
may have reccived most of its immigrants {rem the Indo-Pacific region,
probably with the aid of the West Wind Drift. The New Zealand scctor of
the South Pacific Ocean does not appear to have acted as a direct con-
tributor to the fauna of Antarctica, but 1t appears that some species may
have reached South America (and then perhaps Aniarctica) via the New
Zealand region,

COMPOSITION OF THE SUBANTARCTIC FAUNA

The fauna of the Subantarctic includes several circumpelar species (see
Plate 22). It is believed that this disiribution has been achieved through
the agency of the West Wind Drift, and it is interesting to note that most
of these circumpolar species are known to inhabit the holdfasts and fronds
of large brown seaweeds such as Macrocystis, which can form substantial
rafts.

SOUTHERN S0UTH AMERICA. The fauna comprises 32 species, of which
approximately 50% are endemic. The unusual composition of the fauna
(somewhat reminiscent of that of Antarctica) indicates origin from the
west and possibly also the south. There is 1o evidence to suggest that the
fauna was derived from farther north, Circumpolar elements include Pseu-
docnus laevigatuy and Trachythyone parva.

KERGUELEN ISLAND REGION. Eighteen species are known, of which 5
are endemic. The remaining 13 specics are shared generally with, areas to
the west, notably South America (7 species). No close relationships to
the fauna of Antarctica are shown despite the existence of the Kerguelen—
Gaussberg Ridge running south from Kerguelen Isiand toward Antarctica.
Those species which occur both in Antarctica and in the Kerguelen area
(with the exception of A byssocucumis abyssorum, a deep-sea specics ) are
also common in southern South America, and it appears far more reason-
abie to assume that these generally shallow-water species roached the
Kerguelen Island area from the west rather than from the south, with the
aid of the West Wind Drift.

SOUTHEAST AUSTRALIA, The holothurian fauna of this region is clearly
of a generalized Indo-Pacific type, with no conspicuous Subantarctic ele-
ments. The Tasmanian fauna is closcly related to that of southeast Aus-
tralia but includes Psofidella adhaerens, representing an cssentially Sub-
antarctic genus.

SOUTHERN NEW ZEALAND AND ISLANDS OF THE CAMPBELL PLATEAU,
It has been shown (Pawson, 1968) that Macquarie Tsland has a holothu-
rian fauna which is closely related to that of the Subantarctic islands be-
longing to New Zealand, which fauna in turn is derived from that of
southern New Zealand, From the New Zealand islands and Macquarie
Island, 12 species of holothurians are recorded. Of these, 3 are endemic,
5 occur also in scuthern New Zealand and 2, Psolus antarcticus and Pseu-
docnus lnevigatus, are of circumpelar distribution; P. ariarcticus also
occurs in the Antarctic fauna.

ORIGIN OF THE SUBANTARCTIC FAUNA

It is apparcat from the present distribution patterns of the fauna and
its composition that the Subantarctic fauna was derived mostly from the
north rather than Gom the Antarctic. The Antarctic region may have
contributed a few clements (for example, species of Ekmocucumis, Map
4, Plate 22} but 1t is believed that this influence is siight. The Subantarctic
fauna resginbles the Antarctic fauna in that it lacks tepresentatives of
certain large groups of holothurians, and, again, temperature is probably
the restricting factor,

The wriler believes that, as with other echinoderm groups (Fell, 1962),
the West Wind Drift has played an important part in distributing the south-
ern holothurians. The Subantarclic apodos holothurians are distributed
in & way which leads to the suggestion that the greup entered the Subant-
arctic region via Ausiralasia. This same portal of entry is indicated for
the other Subaniarctic forms, particularly the dendrochirotids.

THE MAFS (PLATE 22)

MAP 1: Genera Pseudocrnus, Psolidiella, and Psendopsolus

Pseudocrus comprises approximately 20 species, 1s widespread in world
seus, and is generally confined to relatively shallow water. In the southern
oceans 3 species occur. P. cornutus is known from 1 record near the Straits
of Magellan. Each of the 3 forms of P. dubiosuy hay its own distribution
range. The feoninus form occurs in southern South America and the Falk-
land Islands; the dubiosus form is found along the easiern and western
shores of South America; and the jaegeri form is limitcd to South Africa.
The leoninus form is common; its bathymetric range is ¢ m to 108 m, bui
most specimens have been collected at depths less than 20 m, P. perrieri
occurs in 0 m to 197 m around southern South America and South Geor-
gia. P. laevigatis has 2 depth range of (0 m to 990 m, but most specimens
have been collected at depths of less than 100 m. This species is known
from the Subantarctic islands between 30°E and 180"E; Bell {1908)
reported specimens (rom McMurdo Sound, Anlarctica, but the record is
doubtful, and it is not known that this species actually occurs in the ‘high’
Antarctic. P. leoninoides is restricted to the Campbell Plateaun south of
New Zealand at depths of O m o 112 m.

The southern complex of species of the genus Pseadocnits appear to be
closely interrelated, differences betwecn them being slight. The distribu-
tion of the species probably retlects their living habits, for many have been
found iiving cn the fronds of brown seawecds.

Psolidiefla comprises only 3 species and is restricted to the southern
oceans, From the magp it can be seen that the genus is circumpolar in dis-
tribution. Since both P. adhaeerens and P, sigre are known to live on a
rocky substrate, and since they lack a pelagic larval stage, it is not known
how the genus has achieved such a wide distribution.

Pseudopsolus macquariensis is a monotypic genus restricted to the inter-
tidal zone of Macquarie Island, This genus closely resembles Psolidiella
and Cucumaria in features of anatomy, and it appears likely that these 3
genera arose from some common source, perhaps in the Subantarctic re-
gion.

MAP 2: Genera Cladodactyla, Cucumaria, and Hemioedema

Cladodacsyla has 2 species, C. senegalensis from West Africa and C.
crocea from the southern oceans. C. crocea is a widespread brood-protect-
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ing species, most common at depths of less than 20 m, but with a bathy-
metric range of 0 mto 3875 m, Many specimens have been found attached
to the fronds and holdfasts of scawecds. The species probably was dis-
persed by rafting or spreading across the sea floor.

Hemioedema is another small genus with 3 species, 2 of which occur
in northwest Africa; the third, H. spectabilis, is known from the coast of
Argentina and the Straits of Magellan, to depths of 60 m.

Cucumaria, as restricted by Panning { 1949), is essentially cosmopoli-
tan with about 24 species of which 7 occur in the southern oceans. C, peri-
procta, C. perfida, and C. conspicua are known from 1 record; all were
described by Vaney (1909) from Scotia Bay in the South Orkney Tslands,
All of the remaining 4 speeics have been collected from deptihs of less than
400 m, and 1, C. georgiana, is widespread. Therc is some cvidence to sug-
gest that these Cucumaria species are closely related.

maP 3: Families Ypsilothuriidac {(cxcluding Ekmocucusmis, which is

on Map 4), Psolidac (excluding Psofus which is on Map 3), and the

genus Penfamerd,

The Ypsilothuriidae comprises 6 genera, all of which occur in the
southern oceans. Ekmocucumis (Map 4) is restricled to the southern
oceans, while the other gencra arc more or less widespread in world scas.
It is probable that the deeper water members of this family (for examplc,
Echinocucumis hispida at 50 m to 1400 m; Y pyilothuria hitentaculatu at
250 m to 4000 m) occur clsewhere in the southern occans,

Of the 15 species in the genus Pentamera, only 1, P. chiloensis, occurs
in the southern oceans, where it is restricted to southern Chile at depths of
0 m to 140 m, This species is notable in that it is onc of the very few
phyllophorid helothurians to occur in higher southern latiludes,

Four of the 5 genera in the family Psolidae occur in the southern oceans.
"These are Psolus (Map 5), Psofidium, Neopsolidium, and Theelia (Sto-
linus?), Psolidinm has 8 of its 25 species here, though 4 are known from
only 1 record. Two, P. incerfum (bathymetric range 100 m to 567 m)
and P, disciformis {440 m to 448 m), are restricted to the Subantarctic.
P. gaini (55 m to 380 m), is apparently circum-Antarctic and also occurs
off South Georgia. P. dorsipes (10 m to 150 m) occurs in southern Chile
and the Falklund Tslands. Deichmann { [941) recorded this latter species
from the Gulf of California; perhaps a richer material may show that this
northern: form represents a different species.

Neopsolidium convergens is common in southern Chile and the Falk-
land Islands at O m 1o 15 m. Theelia porifera {Stofinus cataphiractus?) is
known from Kerguelen Island st 37 m to 119 m; the same specics or &
near relative has been reported from western Australia,

As the greatest variety of the psolids are found in the vicinity of southern
Scuth America (Maps 3 and 5), it appeurs probable that this region serves
as the portal of entry into Antarctica [or psolids. Elsewhere in the south-
ern oceans the psolid fauna is very sparse, nowhere as well developed as 1t
is in southern South Africa.

MaP 4: Genus Ekmocucumis and southern representatives of the genus

Trachythyone

Ekmocucumis compriscs 6 species and is restricted to the Antarctic and
Subantarctic regions. None have been collected from depths in excess of
400 m. It is probable that most of the high Antarctic representatives of the
genus arc circum-Antarctic in distribution. The present known distribu-
tion of the genus leads to the infercnce that the genus arese in the Antarclic
seas and has dispersed northward to the Falklund Islunds and South Geor-
gia, This distribution pattern is unusual, for while most distribution pat-
terns of holothurians in this regicn polnt to northern origin and southward
dispersal, the present case suggests the opposite.

Trachythyone is essentially cosmopolitan, with 15 species, of which 53
occur in the area being considered. The most notable of these is T. parva
{2 m to 385 m), which is widespread in the Subantarctlic and Antarclic
regions. T. macphersonae and T. squamata are both closely related to
T. parva.

MAP 3: Seuthern representalives of the genus Psolus.
Psolus is cosmopolitan, comprising about 30 specics, of which 15 occur

in the southern occuns. Two specics, P. sguamatus and P. operculatus, are
not restricted in distribution, the former also occurring in the eastern Pa-
cific, the latter in the Atlantic Ocean. Seven are known from only 1 record.
The remaining 6 species have varying patterns of distribution. P. antare-
ticus, formerly believed to be restricted to the Antarclic Peninsula~Sonth
America region has been recently discovered (Pawson, 1968) off Mac-
quarie Tsland.

The methods by which pseolid holothurians achieve their distribution
are not clear. They arc sedentary for the greater part of their lives: they
lack a pelagic larval stage, and gencrally attach to a hard substrate. It
remains 4 mystery how such a species as P. artarcticus, which broods its
voung, has achieved such a wide distribution.

MaP 6: Southern distribution of the apodous holothurian genera Taeni-

ogyvrus, Chiridota, and Trochodota

Taeniogyrus, with 8 species, is mostly Indo-Pacific, with species in
Indonesia, South Africa, Hawaii, and easiern and western Australia. Two
species oceur in the arca under consideration. T. australianus is restricted
to the vicinity of Sydncy, Australia. T. conforsiis, on the other hand, is
widely distributed at 1 m to 570 m. Clearly, 7. conforfus is an immigrant
into the southern fauna.

Chiridota 1s almost cosmopolitan, with 30 species, most of which have
a limited bathymetric and geographic range. There are 6 southern species,
none of which is widely distributed, although C. gigas occurs in eastern
Australia and New Zealand,

Trochodeta comprises 10 species, of which 3 occur off Japan, 1 is found
in the Mediterranean, and 1 in the Torres Strait. The remaining 5 are of
southern distribution, T. allani and T. roebucki in southeast Australia,
T, dunedinensis and T. dendyi in New Zealand and the Campbell Platean,
and ¥. purpurea in southern Sonth America and Sonth Georgia,

The distribution patterns of the 3 genera discussed above are similar
in. that all genera are poorly represented in the South Americu—Antarctic
Peninsula area, and all appear to have thetr origin in the Indo-Pacific
region on the evidence of present day distribution of the species. How the
few Subantaretic representatives of these gencra reached the South Amer-
icin area remains a mystery. It may be noted here that in South America
representatives of these genera ocour mainly in the southern areas, Excep-
tions are Chirideta rofifera and C. fernandensis; the former species ranges
(om Florida 1o Brazil, and the latter is recorded from Juan Fernandcz
Island off the coasi of Chile. Present day distribution patterns suggest that
the Magellanic apodids were derived not from the norih but from the west,
perhaps from Australasia, through the agency of the West Wind Drift.
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Echinoidea
D L. Pawson'

INTRODUCTION

The Echinoidea are a cosmepolitan group of almost exclusively benthic
echinoderms that live on a soft or hard substrate in all scas from low-tide
level to deptbs in excess of 7000 m. Like most other echinoderms, cchi-
noids generally cannot tolerate waters of low salinity, altheugh one Sub-
antarctic species, 4hatus cordarus { Verrill), has been found in brackish
*Museum of Naturg] History, Smithsonian Institution, Washington, D.C,
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watcr at Kerguelen Island (Mortensen, 1951). Echinoids usually possess
& pelagic larval stage known as an cchinopluteus, but in Subantarctic and
Antarctic regions rany species lack the cchinopluteus stage and develop
directly, thus spending no part of their lives adrift in the plankton. The
sexes arc scparate and are indistinguishable except in those species which
have large eggs (in which case the genital pores of the mature fomale are
larger than those of the mature male), or which brood their young, The



brooding habit is an especially notable feature of the Antarctic echino-
derms in general and is prcvalent among the cchinoids. Some cidaroids
brood their young on the peristome or in the vicinity of the periproct. while
in spatangoids the eggs develop in the sunken dorsal pctals of the female.

Because most echinoids are sluggish and slow-moving, the capacity for
dispersal of those Antarctic species which lack a pelagic larval stage ks
somewhat limited. They can either spread across the sea floor or drift in
the cpiplankton attached to, or entangled in, masses of scaweed. This
latter phenomenon has been obscrved by the author in the case of cchi-
noids, and Mortensen (1925) has observed holothurians and asteroids
being rafted in this way.

The echinoids have a long history. Fossils occur in early Paleozoic

strata, and today over 700 spectes arc extant, thosc of the tropical and.

subtropical areas being most diverse. Fossil echinoids are reported from
a few Subantarctic localitics, From the Antarctic continent proper, per-
haps the most important collection of fossil echineids known is that de-
scribed by Lambert (1910) from Snow Hilt and Seymour lslands, close
to the Antarctic Peninsula.

Echinoids are among the best known groups of Antarctic and Subant-
arctic invertebrates. The first Antarctic echinoids known, Abatus caverno-
sus and Fripylus excavatus, were described by Philippi (1845). Our pres-
ent knowledge of the southern representatives of the group is based largely
on the research of Mortensen ( 1909, 1910, 1923, 1928, 1936), Koehler
{1968) and Bernasconi {1953 ). The echinoids collected by most major
Aniarctic expeditions have now been described, but, in spite of the amount
of work that has been done on this group, some of the mere conspicuous
taxa in the Antarctic fauna have not been clearly defined. and in the past
therc has been some confusion of names.

Where a locality is plotted for a species on the accompanying maps, I
have tricd to ensure that the species from the locality are correctly identi-
fied. OFf course, it has not been possible to verify each identification, but
doubtful records have been ignored, unless corrected by later authors. The
conelusions drawn here on the basis of the known distribution of Antarc-
tic and Subantarctic echinoids must be regarded as tentative. The Immensce
collections now being amassed by research vossels of the ULS. Antarctic
Research Program and others have yet 1o be reported on, and undoubtedly
such studics will modify generalizations.

THE ANTARCTIC ECHINQID FAUNA

Only 6 of the more than 50 known families of echinoids arc represcnted
in the coastal waters of the Anturctic. Perhaps the most striking feature
of this fauna is the abscnee of the superorders Diadematacca and Gnathes-
tomata, and apart trom the single genus Sterechinus, the absence of the
vast assemblage of regular non-cidaroid echinoids comprising the super-
order Echinacea. Another notable feature is the diversity of the cidaroid
subfamily Ctenocidarinac and the spatangoid family Schizasteridac in
Antarctic waters.

The small amount of data afforded by fossils (Lambert, 1910} indicate
{hat several elements which exisled in Antarctica in lower Tertiary and
Cretaceous times have since vanished. These include the subfamily Cida-
rinae (represented in the upper Cretaceous of Snow Hiif Island by Cyatho-
eidaris), the family Cassidulidae { Cassidulus found in the Eocene of Snow
Hiil Island), and the family Holasteridae ( Holaster in Upper Cretaccous
at Spow Hill Island).

The suborder Hemiasterina, presently cosmopolitan and represented in
the Antarctic by the genera Abatuy, Amphipneustes, and ‘Tr:'pyi’wr, wis
represented in the Upper Cretaceous of Snow Hill Island by Hemiaster
and in the Eocene by Schizaster. The latter genus is closely related to the
extant Antarctic representatives of the suborder.

Fifteen genera of echineids have been collected in the region south of the
Antarctic Convergonce { Antarctic Region}. Of these, 4 are restricted
to the area, 6 are restricted to the Antarctic—Subantarctic region in the
broad scnse, and 5 oceur in the Antarctic and clsewhere in the world.
Of the 4 endemic genera, 3, Rhynchocidaris, Homalocidaris, and Delo-
patagus, are monotypic while the fourth, Notocidaris, has 6 species. The
5 genera which are known to occur elsewhere in the world are almost all
bathyal forms, Urechinus, Plexechinus, and Pourtalesia are cssentially
cosmopolitan. 4 porocidaris has been taken from the vicinity of Kerguelen
Islund and from two areas of the Pacific Ocean, and Piematechinus is
known only from Antarctica and Panama.

As is the casc in several other groups of Antarctic invertebrates,the pro-
portton of endemic gencra of echinoids is quite small (25% ) but it is
notable that 66% of the genera found in the coastal regions of Antarctica
are restricted 1o the Antarctic=Subantarctic region.

In the casc of echinoids, there is as yet no positive evidence of equatorial
submergence. Aporocidaris, with 2 species found elsewhere {Galapagos
Islands and the Alaska-Kamchatka rcgion} in depths greater than 1000
m, is represcnted around Antarctica by 2 species, 1 of which occurs in
depths less than 1000 m, the other in depths greater than 2000 m. The 3
Antarctic-Subantarctic species of the genus Pourtalesia have bathymetric

ranges which do not differ significantly [rom those of other species found
in warmer northern waters. Other widespread genera are similar i this
respect to the 2 cited as examples here, There is also no indication of
bipolur distribution among the echinoids.

The echineid fauna of coastal Antarctica comprises 44 species, of which
34 {(77% ) are ecndemic. Twenty-seven of the 34 endemic species are ap-
parently restricted 1o depths of less than 1060 m. The bulk of the endemic
species are representatives of the genera Sterechinus (3 species), Abatus
{7 species), Amphipneustes (7 species), Clenocidaris (5 species), and
Notocidaris (6 species).

Since 15 genera and 44 species are known from. coastal waters of the
Antarctic Region, the average number of species per genus is 3. By com-
parison, the Australtan echineid fauna averages approximately 2 species
to cach genus., The figure for Antarctica would be 4 species per genug
if the monotypic genera were neglected, Thus, specics diversity, often
regarded as a character of Antarctic invertcbrate faunas in general, is cer-
tainly a conspicuous featurc of the Antarctic echinoid fauna.

South Georgia, which is ‘Antarciic” in the sense that it is south of the
Antarctic Convergence, has a tauna of 10 species, of which 2 arc endemic
to South Georgia, 4 are found only around South Georgia and Antarctica,
and 4 occur around South Georgia, Antarctica, énd southern South Amer-
ica. Clearly, South Georgia is essentially Antarctic in the character of its
echinoid fauna.

THE SUBANTARCTIC ECHINOQID FAUNA

The echineid fauna of the Subantarctic region presents many zoogeo-
graphical problems. 1t includes (1) some taxa which are essentiaily cir-
cumpolar in distribution (for example, Pseudechinus, Map 3, Plate 23),
but derived from northern ancestors, {2) some taxa of presumably north-
ern origin which have spread southwards, but which have a restricted dis-
tribution (for example, Loxechinuy in Chile, Evechinus in New Zecaland },
and (3) taxa which have apnarently arisen in the Antarctic region and
spread to the north (for example, some Ctenocidarinac, Map 1, Plate 23).
Thus, in essence, the faunas of Subantarclic landmasses may include en-
demic clements and elements derived from all three sources referred to
above, The characler of the fauna of each southern landmass is determined
by its proximity to other landmasses and by the nature of the surrounding
sea floor.

One of the most effective dispersal mechanisms avaiiable to Subantarc-
tic echinoids is the West Wind Drift. The role of this phenomenon in the
dispersal of echinoderms has been discussed by Mortensen (1925), Fell
{1962a) and Pawson (1968). Of the 9 species known from the Kergue-
lett, Prince Edward, and Crozet Islands, 5 are cndemic, 2 occur also in
the Magellanic Province, and 2 occur around the Antarctic continent. The
2 Magellanic elcments are Pseudechinus magellanicus and Sterechinus
dindema. The Antarctic species, Aporocidaris antarctiva and Sterechinus
neumayeri, may have reached the island areas by migration across the
Kerguelen—Guussberg Ridge.

The [auna of southern South America is apparently derived from three
main sources. The genera Arbacia, Tetrapygus, and Loxechinus were
probably derived from farther north. The species of Sterechinus, Abatus,
and Fripylus are probably derivatives of their Anlaretic congeners, Pse-
dechinus and perhaps also Dermechinus specics are circumpolar Subant-
arctic types. The fauna of the Falkland Islands is virtually identical to
that of southern South America.

Only | cchinotd, Pseudechinus novaerealandiae, is known from Mac-
quarie Island. This species is also common on the Campbeil Plateau and
around the southern part of New Zealand. This area marks the southern
ilimit of distribution of the genera Apatopygus (2 species, 1 in the New
Zealand area and 1 in Australia), Goniocidaris, and Spatangus.

THE ECHINQID FAUNA OF SCUTHEASTERN AUSTRALIA

This area, just north of the Subantarctic region, is characterized by the
presence of southern outliers of genera which are mere diversified in
warmer walers, but, among the cchinoids, 2 genera occur there which are
also found in Subantarctic areas. They are Paramaretia and Psendechinus;

the former genus is represented by 1 cxtant Australian species, the latter
by 2,

PATTERNS OF DISTRIBUTION
SUBANTARCTIC
Examinaticn of the accompanying maps wili show that some similar
patterns of distribution are cxhibited by different genera of echinoids,
There appear to be four conspicuous patterns, as follows:
{1} Circumpolar or partly circumpolar distribution in the
Subantarctic, but with no representatives in the Antarctic Re-
gion (except occasionally South Georgia). An excellent exam-
ple of this paitern is Pseudechinus, which displays a typical
“West Wind Drift’ distribution,
(2) Disuibuotion circumpolar in the Antarctic only. Only 4
genera have this type of distribution, and 3 of these are mono-

IN THE ANTARCTIC AND
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typic. The cnvironment of the Antarctic continental shelf ap-
pears 1o be of such a uniform nature that very often species are
found to oecur all around the continent.

{3) Distribution circumpolar in the Antarctic, but also with
representatives in the Magellanic Province in the broad sensc
and perhaps alse in the vicinity of Kerguelen Tsland. Such a dis-
tribution is found in the gencra Abarus, Sterechinus, Creno-
cidaris, and Tripylus,

(4) Genera restricted to coastal waters ol a southern landmass
and unknown clsewhere. Among the southern genera, Loxechi-
nus is restricted to Chile, Tripylaster to the Magellanic Province
in the broad sense (and at South Georgia ), dustrocidaris to the
Magellanic Province, Evechinus and Ogmocidaris to New Zea-
land,

RELATIONSHIPS AND ORIGIN OF THE ANTARCTIC FAUNA

The fossil record of the Antarctic echinoderms is too incomplete to sup-
port a discussion of the origin of the launa. However, the composilion and
dis{ribution of the present-day fauna permit some inferences to be made;
these may of necessity be modificd in the light of further fossil evidence.

The subfamily Ctenocidaring is virtually restricted to the Subantarclic—
Antarctic region. Mortcnsen (1928) believed that the subfamily is an an-
cient one which arose in Antarctic seas and has remained there (apart
from the 2 deep-sea Pacific species of Aporocidaris). What is believed to
be u representative of the genus Awustrocidaris is reporied from the Eocenc
of Patagonia (Mertensen, 1928}, but noe other fossils of an earlier age are
known.

The present-day distribution of the olher genera in the Anlarclic fauna
also leads to the infcrence that thesc genera arose in the Antarctic, or at
Icast in the Subantarctic, for 66% of the Antarctic genera are restricted 1o
this broad ares. There is no cvidence to show that echinoid species have
migrated from elsewhere into Antarctica; it seems more likely that Ant-
arctica has been the source of several specics (for example, species of
A batus, Sterechinus, and Clencocidaris)y which now live around Subantarc-
tic Jandmasscs.

THE MAPS (PLATE 23)

MaP 1: Southern representatives of the order Cidaroida, subfamily

Ctenocidarinae

Twenty-onc specics arc known in this sublfamily, scattered throwgh 7
genera, Notocidaris (6 species) and Crenocidaris (6 species) are the lurg-
est of these genera. Two specics of A porocidaris are known from elsewhere
in the Pacific Ocean — 4. milleri from the vicinity of the Galapagos 1slunds
and A. fragitis from near Alaska and Kamchatka. The remainder are more
or less restricted to Antarctic and Subantarctic seas. Thirteen of the species
are ‘high’ Antarctic forms, which have been recorded only south of latitude
60°S. Two, Ausirocidaris canaliculata and A. spinufosa, are known only
from the southern part of South America. One, Ogmocidariy benhami, is
restricted to the New Zealund region. One, Ctenocidariy nutrix, is re-
stricted to the vicinity of Kerguelen and Crozet Islands. Ctenocidaris
speciosa is circum-Antareic in high latitedes and is also common at South
Georgia; 4 porecidaris aniarctica occurs near the Antarctic coast south of
Kerguelen Island and is also known from the Crozet Islands. Seventeen of
the 21 species have not becn found in depths greater than 1000 m. The 2
northern species of Apoerocidaris occur in depths in excess of 2800 m,

On present evidence, some species in the family appear 1o be widely dis-
tributed, while others are of a more restricted distribution. It is probahle
that alf of the Antarctic continental shelf species are circumpolar.

MaP 2: Genus Sterechinus

Sterechinus, one of the morc conspicuous echinoid genera in the Ant-
arctic fauna, is composed of 5 specics. S. agassizi is restricted to the south-
ern part of South Amcricu, where it 15 known from latitudes higher than
35°8. Ttalso occurs at Shag Rocks and South Georgia. §. digdema is known
only from the vicinity of the Kerguclen Tslands as are scveral other species
of Subantarctic echinoids. S. neumeayeri is circum-Antarctic, but ocours at
the South Orkncy Islands and South Georgia, while 5. antarcricus and §.
dentifer are strictly continental Antarctic species. The distribution of
Sterechinmis alfords an excellent illustration of the natre of the fauny of
South Georgia. S. dentifer 1s known from two localities in deep water
{1266 m to 1566 m), and is probably widespread. The other species are
restricted to depths of less than 700 m,

Map 3: Genus Pseudechinuy

Pseudechinus 1s & genus with a circumpolar distribution in essentially
Subantarctic arcas. Thirteen species are known, but only 9 are plotted
here. Of the remaining 4, P. woodsi is a fossil species known from the
Oligocene and lower Miocene of the River Murray and Aldinga Clifls in
southern Australia, and 3 species occur in latitudes lower than 35°S;
P. grossularia and P. variegatus arec known from the northern extremity
of New Zealand, while P. hesperus has been recorded (rom Rottnest Island
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off Fremantle, Western Austvalia. P. magellanicus is the dominant echi-
noid in southern Chile, while P. novaezealandine is particularly common
around southern New Zealund and on the Campbell Plateau. Scven of the
12 extant species are apparently restricted to depths of less than 200 m.
P. novaezealandiae occurs down to 306 m, P. magellanicus to 820 m,
P, flemingi to 594 m, and P. huftoni to 540 m. None of the species has &
circumpolar distribution. but all arc very closely related and obviously
derived from a common source.

The scanty fossil evidence (Fell, 1962a), coupled with our knowledge
of the preseni-day distribution of the genus, indicates that Pseudechinus
arose in Australasia, and has achieved its distribution through the agency
of the West Wind Drift (Fell, 1962b; Pawson, 1968). Since the species
have a plankionic larval stage, and since some speeies often live on the
fronds of brown aigae {Pawson, 1966), dispersal is facilitated by casterly
drift of planktonic lurvac and ralting adults.

it is interesting to note that the genus has not vet been found in the
vicinity of South Georgia: possibly the generally lower temperature of the
witter about South Georgia has prevented colonization by Psewdechinus.

MAP 4 Genus Abatees

Abatus is essentially restricted (o the Antarctic and Subantarctic, al-
though 2 species, A. philippi and A. cavernosus, extend as far north as
about 3675, off Argentina. A. cordetus is known only from the vicinity of
Kerguclen and Heard Islands; A. bidens is known from 2 records at South
Georgia. The remaining 8§ species of the genus are widely distributed, as
can be seen on Map 4. The genus is unknown elsewhere in the world. No
species nave been taken from depths in excess of 700 m; in this respect,
the vagility of ihe species is limited. Tn view of the present known distribu-
tion of the species, it seems probable that the genus arose in the Antarctic
region, from which it has dispersed northward to South America and (o
Kergueien Island.

Mar 5: Genus Amphipneusies

Amphipneystes, like Abatus, is conspicuous in the Antarctic echino-
denm fauna, but Amphipnenstes is more sirictly Antaretic in character
than is Abatus, Amphipneustes koehleri is known only from the vicinity
of South Georgia, while all of the other species are apparently restricted
to the coast of the Antarctic continent. The most widespread species ap-
pears tobe A. loriofi, but further sampling should show that all of the con-
tinental species are more or Jess circum-Antarctic in distribution. The
bathymetric range ol Amphipreustes is 0 m o 645 m. but most species
live in depths tn cxcess of 100 m., The genus probably arose in the Antarctic
region and, unlike A batus, has not been uble to adapt to warmer waters
near more norihern landmasses.

MAP 6: Spatangid genera Paramaretia and Spatarrgus and southern rep-
resentatives of the (anily Schizastenidac (excluding 4 batus and Amphip-
neustes)

Tripyius 1s the only genus shown here which cxtends into the *high’
Antarctic region where 2 species lhuve been recorded from the Antarctic
Peninsula area. The other species and genera are Subantarctic or warm
temperate i1 distribution in the seuthern occans, although the monotypic
genus Tripylaster s known to occur at South Georgia. Tripyius is an ex-
clusively southern genus, and Tripylaster occurs only in the area encom-
passcd by Map 6. However, Brisaster has an almost bipolar distribution,
with 4 southern species as shown here, and 4 northern specics. These
latter are B. fragilis from Norway, Teeland, and the east coast of North
America {as far south as Florida) at 40 m to 1300 m; 8. townsendi and
B. latifrons from the west coast of North America { Alaska te the Gulf of
Panama) 35 m (o 1900 m; B. owstoni from the Sagami Sea and the Gulf
of Tokyo, at 10 m to 530 m. In the southern oceans the specics shown have
the following bathymetric ranges: Brisavter sp. at 162 m 0 821 m, B. ker-
guclenensis at 132 m 1o 216 m, and B. moseleyi at 72 m to 720 m. Further
sampling may show that this suggesied bipolarity is more apparent than
real.
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Asteroidea
H. B. Fell! and S. Dawsey®

INTRODUCTION

The Asteroidea are benthic echinoderms occurring in all seas (including
walers of the Baltic wihich have salinites as low as 17% ), and from about
mean sea level to depths of 7614 m. The deepest record in Antarctic waters
is 5760 m for the species Hymenaster densus and Freyella giardi. A free
larval stage is characieristic of many temperate and tropical species of
asteroids, but direct development with brooding females is characteristic
of Antarctic asteroids. Except for brooding females, the sexes are ex-
ternally indistinguishable,

BISTRIBUTION IN THE ANTARCTIC AND SUBANTARCTIC
REGIONS
There appear to be three conspicuous distribution patterns:
(1) Circumpolar, chiefly around Antarctica, but usually in-
cluding South Georgia
(2) Circumpolar in the Antarctic generally, including the
Magellanic region
(3) Circumpolar or incotmpletely ¢ircumpolar in the Subant-
arctic region
The circumpolarity of the first two distribution patterns may be attrib-
uted 1o shallow-water connections throughout the regions involved, per-
mitting the animals to travel along the sea floor from one locality to
another. The circumpolarily of the third pattern, however, is thought to be
brought about by cpiplanktonic dispersal on brown seaweed under the
influence of West Wind Drift. Within the past few years collections have
yielded sufficient specimens of asieroids (o make possible the analysis of
distribution patterns by several methods. That which gives the clearest
picture is the one utilized in Figure 1, which iilustrates 16 genera. The
methed of ploliing is explained in the caption, The circular histogram for
each genus tends to form a more or less attenuated triangle in which the
base-line (maximum speciation) occurs at the western end with the apex
(minimum speciaiion} at the castern end. It may be inferred that for each
of these genera the original source lics at the western end of its range and
that the more easlerly representatives are derived from the western stock,
We are thus presented with a simple clockwise pattern in which generic
stocks tend to move from west to east, The West Wind Drift supplics the
only acceptable disiributing mechanism {see alse Fell, 1962b).
It seemis probable that thermal tolerance also influences the distribution
of Antarctic asteroids. Clark (1963) rcports that only 13 of the 37 specics
from the Ross Sea extend into Subantarctic or scuth lemiperate zones,

THE MAPS (PLATES 24 AND 25)

Excluding Awustralasia, which is considered part of the Indo-Pacific
(‘Indo-West-Pacific,” Fell, 1962b), the known astercid [auna south of
35°S compriscs 87 genera and 2372 species, Of these, 42 genera and 166
species have been mapped. All genera found south of the Antarctic Con-
vergence have been mapped, except for those with a total distribution of
fewer than 4 localities and those of universal distribution usuaily found at
depths of over 1000 m. A few examples of cntirely Subantarctic circum-
polar distributions havc also been plotted, The nomenclature follows
W. K. Fisher (1940) and H. E. 5. Clark (1963). The genera have been
divided according to distribution pattern.

Maps 1 and 2 show shallow-waler genera with an essentially Subantarc-
tic circnmpolar range and genera which are essentially circumpolar in the
coastal waters of Aniarctica. A few chiclly Subanlarclic circumpolar
genera have 1 or 2 records in the Antarctic, 1t is inferred that shallow-
waler, circumpolar Subantarctic genera have been distributed by the West
Wind Drift. Shallow-water, circumpolar Antarctic genera, on the other
hand, can have achieved circumpolarity by {ollowing the depressed con-
tinental shelf of Antarctica. Decpwater genera may similarly have tra-
versed the deep sea ficor.

Map 3 shows additional genera with circumpolar distribution chiefly
on the Antarctic continent but extending also to Seuth Georgia, Three of
the genera are restricted to this area, and 3 more also extend to the Sub-
antarctic islands.
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Fig. 1. Typical distribution patierns for benthal echinoderms with a southern circumpolar
runge, The lenwth of radial co-ordinates for each genus is proportional to the number of
specics ab the longitude indicated, and the mumber of species at each plot is indicated.
Inferred donor areas ure marked £).  Australia is inferred to have been a major point of
enicy of Tndo-Paciflc elements into the Southern Hemisphere, by way of Indonesian land-
bridges, thereafler generic stocks are viewed as dilferentiuting along clockwise chrcum-
polar lines of movement, vnder the West Wind Deift, Astrosiole is regarded as giving
rise to Afevenaster on the Chilean coast, and Pempagonasier is pronped with Fosfg as a
zingle stock for the purpose of the survey (frem Fell, 1962b).

Map 4 shows genera which enter the Antarctic and have Magellanic
species but do not achieve circumpolar range in the Subantarctic rcgion.
These genera have presumably utilized the Scotia Ridge as a mecans of
passage between Antarctica and South America and have not been dis-
perscd by the West Wind Drift.

Maps 5, 0, and 7 show genera distributed which have a circumpolar dis-
tribution in the Antarctic and Subantarctic.

While maosi of the genera on Maps 3 and 4 are found only in the Ant-
arctic and Subuntarctic, most of the genera on Maps 5 and 6 are found

¢lsewhere,
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Ophiuroidea

H. B. Felf', T. Holzinger*, and M. Sherraden’®

INTRODUCTION

The Ophiuroidea, or brittle stars, comprisc some 1900 extant species,
referable to 230 gencra. They occur in all oceans, and from the intertidal
zone 1o approximately 8000 m, Many ophiuroids pass through a pelagic
larval stage, but as Mortenscn (1936) points out, echinoderms of the
Antarctic region in particular tend to undergo direct development; at least
19% of Antarctic species are known to be viviparous. Of the 13% known
to be oviparous, several have large yolky eggs, suggesiing direct develop-
ment of these also. Mortensen (1936) reports that among Antarctic
ophiuroids there is a high mcidence of hermaphroditism, a condition gen-
erally correlated with viviparity.

Temperature and depth are important factors governing the disiribution
of ophiuroids. A study was made of Antarctic species found off the Ant-
arctic Peninsula, South Georgia, and the Falkland Islands (Fell, 1961).
Some of the species were found to be markedly eurythermal and to tolcrate
the entire temperature range. Such species could (olerate the temperatures
of the Subantarctic islands of New Zealand yet do not occur there. These
islands have instead the very different fauna of Indo-Pacific derivation
typical of the New Zealand submarine plateau as a whole. From these and
other data it is concluded that the range of many ophiurofds is controlled
by depth, and that shallow-waler routes have been of great importance in
the dispersal of echinoderms. No shallow-water route is known to exist
between New Zealand and Antarctica, whereas between the Antarctlic
Peninsula and the Falkland Islands a submerged ridge occurs in the form
of an ar¢ through the South Orkney and South Sandwich 1siands. Thus, for
example, Astrotoma is found in both South America and Antarctica prob-
ably because it is a eurythermal specics with 4n available migration route.
The absence of Astrotomea from the suilable thermal conditions of south-
ern New Zealand shelf watcrs is presumably duc to the fact that no shallow-
waiter roule existed at any time belween Antarctica and New Zealand.

Ophiuroids arc one of the most common groups in the Antarctic marine
fauna. One-third of the biomass of the Ross Sea benthos may be composed
of brittle stars in some localities (Feli, 1961 ). On the basis of photographs
taken botween 75 m and 350 m, local maximuim concentrations of ophin-
roids arc estimated o be 107 individuals per sqnare kilometer. It should be
recognized that some species are present in great numbers, while others
are known from only a few specimens.

THE MAPS (PLATES 26 AND 27)

Most of the species of ophiuroids found south of 35"S are recorded on
the maps of Platcs 26 and 27, All endemic genera and their species are
indicated, as well as the endemic species of cosmopolitan genera. In addi-
tion, Map 8 includes some decpwater cosmopolitan species. The species
at the northern peripheries of the maps are ploited only if their range does
not extend north of 35°S.

The maps attempt to show the complete ophiuroid fauna of the Ant-
arctic and the Subantarctic islands. In the case of Australia, New Zealand,
and South Africa, only those genera with Antarclic representatives arc
plotted. The maps include 178 spccies, 45 gencra, and 10 families. The
nomenclature foliows Fell (1960b, 1962b).

The faunal relationships between different localities are shown in Table
1. From the tablc and the maps, it is clear that the island faunas arc very
largely derived from continental donor arcas, particularly from South
America and the Antarctic Peninsula—South Georgia region. The most
probable mechanism for this dispersion of shelt fauna s the West Wind
Drift discussed in the preceding section on astcroids. Tristan da Cunha lies
at the northern edge of the Subantarctic region; its fauna is most closeiy
allied to thc more northerly faunas of South America and South Africa.
The other Subantarctic islands seem to derive meore of their faunas from
the Antarctic Peninsula—South Georgia region, which lies completely
within the Antarctic Convergence. Although some specics appear to be
endemic to certain islands, it seems likely that additional records will prove
that distributions arc broader than those presently known. The recent vol-
canic origin of the islands would seem to allow insufficient time for cn-
demic species to have evolved.

The ophiureid faunas of Sonth Africa, Australia, and New Zealand are
obviously only distantly rclated to those of more southern latitudes, Al-
though the genera recorded from these areas are all found farther south,
almost none of the individual species are shared. This is not surprising,
becuusc these regions lie mostly north of the Subtropical Convergence, and
eagh region is populated by brittle stars from subiropical latitudes. The
ophiuroid fauna of the New Zealand plateau is closely rclated to that of
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TABLE 1. Percentages of Genera (upper figure) and Species {lower figure)
Which Are Shared by Each of the Main Regions.
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New Zealand (Tell, 1953a). Many ephiurcids have a circumpolar dis-
tribution on the Antarctic sheif, and it is probable that more intensive
collccting will verify a greater number of circumpolar distribations. In
particular, many species are common to the Antarctic Peninsula-Scuth
Georgia region, East Antarcticy, the Ross Sea, and the area immediatcly
west of the Antarciic Peninsnla.

The close relationship between the fauna of the Palmer Archipelago
and that of South Aumcrica is particularly interesting because these regions
are ¢climatically separated by the Antarctic Convergenee, but lie in closc
proximity. The Palmer Archipelago shows the greatest diversity and most
intense speciation (31 genera and 52 species), suggesting considerable
faunal exchange between South America and West Antarctica. When the
brittle star fauna of the rest of the Magellanic region is better known, simi-
lar rclationships may be expected.

Map 1 shows the distribution of the large and characteristically Ant-
arctic genus Ophiacantha. Tt will be noted that circampolar distribution
occurs principally in those specics having a southerly range. The species
plotted on this map are not known to occur in deep water and thereforc
the circumpolarity is most casily expiained by epiplanktonic dispersal in
the path of the West Wind Drift, Species which occur in decper water are
shown on Map 8. When such forms exhibit a cosmopelitan (or circum-
polar} distribution, the West Wind Drift is unlikely to be responsible. The
widc distribution of such forms is better atiributed to their ability to tra-
verse deep ocean tloors.

Mups 2 and 3 show the most frequent distribution of cosmopolitan
genera in the southern [atitudes; each genus is represented in most jocalities
by a specics cndemic Lo that region, for example, Monamphira alternans
at South Georgia. However, within one genus, a number of specics may be
partially or totally circumpolar, for cxample, Ophiuroglypha carinifera.
The distribuiion of the genus Torporkovia is bipolar.

The most obvious route of (aunal exchange with Antarctica would secm
to lie through South America, but Map 4 shows cosmopolitan genera
which do nef occur in the Magellunic region. Most of these are represen-
tatives of the family Amphiuridae. Amphiuridac arc mainly small forms
such as could be distributed by floaling kelp. Probably these species have
entered the Subantarctic und Antarctic regions by epiplankionic means.
Hemilipis joubini exemplifies a eurythermal species of a genus which is
otherwise stenothermal.

Map 5 complements Map 4 by indicating the distribution of endemic
species of cosmopolitan genera which occur in South America and clse-
where but not in Antarctica,

All endemic genera are recorded on Maps 6 and 7. Map 6 shows those
endemic genera which occur chiefly on the Antarctic continent, and which
do not neccssarily have a circumpolar range. Map 7 illustrates endemic



genera which have a characteristically circumpolar distribution. The mor-
phology of some of these genera sometimes differs considerably from
that of ophiuroids found eclsewhere; for cxample, the basal discs of
Euvondrea and Ophivsteira bear large skeletal excrescences. The genus
Astrotoma s notably curythermal {ranging through latitudes 42°S to
78°%), and in addition is circumpolar. Ophioceres, with 2 of its 3 species
restricted to the New Zealand platcau, may be regarded as an Australasian
stock which has contributed one circumpolar species to the Antarctic
fauna. Woest Wind Drift dispersal would seem probable, The other genera
{with the possible exception of Ophiogona) have a circumpolar range.

Map 8 presents the distribution of species which tend te inhabit decp
water and are assumed to bc stenothermal. Nineteen are cosmopolilan
species, and 10 others seem to be restricted to particular regions, though
they are of cosmopolitan genera. Although the means and rate of dis-
persal of these deepwater species are still unknown, it would seem probable
that they can traverse deep ocean floors.
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Ascidiacea
Patricia Kott!

INTRODUCTION

The Ascidiaccg, a class of the marine protochordate subphylum Tuni-
cata, live from intertidal to abyssal depths in ali oceans. The adults are
benthic, fixed to rocks or rooted in the sand or mud of the ccean floor.
Eggs develop into tailed larvae with a pelagic lifc that ranges from less
than an hour in some species to about 24 hours in others. The phylogenet-
ically primitive families Cionidae, Diazonidac, and Ascidiidac are exclu-
sively oviparous and eggs are fertilized and develop afier liberation from
the parent. In more specialized families viviparity occurs, and progeny
are liberated from the parent as tailed larvac. Asexual reproduction also
oceurs by various related budding mechanisms. However, no pelagic stage
intervenes here between the parent and juvenile, The spread of species is
therefore limited by the extent to which eggs and/or pelagic larvae are
dispersed. As these stages are not of long duration, the rate of colonization
by species of Ascidiacea is probably slow.

THE NATURE OF THE ANTARCTIC ASCIDIAN FAUNA

Hartmeyer (1911) estimated that 85% of all ascidians are found on
continental shelves, and of these half occur at depths of 50 m or less where
the variations in the environment provide the habitat for a wide diversity
of species. In Antarctica, however, shallow waters of less than 50 m donot
provide a particularly favorable environment for ascidians. Around the
Antarctic continent there is no intertidal fauna, due to the scouring effeci
of ice which is present for a greater part of the year. In the Subantasctic
certain species do extend into the intertidul area. However, in both the
Antarctic and Subantarctic, species in shallow waters must survive not
only low temperatures but also reduced salinity during periods of melting
ice; the influence of seasonal changes extends to depths of 200 m, The
ascidian fauna of Antarctic waters is more diverse than might be expected
in an area where these physical conditions prevail, and 92 endemic species
are recorded from shelf and slope regions. Of these, only 16 extend north
of the Subtropical Convergence into the adjacent waters of Australia, New
Zealand, South Africa, and South America. In addition, 21 species have
been taken from depths of 2000 m to 6000 m of which only 6 are known
from deepwater regions in other oceans. In contrasi, only 47 species are
known from Arctic walers and with few exceptions these cxtend into the
boreal waters of western Europe and the eastern seaboard of North Amer-
ica. The diversity of the Antarctic ascidian fauna is further emphasized
when compared with the number of species known from other more tem-
perate seas in a wide range of environments, There are 114 species known
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in the eastern Pacific Ocean from the Arctic to the equator (Tokioka,
1963); 170 cold-waicr species are known from the North Atlantic and
North Pacific Oceans { Millar, 1966h; Tokioka, 1963); in the varied con-
ditions offcred by the seas uround Australia, only 200 species are known
(Kott, 1952, 1957, 1962, 1963, 1964, 1966; Millar, 1966a); and 277
species are known from the seas around Japan ( Tokioka, 1963).

The success of the class in the Antarctic may be due to certain adapta-
ticns which characterize this endemic fauna. These are (1) large popula-
tions of single species; {2) longevity and consequent increase in size (the
largest simple ascidians known are the Antarctic Molgula giganteq and
Paramolgula gregaria); (3} a greater abundance than usual of viviparous
species and development in them of special mechanisms (0 insure vivi-
parity (for example, oricntation of gonoducts in relation to the atrial opet-
ing in Molgulidae, special closing mechanisms in Agnesiidac, large cges
and larvae rctained in the parent colony in Polyclinidae); (4) toleration
by most species of a widc runge of depths from the sheif to the continental
slope so that they may escape the cffects of glaciation in shallow waters.
The convergence ol the external appearance of many species in many
diverse families of Antarctic ascidians is noleworthy and probably rep-
resents a response to the environmenial conditions cncountered,

THE ORIGIN OF THE ANTARCTIC ASCIDIAN FAUNA

The following monotypic genera are endemic to the Antarctic: Fungu-
fus, Profoholozoa, Pharyngodictyon (abyssal) ; Xenobranchion and Tyvlo-
branchion (sublitioral). Other endemic genera are represented by two or
threce specics cach: Bathypera (curybathic) and Caenagresia (sublit-
torai}. The abyssal endemic genera are highly specialized for their deep-
water covironment, but with the exception oniy of Funguius and Bathy-
perg, they are phylogenctically primitive and are possibly derived from
early unmodified sublittoral species. The sublittoral endemic genera are
relatively unmodified representatives of primitive groups persisting as a
relict fauna.

Other genera present in the Antarctic are represented by successfully
adapted and widely llourishing species. There are only a few specics, of
timited distribution, whose presence suggests a recent origin, An cxample
of possibly recent speciation is Cremidocarpa zenkevitchi (Vinogradova,
1962 ), which has been found only in a brackish marine bay on the Knox
Coast in the vicinity of Bunger Hills. In winter this bay is blocked by ice;
in summer the surface water is freshened by melting ice, butat2 mte 3 m
the salinity remains high, The species is closely related to the ¢ircum-
Antarctic C. verrucosa and may have derived from it in the isolation of
this peculiar-environment.
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The degree of specific and generic endemism (especially of primitive
genera), the specialized nature of many of the species, and the widespread
circumpolar distribution of species suggests that the Antarctic regions had
been isolated for a long period and that ¢ component of the fauna is a relict
of a. much older ascidiun fauna. Tn contrast, generic endemisim in the Arctic
is not so pronounced nor 1s the fauna so isolated from that of adjacent re-
gions, Of the genera which might be considered of Arctic origin, only
Rhizomelgula has a distribution confined to the Arctic; Corellopsis and
Corelloides, closely related to the deepwater Coryaascidia, eXlend to the
Alcutians; Heferostigme spp. are taken from the coast of New England;
and Dendrodoa, closely related 10 the Antarctic Styelopsis, occurs off the
English couast. Primitive unmodified relict gencra such as Tylobranchion,
Xenobranchion, and Caenagnesia do not ocour in the Arctic,

FACTORS INFLUENCING GEOGRAPHIC DISTRIBUTION

The distribution of ascidians is influenced by hydrographic and sedi-
meni conditions on the ocean lloor. Therefore, as Broch { 1961) has point-
cd out, the deep benthic fauna of Antarctic waters is not himited sharply
by the Antarctic and Subtropical Convergences. Around the Subantarctic
islands the distribution is also affected by the protection afforded as well as
the type of substrate available. Accordingly Kerguelen Island, with shel-
tered waters, supports a larger number of endemic specics than Macquarie
Island with its unfavorable, exposed coast linc.

Species widely distributed in the Antarctic, and sometimes present in
the Subantarclic as well, are found io depths of 400 m or more extending
from the continental shelf onto the siope. Species of primarily Snbantarclic

distribution that arc also found in the Antarctic extend (o depths of only

200 m to 300 m. Thosc species with a limiled geograplic range in cither
of these regions also generally oceur at lesser depths, This patiern of cury-
balhic distribution suggests that Antarctic species survived because of their
ability to live at greater depths during periods of glaciation, whercas spe-
cies unable to survive in deeper waters were progressively isolated in the
north and became cslablished as Subantarctic species. Subsequent sub-
mergence of land bridges further isolated these species from the Antarctic
mainland and resulted in a Subantarciic fauna widely distribuled in the
shell areas of isolated islands.

Anumber of species demonstrate tropical submergence in deeper waters
north of the Subtropical Convergence: Molgula pyriformis, Didemnum
fenue, Ascidia meridionalis, Stvela nordenskioldi, Molguloides immunda,
Didemnum studeri, and Bathypera splendens.

ZOOGEQGRAPHIC DIVISIONS OF THE ASCIDIAN FAUNA
The following arrangemeni of biogeographic divisions is recognized:
(1) Antarctic—the region south of the Antarciic Convergence
(a) Continental Province—the circumpolar region near
the conlinent. A few species are, so fur, recorded only from
the Victoria Lund and Enderby Land quadranis and may
represent an ‘eastern district.’
(b) South Georgian Province —the Antarctic Peninsuia
and the Subantarctic islands along the Scotia Ridge to
South Georgia.
(2 Subantarctic—the region between the Subtropical and Ant-
arctic Convergences. Many of the species in this region also
extend to South Georgia, The Guaitecas Islands, off the coast of
Chile, represent the northern extent of Subantarclic species in
the eastern Pacifte. These islands have four species in common
with New Zealand.
{a) Magellanic Province—the area from the Patagonian
shelf 0 the Falkland Islands.
(b) Kerguclen Province—the region including Auckland,
Campbell, Heard, and Macquarie Islands, in addition to
the Kerguelen Islands.
{¢) Antipodean Province—the region including New Zea-
iand and the nearby Chatham Island. Bespile the close
geographic proximity of Macquarie Island, 1t is more
closely related faunistically to Kerguelen Island than to
New Zealand and Chatham Island. This may be a reflec-
tion of the isolated, unpretecied envirenment of Mac-
quarie Island, which has not permitted colonization by
more temperate species from New Zealand.

THE MAPS (PLATES 28 AND 29)

MaPs 1 anp 2, The species plolicd on these maps are widely distributed
in the Antarctic. Generally they are taken from 100 m or Icss and exiend
to depths of 400 m to 1000 m. Only Styela nordenskjoldi (Map 2) and
Pyura squamaia (Map 1) are not endemic to the map region, and also
occur (Map 7) off California (S, nordensijoldi), and off eastern Australia
and Fapan {P. squamata? > P. lepidoderma). Tylobranchion is the only
endemic genus.
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MAPS 3 AND 4. The species shown are generally confined to the Antarc-
tic region. Most have a wide circumpolar range and inhabit depths from
less than 100 m to at least 400 m, extending beyond the edge of the con-

“tinental shelf. The few specics wtih & limited distribution in the South

Georgian Province are generally taken from depths of less than 300 m,
sometimes from 0 m to 20 m; however, with the exception of Cremido-
carpa Zenkevitchi, those species with a limited distribution in the Conti-
nental Province tolerate grealer depths on the continental shelf and do not
extend into such shallow waier. All the species arc endemic to the Ant-
arclic and Caenagnesia and Bathypera are endemic genera. Four species
irom the Antarctic Continental Province and 6 from the Sonth Georgian
Province, known from only a few records of single specimens, have not
been included in the maps.

MAPS 5 AND 6. Spccies shown in these maps are generally confined to
the Subantarctic region and are generally taken in depths from the imme-
diate littoral to 300 m, Only A plidiam irregulare and Didemnum siuderi
{Map 6) are exceptional and exiend beyond the edge of the Antarctic
continental shelf and into the South Australian Basin, respectively. Most
of the specics concerned are cndemic, but there are no endemic genera.
Agnesia glaciata 1s closely related to, or identical with, species of this ge-
nus occurring off northeast Australia, Japan, and in the North Pacific.
These species may represent relict populations (Van Name, 19435, p. 200).

mapr 7. Abyssal penera and specics found in Antarctica and in other
parts of the world arc plotted on this map. Bathypera spp., Stvela norden-
skjoldi, Pyura squamata, Molguloides immunda and Molguloides vitrea
are all recorded around the Anlarclic continent both from waters of about
1000 m or less and from deeper waters, Farther to the north these species
ocewr only in deeper watcrs cxcopt off northeastern Ausiralia, Indonesia,
the Philippines, and Japan, where identical or closely reiated spccics occur
in shallower waters. None of the species indicated above are confined to
Antarctica, and all lack the special modifications of the branchial sac char-
acteristic of abyssal species. This peculiarity together with the pattern of
their depth distribution suggests relict populations which have spread into
deeper waters.

The genera Culeolus, Ahyssascidia, Megalodicopia {and the closely
related Dicopia), and Corynascidia, with the morphological characteris-
tics assoclated with abyssal species, have been taken in the deep basins of
both hemispheres. They also occur in waters of less than 1000 m off Indo-
nesia or Japan, perhaps because of upwelling on the continental slope.

The distribution of 4 species of Culeolus closely related to Cudeolus
murrayi ave presented on the map; Bathyocus discoideus and B. minutus
(Herdman, 1886) from the abyssal North Pacific Ocean are not present
in the Antarctic and have not been included on the map. Only the genera
Pharvngodictyon, Fungulus, and ProtoholoZoa are confined to the abysses
of the Antarciic walers. T'en of the world’s abyssal genera are not repre-
sented in the Antarctic. A totul of 40 species (Millar, 1959) have bgen
described from waters of 3000 m or more throughout the oceans of the
world, and only half of these have so far been recorded from Antarctic
walers.
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STYLASTERINA PLATE 5

FOLIO 11— MARINE INVERTEBRATES

ANTARCTIC MAP IMOLIO SERIES
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SCLERACTINIA

MAP 1. Caryophylliidae
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Dendrophylliidae
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MAP 3. Flabellidoe
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MAP 4. Flabellidae
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NEMERTEA
SHEET 1, BENTHIC SPECIES

COMPILED BY
E. W. DAWSON
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Total langth = 400 mm
{after Joubln, 1908)

MAP 2

Lineus
& corrggatus
A langifissus

Anitarctolineus
= scottf

o other species

Amphinorus lecointer

MAP 3

Amphiporus

= fatklandicus
e gerlachet

« inexpectatus®
+ lecointel

[ martont

a  michaelsent
& moseleyl

#  schollaenti

« scoreshyt

4 spinosus

a other species

*On[y =1y 2] r‘e:ord Qnomop

P
/ Cerebratulus

Total length =35 mm

Aniarctolineus seofti
Lineus fongifissus

Total length = 45 mm \.k o

wrkdth =1 . “‘"‘"fw-ﬁr:-—h__‘_ Total length = 205 mm
= i HRar's ik
{after Wheeler, 1934) i | : width = 4 mm

Baseodiscus antarelicus
Fragment including head;
length, 40 mm. Tetal lenath
of animal was 120 mm.
1.5 {approx.)

B SR iais SO
SHAEASTH

Tetrasiemmma
uiffitrealiim
*3

malving

width =5 mm
In contracted
slate

& Antarctonemertes validum

Tetrasternma
#* ariphiporoides = fongistriatum SO o e
« antarcticum® o Miavikenensis®
of duboisi® o stapleyi® v ".III
o8 eshenseni® 4 unitineatum '
& : i .
ErOrgianum ¢ weddalli® — - All drawings aftar Whealer, 1940a
o gullivart® o other species i mRgept Aineus carriaalus
& hanst and Anfarctatineus scolli

*Only ene record an map

AMERICAN GEOGRAPHICAL SOCIETY —1969



PLATE 8

FOLIO 11 —MARINE INVERTEBRATES

NEMERTEA

SHEET 2, PELAGIC GENERA

ANTARCTIC MAP FOLLO SERIES

Monterey Canyon

g
2

r;;,..

1 %8

s
o
W o
#* a8
2w oy v By,
erasenm
z e g £ & 272
v 5 £ 5 E g @ 5283
T o S E L E glueatl
T oo = FE g m|Esr”
T g w EFacm|, %
o = OB Y oo Gy
mAMPWUPomm.m
=& 85
E 2 = E=
r.i.c..mhxh
< o s
+.
*
e w
n @ £ T
L a2 5248
- 2k [
oo 2 T &
eaamluemncmwe
T e ES E £ ¢
L Gsie B oans i E
o - p o = O v o
T 5 0= 2 gt 5 ¢ oo
EEEESE g2 o0
BEE 25388 9§53
EC 5O Q=za AL~
= = o
E{l} § @4 40 a e ®
=L =

OCIETY — 1969

-]
<

1
-

FEOGRAPHILC

AN

v

AMERIC

COMPILED BY E. W. DAWSON



BRACHIOPODA PLATE 9

FOLIO 11— MARINE INVERTEBRATES
ANTARCTIC MAT FOLIO SERIES

Compsofhyris racovitzae
(map 1}

Liofhyreffa uva
{map 1)

MAP 2
Species of Platidiidae, Kraussinidae, and Dallinidae

+ Amphithyris sp. (392—641 m) - "4 Campages furcifera (203—265 m)
w Plaiidia anomicides (82—1180 m)

Agrothyris Joubing
[ map 3)

w' Aldingia willemoesi (203—220m)  , Macandrevia
| ® Kraussing i1 americana (223—4066 m)
nariieuland ¢ nofalensis* (264 m) e diamaniina* (2580—4066 m)-
+ Craniidae s rubra (41—284 m) s vanhoffeni (385—930 m)- .
. Crania lecointel (430—500 m) - 1 Megerling All drawings
: Cronio patagenica (233—637 m) capensis® (183220 m} X2
= Discinidae » lamarckiano (0—201 m)
s Discinisca Joevis® (1127 m) 0 pisum {155—318 m})
i Discinisca lomeflosa* (0—5206 m) o sfrinta (58—264 m)
 Pelogodiscus otlanticus {366—5530 m)
*Qnly ene record an map
Articulata
& Frielefidoe /
o Compsothyris racovitzae (329—2580 m) ;
Basiliclid " ) Gyrothyris mawson
# Basiliclidae : 305 s
¢+ Echemithyris colurnus® (183—458 m) . ——— 45" ___""----1.': /
s Neorhynchia sp. {1409—3650 m) \\ ,,» J_.;:?j_]‘_f‘_“ff-:l*_{f_‘__c_c;“_tﬁ PR f_,

= Cryptoperidae
o Cryptopora boetigeri (500—564 m)
w Crypiopora brazieri (111281 m)
® Hemithyridae
11 Notosaria nigricans (0—73 m)
e Terebratulidoe
12 Abyssothyris wyvilli (1894—5307 m)
11 Gryphus capensis (137—229 m)
11 Gryphus fulvus (119—264 m)
i« Liothyrella antarctica (75—2273 m)
w Liothyrella vva (02150 m}) -
= Cancellothyrididae
11 Agulhasio davidsoni (82—155 m)
i+ Cancellathyris canceflata (5—201 m}
o Eucalathis k. E. murrayi (5672288 m) -
w0 Murravia exarala (90—264 m)
Terebratuling abyssicola (31—156 m}) a0
o Terebratuling crossei ¥ (183—338 m)
»» Terebratuling covofo (238—54% m)
21 Terebrafuling meridionafis {156—348 m)

900 goo 900

*Cinly one record on mop

MAP 3 i i MAP 4

Species of Terebratellidee (Part 1) 7 \“‘;{}: Species of Terebratellidae (Part 2)

7
Y1

\
|
IIII'

i S JI:-"-
T

'0 Magoselfa haurakiensis (46—146 ) T
‘0 Magoselfa sanguinea (9—100 m) ;
"< Magelfonia flavascens (0—178 m)
‘o Neothyris lenticuforis (27—183 m)

s Aerothyris
1 kerguelensis (10—274 m)
e fragilis (75—550 m) -
3 joubini (183—930 m) -

Where several localities far the some species occu.lr 1 maequariensis (69—124 m) ‘4 Pirothyris vercoi (3341 m) -
in a restricted geographic area, only one symbol is s Pvenosa (2—146 m} & Ferck ratisils L
used. b Gyrothyris mawsoni (79—476 m) .

¢ dorsata (2—220 m)
* enzenspergeri {30218 m)
s submutica (37—112 m)

'r Joffoiu joffaensis (73—549 m)
“4 Mogoding cumingi (4—346 m)
‘s Waltonia inconspicua (0—92 m)

COMPILED BY M. W. FOSTER
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BRYOZOA

Emballotheco

i contortuplicafa

:  phylacielloides
Mucranella

*  crozelepsis
+ phylactelloides
& Parasmiftina
s hymanae
Parella

»>

iomarginala

marsupivm
o Rhamphostome(la
s bassleri

MAP 1. Smittinidae (Part 1) [<

COMPILED BY J. S. BULLIVANT

MAP 2. Smittinidae (Part 2)

& Smitting

abditavicularis
antarciico
canwi
cincliporg
conspicua
{Pdiracta)
landsboravif
fandsborovii personata
malfouinensis
morionansis
ordinaty
triparg

2 Smittaided

13

ornatipecioralis breyior

i
/
fi
1
|

#» Cornvcoping
tinfundibuloto

¢ oig

i pectogemmo
1 polymorpha
5 rotundaia

s Frymophora

& klugei
O Klugefla
7 echinota

MAP 3. Bicellariellidae

e —48%—
, _
ARTORSTD

S
AMTARLETIC o

e Cellarinefla
: dubr’a
¢ foveolato
1 Alayfoni
4 mdargueritoe
i nfegovande
v nodulata

T nuh

i rossi

¢ roydsi
v waolersi

O Systencpora
I comracta

PLATE 10

FOLIO 11 —MARINE INVERTEBRATES
ANTARCTIC MAP FOLIO SERTES

AMERICAN GEOGRATHICAL SOCIETY —1969



SIPUNCULA AND
ECHIURA

, o

—
ARTARGT

MAP 1. Sipuncula

Golfingia (Part 13
» andersson
+ margaritacea capsiformis
A& mawsoni

COMPILED BY S. J. EDMONDS

i P

b PR

MAP 3. Sipuncula

» Phascolion
¢ futense
« strombi

= Phascolosoma
aoanrnulatum
¢ migrescens
i nodulifervm
v scolops

s Theriste
; cymodoceae
v fisheri
o tuscum
o huttonl
1 petricolum
1z fOS@cewm
= signifer

& Sipunculus
1 angasi
s nudus

+ Xenosiphon mundanuem

<

1

2

MAP 2. Sipuncula

Golfingia  (Part 2)
@ rrardenskiondi
* ohlini
A pudica
= other species

henhari
cantabriensfs
calharinae
charcot(
depressa
eremita australis
fmpravisa
itermedia
minuta
muricaudata
fiovaezealandiae
schuttel
tasmaniensis

Com Wi

ANTARC

-

MAF 4. Echiura

@ Anelassarhynchus adelaidensis

+ Bonellia gigas

Echiurus antarcticus

B

Hamingia arctica
Maxmiielleria

¢ faex

&= VErCosuim
Lrechis

s chilenss

a fNovaezealandiae
# Thalassema anfarcticum

ARTTIC

PLATE 11

FOLIO 11 —MARINE INVERTEBRATES

ANTARCTIC MAP FOLIO SERTES

AMERICAN GEOGRAPHICAL SOCIETY — 1969



BENTHIC MOLLUSCA

TARETIC |

4B

.

MAP 1. Pelecypoda (Part 1)

+ Adamussium colbecki
. Cyclocardia astartoides
= Laternula elfiptica

= Limatula pygzmaea

" Liratula hodgsani

8 Lissarca notorcadensis
= Philohrya sublaeyis

L=

Thracia meridionalis
Yoldia (Aesquiyoldia) eightsf

&

e—— A5

GTRRETIC Clrue

b I f_‘?

=

Sy

o iRhe .

MAF 2. Pelecypoda (Part 2)

Limopsis
F* anderbyensis
“ hirtella

fittied

marionensis
scabra

scotiana

COMPILED BY R. K. DELL

EOH Ve

PLATE 12

FOLIO 11 —MARINE INVERTEBRATES
ANTARCTIC MAP FOLIO SERTES

HEfmh

COvenge, !
=

£t —5I5° e

MAFR 3. Scaphopoda

% Cadulus (Polyschides) dalli antarcticus
L Cadulus thielel

*  Dentalium eupatrides

o Fissidentalium aegeum

®  Fissidentatium majorinum

&

Siphonrodentalium minimum

AMERICAN GEOGERAPHICAL SOCIETY —1969



PLATE 13

PYCNOGONIDA

SHEET 1

FOLIO 11— MARINE INVERTEBRATES

ANTARCTIC MAP IFOLLO SERIES

COLOSSENDEIDAE

MAP 1
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Ly
9 ®
53 = 3
§ 2 8 T
w6
,..mrmS I om M
o & o omeaB
@ 7] = @
] w =
m.ld. w =
Cilmu_dn
M e g = W O
o 2 O nm o B0
v Wl L s g 9
£ on - g o8
T @ ¥ & F 5
[ R R e [ -~ U
L = = = T -
g 98 c 5 m
S =0 © g 0 g
T EQQan
i
e = c B e O
o
1
&
o
=
o
0
2
&
Ln
Y- g
=
M.u
@B
L&)
z 2t
i =)
Bl g oc
mo
o 32 e s 25
L o 9 P = =
T8 2838 o .
S0 DY 5 _m
IR - =G
Hp_dcmA{
=} g
T e o 4 < *
16}

AMERICAN GEOGRAPHICAL SOCIETY —1969

COMPILED BY J. W. HEDGPETH



PYCNOGONIDA

SHEET 2

PR

AW ARSTIC CONVERn

0° ,

Lo

Gy

-l
-

90"

90°

» MAP 2, Colossendeis

= megalonys megalonyx
® megalonyx sspp.
® robusfa
= drakei
® fortipalpis
®  filfie
L scolf
australis
& wHsoni

Peniapycnon charcoti
Xod

Pycnogonum rhinoceros
X1.5

Drawlngs by author

COMPILED BY J. W, HEDGPETH

MAP 4. Pycnogonidae

Pycrogonum
* magelianicim
m plafyfophum
& gaimil
@& rhinoceros
A magnirosire
e siveriseni
* Penlapycnon charcoff

G0°-

MAP 3. Ausirodecus
(glaciale section)

Long-eyed Group

& glaciale

o fagei

v & Simufans

B caicaricauda

& glabrum
Shart-eyed Group

® curtipes

W fongismioum
A& sinuattim

¢ profundum
* spec. 1

® spac, 2

PLATE 14

FOLIO 11— MARINE INVERTEBRATES
ANTARCTIC MAP FOLIO SERIES

Austrodecus glaciale
%14

90°

MAP 5. Achelia
Morphogroups

2. Southern South
=¥ Temperale {2 species)

E Southern Sauth
American (5 species)

& Achelia sufffata

Antarctic
(4 species)

AMERICAN GEOGRAIHICAL SOCIETY — 1868



PLANKTONIC OSCTRACODA (HALOCYPRIDAE)

ANTARCTIC SPECIES

COMPILED BY N. S. HILLMAN

0¥ ¥
. &
I" & / ‘-?Ou

\ e 45 o i L)
A aReTiE | coR e T
|\ pIARETI |CONvERGe, ]
¢k

f

MAP 1

Station Map
& Fflanin cruises, 1963-1964

s Swedish Antarctic Expedition, 1901-1803, in the Anfarciic
4 British Antarctic Expedition, 1910-1913, in the Terra Mova
* @erman Antarctic Expedition, 1901-1903, in the Gauss
4 German Deep Sea Expedition, 1898-1899, in the Valdivia
+ British National Antarctic Expedition, 1901-1904, in the Discovery
s Belgian Antarctic Expedition, 1897-1889, in the Belgica
Discovery Investigations, 1926-1927

.\\
; \ i MAP 2
_____::\I,.-H"'-Hf , # LA i - = Conchoecia borealis antipoda
.- I|
i |
I
! |
| |
+ i 90°
1 |
'-. ,l
I J
J‘ |I
F |
g
/ Sase
/ .
{ e

Reqgion where collection
localities are tog pumerous
to plot individually

MAP 4

e Conchoecia heltacra

MAP 5
» (onchoecia helgicae
»  Conchoecia brachyashos

PLATE 15

FOLIO 11— MARINE INVERTEBRATES
ANTARCTIC MAP FOLIO SBRIES

MAP 3

Conchoecia {socheira

AMERICAN GEOGRAPHICAL SOCIETY —1969



PLANKTONIC OSCTRACODA (HALOCYPRIDAE)
‘WARM-WATER' SPECIES |

MAP 6

s Conchoecia serrufata

MAP 9

s Conchoecia ratundata

MAP 12

» Conchoecfa symmetrica

COMPILED BY N. S. HILLMAN

MAP 7

&  Comchoecia chuni

MAP 13

+ Conchoecla edentala

MAP 10

* Conchoecia elegans

MAP 8

+ Conchoecia obtusala

MAP 14

a Archiconchoecia cuculfata
» Conchoecia valdiviae

PLATE 16

FOLIO 11— MARINE INVERTEBRATES
ANTAROTIC MAP FOLIO SERIRS

MAP 11

* Conchoecia lophura

Maps 6-8
Species found primarily
at depths less than 250m

Maps 10-14
Species found primarily:
at depths greater than 250m

Region where collection localities
are too numerous to plot individually

AMERICAN GEOGRAPHICAL SOCIETY —1969



CIRRIPEDIA

MAP 1. World wide records*
I Arcoscalpellum brevecarinatum (2474-2880 m)

v Arcoscolpellum discoveryi (292.8 m)
i Arcoscalpelfum iriangulare {1080 m)
+ Arcoscalpellum veniricasum (2050 m)
i Briarosaccus colfosus (10.5-742 m)
Conchoderma aurifum (on whales, fish, and
floating objects)
Coronula diadema {on whales}
b {epas oustrolis (on floating objects)
Lepas hillii (on floating objects)
© Verrueo gibbosa (251.6-3429.3 m)
& Xenobalonus globicipitis (on whales)

*Orther than those shown on maps 2, 3 ,and 4

Canchoderma aurfiur
on Coronuia diadena

(after Tarasov and Zevina, 1957)
x 0.5

a0°

LS MAP 3. Lepadidae

[after Nilsson—Cantall, 1930}
x D75

o Conchodermo ourifum (on whales)
& lepos australis (on flooting objects)

& lepas hifli

COMPILED BY A.ROSS AND W. A. NEWMAN

Regions where there are numerous undefined collection sites

Scalpeifum vanhoffens

%9

00
| r—— . - ;?0 “
A & /
| ARTARETIC| Sttty - i
AT Ry \"A
¥ 2t I. .'ll T .
) !

L S
s} % TR

fafter Gruvel, 1009)

| T BROTIC
ot

1
2

a

E

MAP 2,
a Scolpellum vanhoffeni (350-385 m)

e Arcoscalpelfum

5cu|pe||idc:e

angulare (342 m)
antarcticum (3045 m)
gurorae (287 m)

berndti (350 m)

bouyeli (40-45 m)

bouvieri {18-550 m)
brevecarinatum (315-4540 m)
campuacturn {91-567 m)
convexum (110-310 m)
discoveryi (7-342 m}

gaussi (380-385 m)
improvisum (2305-4755 m)
fiberum (259 m)
magnaecarinae (259-315 m)
nymphonis {144 m)
recurvirostrum (274 m)
triangulore

ventricosum (267 m)
welfneri (280-385 m)

Hexelasma corolfiforme

(after Hoak, 1883)

13
Briarosaccus
cafiosus

MAP 4. Other Cirripedia

e Chthamalidae

I Hexelosma ontarcticum (? m above sea

level 1o 1592 m)
¢ Hexelasma corolliforme
& Balanidae

(200-280 m)

1 Coronula diademo {on whales)

1 Coronuwla reginae (on wholes)

s Xenobolanus globicipitis (on whales)

Yerrucidae

® Verruca gibbosa (555—3056 m)

Rhizacephala

+ Briorosoccus callosus {(13-728 m)

0° PLATE 17

x’/ FOLIO 11— MARINE INVERTEBRATES
! 39, ANTARCTIC MAP FOLIO SERIES

R S

—

_E"_':”"-’E‘mr i
BT

Arcoscalpeffum
therum
(after Nilsson—
Cantell, 1930}

% 3.78

Arcoscalpelium gauss!

{after Gruvel, 1809)
*a

Verruea glbbosa

{after Hoek, 1863)
X8

Aepobalanus globicipitis

(after Darwin, 1854)
x1.5

AMERICAN GEOGRAPHICAL SOCIETY—1969



AMPHIPODA HYPERIIDEA

SHEET 1

: o° & :
..—--'__450__——-—_. \\
; e - *
\ p‘tq'fjl_-ﬁrc:,!l:,_’:.‘[{{j‘_-ﬁ?l;&; /
5 o = "l':. - :l:

_f'r.."r

|
' -

-90° |

PLATE 18

' -
a3 ; i
FOLID 11— MARINE INVERTEBRATES
I".l ."I *?(jg ANTARCTIC MAF FOLIO SERIES
b el /
GE B .
Pl p_je:_'r,ﬁ.ﬁ---.‘:-.'.:fi‘if’f‘fi{?ﬁ_-ﬂﬁf

Scina typhlons

(after Wagler, 1825}

90°-

ap°

90° , :

3 B
I

o
o
5,
%,

5,

(..
T

Map 1. Lanceclidae

2 Llanceale
\,:_3,/ = gestiva
G & clowsi

¢ clausi vor. gracilis
& foveni var. anlarctica
= pacifica
* Paralanceofa ancmala
® Scypholanceolo vanhoefeni

.’l
o
i

r'.'r
1500

Ltanceals pacifica

(after Stebbing, 1858)
X3

Vibilia progingura

{after Stebbing, 1888)
E

In tinted regions collection sites are too numar-
gus to plat. Symbol or number adjacent to
the area identifies species found there while
number of localities is given in parentheses.

COMPILED BY D. E. HURLEY

! MAP 2
. Scinidae

| Scina

& anferetic
& harealis

L

-

B Crassicornis
2 curvideactylo

&

rottrayl var. kislhacki
spinoso
o Other species

*
L

1 rcarta

< stenopus
4 tullhergi
4 wollerecki

w

fegisma
i marginafa
typhlcas
& pusille
o m Acanthoscing aconthodes
w e Clenoscina brevieoudnta

Proscinidae
- m Mtmoscing seiosa

xa

R S

LRGN0 vE e,

———

antarchica

o anmatg
& chuni
4 propingua
+« pyripes
» robusta
~ stebbingf

v wiolrix

T
£

4
4500

Cyllopus mageflanicus

(aftar Hurley, 19585
x4

MAP 4. Vibiliidae (Part 2)

Cyllopus
T fucasii

¢ macropis

® magellonicus




AMPHIPODA HYPERIIDEA
SHEET 2

MAP 5. Hyperiidas

= Hyparia
. anfarclica
. bengalensis
+ galba
,/‘ . fuzoni
-
o macraayx
(o] « spinigera
+ Hyperocha
luikenides
o mediterraned
, medusarum
 Hyperielfa
o gntarciica
.11 difaiota
w Hyperoides [engipes
@ Pegohyperia princeps

D
KA
) fr..‘}{i\!

N

g
Bl Y

PR
oS

00

Hyperoche medusarem

{after Hurley, 19351

X7

==L

Hyperiotia diatata =

{after Stebhbing, 1888}
X5

Phronima sedeniarfa

{after Chevreux and Fage,1925)
2

20"

PLATE 19

FOLIO 11 —MARINE INVERTEBRATES

ANTARCTLIC MAP FOLLO SERIES
e R
e AHETLE SN AR .
ﬁ[*:.—r‘:ﬂr—“”'&'?:‘wggfﬂfjﬁn i

Parathemisto gaudichaedii

{after Chevreus and Fage, 1925)
X3

In finted regions collection sites are too numer-
ous to plat, Symbel or number odjocent to
the area identifies species found there while
number of localities is given in parentheses.

g

MAP 7

Phronimidae
o Phranirma
« offantica

¢ sedenfaria

=ik s slebbingi
L+ Phronimella elongate

Paraphronimidae

& Porophronima crassipes

Phrosinidae

+ Phrosing somilvaafa

« Prinmo mocropa

“oom Anchylamero blosseviffe

Primna macrops

[after Chevreux and Fags, 1925)
X

COMPILED BY D. E. HURLEY

e e

i {
. i
i

'
¥
1]
]
1

MAP &, Hvperiidae

Parathemisto
& austrofis

o goudichoudii
4 gracilipes

Brachyseefus erusculim

{after Stebbing, 1868)
xd

T Ang 9
| d d by d ¥ Y E ! Platyscelus ovoides
eqi i ; ; ; .
e eugpaie' R CED I perhe = {after Chevreux and Fage,1925)
there are collection sites at undetined locations, ] %2
Symbols ar numbers adjocent identify species X

found in the region of the line pattern. When
the number of collection localities s known it is
given in parentheses following the species
identification number.

WIAETIE

a0°-

-

MAP B
s Archoeoscinidoe s Mimonectidae
I Archaeoscing steenstrupi = Mimanectes sphoericus
« Mimonecteola beebei % Parascelidae
+  Brochyscelidae n Parascelus fyphoides z
i Brachyscelus rapacoides # Platyscelidae
o Brochyseelus crusculum 11 Platyscelus ovoides [~
s Thamneus platyrhynchus 12 Hemityphis rapex
» Chuneolidas 12 Tetrathyrus forcipotus
s Chuneola parasitica
4 lyecacidae
' Pseudolycaea pachypeda =
* Tryphana malmi

AMERICAN GEOGRAPHICAL SOCIETY —1969



NEBALIACEA PLATE 20

Nebaliopsis typica FOLIO 11 — MARINE INVERTEBRATES
ANTARCTIC MAP IFOLIO SERLES

COMPILED BY S. R. GEIGER
AND C. BRAHM

MAP 1

World distribution

= previously reported {(not examined)
&  previously reported (examined)
= not previously reported

MAP 2

Distribution in Antarctic
and Subantarctic waters

©  previously reported (not examined)
previously reported (examined)
not previously reported

¢ 0—1000 meters

AMERICAN GEOGRAPHICAL SQOCIETY —1969



CRINOIDEA

MAP 1
Stalked crinoids and the comatulid
Promachocrinus kerguelensis
(Antedonidae, Heliometrinae)

Bathycrinus australis
Ptilocrinugs
® brucef
* antarcticus
Hyoerinus hellelffanus
2 Promachocrinus kerguelensis

In areas with tints the records are too numerous
to represent by individual symhbols.

Eathycrinus

{after Thomson, 1876)
e

COMPILED BY J. H. DEARBORN
AND J, A, ROMMEL

90°

PLATE 21

FOLIO 11— MARINE INVERTEBRATES
ANTARCTIC MAP FOLIO SERIES

MAP 2
The family Notocrinidae and Anthometra adriani
and Florometra mawsonf
{(Antedonidae, Heliometrinag)

Notocrinus
& mortenseni
® yirifis
o Anthometra adriant
Flarometra mawseoni

In areas with tints or line pattern the records are too
numercus to represent by individual symbaols.

QU

-1 _?E.@Eﬁ:‘.ﬂ(a &

MAP 3

The family Antedonidae, subfamily Isometrinae,
and Solanometra antarctica,
subfamily Heliometrinae

Isometra
® angustipinna®
# flavescens®
& praminea
* hordea
S ineata®
U vivipara
* Solanometra antarctica

=0nly one record on map

-80°

FPromachoerings kerguelensis

(after Bernasconl, 1932)

Piiioerings anfarclicus

{alter Bather, 1608)
X1
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HOLOTHUROIDEA

B
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| F

MAP 1. Genera Pseudocnus, Psolidiells,
and Pseudopsclus

Pseudocnus
A perrieri
® laeyvigatus

I duhiosys  (leonina group)
= leoninoides
+ cornuius ¥

Fsolidiella

& nigra

+ adhaerens

w maollis

Pseudopsolus
® macquariensis

* Only one record

In tinted regions collection sites are too numer-
ous fo plot. Symbol adjucent to the area
identities species found there.

Psofus charcols
{after Vaney, 1006)
ES |

Psofus ephippifer
(after Theel, 1858}
1.2

PETEC |0l

MAP 4. Ekmocucumis and southern representatives
of the genus Trachythyone

Ekmocucumis
% aspera
* denticufata
A irregdfaris

®

Spatha

stefnent

Psolus antarcticus turglieti

(after Thesl, 1226) Trachythyaone
E |

[

& lechler

| macphersanae
8 mira

+ patva

= sguamata *

* Jinly ene recard

COMPILED BY D. L. PAWSCOCN

o T of

5.3 e

MAP 2. Genera Cladodactyla,
Cucumaria, and Hemicedema

Cladodactyla
& Ccrocea
Cucumaria
b ferrari
= psalidiiforrmis
genrgfana
attenuata

Il periprocta®

& perfida #

2 ponspicua®
Hemioedema

L spectatilis TR

* Only one record

——45—_

T ARCT CoWyy
STARCTE Cay YERGen

MAP 3. Families Ypsilothuriidae (excluding Ekmocucumis—
sec Map 4) and Psoldae (excluding Psolus—see Map 5),
and the genus Peptamcra

Abyssacucuns Pentamera

®»  abyssorwm F chiloensis
Staurocucumis o Psolidium

o frowviffor dorsipes

= Ypsilocucwmis © o gaini

1 scolize incertum

: turncals o disciformis
Echinocuzumis Meopsolidium

® hisprda®* 4 convergens
Ypsilothuria Theelia

& pitentaculata™®® ® porifera

*¥* Known frem only one record in map ared, hut well known clsewhere.

MAF 5, Southern reprosentatives
of the genus Psolus

w anfarcticus
« charcaoti
eptippifor
e kochilerl
o MUrray
pataponicus

= punctatus
sguamatus

A5

PLATE 22

FOLIC 11— MARINE INVERTEBRATES
ANTARCTTC MAP FOLIO SERTRS

Map 2

Cucumarfa affenuata
{after Vaney, 1906)
#4585

Map 3

Neopsolidivm convergens
(after Perriar, 1905)
®2

Psofldium dorsipes
{after Ekman, 1921)

#4.3

Yps”othun’a artenizculata
{after Ludwig, 1884)
w8

 EE e

90°

MAP 6. Southern representatives of the genera
Taeniogyrus, Chiridota, and Trochodota

Taeniogyrus

= contortus

Chiridota

o pisanii

L grgas

“ nigra

0 carnleyensis

Trochodota

u purpurea

s roebuck]

» altani

+ dunedtnensis
¢ dendyi

AMERICAN GEOGRAPHICAL SOCIETY —1869



ECHINOIDEA

MAP 1. Southern representatives of order

Cidaroida, subfamily Ctenocidarinae

& Ctenocidaris
I geliberti
Yonutrix
i perrieri
¢ porypfax*
speciosa
Y rugosa
it Ogmocidaris
benhami
* Rhynchocidaris
triplopora
= Homaltocidaris
gigantea

* Only one recard

* Aporocidarls
7 antarctica
4 jnceria

O Motocidaris
3 ZAUSSEnSIS
0 hastata
" mortensenit
2 platyacantha
8 remigera
W spinosa

Austrocidaris

= canalicufata
s+ spinulosa

COMPILED BY D. L. PAWSON

ARCTIC Koy

—e——A45——___

sy <
]

e

MAF 2. Genus Sterechinus
(Bathymetric range of genus: 0 to 1566 m)

agassizi
antarcticus
4+ dentiter
*+ diadema
neumayeri

o

MAP 4. Genus Abat

agassizt
bidens
cavernosus
cordatus
curyrdens
elongatus
ingens*
nimrodi
phitippi
shackeftonf

L B S

T

*Only one record

s

MAP 5, Genus Amphipneuste

e B M oE 4 O

3

bifidus
Lrevisternalis
koehler
lariol
marseplalis
rastratus
similis
tumescans

&

. o _4Ke S ] r_:"

ACTIE e T )
BT BV RRGgy T/

T T
7

oy
5

aibocinctus
Hlemingi

hiuttond
mageflanicus
marionis

notius*®
novaeamsterdarmiae
novaezealandiae
sanctipauli

D e N

LR R N N

MAFP 3. Species of the genus Pseudechinus
which occur in latitudes higher than 35°S

R L O

; a Brisaster e [ripylaster
| kerguelonsis philippi
i moseley » Paramarctia
/ 4 5p. . peloria
T g mufltiiuberculata
* Tripylus I Spatangus
+ cordatus o rnuttispings
boexcavatus i thar
. i reduciues 31 heryt

MAF 6. Spatangid genera Paramaretia and Spatangus and
southern representalives of the Family Schizasteridae
excluding Abatus and Amphipneustes

PLATE 23

FOLIO 11 —MARINE INVERTEBRATES
ANTARCTIC MAP FOLIO SERIES
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ASTEROIDEA PLATE 24

SHEET 1

FOLIO 11— MARINE INVERTEBRATES
ANTARCTIC MAP FOLIO SERIES

45—

L e B o
bw-;;gr«c,'\-rr{:'

______ RUTERETIC  egp

e —

Coscinasierias

Arm-spread up to 14 in,

Patiriefla
Arm-spread up to 3in.
» Anasterias Crossaster MAP 2
antarctica (0120 m} v austrafis (120 m)
conferta (0-7 m) Is conopus (322 340 m) » Coscinasferias . Patiriella
directa (intertidal) =  japomicus (P0-600 m) africana (0—40 m) . colcar {intertidal)
4 mowsom {littoral) 20 peniciflates (55-280 m) o ealamaria (4-80 m) . exigua [intertidal)
minufe (0 16 m) ® Natasferias ; candicans (450--360 m) o fimbrioto (2-360 m)
pedicellaris (7-95 m) 22 ermeate (15-752 m) . eustyla [200-300 m) - gonnii {intertidal)
perrieni (022 m) = bongraini (60-830 m) | vidotine (70 m) = regularis (0-100 m)
rupicola (intertidal) 20 haswelli (60 354 m) , Cosmasterias ;
: sphaerulata (intertidal) 5 pediceflaris (3100 m) ccipensté {120 in) * Gauvssaster Cosmasterias
i stolidofo 2% sfolophora (247-274 m) dyscrite (230-400 m) 19: enfdrLess _(300 m) Arm-spread up to 8 in.
studeri (50 278 m) * Para.fophasfer lurida (0-690 m) 2 vyonheceffenr (2450-2725 m)
_ 21 osperafus (170 m) polygramma (430 m) o Kampylaster
" A”"E""‘-"'S*?"f m godfroyi (193-567 m) | tomidata (90 m) W ineurvatus (93 472 m)
qustralis (79-341 m) 2 forioh {1375-5500 m) - Diplopteraster
scaber (22-113 m) O Pergamaster perigrinotor (254 m) s luidiaster
A Asterodon s fncerfus (247540 m) o semireticoloies (Y9—13E m) RI unfnrcfict.as (3700 m) Allidrawinggiafter:Fell, 1367
dilatatus (4-100 m} 3 synapfarus (342 m) . verrucosus (75-205 m) 2 gerfncf‘rer {160-810 m)
miliaris (35-100 m) il e b 6 Rhopisla
It robustus (intertidal) a1 triseriatus (369-384 m) 2 hirsute (151-603 m)
singularis (share—78 m) & Saliosterias 15 koehleri (P3-130 m}
S Schiatd {13340 2 plerasteroides {358 m)
2 smilox (110-350 m)
w smithi (450 m)

4B
sHTARETIE ¢

ARTERET]

Asterodorn

Arm-spread up to 5 In,

Crossaster

Arme-gpread up to 7 in.

MAP 4
» Anoreaster
0 Cuvenotaster = Pedicellaster | gourdani (10-540 m)
i involutus (60-578 m}  formatus {120 m) « Cryptasterias
& Granaster 15 hypernotius (93450 m) . brochiote (25 30 m)
% nwdrix (1-250 m) w reticolofues (156 m) turgueti (045 m)
O Llysasterias 17 scaber {40-50 m) o WNeosmilasier
* pdelioe (24-578 m) s Perknoster . georgionus (1335 m)
i belgicoe (560 m) g ourankioces (75254 m) . stefneni (100 160 m}
5 chirophora (450-560 m) o owroroe {18-300 m) . Odinella
o digitefe (163-300 m) s¢ choreeh (132-235 m) ¢ nubeix (125640 m)
7 hemiora (70 m) 41 densus {101 385 m) + Psalidaster
b heferadcis {342 m) po Fuscus (3-382 m) - mordox (163-3&7 m)
5 jeffrei (8B—B1D m) o rallien (littoral)
{0 perrieri (0 708 m) 1w sladeni (120 500 m)

s Myoraster
antarchicus (B8-578 m)

COMPILED BY H. B. FELL N
AND S, DAWSEY
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ASTEROIDEA

PLATE 25
SHEET 2 FOLIO 11— MARINE INVERTEBRATES
ANTARCTIC MAP FOLLO SERIES
Lan T RHCTIC ICox,,
COMPILED BY H. B. FELL

.A.

AND S. DAWSEY

Psiiasior
o Acodantfaster w lophaster Arm-spread up to @ in.
copitatus (163-549 m) 15 abbreviatus (3900 m}
conspicuus (25-574 m) 16 densus (200510 m)
elongatus (24-B41 m) 17 gainl (110578 m)
i+ hodgsanr (25-540 m) W marionis {101-106 m)
marginatus (250 m) 19 stellons (BO-2650 m)
| waitei [110-354 m) s Peilasier
" Burhybfasfer % ocuminatus (40-1900 m}
faripes (0—490 m) 21 chareol (03900 m)
foripes chesus (18- 1266 m) 22 Jongispinus (H0-325 m)

i+ Leptychaster
5 accrescens ($7-640 m)
10 amtorcticrs (420 m)
1 fHexvosus (2001-351 m)
15 kerguelensis (0151 m)
Hinsicts ; 18 kerguelensis mendosus (86151 m)
magnificus (5-203 m}

All drawings after Fell, 1962

Arm-spread up to 4 in. 5

ngo

Feribolasier
Arm-spread up to 2 In,

Cdontaster
Arm-spread up to 3 in.

(i

2

90°

—

MAP 7 s Pleraster
subgenus Pleraster

10 acvleoatus (325 m)

1 affinie (0-8603 m)

2 florifer (1266-1700 m)

13 koehleri (540 m)

14 februni (0740 m)

vorugeafus (150-300 m)
subgenus Refoster

1t gibber (210-490 m)
subgenus Aplerodon

17 stellifer (79-280 m)

15 telrocanthus (180300 m)

@ Diplasterias Odontaster . |
| brandti (0-450 m) benhomi (40-600 m) . B \ ’ e Cycefhra
@ Brucel (5-752 m) copifatus (254 m) e i cingulaia (16 m)
T meridioralis (1-224 m) golssoe (360 m) i
4 gctorodiafe (B-55 m) meridionalis {share—591 m) casrueosa 105 540 m]
5 rodiata (160177 m) penicillatus (120171 m)

Henricia penfogonalis (120 m)
compocta (550 m) pifelotus {110 m)
diffidens (75 463 m) pusifivs {3830 m)
hyadesi (share) singularis (shore)
lukinsi (0-30 m) tenuis (25 m)
obeso [24-4%0 m) validus (shore 741 m})

+ Labidiastar
annulatus {B-500 m)
radicsus {0—205 m)

pagensie:hsrf (17610 m)
praestans (420 m}
simplex (0-610 m)

smilax (163-603 m)
spinolifera {4—47 m)
duderi (75-341 m])

@ Porania

op gntordice (4—3200 m)
o globra (shere 1335 m]

13 Peribolaster
i follicwlatius (81 133 m)
fictor (240 m)
A maclean] {110-540 m)
5 powelfi {201-1335 m)

Smilasterias

o frreguloris

an scolprifera (F9-267 m)
71 fririmus (93-335 m)
Solaster

20 regularis (118 -603 m)

AMERICAN GEOGRAPHICAL SOCIETY —1969



OPHIUROIDEA
SHEET 1

Cphiocantha
iy onferctica (901400 m}
‘i1 densispina [135-463 m)
“m Image (200 1000 m})
14 pentactis (20 1375 m)
o wvivipora (17-1100 m)
L] ofher
& heferolyle {10-1860 m)
1 wnerfhepsila (30-90 m)
b poromedes (385 m)
g sofficita (2300 m)
10 Arencata (270-520 m)
11 wills (380-T1T00 m)
12 yaldwym (1000 m)

Opiifura

About 1 In, across the arms

Gorgonocephalus

Arm-spread up to about 10 in.

COMPILED BY H. B. FELL,
T. HOLZINGER, ano M. SHERRADEN

Meonamphiura

About
across the arms

Fain,

MAP 2

. Ophioscolex

4

denfotus (280-320 m)
marianis (¥P-113 m)
nutrix (134434 m)

v Ophiomiirella

|
i

= lcal

corynephara (312-440 m)
foulklandico (40 443 m)
ingrata (102181 m)

ior

deficlens (50-380 m)
dilataba (178-220 m!

gaussi (110-270 m)
tomenfosa (20 120 m)

Armn

if

phiuro

amokuras (litte

antarctica (36110 m)
belgicae (15-900 m)

eugenioe {3 38

poecilo (3-10 m) L
princeps (21-107 m)

& Ophiocten

"

149

u

e
5]

[=

amittnumr [(35-5
bisquamafum (1
caringtum {170
déderleini (385

dubivm (130 600 m) =

megaloplax (20

vltimum (3B5 m)

ral)

0 m)

Amphivra

45 m) Disc up to % in.,
20-245 m) arms 4 inches long
m)
m)

0-714 m) : All drawings after Fell, 1962

B R i

550" ]

= Gorgonocephalus

| chilensis (24—411 m)
novoezelondroe (801100 m)
pactinatus (350 B&O m)

i pourtalesi (110350 m}

» Monamphivra

. atbo {590 m)

i algido (20-752 m)
afternans (20 310 m)

n annilifere [literal)

o aster (literal)

‘o copensis (0—196 m)

| constricta (518 m)

¢ heroldico (320 700 m)

1 magelonico (0—150 m)

I+ microplax (110329 m)

i proefecto (1 40 m)

15 preposita (200-314 m)

v pusilta {0—550 m}

¢ spinfpes (10-150 m}

a Tarporkovia
12 onlarctica (100-2450 m)

o Ophivroglypha
w  catinifero {42 &00 m)
21 lymani (81-567 m)

+ Ophiura
2 gmbiges [120-2450 m)
23 hrevisprieso (88--240 m)
24 chathamensis (110200 m)
25 costefe (170460 w)
o erassa (322-342 m)
2 flexibilis (80-472 m)
25 meridionafis {0—2000 m)
2 gerrateo (200390 m)
o brimeni [262—1800 m})

e

sTARCETIC =
3‘3’.—«—-- AN FCHy

pe —

"

O Ophiocamex « Amphioplus

¢ gigos (300-500 m) I% basiliscus (1-10 m)
o Ophfcpyren 17 infeger (0—d4 m)
1 ra-gLrh:rn's (10-914 m) 1= Jnrrgirima (300500 m)
® Pandelia "4 peregrinotor [70-500 m)
< angufaris (100 400 m) * Amphiophivra
5 anguforis profects (23-108 m) 2 inops (2600 m)
¢ hinemoae (5-800 m) 21 facozei (5200 m)
e Hemifepis 2 ffenoso {3900 m)
7 dacunhae (135 m) = rowelil [0-329 m)
1 joubimi (42 1080 m) + Ophiomastus
4 lancealoia (1400 m) = admira! (400-730 m)
10 norme {20-600 m) 25 bispinosus (349546 m)
i pofita (100 600 m) 2g ;onvsnians (90350 m)
' Nullamphiura &l hidwigh {600 m)
2 lymani (17-270 m) 2 perforotus (385 m)
monorimo [(60-250 m) 2 primula (2450 m)
* Amphiodiu - sfeltamarts (300 600 m)

drygalskii {2450 m) actfus (160-500 m)

affinis {4-270 m)

PLATE 26

FOLIO 11— MARINE INVERTEBRATES
ANTARCTIC MAP FOLIO SERTES
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OPHIUROIDEA
SHEET 2

MAP 5

Ophiochondrus

+ OP

+ Ophiomyxa

= Ophiactis

stelliger (146-1200 m)

brevirima {1-1600 m)
duskiensis (litteral)
yivipara {74-300 m)

asperule {1-350 m)
carnea {3-72 m)
hirker (90 750 m)
profundr (50-200 m)
prefundi novaezelondios {128-260 m)
resifiens (2 270 m)

seminute (80-240 m)

s:.rme'DTa {180- 500 m;

tricelar

hiozonefla

foulklandica (242470 m)
megoloplax (87 m)

Map 5

Quhiomyxa

Arms about 3 In. long,
disc about 1 in, across

{after Fell, 1962}

COMPILED BY H.B. FELL,

T. HOLZINGER, AnD M.

SHERRADEN

&

. |
W ARCT

PLATE 27

FOLIO 11 —MARINE INVERTEBRATES
ANTAR{TIC MAT FOLIO SERTES

MAP 6

» Asfrochlamys o The
| hronews (120-200 m) 12
r sol (342 m} 13

& Asfrohomma
3 tuberculatum {150-399 m)
s Ophioperla
i koehlerr (701080 m)
+ Ophioplinthus
5 grisea (35004536 m)
7 meduse (3500-4636 m)
o Ophiosteira
¢ antarchica (25752 m)
© bullivanti {460-835 m)
i debitor (214 m)
7 wehinufolo (B0 EOQ m}
1 rofendata (480 m)

4

= Op

® Other species

17
18
1w
20
"

odorio
frigrdo (300- 5600 m)
parrfita (130-500 m)
refegoio (110430 m}
wallini (120 &40 m)
hiclebelfa

biscutifero [60-463 m)

Ophrodictys inonis (240-559 m)
Ophicsparte gigas (110-750 m}
Glociocontha joson (318-472 m)

Euvendrea Horeho (1335 1375 m)
Ophicmages errstafus (24-60 m)

-

L

»

MAP 7

Astrotomo

1
Op
Op

Op

T

o

agassizil (75-750 m)
hionotus

hexectus (1 310 m)
victarioe [(5—750 m}
hiogono

doderling (4751080 m}
faevigata (0-240 m)
tenelfo

hivrofepis

accomodata (1300 m)
breverima {200-750 m)
carinota (130-300 m}
gefidda {40 750 m)
mortenst (17-752 m)
merdax (240-1600 m)
fuberesa [200-750 m)
Fumescens (280 2450 m)
turgida (336 341 m)

Ophioceras
e huttoni {litterald
7 tncipiens (G0—-600 m)
19 molginode II\I‘I“[JH]E]

WY ARG

a

© Asteranyx
lovens {1780 2600 m)
4 Ophiacontha
o cosmrca [200-4B50 m)
4 rosea (350-620 m)
= Ophiernus
4 vallincola (P20-2950 m)
Ophioctis

& Ophiocten

® Ophiuvra

figurefa (3550 m)
Hogellate {S80-2330 m)
o floscellofa (2450 m)

j0 fraferno (3900 m)

11 frrorata (G00—-4500 m)

=2

2 abyssicalo (O0-2000 m)

i hostotum {1600 2750 m)

jejuna (PO0-2000 m;
lemficuloris (3700 4208 m)
ossiculata (2400 m)
rugesa (1400 mb

MAP 8

= Ophiomusivm

¢ Endemic Species

=)

f Hamelophivro seissa (25003400 m)

* Ophiacten pallidivm (3600 5200 mi

archoster {3500 m)
armigerum {1580—-4400 m)
constricfum (340 m)
fymani (500 38650 m)

Ophiocamtha feigida :1440-3550 m)
Ophigrantho opulentn (2725-3550 m}
Ophiolebes seopters (570-3200 m}
Ophiofebes vestitus (300-800 m)
Cphiacis amaler (314-600 m)

Ophiocten ludwigi (2500 4636 m)

Cphivea foven| (2400 -5200 m)
Ophiozonella stelloto (1400-2200 m)
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PLATE 28

FOLIO 11 - MARINE INVERTEBRATES
ANTARCTLC MAP POLLO SERIES

ASCIDIACEA

SHEET 1

| I
.__.,-""'-- " ANTARD

) AN RO M

MAP 1

Species with wide range in the
Antarctic ond Subantarctic

+  Aplidivm circumveluium Antarctic species extending Antarctic species extending

Ascidia challengeri to the Kerguelen and to the Kerguelen Province
Corella eumyota Magellanic Provinces but not to the Magellanic
0 Melgula malvinensis T
& Palysyncraton chondrilla 5 Cnemidocarpo verrucosa w  Molgula giganfea
# Pyura squamata s Styela nordenskjofdi O Molgula pedunculota
o Sycozoa sigiffinoides e Tylobranchion speciosum o Styelo pfefferi

1556

[ |
,mr_ﬁr-co:w)c ¢

IE:::!': M Eip e

MAP 4
MAP 3
. . . . ] . Species found chiefly in Species found chiefly in
Antarctic species extending Antarctic species exfending the South Georgian Province  the Continental Province
to the Magellanic Province to South Georgia i
s Aplidiopsis georgianum & Apfidium caeruleum
4 Ascidia meridionalis & Aplidium radigium n Distaplia colligans ® Apiidivm vostum =
s Disioplic eylindrico o Caenagnesia bocki s Styela schmitii 0 Bathypera splendens
w Pyura setoso o0 Pyura discoveryi . . & Caenagnesic schmith
o Pyura georgiana Species limited to the e Cnemidocarpa’ zenkevitchi
& Stvals tesivese Antarctic Peninsula & Didemnum biglans i
@ Synoicium adareanum ) o Parevgyriocides arnbockae
#* Cysfody’res antarchicus s Molgulo eupﬁcafﬂ

% Siyela grahami

« Styelo wondeli

COMPILED BY P. KOTT AMERTICAN GEOGRAPHICAL SOCIETY —1969



ASCIDIACEA
SHEET 2

COMPILED BY P. KOTT

90°

MAP 5

Subantarctic species extending
into the Antarctic Sub-region

Agnesia glaciata
Aplidivm fuegiense
Aplidium irregulare

+ Eugyra kerguelenensis
Molgula pulchra

Species limited to the
Subantarctic Sub-region

Aplidium stewartense®

]

Aplidium variabile
Ascidio translucida
Didemonum studer;
Polyzoo opuntia

¢« % b ¥ B

Polyzoa reticufaia

* and Aplidium rocumbens

MAP 6

Species found chiefly in the
Magellanic Province

Alloeccarpa incrustans

« Molgula setigero
Paramolgula gregaria

e Pyura legumen

s Pyura paessleri

a Styelo poessferi

+ Trididempum guriculafum

Species found chiefly in the
Kerguelen or Antipodean
Provinces

Hypsisiozoo fasmeriana

OCligocorpa megalorchis
= Pyura vittolo
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Cosmopolitan abyssal genera

and species found in the Antarctic
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& Cosmopolitan

it

m

2

Corynascidia suhmi
Corynoscidia sedens
Corynascidio herdmani
Megalodicopia hians
Dicapia fimbriata
Dicopia joponica
Cufeoius murrayi
Cufeolus spp.

Styella sericota
Abyssascidio wyvilli
Abyssascidia pediculoto
Bathyoncus enderbyanus

4 Antarctica

Bathyoncus herdmani
Bathyoncus mirabilis
Protoholozea pedunculata
Fungulus cinereus

Pharyngodictyon mirabife
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Siyele nardenskjoldi
Styelo orbiculoiis
Pyura squamata
Pyura lepidoderma
Molguloides immunda
Molguloides vitrea
Bathypera oveoida

Bathypera splendens
Bathypera hastaefera
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