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There are a number of hypotheses to explain the high endemism above the species level in
the Southern Hemisphere. The separation of Gondwana from Laurasia by the Tethys Sea
during the Mesozoic and the subsequent breakup of Gondwanaland evidently explains
some of the terrestrial and freshwater endemism. Marine endemism is not generally
explained by these events however, bul rather by late Mesozoic and Tertiary reliction of
tropical forms, or by extinclion of Northern Hemisphere portions of amphitropical forms.
Amphitropicality apparently can result from dispersal across the tropics. But it can alsa
result from exclusion of an earlier biota from the tropics. Exclusion often involves
replacement by more advanced forms concomilant, at least since the Miocene, with
warming and compression of the tropics.

Areas of endemism in both hemispheres can be relatively localised and this provides
insights into why a number of older 1axa have survived there while going exlinct elsewhere,
Areas of marine endemism in the Southern Hemisphere are presently more evident in
southeast Australia, Tasmanis, and New Zealand than in other Southern Hemisphere
outposts apparently because much of it has developed in the westetn Pacific since the
breakup of Tethys. [J Crustacea. Sotuthern Hemisphere, cndemism, Gondwana, Tethys,
reliclion, amphitropical, dispersal, vicariance,
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There is a high degree of endemism in the
Southern Hemisphere, compared to the Northern
Hemisphere, on land and fresh water and, per-
haps surprisingly, in the sea. While it is generally
most pronounced in Australia, New Zealand, and
islands of the southwest Pacific, some extends
around the Southern Hemisphere, (o oceanic is-
lands as well as the southern parls of South
America, Africa, and India.

No one hypothesis explains the situation, al-
though the breakup of Gondwanaland, after its
long separation from Laurasia by the Tethys Sea,
is apparently the best explanation for many of the
freshwater and terrestrial forms that are suffi-
ciently old and lack propagules capable of long
range, trans-oceanic dispersal. The marine situa-
tion is Iess clear since most farms have, or had,
significant dispersal capabilities, and many of
the Southern Hemisphere endemics are too
young to have been part of Gondwanaland
(McDowall, 1978; Newman, 1979). There is a
growing consensus that much of the apparent
endemism in the Southern Hemisphere is due to
the extinction of Northern Hemisphere counter-
parts rather than its having evolved there (Eskov
and Golovatch, 1986: Newman and Fosier,
1987).

[n the present paper some crustacean distribu-
tions will be examined for endemism, especially
in the Southern Hemisphere. But before getting
to them, a brief discussion of climatic change,
the development of tropical provincialism fol-
lowing the breakup of Gondwanaland and
Tethys, and examples and hypotheses relevant to
the matter of Southern Hemisphere cndemism,
ate in order. Some marine molluscs will be used
as examples because, by and large, they have a
good fossil record.

BREAKUP OF GONDWANA AND
TETHYS.AND CONCOMITANT
CLIMATIC CHANGE

1t has long been recognised that the marine
climate was equably wamm up to relatively high
latitudes in the late Mesozoic (Murray, 1896).
but it is only in recent years that we have come
to accept that in the Late Cretaceous, approxi-
mately 100 million years betore present (MYBP),
the super continent Pangea was being split into
Laurasia and Gondwana with the tropical s
known as Tethys in between (Kennett, 1982;
Windley, 1984). A Tethyan marinc biota was not
unly distributed throughout this sea, it inclisded a
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large pantropical clement that circled the globe
via oceanic currents and islands of Panthalassa,
the present day Pacific (Hamilton, 1956).

With continued continental drift, the Atlantic
began to open up and Gondwana to fragment.
Both processes led 1o the breakup ol Tethys and,
hence, to the tropical provincialism we see today
(Ekman, 1953). Significant cvents in the breakup
of Tethys included the northward movement of
Africa and its contact with Eurasia in the lower
Miocene, about 18 MYBP, lollowed by the clo-
sure at Suez, virtually cutting off the tropical
Indian Ocean from the Atlantic in the Middle
Miocene, 12-14 MYBP (Kennett, 1982; Wind-
ley, 1984). Likewise, New Guinea-Australia
moved north 1o contact southeast Asia, thereby
diverting the North Equatorial Current from the
Indizn Ocean to the North Picific in the Upper
Miocene. approximately 7 MYBP (Kennett et
al., 1985). The Panamic closurc scparated the
widcming Atlantic Irom IFe tropical East Pacific
in the Pliocene, (3.1- 3.6 MYBP [Rosenblatt and
Waples, 1986]).

With the onsct of the Tertiary, the shallow
cquible scas of the Mesozoic began to cool and
refreat, al low as well as high latitudes (Shackle-
ton, 1984). This trend persisted throughout the
Palcogene, about 25-30 MYBP. Then a new
trend, corrclating with the establishment of cir-
cum-Antarclic deep-water circulation near the
end of the Oligocenc, set in (Van Andel, 1979).
It is noteworthy that, whilc the poles continued
to cool, the tropical regime reversed and began
to warm to the extent that for the most part, the
fropics are warmer loday than they were at the
close of the Cretaceous (Shacklcton, 1984). As
will be discussed helow, this warming phenom-
enon was used by Valentine (1984), inlicu of the
biological factars af Théel (1911), in explaining
amphitropical reliction via exclusion from the
deep trepics, These twa hypotheses stand in
marked contrast to migration across the tropics.
cspecially during the Pleistoccne, utilised by
Barwin (185Y) in explaining amphitropicality.

HYPOTHESES RELEVANT TO
SOUTHERN HEMISPHERE ENDEMISM

Five hypotheses relevant to the origin of
Southern Hemisphere endemism arc identificd
herey and they cun be divided between three
categories, The categorization is not intended o
be precise; rather, it is simply to give us areas on
which to focus, The hypotheses, listed here, arc
claborated upon below:

I} Cenires of origin.

If) Dispersal to the Southern Hemisphere lol-
lowed by extinction in Northern Hemisphere
(includes one form of amphitropicality, cf. 1l B,
2 below).

Il) Vicariance: Relict and relic biotas!; in-
volves lwo processes (A and B), the second and
sometimes the first being followed by extinction
in the Northern Hemisphere:

A The breakupof Pangea and/or Gondwana.
B.The breakup of Tethys. Relicts and relies
of Tethys fall into two principal types:
1.Those tesulting from division of the
trepics.
2. Tuose resulting from exclusion from the
grog)ics (secand form of amphitrapical-
iy).

I. CeNTRE OF ORIGIN

‘The taxon in question e¢volved in the region
where it is found (Fig. 1). Species can certainly
be found at or near their place of otigin, but the
probability decreases with the age of the species,
and that higher taxa evolved where they are
presently found decreases dramatically with tax-
onomic rank, Therefore, a centre of origin hy-
pothesis is risky unless one has an excellent
strsligraphic record. The hypothesis can often be
falsificd by the discovery of a single fossil or
living population in the ‘wrong place” and there-
lure it should be proffcred with caution. In order
toemphasise this point, we can now look atsome
examples of molluses that would have fallen
under u cenfre of origin hyputhesis had it not
been for the fossil record.

Seattered populations of u gastropod, Neritop-
sis radula, range across the Indo-West Pacilic,
from islands off East Africa to the Hawaiian
Archipelago. One might conclude that the pre-
sent distribution includes the centre of origin,
However, approximately 100 fossil species of
Neritopsis are recognised and N. radula, the sole
surviving member of the Neritopsidae, is ilsell
known from the Eocene of the Paris Basin (Bate
ten, 1984). Hence, it is a Tethyan relic at the
familial as well as generic and specific levels: o
relic par excellence.

Another Tethyan relic is the bivalve mollusc
Neotrigonia represented by six extant species
found around Australia. They are the last surviv-

VA selict’ population is one separated from a parent
populatjon by some vicariant event while  *relic’
pupulslivn consists of the last sutvivors of an un-
cient ruchiation



ORIGINS OF SOUTHERN HEMISPHERE ENDEMISM 53

100* 140* 50 140

Hypothesis 1 - Centers of Origin

SOUTHERN HEMISPHERE ENDEMISM

“1 sk Origin P ,
G
— West Wind Drift Dispersal (WWDD) 53”;%9 3 ‘ /ﬂ
* QOceanic islands PP H I
= 8

[ Mmf\“‘\p ‘

Aﬂ

100 140% go* 140

100* 60" 207 o 20"

FIG. 1. Hypothesis 1 — Centre of Origin. The origin of a hypothetical Southern Hemisphere endemic has
been arbitrarily placed in southeastern Australia (large asterisk). The taxon may subsequently disperse, in
this example, via the West Wind Drift (Fell, 1962) to South America, South Africa etc. (arrows) and
involving oceanic island stepping stones (small asterisks; stippling indicates presence of established
populations). Presence on oceanic islands is evidence for post-Gondwanan long-range dispersal (Newman,
1979a). The hypothesis can be falsified by fossil evidence from other continental sediments of Gondwanan
age, or by appropriate evidence from the Northern Hemisphere.

ing members of the Trigoniidae which became
largely extinct at the end of the Cretaceous in the
North Pacific and Europe (Stanley, 1984). Un-
like the Indo-West Pacific Tethyan relic Neritop-
sis, Neotrigonia is a Southcrn Hemisphere
endemic as well, by virtue of having gone extinct
in the Northern Hemisphere. The commonness
of thislatter patternisillustrated by the following
three relic gastropod molluscs of the Southern
Hemisphere: 1) Campanile symbolicum of
southwestern Australia, the sole surviving spe-
cies of the Campanilidae which flourished in
Tethys of the early Tertiary (Houbrick, 1984a);
2) Diastoma melanoides of southern Australia,
the sole surviving species of the Diastomatidae
which flourished in the Eocene of Tethys (Hou-
brick, 1984b); and 3) Gourmya gourmyi of New
Caledonia, New Hebrides, the Chesterfield Is-
lands and Marion Reef of the Coral Sea, the sole

surviving species of the genus which traces back
to the Eocene of the Paris Basin, Tethys to the
end of the Miocene, and the Pliocene of Japan
(Houbrick, 1984c).

As well as emphasising the value of the fossil
record, the foregoing gives some perspective.
While the course of extinction that led to these
Southern Hemisphere endemics apparently had
its roots in the Paleogene, it apparently did not
become highly restrictive until the Neogene.
These examples demonstrate how readily a
centre of origin hypothesis can be falsified
(Eskov and Golovatch, 1986; Newman and
Foster, 1987) and the issue will be taken up
shortly concerning some crustaceans.

{I. DI1SPERSAL TO SOUTHERN HEMISPHERE
Immigration from the Northern to the South-
ern Hemisphere, with subsequent extinction in
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FIG. 2. Hypothesis 2 — Dispersal and Extinction. A, Dispersal of Northern Hemisphere propagules (stippled,
planktonic or benthic) to the Suuthern Hemisphere, whereby the taxa involved become amphitropical
(Darwin, 1859), Immigration is most easily yccomplished where eastern boundary conditions exist (arrows),
beneath a shallow thermacline and or during cool periods such as the Pleistacens. B, [ Northern Hemisphere
amphitropical counterparts of Southern Hemisphere immigrants go extinet (crosses), the immigrants become
Southern Hemisphere endemics. Southern Hemisphere immigrants may disperse via the West Wind Drift
(arrows). Evidence needed to falsify hypothesis | generally supports this and subsequent hypotheses to one

extent or another.

the Northern Hemisphere, is a simple and
strarght forward way of explaining both am-
phitropicality and Southern Hemisphere en-
demics (Fig. 2). Maigration during the
Pleistocene, across the tropics, Could have

been by way of high mountains for terrestrial
forms. or across equatorial waters for manne forms
(Darwin, 1859). It is of course also possible 10 go
beneath tropical waters, especially under eastem
boundany conditions where the thermaocline is
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shallow and upwelling prevails (Ekman, 1953;
Hubbs, 1952).

The foregoing molluscan examples are not
envisaged as falling into this catcgary because
they were apparently originally widc-ranging
Tethyan populations. Thus it may be difficult to
decide between this hypothesis and that covered
under 1§1 B, 2 below, since both are two-step
processes involving extinction in the Northern
Hemisphere. But because the present hypothesis
involves migration across the trapics rather than
cxclusion from the tropics in cstablishing am-
phitropicality, the distinction is impuortant 1o our
understanding.

1. VICARIANCE

Such hypotheses for the origin of Southern
Hemisphere endemism involve two processes:
A) the breakup of Pangea and Gondwanaland
(Fig.3):und, Byevents included inand fullowing
the breakup of Tethys (Figs 4 and 5).

A., Relicts and relics of Gondwanaland se¢m
ta be limited primarily to tereestrial and fresh-
water biotas and examplcs among the freshwater
crustaccans will be taken up shortly.

B., Tethyan relicts und relics (11} B), on the
other hand, include many marine forms. Two
patierns can be identified and they need 10 be
distinguished here. The first (Fig. 4) involves
retreat of warm seas of the world, since the
Cretaceous, towards centres of distribution. The
second (Fig. 5) involves splitting of primarily
Paleogene tropical populations into amphitropical
populations beginning in the Oligocene (Kennett,
1982; Newman and Foster, 1987). Both processes
may ultimaiely lead to hemispheric endemism,
commonly in the Southern Hemisphere and espe-
cially in the southwestern Pacific.

AMPHITROPICAL DISTRIBUTIONS

Examples of molluscs given above (the
bivalve, Neotrigonia, and the gastropods Cam-
panile, Diastoma, and Gourmya) arc all South-
ern Hemisphere endemics with Tethyan
historics. They appear to be a subset of the Indo-
West Pacific relict pattern, & pattern also ob-
served at bathyal depths by Ameziane-
Cominardi ¢t al, (1987) and Richer de Forges
(1990). However, these authors do not explore
the possibility of their once having been am-
phitropical. Thercfore we can move on o am-
phitropical distributions and their role in the
origin of Southern Hemisphere cndemism.

There are numerous examples of amphitropi-
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0

cal distributions (cf. Guod, 1964 Van Balgooy,
1971 Randall, 1981; Springer, 1982; Bnggs,
1987a.b), and bypothescs regarding their origins
were recently reviewed (Newman and Foster,
1987). There were two noted ahove deemed rel-
evant to marine forms — that of Danwin (1859)
involving migrations across the trapics cspe-
cially during the Pleistecene (Fig. 4) and that of
Theal (1911) and Valentine (198%) involving the
splitting of a previously tropical biota into north-
ern and seothern populations (Fig. 5).

Darwin’s (1859) hypothesis invoived cooling
during the glacial cpochs whereby some terrestrial
and marine plants and animals could have ranged
across the tropics (o beconte amphitropical when
the cool period abated. This hypothesis has been
popular with marine biogeographers studying tish
and plankton, especially those working with plank-
ton or under castermn boundary canditions such as
along the shores of the tropical East Pacific, or
elsewhere where upwelling occurs (Hubbs, 1952;
Brinton, 1962; Van der Spoel and Heyman, 1983;
Fleminger, 1986G). Although the tropical East
Pacific can become relatively warm during El Ninp
period (Ramage, 1986) it is generally cool coni-
pared to the same latitudes in the West Pacifie duc
to prevailing currents from the north and especially
the suuth, and the upwelling associated with them
From deep-sea drilling resalts, it is known that the
belt was much namower during the last glacial
period, 18 000 YBP, than it is today (Moore 2 /.,
1980), Amphittopicality, established by migration
across the tropics at such times, would then be
{ollowed by extinction, generally in the Northem
Hemisphere whereby the Scuthem Hemisphere
populations become endemic at some level.

On the other hand, Théel's (1911) hypothesis
for the origin of amphitropicality concerns split-
ting of tropical populations; that is, periphcral
teliction through replacement in the deep topics
by more advanced forms via competition. Valen-
tine (1984) looks as well lo the physiological
impact of warming ol the deep tropics noted
ahove under climatic change?. These two hy-
potheses scem to go hand in hand since many
modern forms (structurally more advanced and
aften known to be geologically younger) cam-
manly dominatc the deep tropics while some

! Briggs (1987a) dismisses Shackleton™s earlier
temperature curves for high and low latitudes over
the past 100 MY because of a difficulty with the
method due 1 wates tied up in glueial ice. Huow-
ever, he does not cite Shackleton {(1984) where the
dilficulty is apparently taken into secount.


































































