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Perspectives in the Study of the Zoogeography of Interstitial
Crustacea: Bathynellacea (Syncarida) and Parastenocarididae
{Copepoda)

Horst Kurt Schminke*

SUMMARY

Aspects of the soogeagraphy of Bathyoellaces and MParascenocandudae are discussed in the ligh)
ef my recent investigations, Parastenocarididac in Australia are rare and nol very diverse n
numher af species. Four species belonging to three genera were collected an @ tour through Au-
siralia in 1968, Despite relalionahips te spegies from other Gondwanian landmasses the poarness
of the Avstralian Fauna, together with the apparent ability of this family 10 spread over lenger
dastances, suggest a late aerival af Parastenocarididac in Australia. [nvasion o likely 1o have ra-
ken place from twe directions. As for the Bathynellacea, the relationships presumed o exisl hel-
ween genera from Austraba and Malayvsia within the Pacabmbynelldae have been invalidated.
Ay an allernaive to the double-armed dispersal madel af the Parabathynellidas propounded ear-
lier, a vicariance model 15 discussed following Schiam (1977) The roogeography ol Paiasicno.
varididae can probably be best cxplamed in terms of 2 primary dispersal history,

Two groups among crustaceans belong to the most characteoistic elements of
freshwater interstitial fauna: the Bathynellacea, an order of the Syncanda wi-
thin the Malacostraca, and the Parastienocanididae, a family of the Copepoda
Harpacticaidea. 1 have been intecested in the Bathynellacea Tor a long time
and have recently been siudving the Parastenocarididae, Particular emphasis
in thic work has been placed on problems of historical zoogecgraphy. Why
select just these two groups for this kind of study?

PARASTENOQUARIDIDAE

The Australian fauna is a good case in point to explain this. On a collecting
tour through Australia in 1968, 1 rook 45 samples of freshwater interstitial
fauna in New South Wales, Vicloria, Western Australia and on Tasmania
{(Schminke 1973, fig. 3), The sorted samples showed a surprising result. Only
13 ol 43 (29% ) vielded Parastenocarididae species, whereas Bathynellacea
were present in 20 (345%) of them. The usoal situation is just the opposite. In
South Africa Tur example, 65 of B9 samples {73%) contained species of Para-
stenocarididas whereas Bathvnellacea were extracted from only 44 (50%0) of
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these. In New Caledonia 34 of 52 (65%) samples vielded species of Parasie-
nocarididae whereas Bathynellacea were absent,

Equally surprising, though in agreement with the low number of samples
vielding Parastenocarididae at all, was the fact that, except for one, all of the
sarples contained only one species. This 1s very poor. In Mew Caledonia the
average was [wo speoics per sample with some samples containing four or fi-
ve species. In South Africa the average was three species, with a few samples
vielding as many as six or seven species. Parastenocarnididag are not only rare
in Australia, they are also not very diverse in the number of species. Despite
the hupe area sampled only four species were found. Three of them were en-
cauntered in Eastern, and a single species in Western Australia, None were
found on Tasmania.

The svstematics of the Parastenocarididae are still in a state that preclu-
des far reaching conclusions as 1o the phylogenetic relationships of its genera,
But my own extensive work during the last two vears, yet 1o be published, has
at least unveiled criteria for a clear delimitation of these genera. According to
these criteria, the four Ausiralian species can be assigned to three genera. The
species from Western Australia belongs to the genus Cafferocaris, which has
a great number of species and is widely distributed all along East Africa,
from Kenya down to South Africa and also on Madagascar. Two of the spe-
cies from Eastern Australia representing a new gends are very closely related
ta, if not congeneric with, species from India {(material, leg. Noodt) and Sri
Lanka (Enckell, 1970). The remaining specics and genus cannol be classified
as yel.

From these relationships it may appear that the Australian species are
remnants of an old Gondwanian stock, the descendants of which are now
scattered over the onee interconnected continents in the southern hemisphere.
But if Parastenocarididae have been in Australia for such a long time, why
are thev so rare? In Africa and South America, this family is virtually tee-
ming with species, The alternative would be that Parastenocarididae are of
fairly recent occurrence in Australia, Their dispersive capacity appears Lo be
such as 1o allow dispersal over longer distances (Enckell, 1969; Kulhavy and
Noodt, 1968). By what means this is achieved we do not know, Yet, not only
have Parastenocarididae been recorded from purely voleanic islands such as
Ieeland (Kulhavy and Noodi, 1968y, and Tenerife of the Canary lslands
{Schminke, 19713, which they could not have reached by land connections,
they also are not entitely interstitial in existence.Some species have been
found io masses and on the Indonesian islands in phyvtothelms (Chappuais,
19317,

An invasion into Australia long after the breakup of Gondwana, there-
fore, does not appear 1o be completely out of the gquestion. The distribution
of the Ausrralian genera and their affinities to species from other continents
wallld, on the contrary, be better explained by this hypothesis, as would what
appears (o be a thinning out of Parastenocarididae to the south within Au-
stralia and their probable absence from Tasmania. Bul confirmation is nee-
ded from additional sampling before their absence from Tasmania can be ta-
ken for granted. A late arrival in Australia of this family would also make
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less surprising their probable absence from New Zealand, About 190 samples
of freshwater interstitial fauna were taken throughout New Zealand in
1967 /68 (Schminke 1973, fig. 2), but no Parastencearididae were discovered,

Current evidence, then, seems to suggest an arrival of Parastenocaridi-
dae in Australia after the rupture of the Gondwanian landmass. 1t is impossi-
ble to give even a rough estimarte for the probable date of this arrival, One
regson is that the invasion seems to have raken place from the north as well
as from the west, In addition, these considerations still suffer from two ma-
jor deficiencies: lack of sufficient knowledge of the phylogenctic relation-
ships within the Parastenocarididae, and existence of large gaps in the recor-
ding of the occurrence of this family in many parts of the world,

BATHYNELLACEA

The Bathynellacea sgem to provide better opportunity for formulating hypo-
theses. At least within the family Parabathynellidae, the phylogenetic rela-
tionships of ity genera are better known. From these I concluded (Schminke,
1973, 1974) that the Australian genera are part of one of two independent li-
nes along which the Parabathyoellidae were believed to have dispersed from
their center of orgin in ¢ast Asia, where the most primitive species occur,
Along both lines, the genera become more and more apomorphic in their
characrers. One line was assumed (o have led west via Europe and Africa to
South America, the ather south via Australia 1o South America.

Because of the very poor dispersive capacity of the Bathynellacea
{(Schiminke, 1974), dispersal from Asia to Australia could not have taken pla-
ce unless land connections had existed between Asia an Australia at a tume
that would not only have enabled the Parabathynellidae o subsequently
reach Mew Fealand but alse to extend their range 1o Sourth America via An-
taretica. A constellation of the landmasses in the southern hemisphere which
would have allowed this sequence of events does not seem 1o have existed, if
the latest reconstructions of the earth's history are correct, This need not
concern us too much since not in seeking mere coincidences between distribu-
tional patterns and geological constellations, viz. by simultaneously taking
into account hiological as well as geological evidence, can zoogeographical
studies provide signiticant contributions to the reconstruction of the earth's
history, Zoogeographical studies can contribute to it only in tracing causal
relationships by independently applying their own genuine methodology
{Miiller, 1974). This may result, as in the present case, in contradictions with
evidence fTom other sources. When this happens, it docs not mean that the
recanstructions of phylogenetic relationships underlying the coogeographical
conclusions must by necessity be false. However, as a potential source of fal-
sification, such contradiclions invite reconsideration of the phylogenetic ana-
lvsis,

The weak points, then, in reconstructing the phylogenetic relationships
within the family Parabathynellidae obviously are those presumed o exist
between the hMalaysian genus Batubathynella and some of the Australian ge-
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nera because of great similaricies w the complicated steucture of the male
thoracopods VI Reexamination of abundant new marerial of the genus Sa-
subathyneffa (leg, Fernando), which was in far better condition than the spe-
cimen available for the carlier study, showed that the picture gained from
that specimen could nol be substantiated. Independent evidence supgesting
that these presumed relationships were probalily due to misinterpretations ca-
me [rom a study of South African Bathynellaces (Schminke, unpubl), 11 the
hypathesis of a double armed dispersion of the Parabathyoellidace from a
center of origin in east Asia were correct, there should have been no overlap
in South Alrica of representatives of the generi characteristic for the two in-
dependent routes of dispersal leading up 1o South America. Soch an overlap,
however, does in fact oocur, What, then, could an ahernative look like?

PLERSPECTIVES

Diebate in historical zoogeography lately has cencered around what has heen
called the dispersal and vicariance paradigms (Flatnick and Nelson, 1978
The vicariance model requires an ancestral species which enlarges its initially
small area of distribution. This initial primary dispersal, which in the extreme
may lead 1o cosmopolitanism, takes place in the absence of a barrier. Subse-
quent geological or other events may result in fragmentation of this area into
two lsolated ones by the appearance ol a barrier, and in differentiation al the
then isolated populations into two allopatric species. Subsequent fragmenta-
tions ol the areas of these species, Tollowed by further speciation events,
could lead, without any further dispersal, 1o a worldwide pattern of distribu-
tion which in most groups s usually complicated by events of secondary di-
spersal indicated in the recent fauna by sympatry,

The dispersal model, on the ether hand, differs {tom the vicariance mo-
del in the relative age of disjunctions and barriers. According 1o this model,
an ancestral species extends its range by dispersal across a preexisting harrier,
resulting in immediate isolation and disjunction of its offshoar. Disjunction
and barcier are of different ages, the latier heing older, whereas, according (o
the vicariance madel, both are the same age. For a more detaled trearmem
of this theoretical background, the reader should see discussions in Ball
(1975, 1977, Crodeat ¢ al. (1974), and Platnick and MNelson §1978).

Schram (1977) recently suggested that the worldwide partern of distribu-
tion of the Bathynellacea may probably be better undersiood inowerms of vi-
carianee rather than a classic dispersal model such as the one [ have propoun-
ded. As pointed out by Platnick and Nelson (1978), many alleged dispersal
hyvpotheses are in reality what they call vicariance maodels in disguise. These
are nat really dispersal models because the postulated dispersal is supposad 1o
have taken place “priorc to the appearance of the barrier and prior (o the
fragmentation of the range of the ancestral species' {p. 23, My “dispersal”
model of bathynellacean distribution falls under 1this heading, I we loak at
the distribution ranges of the parabathyoellid genera with this in mind
thig. 1), Schram's vicw becomes eusily understandable. All inrageneric con-
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Fig. 1. Distribunian of the genera af the family Parabarhynellbdee (withour genus Hesabathy-

reffal, UALer Schminke, 197300

nections run cast-west, and even the nlergeneric ones never run north-south
gxcepl for the case that has turned out to be untenable. This picture will be-
come even more pronounced when my records of the genera Chiibathivnella
and Leptobarhvnetfa From Africa, Afopobathyaeila from Madagascar, and
fherobathynello from Morth America appear in print.

Bathynellacea, then, appears to belong o those groups of organisms
which reached a cosmopolitan distribulion prior to the breakup of Pangacea,
and whose zoogecgraphy can now be understood only in terms of vicariance
and secondary dispersal, If this is true, phylogenctic studies should result in
the distinetion of two monophyletic groups within the Parabathynellidae, a
narthern or laurasian group and 1 southern or 2ondwanian one,

1t is not ver clear which explanation best fits the distribution of Paraste-
nocarididae. The depavperate Australian fauna and the apparent ability of
this family to spread over longer distances suggest that their zoogeagraphy
may probably be bes explained in terms of a primary dispersal history, Then
phylogenetic age also appears 1o point in this direction. An origin in the early
Tertiary, or even somewhat carlier, has tentatively been suggested for this fa-
mily {Noodt, 1969),

The Bathynellacea, in comparison, are decidedly older, circumsiantial
evidence poiiting 1o an erigin as far back as the Carboniferous. They are old
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cnough to have been subject to all consequences of the breakup of Pangaea,
the sequence of their phylogenetic branchings probably being a mirror, 1o so-
me extent, of the sequence of geological changes. The Parastenocarididae, on
the ather hand, are not likely to have witnessed dicectly, ro their full, the re-
percussions of continental disruption, They had to achisve post festum whal
the Bathynellacea had reached before: a worldwide distribution. Thus, the hi-
story of both groups is apt to cast some light on how the continents evalved.
Each, however, does it from a different direction, and it is this double aspect
that makes it worthwhile to pick just these two groups among interstitial Cru-
stacea for studies with emphasis on problems of historical zoogeography.
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ZUSAMMENFASSIUING

Es werden Aspekle eririert, die sich im Yerlauf meiner neoesten Untersuchungen sur Zoogen
graphie der Bathynellacea und Faraslenocandidae ergeben haben, Che Parastenocardidae Au-
straliens fallen durch selienes Yorkomamen und geringe Artenzahl aut, Die Ausbeute giner aus-
gedehmien Sammelreise durch Awstralien im JTahe | %68 bestand aus nor 4 Aren, die 3 Gaitungen
angeharen. Trorz verwandischaftlicher Bezichungen 2u Arten von anderen gondwanischen Kan
tinenten legen die Artenarmut der Famulie in Australien und ihre vermutliche Fahigkeit 2o wei-
raumiger Aushreitung ine spéite Ankunft in Ausiralion pahe, Di Besiedlung dieses Kontinencs
Fand hichstwahrscheinlich aus 2 verschiedenen Richtungen siant. Hinsichilich der Batkyoellacea
haken sich vermulete ¥erwandischafisbezichungen ewischen Gattungen der Familie Parabathy:
ncllidae aus Malaysia und Avusiralien mchy bestlligt. Alernativ ow dem friher verireiepcn,
rweiarmigen Yerbreitungsmuodell der Parahathypellidae wird im Anschlufll an Schram {1977) die
Miglichkeil cines Vikarianzmodells erortere. Die Zoogeographie der Parastenocardidae s
wahrschemnlich am besten durch ein Modell primarer Aushreitung zu erhBiren.
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