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Biogeography of Free-Living Soil Nematodes

from the Perspective of Plate Tectonics

Abstract. In this first biogeographical synthesis based on the morphology and
known distribution of a group of free-living soil nematodes, data indicate a pre-Ju-
rassic origin followed by West Gondwanaland radiation for some genera and Laur-

asian radiation for others.

Raven and Axelrod (/) presented a
convincing case that West Gondwana-
land was a primary area of evolution for
many orders of angiosperms (possibly
the earliest angiosperms) and reviewed
the data leading to a similar conclusion
for birds, marsupials, snakes, and anu-
rans. Edmunds (2) suggested a probable
sequence of breakup of Gondwanaland
based on the distribution of mayflies and
a minimum of geological evidence. It has
been variously postulated that the Nema-
toda constitute an ancient phylum that
evolved in upper Proterozoic or early
Cambrian time, and, conversely, that the
phylum is of fairly recent origin like the
Lepidoptera or passerine birds (3). We
have recently clarified the systematics of
the superfamily Leptonchoidea of the
Dorylaimida (4) so that a reasonable anal-
ysis of the biogeography and history of
the group can now be made. Our data on
this group of free-living soil nematodes
point to a pre-Jurassic origin followed by
West Gondwanaland radiation for some
genera and a Laurasian radiation for oth-
ers. We now present data for three gen-
era from our larger study of the entire su-
perfamily.

The Dorylaimida occur mainly as part
of a diverse soil and freshwater nema-
tode fauna of relatively natural habitats
(Fig. 1). Dorylaimid nematodes reach a
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high diversity in uncultivated areas, but
their diversity and numbers decline rap-
idly in cultivated fields (except for a few
species that are plant parasites), and the
dorylaimid fauna can be used as an in-
dicator of degree of disturbance in decid-
uous forests (5).

Generally speaking, man is the most ef-
fective dispersal agent for nematodes,
and many species that are plant parasites
(usually of the order Tylenchida) have
been widely spread by movements of
plant parts and soil by humans. The
Dorylaimida as a whole have poor dis-
persion characteristics. They do not
seem to have a drought-resistant stage,
as do some of the successful plant para-
sites, and they must rely mainly on fresh
water or chance adherence in moist soil
to the feet or bodies of animals for dis-
persal. Since in natural areas most do-
rylaimid species are rare in relative num-
bers with few or no predominant species,
the chances of new colonies becoming es-
tablished at distant points must be low
©).

Insufficient collecting on many conti-
nents made a biogeographic study impos-
sible until recently. However, large col-
lections have now been made in many
areas of the world (7), and distributions
of genera and species of Leptonchoidea
on a worldwide basis show patterns that

can be interpreted in relation to geologi-
cal events now known to have occurred
at various times (/). Our approach is
closest to the vicariance model (8), in
which biotic distribution is thought to re-
sult mainly from subdivisions (vicariance)
of ancestral biotas with secondary em-
phasis on pathways of dispersal and mi-
gration. The vicariance model facilitates
generalizations regarding entire biotas.

The Leptonchoidea show various com-
binations of plesiomorphic (or primitive)
and apomorphic (or advanced) character
states (9). Species of the genus Dorylai-
moides have the most plesiomorphic
characters, including a relatively elongat-
ed basal esophageal bulb (Fig. 2, a and
b). Modifications of the esophagus and
female gonads are represented among
the species of Dorylaimoides, which can
be ordered into two groups, one plesio-
morphic and the other relatively apomor-
phic. Species of the plesiomorphic
group, all of which have an uncon-
stricted esophagus (Fig. 2a), have been
found in many of the Laurasian countries
(with several species on more than one
continent) and also in India, AfTrica,
South America, and Puerto Rico. India
has several species in common with
Laurasian areas and shares one species
with South America only. On the basis
of these data alone, Dorylaimoides might
appear to be a northern group with re-
cent dispersal to the south. However,
data from the apomorphic forms indicate
a different history. India has one species
with an apomorphic constricted esopha-
gus (Fig. 2b). All four Australian species
also have this character. Elsewhere in
the world this character is possessed by
one species found only in South America
and another species found only in Puerto
Rico. The fact that all four Australian
species have the constricted esophagus
and that this characteristic is found else-
where only in India, South America, and
Puerto Rico tells us that an ancestor of
these species was present in West Gond-
wanaland prior to India’s passage to the
north, and that a nematode fauna of
some antiquity may be present on Puerto
Rico.

It follows from these data for apomor-
phic forms that ancestors of plesiomor-
phic Dorylaimoides present today in In-
dia and elsewhere had evolved and be-
come well distributed prior to the
breakup of Pangaea, 180 million years
ago. After the breakup, those species
now shared only by Laurasian conti-
nents may have evolved. On the basis of
present data it is not possible to decide
whether those plesiomorphic species
which India shares with the Laurasian
countries are Pangaean survivors or
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whether they arrived in India from the
north after the middle Eocene. Dorylai-
moides leptura, now found in India and
South America, must have evolved no
later than the breakup of Gondwanaland.
That all six of the known North Ameri-
can species are didelphic (a plesiomor-
phic character) indicates that extensive
evolution may not have occurred in Laur-
asia. India, Africa, South America, and
Puerto Rico, however, have a mixture of
didelphic and monodelphic species, with
India having the most species of any land
area. These data indicate that the Gond-
wana continents were areas of great ra-
diation and that some species, at least,
were present on the Indian plate before it
rafted northward in the Upper Cre-
taceous and early Tertiary.

The genus Basirotyleptus is more apo-
morphic than Dorylaimoides, as evi-
denced by the short valvulated esopha-
geal bulb (Fig. 2¢). The ancestral form
probably had two equal female gonads
(didelphic, symmetrical). The only
known modern species with such female
gonads is B. bunocephalus in Africa
(Uganda). Two additional didelphic spe-
cies have been discovered in Australia,
both of which have asymmetrical gonads
tending toward prodelphism (a fully de-
veloped anterior gonad only). A third
species in Australia is monoprodelphic,
and this species is shared with India.
These data indicate early distribution in
Gondwanaland prior to India’s separa-
tion from Antarctica. To date, Basiroty-
leptus has not been reported in New Zea-
land, and if it is not discovered there
eventually, we will have to assume that
the New Zealand population became ex-
tinct (/10). As yet, only one Basiroty-
leptus species has been reported in
South America (Brazil), but, given the
present distribution of the genus and its
apparent history, we anticipate that
more South American species will be
found and that the genus will also be
found in Central America, which was un-
doubtedly its route to North America.
Basirotyleptus is apparently absent from
Eurasia.

A third genus, Tyleptus, has an esopha-
gus similar to that of Basirotyleptus (Fig.
2c). Three species are found in India,
and one of these is also found in South
Africa. There is another species in Africa
(Zaire), three more in South America
(one of these is shared with North Ameri-
ca), and one more in Puerto Rico. As far
as we know, no Tyleptus species has
been reported in Australia, New Zea-
land, Europe, or Asia, although the ge-
nus has been known since 1939. The dis-
tribution indicates West Gondwanaland
radiation after direct migration to the
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Fig. 1. Representative nematodes from a for-
est soil showing variation in size and con-
formation among species of several different
orders. Scale bar, 0.5 mm.

Australian plate ceased about 110 million
years ago. Entry into North America
was undoubtedly recent (not before 5.7
million years ago) and occurred by way
of Central America, and we predict that
Tyleptus species will be found in Central
America. All species of Tyleptus and
Basirotyleptus in North America have
been found in natural wooded areas of
the eastern United States. where they
were isolated as the southwestern
United States became warm and dry.
Our hypothesis requires acceptance of
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Fig. 2. Basal esophageal bulbs. (a) Long, un-
constricted bulb in Dorylaimoides. (b) Long,
constricted bulb in Dorylaimoides. (c) Short
bulb with thickened valvular chamber in Basi-
rotyleptus and Tyleptus.

the view that some species (for example,
Dorylaimoides leptura) evolved in Gond-
wanaland and persisted in some areas
until the present. The fact that a com-
parable claim for species longevity has
not yet been made for species in other
biota does not seem sufficient reason to
assume it could not be so for nematodes.
Annelid worms are known to have been
well established by the early Paleozoic.
Although essentially no fossil record of
the free-living nematodes exists, it is rea-
sonable to assume that they also invaded
land during the Paleozoic and diversified
throughout that period. The organiza-
tional plan of nematodes is effective but
it is simple, and invertebrate zoologists
tend to agree that the very simplicity
may have been evolutionarily limiting
(I1). The success of nematodes in the
many habitats invaded has depended on
only minor modifications of the basic
plan. Stanley (/2) has suggested that the
closely related rotifers and certain gas-
trotrichs may have low rates of extinc-
tion because of their small size, abun-
dance, physiological traits, and charac-
teristically broad niches, and that,
because of these low extinction rates,
the groups do not need high diversifica-
tion rates to ensure their survival.

We are confident that further collect-
ing will confirm a pre-Jurassic origin for
the Leptonchoidea and much evolution-
ary radiation in the Cretaceous, coincid-
ing with the rapid evolutionary events in
other animal groups and in the angio-
sperms (/). An important difference be-
tween our findings and those of bio-
geographic analyses of other groups is
the absence of great numbers of extinc-
tions in India as it rafted northward. Un-
like the angiosperms (/). many Lepton-
choidea seem to have survived the trip.
We suggest that some of these species
have persisted until the present, a claim
for species longevity not made for other
biota. Further collecting is needed to de-
termine the extent of radiation of nema-
tode groups on early landmasses and to
aid in answering questions regarding ex-
tinctions in large areas and rates of dis-
persal to new areas including islands.

V. R. FERRIS
C. G. Goseco
J. M. FERRIS
Department of Entomology,
Purdue University,
West Lafayette, Indiana 47907
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Sustained Tolerance to a Specific Effect of Ethanol on

Posttetanic Potentiation in Aplysia

Abstract. Perfusion with 0.8 molar ethanol in seawater specifically accelerates the
rate of decay of posttetanic potentiation observed after repetitive electrical stimula-
tion of an identified synapse in the abdominal ganglion of Aplysia californica. Re-
peated perfusion with seawater alternately with and without ethanol leads to a pro-
gressive diminution of this specific effect of ethanol, such that after the third applica-
tion ethanol no longer has any effect on the rate constant of decay of posttetanic
potentiation. This tolerance to the specific effects of ethanol persists for at least 11

hours after the last application of ethanol.

Tolerance to alcohol refers to the di-
minution of its pharmacological efficacy
with repeated exposures. In mammals,
including humans, tolerance to ethanol is
due in large part to adaptive changes in
the nervous system rather than to an ac-
celeration of ethanol metabolism (7, 2).
The nature of the adaptive change that
produces tolerance is not known. In a

previous study we used an identified sy-
napse in Aplysia californica to demon-
strate a specific neurophysiological ef-
fect of ethanol and other alcohols, name-
ly an acceleration of the decay of
posttetanic potentiation (PTP) (3) (Fig.
1). We now report that repetitive admin-
istration of ethanol over the course of a
number of hours leads to the devel-
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Fig. 1. Intracellular records of the EPSP’s in cell R15 of the abdominal ganglion of Aplysia
californica during stimulation of the right visceropleural connective by a train of 100 pulses at one
pulse per second, followed by two test pulses at 15-second intervals and then test pulses every 30
seconds. Cell R15 was hyperpolarized to about —100 mv by injecting current through the
second barrel of a double-barrel recording electrode. (a) Control preparation in fortified
artificial seawater (5). (b) The stimulus pattern was given 30 minutes after starting the first
application of artificial seawater containing 0.8M ethanol. The response during the train of
stimuli is similar to that of the control preparation; however, the PTP observed after the train
decays with a much faster time course. Beginning 10 minutes after this train the preparation was
washed for 120 minutes before the second application of ethanol. (c) The stimulus pattern was
given 30 minutes after starting the fifth application of 0.8M ethanol. The rate of decay of PTP
here is similar to that in the control preparation. The calculated rate constant of PTP decay (k)

is shown for each case.
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opment of tolerance to this specific, neu-
rophysiological effect.

Posttetanic potentiation is a presyn-
aptic phenomenon which is produced af-
ter repetitive stimulation of an identified
synapse in the abdominal ganglion of A.
californica @). Electrical stimulation of
the right visceropleural connective gives
rise to an excitatory postsynaptic poten-
tial (EPSP) that may be recorded with an
intracellular electrode in cell R15 of the
isolated abdominal ganglion by using
standard electrophysiological methods
“, 5). During and after repetitive stimula-
tion of this synapse at a frequency of one
pulse per second, a series of changes in
the amplitude of the recorded EPSP is
observed, as has been described in detail
4, 5). After termination of a train of 100
stimuli, the test EPSP’s elicited at 30-
second intervals are of larger amplitude
than the characteristic isolated EPSP of
this synapse. This PTP decays with a
single exponential time course toward
the size of an isolated EPSP, so that after
the train of 100 stimuli at one pulse per sec-
ond, the EPSP amplitude returns to the
control level within 20 minutes. When an
identical experiment is conducted in the
presence of 0.8M ethanol all responses
during the train are, on the average, iden-
tical with those observed in the absence
of ethanol. However, the rate constant
of decay of PTP is strikingly accelerated
(3) (Fig. 1). The effect of repeated admin-
istration of ethanol on this specific action
(acceleration of the rate of decay of PTP)
is the subject of this report.

In this investigation we alternated
trains of stimuli in the presence and ab-
sence of 0.8M ethanol and studied the
amplitude of all EPSP’s elicited by each
train as well as the rate constant of decay
of PTP. In a typical experiment a train of
100 stimuli at one pulse per second was giv-
en and the rate of decay of PTP was de-
termined by eliciting test EPSP’s 15 and
30 seconds after the end of the train and
then at 30-second intervals for 10 min-
utes. This stimulus pattern was repeated
at 40-minute intervals, allowing about 30
minutes of rest between experiments. So-
lutions were changed at the beginning of
the 30-minute rest period. Three con-
secutive control experiments with forti-
fied artificial seawater (5) without eth-
anol were alternated with a single experi-
ment with a solution of 0.8M ethanol in
fortified artificial seawater. Continuous
application of ethanol was not feasible
since axonal conduction block often de-
veloped after prolonged perfusion with
0.8M ethanol.

In the absence of ethanol, PTP was ob-
served to decay with an average rate con-
stant of 0.0053 = 0.0006 sec™! (* the
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