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A b s t r a c t

T he conventional zoogeographical realm s, regions, and provinces are based upon th e  distribution patterns 
show n by birds an d  m am m als, organism s whose m ajor evolutionary radiation occurred  during  com para­
tively recen t geological periods. An adm irable sum m ary o f th e  world distribution into E thiopian , O riental, 
A ustralian , N earctic . Palearctic, an d  N eotropical is given by D arlington (1957). Only in the tap irs  and  the 
fam ilies o f lower Vertebrates such as reptiles and am phibians, a re  disjunctive d istributions com m on.

M ollusks, a rth ropods, an d  h igher p lan t fam ilies agree in having disjunctive distributional pa tte rn s the 
rule ra th e r th an  the exception. A lthough da ta  on fam ily and  generic distributions fo r land  and  freshw ater 
molluscs are  incom plete fo r m ost zoogeographical areas, the broad  patterns o f distribution  are clear.

The sou thern  hem isphere areas are characterized  by disjunctively distributed and  relatively prim itive 
land  snail tax a , such as the E ndodontidae, A cavacea, an d  B ulim uloidea. The H olarctic an d  O rien ta l land 
masses, including m uch of th e  trop ical A sian and  tropical A frican  areas, have a  fauna o f m ore advanced 
tax a , such a s  the  Polygyracea, H elicacea, and  “ zonito id”  taxa.

F aunistic  boundaries of lan d  snail d istribution  do no t agree w ith  those of the vertebrates. W hile New 
G uinea has an  A u stra lian  Vertebrate fauna, the land  snails are  o rien tal in affinities. Sim ilarly, although the 
islands of Polynesia and  M icronesia lack  an  endem ic vertebrate fauna, they  have a  highly distinctive fauna 
o f land  snails th a t are. endem ic a t th e  fam ily o r  subfam ily level.

D esignation  o f  la n d  snail “ realm s, regions, and  provinces”  is p rem atu re , b u t indications o f the general 
pa tterns a re  given.

I n t r o d u c t io n

T he tidal wave of experimental studies on the cellular and subcellular levels, progressing from  experi­
mental physiology to biochemistry and molecular biology, which some now equate with “ biology,” 
has produced a  generation o f young biologists who are profoundly ignorant o f such “ classical ” 
disciplines as systematics and  zoogeography. I beg indulgence from  my older and m ore classically 
oriented colleagues, bu t through sad experience realize th a t background inform ation m ust be 
presented for the education of our experimental colleagues.

Zoogeography, the study of animal distribution, can be and has -been approached from  four 
different ways: (1) geographical zoology, or the distribution of particular groups o f animals;
(2) zoological geography, or the distribution of many animal groups in a particular a rea ; (3) ecologi-. 
cal anim al geography, or the analysis of ecologie factors affecting animal d istribution; and (4) histori­
cal anim al geography, which attem pts to  determine the migration patterns of faunas through time 
and to  study the origin and spread of particular animal groups. Each approach is useful and neces­
sary, and often com binations of approaches will yield quite valuable insights. All levels of zoo­
geography are dependent upon systematic and faunistic data. Unless the distribution of the 
animals considered is well and  accurately determined, the zoogeographic conclusions will be faulty 
a t best, or erroneous. I f  the systematic relationships of the organisms are incompletely known, 
or the phylogenetic affinities incorrectly determined, then once more the zoogeographic results will 
be of little value.
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I t  is no accident that the classical zoogeographic realms, regions and  provinces have been deter­
mined through study of birds and mammals. These organisms are conspicuous and comparatively 
few in  num ber, with only about 3,500 m am m alian and 8,600 avian species. Quite understandably 
anthropom orphism  has focused an inordinant am ount of attention on their distribution and syste- 
matics. There probably have been at least 60 systematic m ammalogists and ornithologists active 
in the last 100 years for every systematic malacologist. Thus, the mollusks, with about 100,000 
species, are much m ore poorly known in term s o f basic distribution and systematic affinities than 
are the over-studied birds and mammals. W hile students o f vertebrate distribution now are able to 
focus on the dynamics of current distributions and have accum ulated considerable data  on distri­
butions in past geological eras, the basic tasks o f compiling ranges and determining systematic 
affinities rem ain to be done for mollusks and all other “ invertebrate ”  taxa.

The classic exposition of m ajor zoogeographic regions was by P. L. Sclater (1858), who divided 
the world in to  six m ajor realms—Ethiopian, Nearctic, Palearctic, Neotropical, A ustralian, Oriental—  
based upon the distribution of land birds. Sclater’s paper appeared before Darw in’s w ork on evolu­
tion, and he viewed these areas as separate centers o f  creation. This in no way diminishes their over­
all utility in recognizing the basic pattern  of higher vertebrate distribution. A. R . Wallace (1876) 
in his two-volume work, The G eographica'D istribution o f  Anim ais, synthesized trem endous 
quantities of inform ation on bird and m am m al ranges. It was no t un til the appearance of D arling­
to n  (1957) th a t Wallace’s study was superseded.

Between Wallace, who dealt with the present distribution of birds and mammals, and Darling­
ton, who attem pted to  evaluate the average pattern  o f vertebrate distribution and to  discuss the 
m ajor faunal movements of vertebrates, zoogeographers have focused attention on several problems 
of a fundam ental nature. Perhaps the m ajor areas of concern have been with :

(1) elucidation of faunal areas and determ ination of boundaries for these areas ;

(2) concern w ith the basic geologic stability or instability of land masses through tim e;

(3) working out the history o f m ajor taxonom ic units;

(4) analyzing the ecologie factors determining zoogeographic d istribution; and

(5) determining the directional movements of faunal migrations.

Early attem pts at recognition of faunal boundaries and areas consisted of hand compiled lists 
of species and distributional limits. M odern use o f com putors has resulted in such studies as th a t 
o f Simpson (1964) in which the presence or absence of each N orth  American m am m al species was 
noted for quadrates 150 miles on each side, w ith species density contours plotted fo r all areas o f 
N orth  America.

C ertain areas were recognized quite early as being zones of transition between m ajor faunistic 
units. For example, a huge literature exists concerning the im portance and/or reality of Wallace’s 
and  W eber’s lines in separating the Oriental and A ustralian faunas ( see  M ayr, 1944). The area 
between Java and New G uinea is one o f rapidly shifting faunal dominance, and attem pts to delineate 
exact lines of dem arcation are no t particularly fruitful or im portant. The evolving and  changing 
nature o f faunas now is universally recognized and  in the last 30 years emphasis has shifted to  other 
features.

O f basic im portance to  any zoogeographical theory concerning the origin and spread of faunas 
is the stability or instability o f the m ajor land areas through geological history and the extent to which 
dry land  vs. overseas dispersal is required of organisms. N o branch o f zoogeography has been 
more subject to shifting fads and fancies. In  the early part o f this century, the imaginary building 
o f narrow  land  bridges, which extended thousands of miles across ocean deeps, was a favored acti­
vity. Such a bridge might be “required” to explain the presence of perhaps one or two small insects
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or tiny land snails on remote oceanic islands. Typical of this genre, bu t far from  being the m ost 
extreme, was the proposal of Meyrick (1926, p. 271) who explained the origin of eight Microlepi- 
doptera on R apa by having a land bridge extend from  Fiji to  Rapa. In  his own words, “  A  rise of 
12,000 feet in the sea-bottom  of the South Pacific is required to show these results, bu t entertain no 
doubt th a t such an  elevation m ust have existed since the Eocene period, because it is absolutely the 
only explanation possible.” There was literally no portion  of the ocean which had not been repea­
tedly bridged by proposed land corridors of some zoogeographer. In  sharp reaction to  this, during 
the 1930’s and  1940’s it became suspect for a zoogeographer to  suggest changes in land area exceed­
ing the fluctuation of the oceans related to  the maximum Pleistocene glaciation.

A m ajor school of zoogeographers considers th a t the present land masses have been stabilized 
in  their present outline and  position th roughout the spread of currently extant animal groups. Dis­
persal to islands was explained through the dei ex  machina of cyclonic winds and accidental carriage 
on the feathers o f migratory or sea-birds. A n occasional land bridge across Bering S trait; one 
between New G uinea and A ustralia ; and  repetitive openings and closings o f the Panam a land bridge 
were all th a t was required fo r zoogeographic proposals.

A  second m ajor school, in vogue during the 1920’s and  revived in full flower during the late 
1950’s and 1960’s, was the idea o f continental drift. This assumes th a t the m ajor continents were 
in the past grouped together as one continuous land mass th a t subsequently broke up in to  the large 
continental fragments which slowly, or rapidly, depending on the zoogeographer, drifted to  their 
present position. Considerable geological evidence, particularly coming from  palaeomagnetism, 
indicates th a t quite possibly the continents were joined together a t one time. However, I know of 
no anim al distributions that are m ore simply explained by continental drift th an  by stability o f conti­
nental mass. I f  drift occurred, then it m ust have been at a  time prior to the movements of any extant 
families.

Particularly in respect to the m ammals, where there is an  abundant fossil record, we know 
a  great deal about the history o f current biotas. In  a delightful book, Simpson (1953) has summa­
rized the m ajor features of historical biogeography as it applies to  mammals. F o r groups in which 
the fossil record is absent or uninform ative, da ta  on past movements m ust be deduced from  a  combi­
nation of phylogenetic and distributional data. The trem endous effects o f ecology on anim al distri­
butions have been reviewed by Hesse, Allee, and Schmidt (1951). They are no t further considered 
in this report.

A  basic problem  continues to be the question o f directional faunal movements. Biogeographers 
traditionally have been divided in to  two schools. Those resident in Europe and  N orth  America, 
perhaps subconsciously looking “ dow nw ard”  a t the distended Southern Hemisphere on their 
M ercator m ap projections, have alm ost universally postulated spread from  the H olarctic land mass 
in to  the Southern Continents. Biogeographers resident in South America, South Africa, Australia, 
and  New Zealand, recognizing the m any faunal elements they have in common, and possessing both 
a “ p o la r” viewpoint and a sense of isolation, have tended to hypothesize a center o f origin and  spread 
from  A ntarctica into South America, South Africa, and Australia. This subject will be discussed 
later.

Recent years have seen two new im portan t trends in study. A program  of airplane and ship 
nettings sponsored through the efforts of J. Linsley G ressitt and reported on in various volumes of 
Pacific Insects, issued by the B. P. Bishop M useum , has provided extremely im portant data  con­
cerning the actuality and relative frequency of overseas dispersal in relation to arthropods. Secondly, 
several individuals have begun to focus on the dynamics o f dispersal, colonization, and extinction 
o f individual species in small faunal units. The resulting science of experimental biogeography now 
is attem pting to  predict faunal com positions, colonization rates, and to evolve generalized laws of 
biogeography. A recent summary by M acA rthur and W ilson (1967) should be required reading 
for every potential biogeographer.
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M o l l u s c a n  D is t r ib u t io n

As indicated earlier, the basic systematic and distributional da ta  needed for zoogeographic 
surveys o f mollusks are fragmentary. Any collection from  south-east Asia, for example, will p ro ­
vide range extensions o f several hundred miles and enable revisions o f  systematic position for m any 
of the known species. This holds true for most areas of the world, except for much of Europe and 
N orth  America, north  of Mexico. I am  currently finishing a  revision o f the Pacific Island Endodon- 
tid land snails. Ignoring Hawaii, in the larger subfamily there are 155 species level taxa. O f these, 
103 were previously undescribed. In  regard to particular areas, only one o f 25 Endodontids found 
on R apa Island was previously known and only two of 24 found on M angareva. The classifica­
tion  o f these species was equally poorly understood. Only five o f 23 genera had been nam ed 
previously, and only tw o o f these are being used with their historic limits.

N o t only are m ost areas incompletely explored, bu t the systematic work has been done from  
quite different philosophic viewpoints. The Australian land snail fauna has been reviewed by 
Iredale (1933, 1937 a, 1937 b, 1938). His concept of genera and families is so much narrower than  
th a t utilized by m ost o ther malacologists that direct faunistic com parisons on the basis of his publi­
cations are impossible (Solem, 1959, pp. 26-28). In  m any cases reduction of his families to generic 
level, and equation o f his genera with superspecies is necessary for com parative studies.
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F io .- l.  D istribu tional lim its o f lan d  snail fam ilies in Pacific region. A d ap ted  from  Solem (1959),
The fam ilies a re :

A , C lausiliidae ;
' B, Pupin idae;

C, H elic in idae;
D , larger H elicarionidae with 

no rm al shell developm ent ;
E , Enidae ;

F , C yclophoridae;
G , C am aenidae;
H , R athouisiidae;
I, D iplom m atin idae; 
J , T rochom orphidae.
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Several generations of collecting and faunistic reviews combined with an equal am ount of 
systematic revisionary work will be required before a world land snail geography can be written. 
Despite this, sufficient inform ation does exist to answer a few questions. I propose to deal with 
two problem s in this report. First, to  contrast the land snail distribution in the areas from South­
east Asia to the Solom on Islands with, that of the terrestrial vertebrates. Secondly, to  summarize 
w hat da ta  currently available on some southern hemisphere relict land snail families tells us concern­
ing the patterns and directions o f land snail m igratoins.

W a l l a c e ’s L in e  a n d  L a n d  S n a il s

A lthough the  terrestrial vertebrates show a sharp to  slow transition between the Oriental and 
A ustralian faunas, in the  area known as “ W allacea”  no such transition is evident for vascular plants, 
insects, and land  snails. Fairly comprehensive treatm ent of the general patterns o f land snail 
distribution on the family level in this area is given in Solem (1959). Here it is proposed merely to 
summarize th a t da ta  (Fig. 1), as slightly modified by m ore recent studies. I t  is obvious that on the 
family level, there is a  single fauna of land snails th a t extends from  South-east Asia to New Guinea 
and often on to  the  Solomon Islands and the tropical coast of Queensland. W hile some groups 
are also present on the islands o f Polynesia and  M icronesia, these consist o f the smaller sized species 
or groups th a t are arboreal in habitat and therefore m ore ap t to be transported accidentally. The 
larger H elicarionidae, Cyclophoridae, Camaenidae, and  Clausiliidae, plus  the carnivorous slugs 
belonging to the Rathouisiidae, are limited to the core area, except for the desert radiations of camae- 
nids found in Australia. Departures from  this pattern  occur prim arily on the generic level. The 
camaenid genus Amphidromus o f South-east Asia to  the Tenim ber Islands is replaced by the Papuina 
complex in the A ru  Islands, New Guinea, coastal Queensland, and  the Bismarck-Solomon axis 
(Solem, 1959, p. 274, Fig. 20). Similarly, the helicinid genera Geophorus and Palcieohelicina (Solem, 
op. cit., p. 277) replace each other in approximately equivalent fashion.

Very few land  snail families depart from  this pattern  (Fig. 2). The Strobilopsidae are primarily 
a  N orth  A m erican taxon with relict form s being found in the Philippines, Japan, Korea, N orthern 
China, and  W estern New Guinea. The Streptaxidae are com m on through m uch o f peninsular 
South-east Asia, Japan, Form osa, the Philippines, and Borneo, with one or two representatives reach­
ing the  Celebes. They are absent from  Sum atra, Java, and  the rest o f Indonesia and  New Guinea 
except fo r an introduced species. The Polygyracean relict family Corillidae is restricted to the 
m ainland of South-east Asia. Figure 2 gives the distribution of two additional families, the Partu­
lidae (D) which are restricted to  the high islands o f M icronesia and Polynesia w ith an apparently 
secondary invasion into the fringe of Melanesia, and the Poteriidae, found in parts of Micronesia, 
Melanesia, and Polynesia with their relatives being restricted to  tropical Central and South America,

M any students o f vertebrate distribution have either been unwilling to  accept the reality o f such 
differences, or have failed to  appreciate the simple explanation for this phenom enon.

The present distribution o f any anim al group is the result of a historical process operating over 
a greater or lesser period of time. There have been terrestrial organisms since the Devonian period. 
W ith the im perfection o f the fossil record, we have only the  m ost fragm entary inform ation concern­
ing zoogeography o f past geological eras. As we approach the present, the record  becomes more 
complete. In  regard to  the mammals, which are a  product o f mid to  late Tertiary radiations, the 
record  is relatively comprehensive. Despite obvious lim itations and inadequacies, the fossil record 
does show th a t (1) there has been a definite history o f rise, dominance, decline, and  extinction of 
anim al groups; (2) m any t>pes o f organisms abundant today  were a t one time absent or ra re ; and
(3) some creatures th a t are rare today formerly were com m on. By the U pper Carboniferous and 
Perm ian there is evidence o f a  rich fauna o f insects, land  snails, scorpions, spiders, phalangids, and 
mites. N o t only were these groups established, bu t they had diversified considerably. Pennsyl­
vanian stra ta  contain a t least three families o f  land snails, and  the Perm ian beds yield 17 orders of 
insects, 10 o f which still exist today. The origins o f these invertebrate form s m ust have considerably
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predated the Permian and  Carboniferous. M ost probably the first invertebrates made the transi­
tion  from  freshwater to land in the Early or Middle Devonian.
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F ig . 2. L and snail families that do no t conform  to  the basic pa tte rn . D a ta  frcm  Solem (1959) ar.d later
studies. The fam ilies a re :

A , S trobilopsidae; D , P artu lidae;
B, S treptaxidae; E } Corillidae.
C , P o te riid re ;

The basic radiation patterns o f the higher vertebrates are approximately as follows: the giant 
am phibians became dom inant in the Perm ian and declined a t the end o f the same e ra ; reptiles had 
their first appearance in the late Carboniferous, an early radiation in the Perm ian and  then produced 
the explosive evolution o f the dinosaurs in the Mesozoic. Some time in the late Triassic, small 
m am m als evolved from  the Therapsid reptiles, with opossum-like marsupials and primitive placental 
m am m als appearing in the late Cretaceous. Birds evolved in the Jurassic and had their m ajor rad ia­
tion  in the Cretaceous. During the latter period there was the dram atic extinction of the dinosaurs. 
The Tertiary is characterized by the trem endous radiation o f mammals and eventual evolution and 
rise to  dominance o f man.

These historical facts are clearly reflected in the differing patterns o f current vertebrate distri­
bution. W hen viewed at the family level, although there is an “ average pattern  o f vertebrate distri­
b u tio n ” (Darlington, 1957), the basic type o f distribution is no t unitary. I f  we exclude the flying 
m am m als (bats), only a single family o f recent mammals shows a disjunctive distribution—the tapirs 
which are found in South-west Asia and in Central and South America. Fossil tapirs still lived in 
Europe, Asia, and N orth  America in the Pleistocene, so that this disjunctive pattern is of very recent 
origin. Otherwise families o f mam m als show continuous distribution within or between m ajor 
zoogeographic realms. The essentially tropical nature o f birds is emphasized by their distribution 
patterns, with numerous families showing Pantropical distribution, bu t are absent or sparsely repre­
sented in the temperate regions. Similar disjunctive patterns are extremely com m on in reptilian
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families, and  in addition they show a few striking examples of relict occurrences. For example, the 
only Old W orld iguanas are found in Fiji and M adagascar, while the rem arkable T uatara of New 
Zealand is the only living member of a m ajor group that was widely distributed in late Mesozoic 
times, bu t are absent from  fossil beds later than the Lower Cretaceous, about 135,000,000 years 
ago. W hen amphibian distribution is analyzed, there are even more striking observations, such 
as the New Zealand frog Leiopelma, whose only relative is in the Pacific North-west o f the United 
States (Ascaphus). Presumably the leiopelmids were widely distributed in the past, but now survive 
only as these cold temperate relicts.

Since the m ajor radiation of these groups occurred a t different times in the geologic span, their 
initial and  m ajor radiations did no t coincide. W hile distributional radiations occurring during the 
last part o f the geologic time scale would be the same, barriers and land bridges present in past eras 
were undoubtedly different. Thus, the Oriental nature o f  the New G uinea plant, insect, and land 
snail fauna probably reflects conditions existing in the Mesozoic. Presum ably a t this time there 
was essentially dry land connections between South-east Asia and A ustralia via New Guinea. Long- 
range climatic barriers in A ustralia undoubtedly prevented m ost o f these forms moving into A ustralia 
bu t there probably was a M esozoic “ highway”  enabling colonization. D uring the Tertiary, the 
geologic history o f Indonesia has been highly complex, with num erous elevations and subsidences 
occurring. Hence forms of comparatively late evolution and mid to  late Tertiary radiations have 
had to try  and filter across various water gaps. Thus the dram atic change in m am m al and bird 
distributions from  Java to New Guinea.

The probable nature of this historic difference has been whimsically summarised in Figs. 3 
and 4, w ith due apologies to George G aylord Simpson, whose earlier efforts inspired these diagrams.

F ío , 3, South-east Asia to Australia dispersal in the M esozoic, A  cartoon by Margaret A w i Moran,
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Obviously this is an  enormous simplification of incredibly complex historical events, yet a basic 
radiation o f land snails, insects, and  plants through the Indonesian Archipelago to New Guinea and 
the Solom on Islands during the late Mesozoic does explain the vast difference from higher vertebrate 
distribution, which m ust have occurred in the presence of water barriers during the late Tertiary.

D ir e c t io n  o f  L a n d  S n a il  M ig r a t io n s

The. question o f Holarctic vs. Antarctic origins and distributions have been outlined above. 
Here it is proposed to review in some detail the scanty inform ation available concerning two super­
families o f  land snails—Bulimulacea and Acavacea—that have figured prom inently in nearly all 
Antarctic “ origins”  and “ dispersals” .

Before discussing these taxa, it is necessary to emphasize w hat is the typical dispersal pattern 
shown by a  newly evolved species or group of species. W hile every taxonom ist can point to  depar­
tures from  this pattern, nevertheless it is the m ost frequently encountered story and less difficulties 
in  in terpretation are encountered by use of this axiom. W hen a  species, consisting of many popula­
tions, becomes differentiated and is better adapted to  conditions than neighbouring species, then it 
will begin to  expand and sooner or later replace the less effective competitors. Then populations 
on the periphery o f the range will be competing against less well-adapted form s and are therefore 
under no particular selective pressure themselves. In  contrast, as the population density builds 
up near the original center of origin, there will be intraspecific com petition which can provide a rela-

Present h igher vertebrate distribution, South-east Asia to  A ustralj¡ 
A  sociological irnpressicn by M argaret Ann M oran.
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tively high selection pressure for greater efficiency in use o f environmental resources. W hen conti­
nued, this will in time lead to specific level separation. The situation will thus come to resemble 
the m odel in Fig. 5 a. Given time and sufficient vagility, the original Form “ A ” will pass over 
short water or m ontane barriers, expanding to limits beyond which it cannot pass. If  subsequent 
widening or heightening of intermediate barriers occur, then populations but little changed from  
the original Form  “ A ” will be preserved around the periphery o f distribution (Fig. 5 b). Under 
little selection pressure for change, these populations may closely resemble the primitive state of 
organization.
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F ig . 5. H ypothetica] p a tte rn  o f origin, dispersa], differentiation, lep lacen.ent and iso lation  resulting in 
a  disjunctive re lic t d istribution on islands. F o rm  “ A ”  evolved from  “ a ”  is m ore efficient.

F o rm  “ B ”  evolved from  “ A ”  under conditions o f crowding and  is m ore efficient in use of 
resource space, b u t has a  low er vagility ( =  ab ility  to cross barriers). F o rm  “ C ” 

is an  unrela ted  in v ad er from  outside the  region, w ith great efficiency and
low  vagility.

Given sufficient time, forms derived in the center o f  evolution, such as Form  “ B ” , can, and 
often have been, replaced by totally unrelated organisms th a t are represented in Fig. 5 c as Form  
“ C ” . The current distributional pattern will show Form  “ A ”  limited to two isolated areas with 
their replacement, Form  “ C ” , occupying m ost o f their original range. W ithout knowledge of their 
prior history, m ost zoogeographers would interpret this distributional pattern  as Form  “ A ” having 
originated in one of the areas and having been transported  directly to  the other, whereas historical 
evidence shows th a t they were independently derived.

Fortunately, m ost relict groups of organisms have a  m ore complex and phylogenetically res­
tricted present pattern. U nder these circumstances, by determining generalized and derived taxa,
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observing their distributional patterns, and assuming, unless other evidence is present, that the most 
primitive forms lie on the far lim it o f distribution with the derived taxa occurring nearer the center 
o f origin, i t  is possible to  deduce the probable direction of migration and areas o f origin.

A lthough phylogenetic data  on  the  families considered below is inadequate from  the \ic \\p o in t 
o f  m odern systematics, nevertheless indications are clear enough to give an  extremely high grcba- 
bility to  their Holarctic origin and  subsequent spread into the Southern Hemisphere, although today 
they are primarily restricted to th a t region.

D istribution o f the family Bulimulidae is shown in Fig. 6. Two little-known ger.cra from
Africa, Aillya and Prestonella, were originally described as bulimulids, bu t the weight of evidence
suggests that the resemblances are convergent and th a t they are probably highly modified relatives
o f the Succineidae (see Solem, 1959, p. 123).

—

F ig . 6. Present distributional lim its o f the Bulim ulidae. Subfamilies a re :  A , Bulim ulinae; B, O rthalic n; c ;
C , Odontostom inae.

Probably 1,300 species of bulimulids have been described. A bout 110 o f these are found in 
the Pacific area, with the c emainder restricted to N eotropica with only a very few form s extending 
in to  N orth  America. There is abundant fossil record o f South American bulimulids and forms 
probably referable to  th a t group have been recorded from  the Eocene and Pliocene of the Rocky 
M ountain region. N o fossils th a t are unquestionably bulimulid and of greater than  Pliocene age 
are know n from  the Pacific region. Some controversy rem ains concerning m ajor divisions within 
the family. Iredale (1937 a, 1944) placed the Australian-Tasm anian genus Bothriembryon in one 
family, Placostylus and its relatives in to  a  second family, both  o f which he considered separate 
from  the South American bulimulids. Pilsbry (1946), on the basis o f dissecting specialized Solomon 
Island Placostylus, gave that group subfamily recognition. My own dissections of several Placo­
stylus (unpublished data) indicate th a t there are no significant anatomical differences between the 
Austral-M elanesian bulimulids and  the m ore generalized South American taxa. 1 do not accept 
Iredale’s family level separation.

While there is no doubt th a t the family U rocopiidae is distinguished from  the bulimulids, how 
\o  rank  the m ajor types o f South American bu lim ulus is uncertain. Zilch (1960, pp. 473-520)
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recognized the Odontostom inae and Orthalicinae as separate families. Both seem to be taxa derived 
from  the m ore generalized Bulimulinae. W hat little is known o f their anatom y suggests to me that 
their separation is of subfamily, rather than family nature, but this is a m atter of personal opinion.

In  South America no bulimulids have been reported south of 46° south latitude in Chile or 
approximately 39° south near the A tlantic coast of Argentina. The greatest degree of generic diversi­
fication is present in Brazil and the A ndean region, with a second center of diversity in Northern 
Central America. Very few species extend into the United States, with three species o f the genus 
Bulimulus accounting for nearly all o f the N orth American m ap range. A few Drymaeus occur in 
Florida. O f the derived taxa, the seemingly less specialized Orthalicinae extends from  Florida and 
Central Mexico south along the A ndean chain to  Southern Peru and Bolivia, also reaching m ost of 
the Am azonian and  Orinoco basins. The greatest differentiation is found in the Andean area from 
Colom bia to  Southern Peru. A  few species of the m ore specialized Odontostom inae occur north 
o f the Am azon, even reaching coastal Venezuela, bu t they are prim arily a group o f Southern Brazil 
and  Argentina.

N o clear pattern  o f phylogeny is seen am ong the South American taxa with the fragmentary 
anatom ical data  currently available.

D ata  on the  phylogenetic heirarchy found in the Pacific area bulimulids is presented by Solem 
(1959, pp. 123-147). Subsequent dissections of many additional species have confirmed basic rela­
tionships indicated in th a t study. The data  are insufficient to allow form al taxonom ic revisions to 
be published. Quite surprisingly, on the basis of both  anatom y and shell structure the generalized 
taxa are the A ustralian genus Bothriembryon and the New H ebridean Diplomoipha. Both genera 
show no im portan t qualitative differences from  the m ore generalized South American taxa. They 
belong unquestionably in  the subfamily Bulimulinae. A natom ical variations within Placostylus 
are simple in kind, bu t complex in  distribution. The species from  Lord Howe Island, the New 
Hebrides, Santa Cruz Island, and  New Zealand have basically similar anatom ical structures. Too 
few have been dissected to  enable meaningful assignment of subgeneric names bu t they represent 
the same level o f evolution. Species o f Placostylus from  the Loyalty Islands and  New Caledonia 
have altered anatom ic structures and  seem to be interm ediate between the generalized taxa 
m entioned above, and the very specialized species from  the Solomon Islands and Fiji. In  the 
Solomon Islands, Placostylus ranges through m ost of the Archipelago south o f Bougainville, while 
in Fiji the genus is lim ited to  the m ain groups of islands and does no t reach the L au Archipelago. 
The Solomon Islands and  Fiji species are at a  higher level o f complexity than  the New Caledonian 
taxa. Again, too few species have been dissected to enable determ ination o f exact relationships.

The basic indications o f these relationships are summarized in Fig. 7. Obviously this is a 
complicated picture and one which is no t amenable to  simple interpretation. In  an  early paper, 
Hedley (1892) hypothesized a  “ M elanesian continent” to explain the current distribution of Placo­
stylus. This was before the relationship of Bothriembryon to  the bulimulids was known, and before 
Diplomorpha had  been rem oved from  the Partulidae. Hedley suggested th a t Placostylus had  been 
derived from  the New G uinea region. In  subsequent studies Hedley (1899, pp. 398-399) reversed 
his thinking and derived Placostylus via an Antarctic dispersal route. Bulimulids are know n as 
fossils in the South American Paleocene, and alm ost certainly date from  the same period in the 
Australian-New Zealand area. On the basis of fragm entary phylogenetic data, I would suggest an 
origin from  the H olarctic land mass through the Indonesian Archipelago, with essentially three 
distinguishable waves o f m igration deducible. This is summarized in Fig. 8. The initial m igra­
tory wave included the ancestors o f Bothriembryon and Diplomorpha. The former rem ained isolated 
in the ‘outh-western p a rt o f Australia, with a secondary radiation spreading northw ard in A ustralia 
and eastward into Tasm ania occurring at a later time. W hether the New Hebridean Placostylus 
are direct derivatives from  Diplomorpha, or whether they represent a  secondary invasion from  New 
Caledonia, cannot be determined a t present. The second alternative is indicated in Fig. 8, since 
accidental spread from  a New Caledonian base to Lord Howe Island and the N orthern  tip o f New
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Zealand from  the New Caledonian area seems m ost probable. The third m ajor wave o f coloni­
zation, coming probably from  the New G uinea area, resulted in the advanced taxa reaching the 
Solom on Islands and Fiji. W hile geographic relationships would suggest a dispersal from  the Santa- 
Cruz-New Hebrides into the Solomon Islands and Fiji independently, 1 suspect th a t a  m ore complex 
derivation is required. Lack o f space in Fig. 8 has resulted in an awkward placing of directional 
m ovem ent for this third colonization wave.

The above suggestions o f origin and dispersal is admittedly speculative. However, the peri­
pheral distribution of Pacific bulimulids in relation to  the main Australian-New Guinea land mass 
is quite clear. Trying to derive this from  an A ntarctic origin would be exceedingly difficult.

A lthough exceedingly diverse in shell form  and shape, the 16 genera grouped as the superfamily 
A cavacea or family Acavidae agree in num erous features o f shell and anatomy. Early studies by 
Semper and Hedley were utilized by Pilsbry (1895, X X X II), together with dissection o f new mate­
rials, to  recognize a subfamily Acavinae. A t this time, the South American genera, Strophocheilus 
and  Gonyostomus, were considered bulimulids. Slightly later, Pilsbry (1900, p. 564) added the 
Strophocheilinae as a subfamily of the Acavidae. Comparatively little anatom ical data have been 
added since this time. By far the m ost im portant paper is that of W atson in Connolly (1915) who 
dissected a num ber of South African species and analyzed the phylogenetic relationships o f the 
Acavids. Randles (1900) dissected the Ceylonese genus A cavus; von Ihering (1912) gave some 
anatom ical details on two genera th a t may be Acavids, bu t whose systematic position remains 
uncertain (Macrocyclis and Solaropsis) ;  and Hylton-Scott (1939) studied Strophocheilus oblongus 
lorenzianus.

The data  contained in the above papers are sufficient to indicate relative complexity in organi­
zation o f the taxa, and to indicate direction o f phylogeny within each area, with the exception of 
South America. M uch of the following is condensed from  W atson’s excellent account. W hether 
the m ajor geographic groupings are considered subfamilies or families is a  m atter of personal opinion, 
particularly until many features of the A ustralian and  M adagascaren taxa can be examined.

A S y n o p s is  o f  C l a s s i f i c a t i o n

Fam ily ACAVIDAE
Subfamily S t r o p h o c p i e i l i n a e  (South America)

Strophocheilus Spix, 1827 
Gonyostomus Beck, 1837

Subfamily D o r c a s u n a e  (South Africa)
Trigonephrus Pilsbry, 1905 
Tulbaghinia Melvill and Ponsonby, 1898 
Dorcasia Gray, 1838

Subfamily C a r y o d i n a e
Caryodes Albers, 1850 Tasm ania 
Anoglypta M artens, 1869 „
Hedleyella Iredale, 1914 ( =  Panda M artens, 1860 not van Heyden, 1826)

+  Pygmipanda, Brazier esta, and  Pcmdofella Iredale, 1933 
Pedinogyra A lbers, 1860

Subfamily A c a v i n a e

Clavator M artens, 1860 M adagascar 
Eurystyla Ancey, 1887 „
Helicophanta Férussac, 1821 „
Ampel i ta Beck, 1837
Stylodon Bcck, 1837 Seychelles
Acavus M ontfort, 1810 Ceylon
Oligospira Ancey, 1887



2 4 6 - ALAN SOLEM

The preceding review o f phylogenetic trends within the Bulimulacea and Acavidae is not inten­
ded as a “ form al p ro o f” of derivation from  the Holarctic land mass. These are the families that 
have been cited m ost frequently as offering proof of an A ntarctic origin and dispersal. I have attem p­
ted to show th a t known phylogenetic trends within these groups can be interpreted m ore logically 
as indicating a northern origin. Both groups are of unquestionable antiquity, with Eocene fossils 
recorded. The A chatinidae o f Africa and Camaenidae o f South-east Asia have replaced the acavids 
in these areas, bu t in South America the camaenids are as yet a  m inor, although successful, consti­
tuen t of the fauna (Solem, 1966). They are much more highly developed in the W est Indies (W urtz, 
1955) but the long persistence o f the Panam a water gap denied them  access to South America until 
comparatively recent times.

Other families th a t much m ore strongly indicate northern origin and dispersal into the southern 
lands are the Rhytididae and  the “ E ndodontidae” , which 1 am currently revising.
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