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'PART II.

GEOGRAPHICAL DISTRIBUTION OF THE BRACHIOPODS IN THE SOUTHERN' SEAS'.

. .
PH.EVIOUS DI~CUSSIONS.

The geographical clistribution of recent· Brachiopods throughout the whole world
has been stated and briefly discussed by Suess, Davidson, Oehlert, and Hall and Clarke;
but at the time these discussions were attempted (1852, to 1892) many eases of
discontinuous distribution, which have since proved to be cases of e'rroneous
determinations, .were believed' to exist, and the conchlsions reached \~'ere thus'
lessened in val,ue. ',Many of. the errors in previous determinati'ons were corrected
by Blochmann (1908),' who at the· sam~' time gave a most useful statement ot the
significance 'of the general facts of qistribution. . .

In 1892 .Fischel'. and Oehlel:t gave an excellent 'summary of the then known
distribution of' the Brachiopoda of the sOlithern seas, pointing out the unity of the
{a,unr;s of the A{'ctic and neighbouririg coasts as opposed to the diversity. of the
soutl1eril faunas.. They grouped the latter into the follQwing zoological provinces :­
Magellall 01' Antarctic, New Zeahind, Tasman[a and Southern Australia, C;l,pe of Good
Hope, ,and the Kerguelen Islands. The similarities existing between the Magellan,
Kei:guelen, and New Zealand faunas on the one' hand, and the differences from these
displil.y~d by th~'Australian and South African faUJ~as on thc other were sought to be

- ex'plain~a sol.~ly by cOllsiderations of latitud~ and temperature.

Dall (1894) in desCl;ibing .M.acamif,rcvia aml.~l'icaila pointed out the. possibility of
a migration of Bra'chiopods and other mal:ine organisms along the, western coast of
AmCl:ica: "'It lIlay be 'obser'vecl that there is nothing to prevent the free migration
of northem forms into f,he SmIth Pacific along' the coast of the Americas. The \\'riter

.has' already the evide'nce to shO\v that several species in'deep water do extend from'
·Behring Sea sOllthto the vicinity of the Galapagos Islands, a1id, in the ~ase of one'
species,,80Ic1n?/a .70]I1I,8on:i Dall, nlore -than 'a thousalld miles flll'ther south., With the
known gi'eat railge of many Brachiopods, .tl,lCl'C' would be no apparent reason why, ~

species of' the Panamic region, forins~ance, belonging to th~ northel'll type of
dcveloplilcnt, should not ex~end their range'soutll\va,:d, if opportunity arose."

As :jackson (!912) has I'Cmark!ld, the prescience of this e;ninent Americ~n
autho)' l;tts been amply justified by the subsequ~nt discovery of a Pr~na;nic sp'eci~s of
Brachiopod, Macwndl'cvi'a diamant·ina DaH, off Coats' Lr;nd, Antal:ctic. '

Von Ihering in 1903 discussed the' history of the fauna of th'e l\'~agella.n region,
and gave lists of the species from Chili,' Brazil, and New Zealand. '. He pointed out
that the 'Tertiary Brachiopod fauna of .Patagoniaagreed more 'closely with that of
New' Zealand than with that of Chili, and argued t~iat the Patagonian and New
Zealand .:egio;ls ~~~;,~ ~achunited t~,anAntarcti~' c.ontinent .at that, time, but that·
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Patagonia, was separated from' Chili by 'a strait of considerable' breadth. The
present Magellan faUlia was considerec~. tq consist in part of forms derived from
the Tertiary fauna of that district· and, in part of recent iminigrants from the ,north
along the. Pacifi9 coast of America, an(1 from the south (Kerguele~l ,district)aI0l}g the
eoast of the Antarctie Continent. yon [hering reeognised that thc clinmte of the
early Tertiary in Patagonia was warmer· than that of the present day.

BlochJ.llann(l908) rliseussed the possibilities of migmtii)n possessed' by Brachio­
pods and' their larvm,. an(T arrived at most'iilteresting eonelusii)ns, whieh appeai: well'
founded., 'In the adnlt stage the, aninu~ls are fixed to some objeet by their,pednncle'
and loeon10tion is, prccl;ldecl. ' Tiley' are' frequently s\~allowecli.by, fish, and' may be'
snbsequently disgorged' alive, but the ehances of' their living in. the stomach of It fish:
while ,beihg canied liny' great distan'ce, lind th\) flll'ther chance of both malc and fcmale:
individual' being, thus' planted elose, to. one another; are so small as to render, sneh a
method of transference qpite negligible. '('here remains only the distributiOlI effe(;ted:'
during the free, swimming, larval ~page:. II), this reS)1eqt a distinctiol) 'mus,t, be. drawn.
betw~en L1:'I1.,(lula anc11J,iscina (seJ)~)) l~,tf!),,o.n the one hallC1, and the rest of theelass,
on' the, 'other.,

L1:'I1.,qula, and Discina. hlwe pelagic ll1;J:vm furnished ~vith a n)onth and a funetioning
stomach. Nevertheless only one species, the deep-sea fqnn Pelagod'l:scus' atUr:nt'icusj is'
eosmop9litall in its distribution. The narrower clistribl'ltion of otlier sp~cies is 'probably-

rconditioned by the fact that they' al:e adapted to sh~lIow bottoms .iil, wann waters.
Discinisca lmnellosa. is frequently found' in 'great groups, which seems to show that the "
lm:vm' have not swum, far, fLnd the young. of Disc I:ilisca, lmvisf!'equently' also 'rest' on '
adult shells:

SofaI' as is known, the larvm of other Brachiopods. are not pelagic,. mld'have
not been found in the plankton of higher leveis of the se~. Blochmann has liilllself
repeatedly searched for them at the season of reprodilCtion Ivithout snccess ;uoll,\d '
the Norwegian coasts where Braehiopods 'are eommon,' and' he concludes' th,at they
remain near the bottom and settle down not flir from theij: nlothCl\ This must
espeeially be' the cas'e for the cleeper fO'I'I11S whieh are below the ~ffeetive ~l~tion of'"
elll'rents. .

The organisati'on of the larvm of the sp~,eies in qilCstion· precludes,a)ong chn:ittion"
of 'the free-swimming stage. With the exception of L'inguli~ m)d' Discina,* they are
ail, as far as k~own,witho~lt a mouth and functioning stomach during this stage, and
mus.t eonsequently soon eome to ·rest. Actnal observations on two species of
Terebmtul1:na. show tluit the IfLrvm settle after ten 'to twelve c}ays.

Fr:opl these facts BlochmfLnn eoneludes. that. t,he pow,8r of, 'distribu~j91) of
Bi:a~hiopods is very,l,imited, and, that, th~ lm:vm are unable to 'cross the opeans from
one coast to another. Only a few species live in depths of qver,.2,OOO' metr,~,s (roughly

. _""'" . I· . • • " \.. ., •

"".Little is kllOWIl of the IUl'voo'of Crania."
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.1 ,000 fath0l11s) ,.~nd a gradual migmt,ion amoss the deep 'oceans a.lohg'the bOttOI;l 'is
,i mpossible, for other species. The' majority of :the' Brachiopods' are found'onthe
,submarine ,slopes of the continents and the'neighbolll'ing islands, [tnd the deep oceans
are'barriers which they cannot, cross., '

'Cases of discontinuous distribution 'of the shallower i,~,itcr forms 'hai'e therefore
a profound significance. Tlnls the occurrence of Dyscoria wyvillei; Lacazellw 'II~edi­

terranea, Platidi(l, w/wJnioides, and Hucalaihis el:i]astica in the 'An'tilles and' Oil' the
eorresponding,coasts ~ast of the Atlantic, together with the occurrence of othel' closely
allied 'species on these opposite coasts and 'of :two Antillean species' on Ascension [slana,
can have only one explanation, viz., the occurrence of land connections or 'Lt'least
sha.lloiv subnHlrine ridges aCl'o~s the,Atlantic in an earlier geological period.'

In the case of the discontinuousdistributioll of the deep water species DyscoUa
wyvi:llei in the north I;idian Oceanalld east and west 0'£ the ~Hhtlltic, t<5gether with
the'reshiction of ChlidonopllOra to these 'two regions, Blochmann seeks a similar
'geologicalexph~.nation,viz., tha,t'in Tertiary times thereWlls an open seaway between
the Atlantic and the Indian Ocean through the e.irlier greatly extended Mediterranean
Sea. ,'I'he occurrence, of Kingen,a alcocki' Joubin iii the Indian Ocean is similarly'
cOlTe/;tted, with 'the fossil OCCUITel1Ce of this genus in Europe. .

Before these ~onc1usions can be regarded as' definitely ~stablished: Blochl~ai1l1
points Ol)t that more must be )ea1'11t of the structure of the la'l'vm and of the duration
'~)f tl,1e free-swimn1ing period in a htrger and'more varied seri,es of genera. Meanwliile
they possess 'a highdegr~e of probability, and they suggest that ,a study of ,the
distribution of souther!l Brachiopods may be a useful contribution 'to the larger pr6bl~Jl1

of the fonner .laml connections of the southeril helllisi)here: 0

, Schucl{ert (1911), in discussing the palffiographic and geological significance of
'recent Brachiopod.t, has '\IHtlysed and discussed the, bathymetric and geograp'hieal
distribution of the recent genera. The districts recognis~d ai'e a' deep-water realili
and Iour sludlow-water geographical regions as follows :-Boreal, Austral, Oceanica,
and Gondwana. The analysis contains 'several minor initCcuracies, but these do not
greatly affect the main conclusions. ,A more serious defeet,is the apparent assumption
that !,he origin of nearly .tll the southern forrIS must bl{ sought in the north, but that
none of the northern' forJl1~ originated in tl~e south. 'Yet the southern Tertiary faunas
were ,tt least .tS rich. and varied as those of the horth,:and there is little reason to assume. . . .
that'such was not also the case in earlier times.

, ,

Schuchert follows BlochnU1nn inpostulatiJ1g a former land connection across the
Atlantic, the' ilOrthern shore ,of ancient' Gondwana and the southern strand of the
extensive, Mediterranean Tethys' which reached hom Cent~al America to India. This
shore ~vas broken up, in the present south Athtntic region durilig the early Eocene, but
in the early Tertiary there was an open seaway between the Panama and Caribbean
regions and 'itlso .free communication with ,the Indian Ocean. The genera of the northern
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Atlantic distributed thcmselves not only 'H~und the Atlantic coasts but also eastwards
into the Indian Ocean', but the principttl drift was westward by way of the AntiUean
region into the Pacific, a,nd thence in the m,tin down the west cmtst of S!.luth America
into the Antarctic realm, wheise· vmters were. then ,lI1uuh warmel: than they are now.

, Hem'ithyris is reg~rded as originating" in the Boreal region, where the' fa mily
,Rhynconellidae is best developcd sinuethe Silurian.. The four species 'of the Austml
region seem to havc sprettd from Japan south through Oceanica, aild '.thenue' by \vay of
;Ne,,, Zealand into Anttuctiea. This condusion seems based mainly on theoucurrence
of the sl)ecies Rhynconella gra.y-i Woodward in the Fiji IslaJids, but 'it cannot be, regarded
as yet establi,shed that this speuies is cO!Teutly assigned to Ifeln1:thyris.

, ,: Th~re are six genera restricted to the A~lstral region, viz:, Agltlhns'/n, KI'a.tissinn,
Boltchwl'dia" ilfagellai~'ia, Terebratella alid: Megerlina. This region is faunaliy conllected
directly with Oceanica. The other genera ill these waters am regarded, as immigrants'
from Gond\Val;a.' Sch\lChert: has not' discussed the different districts of the Aust,ml
l:egioll or the forme~ land' connections which ilave been suggested between them.

..' . .
As regards the deep-sea realm, Sclnwhert conciudes fr~n~ a ~onsiderat,ion of the

deeper-seated forms whose geological history is known that the present deep.s~a forml:!
as a r~tle did not begin to migrate to this IHlbit~t earlier than the middle Mesozoic,' and
further, that this adaption is still going Ol~. The truly abyssal forms, as Bas·il·iola., .
ciilidonopllOra., Frieleiaand Pelagodiscus, ar~ probably of ,stocks even older than the
middle Mesozoic, and these genera· may have beguh their abyssal march as ea'i:ly as the
begiillling of the Mesozoiu,' the period at which the oceans began to get exeeedingly
deep.

In the subsequent discussion it \vill be convenient first to consider the ,tbyssal
fau;la, and then to state in detail, the distribution of the coastal forms according te;
geographical districts,. before' discussing fully the significance of the simil~riti~s and
differ~nces that these various districts exhibit..

THE ABYSSAL FAUNA.

A distinction Jimst be drawn, as Schuchert has pointed· oHt, bctwe~n deep,water
forms which fr'equent the margins of the continents, and typical abyssal forms which
occur i~ the middlc parts of the great oceans as welL Of the 'latter there arc only five

.species kno,~n,two' of which Chlidonophora. incerta (D;t~.) and Chli~onophora. chltn·i
Blochmann do' not occlir in the so·uthern iemisphere. ',N,eorhynchia strebeli. (DaU) hal:!
been reported Olily from the .'.' Albatross" station, 4721, in mid-Pacific, in 2,084 fathoms,
glbbigerina ooze, ,ind ,from Station 4709 southwest of the Galapagos gr()up; lil 2,035
f'athonls,' ooze'. 'The other two speeies,Pela.godiscus atlanticus (King) and Terebratula
WyvilleiDav., 'have 'l~wide' distributioIl'in· both hemispheres. ,The former OCCllfS in
, .
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the north and' Mid-Atlantic, off Coats Land, Antarctic, and in the Pacific" Ocean at
-various stations, around the 'enclosing coasts and ,near the ,middle, at depths of from
\200 to 2,645 fathoms. This great geographic range is no doubt due to the pelagic life
,of the larvae in the free-swimming stage., Terebratula wyvillei",w'hich -most probably
does not possess a surface-living larvae, is found at depths of from 1,035 to 2,900 fathoms
off South Australia and ,North Queensland, in th~ north-west Pacific, south-west of the
Gal1.lpagos Islands, off Valparaiso and the wes't coast of Patagonia, and near the Falkland
Is~ands. It is thus almo~t restricted to the 'Pacific, but appears to have spread eastw~rds

. into the South Atlantic, as Blochmann observed; and, westward to the Southern Ocean
sOllth of Australia. This ~ircum-Pacifi~ distribution is i~ marked c~ntrast t~ the more
limited range of other Pacific species inhabiting shallower waters, and helps to support

\ Blochmann's' co'ntention that for the coastal species the deep waters form impassable
barriers: ., '

There are a number of other southern forms inhabiting depths greater tlum
1,000 fathoms in one or the other hemisphere, but whi~h neyert,h'eless are p.otfound far
away from, the continental margins. Most of these occur on the Pacific coast o'f
America, viz: :...:. .

Di~thyrina clark~ana Dall, i,175 fathonis, Gulf of Panama, and 2',035 fathoms,
south-w~st of the ,Galapagos Islands. '

1I1aca.ndTf~v·ia americana Dall, 1,672 fathoms, Gulf of Pariama, and 122 fathoms,
off the west coast of Patagonia.

Ma.candrev'ia dia.mantina Dall, 1,175 fathoms, Gulf of Panama, 2,222 fathoms
• I' ,

. . off Peru, and 1,410 fathoms off Coats Land, Antarctica.
~ ;. • J'. . •

lfa.ldheimia wyv'ille'i Davi:ds~n, 2,160 fathoms off Valparaiso.

Besides 1I1a.condrevia. diama';'i,ina. and Pel~godiscus a.tlanticus, two other deep-sea
fo~ms 'are rec?rded from the Antar-ctic Coast, viz., Liothyrella. blochrn.a.nni (Jackson),
and Hemithyris sp. Jackson, 1,410 fathoms off Coats Land.

SOUTHERN' GEOGRAPHICAL DISTRICTS.'
, - ." • f

The map accompanying this report is designed to throw into relief ,the areas of
. sea-bottom apove' 1,000 fath~ms, which ,may be taken as the approximate depth
limiting the seaward exte~si~:m' of the ~oastal species. ',The map is based on Stieler's
Hand-~tlas, which includes the results ()f the Valdivia, and Gau8sExpeditions, the map
of t)le Antar~tic published in " The Sub·Antarctic Islands of New Zealand," and the
maps. published by the 'v~ri?us' Antarctic exp~ditions including that by which the

'specimens here describ~d were obtained. ' The Australian Antarctic Expedition made'
a very valuable series of soundings ahd has gniatly' modified previous views' a~ to the'
cOlito~r of the' sea bottom soiltll of' Australia: ' 'Very 'many niore soundings are necessary

, °20218-F \'OL. IV. PART 3.
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Campbell, Auckland,

, ,

in all parts of the southern sea's biclfore a map ,claiming any great d~gree of accuracy
"can be prepared. AtpreseI).t it seems possible to recognise the following geographical

districts of sea-bottom above the I,O,OO-fathom line' separated from all other ,districts by
seas of, greater depth. Those from which brachiopods are known are marked 'with ,an
asterisk.

*Au~tralia including Tasmania. '

*New Zealand; including Cliritham, Bounty,' Antip'odes,
, , LordHO\ve, 'and'Ntirfolk Islrll1ds.

Kerm~dec Islands.

" " *~acquarie Island.

, , " Juan Fernandez and S. Felix Islands. '
, ' ,

*South Amc,rica,' including the Faikland Islands.
• ',I'

, ,*South ,<;leo'rgia.

Sandwich Islands.

Tristan da Cunha.

Gou~h Island.

Bouvet Island.

*South A.trica.'

, '

Madagili\car.

*Marion, Prinee Bdward, and Crozet Islands.
. '.' . ,. ," ':" .
*Kerguelen and Heard Islands. '

*St. Paul and New Amsterdam Islands.

Balleny Islands.

Peter Island.

*The AntrlI:ctic, iilCluding the South Shetland and South' Orkney ISlands.

Numerous other small reefs and submarine ridges.
" \

The number of southern districts from which brachiopods have not yet been
obtained is thus shown to be large, and the attention of future exploril~g expeditiolls
may be dire~ted, to the desirability' of obtaining clrcdg'ings in these areas. From a
,scientific point of view ,iwre is to be gained by an expedition exploring the little known
sub'ma~:ine banks of the Southern, and the Pacific 'ocean bottimlsthaidrolll a' further
'A~tarctic expedftion. If' these banks have' arisen by 'suqsidence ,of previous lands,
,~emains of coast,al fmlnas such as bracJliopodsare to b~, expected. If, on the other hand,

, they represent 're'cent 'diil;stropllic uplifts o~ formerly cleeperp~ttions of the ocean floor,
no such faunas can occur, and they can be inhabited OIilyby species 'with a'byssall'ange

,til' modifications'of such species.' Tl;erc is thus,'! practical method of testing the the()ry
. tlthe :pel'ma;lence of o,cea:q"basi;lS. ' ,

, '

. ,
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, The following species are fllulld off the AhstralialI and 'L'aslliani,'m, Coasts:- ..
. . ."'". . ... '.

Ornn-in SuesS'~ Ree.ye~ -Off Sydney' (types) ; Mast 'Head Reef, Queensland,
17-20 fathoms.

, I

, LillfjU'la 'YOstntln,(SI;a\v).-Moreton B',ty (cf. Hedley, HI1'7). , Indi,Ln Ocean to
J;~,pan. ' "

Liu!Jnln 'hirwndo Heeve.-Por't Curtis, Qlleensland(type).

L,i1~gulakians Swltinson. -Port.Jackson (Brazier). China se,is (type).

L'ingula tU1n'idula Reeve. -Moreton Bay (Strange ).Pl~ilipp~ne Islands (type j.' '
L'imgula 'IIvUJrlJhiana King.-Moreton Bay (type ). '

L'ingula exusta Heeve. -;-Moreton Bay (type).

Or!J]Jto]Jorn brnzieri (Davidson).-Cabbage Tree islalid, l'o'i-t Stephens, N.~.'IV.,

, 25 fathoms (type); Mast Head~ Reef, 'Queensland, 17-22 fathoms;
east of Cape Pillar, Tasmania, 100 fathoms; off Ninety-mile Beach,
Victoria, 40 fathoms.: '

Aetheia colwnia (Hedley).-East of Wollollgong, 100 fathoms (type); 3 miles'
east of Sydney, 250 fathoms; east of Cape BY1;on, N.S.W., ill.
fathoms.

Terebratillina 'cancellata (Koch). - Western Australia (type); off South' Aus­
tralia, 12-200 fathoms; Bass Strait; east of Cape Pillar,' Tasmania,
100 fathoms; near Port Jackson,: 3-7 fathoms.

l'erebratulina cavata (Verco). -Off Cape Jaffa, South Australia, 130, and 300

.fathoms (type); Port Phillip Heads.

l'erebratulina rwhtla (Hedley). -'--East of Wollongong, 100 bthoillS (type); off
Narra:beel~, 80 fathoms; east of Cape Pillar, Tasmania, 100 fathoms;
off "Yilson's Pro,montary,' Victoria'.

Terebratulilia radiata Alexander (? of Reeve).~Western Australia .
. . "'. .' . . . ' . 1

Mwrl'avia 'e:ca:rata ,(Vel'co).~Off Cape, Jaffa? South !\ustl'ldi,a, 150 fathoms
(type), 49 fathoms and 40 fathon~s.

, , '

Liothyrella julva (BlQclllnann);-'-TwoIold Bay; N.S.W., 600 fathoms (type);
east of Cape Byron, N.S.W.; 11'1 .fathoms;' 3 miles'east of Schouten
Ishtrid, east coast of Tasn:l;\nia, 65 fathoms; off Maria, Island, Tas­

,mania, 65 .fathoms.

A'I'fJ!Jrotheca austrillis (Blochnuuill)::-Cape ,\Tilloughby, Kangaroo Island,
,,' South Australia (type).. ' ' . '

/11'!J!JrothecIL 'liLayi (Bloclpnalll~).-lp mile~ east of Schollten Islam'l, Tasmaina, 50
, ,fathoms (type), '

.,
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Kraussina atkinsoni (Tenison-Woods).-Long· Bay,- Tasmania"10 fathoms
(type); Shoreham and San Remo,Victoria.

111egerlina lama.rckiana (Davidson).~DotibleBay, Port .Jackson,' Sydney
, (type); u"nder stones at low water, Tamar ,Head, rasma;nia (Tenison·

Woods) and Williamstown, 'Victoria (Lucas);' Frmikston, Port
Phillip, Portland, ahd Westerh Port, Victoria ;on the beach at Robe,

. and at 'Venus Bay, SOIit.h Australia (Verco).

Aldingi(( wilienwesi (DavidsOl~)'.-Twofold Bay, N.S. W., 120' 'fathoms (type);

east of Cape Byron, N.S.W..' 111 fathoms (Hedley); off PortYhillip
Heads, (Wilson). ' .

M agadi~acu1~ingi . (D'a~d~on). ~Type 10c!J'lity' uncertain; Port Jackson;
Bass Strait; east of Cape Pillar, Tasmania, lOG fathoms; off South., . .... . .
Austra,lia, 12-200 fath~ms~

111agasella ver~oi Bloch~ann. -~~Qkstairs 'Pl~ssage, near Adelaide' (type'),
16-22 fathoms ; other S'outh Australian localities, 40-200 fathoms;
Port Phillip Heads.

, , ,

Campages turcitera (Hedley). -East of Cape Byron"N.S. \V., 111 fathoms (type).

CampaiJes iaffaensis (Blochmann):-Cape Jaffa, South Australia,- 90 fathoms
,', (type); north of Cape Borda, South Australia, 40 fathoms; east of'

Cape Pillar,' Tasmania, 100 fathoms; outside Sydncy, '250 fathoms;
. 'off Narrabeen, 80 fathoms. '

,Terebratelld 1nayi (Blochma~lll)~--:-East of Cape Pillar, 'J'ai:HlllLllia, lSOfathollls
(type ).

_]tlagellania flavescens (Val.).-Type locality unknown. Port Jacksoir, under
stones at low, spring tides (Brazier), '14 fathoms ';'Bass Strait;
in bunches, Western Port, Victoria, 6...:8 fathoms ; north coast of
Tasm;mia; South Australia, 6-100 fathoms (Verco).

Frenulina sanguinole:"ta (Gmelin).-Port Jackson (Brazier); Mast HeadR.ecI,
·Qtleensland, 17~20 fathoms; 'Bird Island, Coral Sea. (Davidson).

, .

i, ., '

In order to compare the Australian Fauna with that of the Pacific isbnds; it is
desirable to give a list.of the 'few species ·known from that region.

Discinisca stella Gould. -Singapore and' Philippines; 'also China, Japan and
Korea.

Lingula rostrum'(Shaw). -Philippines and Moluccas; also Indian. Ocean and
Japan.

Lingula tumidula Reeve. -Philippines and Australia.

Lingula reevei Davidson: -Hawaiia~ Islands.,

Thecidellina maxilla (Hedley). -.:.Funafuti and New llebrides.

Rhynconella grayi \Voodw:ard. ....:..Fiji.
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Bttealathis' (;nttrrayi{D,ividsoil). ...o:.B·et,~~en .. Kerinadec: lslaiids a~ild Fiji, 600

fftthoms .•

. , Fre'lwlina sa:nguinole1ita {Gmelin}.~N~~v:Caled(l1iia,·, TOI{g,;" Tahiti, Honolulu,
,,' , Philippines, also Australia and Japan::

~ • •• f

~erebratella, {?} jrielei.D'1vidson {? }.:-Philippines. The type is hom Halifax.
, ' .

Schuchert consider~ that the Austral Region is closely connected f\lunally with
Oceanica, but althoughthe long en,stern c.oast-line.?f Australia offers a}avoimible means
of comlllunic;,tion, the above lists do not bea,r out his contention. The presence of
'shallow wilter species oJ Ll:ngula Jrom Sydney' nortJiw,irdcertainly suppor~s :1 fl)rnf~i:

larid' connection through the Ii{do-M\llayan' Archipehigowitl{ thePhiiippine Islands ,ind .
Ii'lstern Asia.. Similarly the presence .0J }i~renllll;na sanguinolenta, which is also a'species
frequenting warm and shali~w w2.te~s, 'suggests Jormer land con~ections between North
Austr'lliaand the Pacific'Islllnds.· These tW() ele~lents, however,' do nc)t. belong
to ,the 'Southern Australian fauila,' developed between Sydney and South Australia,
which isa typiCal southern fil,\liul . ,vith . peculiarities of its own, and 'ivith
little if any .relationship to the present buna of Oceanica. Crania, Terebratulina,
Liothyrella, Terebratella, 'In:~lIiagellan'ia,. are, as we shall presently find, ,genera which
arc widespread iuthe souther!! s~as.· KraussinaoccursalsoatSou~h Africa and lIi.eger.
lina at the Isbnd of St. Paul. .. Cryptopora and 4rgyrotheca are not rflpresented elsewhere
iilthe·southern·'se,is, but; occur in the Atlantic-Mediterraliean. districts, and with
Kraussina·and lIiegerlina point to an old Gondwana land 'element, which did liot reach. ' '.' . .

the American' and .Antarctic floasts, .and ·is absent from the Pacific Islands. Aetheia,
l111trrav'ia, lIt[agadina, Campa{J~s; and Aldingia ar~ not i,s yet kno~n 6{ttside Australian
seas, but the first. three. occur in .the Oamaruian of New Zealand, and Aethein also in
the Patagonian of South America... , . ..,

THE NEW Z.EALAND DISTRIC'r.

The following species are found' off thci' New' Zealand coasts :---, , '.

Crania huttoni' Thomson. ---,Cooi( Strait.'

.', 1

"Hemithyris nigricnns '(Sower.by}.-Fovea;ux Strait to Cook Strait, 19-30

fathoms, Whangaroa Harbour {Murdoch}, Chatham Islands (Hutton).

Liothyrelln neozelanica Thomson. -Cook Strait, 50 fathoms or more;

Liothyrella sp. Thomson.-FoveauxStrait ..

A'lnphithyris buck,mani Thomson. ":-Cook Strait, 50 fathoms or more. ,

Neothyris lenticularis (Deslmyes}.-Foveaux Strait, ,15 fathoms; .off Oamaru,
.... 35.,.43 fathoms. (Suter); on cablfl, Cook Strait, 90 fl}thoms (young).

Neotki;ris ovalis (Hutton}.-Fare,\,ell Spi~.." ___. ·
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Terebratelta. rttbicnnda. (Sowerby): -'---Foveau~ Strait to Whangaroa Harbour,
5-50 fathoms; und~r stones at low-water" Rangitqto Island (Cheese­
man); Chatham Islands ( Auckland -Island'. ' '

Terebra.tella. sa.ngwinea. (Leach). -Stewart ,Island' to Cook Strait,' 5-30 fathoms;
<, o'\uckland Island" 40 f~th~ms. " ., '," '.' , ','

. ....', ~

Tereb·ratella. sa.ngnhu~a. var. Thomsn.n. -Off Gape Colville, 20 fathoms.

Terebmtella. sp., c1'. ~lagetla, ca.rinata. Thomson.-Fo.veaux Strait.
, '.'

The New Zealand fauna consists mainly of wide ranging southern genem with
the exeeption~ of Neothyr·is, lind Arnphithyr:is. The form~r -is not known with certainty
els~where, although some South Americ~n'sp~cit;ls,have'in the earlier pllrt of 'this paper
beencoinpared with this genus. Arnphithyris is :a 'very primitive genus, presumably
of considerable antiquity, found elsewhere'only, in the Mediterraneal;, and is doubtless"
like' the .primiti~e Australian genera' discussed above, an .ele~ent derived from the
ancient Gondwana coasts.

THE MACQUARIE ISLANDS DISTRICT.

, The, only brachiopods known from the Macquarie Island~, .whieh are separated'
f~~m New"Z~aland by seas of over ~,OOO fathoms in depth', are the new species described
above, M~gellani~ rnacqu;ari~nsis Thomson,an\! Gy~othyris rnawsoni Thomson. '

THE KERGUELEN DIS'rRICT.,
r '

, The' Kerguelen Dis.trictincludes Kerguelen, Heard, and McDonald Islands, and
some smilller islets, arid Issepan~tedfrom St. Paul and Marion Island districts by s,eas
of over 1,000 fathoms,. and from the latter by seas,of over 2,000 fathoms. The following
brachiopods have been described from this group :-

, Hemithyris pyxida.ta. (Davidson).-150 fathoms. '
. ,~ .
"Lr:othyr'is uva. Davisdon (1 ,of ,Broderip ).-150 ,fathoms.

. Terebratella.enspergen·i Blochmann.~20-30 fathoms.

, , Wa.ldheimia. kerguelensis Davidson.':""20~150 fathoms.
. . . . .'

Magella.nia. kerguelensis Eichler (1 of Davidson).-IO,fathoins.,

"This faun~ i~ oi typically sotithei'n type~\vithpossiblya distipctive st~ekofthe
Magellaninw in Waldheirniakerguelensis Davidson. :Thfi,'Liothyris 'uva will dou]jtles~

prove to be a new species of Lio~hyrella~': ' ,,' ,,' :'
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THE ST. PAUL ISLAND DISTRICT.
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The St. Paul and Amsterdam Islands rise from a common base above the 1,000
fathom'line, and are united with the Kergllelen group by a submarine ridge, which has
a broad top between the 1,500 and 2,000 fathoms lines, and for' the nto's1; part is less
than 1,500 fathoms below the sUl'face. The following species are known :-

hiothyrina 'Winteri Blochmann.'~371 fathoms.

Megerl'l:na davidsoni Velain.-Abupdant at low water in the interior crater.

Mergerhna, occurs elsewhere only in Australia, but is closely related to the South
African J(raussl:nce. A' very slight elevation of the sea botton~ would cC)nnect the' group
above the 1,000'fathoins line with ,the Kerguelen group, and a greater community of
fauna is pe~:haps to be expected., The difference in latitude, amounting to about 10

degrees, is, however, si'ifficient to account fOl: the difference in the shallow water forms;
even if fonner connections had existed.

THE MARION ISLAND DISTRICT.
, ~ ,

,The Marion Island District cOll~ists of a' group of Islands all rlslllg from l!-I,

elongat'ed east and :west Subl~l~rine elevat'ion o~ less than 1,000 fathoms 'depth. ' it
consists of Crozet, Possession, Prince )~dwai'd and Mai'ion Islarids, and is' separated
from the Kerguelen grollp by a, subllll!-rine trough of more tluin 2,000 fathoms in depth,
whereas the seas between MariOli Island and South Africa are less deep' than 2,000 '
fathoms. The distance between Crozet and Kerguelen Island is only 62,5 nautical
miles, and between the 1,000 fathom contours there is about ,450 miles. The Marion
Island group has usually been included faunally with the Kerguelen group, but it seemS
desirable'to separate them in ord~r to call atte;ltibn: to the differen~es in their brachiopod

, faunas.,

'Fr~m the Marion Island group·the following species are known:-':'

Terebratulina septentrionahs Davidson (i of Couthouy).-150 fathoms.

Terebm/:ul(/, .'Inoseleyi Davidson.:-2U) fathoms'.

Waldhel:JIl.:ia kerguelensis Davidson.-150' fathoms. '

Plat-il];i(/, a-nomioides (Scacchi).-150 fathoms.

, ']'he occUl'rence of P/<ltid'ia in this 'southern station is sUI'prising, and, if confirmed, ,
B~6~mes' cif profound significance. Before the recognition' of the generic distinctness
of Amphithyris one might have 'said that, the beak characters and shape' were so dis­
tinctive tliat Davidson' could hardly-have been mistaken· as to -the genus. In view,
however, of. the fact ,that' Davidsol)cOlisidered Amphithyris semimtla, a synonym' of
Rlatiivia ano1n'ioides, .theMarioll Island specimen~ need re-ex~mination;Itis true that
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the figure published by Davidsci~shows the typical loop of Platidia., .but it is not explicitly
st.ated that this specimen came from Mario!l Island,- although the presumption is that
it did. . '

Plat?:d'ia' anomi01:des has a very.wide range, being common 111 shallow, water 111

~he' ,Mediterranean, but extending into 600 fath~)Jns, in the,' Atlantic, where' it ranges
from the Shetland Islands to the south of Morocco, and on the Anleric~n side from
North Carolina to the Antilles. Dall has also identified speci;nens fron~'tll~' Califol'liian

, . \. ' ,

, Coast. It is known from the M,iocene of the Vienna basin;' and' 'doubtfully hom th~

Oligocene of Italy~, It seems, then" to be a species of the ancient Tethys, which has
spread ~ve~t '~o ,America and through the ancient, Strait of Paimma to the Californian
coast. If t~e identification of the Marion Islan~] specimeils is confil'lned,.it will also be
necessary to conclude th,at it has come from the' Eastern Tethys, through the Tndinn
Ocean, clown the, African coasts, or has sp.:ead to the Tethys from. the GClndwana regioil.
In either case'it becomes probable' that We ]\'fai'ion .Island 'Group has in Tertiary~ tiines
been connected, abov~ the 1,000 f~thoms line at ]east,'with.SouthAfrica. T~rebratuz.ina
is also com;nol~ to tllese two districts, and absent'from the Kerguelen grol;p.Waldhei'lirili
lcerguelens'is, which app~ars to. be a shall~l\v water species, occurs also in the Kerguelen
group, but the distance is not so great that transportatiO!I' iil the free"swimming larval
stage cD;~lbe negl¢cted int~is case" althoug!l,it_ ~~ould be 1I0ted that the prevailing
c~rrellts set in the' opposite direction. The absence of the South African genera,
J(raussina aild Agulhasia, from the Mftrion IsJalid group is l10t a \\:eightyti.rguinent against
the fonner connections of these two' districts; since it is easily'exp'licable on groill.lds of
latitude. '

I ~:' -

THE. SOUTH AFiucAN DISTRfCT.

No addition's have been made to' the brachi~podfauna of South. Africa during
the las~ thirty years, ane] one cannot help suspe~ting that mlmerons additions will yet
be made. 'The following is a list of the species knO\yn to occur near the coasts:- '

,
Terebrat'ul·ina abyss£cola Adams and Heeve.-Cape of Good Hope. 120

, fathoms. ' ,

Terebrat?ll'ina. rad·iata Reeve.-Prob'ablyofrom the Cape of'Good Hope.

Tel'ebrat;tl·/:'na'septentrionalis Davidson' (? of COllthouyj,....,.Off.'Cape, of Good'
Hope, 150 fathoms. .
, ,

Agulhas?:a davidso?~i King.~Agnlha~ Bank,'45-6? fathoms. ,

Terebl'at1tla ,vitrea val' minor. Davidson (not. of Philippi).-Off. Cape of Good
, Hope, )50 fathoms. . ' . '" '

. . \'

J(ra,ussina. rubra ,(Pallas).-Port Elizabeth.

J(raussina cognatlt (Sowerby).--:Neal"Cape of Good Hope. , "

~ J{raussina desl;ayes£' (bavidson).--,:,Cm C~pe oi Go~d Hop~" 120 fathoms.

•. .

. .
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Kraussina pi~U1n (VaJenciennes).-Off Cape of Good Hope;: 150 fathoms;
near Natal. .

Terebratella rubiginosa Dall.-Cape of Good Hope (~).

Of the g~nera represented Agulhasia alone is confined' to this district, the only
other known species' beillg from the Cretaceous of Europe. "T~rebratula:vitre~ var .

. m'i'll,oi'" Davidson is a'species not yet well knowil, and may be; like Terebratulina,. either
of·southern 01' northern' facies. Terebratella isa typically soilthern genus, but its
occurrence in this district IllUSt be accepted with reserve.. Krau.ssina. i~ a primitive
geuus, probably of considerable antiquity, and its distribution in South Africa and
Australia, coupled with the occurrence of its Ilear i'elative Megerlina in St. Paul Island
and Australia, probably finds.an explana,tion in, and at the same time is an argunient
for, tIle former existence of'a more or less continuous Gondwanaland across the site of

. . . \

the Indian Ocean. Had South Africa had fornier h~nd connections with the 'Antarctic,. . .
one would expect many 'southern 'ge~era amongst its fauna,' siilCe it is in the same
latitude' as New SOlith Wal~s.. As pointed out ab~ve, these niay 'possibly yet 'be fOlind
with further collection. '

. No brachiopods are knowil from .the MaCIagascar coasts, .but two .have been
reported from :Malll'itius, which lies just. within the. Tropic Capricorn: . Terebratula
cernica. Crosse was obtained fron'! the stomach of a fish, while La.cazella. l1uxliterranea is

. ~tated by Sir H. Bal:kly to occur off Mauritius; but Davidson observes that this stateme~t'
I'mllst be. take)uvith reserve. . . .

T,HE SOUTH· AMERICAN· DISTRICT.

The follO\ving .species are known from this region:- .
, .

DisC'/:nisca lamellosa (Broderip). -Chiloc north .to Gulf of· Panama, 0-10

fathoms.

Disc'im:sca laev:is (Sowerby). "":'-Concepcion, 15 fathoms. Also Peru.

Ora.nia patagon'ica Dall.~West coast of Patagonia, i22 fathollls.

Terebratu.lina -crossei Fischer and Oehle!:t (? of Davidson ). -New Year Sound,
185 fathOl;~s;. Punta Ar~nas, Strait of Magellan, 10 fathoms.

. L1:othyrella 1wn (Broderip). -Gulf of Tehuantepec, South Mexico, 10-12 fathoms
(type)'; Peru, shallow ~~ater; Strait of Magellan, 18 f~thoms; Beagle
Canal, 75-90 and 128 fathoms ; off Tierra d",i Fuego, 121 fathoms;
Burdwood Bank, south of W.FalkIandIsland, .56 a~d 75-90 fathoms;

.off east coast of Patagonia, 77 fathoms ; off Buenos Arres; 600 fathoms.

Bou.chardia rosea. ·.(Mawe).~Rio Janeiro, 13 fathoms;'
MagellnniaJontanei (d'Orbigny).~Coq,ui)libo~Chai... .... .... _.-- -_......
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M.agellania venosa (Solander).-Falkland' Island (type), 6-7 fathoms;,
Burd,,:ood Bank, 56 fathoms; Tierra del Fuego, Beagle Canal and
Strait 'of Magellan, 10.:.79 fathoms,; west coast' of Patagonia, 1-33
fathoms; Coquimbo, Chili (? M. Fo'ntanei).

Terebratella dorsata (Gmelin).-Falkland Islands, 9 fathoms; Burdwood,Bank,
7-56 fathoms; Tierra del Fuego, Beagle Canal and Strait of Magella!l,

, 7-120 fathoms; Bay of Valparaiso, 60-90 fathoms; Co,quimbo, Chili.

Tereb~atella (Jackson)* 'vel M.agellania (Blochmann) sp.-Burdwood Bank; 56
and 75-90 fathoms.

Macandrevia americana Dall.-West coast of Patagonia, 122 fathoms; also
Gulf of Pana'ma, 1,672 fathoms.

The'deep-sea forms off the western American coast have alrcady been listed
, under the Abyssal fauu'a., I From Peru north to the Gulf of Par-ama, the shallow-water
forms a~e chiefly species of Discinisca, besides' Liothyre~la ttva ai;l mentioned above
(Dall, 1909). '

Lying between South America and the Antarctic Continent there arc se'veral
groups of islands-South Georgia, the Sandwich Group, and the South Orkney and
South Shetland ~slands-wilich rise from a, cl!rved submarine ridge of less than 1,500,
fath~ms in depth connecting the two continents, 'tllC t~o latt'er groups being separated
from t~e Antarctic mainland by water of less tlian: 1,000 fathoms in depth. Excluding

, them there is only one species kninvIi ,fronl'the othet groups, n!\inely +Valclkeim,1'a sm:itki

Pfeffer.-South Georgia.

THE ANTARCTIC DISTRICT.

The following speeies arc known from'the Antarctic coa~t :-

Pelagodiscus atlanticus (King).-Off Coats Land, 1,410 fathoms' (Jackson);
off Kaiser Wilhelm II Land, 1,640 fathoms (Eichler, " Discinisca sp."').

Oran:ia lecointei .T?uhin.-Off Alexander L:mit, 273 fathoms. '

Omn'ia joubini, Thomson.'-Davis Sea, .240bthoms.

Frieleia gerlache·i (Jou].Jin).-OfT' AlexallCler Land, 27ii' fathoms; South of
Peter Island, 246, fathoms.

Ilem:ithyris 1'lIcovitz(JJ (Joubin).-Ofl' Alexander Land, 273 fathoms.
, . .

, Hem'ithyris sp. Jackson. -Off Coats Land, 1,410 fathoms .

. Hemithyris striata Thomson.:--Davis Sea, 358 fathoms. '

, Liothyrella notorcade,nsis (Jackson). -,South Orkneys, 6fi1tholllS.

Liothyrella blockmanni (Jackson).-:-Off Coats Land; 1,410 fathoms.

* See antea, page 17.
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(Shaw).-,Moreton Bay, Australia, and Indian, Ocean to

Liothyrel(a..a.ntarctica (Bl~lclllnann).,':"-Off :Kaiser Wilhelm II Land, 209'Jatb'oms;
off Adelie Land,. 288-300 fathoms'. '. .. . . . '.. .

L£oth:yr.~,lla. o:va.ta, (Thomson). - Davi~ Sea, 358, fathoms.

iVla.candrevia. (/;£a:lna.nt'£n~ Dall. -Oft ,Coats Land, 1,410 fathoms; ,als,;, Gulf of
. :P~lUtll1a, 1,175 -'fa~honls. \,

jlfa.da.ndrev'£a.la.t~ ThOlilSoil. -Davis Sea, 325 fathoms. ,

Macamdrevia. vanllOlfeni Blochmann. ~6ff·Kaisei· 'Vilhelm II Land; 209 fathoms;
, D~wis Sea, 325 and 358 fathoms; off Adelie Land, 288-300 fathoms.

. 1 •• , .

StetllOth:yr'£s anta:rctica Thomson. - Davis Sea, 358' fathoms.

,JlJagella.n:ia joubin!i Blochmann. -Off Kais~r 'Vilhellli, iI Land, '209 fathoms;
, Davis S~ai, 60 fathoins; off Adelie Land, 157 arid 288-300 .fath~ms;

Coulmali Island, 100 fathoms; Ross Island, 178 fathoms; off
" ,

Alexander Land, 245 and 273 fathoms.

Magella.nia tragil'is Smith. -Agassiz Island, 300 fathoms.

Magella.nia vel' Terebratdla sp.:·' Thomson.-Davis Sea, 325 fathoms.

Magellnnin (?) sp. Thoinson.-Off Adelie Land, 288-300 fathoms~

.The Antarctic fauna may be dividc~ into cosmopolitan genera, such as Terebru­
tlll'ina., Hemithyris, ,ind Cranin, typical southern fo'rms such as Lioth:yrella, Steth:othyris;
and M agellwnin,. and recent nOl'thel'l1 inlmigi'[ints such as Macandrevia and probabiy
Fr£elein. . ,

SUMMARY OF THE DISTRI:BUTION.,

Excluding deep-sea forms, there are few species common to the SOllthern and
Northern s~as, anCl in the case of the species of Lingula and of Platidia, the identifications
of the southern forms are in need of 'confirmation; The following is a list of the species
III question :-

L£ngula -rostrwin
Japan.

L'ingula h1:ans Swainson. - Port Jackson, Australia, and China.

Lingula twmiduln Reeve. --Moreton Bay, Australia, and Philippine Islands.

.Platidia nnomioides (Scacchi). ~Marion Island, Mediterranean, 'North Atlantic
and' California.

Frenttlina sanguiiwlenta (Gm~lin). -North-east Australia and Central' and
North Pacific.

Only one species is common to two .of the southern geographical districts, viz.
Wnldhei'll1,ia kerguelensis Davidson in the Marion Island and Kerguelen groups. All
the othe~' southern' species are confined to single geographical districts, and cases' of,
discontinuou!l distribtttion, ~uch a,s ,are known between the European and' American
coasts of .the North Atlantic? are not fanne( in the southerp, seas.
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The generIC distribution"is: shown in<the following :table:· :Thei11ost commonly,
occurrmg' genera ate Crq,nia, Hemithyris; Terebratulina, Liothyrella., Terebratel~a, ·and·
Magellania,.of which the last, three only are restricted to a sollthernhalJitat. 'In addition
;to tlj.ein thEl following 'less commoner .genem are also peculia;r tosouthetnseas :::-Aetheia,
Agulhasia, Nlurravia, Megerlina, Aldingia, l!olwhardl:a,. Magadina,. Campages,and the
higher members of the M. agellani?ue.. K~aussina is similarly restricted: ~xcept for a
~in~le speeie~, K. gardinera Dail, in the Northern Indiail Ocean.

---,--.-----,---,--.----,--..,------,---,---,---
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J:)lSCUSSION OF THB DISTRIBUTION.

There 'fire gu'psof different kinds in our, knowledge tlutt prechide any: finar C()11:

cllisiolls"u's'to the lllu,nner in' which the present distribution of southern' bra:chiopods
has' been effected. The first,of these is our ignorance ()f the biUlla of hirge strips ~f the'
coa·stal'seas., Sclnwhert considers tlmt brachiopods have been so .,ssiduously collected
t,hat little ",ill be added to O1{r knowledge of the distribution of the species. Since there
arc but few 'cases l,li' ·discontinuous distribiltion in: the southern seas, it is not probable
that the range of the known species wilL be greatly extended~ except u'long tlie coasts
fr'~lll which tliey are filready known" but there is ev~ry reason to- s~ppose t~mt a' very
large number, of new species will yet be found' between the 100 and the 1,000 fathom
line, where the dredgings .ue -few. Fischer,and Oehlert gave in 1892 a list of five species,
belo~ging to four genera, froill Bass Stntit and the coa~t of Ta8manif~. From this part
(;f the "Austr~\lian coasts twelve species, belonging to eleven genem' are now known.
Again, \0.thin the la~tthree years the know]i fauna of the New Zmll£nd coast has been
!llme than doubled. There can be little doubt that further dredging would bring to light
many new i'orms, especially on the West Australian, Madagascar, South African, and
South' American cOu'sts.. Eve~ for the very shallow w'ater genera, such as }'legerlina.,

it is unsafe to preS\~llle that the distribution is accurately known, as there have been
no.systenmtic'students of the class in Western Australia and in South Africa., ,

The second gap in our knowledge lies in the incompleteness of our i'ecognitioi{
of distinct genetic stocks. Some .students object to the process of minute distinctions
between genera, mainly on the· ground that it renders the study more complex, and f.

matter only for the speClalist.' But the narrow definition' of genera, if it is based on
phylogenetic grounds, prevents the assimilation of apparently similar, but historically·
distinct forms, and for the purpose of discussing geographical distribution and geologicaL
correlation becomes an instrument of the utmost utility. It is only necessary.to specify
the genus Magellan·ia sensu lato, which has been fully discussed above, in illustration
of this point. When all the· Recent and Tertiiuy species of the southern hemisphere
have been correctly placed genetically, it may be possible by the aid', of brachiopods
alone to gain ;\ fairly accurate idea of the btest former land connections of the Southern
Hemisphere.

There is a'gap in our knowledge of still another kind which can hardly be'remeaied,
and must be made the best of. ,That is caused by the absence of Tertiary marine rocks
in ,South Africa ,and the 'western coast' of Australia, and in that part of the Anta'rctic
Continent facing South Africa and Australia. This absence of Tertiary rocks can only
mean that these lands existed as such in Tertiftiy times, and then extended further:
seawards, since apart from probable, faulting marine erosion alone must have since
encroached some distance landwards. The marine beds ~larginal to the Tertiary lands·
have never become raised above sea level, else'remnants of them would surely have
been preserved in the present continents and islands by unequal uplift' or 'subsequent
down-faulting. The 'Tertiary faunas of these coasts can never become known until
i is found practicable ~nd desirable to obtain borings, from the sea~bottom.
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Tertiary marine faunas are known, hom South, Americ'a. (Chile, Argentine, and
l'atagocia), the Antarctic (islands in th~' Weddell Sea), ,New Zealand; Tasmapiit, and
south·east Al{stralia,'i.e., only in the sO;lthern circund'acifiC'lands. The greater ,part,

.of, the. beds containing them belong zpproximately to the ,same age, variously estimatecj.,
in the different countries and by 'different· authors, from Eocene to Miocene. Following
Buck~mnn, I shall term it the Oligocene-Miocene. In ~cw Zealand and.South AIll~rica
there are'also still younger faunas; which are,generally referred to the Pliocene.,
.' . "

The following list shows the genera of which tllese Oligocene-Miocene faiUlil.s
are C()Il1posed:-':' ' ,

, South l\merica.-
,(a) Chile -" Magellania," lVlegathyris, Discina.
(b) Argentine 'and Patagonia-Hemithyris, Aetheili,' Terebmtulina, Bou­

chardia, Pachymagas, Terebratella, "Magellania."
Antal;ctie. -Lingula, Hemithyris, Terebratulina~ Liothyrella, Bouchardia,

Magella, Pachymagas, "Magdlania." ,
New ·Zealand. -":Theci~ellina, Aetheia, Hemithyris, Tereb~atulina,' Murmvia,*

Liothyrella, Argyrotheca,* Bouchardia,*, Magadina, Rhizothyris,
Stethothyris, Pachy]]~agas, Neothyris, Gyrothyris, Magella, Tere-
hratella: ' . .

, • J.

Australia..-:-Crania, Lacazella, Hemithyris,' Terebmtulina, Murmvia,. Liothyrella,'
Megerlina;* Aldingia, Magadina, Magadinella" Rhizothyris,* Steth·
othyris; Magella, Terebratella, ,Magelfanii\.

Probably further study will show a still greater number of COlnmon genera in the
abov~ districts. M~anwhile they suffice to show the 'source of the most important'
elements· of the Recent fauna. 'Thus the' yOUliger Tertiary (~Vanganuian)' fauna of
New Zealand; so far as it is at present known, is' a direct development of a slllall section
onlY'of the older Tertiary (Oamaruian) f~uria, and consists only oi'the genem Hel~ithiJris,
Terebratella and Neothyris, in~ludi]]g the majority of the Recent species of these genem
in the New Zealand area. The remaining elements 'of 'the Reee~t fauna include one:
geJll~s; Liothyrella; not known from the Wanganuian, but com;non ill the Oamaruian;:
and only two genera not recorded fossil from the area,viz., Crania 'and Amph,ithyris.

- . There can be-little doubt that they.will yet bdound fossil in the Tertiary., The Recent
New Zealand fauna is merely a diminished remnant of the rich Oainarntan fauna,and,
needs no land connections since the Miocene to explain its character. If,laterimgmtions.
to and from.Australia had been possible"we' shouldexptlct to find, e.g., Mdgellania in,
New Zealand and Neothyris in Australia. The specific and generic distinctness of the
Recent New Zealand and Australian faunas prechides any 'land connections ,betweilll.
tJ{e ,areas in the Pliocene or Post·Pliocene.

* l.btcfmina.tiollH ldtherto 1IIlpublh.dted. A new species of Bouclwrdia"uccufl3 ill t,ho )Iount,BrownbcdsJ Cunterbury,.
alld of AfY!Jrutheca in the linwtl!.lllle of }'!n.t Top Hill, Oamaru, New Zealand.' .

. 111l1l'r~vi.t". cati1?111IJo·rmis ('l'~~tc) is found in the glauconitic lime~tonc l..~r Landon C~eek, Oamaru, Ne'''' Zealand:
JValdltcimi(1. coriocJ/sis J[cCoy.is.a species of Rkizoth

1

yri8. A new sllecies of JJcfT.erlil~a)s,inclu~le{J'hi ~t;. R. '1'{. AtkinsOn~S.
collccth;>!l of fossils from 1;'nblc Cn.pc/trasIDf\nia.' " . ' , .. ' . . .

. I

I '
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.The Australian Recent fauna, leaving aside the. subtropical elements on the
,northern parts of the east coast, must be similarly regarded as inemnantof the Miocene
fauna of that area. The only genera which h~ve not been determined fossil are Cryptopor~., "
Aetheia (fossil in New Zealand and South America), Argrotheca ,(f~ssil in New Zealand.),
Kraussina, and Campages, most of th~m small forms whi~h may easily be overlooked,
As 'in the cas~ of New Zealand, Pliocene or Post-Pliocene i~ligrations from other southern
areas are unnecessary. from a consideration of the, brachiopod fauna.

The South American Recent fauna is also in great 'part generically ~imilar to the
, Miocene :faunas' of that continent; the m'ost important exceptions being Liothyrell~., .

which is unkno\vn fossil in that area, although it is not a genus that could easily be over­
looked, and Macandrevia which has riot beenrecorded fossil any~he:r:e in the southern

hemisphere, ' Von Ihering points o'ut also'that Magella.nia 'venosa has no ancestral
form in the Patagonian Mio«;:ene, and considers it ri.Rec~nt immigrant in the Magellan
district from' Chile, where the related form' Mag~llania fontanei .occurs fossil. This

, . , . . " . . ' , ,

appears probable enough as Macandrevia must certainly be considered a recent immigrant
froni the North Pacific, but it should be noticed that Magellania. fontanei has sin~e
been, recorded from the Antarctic Oligocene-Miocene.

The Antarctic .Recent fauna is the least like the Tertiary fauna of th~ sallie district
owing tl) the presence, on'the one hil.lld,o(the recent northern iimnigrants Maca.ndrevia
and Frieleia, and on the 'other'species of !Illagellania s'- st!-,., a gen~s' appa~ently confined
in the Miocene to Australia. The absence of this genus 'inNew Zeala!J.d and its presence

'in the Macqua~ie Islands seems to point to a former bridge connecting 'Tasmania with
the Antarctic through the M~cquarie Islands. Too much stress must, not be laid on
this gerius" ho~ever, for ~ven with 'thenarrow restriction ,that it h,as undergone it may'
still be polyphyletic. ,There,is nothing to prevent any sp~cies of Terebmtella. attaining
Magellaniform loop characters by. simple absorption of the jugal band,- and Terebratella.·
s~ str. had already spread to South America, New Zealand, and Australia by the Oligocene-'

,Miocene., On the whole, then, it appears tluit in the districts from which Oligocene­
Miocene' faunas are knowi-t, the l;ecent faunas are descend~nts of those fossil faunas,
and the only connection which is made likely by the Recent'brachiopod fauna is one
between South America and the, Antarctic. :EvCJ~ this is not defi'nitely demanded,. for
the genus Macwnd'fev·ia is one which can live below the 1,000 .fathom line, and although
the South American species and two of the Antarctic species have sil far only been i'ound. .' .... ,

in' llIuch shallower waters, the first mentioned," 11". wme'fica.1!a,- also occurs in the Cuii'
of :Pl\nama in 1,672 fathoms, while 111. 'dimnantina is found ;It a depth of 1,410 fathoms
in the Antarctic and 1,175 fa;thoms in the Cuii' ofPmiallla.,',

'The elements of the southern.faunas which can be definitely considei'ed as descen­
dants of the southern Oligocene-Miocene, faunas are :-Crania, He11~ithyr'is, Aetheia"
M"ltrravia, ,T,erebratulina, Liothyrella, Argy~otheca, Megerlin'f' Aldingia, Bouchardia.,
Mayadina, GY'fothyr~s,. Stethothyris, ' Neothy'fis, Terebratella and Magellania.. · Of these'
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Crania, :,Hemithyris, 'Terebratulina, Liothy'rella, Terebrdtellaand, ,1Jlagella~ia"are still
widespread, in the southern seas in spite' of considerable diversities' of climate and sea
temperature. -:'

There is abundant evidence 'from the associate~ TIlollus6ari, faunas that the
Patagonian of South America and the Oamaruian of N\lw 'Zealand enjoyed a much
warmerclimatc than the present, and the occurrence, of brachiopod species"and genera

. iii. 'the Oligocene-Miocene ofihe Antarctic, which are also 'f6u~d' in the Patag~niiln'ali.d
the Oamaruian and the "Mioceile" of Australia, strongly suggests a warmer climatc

. .' . .. I

for thc Antarctic seas of that date also. Tate Regan (1916:) 'supposed fronllt study ,of
the Antarctic fish that that continent was washed by cold, seas probablytlirollghout
the Tertiary period, but the gec)logical'evidence all points the' ot'her way, and it is'probable
that th'e fish, :like the brachiopods', have acc'ommodated themselves to ,the increasing
cold. 'The suggestion of Willis (1910) that the oceanic deep circulation 11Hly have beeil
reversed in periods of diastrophic i~activity like the early, 'rertiary; a1id 'that' therc was
a c!~ep of warm saline equatorial water along the ocean botton-i to~a~ds the, poles,' is
worthy 'of serious consideration by zoologists. " ' , " ,

Several genera occUl;ring in the wai'm' <)nhlltl'liian seas of New Zealand;, apd
probably ~lso of Australia, IHive apparently been able to slll'vive the late TertitLry
cooling only in the wanner'Australian ,waters, vii,,· AetheiiJ., M11.rravia; Argyotheca,
and Magadl:na, In a si,milar way Bouchard'ia, whi,ch once" extended,,'from Patagonia

, to New Zealand, is now confin~d to the warm seas of Brazil, while Thecidellina has left
the southern seas, altogether, and now occurs only in the'tropics (Funafliti, New,
Hebrides,and Jamaica). 'On the other hand Gyrothyris and i3tetlIOthyris, persist only:
III the cooler. water of Macquarie Island, and the Antarctic. ,

The larger circum-Pacific southern districts above discussed 'all ~gree m the
presence of Cran·ia, Liothyrella, and' of one ormOl'eof the higher genera of th~
JI!lagellanince. The generic dissimilarities now 'existing' between the faunas 'are ,of
three kinds, viz. (1) dissimilarities inherited from the Olig6cene-lVliocene, sl~cl,l' as th~

restriction of 1I1egerlina and Ald·in,qia toAust,ralia, and of N eoth:yris to NewZealand ;
(2) dissimilarities due to unequal survival. of. formerly widesprea'd' genera as e.g., the.
absence of' Hc'fn1:thyris frOlll Australia, and of Terebr.atltlina from Ne,,: Zealand, ltncl'
the restriction of Aetheia to A'ustmlia, and of Bouchm'dia to Brazil; (8) dissimilarities
due to post-Miocene immigratiohs, such as, tlla:t of 1I1acamd1'evia to western South
America and ,the Antarctic.' ' ". ,

Tliei'e are certain ,generic dissimilarities, distinguishiilg, the Recent and Tertiary
faunas of New Zealand and Australia on the one haJid ,from those of. ,the Antarctic and,'
South America on the othcr that se~m to be ofgreatsignific~nc~, These consist in
the absence of certain primitive genera of the Terebratellidce, from South' America and '
the Antarctic, which are present: in New Zealand and Australia, viz., Argyrotheca,(fossiL.
in New.Zealand, Recent in Allstralia), Amphithyris (Recent in New Zealand), ]{,Taltss'ina,
(Recent, in' Tasmania),. and Megerlina, ,(f()ssiI; in ;Tasma!tia. ReQent, in, Tasmania.~ld.
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Australia): While it ·is still possible that 'these small fmms will turn up in thefonner
,distrids, ,it appears more probable th;\t they forllled an endemic element in the
-Oligocene-Miocene of New Zealand and Australia, and J!ever attained .\ southern
cireum-l'acific distribution. On the. other hand these genera are also f()l\ndin ,the'
Indian Oceail' and the Mediterranean, vi",., Aryyrotheca, and A'lnpkithyris in ,the
MeditelTal)(~an,ll,!eyerliua at the Island of St. J:>aul, an<;l]~ra.1l8siuli in South Afrie.t and
the l,ndian' Ocean. This distribution suggests that Australia had former connections
with Stlllth Africa and the l\fediterranean. This probabjlity will be greatlystrengthened
if the generic groilpingssuggested in the ,first p.irt of this paper .~re sub~t.intiated,vi",.,
the groliping on the one hand of the Mediterranean 'andl\1arioil Island Plati~l-ia with
Alnphith!Jris anlLd'rY!Jrotheca" am\ on ,the other of the Mediterranean M'iih/jeldtia, the
Indian Oeean j{i'nycn~", and the l\ustmlian A/dingia- with J(rwllssiu(l, a11d Mcgcrliul/..

'. .'. .

Argyrutheca occms in the EOQene· of North ~\.Illerica and in the l\1iocene of
Eu I'Ope, Pllitid/a,· and M:iihlfeldtia in the Miocene of Europe, and Kiugeult in the

• Cretac~ous of E1II'0pe. All the above-Ill~nti~nedg~nera, therefore, ex;eept A'lnphithyris,
and ,]{!'l/.lIssi'lta, are at least as old as, the Miocene,' and it is probable' that these, two
primitive genera, arc at lea~t Cretaceous if not Jmassie. J~xeept for the South African
and Indian Ocean fOJ:llls, which exist in districts where no fossil faUlHls am 1'11011'11,'

the fossil speeies show that the genera, had attained practically their present distribu­
tion .by the l\liocene at least, a)ld the eonnections whivh made this possible were

, ,probably still older.

'rhe most obvious explana,(;ion of a.ll t,he above j'~\et;s is that UlCse two groups,
of the Tcrebratcllidw originated on the coasts of Gondwana Jand, on the renllliults of
whieli they now survive, and to which they are' almost' restricted, Kiuycua, lmd

attained the nmtheril voasts of the Tethys by the Cretaee?us and' A'I:lJyrotheClt, had
vrossed to AlilCricl\ by the Eocene, while Platiilia probably' crossed about the same
time. ArY!Jrotheca, and presuma:bly A'III!jJhithyris had 'crossed from Australia' to New
Zea,land by the Oligoeeile-l\:Iioeene, From, the considerations' that this Gondwana­
land element did ,not mach' the AI!tarctiu it,nd South' '~\.merica, ,ilid tlmt the southern
ei;:()um"l'aeifie Oligoueue-Mioeene j'alilHL did not reaelt South Africa and 'l\iarioil
blaJl(! , it; seems ueeessary to eondude that the eonueetions betweeil Australia: and,
South Afriel\ had brokCJ~ liown bef'oJ~e_ that betwl:\en Austr:lli;\ and the Oligoeene~
1\1 ioeene Paeific 'Via·N ell' Zealand or New Caledonia was o~tablished, and f1ll'ther that
before this Gondwana-lam] elen:lCnt reaehed New Zealand,- the connections betweeil
t.hat lanel and the Antaretic had been severed., '

The Heeent fa\nllL of _the Kerguelen Islands, ?onsistlJlg of Ilemithyris, l'erc"
brutcl/a:, " 111a,gelhl:/M:a." and " Liothyr'is" is a typieal- southern fauna of the eircuJ1l­
l'auifie t.ype, and is derived without.. doubt from an Oligocene-~'lioeelJe fmuia.. similar
'to those .i,bove described. So faJ: as the' Heeent 'Brachiopods are coneei'ned, the groilp
may have b,een isolated ,from all other southern lands since the close of the Mioelme,'
il,;~d: it does not appeal' to luive retained, ,i.ny evidcilee oia, GOndw.~na-land eonnectjcin.
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Excluding" JVJayellwnilt" keryuelen,~i; of the Marion,[shlm\ group, which has
in all probability been recently derived from t,!lC Kerguelen group, and the dOlibtfully
localised Terebratella rUbig,i'nosa of. the' Cape, the Marion [slalid and South African
faunas, have not a typically southern fauna' oft,he circlnil-Pacific type since they do
not. contain Crania, He'//vithyris, or the higher members of the k!ai;ellwninw, while the
species of Terebratuh'l/a and "T,erebrat'll.la" may be of southem 01' o~ northern facies~

The, Goi1dwana-land elemelit exists in fOllr species of '!\raussl:na, a,t the Cape, and
connections with, t.he MediteiTa!lean are shown by the presence of Platidia wnp1lviodes
in Marion Island and of Agulhasia in, Sout.h ,Africa.. It. scents 'safe to ,conclude not.
only, t.hat t.hese ,t.wo districts have been isolated from the rest of tIle sout,hel'n lands
since t.he Mioce'ne, but· t.hat. t.11ey did not share.in t.he st.ill earlier, llleMl~ of commtmiea­
t.ion \vhich pCl:mit.t.ed t.he southern PaeificOligoceiie-l\iiocene faull<L, to attain ,the
Kerguelen area.

The distribution of southern Recent Brachiopods,' theli is sa,tisfaCt.orily explained
by an ancestral distribution in t.he Miocene, a;ld not only does it not. eall for a:ny land
bridges or shallow submarilie connecti'ons between' the various sout.hern continents
and islands since t.hat. date, but is distinctly opposed t.o ii,liy suqh n\eans of int.el:colll­
mun~cat.iOlr except. bet.weeli Sout.h America alid the Antarctic.

, "rhe generic similarities' between t.he foul' sOlltherll Oligocqne-Miocene fa,unas,
on t.he other hand,' are of such a nature as to demand, at some earlier da,te much
greater means of iI1tercomlllunic,;,tiOl,l between t.he land,S borderi;lg the South ,Pacific
Ocean t.han exist. at t.he ,prt)sent day. ,The ,fact. that. the Gondwana-Ia,nd eleme~lt

occurs bot.h·in New Zealand and Aust.ralia, but,not in t.he:Ant.arct.ic and South America
sl;gge'sts t.hat the intercoml11unic~t.ion bet.ween New Zealand and Australia did not'
occur at tllC'sanie time as t.hat. bet.ween New Zealand and't.he Alitarct.ic, but t.hat't.he
'. . . I

'lat.ter ,was t.he earlier" or' we may suppose a land barrier f~'olll New Zealand to,New
Califorilia separating, a seasout.h of Aust.ralia h-oin the ,Pacific Ocean and, not breaking
down t.ill t.he Oligocene, A Terti,ary fauna ,frolll New C,~ledonia would l1e1p materially
in picturing the former connections and is likely t.o be found. Unfortunately little'
is kn~:)\V~I' 'of the, ancestral forms of t.he peculiarly soutluirn Oligoeene-l\'liocene genera,
so t.hat. it is impossible in this way, to' forlll an ,estinmtc 0,1' the dates of the neeessai-y
interCOlillJnlllieatiol~s. So far as the genera are concerned they' might, have occurred
as far back as t.he Cret.aceous.

Cert.ain specific similarit.ies bet.ween t.he Oligocene-Miocene faunas, hO\\'eve~'"

demand a considerably lat.er date for t.he intercommunicat.ions. The following species,
or ,perhaps more correctly ne~u!y related forms, al:e cblllmon t.o two or more of t.he
fOlir dist.ricts :~ , ,

)iem'ithyris squmnosa. (Hutton),-New Zealand, ,Australia, and Antarctic.

, M1tr.rav.i(t patimtliforrnis (Tate):":'-Austral~aand N~w Zealand.

Terebrat1dimt suessi(Hutton).-Ne\v, Zealand and Australia;,
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Liothyrella tateana. (Tenison-Woods).~Australia and Antarctic.

,," Magellania:" slftflata Tate.-Australia and New Zealand.'

" M,agellQi/l,ia " fontanel: j)'Orbingy:-:-Chili and' Antarctic.,
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It is not' probable that the intercOllimunications necessary for the above-stated
distribution OCCUlTed' in ,the Oligocelie-Miocene, since the"period \vas one of warm and
nearly unif<,:>rm conditions whim climatic bars to migration were probably' at a mil1imuni,
and yet the great' majority of the species of that age are quite distinct' in the fonr
<listl'·icts. On th'e other hand it is not likely that the above species are much older in
Qrigin tllltn the, Oligocene-Il'liocene. Their distribution was most probably, effected in
'the-late Eocene 01' Oligocene. Since, however, the main part of the Oligocene-M:iocen~

faunas are generically similar but specifically distinct, it is necessary to conclude that,
inte'r-communication was possible ata still earlier date in order' to allow fOl; dispersal
of the genera and subsequent specific differentiation.

By a consideration Slf the distribution of brachiopod' faunas above, then, it
seems necessary to make the following assumptions. By cqnnections,.is implied not
jlece~sarily.lapd connections but at least relatively shallow submarine ridges or chains
of islands at no great distance from one ·another. Connections between Australia and
South Africa at son~e date prior tp' the, Tertiary must have eXisted' by which' the
primitive genel:a of the Terebratellidae attained their present distribution in South
Africa, ,St. Paul's Island, Marion Island, Australia, and New' Zealand~ 'The connection
which permitted this Gondwana~land element to reach New' Zealand, was 'probably
later. The Kergllelen district apparently did not share in this Gondwana'land comiection.
Connections betweell Australia, New Zealand; the Macquarie· Islands, the Kerguelen

, Islands, the Antarctic and South, America must have occurred' in the early Tertiary,
lmt New Zealand was not connected"at the same time with Australia ~nd the Antarctic.
The connections between New Zealand, the 'Antarctic, and :So'uthAinerica may have
existed f;oin an earlier date. It does 'not appear probable that Australia was connected

, directly with the Kerguelen Isla~ds and the Antarctic during the Cretaceous or :early
Tertiary. The cirinim-Paeific southern 'connections were'all broken much as at present
'by the Miocene, and since that date there have been no renewed connections between
the southel:H'continents and island districts, except possibly between' South' America
imd the Antarctic'and the adjacent islands.

How Jar these assumptions fit in with the assumptions required by the study of
the distribution of other groups of animals or plants. is too large a su,bject to' discuss in
the present 'paper andtmay 'be leJt to other workers. It remains to be considered how
they accord· with the, known geological hist~ry of the south~rn lands.

,The'views held by 'Hutton on the geological histtHy of New Zealand have been
cqnsiderably modified in recent years, particularly in relation to a supposed marked
,break between Cretaceous and Tertiaryaec'ompanied by inountain folding. Hutton
recognised a major break at the close of the' Jurassic, with folding,of the Triassic and

, ,
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Jurassic (Hokonui) sedimentsint6 an' alpine range of whic}~ the present NcwZealand Alps
are the diminished representatives. Recent'stratigraphi'eal and physiographieal stndies

emphasise the importance of this great post-Hokonui deformation, but demonstrate
CJuite decisively that the majority of the' present, mountain ranges are dne to a mueh'
later' Kaikoum deformation eo~meneing in ,the'litte Tertiary an,d perhaps not yet
exhausted. Betwee~ these two major deformations 'peneplanation of the ,Hokonui
mountains ensued, and the land WitS Ilearly all sllbmerged in the Oama,:uian (Oligocene­

Mioeene). Within the central part of Ne\~ Zealand the Cretaceous and Tertiary. beds
a1'e, a,ccordant, and any possible break 'between thc'm is, a disconfo;'mity and not, au

ulleonformity. There has been no mountaiido1-Jning diastrophism, .'in New Zeltland
between the 'post-Hokonui and KaikollI'a defol'l1mtions. In one part, or, another of the'

area now 'New Zea1anq there \vaspractically eontillllOus deposition b~tween these t.wo '
,major epochs of diastrophism, rcsnltilig in ,a series :of ',bcds from Middle Crctaccous tti
p,:oblibly Uppcr Pliocene, which in 'their 'totality 1 have t,ermed' the Notocene
('\'homson, H1l7, No.2,). In the middle of tho O~lmal'lliant.he sca transgressed on

, ' ,

both the east and the west coasts of both islands so that ·the land was at a minimum;
and dnring this period any conneetions' with' J\nstmli:\' are mostimprohable. The

• Cretaceous transgressions, however; affected only the eastem coasts' cxcept, in {he il;.rt.Ji ,
of Auc.kland, and dliring this period the land mayJHlVe extended' far to the west. an'd
north-west, and may have continued to do s6 dlll'i,)'gthe ]\ocene.

Diastrophic 'considcrittions', in distant., Cill'r1lht.ion' have not yet been fully

appmised, but their value in the form advocated :by Willis (I !lIO)" in whieh distilwt
'dynamie districts bordering the different, OCelll1S arc "'eeogniscd, s'eemsto 'be eonsidembltl.
No geological facts known'to mc eontrovert thtl'prohitbility that the,diastrophie history
of t,hc New Zealand' area in its major o},tlinesis ':llso tlmt. of' eitst.el'll Austmlia :lIul
west.el'll America, both North and' South, 'in n~ct ot: thc circum-Pacific lands.*
According to this view, the late Jurassic or ,cady Crctaeeous was a period or major
diastrophism with emergent lands a:round the 'P:ieifie, coupled wit.h diversities of
climate s,imilar, to those of the present~ Base:levelling ,and rise M, the strand-line, the,
latter modified by local warpings, and perhaps intermittent owing t.o the different.
diastrophic, history of other connecting oceans, folJowed throughout the Cretaceoils and
Eocene, and attained its climax in the Oligocene-Miocene, when the continents were
tiny-lying and pene'plained, and their margins largl\ly overflowed by the oelm;\. At
the same time the climate, whieh in the New Zealand Senollian had, well-eont.msted
seasons (Stopes, 1914), had altered to become m;lTe uniform andll)ild. With the early
stages' of the Kaikolll'!1 deformation the land areas \v~re itgain inereased, and the
climate became diversified, the climate of the New iealal~d Wanganuia;l not beinO', 0

greatly differ~nt from that ,of the present day. ' 'With the full attainnlent of the

* Since the ahove wa!:' written. A. 'Vindhou~en (Am. '-JoUI'I~. SeL, folCI'. 4, vol. xlv.'pp.l.:i:l,"IHI8) hl\.~ t1i~cu1'<~pd tilt.
problem. of t,ho Cl'ct:wcolH;!l'crtiary ,boundary in'South AnH)I'ica, a.nd (~ondudc:" that,'honl in Chile nnd Patagonia., t,hcl'e i~
a hiatui"\ hctw(~cll CI'ctaceOlls and '.L'el'tiul'y Rcdimcnh~. eOI'l',,;,;ponding t·O't,I1O fil'llt, ph:lRC' 0,1' (,}lC Andino ol'ogcnct.ie mo\'ementi"\.
The lat,tel', t,llCl'cfol'c. seem to be ca.rlicr in inception that the Kail~otll":L dd'nr'mat,ion. NcvcT't,llelesi"\. the ttl'an:"\gre~~ioiH' ill
Patagonia increase in "urca fro Ill. t,lte Cretaceous to· the Oligocl'llc.)1iocelH~, a."l ill "Nnw Zenhmtl. llnd tJw diastl'tlphit: histon'
of tho two aroas is hroadly plu·ullel. . . .. ' ,
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Kaikoura deformations New Zealand and Australia 'passedthrough .glacial climates, not
very pronolinced but with a. much greater development of glaciers ,than exists at the
iHesent day.

If this view of. the gtlological history of the circ'lim-Pacific h~nds is sustained, .
former land connections between' .them are most to be expected in the late Jurassic or
carly Cretaceous and in.the late Pliocene and post·Tertiary, but not i~l the Oligocene­
Miocene. The dist.ributillll of the land faunas anci flo~as negatives ilJly, land.' con:
ncctions by me_,ui~ of the Ka'ikoura deformations, and with this the specific distinctness.
of the co,lstal brachiqpod faunas sta;lds in agreement. The former connections that
ili·c dem,~ndcd by the' distribution of the brachiopods .as well as of laild anim;t!sllllist'
have been due to the'post-Hokonui deformation. .

According to the diastrophic theory, periods of. climacteric diastrophism ,are
periods 01' climatic diversity and provincial faunas ·with l'estrictional evolution, while

, the period 'of early base:levelling is a period of rapidly:expandingand con1peting faunas,
.. giving rise to cosmopolihlll faunas at the period of elimacteric base-levelling..

U,;fortunately little is known of the braehiopod~'of southern lands in the
Cretaceous apd :Eocene. The .cos·mopolitan f,~unas of the period of elimacteric base­
levelling and maximum .sea· transgression, the Oligoeime-Miocene, fail 'because by this

. time the southern rim of the Pacific had broken down Only a very few sp~cies attain
a cosmopolitan distribution, and the' presence' of these demands tliat the coimections
remained effective alni'ost till·the Oligocene.MiocenC\.
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EXPLANATION OFPLAT]~S.
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,Fig.
I, 2; 3, 4, 5.:"'-Gyrothyris lIui,wsoni Thomson. One mile off south end of IVIacquarie

Island. Holotype. Enlarged Il diameters.

PLATE XV.' "

•

"
6,. 7.-Magella'ttia joubini .Bloclunann. St,1tion 8" Davis Sea, 60 fathoms. ]~nlarged

It diamet~rs.

.8; 9.-Liothyrella OJnta.rct'iiXt (BIocb mann). '
Enlarged Il diameters. '

" .. ,
Station 2, off Adelie Land, 288-300 bthol;'lS.

o

lO.-Maca.nd·revia va.nhojJen·i· Bloclllnann. Station Il, oft Shackleton GIac,ier,:358
fatho~ns. Dorsal valve, v~ntral view; the same specllllen as figs. 57-59,
plate III. Enlarged II diameters.

11, 12.~Terebmtella vel M agellanitl sp.
Enlarged It diameters.

Station 10, off Shackleton Ghtcier, 325 fathoms.
"

13, 14, 15, '16, 17,-:-Magellania macqlwriensis Thomso~l. Beach, Wireless 'Cove,
l\'Iacquarie Island. Figs. 13, 14,. holotype; fig. 15, pamtype, showing greater
elongation and a straightencd front; figs. 16, 17, .interior views of pitmtype.

18, 19.-Cran-ia joubini Thomson. Station 9, D,ivis Sea, 240 fathoms. Holotype
.(dorsal valve). Fig. 18 is a dorsal or exterior vie,,,, and fig. 19 a ventral or
interior view. ]~nlrirged about·3~· diallletel's.

20, 21, 22.-L'iothyrelln f1tlm (Bloclllllj1nn). Off 'l\1<ui,t Island, Tasmania, 65 fatl;ollls.
Figs. 20 and 21 show the interior of the vi.,lves with the dried ani.mal, and
particularly, the cOllrse of the sinuses .of the' mantle, \vhi.ch are white, owing
t~ tlu; presence of spicules ; fig. 20 shows the interior of the dorsal valve aft?r
the renioval of the animal. Natural size.

23.-.~lagellania (?). sp. Station 2" off Adelie Land, 288-300 fathoms. ':Enlal:g~~l

abOtlt 2t dian\~ters. \

24, 25,26.-Ste~/wthyris antarct·im 'l'holllson. ,. Stittion 10, off Shacldeton cH,icicr, 325
fa,thoms. Holotype: Natural size.

27, 28.-Stetlwthyris 1lttleyi 'l'homson...ototarim, Weston, New' Zealand .Anterior"
.. . portions of dorsal and ventral valves of paratypes. ,~atural size.

29.~Ampliithyris buckmani Thomson. Cook' Strait, near, \Vellington, New' Zeali1ild:
Dorsal valve ofholotype with the animal, mounted ,in balsam, viewed
ventrally by transmitted light. ]~nlarged .about 15 dianieters.

o

"
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I

Fig.... . \ " .' . '
30, 31,.32.-Hemithyris striata Thomson. Station 11, off Shackleton Glacier, (358,

fathoms. Holotype: ,~~~llarg~d 1 t diameters. . ' \

33, 34.-1IIagella;!ia joubi;!i \Bloc];mann. Station 3, off Adelie Land, 157 fathoms. \\
N,iturai . sii\l. \ " . ' "

3.5.-:-A'mpl,:ithyris bucl.;mani Th~mson. Cook Strait, near WelVngton, New Zealand.
. Holotype, ve~ltr,~l valve, vel~tral view. :Enl~rg(ldabout 3t diameters.

3.6, 37, 38.-Liothyrella neozelanica Thomson. Cook Strait, near Wellington, New
, " ' . . . /

Ze\tland. :Figs. 36, 37, holotype; fig. 38, dorsal. valve, of pamtype, ventral
view showing part ~f body" wall and mantle adhering to the shelL NatUl'al. .' , '..""," .

size.

.?9.-Stetlwtbyris anta,rct'ica Thomson.. Station 10, off Shackleton Glacier, .358 fathoms. •
. ])ores al~d mosaic of interior' ~entral valve of holotype, neal' the left margin.
'; Enlarged' 100 diameters. . . .

'40.-M agellwn·ia 'lIwcquariensis Thomson. . Beach, 'Wireless Cove, Macquarie Island.
Pores and mosaic of interior of, ventral valve of paratype, a little in front
of the middle. Enlarged 100 diameters

1;1.;-J.i1agellwnia .ioubini BlochnHlllll.Po~es and mosaic of the interior of the ventral
. valve of .the specimen shown i~l fig." 34, plate XVI, a little in front of the middle.

Enlarged 100 diameters..

42.-Liothyrella ovata Thomson. Station 10; off Shackleton Glacier; 325 fathon\.s.
'. Pores ..and mosaic .of:interior of ventral valve of holotype, a.little in front of

the middle. Enlarged 100 diameteul. .

43.-Macandrevia vanhOiJeniBloclmmnn. Station ·11,' off Shackleton Glacier, 358
fathoms. Pores a~ld mosaic' of interior .of ventral valve, a little in front of
the middle. Enlarged 100 diameters.

44.-:-111 acwndrevia lata Thomson. Station 10,' off Shackleton Glacier, 325 fathoms.
\

. gores and mosaic of interior of ventral valve of paratype,. a little in front of
.the ·middle.: Enlarged 100 diameters.

45.-:-He'mithyris striata Thomson. Station 11, off' Shackleton Glacier, 358 fatllOllls.
Mosaic of interior of ventral valve.

(

Fig.
46, 47,

PLATJ£ xvn.

48, 49, 50.-111acandrevia lata Tholllson. Station 10,' off Shackleton Glacier,
325 fathoms. F.igs. 46, 47 holotype; fig.' 48, posterior view of pOltion of
the.ventral valve of an old shell, showing the position of the foramen; fig.

. 49, ~orsal-anterior.view of the same specimen, showing the dental plates- .
united by a deposit of callus; fig. 50, interior of dorsal valve of another
paratype. Enlarged It diamet~rs.

. \
\

I,,
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51, 52.-Liothyrelln ncozell1Jnicn Thomson., ·Cocik Strait; off Wellington, New Zea,);tnd.
Fig. 51, spicules of dorsal body wall of the 'holo!,ype, ncar the middle; fig. 52,
spicules of the ventral' body wa:!l, on tFe side. Enlarged 45 diameters. . . .

• ,.' 1 •

53.-JAothyrella, fltlvn (Blochmaim). Off 'Maria :lsland;· Tasmania, 65 fathoms. Spicules.
" ,of the ventral b~dy wall, near the middle. :Enlarged 45 diameters.

54, 55, 56:-Liothyrella, ovata, Thomson. 'Station 10,· off Shackleton' Glacier; 325
. fathoms. Holotype'.' Fig. 56, shows the left part of fig. 55, differently lighted'

't6 b~ingout the radialornanient. Enlarged' q, dianieter~.

57, 58, 59.-Mcwl1Jl!drevia vanhOffeni Blochn}ann. Station II, off Shackleton' Glaeier,
, 358 fathoms; Fig. 59 is' an anterior view of the specimen shown in figs. 57
and: 58, with the valves gaping as far as the articuhtti(;m will allow. ,]~nlarged

,I! diameters.

60.":-Stethotliyris pectora,lis (Tate). Miocene, Aldinga, South Australia, after a Bpeciniell
in"tneDominion Museum. Anterior portion of d~l;sal valve, ventral view.
Slightly enlarged.

PLATE XVIII.
Fig. , ..

61, 62.--,-Liothyrella neozelanica Thomson.' Cook Strait, off' Wellington,' New Zealand.
Spicules:of dorsal body' wall of holotype ~t :the side. Fig. 61" Clilarged 30
diameters; fig. 62, enlarged 45 diameters. '

fJ3.-LtiJthyrella ovata Thomson: Station 10, off Shackletoll Glacier, 325 fathoms.
Spicules of J;ight -arm of the holotype," near the proximal end. Enlarged 45
diameters.

64.-,-Li~thyrella neozell1Jnica, TholllsOll. Spicules of dorsal side of right arm of the
holotypc, near the distal eild: Enlarged 45 diameters.

65, 66.--Liothyrella· I1Jntarcticn (Bloclunanil). 'StatiOl; 2, "off .'Adelie· Land, 288-300

fathoms. Fig. 65, spicules of left arm-, of. the specimen figured in fig. 8,
plate XV., ll~ar the proximal end. The spicules in focus are those of the
dorsal side. ,Those underneath them and not 'in focus are the main l)lates
of the ventral side. Fig.' 66, spieulesof the arms of a young specimen of
6 mm. dorsal view. Enlarged 45 diameters. ,

./ '. '
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MALLOPHAGA Dr. T. HARVEY JOHNSTON, University; Brisbane, and Mr. L·

HARRISON, RSc., Sydney.
Mr. L. HARRISON, RSc., Sydney.
Prof. T. T. FLYNN, B.Sc., University of Tasmania, Hobart.

.... Dr. J. A. THOMSON, Dominion Museum, 'Wellington, N.Z.
Prof:W. A. HERDMAN, F.R.S., University, Liverpool, England.
Mr. R. RIDEWOOD, RSc., British Museum. ,
Mr. H. HAMILTON, Dominion Museum, Wellington, N.Z., and

Mr. R. BASSET HULL, Sydney.
Mr. Ij:. HAMILTON, Dominion Museum. Wellington, N.Z.

FORAMINIFERA
MONAXONID SPONGES AND TETRAXONID

SPONGES.
HEXACTINELLID SPONGES
CALCAREOUS SPONGES
HYDROZOA .
ACTINOZOA ..
TREMATOmJS
CEsTODES ...
NEMATODES (FREE)
CHiETOGNATHA AND ACANTHOCEPHALA...
ROTIFERA AND T!.RDIGRADA
ECHINOIDEA
ASTEROIDEA AND OPHIUROIDEA. ~
CRINOIDEA AND HOLOTHUROIDEA
ANNULATA (EXCEPT LEECHES)

(. ,

. ~

BOTANY.
MOSSES
PHYTOPLANKTON AND

ALGiE.
LICHENS AND FUNGI. ..
MARINE ALGiE ...
VASCULAR PLANTS

Re.v. W. W. WATTS, Sydney.
FRESH-WATER Prof. F. Eo FRITSCH, Universit;y of London

Mr. Eo CHEEL, Botanic Gardens, Sydney.
Mr. A. H. S. LUCAS, M.A., RSc., Grammar School, Sydney. \
Mr. T. F. CHEESEMAN, F.L.S., F.Z.S., Auckland Museum, N.Z.
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\

.'

.... '




