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SOME SNAILS AND SLUGS OF QUARANTINE SIGNIFICANCE

TO THE UNITED STATES!

JOHN B. BURCHZ

PREFACE

This publication is presented as an aid to Plant Quarantine officials whose work at the various
inspection stations often calls for knowledge and identification of snails, which, if introduced into
the United States, may become agricultural pests. Some are implicated as disease carriers. Be-
cause of our increasing knowledge of the role they play in the wansmission of communicable dis-
eases, the economic losses to gardens and orchards caused by foreign land snails, and the widely
publicized depredations of the giant African snails in the Pacific, the importance of preventing
entry of such undesirable alien pests is now becoming fully appreciated.

Included in this publication are species native to foreign countries, snails that have become
pests in the past, species commonly encountered at inspection stations, and the more important
human parasite vectors. To aid the worker who has had no waining in the field of mollusks, the
economic significance, control, habits, ecology of snails and slugs, and information on the groups
as a whole are presented. Following the section on species descriptions is an identification key
for the determination of the snails covered in this publication. A glossary, selected references,
and index are also included.

Grateful acknowledgment is made to Harald A. Rehder, U. S. National Museum, and Henry
van der Schalie, Museum of Zoology, University of Michigan, for advice and use of their facili-
ties; and to William L. Brudon, Museum of Zoology, University of Michigan, and Arthur Cushman,
U. S. Department of Agriculture, for their skillful work in producing the plates. A note of special
gratitude goes to J. P. E. Morrison, U. S. National Museum, whose constant advice, helpful criti-
cism, and unfailing support have contributed so greatly to the successful completion of this publica-
tion.

1/  ARS 82-1, February 1960, reprinted with permission of Agricuitural Research Service, U. S.
Department of Agriculture.

2/ Research Associate, Museum of Zoology, University of Michigan, collaborating with the
Plant Quarantine Division, ARS, U. S. Department of Agriculture,
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ECONOMIC IMPORTANCE

The economic importance of snails and slugs to man may be considered from two different
aspects - that of a "positive” or beneficial nature and that of a "negative” or harmful nature.
Only the negative aspects will be dealt with in this publication. From this point of view the
economic importance of snails and slugs comes under three general categories:; (1) Destruction of
crops and gardens; (2) medical importance, both to man and his domestic animals; and (3) indi-~
rect effects resulting from immigrant mollusks affecting the balance of natural communities of
plants and animals.
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Destruction of Crops and Gardens

" The land snails and slugs are of most concern as agricultural pests, while the fresh-water
snails are of greater importance from the medical standpoint. Approximately 725 species of land
-."snails and about 40 species of slugs are now recognized in the United States (exclusive of Alaska

and Hawaii), Of these species 55 (44 snails and 11 slugs) are not native to the country, but they
' have been introduced either accidentally or purposely.

"The native species are-solitary in habit and do very little damage. The introduced snails and
--slugs are the most undesirable, because they are gregarious or colonial and may cause great damage’
by building up enormous populations over limited areas, They are of considerable economic impore
tance through their depredations in greenhouses, gardens, and orchards, In many places they have
caused as serious a damage to vegetables, ornamentals, and other plants as certain inseci pesis.
Snails and slugs through their presence on walks, around foundations, and-in cellars are also annay-
ing to householders, Eradication of these pests is difficult and often costly,

- Among the more serious foreign garden pests already estzblished in this country are the slug'
Limax maximus, L. flavus, and Deroceras reticulatum. Commercial interchange of plants, cut-
tings, and floricultural materials facilitates their dispersal, The snails Helix aperta and Otala
lactea have become established in California and considerable expense, time, and energy have
been devoted to combating them,  Theba pisana, an especial nuisance to citrus crops and at one
time also well established in that State, apparently has been completely eradicated now.

. One of the most serious threats to this country in recent years has come from the giant African
snail, Achatina fulica. This voracious eater with an enormous reproductive capacity began its
immigration from East Africa via human agencies about the turn of the 19th century. In the inter»
vening years this snail has spread to India, Ceylon, the mainland of China, and the East Indies.

Its dispersal in the Pacific Islands, nearly denuding some of them, was greatly facilitated during
World War II by the rapid conquest of this area by the Japanese. -They introduced the snail as a
* supplemental food source to many new places including New Guinea, New Britain, and New Ire-

- land. The snail was introduced into Hawaii in 1936 and has subsequently cost the taxpayers some

'$200, 000 for control measures, not.counting for the damage to plants in that area. In 1948 it was
brought to California on returned war equipment, but an intensive campaign prevented its intro-
duction, Nevertheless, constant vigil must be maintained to insure that it is not introduged again
to become established,

- Medical Importance to-Man and His Domestic Animals 2

: -Snails, as required intermediate hosts in the life cycle of parasitic trematode worms infecting
" man and his domestic animals, occupy a position of utmast importance in man's war against dis-
-.ease, Their role as necessary living quarters for the developing larval parasitic worms indirectly
" implicates them as being responsible for some of the most serious and economically important
human communicable infections, ; :

Although nearly every kind of mollusk is inhabited by some form of worm parasite, only rela-
tively few snails are ‘of medical importance, ' Of these, almost all live in fresh water. The worm
parasites of importance to man and which require larval development in a.snail are commonly e~
ferred to as blood flukes, lung flukes, or liver flukes, depending on the.part of the body they
infect,
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Bilharziasis, 2 the human blood fluke disease,: is rapidly replacing malaria as the major com=
* municzble malady of man, Progress in the control of this disease has not kept pace with that of
other infections and, consequently, incidence of this disease is on the rise, Conseivative estimates
of the number of people infected now exceed 200 miilicn, None of the species of snails that carry
the larval'blood flukes, such as Pomatiopsis (Oncomelania) hupensis, P. (O.) quadrasi, and P, (O.)
nosophora in the Orient, Planorbina glabrata in the West Indies and tropical South America, and
Biomphalaria alexardrina, Bulinus truncatus, and B, africanus in Africa, are endemic to the United
States; but our widespread native species, Pomatiopsis lapidaria, has been experimentally infected
with one strain of the human schistosome. Many millions of dollars have been spent by the United
States and other countries in studying this disease and its snail carriers, Extensive research is being
carried out on the local P, lapidaria, It is extremely important that the ,vector snails are not acci-
dentally introduced into “this country. S,

Cionorchiasis, caused by the liver fluke Clonorchis sinensis, is a human disease especially
prevalent in the Orient because of the practice of eating uncooked, or paitly cooked, fish, The .
snail mainly responsible is the operculate Parafossarulus manchouricus. Similar liver flukes, Fas«
ciola hepatica and F, gigantica, are serious parasites of sheep and cattle, These parasites are
carried by such snails as Fossaria truncatula in Europe and parts of Africa, F. ollula in Hawaii,
and similar lymnaexds in other parts of the world. ; o

Paragonimxasis, or the lung fluke dxsease. is less damagmg to the body than bilharziasis and
clonorchiasis, but nevertheless may be fatal. The adult worms measure about one-half inch in
length and live on the inner walls of the lungs, where they produce tuberculosis-like lesions, It
has been estimated that there are about three million cases of paragonimiasis in Asia and West
Africa. The main vector snails of Paragonimus are Semisulcospira libertina and Tarebia grani=
fera, The latter species has been accidemauy introduced into Florida and has subsequently be-
come established in the State. : -

It may seem that introduced snailsi and slugs would be of little concern to man if they could
be kept out of gardens, orchards, ‘and greenhouses, and are not capable of carrying disease organ=
isms. However, this is often not the case, although the undesirable effect of snails-in uncultivateﬁ
areas may not become apparent immediately or even for considerable time,

' Effects on Natural Comm‘uniues of Plants and Animals

Natural communities, if not disturbed too greatly by outside influences, become stabilized
structural entities, consisting of all the plants and animals which normally constitute the commu~
nity coexisting in a more or less mutually satisfactory association, These animals and plants
stand in a special relation to one another, the community organization depending chiefly on the
manner in which they are interrelated, both among themselves and with their physical and chems=
ical environment. Plants not on'y provide shelter and protection for other plants and animals, but
supply food for the vegetarians or herbivores, which in turn tend to keep the plants from becoming
too abundant, The number of plant feeders in the community is to a large extear controlled by
camivores and parasites.

The introduction of an animal, such as a strange snail, whose habits, fecundity, dearth of
parasites or predators, are completely foreign to the community, may have rather profound;and .
adverse effects on the organization of the communities and nearly every organism-in it. The-.

2 / Often referred to as schistomiasis after the generic name of the human blood flukes, Schis=
tosoma, Y
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immigrant snails, in building up a large population, may not only out-compete the native well-
regulated snails and other herbivores for food, but also by destroying vegetation deprive many or-
ganisms of essential shelter. Reduction in abundance or disappearance of the native herbivores
results in the reduction or extinction of many carnivorous species, which may then affect other
members of the community, either by relieving a check in their increase or depriving them of a
livelihood. This can cause many beneficial animals and plants to permanently disappear from
the area. Therefore, the indirect economic import of introduced species may actually be far
greater than the direct and more obvious economic importance.

HABITS OF SNAILS AND SLUGS
Land Snails and Slugs

Native land snails and slugs may be found almost everywhere, but in general prefer habitats
offering shelter, adequate moisture, and abundant food supply, and for snails, generally an avail-
able source of lime. Forested river valleys most generally supply such habitats, and those with
outcrops of limestone usually show the most abundant and varied mollusk faunas. Introduced spe-
cies often tend to be somewhat more urban. For example, in their native Europe the slugs Limax
marginatus and Milax gagates live in woodlands and on damp rocks on open hillsides and are not
slugs of cultivated areas. But in the United States they are mostly found around dwellings and in
greenhouses and gardens.

Land snails and slugs are mainly nocturnal, but following a rain may come out of their hiding
places during the day. Temperature and moisture are the main factors to account for their noctur-
nal habits, and not the presence of darkness per se. During the day they may be found resting un-
der old boards and logs, under bricks and stones, in rock piles and cellars, among hedge rows, and
beneath damp refuse and litter. Snails are most adaptable to unfavorable environmental conditions,
such as drought, because they can cover the aperture of their shells with a mucous sheet, the epi-
phragm, which hardens and thereby prevents desiccation. Some snails have been known to zemain
in this dormant state for years, only to come out and resume activity when they are moistened.

Most land snails and slugs pass the winter in sheltered places under stones, logs, and boards,
or buried in the ground. Some snails, Theba pisana, for example, are not so. secretive, aestivat-
ing in the open on such objects as tree trunks and fence posts during periods of unfavorable humi-
dity and temperature.

Fresh-water Snails

The habits of fresh-water snails are very variable, and each species is often associated
with a distinctive kind of environment, Some prefer temporary woodland pools, mudflats, stag-
nant ponds, large lakes, or swiftly flowing streams. Some are amphibious rather than swictly
aquatic, being found along banks of streams or canals usually a few inches above the water. Po-
matiopsis (Oncomelania) hupensis of China and our native P. lapidaria are such species. Fossaria
ollula is almost amphibious but more or less confined to shallow marshes. This is also wue of F,
truncatula, although it is also found in other types of semi-amphibious habitats. Pomatiopsis
(Oncomelania) nosophora of Japan lives in small ditches or creeks fed by cool, clear water. Some
snails, e. g., Parafossarulus manchouricus, prefer the muddy bottom of lakes, canals, and rivers.
Pomatiopsis (Oncomelania) quadrasi, Melanoides tuberculata, Tarebia granifera, Biomphalaria
‘alexandrina, and Bulinus wuncatus are most often found in rather permanent, slow-running waters.
Bulinus africanus most commonly occurs in quiet shallow pools, particularly those having abundant
vegetation.
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BIOLOGY OF INTRODUCED SPECIES

Any snail or slug of no economic importance in its native habitat may become a serious pest
if moved to a new area. One may wonder why such animals, when introduced into strange céun-
wies, are able not only to become established, but often to multiply at astonishing rates. The
answer, of course, lies in the "balance of nature” or the balanced community concept.

The organization of most communities is extremely complex because of the numerous inter-
relations of the associated species and individuals. The plants and animals that are associated to
form a community have their lives so linked and interwoven that far-reaching changes in the
whole community may be produced by a change in the relationship between any two species.
Nevertheless, most natural communities maintain a swiking degree of stability. The ability of
communities to maintain themselves with only minor fluctuations in their composition is due to
numerous regulatory mechanisms.

These regulatory mechanisms are of two general types, those that reduce the number of indi-
viduals of the various species and those that assist the species in maintaining themselves. Under
the latter category is the ability of organisms to reproduce at a rate far in excess of the number
that will actually survive to reproduce again, This high reproductive potential is necessary for
species to insure continued existence in face of hazardous environmental conditions. In doing
this they also provide a large margin which supports and insures continued existence of their pre-
dators and parasites, On the other hand, these predators and parasites, along with other environ-
mental pressures, tend to check the density of populations, thereby preserving the balanced com-
munity organization. Thus, in stable communities there is a carefully adjusted balance between
the reproductive potentidl of the constituents and the environmental resistance which they must
face. . Interference that tips the balance in either direction may produce serious consequences.

When a snail or slug species is introduced into a new area, it often leaves its predators and
. parasites behind. Therefore, these important checks are no longer present to curtail population
growth, If other environmental factors are favorable, the species may then realize its full poten-
tial of increase, and if this potential is high, only a short period of unchecked reproduction will
cause the population to irrupt. The invaders then proceed to consume certain plants in great quan-
tity, destroying food and shelter of other organisms. Reduction in the abundance of these native
species results, followed in turn by their predators and parasites. The whole organization of a
community may in this way be completely disrupted by such an immigration. When the intro-
duced species has exhausted its food supply, it may emigrate in many directions to other com-
munities, thus leaving in its wake a path of devastation.

CONTROL

When undesirable snails and slugs become established in a new area, it is usually desirable to
get rid of them. Sometimes this is almost impossible or the cost is prohibitive if they have become
too well established, Nevertheless, even in such cases it is often feasible to diminish their impor-
tance by curtailing their increase and spread, or by protecting valuable vegetation. . In the past,
certain methods of control have been found that are both satisfactory and practical. These meth-
ods vary with the types and habits of the various mollusks, but generally come under four classes,

i. e., chemical control, physical control, cultural control, and biological control.
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Land Snails and Slugs

{ Chemical C ontrol. Chemical control of land snails and slugs involves poxson or repel~
lent sprays and paints, irritating powders, and pozson baits, Since snails must have lime to con-~
solidate their shells and actively search for it if it is not readily available to them, use has been b
made of this by painting or spraying objects with a 1 percent solution of calcium arsenate mixed
with lime water. This serves both as a lure and a poison. Other arsenicals used as sprays have
often been ineffective because snails and slugs avoid them, Copper based sprays do not give
satisfactory results without also injuring plams. Sprays of Bordeaux mixture, kerosene emulsion,
Octaklor, pyrethrum, DDT -kerosene emulsion, soap solutions, salt solutions, and lime sulfur are
good repellents but are usually not fatal to mature snails and slugs, - ,They are, however. toxic to
young snails, Most chemicals listed above are poisonous to humans and livestock. (Note precau-
tions below),

.. The discovery of metaldehyde as a slug killer in 1934 has provided the most important chem-
ical weapon against land snails and slugs known today. but it still is not always 100 percent effect-
ive, It may be used as a bait (a 3 to 6 percent mixwre with wheat bran, commeal. or similar '
matenal is most common); as a dust (15~ percent metaldehyde by weight); or as a liquid spray (20-
percent metaldehyde by volume)., Metaldehyde is often used in combination with calcxum arse- '
nate or sodium fluorosilicate to increase its effectiveness.

j Precautions: Metaldehyde, calcium arsenate, and chlordane are poisons, but
. with care they may be handled safely. Wash your hands and all utensils and tools
_promptly and thoroughly after applying baits, Store baits in closed containers in a
. Place where they cannot be ‘mistaken for food and where chndren. pets, or farm
_.animals cannot reach them, See that the containers are properly Iabeled.
Do not apply. metaldehyde dusts or sprays to 'vegetable crops. '

Protecuve barrier rings of coal tar. soot, ash,, lime, salt, and other substances afe ‘often used
(someumes carbolated, phenylated, or kerosenated) to keep snails and slugs from valuable plants.
Since some of these are also capable of killing vegetation or injuring the soil they should be used
‘with caution. Lime, salt, soot, ash, and similar substances act as dehydrators, causing slugs and
snails to secrete lime so copiously that they dry out and die.

Physical Control. Physical control involves active search for the pests and hand-pick-
ing or crushing them as they are found, Such measures are often impractical but in many places
have proven to be the only satisfactory method of keeping dqwn giant African snail (Achatma fu-
lica) populations.

Cu ltu ral Contr ol Z Cultural methods are often of very definite value. Thls involves
destroying habitats or hiding places of the snails or slugs by clearing underbrush, . ehmmanon of
refuse piles, loose boards, and stones, Burning heavily infested areas has been successfully em-
ployed in California.

Biological Control. The biological method for pest control is based on the know«
ledge that in nature there exists a balance between mollusks and their enemies. This balance is
shifted in favor of the introduced species when they become pests, but can be shifted in the op-
posite direction by importing their foreign predators or by conservation and augmentation of nat-
ive established predators. In introducing pxedators extreme caution must be observed, however, :
because of the possibility that they may become more serious pests zhan their prey Any intro-
duction of foreign species can be made only after careful study, '
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Many mamrmals, birds, reptiles, amphibians, and insects have been recorded as occasional
predators of snails and slugs. In this country, however, none offer an effective and practical means
of control, except for small areas in which poultry, e. g., ducks and chickens, can be employed,
Carnivorous snails attack and often effectively reduce populations of land mollusks, Members of
the genus Haplotrema are common carnivorous snails in this country. The Ewopean cuutvorous
snail introduced into this counuy is Testacella,

Because of the alarm it has caused in recent years, Achatina fulica is perhaps the best knowa
of all land mollusks in regard to its natural predators and biological control. Its most effective
‘enemies are certain carnivorous snails, Edentulina affinis and Streptaxis kibweziensis, It is also
fed upon by the monitor lizard, land crabs, a mongoose-like animal (Bdeogale tenuis), carabid
and drilid beetles, and firefly larvae. !

Fresh-water Snails

Methods of control that have been wied with fresh-water snails include drainage, drying, and
mllng of their habitats, clearing of vegetation, flushing, and encouraging predators, These have
often been successful ini limited areas for short periods of time, but such measures in larger lakes
and streams are either not practical or are prohibitive in cost, Ducks, small mammals; amphi-
bians, fish, and some insect larvae feed on fresh-water snails, but it is doubtfwl if they have much
effect on population densities, and when other methods of control are used many of these predators
are eliminated. The effects of bacteria, fungx. and viruses on snails have received very little at-
tention so far.

The most widely used control methods practiced against fresh-water snails involve chemicals,
and a great amount of money and research has gone into this method of control. Of the various
chemicals known to kill fresh-water mollusks, copper sulfate is most commonly used because it
is inexpensive and very toxic to snails in quantities 1o low to seriously affect most other fresh~
water organisms except green algae, Perhaps the best examples of its effectiveness can be seen
in North Central United States where "swimmer's itch" snails have been almost completely elim~
inated even from some of the larger lakes. Other molluscicides are sodium penuchlotopueute.
copper pentachlorophenate. and dinitro-onho-cyclohexylphenol.

GENERAL INTRODUCTION TO THE MOLLUSCA

The Phylum Mollusca, which includes the snails, is a large group of animals of exwemely

\"divergent form, second only to the arthropods in number of described species. Most mollusks
have a hard external shell (although there are well-known exceptions such as the slugs and squid),
a muscular saclike covering (the mantle) which secretes the shell, soft bodies with no segmenta-
tion (except for two deep-sea species) or internal skeleton, numerous mucous or slime glands,
and a large “fobt" that is variously modified for crawling, digging, or grasping prey. The shell,
often of prime importance in species determination, is mainly composed of calcium carbpnate
(lime) and functions to protect the animal from injury, predators, desiccation, -and other unfavor~
able conditions of the environment. The great diversity in structure, ormmentation. and color
_of mollusk shells has long made them a favorite of collectors.

. Because of their great diven‘ity and large numbers (nearly 100,000 species), mollusks are
found in nearly all regions and habitats on earth. They are found in deep-sea dredgings, in sandy,

" shallow lagoons. on coral reefs. in arctic wateérs, hot springs, in both tidal and freshwater mud-
flats, in swift mountain streams, deep lakes, temporary woods pools, in the ground, on tops of
high snow-covered mountains, in crater lakes, deserts, trees, densely populated urban areas,
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and even on and in other animals as parasites. They eat every possible food, from soil micro-
organisms, plankton, poisonous mushrooms, cactus plants, garden crops, refuse, paper, and fish,
to living or decayed land animals and their excrement. Some are even cannibals, eating their
own species. - With such diversification it is small wonder that many are of considerable economic .
importance to man.

The importance of the foot in recognizing the various assemblages of related species within
the phylum is seen in the names given the principal groups. There are six such groups, or classes,
in the Mollusca (Plate I, A). Each class, except the chitons (AMPHINEURA) and the two species -
of segmented mollusks (MONOPLACOPHORA), has a name which bears reference to the foot, i, e,
CEPHALOPODA, GASTROPODA, SCAPHOPODA, and PELECYPODA. Cephalo- refers to head;
gastro- to stomach; scapho- to digging; pelecy- to axe; and -poda to foot.

-In addlition to modifications of the locomotor organ, these groups are further distinguished by
other féatures such as basic structure of the shell, the absence, presence, or degree of develop=
ment of the head, the degree of development of the nervous system and sense organs, modifica-
tions of the respiratory organs, and by structure of the radula or teeth.

The Class MONOPLACOPHORA includes only two living species, both found in abyssal marine
waters, The saucer-shaped, limpet-like shell covers a bilaterally symmetrical animal with a
mouth in front and anus behind. The round ventral foot is surrounded by five pairs of gills. The
segmentation exhibited by these primitive mollusks suggests affinities with annelid worms and per=
haps also with the arthropods. The radular teeth demonstrate relationships with the chitons,

The AMPHINEURA is another small primitive marine group which comprises the chitons (poly«
placophorans) and a series of deep-water, wormlike, shell-less forms (aplacophorans), The shell
of the chitons is divided into eight transverse calcareous plates (the only suggestion of segmenta«
tion) that cover the back. The foot is similar to that of the monoplacophorans (but more elon= -
gate) and also of the gastropods. The aplacophorans are covered by a mantle bearing minute cal=;.
careous spxcules.

The GASTROPODA, the largest and most varied group of mollusks, includes snails, slugs,
sea-hares, and limpets. They are found in marine and fresh waters and on land, They have re- .
tained the primitive flat ventral foot adapted for crawling, but in other ways have evolved signi-
ficantly from the ancestral type, They have all undergone a torsion in the general body plan so
that the digestive tract is no longer a straight tube, but the anus comes to lie in the side of the
animal, often near the head, Most gastropods have a coiled shell and correspondingly coiled vis-
ceral mass, In some groups, €. g., many opisthobranchs and the land slugs, the shell has become
so reduced as not to appear externally at all. In.some cases it is a small bit of calcareous mate=
rial enclosed in the mantle; in other cases it has been lost entirely, This reduction of the shell
has been the result of a long continued evolution; slugs are not snails that have crawled out of
their shells. The shells of the limpets have lost the spiral structure and present a low conical
shape, :

The SCAPHOPODA are burrowing mollusks having a conical foot which, by alternating extens
sions and contractions, pulls the animal through the substratum. The mantle and shell are tubulaz
and open:at both ends, “The shell is long and tapering and accounts for the common name of this
group, the tusk shells, ‘They are marine mollusks which do not carry on respirauon by means of
gills but by folds in the mantle lining, ; .
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The PELECYPODA, or LAMELLIBRANCHIA, have an axe-shaped foot adapted for crawling or
burrowing, . and have completely lost the head and the buccal apparatus used by other mollusks in
obtaining food. They are either marine, brackish, or fresh-water, and feed on micro-organisms
that are swept in contact with them by water currents created by fine hairs on the gills. The body
is enclosed by two symmetrical mantle flaps which secrete right and left shell yalves that are held
together by a tough ligament,

Because of this arrangement of the. shell they are often referred 10 as "bivalves. : This group
includes the clams, oysters, and mussels. as well as the smallest pill-clams. i

‘rhe CEPHA LOPODA include the squids, octopuses, and nautiluses and are the most highly
evolved of the mollusks, The foot has become divided into a number of prehensile “arms" or ten=
tacles arranged symmetrically around the head or mouth, and from this close union of head and
foot the class gets its name. A part of the foot is further modified to form a funnel which is used
in swimming, By forcing water out of the mantle cavity through this funnel, the animal achieves
water jet-propulsion, All cephalopods are marine and in many. such as the :quld and octopus.
the shell is internal or even lost, ekl .

.+ THE GASTROPODS -
Of the above six classes of mollusks. only members of the Gastxopoda are of concern for pur~
poses of this publication and are presented in added detail, Further discussion of the other classes
is omitted,

The three subclasses of gastropods have been named in reference to the position or character
of the respiratory apparatus. - In thé Prosobranchiata the breathing organ .or gill is situated in front
of the heart; in the Opisthobranchiata it is behind the heart. The Pulmopata have replaced - the
gill by a vascular lung which may breathe either air or water depending on the habits of the par=
ticular species. Some prosobranchs and opisthobranchs have also lost their gills, but because of
other details of their anatomy they are retained in their respective groups. The opisthobranchs
are all marine, but both the prosobranchs and pulmonates have representatives in fresh and salt
water, and on land, The pulmonates have very few marine or brackish-water species; the proso=
branchs have relatively few land species. :

v § s g o [}
- " i e

L gy A e g 3 i
EXPLANATION OF PLATE I
A, Represéntatives of the mollusk classes. 1. Neogzhne, dorsal and vemral views, MONO-
PLACOPHORA; 2,.chiton, AMPHINEURA; 3, snail, slug, and limpet, GASTROPODA;
4, tusk shell, SCAPHOPODA; &, clam. PELECYPODA; 6, squid, CEPHALOPODA.
B. The prosobranch operculum. 1. The operCulum in the shell aperture. sealing off the -
interior of the shell; 2, position of operculum while the snail is active,

C. Position of the eyes and method of withdrawal of the tentacles in the three: pulmonate
snail orders, -1, .BASOMMATOPHORA, eyes at bases of contractile tentacles; 2,
SYSTELLOMMATOPHORA, . eyes at the tips of contractile tentacles; :* 3,: STYLOM=
MATOPHORA, eyes at the tips of rewractile tentacles, o

D, Method of measuring shell and umbilicus diameters.

E. 1, Last whorl not descending in front; i. e., not deflected; 2, last whorl descending
in front, i, e., deflected.
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In addition to respiratory and other anatomical differences, the pulmonates and prosobranchs
usually can be distinguished by the presence or absence of an operculum or cover used to close the
aperture when the snails are withdrawn into their shells (Plate I, B). Most prosobranchs have an
operculum, but only the marine genus Amphibola of the pulmonates has such a protective structure.

The prosobranchs snails discussed in this publication represent two orders. The operculate land
snail Helicina zephyrina belongs to the primitive Archeogastropoda and the fresh-water operculates
(Parafossarulus, Pomatiopsis, Melanoides, Tarebia, and Semisulcospira) to the large, extremely
diverse, and widespread order Mesogastropoda.

The pulmonate snails are divided into three large groups or orders - the Stylommatophora,
the Systellommatophora, and the Basommatophora. Since each is represented by species of eco-
nomic importance, they will be considered briefly. The largest order is that of the land snails
and slugs, the Stylommatophora, or Geophila. This group is characterized by animals with eyes
at the tip of the upper pair of tentacles, which are rewactile, i. e., can be inverted like a rub-
ber glove when the fingers are withdrawn (Plate I, C). The Systellommatophora, or Gymnophila,
comprise a small group of tropical slugs (e. g., Veronicella) with contractile (not inversible) ten-
tacles with eyes at the tips of the upper pair. The fresh water pulmonate snails (such as Fossaria,
Bulinus, Biomphalaria, Planorbina, and Armigerus) also have contractile tentacles, but the eyes
_are situated at their bases, These snails are placed in the Order Basommatophora, or Limnophila.

The Stylommatophora are divided into four suborders, the Orthurethra, Mesurethra, Heteru-
rethra, and Sigmurethra, on the basis of the internal structure and arrangement of the kidney and
ureter, The sigmurethran group is the most advanced and by far the most important with the
greatest number of species (and the only one considered in this publication). It differs from the
others inthat the ureter is abruptly reflexed from the apex of the kidney and passes to the poste-
rior end of the lung cavity. It then follows the digestive tract anteriorly to the mantle edge.
This sigmoid form of ureter is not found in the other three suborders.

The sigmurethran snails fall into two divisions according to the position of the pedal grooves
of the foot. The pedal grooves are found at the boundaries where the tuberculate side walls of the
foot join the smooth ventral sole. . In the Holopoda, such as Helix, Cepaea, Otala, Lamellaxis,

- and Testacella, the pedal grooves are inconspicuous and in or close to the angle of the lateral
margins of the foot. In the Aulacopoda, e. g., Oxychilus, Limax, Deroceras, Milax, and Arion,
it is situated higher so that part of the sole actually comes around to form part of the more or less
vertical side of the foot. In snails or slugs of this latter group there is a second rather weakly im-
pressed groove above and running parallel to the pedal groove, the suprapedal groove (see Plate

1.

IDENTIFICATION

Since the main purpose of this publication is identification of snails and slugs, it will be ne-
cessary to go into some detail on characters to be looked for and used in making species determi-
nations. Many of these characters are illustrated in Plates I, II, and III. Necessary equipment
for identification includes, at the most, a 10X hand lens.

The size and general form of the shell are important in recognizing snails. Their shape may

_ take many forms, from very elongate (Plate III, A) to globose (Plate III, B), depressed (Plate III,

H), and discoidal (Plate IIl, C). It may be either higher than wide, or wider than high. Its coils

may turn in either a left or right hand direction (Plate II, B), be round, angular (Plate III, P, Q),
or flattened, and have shallow, impressed, or crenulated sutures (Plate III, J, K, L).
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- The shell may have few or many whorls (Plate III, G illustrates how they are counted), may
. lack an opening (umbilicus) in its base, or may have either a narrow or wide one (Plate III, Z,
AA, AB). Its columella, or central axial column, may be twisted or straight, and may or may
not end abruptly (Plate III, M, N). Its outer lip may be straight or variously curved (Plate III, D,
. E, F), and is sometimes turned back, or reflected (Plate IIlI, H, I).

The surface of the shell may be marked, i. e., colored or sculptured, in various ways (Plate
II, A, C), or may be simply white and smooth. The outline of the aperture, due to the shape and
relation of the whorls to each other, may take many forms, the more common ones shown in Plate
II, R - Y. The aperture may or may not be closed by an operculum (Plate I, B) which itself has
important characters, The operculum may be round, oval, or spindle-shaped, and concentric,
paucispiral, or multispiral, depending on the way in which it is formed (Plate III, AC, AD, AE,
AF).

In the slugs (Plate Il, D), the general size, shape and contour of the body, and relative size
of the mantle are important. . Other characters used in their identification are: The position of
the breathing pore, and the presence,or ‘absence of a groove in the mantle; the color, pigment
patterns, and texture of the skin; the presence, absence, or relative size of a sharp ridge, or keel,
on the back; the relative size of the neck; the presence or absence of a caudal mucous pore; the
relative development of the suprapedal groove; and the color of the mucus.

EXPLANATION OF PLATE II
A. Shell terminology. 1, Transverse or growth lines; 2, spiral lines or striae.
B. 1, Dexmally (to the right) whorled shell; 2, sinistrally (to the left) whorled shell.
C, Shell terminology and surface sculpture. 1, Striae (indented spiral lines); 2, lirae
(raised spiral lines); 3, ribs (raised wransverse lines); 4, wrinkles; §, punctae

or pits; 6, papillae; 7, hairs or bristles.

D. Slug terminology.
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-SYSTEMATIC. ACCOUNT OF ECONOMICALLY IMPORTANT SNAILS AND SLUGS

I LAND SNAILS

Subclass. PROSOBRA NCHIATA
Order ARCHEOGA S'I'ROPDDA
Family HELICINIDAE-
~ This is a primitive, mainly tropical family
of land -operculates, -, The shells are all impet-
forate,; the umbilical region occupied by a cals
lous pad... One species has been intercepted by
qunanuue inspectors. ko v

Heucina zephyrina Duclou

i

A HR‘B V.‘I il
'l‘his species hn a thick shell. rather hlgh

spire, flat-sided whorls with non-impressed su-
tures, and a roundly lunate aperture with re~

. qleflected lip, Adult shells measure 12 - 15.mm.
in diameter. The color is pale yellow, usually
with one reddish-brown spiral color band. The
operculum is concentric, 3

Distribution, Mexico to Nicaragua.
Subclass PULMONATA
Order STYLOMMATOPHORA

Division AULACOPODA

Family ZONITIDAE

This family of medium to'iniali lan_id snails

is almost world-wide in its distribution and con+
tains many species endemic to North America.
The shell is usually umbilicate and has a low
spire that gives it a rather discoidal outline,
The lip is thin and not reflected, The animal
has the margin of the foot defined by a pedal
groove, which places the.family in the Aulaco-
pod group, Introdyced: species of importance
belong to the genus Oxychilus and are generally
ound in and around greenhouses and cellars,
and under rubbish or compost. in gardens.

Oxychiius ;iliarfus {(Mitler)

Shell small, smooth, highty polished,

- and amber or pale yellowish. Adults (with
-4-3 whorls). measure 6«7.mnm. in diameter.

In living specimens the shell color is diffi-
cult to.discern because the thin, semi-trans~

.- parent nature of the shell allows the dark

body of the animal o show, through. . The
spire is hardly raised above the body whorl,

-giving the shell a rather discoidal appear-

ance.. The whorls are well-rounded at the
periphery and are sculptured with fine, irre«
gulat, growth lines,  The sutures are. modera«
tely-impressed. The umbilicus is about a

- millimeter in diameter and clearly shows,

the penultimate whorl, The aperture, is o
vate-lunate.

Distribution. Central and western Eu=-
rope, Iceland. Introduced. in the United
States and found in and around greenhouses
in New York, New Jersey, Michigan. Colo-
rado, and California.

This :nail and its two close relauves. Q.
dragamald i and O, cellarius; are pests in,
greenhouses, and sometimes in gardens, whete
they are destructive to young and seedling
plants, These snails are also predatory and
camivorous, feeding particularly on other snails,

. Oxychilus draparnaldi.(Beck). .
. (= O,, lucidus (Draparnaud)).

2

Plate VI, H

This species is very sirriilax to O, aili-
whols (i. e., 4-5, 5) a;e more ,than.th_ce as
large (12-16 mm.). The shell is strongly de~
pressed and umbilicate, the umbilicus con=~
tained about 6 times in the diameter, Shell
and animal coloration similar to O, alliarius.
Aperture ovate-lunate,

Diswibution. jl;xirqpe, Orknéy. and Shet-
land Islands, Outer Hebrides, Asia Minor,
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North Africa, Madeird, Introduced in' the United
States, chiefly on the eastern seaboard, There
are also records from Illinois, Colorado, Cali=:
fornia, Oregon. and thington.

Oxychilus cellarius (Mmler)
Thu species is intérmediate in- :ize between
‘O, alliarius and O, "draparnaldiy shells (with §
‘whorls) measure about 9 mim. The general shell
shape, color, ‘and relative size of the umbilicus
are similar to the above two species.  The light
gray color of the animal, howevet,’ immediate-
-1y distinguishes it from the other two species
that'tave dark gray of black bodies, It-is further
distingulshed by its more broadly lunate aperture,

Distribution, Europe, Alia Mlmr. ‘North
Africa, Introduced into' the United States and
there are now records frem’ many of the Nonh-
“érn States, :

Family TESTACELLIDAE

* -This family consists of slugllke’ snails, which -

*pear a smiall rudimentary shell near their poste-
“rior end, “They are carnivorous, preying on soil
invertebrates, One species, Testacella halioti-
dea, has been occasionally found in greenhouses

* - in this country, and has apparently become suc-

cessfully established. in paruof Tqm;gnee.

A L RS

i Betkeley. California).

Testacella haliotidea Draparnaud

Plate VII, A; Plate IV, H

Shell/rudimentary, depressed, -ear-shaped,
imperforate, and with a subspiral, posterior nu-
cleus. The sufface is rugosely swiate, The apex
is very small and short and is not separated from
the columellar'margin. The- aperture is oval,
Adult shells measure 6-10 mm. in length.

LA it Sl S
- Theanimal is sluglike, tap2ring anteriorly,
and is much too large to retract into its shell,

'+ The mantle is covered: by the small. posterior-

ly placed shell., e

Distribution,: Great Britain,. Western Europe,
Algeria, Madeira, Canary Islands, Introduced
into Cuba and the United States (Tennessee, and
in greenhouses in Philadelphia, Chicago. and

Thu- species spends much ﬁmc m the
g,vounds and in its native countriés apparently

«feeds ¢hiefly on.earthworms, . =+ i .

Nx, B SERERA S e

Testacella maugei Férussac..

* Plate IV, L« 1,

The shell of this species is similar to that

EXPLANATION OF PLATE I ™~

SHBI.L TERMINOLOGY

A, SHélFwith whorls increasing’gradually in size,
B. Whorls'tapidly increasing iii’ size,
C. Sunken spire.
D. Straight outer lip.
E. .Curved outer lip.
Fo: up Tetracted to the suture.
' G “Method of countmg whorls,
¢ P St:aight (t!dt reflected) up. i
I.. Reflected lipi® - -
'J.  Sutures slightly- indénted. "
K. Sutures strongly indented. :
'L. Crenulate sutures,
M, Truncate columella.
N. Straight columella.
' 0. Carinate periphery. :
PJ ‘Angtisr petiphety,

O
il T 1

Q. Round periphery,

R. Round aperture;

S. Owal aperture.

'Narrowly oval aperture.

Roundly lunate aperture, -

V.- Ovate~-lunate aperture, =

‘W ,:iNarrowly ovate-lunate aperture,

. X\t Broadly lunate aperture,. ' -
¥y »Deeply lunate aperture. -

- Zo Umbilicate shell, o
KAy Perforate shell, .

ABy:vImperforate shell,
AC.*Multispiral operculum..

- ADy iPaucispiral operculum. .

AE. Qoncentri¢ operculum,: .~
AF, Concentric operculum with's spual nucleus, -
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. of T, haliotidea but is larger and relatively nar~

.« rower, with nearly parallel sides. Adult shells

measure 13-18 mm,

Distribution. England, France, Portugal,

Canary Islands, Madeira, Azore Islands. .

Division HOLOPODA
Family OLEACINleE

. This is a family of the Mediterranean region
and.tropical and subtropical America, Its spe-
cies have large shells that are higher than wide, .
with narrowly ovate-lunate apertures and trun-
cate or twisted columellae. One widespread spe-
cies of South America, Euglandina striata, has
been intercepted by Plant Quarantine inspectors,

Euglandina striata (Mlller)
Plate V, B

Shell rather large. Adult shells (with 7-8

-whorls) measure over 50 mm., are imperforate, . ..

.fusiform, and high spired with crenulated sutures,
The shell is longitudinally striate and white to
light pinkish-yellow with inconspicuous, narrow,
reddish-brown, longitudinal stripes, The whorls
are only slightly rounded. The aperture is rela-
tively narrow, the lip sharp and unexpanded, the
columella abruptly truncate.

Distribution, - Northern South America to
-southern Brazil. i - T

This specles is a very acuve predator which
- feeds on land snails, It is usually found in places
where other land snails are numerous,

Family ACHATINIDAE

This is a large group of mainly tropical
snails, which vary greatly in size from the giant
African snail Achatina to the minute Cecilioides.
Theirishape varies from oval, as in the former
species, to long.and thin in the. latter, All of
them are longer than wide. Several species
have proven to be: of considerable ecanomic im-
portance after introduction into foreign lands.
The species included in this publication belong
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to six genera, Cecilioides, Opeas, Lamella~

 xis, Subulina, Rumina, and Achatina,

Cecilioides aperta (Swainson)

The shell is imperforate, very small and
slender, fragile, smooth, and transparent.

. Adults (with 5-6 whorls) are about 4-5 mm,

long. The whorls are moderately rounded;

- the apex is round and blunt,. The aperture is
. narmrowly ovate-lunate, :the columella slightly

truncate and with a rather heavy callus on the
- parietal wall, The lip is sharp and not reflect-

- ed, The animals of C, aperta, and also C.
. acicula, have the usual two pairs of tentacles,

but they lack eyes.
Disuibution. West Indies.

Thisspecies. and the related C. acicula,
are ground dwellers that are transferred from
place to place on the roots of wopical plants.
‘By this method C. aperta apparently has been

.- distributed to many places in the Old World

- wopics, to Florida, and to greenhouses in sev
".eral Northeastern States, Its.economic impor-
- tance is probably slight.

Cecilioides acicula (Miiller)

Plate VI, E

 The shell of this species is very similar to
C. aperta in size and general shape, but differs

. in having more flat-sided whorls with very fine

spiral striae, no callus on the parietal wall,
and an abruptly truncate columella. .

Distribution. Central and western Europe.

Introduced in Bermuda and the United States
(records from Pennsylvania and Florida).

Opeas pyrgula Schmacker and Boettger

- Shell perforate, small (about 8 mim. lnny

.in shells with 7 whorls), elongate with hig/

tapering spire, the surface sculptured with

.(irregular, transverse striae or wrinkles, 1l

sutures are.crenulated; the aperture oveic

the outer lip thin, not reflected, and tonny
columella straight or slightly concave; Lui not
truncated.
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<% Distribunon. Japan, China.

Thn species has been found around urban
vegetable gardens in Pennsylvania.and Virginia,

Opeas I&.L ( Pfeiffer)

Plate VI.

Shell similar to O, mgt_zla_- in size and shape,
. but may be distinguished by its straight sutures,

- stronger sculpture, and up that is suongly re-
* tracted to the suture, .

in Florida and found in greenhouses in Pittsburgh
and Chicago,
Lamellaxis clavulinus (Potiez and Mlchaud)
- - 2 i
Shell smau. very high spired.x pe(forate.
.-moderately glossy-and transversely striate, with
-- -straight outer lip and expanded columellar 1ip,
Whorls moderately round, sutures straight. The
-columella is straight or sometimes slightly cur-
ved, .the aperture ovate-lunate, its length 1/4
to 1/3 the shell length. Adult shells (with 7
whorls) measure about 7 mm.

Shelis of this and related species, such as
L. mauritianus, L. gracilis, and L, micra, are
very similar to Opeas, but they are placed in
a different genus because of details of soft ana-
tomy, .None:of the shells, however, have. the
lip sharply retracted to the suture as in O.: pu~
milum, and only the ribbed L, .micra tends to
have crenulated sutures like O, pyrgula.

= ;Distrlbution. ¥ ‘Tropical America.': Introduced

i i . Distributiony: :I51ands of the Indian Oce~

**.an, Japan, Hawaiiy Fould in. Phipps Conser-

vatory, Pittsburgh, Penmsylvamia,’ -

Lamellaxis.mauritianus (Pfeiffer):

This species is similar to L. clavulinus,
but differs from both it and L. gracilis by its
more glossy surface and wealier transverse
stefation,

Distribution. Tropics of both hemi-

" spheres in greenhouses and in cultivated re-

gions, Found in a number of greenhonsa in
the United States, it «i. . e
Lamellaxls gracﬂit (Hutton) ¥

.‘u ''''' i-

Plate VL' A (3

This species is similar to'both L. clavu-
linus and L. mauritianus but can be distin-
guished from them by its heavier transverse
striations and dull surface,

Distribution. Tropics ofiboth hemi=:/
spheres-in cultivated regions; Introduced ln-
to the southemem United &ates. :

Lamellaxis micra‘(d'orblgny)
Plate VI, D~

This snail differs from other species of Lar
mellaxis and Opeas by having widely spaced
transverse ribs, a bullet-shaped spire, -smaller
aperture (less than 1/4 the thell height). and
shorter whorls. :

ragl g e AUSERST i

EXPLANATION OF PLATE IV

TR TR ——

ECONOMICALLY IMPORTANT LAND AND FRESH-WATER SNAILS

“4s  Helicella striata (Miiller).
+Bs. Helicella conspurcata (Draparnaud).
G, Helicella pyramidata (Draparnaud).:
- Do Helicella variabilis {Draparnaud).:-, -+
E. . Cochlicella conoidea (Draparnaud)q :
Fo : .Helix figulina Parreyss... -~ . -
: G, Helix lucorum Mfillers:. 2

.He Testacella haliotidea Dupunwd. 5%

3

I. Testacella maugei Férussac

J. Monacha schotti (Pfeiffer).

K. ‘Hygromia cinctella (Draparnaud), -
Ly Monacha carthusiana (Miiller),

M;. Fossaria ollula (Gould),:

Ni: -Radix natalensis (Krauss), . -

Q4. -Semisulcospira.dibertina (Gould).

1 oo PR s i dnaiedg e LM
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Distribution, West Indies, Mexico to Boli-
via, Introduced into Florida,
Subulina octona (Brugu.lre)
Plate VI. C

‘Shell similar to Opeas and Lameuaxis. ex-
cept that it is larger, perfome. and the colu-
mella is truncate, Shells (with 10 whorls) meas<
ure about 18 mm, Surface glossy, irregularly
wrinkle -striate; sutures impressed; aperture small,

val. clighdy lunate.

i Distribution, Tropical Amcilcn. Introduced

into Africa, Ceylon, East Indiés, Florida. It is
occasionally reported from greenhomu in |hc
Northern States, -

'Rumina decollata (Linnaeus)
Plne v. l(

Shell large, perforate, glossy, sculptured
with fine spiral striae; whorls only slightly
rounded, sutures not impressed; columella
- straight, its lip margin reflexed; lip solid, but
not reflected. The most obvious characteristic
of the shell is its decollate, or broken off spire.,
In'adult shells only 4-7 whorls remain, the otheg

8 to 10 having been Iust by siccessive breakages,”

Adult decollate shells measure 25 to 45 mm.

¢ " ‘Distribution, ‘Mediterranean region of Eu-
" rope, Asia, and Africa, Introduced in many of
the southern United States,

This species appears to thrive whenever ine
troduced in the South, usually in urban or sub=
urban gardens and uncultivated plots. It is a
very voracious eater, feeding on both' vegetable
matter and other snails.

- Achatina fulica Férussac
Plate V, A

‘This is-a very large species, adults often
obtaining a shell length of 125 mm, or more,
The shell is yellowish or horn-¢olored, ‘with
reddish-brown transverse streaks, The whorls
are spirally striate, rounded, with moderately

[t

fmpressed sutures, The aperture is ovate-

"~ Junate to roundly lunate, the outer lip sharp

and not reflected, The columella is abruptly
wuncate.,

Distributions East Africa and Madagascar.
Introduced into India, China, Formosa, Cey-

- lon, ‘Borneo, Malaya, Mauwitius, Philippine

Islands, Hawaii, und mmy of the south Pacific

o -lslands.

Thi; “giant African snail" is an extremely
serious agricultural pest, causing 2 great am-

~ ount of damage nearly everywhere it has been
" introduced, It was imported at several mari~

time ports aboard returned war equipment, but
did not become established.

Famﬂy BULIMULIDAE

‘rhic is mainly a South American famuy.

" although a few members reach into the south-

‘ern United States, dnd to Auswralia, Melane~

sia and New: Zealand. ‘The shell is medium
to large in size, generally rather oval, higher
than wide, and often quite ‘brightly ‘colored.

Porphyrobaphe iostoma (Sowerby)

Plate V, C

Shell large, high-spired, thick, ‘imper-

“forate, with a dull to moderately glossy sur-

face. The surface is coyered with coarse, ra~

ther irregular growth-wrinkles and may or may
not have spiral swrige, Color white to pinkish~
brown, mottled or flecked with yellow, brown,
or purple. The cojumella has a plait, butis -

~ ‘not truncate. The outer lip is characteristice

ally purple, reflected and heavily thickened.
The ‘aperture is semi-ovate, Adult shells

© {with 5-6 whorls) measure 50-756 mm. in

length.

‘Distribution, Perw, Ecuados;” Often in-
tercepted with- ‘bananas imported from those
counttiet.

Famlly BRADYBAENIDAE (FRUTICICOLI* AE)

~ One species of this group of medium ic
stall,’ depressed snails (Bradybaena similaris,
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A" specxes "Which inhabits the coffee tree) has -

been enEOuﬁtered by Plant Quarantine inspectors.

Bradybaena similaris (Férussac)

“  Plate Vi P

*'sheil wider than high, of medmm size,
thm. nauowly umbilicate, with a rather de-
pressed spire, Sculptured with fine, lrregular
growth lines and fine spiral striae. Color light
brown. oftén with a single. spiral chestnut
‘band. “Lip reflected, its ¢olimellar portion
pa;tly covering the umbilicus, * Sutures im=
pr'eksed aperture roundly lunate. Adult shells
(those with a reflected lip) measure 12-16 mm,
in diameter, *

Distribution, Brézil, West Indies, Mauri=
nus. China. Hawau. Originally a native of
‘the’ Chtdese region. commerce has spread this
ppecies 'all’ ¢ OVer the world, wheréver ‘coffee is
cultivatel)’ It has recently beéh found in the
United’ States’ at New Orleans, Of rather ubi='
quitous habits in Hawait, it miay'be a serious
pest W ‘floriculture and horticulture,

“Fathily CAMAENIDAE
Although this family is widely distributedi*!
in eastern North America, Latin and South Ani~-
Meriddly" and has’ teprésenut’ﬁei in"Asia and Aus~
“tidifa; only one speciet foreign to the United

Stam' has been  met ‘4t’ Pihm Quaramme stationi. i

G

¢ those cmmtries.

lato@s monsle (Broﬁerip)

Plate V, G

-
ey

Shell of medium size, very broadly um«
bilicated, sculptured‘with minute granules,
Color light brown, with several spiral series of

reddish, angular streaks or spots, i‘Spire de=
‘pressed below body whorl,. Apertire roundly
“lunate, lip reflected, --Adults (with!4~5 whorls
“-and reflected lips) measure 20‘-30' ‘mro ln dia-
“meter, - Sl
RRE Lo
Distribution. Colombia, Ecuador = usu=
ally lntercepted with bqggna; im}orted from
5 5 AR i
{||,“ W e
Family HELICELLIDAE . -

‘Séveral species of this large family of
Europe, western Asia, and north Africa have
been introduced into North America. They
belong to the genera Cochlicella, Helicella,

"-'Monacha, and Hygromia, and:are all either

'"umbilicate or’ perforave and of miédium to

" small size. Their shapesare variable, from
long and rather nartow in' Cochligella barbara,
to broad and ﬂat in Helicella itala.

Cochlicella barbaka (Linnaeus)
’(act.: acuta. (M) 9 3 7
it “Plate VI;,.B b 1

Shelt thin perforate,indrrow, higher than
wide, with somewhat flattened rwho:ls. Color

o U ,n‘u¢1n; K

AL T

R R z ~Ehy

EXPLANATION® bp mmz N

ECONOMICALLY IM'PORTANT LAND SNAILS

A. Achatina fulica Férussac. "
B. Euplandina striata (Miiller). "
€. Porphyrobaphe fostoriia’ (Sowerby).

""'p,  Otals lactea Milller. -

E. CeEea 2 hortensis (Miiller),
F,  Bradybaena similaris (Férussac),
"G.  Solaropsis monile (Broderip).

H. Hehcena itala (Linnaeus).

;e AL (mh

I.  Theba pisana (Miiller).

J»  ""Helicina zephyrina Duclos.

K. Rumina decollata (Linnaeus).

L,  Helicella maritima (Draparnaud),

M. Helix pomatia Linnaeus,

‘N. Helicigona arbustorum (bmnaeu%
(o ) ’“'Helix aspérsa Miiller, ..~

Hehﬁf erta Born,” ' !

"1

''(Shells - natufa size)
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white, ‘usually with reddish-brown wansverse
bands. The aperture is ovate-lunate, its outer
lip sharp and not reflected. .The columella is
straight, Adult shells (with 8-10 whorls) ate
18-20 mm. long,

Distributibn.. British lsleqv,;':Dehmi,rk. Swe-
den and southerp Europe, the Mediterranean re~

gion, including North Africa, Introduced into
Australia.

Extremely resistant to dry weather, this
snail may seal the shell opening with a series
. of successive membranes (epiphragms) to pre-

vent logs of water., For this resting state it may

seal itself to the underside of or within crates,
or.any other materials stored outside in the re=
gion where it lives. :

In western Australia, the species is reported

to attack garden plants and others of economic
importance,

Cochlicella ventrosa (Férussac)

. This species is very similar to C. barbara,
but is shorter and broader, and its whorls tend
to be moderately, sounded, Its width is more

A‘,t_hau half the height, Adult shells (with 7-8
whorls) are 9-12 mm. long.

Dhuibuﬁon. Mediterratiean countries.

. Introduced jnto Bermuda, and the United State:

at South Carolina and California. | -

Cochlicella conoidea (Draparnaud)

Plate IV, E

This species is similar to both C, “arbara s
and C, ventrosa, but is shorter and wider than: . - .

either (almost as wide as high), and has a
roundly lunate aperture... Adults (with 6-7
whorls) are 7-9 mm, long.; Yo

Distribution, Medi}é&raﬁéan_ rggion.'
Helicella maritima (Draparnaud)
Plate V, L

Shell of medium size, wider than high.
with a projecting apex. Last (body) whorl of
full-grown shells descending in front. Color

white, with reddish-brown spiral bands; sur-
face dull, opaque. Umbilicus narrow, about
1/8 the diameter .of the shell. Aperture round-
ly ovate; outer lip not reflectzd, but often
ringed with a calloused thickening, Adults
(with 5-6 whorls) measure 12-16 mm, in dia=-
meter.

Distribution. Westem and muthem
Europe.

Helicella variabilis (Draparnaqd)

Plate IV, D

This species is very similar to H, mari-
tima, but has a wider umbilicus (about 1/6

the diameter of the shell), Adults (with 5~

6 whorls) measure 12-19 mm, in diameter.
Distribution, Europe.

Heliéelia pyramidata (Draparnaud) ol

Plate IV, C

The shell of the species is similar to H,
maritima and H, variabilis, but is somewhat
smaller, has a higher spire with a sharper a~
pex, an ovate-lunate aperture, and its last
whorl is not deflected. Adult shells (with 5=
6 whorls) measure 10-12 mm. in diameter.

Distribution;- Mediteﬁanean region, ..

: Helicella- caperata (Montagu)

This species is very similar to H, mari-
tima, but is smaller. Adults (with 5-6 whorls)
measure 8-12 mm, in diameter, have a more
depressed spire, a slightly larger umbilicus
(about 1/5 the diameter of the shell), and the
last whorl does not descend in froni.

Distribution. Western Europe. South
Australia, .

' Helicella striata (Miller)
Plate IV, A

This species is similar to H, caperata but
the shell has more prominent transverse Jines,
Adults (with 4-6 whorls) measure 9-10 mm.
in diameter,
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Distribution.. Middle ,EurOpe;

Helicella conspurcata (Drapatnaud)
: Plate IV', ; B '

’_4 s 4 (. ,C

i'his species is very s mnlar to H. sgiata but.

is smaller and hirsute, Aduits (witb 4-5 whorls)
measure 6-8 mm, in diameter. X

Distribution. Southern Europe, the Medi-
terranean Region, - . i L

Helicella itala (Linnaeus)
..Plate V, H_;

% Shell simi]ar to H. maritima and H, capéd
rata but differs bY being more. depxeased (the
spire only slightly raised above the body whorl),
and more widely umbilicate (the umbilicus a-
bout 1/3 the diameter of the shell), Adults
(with 5-6 whorls) measure 15- 18 mm. m dia-
meter. R

Distribution, Europe, Asia Minor, Algeria,

) 'Meﬁac‘ha_- cantiana ‘(Mo_magul):

" Plate \71.'5

shell of medium s;ze. depressed. narrowly
umbilicate, thin, transiucent, and moderately
glossy. Last whorl pat deflected, Horn-color=
ed to light brown. Whorls well-rounded; aper=

ture roundly or-ovate-lunate; outer lip sharp
but often.ringed inside with a callus or thick-
ening. , Adults (with 546 whorls), measure .16-
18 mm,_ in diameter. ,.

Distribution. Western and southern Eu-
rope, Ireland, England.except northwestern
part. Locally introduced into anai{é;.l e

LSS TR 3.

Monacha carthusxeha (Mﬁller)

. Plate IV, L

Shell very similar {o.M. cantjana but the
ambilicus is.narrower, often:perforgte or im-
petforate,. and the last whorl descends slightly
in fropt, ,Adults (with 5-F ~harle) meagure 14-
18 mm. in diameter,

Qh_ir_i_lzu_tm- . Europe,

(RACH 508 28 LR

Monacha .schotti ( Pfeiffer)

o,y Plaee v, J .

This species is similar to M. cantiana,

,,bigt is smaller, more depressed,, and the last
_whorl is:deflegted, The.umbilicus is rela-.
-tively wider, :but very shallow,, showing only

1/2 whorl or less, Adults (with 4-5 whorls)
measure 12-14 mm, in diameter,

. Distribution, Easera Meégiterranean re-
gion, Asia Mipor,

EXPLANATION OF PLATE VI

fEédNOMchLLYf_;;MPonAm LAND SNALLS .

A. Lamellaxis gracxhs (Hutton)

B.  Cochlicella barbara (Lmnaeu:).
C.  Subulina octona (Bruguiére).
D. Lamellaxis micra (d*Orbigny)..
E. Cecilioxdes acicula (Mﬁller).

B Mphécﬁa}cantiana.(Mmt,agu_);. ;
G. OEEs pumilum. (Pfeiffer);
H. Oxychilus draparnaldi (Beck).
1. . Hygromia striolata (Pfeiffer). .
Jo zggomi isgxda (Lmnaeus).

ST TN

Scale lines represent millimeters,
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- Hygromia striolata (Pfeiffer)
Plate VI, 1

This species is similar to Monacha caati-
ana, but is smaller; aduits (with 5-6 whorls)
measure 10-11 mm, in diameter, re more de-
pressed, and have obtusely angular whorlss The
periphery is often marked by a pale band, The
young shell is covered with fine hairs but these
tend to be lost as it grows older.

Distribution. Central Europe, France, En-
gland, ‘Introduced into Canada and Massachu-
setts,

Hygromia hispida (Linnaeus)

Plate VI, J
Shell similar to H, striolata, but smaller,
with rounded whorls, and often retaining its
hirsateness ‘in adult shells, Adults (with 5-6
whorls) measure 7-9 mm, in diameter,

Distribution. Europe, central Asia to. Sibe=
ria, Introduced into Canada and Maine, .

Hygromia cinctella (Drapamaud)
Plate IV. K

- Shell medium to small. thm. perforate to
imperforate, smooth and conic with a keeled

- periphery, Horn-colored to light brown, The

lip is sharp and not reflected. . Adults (with.5-
6 whorls) measure 12-13 mm, in diameters.

Distribution. Central and southern Europe.

o d

Family HELICIDAE

The Helices comprise medium to large
snails of European origin and include the edible
snails Helix aperta, H. pomatia, H, aspersa,

' Otala lactea, and O, vermiculata, The shell

in this family is usually banded, generally
wider than high and loosely coiled so that the

-central-column is hollow or umbilicate, How=
- ever, in the adult the umbilicus is often closed

over by an expansion of the lip, Genera of

economic importance are Helix, Cepaea,
Otala, Helicigona, and Theba. One species,
One species, Cepaea hortensis, is widespread
along the coast of northeastern North America;
it is found from Newf oundland to Massachu-
setis,

Theba pisana (Miilles)
Plate V, I

Shell of medium size, wider than high,
and perforate, Its color is white, or ivory, .:
and is usually banded with brown lines,: somé
of which are generally interrupted into dots’ -
and dashes, The whorls are well-rounded and
sculptured with many fine spiral swriae... The
nuclear whorls are’usually dark brown or black,
giving the appearance of a black dot on the
top of the spire. - The aperture is roundly~ or

_ ovate-lunate, The'lip is sharp, but often .-

ringed inside with a callus or thickening, ‘Ad-
ult shells (with 4-5 whorls) are 18-20 mm,:in
diameter, i

This species is most easily confused with
Helicella maritima, but is perforate rather

than umbilicate, and is spirally striate,

Distribution, Ireland, southwestern En=:

- gland, Switzerland, western France, Medi-. .

terranean countries, Introduced into the Ats
lantic Islands, South Africa, Australla. and
formerly in Cahfcmia. St Kl t

This species is now apparently completely
eradicated in California, Itwas a particular
pest to citrus crops and once established proved
to be very «difficult to conn'ol. 2 i

Helic igona arbustorum (Linnaeus)

Plate V; N . i

Shell large, perforate, somewhat globular,

- with well rounded whorls, which are strongly

sculptured with:fine spiral striae." Its color is
yellow with hom=colored or reddish-brown
markings and a single dark brown spiral band,
The aperture is ovate-lunate, Adults (with

-. teflected lips) me&sure 20-27 mm, in dia~
- meter and have 5-6 whorls. el :
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-Distribution, Chiefly a north European spe=
cies, but extends into Spain, Italy, andthe Crie

.. mean region. Introduced into Newfoundland.

Otala lactea Mmler

Plate V, D
RIS Yip Bl
shell large, depressed, imperforate and
spirally striate. It is white with reddish-brown
spiral color bands flecked with white, and has
é.dark brown aperture and lip. :The whorls are
well-rounded;the lip in-adults widely. reflected,
The aperture isiovate-lunate: .Adults have five
whorls iand. measure 28-36 mm, :in diameter,

‘f Distributiou. Southem Spain. NortlAfuea.

' Locally introduced into Florida and Georgia.

- Otala lactea and O, (Eol':anlaj.&eé'ml‘gﬁnu
are common food- items of the people-in their

' nativeicountries. .These two-species dre often
..‘referred to‘the genus Helix in ‘the older: litera~

ture.

.Otala (Eobania) vermic.ulna Miiller
This specxes is very nrmlar 10 O, lactea
but has a higher spire, a white aperture e and | lip,

-and is sculptured with spiral:-wrinkles-or malle-
~ ations instead of striae, Some individuals lack

; the sptral color bands. Vet

Dimibution. Medite:ranean coumriu.
Locally inu-oduced into New Orleans.

Cepaea nemoralis (Linnaem)

o g

Sheu large, xmpe:foutei yel,low. usudly
with 1 to 5 reddish-brown bands. The whorls
are rounded, ; the: apertire ovate+ilunate, the lip
in adults reflected and colored dark brown to
almost black,: Adults (with 6§ whorls) measure
22-24 mm, in diameter.

Distribuuon. Centml md wesuem Bur%

** Introduced. into:Ontario,. . Massachusetss,!
: York, :NewsJersey, Virginia,- Tennessee,! Penn-

.-?sylvania. Wisconsin, Colomdo. and. Califanil.

‘ad

Bmh thu species and the rela:ed Co horteu-
sis are eaten by Europeans; both-have ‘beente-

are often placed in the genus Helix, particu-
larly by older authors, -

Cepaea oq_e_t_xgis (Mmler,);
S T

s

i Plate V. B i

‘rhe shell of this specxee ,h very similar to

- €, nemoralis but is smaller-(adults measure 16

t0 31 mm, in diameter), slightly higher spired,
and has a white imtead of a brown lip.
Dhuibuuom Cenn:al and nguhem Europe,
It is also widely distributed in Iceland and along
~ the northeastern coast of North America, from
Newfoundland to Massaghuaettsy:

Helix aspersa Milller

b e Plate V. (o S ir
A { (T M
Shell luge. globoseuuther thin, ;tmw-
fonme ot nearly so, moderately. glossy, -sculp=
tured with fine wrinkles. It is yellow or horn-
colored. with chesinut<brown spiral-bands which
are interrupted by yellow flecks.or sizeaks, . The
aperture is roundly-lunate to ovate-lunate, the
lip reflected. Adult shellsi(4-5-whorls) measure
82-38 mm. in diameter.
oL N AT
Distribution. Britain, western Europe, bore
ders of the Mediterranean and Black Seas, In-
troduced into the Atlantic Islands,.. South Africa,
:Australia; New Zealand, Haiti; Mexieo, Chile
 and Argentina, In the United Statesiit-hagbeen
introduced into South Carolina,.Lonisiana,.and
California, often causing considerable damage
t0.vegetable and flower gardens, i+ ici

: This species is perhaps the most widely eaten
" of all European snails, and has been introduced

into nearly every country that Europearu have
settled.

- Helix E tia Linnaeus : - ..
Plate V.
A ‘rhh species is. smular 10 H. sgersa -but 1s

~.usually larger, perfo:a,te;tmnaxrowly umbilicate
(sometimes imperfiozate)y has; s duller;surface
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and uninterrupted spiral color bands, is sculp-
tured with fine spiral striae rather than with
wrinkles, and has an unreflected, but some-

. timies slightly expanded lip, Adult shells (with
4+-5 whorls) measure 32-45 mm, -in diameter,

_ Distribution. Central Europe, from south=
east Russia to eastern France; from Denmark
and southern Sweden in the north to the Balkan
Peninsula in the south. Introduced into North
Africa, Argentina, Uruguay, and into the United
tes at Jackson, Michigan, where it is damag-
g gardens, This is the "Edible Snail® of north
and central Europe,

Helix figulina Parreyss
Plate IV, F -

.. The shell of this species is very similar to
H. pomatia but is smaller, imperforate, and
has narrower spiral color bands. Adults (with
4@5,"'110'3), measure 25-30 mm, in diameter,

Dmribution. Dalmatu. Greece, Asia
;_Mlnox.

Helix lucorum Miiller
Plate IV, G

This species is similar to H, pomatia and
H, figulina, but has a larger, more -depressed
shell with darker color bands, It is efther per-
.. forate or imperforate. Adults (with 5+6 whorls)
.iimeasure 40-50 mm, in diameter,

Distribution. Central kaly. Ballun Penin-
sula, Asia Minor. ,

Helix aperta Born

~Plate.V, P,

shell imperforate; smaller than H. aspersa
and H, pomatia, and has a relatively larger
body whorl. It is thin and rather glossy with a
brown or olive color and lacks color bands., The
surface is finely sculptured with irregular striae,
The aperture is more than 2/3 the height of the
shell, has an ovate-lunate shape and an unre-
flected lip, Adult shells (with 3-4 rapidly wide~
ning whorls) measure 20-30 mm, in diameter.
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In the resting stage this snail seals its
2perture with a convex epiphragm. This
utwardly curved membrane is thickened
with calcium until it looks like a section
of white egg shell,

Distribution. Southern Europe, Algeria.
. This snail is a common food item of the
people in its native countries... It has been .
introduced into Louisiana and California, .
where it has done considerable damage to
flower and vegetable gardens... It apparently

does little damage in citrus groves, prefer-
ring vegetables and truck crops,

I SLUGS
Subclass PULMONATA
Order SYSTELLOMMATOPHORA

Family VERONICELLIDAE

This is a uopical family of primitive slugs
that have their eyes on contractile (not inver=-

. sible) stalks or tentacles (see Plate I, C), .The

mantle covers the entire back of the animal
and contains neither an external nor internal
shell, The lung is posteriorly located, with
the. breathing pore and excretory openings be-
hind the foot, Only one species (Veronicella
floridana), found in Florida, is native to the
United States. / :

Veronicellé moreleti Crosie and Fischér

Plate VII, B

Animal large, oblong, with rounded back
apd sharply angular lateral borders. It is ashy
to brownish-gray, mottled with black, and has
a median whitish line with a long dark longitu~
dinal band on each side about 1/3 the distance
to the mantle margin. The mantle covers the
entire back of the animal, Adults are 70~ 90
mm, long: i * e

Distribution, Mexico,

This slug is a voracious feeder, often
destructive in gardens.
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Order ST¥LOMMATOPHORA
mvismn AULACOPODA
Famlly ARIONIDAE -

" This family of sliigs, and also the Limaci~
dae, have their eyes on inversible (not contract-

ile) tentacles (see Place I, C), and havé a man- .

tle that covets only the anterior part of the body
and which contains only an internal vestigial
shell, -Arion, of this family, can be distinguish~
ed froth'the limacid slugs, Milax, Deroceras,
and Limax, by the position of the breathing
pore. In the latter genera it islocated in the
posterior half of the mantle; in Arion in the an~
terior half,

Distribution. Holarctic in distribution,
with species native to westetn North'‘America,
Asia, Europe. and Africa.

Arion cucumscnptus Johnston

Plate VII, 1

Animal small, pale créamy-, ,, watker
" dorsally, with a black and sharply-defired lat-
eral band extending the whole length ofithe
body on each side. Posterior end rounded:(when
viewed from above), its mucous poié conspicu~
“ous. . The.suprapedal groove is indistinet, :/The
mantle is gtanulate, but not concentri€ally '
wrinkled, ‘with'the breathing pore in its antérior
half and below the right pigment band., This
species exudes clear mucus.

- L-.Distribution, " Notthern and central Eu-:

rope, Introduced into'America; in this = - 1
country there are local records from Maine, -

' Massachusetts, New York, Pennsylvania, -Dis-

trict of ‘Columbia, :Michigan, Indiana,’ Wis<
consin. and Califomia.

: ~This species and the related A, hortensis
and A/ ater have been widely spread by com by com-
rerce and can causé conhsiderable damage to
greenhotises and vegesable.and flower gardens,

*-Arion hortengis Férussac. - :
Plate VII, J

This species is very similar in size and
shape to A, circumsctiptus;”but is darker,
and the breathing pore is located in the right
mantle pigment band rathér than belowiit.

It also has yellow or orange instead of ctearl

mucus'

Distribution, Iceland, Faroes, Middle Eu-
rope, British Isles. Introduced locally into Ca-
nada, Pennsylvania, Washington, and Califor-
nia,

Arion ater (Linnaeus)
. 5 -0 Y
Plate VII, K

This slug has thé same general characters
as the two preceding species, but is much lar-
ger, has a bulkier body, -and is without darker
pigment bands. Adults measure up to 150 mm.
when extended.

i - EXPLANATION OF PLATE VII

‘TESTACELLA AND ECONOMICALLY IMPORTANT SLUGS -

"A.’ Testacella haliotidea Draparnaudi:'
By ' Veromicella mioreleti Cros$e and'Fischer.
" C, Milax gagates (Draparnaud), : - .

D. Deroceras carbanae (Rollonera),
E. Limax marginatusMillers: ¢

F. Deroceras reticulatum (Miiller),

G. Limax flavusiLinnaeus:
H. Limax maximus Linnaeus,

“. 1.7 . Arion circumscriptusJohnston, -

Jo:" .Arion hortensis Férussacy: . .

. Ki - -Ation ater (Linnaeus): 'i
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Distribution. Central and northern Europe,
Introduced locally into Canada, Maine, and
Michigan. '

Family LIMACIDAE

Slugs of this fafxiilyI differ externally from
Arion of the previous family by the posterior poe

., sition of the breathing pore in the mantle, the
“keeled back, posteriorly pointed foot, and ab-
sence of a mucous gland at the tail, They are

native to Europe and adjacent parts of Asia and
Africa; in addition some species of Deroceras
occur naturally in northern Asia and North Am-
erica,

Milax gag'at'es (Drapamaud)' i
Plate VII, C

Animal of medium size, dark gray or black

" without darker or lighter bands, The posterior

~ end is pointed, without a mucous pore; the back
strongly keeled, Sides of body with distinct pe=

dal and suprapedal grooves, The mantle is
slightly granulose, but not concentrically wrink=
led, its central portion bounded by a groove,
The breathing pore is in the right posterfor half
of the mantle., Adults are 60-70 mm, long
when extended,

Distribution, British Isles, Europe, South
Africa, Australia, Tasmania, Mediterranean
countries, Introduced in many European colo-
nies and in the United States (Pennsylvania, Vir=
ginia, Idaho, Washington, Oregon, and Cali-
fornia),

This "Greenhouse Slug” is & destructive
pest in gardens and greenhouses, It is largely
subterranean in habit, burrowing in the soil and
feeding on roots,

Deroceras reticulatum (Milller)
(=A griqlimax agrestis Linnaeus)
Plate Vi, F

Animal sman, with a relatively short neck,
moderately keeled tail, and prominent pedal
and suprapedal grooves, It is whitish, cream,
or flesh-colored, usually heavily mottled with
gray or black, The mantle is concentrically

IANA
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wrinkled, the breathing pore in its posterior
half, Adults measure 35-50 mm, in length
when extended.

Distribution. British Isles, Europe, and
adjacent parts of Asia and Africa,

The "Gray Garden Slug" has been intro~
duced by commerce into nearly every tempe=
rate and subtropical country settied by Eurcpe=-
ans and is very widely distributed in the United
States, It is gregarious, and in countries where
it is introduced is usually confined to the vici-
nity of towns and cultivated areas, It is a des-
tructive pest in gardens, feeding on almost

. any vegetable crop, and is especially injutious

to young plants,

Deroceras caruanae (Pollonera)

Plate VII, D

Animal very similar to D, reticulatum
but is smaller (about 25 mm, long when ex-

~ tended) and has a relatively longer neck,

nearly as long as the mantle when the slug is
active,

" Distribution, Mediterranesn couiitries,
Introduced into the British Isles, Canary Isl-
ands, ‘and locally in Cahfomia.

Limax marginatus Miiller
(=leax arborum Bouchard-Chantereaux)
Plate VII, E

Animal of medium size with & pointed.
and keeled tail, Its color is generally light
brown, often pale gray, with two or three deep
gray or blackish longitudinal bands. Both the
pedal and suprapedal grooves are prominent,
The mantle is concentrically wrinkled, the
breathing pore on the right posterior side. -
The mucus is colorless, Adults measure 50-75
mm. in length when extended, i

Distribution, Europe generally, Intro-

e S
duced locally in Australia, New Zealand, New=-
foundland, and in the United States in Maryland,
Missouri, Colorado, and California,
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.Limax flavus Linnaeus
" Plate VI, G

This slug is very similar to L, marginatus,
but is larger, colored gray or- black, and marked
with yellowish spots, Its mucus is yeliow rather
than colorless, Adults are 75~100 mm. long
when extended,

Distribution. ’Témpérate Europe, Intro-
duced into many European colonies, and in
many places in the United States, *

j The habits of L, flavus in this’ country are
very similar to those of Deroceras reticulatum.

It is a slug of urban and suburban gardens, green-
houses, and other cultivated places,

Limax maximus Linnacus
Plate VII, H

. This species is similar to L, marginatus and
L, flavus, but is usually larger, yellowish-gray,

and spotted with black. Its mucus is colorless,

Adults are often more than 100 mm, long.

Distribution, Europe, Asia Minor, Algetia.
Introduced into North and South America, South
Africa, Australia, Hawaii, and many places in
the United States.

'This slug is common in urban and suburban
gardens, cellars, and similar places,

mm. in he{ght. :

¥ g

(. U FESH-WATER SNALS

V' Subclass PROSOBRANCHIATA ‘
Order MESOGA STROPODA. |

., Family B}THYNIIDAE,‘.,

An aquauc group ‘of, medium t.o smail—oper-

L. du!ate snails with a worldwxde dlstrlbution. Its
: spe,cxes have conical or sui:s?herical shells and
e a cpmeous or calcareous operculum. This fam=

Hy is of great’ medical impo}t fice because
some- f its members’ carr‘y the, human ‘biood and
liver flulies in he Orient, %

2

Parafossamlus rnanchouricus (Bourguignat)

Plate Vlll.

Shell broadly conic. imperforate. yel-

.loﬁish-bmwﬁ 1o /greeq. ‘dsualy’ wuh 6 =10 spiral

nbs 'or lirae. 0 erculum thick and calcareous;
conc_entfic. wnh a stall subcentral lpiral nu-
chui. Aau (with 4-5 whoﬁs) measure 8-12

P "!‘.'""“ i

‘Dixhibudonr China. ‘Formqsaf Japan.

"This species is one of the main carrfen of
the human liver fluke in the ‘Orient,

 EXPLANATION OF PLATE VIII

e

MEDICALLY IMPORTANT FRESH'WATER sﬂAILs

T Bulinus truncatus (Audouin)

B. Bulinus (Physopsis) africanus' Krauss.

C. Pomatiopsis (Oncomelania) hupensis

"(Gredler), '

D. Tarebia granifera (Lamarck).

E.' . Melanoides tubercilata (Miller),
'F. Pomatiopsis (Oncomelania) nosophora

' (Robson)., ;

......

%

G. Parafossarulus mancﬁéﬁﬁffc‘ﬂs’
; (Bourgmgnat)
H. Fossana ‘truncatula (Mﬁllgr} A
1. 'Planombina. giubrata {8ay)."”
P Armigerus oBstructis (Morelet).
K. Biomphalaria alexandrina
& (E‘hrenberg)

i
{
=)
.

Scale lines represent millu':jl:qt‘g"r‘sx;if‘:""_
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' Pomatiopsis (Oncomelania) hupensis (Gredler)

Plate VIII, C
Shell small and slendér, conic, imperforate,
‘gray=-brown to yellowish, ‘usually with many high
transverse ribs, Operculum thin, translucent,
colorless, and paucispiral, Adults (with 6-9
whorls) measure 7-10 mm, in height.

; Distribution, Yangtze River drainage sys=
tem in China,

* This species and the related P, nosophora
and P, quadrasi,are the vectors of schistosomi«~
asis, or the human blood fluke disease, in the
Orient, P. formosana has not been directly im=
plicated in wansmitting the human schistosome,
~ but is known to cary a strain which infects live~

stock and probably can carry the human strain,
"All four species are commonly tefened to the
genus Oncomelania.

Pomatiopsis (Oncomelania) nosophora (Robson)

Plate VIII, F

This species is very similar to P, hupensis
but is smaller, barely perforate, and lacks the
heavy axial ribs, It is slightly larger and has a
relatively narrower body whorl than P, formosa«~
na and P, quadrasi. The height of its body
whorl is 2-3 times that of its ‘penultimate whorl,
“ Its color is chestnut brown. Adult shells (with
6-9 whorls) measure 5-10 mm, in height.

Distribution. Japan; central and southern
China,

'liamatiopsis (Oncomelania) formosana
(Pilsbry and Hirase)

Shell barely perforate, similar to its related
species, but without the axial ribs of P, hupensis,
and with a body whorl that is relatively broader
than P, n nosophora, and narrower than P, quad-
rasi, The height of the body ‘whorl is 4 times
that of the penultimate ‘whorl, Color chestnut
"“brown to hotn, Adult shells (with 6-7 whorls)

" measure 6-7 mm. in height,

! Distribution. Formosa,

Pomatiopsis (Oncomelania) quadrasi
(Moellendorff)

shell similar to its related spécies, with
a relatively larger body whorl, imperforate
or nearly so, and without axial ribs. The
height of the body whorl is about § times that
of the penultimate whorl, Color dark horn to
chocolate brown, Adult shells (with 6-7

whorls) measure 3-6 mm, in height,

Distribution, Philippine Islands,

Family PLEUROCERIDAE

This family contains medium to large
aquatic snails with rather solid, thick, coni-
cal to globose shells with corneous opercula,
It is widely distributed with species in North,
Central, and South America, Africa, and
Asia, The genus of prime medical import-

‘ance is Semisticospira, which, along with

Melanoides and Tarebia of the family Thia-
ridae, is often called Melania in the older
literature, One species, Semisulcospira li-
bertina, is the main vector of paragonimia-
sis, the human lung fluke disease in the
Orient,

Semisulcospira libertina (Gould)

“Plate IV, O

*~'Shell large, imperforate, with rather

 flattened whorls and unimpressed sutures, '

sculptured with many small, rased, spiral
lines (lirae) and often with low transverse®

_wrinkles, The tip of the spire is often eroded

away. Color light yellowish-brown to almost
black. Operculum paucispiral, thin, datk

brown, the nucleus near the base, Uneroded
adules (with 9-12 whorh) measure 30-50 mm.

"'in height,

Distribution, Japan, Korea. Okinawa,
Formosa, ;

'Family THIARIDAE

This is another widely distributed family
_of aquatic operculate snails of considerable
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medical importance. Their shells are similar to

the pleurocerids, ‘but their methods of reproduc-

tiou are quite different, Several of the Oriental

: ies are the principal vectors of human lung
and liver ﬂuke dlseases. ; 7

v.Mel‘anoides tuberculata (ﬁﬁiie;)

i .. Plate VIiI, E

Shell similar to Semisulcospira libertina,
but narrower, with smaller aperture, having
more rounded whorls with impressed sutures,
more conspicuous spiral lirae, and often trans-
verse ribs on the spire whorls, In some locali-
ties, the shells are marked with transverse red-
dish-brown streaks, Uneroded adults (with 9-12
whorls) measure 830-50 mm, in height,

" “Distribution, Southern Chinn. Formon.
Philippines. East lndiel. ¥

"'l This species is a first intermediate host of
the human liver fluke. It is sometimes placed
in the genus Thiara,

'

Tarebia granifera (Lamarck)
' Plate Vill, D

_This species is similar to Semisulcospira li: li-

bertma and Melanoides wberculata but has shoul=

dered, flat-sided whorls with impressed sutures,
is sculptured with many spiral rows of small
beads rather than lirae, and has a la;ger aper=
ture. Color chesmut-brown to olive-brown.
Uneroded adults (with 9-12 whorls) measure 30-
§0 mm. in height.

i Distribution. Formosa, Phiuppinel. Micro=
SqasEIOMtion,
nena. Melanesia. East Indies.

Thn species is a first intermed atq host of
~ the human lung fluke, It is some es placed
in the genus Thiara,

" ‘Subclasé PULMONATA '
Order BASOMMATOPHORA
Family LYMNAEIDAE _

Ghe

""" This and the following far:r:i'ii'yi.:':‘éie Planor-
bidae, include aquatic lung breathers that lack

a o

,. opercula. Both families are world-wide in

duuibution and contain several medically
important speciqs. _ Of chief importance,
all ransmitting the human and domestic
anima liver flykes, are the species Fossaria
truncatula, P, ‘ollula, and Radix naulemg.
‘All three :peciel are sometirnes placed in

the genus Mnaea. i

'ch'utia truncatula (Mﬁller)

Plate VI, H

Shell small, perforate, opaque, mode-
rately. glony. without regular spiral striae,
Its color is whitish to pale orn, _The sutures
are impressed, the columella maight. ‘with-
, ‘out a plait, The aperture h ova;e, Jless than
. 1/2 the height of the shell. its outer iip sharp,

" the columellar lip. reﬂectgd. : Adulu (,wml

about 6 whorls) measure 8-12 mm. m lepgth

Distribution. Eurcpe, -eastern and cen=

‘tral Asia, Asia Minor, North Africa,

Fossaria ollula (Gould)
Plate IV, M

Shell similar to F. truncatula. but more
globose, with a relatively larger body whorl
and aperture (aperture length more than 1/2
. the length of the shell), and somewhat da,
in color (usually light brown), SOmedmes
a very slight columellar plait tends to be

resent. Adults (with about 6 whorls) meas-

E
ure 10-13 mm. in length,

Distribution. Chlna. Japan. Introduced
A ——————————
in Hawail,

. Radix natalensis (Krauss)
B 1 e e A
Pla'te:, I\ll .', N

Shell small to medxum, very thm. narrowly

; ”ﬁerforate or lmperfo:ate, translucent, queute-

Ay glossy. whitish to hght brown or hom, sculp-

" tured with minut'e spital striae. The spxre is

short with moderately unpressed sutures; the
body whorl and  aperturg are very, la:ge (the apere
ture length is more than 273 the height of the
shell), the aperture ovate-lunate with sharp lips.
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The columella is twisted into a distinct plait,
Adales(ivith 4-5 whorls) imédasure 16-25'mimi
in length,

Distribution.- -Africa,i Madagascar.

- Family- PLANORBIDAE

This family contains mostly discoidal-spe=::

cies, but a few, such as Bulinus africanus and
* Bulinus truncatus, -are-oval or .elongate. . The .
snails that carry the human blood fluke.in Af-v
rica, South America. and the West Indies be'-

" long to-this family, - - =

Armigerus obstructus (Morelet)
Plate VIII. J

Shell relatively small and disk-shaped,

“rather glossy, whitish to light brown or olive
horn," sculptured with fine spiral striae and
growth lines, The spire is depressed below the
body whorl, the sutures impressed. Aperture

“rather deéply lunate, usually with. lamellae or

teeth. Adults (with 5-6 whorls) are 5-8 mm. -

wide.

Distribution, Louisiana, Texas, Mexico, -

Guatemala, - - --

This species is closely related to snails of
‘the genus:Biomphalaria -and Planorbina and may
be congeneric with these groups.

- Bioinphalaria alexandrina (Ehrenberg)
(& froplanorbis, B. boissyi) :

Plate .VIH, K. .

“'The shell is-similar.to. Armigerus obstructus
" but is larger and its-aperture 18¢ks teeth, Ad-*

ults (with 5-6 vhom) are 18-22 mm. in dia-
‘meter. : o

Disuibution. Egypt, the Sudan,

*STERKIANA 41
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This species and Bulinus africanus and

- ‘Bulinus truncituy are the main carriers of

the human blood fluke in Africa.

i Plariorbina (Australorbis; Taphius).glabrata (Say)

" (=Biomphalaria alexandtina?) .

Plate VIl 1

The shell of this species is ldenncal 1]
‘that of Biomphalaria alexandrina, but, often
' becomes much: 1arger; :adults measuring up to
.36 mm. in.diameter. - i
£ £l piey o1
. Distribution. West lndnes. nonhem South
Amerlca. ! ;

*'This species is the carrier.of the human

" blood. fluke in the tropics of this hemnphere.

* Bulinus ( Physopsis) afncanus Knuu

" Plate VIII,~B !

Shell sinistral, higher than wide, globose,
umbilicate, : perforate or impetforate,. .whitish
to chestnut brown; sculptured with fine growth
lines; whorls evenly rounded; ;: A perture ovate=
lunate; outer lip'sharp; columella truncate,
Adult shells (with 4-5 whorls) are 14-20 mm,

high, -

Distribution, Natal, Transvaal,  Southern
Rhodesia, Mozambique, southern Tanganyika.

Bulinus truncatus (Audouin)
Rlate VIII, A

i .
o 2

~ Shell .very. similar- to Bulinus africanus, but

.. with .a straight on slightly curved rather than

truncate columella, and shouldered whorls.
Adults'(with)4-8 whorls)-are :14=20 mm; long.

Distribution. Northern and eastern Medi~
terranean countries, l-:gypt. the Sudam and
Uganda,
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1_3;: :

1b.

2a.
2b.

3a;

3b.

4a,

4b.

Sa.
5b.

6a.

6b.

Tae

b

8a.

8b,

9a..

9b,

-10a,
10b.

1la,
11b,

KEY: FOR THE IDENTIFICATION OF ECONOMICALLY IMPORTANT SNAILS AND SLUGS

'_Anﬁnal WITH A vxsmx.s SHELL. either land or fresh-water inhabitant «eovevesees. .. 11

Animal WITHOUTAN EXTERNAL SHELL land inhabitant ceceesccvovoscvscsceces. - iR

Mantle covering the ENTIRE back of the animal.ecesscsvcasessssss Veronicella moreleti
Mantle covering only an anterior PORTION of the animal .ecvvevsvecssecenseee - 3

Breathing pore in ANTERIOR half of right side of mantle; back

" .never keeled in adults; posterior end ROUNDED when viewed

from above -o--.o-ooa-.-1-.0--....---uocccocoo-coo.ctooogooooood-.uvnoo 4
Breathing pore in POSTERIOR half of right side of mantlg; back
- keeled, either at posterior end or entirely; posterior end ‘
POINTED when viewed from abOVE sesesvsescsosscssncrsessonssssscsssenane .6

LARGE, adults more than 70 mm. (2-3/4 inches) when extended; .

sides of body WITHOUT dark longitudinal bands seeseessscessscssssssscses Arion ater
SMALLER, adults less than 60 mm, (2-3/8 inches) when extended;

sides Of bOdy WITH dark lOﬂgimdinal DANAS cosonsosssssnssssssisasssanreseens S

Breathing pore BELOW right mantle pigment band; mucus clear ..... Arion circumscriptus
Breathing pore IN right mantle pigment band; mucus yellow or orange «... Arion hortensis

. Back strongly KEELED; mantle granulate but NOT CONCENTRICALLY

WRINKLED, its central part bounded by a gro0Ve «ecieseecessesenesss Milax gagates
Back keeled only near the end; mantle CONCENTRICALLY g
* WRINKLED, withoutagroove S 90000 LNN0INE00CEcseserncitdonssosnseocssesins e |

LARGE, adults more than 50 mm. (2 inches) when extended 7
body usually either BANDED or CONSPICUOUSLY SPOTTED ¢ss0cecsvedecstene ﬁ ; 8

.MEDIUM or SMALL, adults less than 38 mm. (1-1/2 inches)

when extended;body not banded, and if spotted, either in-
conspicuously ’potted or mottled ouoocno.ooo.uco-vaoa'.oouoooo'ooln.no.coc 10

Mantle and back with dark longitudinal BANDS; body color

generally light brown; mucus colorless sssesssssesvcssesceasossoss Limax marginatus
Mantle, and usually back, SPOTTED or mottled rather than :

with continuous bands; body color yellowish to gray; mucus
‘ yellow or colorless e P00 0000000000000 000000¢00000800000008006000000000000 9

Mantle and- body BLACK-SPOTTED mucus. colo;less gesessssesesssaess LiMmax maximus
Mantle and body gxay with YELLOWISH SPOT §;.mucus yellow tecassenases Lunax flavus

Neck. when extended. almost as, LONG as the mantle ssesesennnsnee e Deroceras caruanae
Neck, when extended, much SHORTER than the mantle ceeesvesess Deroceras reticulatum

Shell too SMALL to cover contracted animal; land inhabitaﬂt oo o‘- sesevsvsesnses 12
Shell large enough to conceal contracted animal; either land
or fresh-water inhabitant 960900000000 00009s000000000000000000 00000000000 13
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12a,
12b.

13a,
13b.

14a.,
14b,

15a.
15b.

163,
16b,

17a,
17p.
18a,
18b.

19a.
19b.

20a,
20b.

21a.

21b.

22a,
22b,

23a.
23b,
24a,

24b,

2530

25b.

26a.

26b.

Adult shell large, 13 mm. (1/2 inch) or more in length; elongate ,.. ' Testacella maugei
Adult shell smaller, less than 10 mm. (3/8 inch) in length; oval ., Testacella haliotidea

ShellwlDERTHANHIGH B0 0800000 E00RNQR00RCORRCD000PE0RT0PO00080CBOCRCEOOCEOITRTDT 14

shellHIGHERTmeIDE PUDEIITVIIVIENEIIIOSOOOEVOIVROOIOIETTOIOPIOEOPOEOONIOIPOROIECEDY '46

Animal with an OPERCULUM (a cover to close aperture of shell) «.... Helicina zephyrina

Animal WITHOUT AN OPERCULUM ,csceossccssscsssosenssavsnsesossseese 16
SpireofshellraisedABOVE bOdyWhOIl ;oocco.ooooo.oooo-oocco.t-oooocé-o-.'; .16
Spire~ofshelLdepre‘ssédBELOW‘bodywhorl 000 V00000008PTIOOBROB00R0000OOEYD 43

Shell SHARPLY CARINATE I"Q'..'...l.l.....QO‘O..I.0‘..“...‘ Hyyomiac‘ﬂctella
ShellNCYl'CARINATE 200000000000 000600decNrecNecUrssnscecsacboossecses 1'1

\

Shell IMPERFORATE or nearly. so;. adult shell generally

20 mm. (3/4 iDCh) or more in width $9008P0000000000000009000000000080 18
Shell distinctly. UMBILICATE, adult shell less.than 20 . o e
20 mm‘ (3/4'inch)'in width‘ PV O LI NNNLNRNNNGRPPOIOIGIDRIOIOOIOITNOITORRIBOIRY 28‘
Lip REFLECTED '"....".."‘..l".......................Aﬂ...........".. '19

Lip NOT. REFLECTED, -Or. Only tafely slightly expanded PP P00 00800800000OFIESR . 24

- Shell WlTHfinespital sculpture @ eEEN 000000000000 000000805008000000000000 . 20"

Shell WITHOUT fine spiral sSCUIPIUIE .vesieavesssvcovosoorssovacesassescnse . 22

~ Shell sculptured with interrupted, fine, spiral WRINKLES

‘0r MALLEATIONS cosssssssssccssscossssesvocasnssansenass Otald vel'mlculata -
Shell sculptured with more or less continuous, fine, impressed spiral LINES ¢es00 21

- Shell WHITE WIthleddlsh‘bfown mal'kmgs l.DQO.tOO.tO.’OO‘OOIOO"..OO' Otala lactea

Shell YELLOW with reddish~brown markings cceecceecssssseoss Helicigona arbustorum

Lip'wHITE' 0..0"0.'0.........'.0......ﬁ.....-’.‘.....0~.......‘.C......l -23

Lip REDDISH-BROWN to almost blaCK sececevccssesessscscecscsce Cepaea nemoralis

Color bands. always present and INTERRUPTED .
by yellow flecks Or Streaks eesescescsscsscsssessncsscasescsssss Helix aspersa
Color bands CONTINUOUS, b_ut not always ptesent - ed00sssonscarete e Cepaea hmensu
: 3 it gt . wr
Body whorl disproportionately LARGE; spire very SMALL;
shell not banded. ‘O'I.‘..0il:li..‘Ol’l‘l‘gtt'l.O‘ICVQJID.C....O 0000000000000 0 Helix apelta~
Body whorl proportionately: SMALLER; spire distinctly RAISED ~

above body whorl; shell generally with color bands .eceevccessssacsacces 25
Shell LARGE, adult shell.25 mm, (1.inch) or more in width; nuclear - = S SR
whorls not black or dark brown, but usually HORN-COLORED cseevssesecs 26

Shell MEDIUM, adult shell 20 mm. (3/4 inch) or less.in width, i =
nuclear whorls black.or dark bIOWnR eeececcosiasoessenisescesssss - Theba Pisana

Adult shell 40.mm, .(1-5/8 inches) or more. in width; depressed.. ; j
(height 8/4.of width);. with DARK brown spiral bands: ieisvilsssasese Hehx lucorum
Adult shell usually less than 40 mm, (1-5/8 inches) in width; al-
most as high as wide; generally with PALE BROWN or tan color bands sseee. 217
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27a, "'Adults SMALLER, 30 mm, (1-3/16 inches) or less in width; NPERFORATE . Helix figulma
27b. “-Adults’LARGER, 30' mms., or MQRE in Width FERFGRATE L
to umbilicate ou.ouoooocc-oooatouooau'o'ooo.ooaooooo0olondoo( Heﬂx m‘tu
283, Lip of:adult REFLECTED '.'.'.'.'.';...‘.’;:;;;:;.;.-.-......;.......4 ‘Bradybaena similaris
28bo ¢ Llp STRAIGHT, not reﬂe“ed -o‘ootno'o-.no'.cl'-coooolo..s..o..ll'bdi.t miare 29 S
29a," Shell uanslucent md yerx GLOSSY spire very low, R L0
hardlyralsed abOVGbOdYWhO!‘l. .;;‘.:.;;‘o;o‘oocnoccaicoco.td..‘i..o}iooota i 30
29b.”"  Shell slighaly glossy. to DULL, opaque or only slightly translucent, i
spire higher,, a,dqf_lp;t_e_ _apex projechng above the body who:l disesegpeee 32
-------- S “' b 4 g Mk
30a‘."_' ‘shell relatively LARGER, .adult shell 10 mm., (9/8 inch) or MORB
s in -width; .animal, elther Pa'le 01' Ve.f'y GarK ‘s seevscerisssessbeniorces eoe . o 31 !
30b,  Shell SMALLER, adult shell 8 mm, (5/16'inch) or LESS:+- - . i '
g in width; animal very dark 0qnl.00.0!.0..00!0.0.0..0.!.'..0 OxyClIﬂlu ‘m‘du‘
313.- Anlmal PALby‘a.y";;;;;:::.‘:;:;:;;;;........‘.......'.‘.....’. oxy&m‘c‘u"im
31b.  Animal.very. DARK blue-black or blue-gray ... sevedeciones Oxychilus dupnmaldi
............. S R
323‘; WhQﬂSWITHSPiraLC,OI_OIbal’!d’ $0000000000000000000000000000000000000000 33
32b. WhOﬂS'WITPOUT §P“.al.q°l,°t ban.d‘. : .0.0 a‘o.q'o'o “es e e s BN sue0 00 s0 000000 oo, 39
h .."" st g .:’»‘:tD “]x
332, WIDELY umbilicate, umbilicus 1/4 or more the dinmeter of the shell ... Heucella mla
33b, NARROWLY. umb;litaa_tg, _wp_la.i;{cqs "1/5 ‘or Tess than the diameter of the shell e . 34
34a., 3 Shell LARGER. adult shell 12 mma 1/2 iBCh) ol' more in w‘dth soctecevesosce v : 35‘
346" stiell MEDIUM TO.SMALL, adult shell usually less thait'12 o, (1/2 inch) in width .. 36,
- A AR S e e e RO Sl A RSN
35a. Umbxhcus very NA RRow. 1/8 or less the diameter of the shell Vi iva: Helicella maritima
35b. Utﬁﬁ’ilicus e #bout 1/5 the diameter of the shell eessevessss Helicella variabilis
g gl sl i F G eV
36a, Shell HIRSUTE (covered with fine TAfrs) oiheuaeionnesssed s’ ‘Helicells: compurcau
36'). Shell-NOT hksutﬁ\..p..‘-_o'-.a_o_o.oo'o'g'oao--o-.oouooouonoocooooo.ooao.voocotoooo 3'1 J
37a, Spue HIGH and POII&’i‘Bb.a‘pem!re OVATE'LUNATE R R R L -Helteelia w&m!“‘a
37b. Spire LOW and BLUNTLY CONVEX; aperture ROUN])LY LUNATE essssvssvesse 38
385 " * Sutfacewith rather heavy. close, raised transverse l{ues e e indsn Helicélla striata
38b.  Surface without prominent transverse Lin€s seevessssbossssssesssve:’ Heliceua caperata
39a, - shell LARGER, aduls shell : 14 m;n. (9/16 inch) or more in width srecioscsngee 040
i 3%. Shell SMALLER. adult Shen l-es%,han 13 mm. (1/2 mCh) in width soovengsnce 41
4 L wsiei aiv O it = o L _:.'_‘. g
40a, Last whorl NOT DEFLECTED -.uocoooo-o.c-oooo;;ocoo-';Ot:oooooo b MOI'IGCha cantiana
:4°bo Last whorl DEFLECTED ‘coc-oo.ono.ooun..nollooooooouocooto Monacha carthusiana
LB SR S S ' ke e 5 ey Nk
4la.  Umbilicus snAu.ow showing 1/2 whori o 1ess s HRREL SR T Monacha schotti
"'l'lb. Umbihous- DEEP,. shqwing all the WhOl'h £ ' ooc -.'oc s edoeeidibivranee .z="'\"42
42a, Pel'lphely of last whorl ROUNDED --oooooo-o-ttctt-lo---ootcoooooo Hyg‘omia hhpida
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43a,
43b.

44a,
44b,

45a,

45b, '.

468 .

46b.
47a.

47b,

48a,

48b, -

49a,
49b,

508’0‘

50b,

b1a,
51b.

52a,

52b.

533.

53b.

64a.
£ 154bo

Shell marked with interrupted,. reddish COLOR BANDS; 1and +eveeses Solaropsis monile
Shell WITHOUT any COLOR BANDS; fresh-water ... sessveeersseiensnsscnse - ! 44’

Relatively LARGE, adult shell 15-30 mm. (1/2 - 1-1/8 inches) in width vuee.. 45
Relatively SMALL, adult shell less than 10 mm, (3/8 inch in width , Armigerus obstructu;i

Afncaninotigin Anoouoo;oooo.oocoo;toao-ooololn.o.uoc- Bmmph‘mlﬂllexandlma
West Indies and South American inortgin Wesavseasvsessensssces Planorbina glabrats

- Animal with, an OPERCULUM (a cover to cloac aperture

Ofsheu.) fresh-water inhabitants .o-o.oqo--oot.boa"ocoooooouo.o.;-o.o 41
Animal WITHOUT AN OPERCULUM; land or fresh-water mhabl;anu wesssgses - B4
Shell. LARGE. adults 25 mm‘..(' 1 .inél'l) .or more in height, i o ‘ g

- operculum paucispiral, with the nucleus near the base sesveesssscssrcsse 48
Shell MEDIUM to SMALL, adults less than 15 mm. (3/8. : -

a litﬂe distance fl'OlTl Ihe base ll.o.oooooqooouoopoon....tl'!l!.._;p‘...:-_ _50

Spiral ridges on the shell intersected by TRANSVERSE FURROWS, _
. making them appear as rows of beadS seeessecsssseessssssess Tarebia granifera
Spiral ridges on.the shell NOT intersected-by transverse furrows, - :
but continuous R T 49 -

Whorls WELL'ROUNDED "o oo ... 000000000800 NROOROORRIGRN o.o.o'o“ Melanoides tlllberC;:l]:a'm
Whorls FLAT-SIDED, or only slightly rounded ceeeescsvesees Semisulcospira libertina

calcareous, and CONCENT RlC. wlth a small

. subecentral, .spiral NUCIEUS. . ccvsesesesssontsocossnns Patafossawlus manchouricus
shell WITHQUT. spiral ridges; operculum THIN, translucent, . - : P

colorless and PAUCISPIRAL 000EDE00E00PP00UIREN0OR0CE000000000000000 51

...........

WhOKIS WITHOUT transverse ribs svessensrscssesisssscessesvevesensnaretes . 5,2

Body whon p:opomonately LARGE in both height and
- width, irs height FIVE, TIMES that of the penults
. imate Whorl, coeceaseanaaasssossessereeenss ;Pomatiopsis (Oncomelania) quadrasi
Body whorl proportionately SMALLER, making the shell appear
.mare. slender, .its height LESS than five times that of the )
.penultimate.whorl 900500800 00000600000000000000000c00000dbRMIYIENIpOS; __!5.,3

Height of body whorl about FOUR TIMES that : : Pl ;
..of the penultimate Whorl. wsevscssssvessss .- Pomatiopsis (Oncomelania) formosana
Height of body whorl TWO TO THREE TIMES : : el e e
that of the penultimate whorl, veesesceseen Pomatiopsis (Oncomelania) nosophora

Spire pal'tly BROKEN OFF in adult Sheus derecsedengusiitesvsvscdunne ‘quina{decql}ata
Spil’e notmally NOTBROKEN OFF sssoencsensosvs e dind o‘_‘qu! ea 0"0"_‘5'.1';‘..‘.’.'\! sos 55
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55a,

i 55b.

"563;'

56b.

svd.’ :

§7b.

58a,
; 58b.
5%a.

‘59b,

Gba. :

60b,

61a.
Rl

62a,

62b,

~ 63b.
64a.

*64b,

65a.

~'68by

66a.
" 66bs

67a,

67b.

© +68a.’

68b.

* Spire whorls ROUNDED; shell relatively WIDER, "~ . = : : £ A1 R

“ishieTl' LARGE; -adults up to 65 X 20 mm. (2~1/2 X 3/4 inches). land anans ssand - v B8
+ SHELL- MEDIUM TO SMALL, adults less'than'26 X 6 mm.,' . " : e g e
(1x1/4inches) landorfresh'wa‘el $00000000000000000000000000BNRRD 58

Apel'ture :NARROWQ iu Width \LESS than 1/2 its leng‘h . 0 evdoobvissans 7t Buglandina ’niata
Apenure more OVAL. its width 1/2 or MORE of its length «esccessconvosvssce 57'
‘Lip of 'adult PURPLE,: reﬂected; columena not TRUNCATE PO o "Porphyrbbaphe iostoma
Lip of adult NEITHER PURPLE NOR REFLECTED;

columella TRUNCATE “{iieeibasavensssesnansensssisenssssns Achatina fulica

Whorls either WITH ¢color bands' of marked with alterfiating
transverse opaque and translucent bands cesescerscssocesscsssscnsssasns 69
Whorls WITHOUT color bands -and alternatifi§ opaque ‘and:ttanslucent bands- ... T 61

i e

WIdthmOteﬂlan llzmeheigh“"I.‘.".l...l.'.l‘l"..’.l.".l...l... 60
‘Spire whorls FLAT TENED; shell: NARROW-ER, S
width less than 1/2tl‘eheight essesssessscsresssrsvresaeses Cochlicellabarbara

-f'll

. Shiel¥-almost-as wide-as high; sperture ROUNDLY LUNATE oviueld .4-Cochlicella conoidea

Shell distinctly higher than wide; ‘aperturé OVATE-LUNATE ...+ ¢Gochlicella ventrosa

Shell SlNISTRAL(wound to the left). fresh=water .eeesvecsccasccercsccessss 62

- Shtll DEXTRAL (wound te the-nght). land and l'-resh-:water ...Jn...u........ . 63

Columella TRUNCATE .ceeveveocscsoscssvcseasscsoesss Bulinus (phylopsi’) africanus
Columella STRAIGMI . sessel I.‘. Nedsanbae o"o.i 0;'00:,"- esen bcc’oo e -415 * Bulinfis truncatus

Aperture MORE than-1/3 the -height-of- the shell; fresh=water' veesiisedbeveaces 64
Apel'tm‘e 1/3 or LESS'the’hélgﬂt df 'the Shen;‘- tand inhabitants:: seeivcodevebeboe - 56

Columella STRAIGHT, without a plait; aperture LESS

" - than 2/8:thehéight-0f the ehell « wvuvnusvussesissotossssssocidsesancis . " 65

-Columella TWISTED into a distinct plait; aperture .
MORE than 2/3 the height ofthe shell sessssescsevsersacnvenas Radix‘ natalensis

Aperture MORE than 1/2 the height of the'shiell '/'i3 Dy F ORI S B e Fossana ouula

-#petture LESS than:1/2 the hexght o£ the sheu ceesseesverereseerss -Fossaria truncatula

Base of columella TRUNCATE. shell imperfmate Tebdevsssnaiiiosnssneasesoes 67

- Base: of columella STRAIGHT, not. truncate; shell. perforate.:: veeinis svassmessse 69

shell SMALL, adults (with 5-6 whorls) less. than 6. mm. (1/44nch)

' (- “long; veéry glossyi shell surface SMOOTH or only: Very: weakly striate cenese 68

Shell MEDIUM, adults more than 6 mm. (1/4 inch) long, it
modera‘bly gld’sy. ﬂhell ,mface SI'RIA-TE T esuibaiel 6 ‘4'0 senassesee n’ Subulina octona

" »Bhise of columella: - ABRUFTLY. truncate;:ho ‘callus on patietal

wall;- whorls nearly- flat-sided; shell surface: weakly STRIATE. ‘4 vo Cecxlioides. acicula
Base of columella MODERATELY truncate; callus present on
parietal wall; whorls convex; shell surface SMOOTH «sessess0ss Cecilioides aperta
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69a. Shell surface sculptured with RAISED AXIAL RIBS; aperture
length LESS than 1/4 the shell height. cocevervnvacocncianans Lamellaxis micra
69b. Shell surface WITHOUT raised axial ribs; aperture length

- MORE than 1/4 the shell height. ......

T0a. Sutures distinctly CRENULATE (that is, undulated or scalloped)...... Opeas pyrgula

70b. SUTURES STRAIGHT or only very slightly crenulate ....cccveevoencnencss swssae M1
Tla. Upper lip STRONGLY RETRACTED to the SUMUI€ cc.0ceececsssssss. Opeas pumilum
71b. Upper lip STRAIGHT or only moderately retracted at the suturé. .......... ceepes T2
T2a. Shell HEAVILY STRIATE; NOT GLOSSY .cecceseeeecscaascesss. Lamellaxis gracilis
72b. Shell moderately to weakly striate; GLOSSY c.vcecacecccnoncacacccnanacans aavs 13
73a. Shell very glossy; weakly striate ...... cetseneniins eeecesss. Lamellaxis mauritianus
73b. Shell moderately glossy; moderately SIiate cocecoeecenasacns Lamellaxis clavul inus
GLOSSARY

ANGULAR Having an angle rather than a round
contour (Plate IIl, P).

APERTURE The opening or "mouth” of a gas-
tropod shell (Plate II, A, C).

APEX The tip of a gastropod shell farthest
away from its aperture (Plate II, A).

AXIAL Parallel to the axis or columella of
the shell; running across or transverse to
the direction of the whorls; the opposite
of “spiral, "

BASAL Pertaining to, situated at, or forming,
the base; that part of the shell furthest
from its apex.

-BODY WHORL The last whorl of a spiral gas®
wopod shell, measured from the outer lip
back to a point immediately above the
outer lip (Plate II, A, C).

BREATHING PORE Outside opening of the pul-
monary cavity in lung breathing snails

: (Plate II, D).

- BROADLY LUNATE See Plate III, X.

CALCAREOUS Composed of carbonate of lime

(calcium carbonate).

CALLUS A deposit of lime or shell material,

often as a thickening near the umbilicus.

CAUDAL Situated in or near the tail or pos-

terior end.

COLUMELLA The internal column around

which the whorls revolve; the axis of a
spiral shell (Plate II, A; Plate III, N).

CONCENTRIC From or about the same cen-
ter, as in the case of lines of growth in
some opercula (Plate III, AE, AF).

CONTRACTILE Capable of reducing length
by shortening and thickening (Plate I, C).

CORNEOUS Horn-like.

CRENULATE Scalloped or notched (Plate
111, E).

DECOLLATE Cut off, thatis, the top sev-
eral whorls of the spire (Plate I, K).

DEEPLY LUNATE See Plate III, Y.

DEPRESSED Flattened.

DEXTRAL Would or spizaled to the right
(Plate 11, B-1).

DISCOIDAL Round and flat like a disk.

EMBRYONIC SHELL The earliest whorls that
are formed in the egg.

EPIPHRAGM A hardened mucous covering
that seals the aperture in most land and
some fresh-water snails, and prevents
desiccation during dry spells.

FOOT The locomotory organ of mollusks; it
is often variously modified for digging,
grasping prey, etc. In snails it is the
long, broad, vental surface of the an-
imal (Plate I, B; Plate II, D).

FUSIFORM Shaped like a spindle.

GASTROPOD A member of the mollusk
class Gaswropoda; a snail, slug or lim-
pet (Plate I, A).
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GLOBOSE Globular. Formed like a globe;
spherical.

GRANULOSE Covered with minute grains or
beads.

GROWTH LINE A line on the surface of a shell
indicating a rest period during growth
(Plate II, A).

HIRSUTE Covered with hairs (Plate II, C-T).
IMPERFORATE Lacking a perforation or umbi-
licus on the ventral or anterior end of the

shell (Plate III, AB).

IMPRESSED Marked by a furrow (Plate IlI, K).

INVERSIBLE Capable of withdrawing by being
inverted (Plate I, C-3).

KEEL A sharp edge; carina (Plate Il, D; Plate
11, o).

LAMELLA A fold or raised callus in the aper-
ture of a shell.

LIMPET A gastropod with a low, conical, un-
spiraled (or nearly so) shell,

LIP Edge of the aperture; also called peristome
(Plate II, A; Plate I, D, E, F, H, I).

LIRAE Raised lines or ridges running in the
same direction as the whorls (Plate II, C-2).

LIRATE Bearing raised spiral lines or ridges
(Plate II, C-2).

LUNATE . Shaped like a half-moon (Plate III,
U, V, W, X, Y).

MALLEATE Dented as if hit with a hammer.
MANTLE A membranous flap or outer covering
of the softer parts of a mollusk; it secretes

the shell.

MOUTH The opening or aperture of a gastropod
shell.

MUCUS A viscid, slippery secretion; slime.

MULTISPIRAL Having many spirals or whorls
(Plate IlI, AC).

NARROWLY OVAL See Plate III, T.

NARROWLY OVATE-LUNATE See Plate IlI, W,

NUCLEUS The first part or beginning of a shell
or operculum, that is, the nuclear whorls
or protoconch in snail shells (Plate II, A:"
Plate III, AD, AE).

OBLONG Longer in one direction than in an-
other, with sides more or less parallel.

OPAQUE ' Not transparent or translucent,

OPERCULATE Bearing an operculum or cover
to close the aperture (Plate I, B).

OPERCULUM A horny or calcareous plate that
serves the purpose of closing the aperture
when the snail withdraws into its shell
(Plate I, B; Plate IlI, AC, AD, AE, AF).

OUTER LIP The outer edge of the aperture
(Plate I, A).

OVATE-LUNATE See Plate HI, V.

PALATAL Pertaining to the outer lip of a
spiral gastropod shell.

PARIETAL Pertaining to the inner wall of
the aperture; the part of the body whorl
opposite the outer lip (Plate II, A).

PAUCISPIRAL Of few rapidly enlarging
whorls or turns (Plate III, AD).

PEDAL GROOVE A longitudinal groove in
the body of a snail that marks the bound-
ary where the tuberculate side wall of
the foot joins the smooth ventral sole
(Plate II, D).

PENULTIMATE WHORL The whorl before
the last, or body whorl (Plate II, A, C).

PERFORATE Having a minute opening at
the base of the shell (Plate III, AA).

PERIPHERY The part of a whorl most dis-
tant from its central axis,

PLAIT A fold on the columella (Plate II, A).

REFLECTED Turned back (Plate III, 1).

ROUNDLY LUNATE See Plate III, U.

SCULPTURE The natural surface markings,
other than those of color, usually found
on snail shells (Plate II, A, C).

SHELL The hard, usually calcareous, pro-
tective covering of mollusks (Plate I, B).
in some forms, such as slugs, it is ves-
tigial and contained inside the mantle,
or lost entirely (Plate II, D).

SHOULDERED Having the whorls more or
less flattened beyond the sutures,

SINISTRAL Wound or spiraled to the left
(Plate II, ﬁ Do

SLUG A common designation for a snail
without an external shell, The shell is
either rudimantary and inclosed in the
mantle or wanting entirely (Plate II, D).

SNAIL A common designation for a member
of the mollusk class Gastropoda; the term
includes those forms commonly called
slugs and limpets (Plate I, A).

SPIRAL - Winding, coiling, or circling around
a central axis; the form of the shell of
most snails,

SPIRE All of the whorls above the aperture
(Plate I1, A).

STRIAE Impressed lines; usually designating
those impressed lines running in the same
direction as the whorls (Plate II, A, C-1).
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STRIATE Bearing impressed, spiral lines (Plage
n. At C'l)o : ;

SUBCENTRAL Nearly central; sllghtly off cen~
ter,

SUPRA PEDAL GROOVE A groove above, and
running parallel to, the pedal groove in

certalp snail Fig. 7. .-

SUTURE The line where one whorl of the shell

is in contact with another (Plate II, A;
Plate 1L, J, K, L. .
TRANSLUCEN'!,‘ Putly unmpngnt,,

TRANSVERSE P;ullet to the, qolumella orAaxh i

of the shell; at right angles to the direction

of the whorls; the opposite of spiral,
TENTACLE An elongate sensory structure on

!h‘ heads 0‘ lnllll (PlltO l. B' Pl.‘” np D)o

In some groups it bears an eye at its tip,

in others at its base (Plate I, C),

_ TRUNCATE Cut off (Plate II, M),
_TOOTH 'A short, high callus, o deposit of

: sheliy matefial, in the aperture of some
shells (Plate II, C). __

ﬁMBlLICATE -Having ap umbiiicus ot father

wide opening at ‘the basé of thie shell;
_oppesite of "imperforate” (Plate Ul, Z).

» UMBlucus “An opening, 1n the céntet of

the columella or akis of the shell (Plate
II. A, G Plate I, z2). .

. #Aiux A ridgg of shell matemi formed at

the outer lip, or poaition on the shell
-~ which was once the outer lip,
VECTOR Au animal that carries and trans-
! miu disease -causing organisml. e
WHORL One complete spiral tuin of 8 gas-
_ i uopod shell (Plate II, A). ;
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alliarius, Oxychilus 25, 26
Amphibola 23 - '
AMPHINEURA - 21, .22:
aperta, Cecilioides 27
aperta, Helix 15, 30,:33,.35
arborum, Limax:87 7 ;!

arbustorum, Helicigona. 80, 33

ARCHEOGA STROPODA:23, 28
Arion 23,.36,:37" . .-
ater 36
circumsctiptus 361
hortensis:36::
ARIONIDAE 36
Armigerus 23, 41
. - obstructus 38,41
aspersa,: :Helix 30, 33, 34, 3§
(vater, Arion: 36 - . . ..
AULACOPODA 23. 95.
ﬂustralorbis 41 :

‘v-baxbara. Cochlicella 30, 31, 32 .
BASOMMA TOPHORA 22, :23, 40

Bdeogale 20
tenuis 20 .
Bilhatziasis 16 ..
Biomphalaria 23, 41
alexandrina 16, .17, 38. 41
boissyi 41 : :
1#BITHYNIIDAE 38 .. .*.
Blood'flukes 15, 384139, 41
- iboissyi,Biomphalaria: 4} . : -
i,"radybaena 30 »
similaris 29,.30.
BRADYBAENIDAE 29
BULIMULIDAE 29

Cepaea 23, 33, 34 -
* Hortensis 30, 33,34
nemoralis 34

*CEPHALOPODA 21, 22 :
“¢inctella, Hygromia 28, .33

citcumscriptus, Arion 36 . .
clavulinus, Lamellaxis 28
Clonorchiasis 16 .
Clongdrchis 16
siriensis 16
Cochlicella 30-
ecwtas0.. .
barbara 30;:31; 82 -
convidea 28, 31
ventrosa 31 - x
conoidea,:.Cachlicella 28, 31 -
conspurcata, Helicella
28,32.
Control 18
Biological 19
,Chemical 19
Cultural 19
Physical 19

decollata;;'Rumina 27.)290
280

Deroceras 23, 36, 37
caruanae 36, 37..: . !

- reticulatum 15.'4-'36.- 317, 38

| draparnaldi; Oxychilus 25,

26. 32

I Eanh.wo:ms 26

Economic¢ importance 14
Edentulina 20
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INDEX ,
Achatina 29 Bulinus 23, 41. i Edentulina
fulica 15, 20, 27, 29; 30 africanus 16, .17,.38,:41 affinis 20
ACHATINIDAE 27 truncatus 16, ‘17, 38,41 Edible snails 33
acicula, ‘Cecilioides 27, 32 : Eobania 34
acuta, Cochlicella 30 CAMAENIDAE 30 . Euglandina 21 . ..
affinis, Edentulina 20 cantiana;. Monacha 32, 83 striata 27, 30 .
africanus, Bulinus 16, 17, 88, 41 caperata, Helicella 31,..32 :
Afroplanorbis 41 carthusiana, Monacha 28,: 32  Fasciola 16
agrestis, Agriolimax 37 . caruanae,:Deroceras 36,” 87 gigantica 16, .
Agriolimax 37 Cecilioides 27 hepatica 16
agrestis 37 .acicula 27, 32 - figulina, Helix 28, 36
alexandrina, Biomphalaria 16, aperta 27 flavus, Limax 16, 36, 38
17, 38, 41 .cellarius, Oxychilus 2&. 26 - floridana, Veromicella 35

Flikes 15, .16, 38-41
formosana, Pomatiopsis 39
Fossaria 23, 40
ollula 16, 17, 28, 40 .
truncatula 16, 17, 88,. 40
Fresh-water Spails 17, 20;: 3.
FRUTICICOLIDAE 29:

‘fulica;iAchatina 1§,::20,::27,

29, 30 L

gagates, Milax 1%, 36. 3’!

garden slug;’ Gray 37 -

GA STROPODA 21, 22

GEOPHILA 23

Giant African snail-29

gigantica, Fasciola 16

glabrata, Planorbina 186,.:. -
38, 41.

Glossary 47

gracilis, Lamellaxis 28

granifera, Tarebia 16, V%,
38, 40

: Gray gardenslug 87

Greenhouse slug 37
GYMNOPHILA 23 - -

Habits 17 -

haliotidea, Testacelll 26.
27, 28, 36

Haplotrema 20

T Helicella 30, 31

¢ caperata 31, 32
conspurcata 28, 32.
itala 30, 32

maritima 30, 31, 32, 33
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Helicella (cont,)
pyramidata 28, 31 |
striata 28, 31, 32
variabilis 28, 31 -

HELICELLIDAE 30"

HELICIDAE 33"

Helicigona 33
arbustorum 30, 33"

Helicina 25
zephyrina 23, 25, 30

Helicinidae 25

Helix 23, 33, 3¢
aperta 15, 30, 33,:35 ..
aspersa 30, 33, 34, 35 -
figulina 28, 35 ‘-
lucorum 28,35 .
pomatia 30,.33,.84, 36

hepatica, ‘Fasciola 16

HETERURETHRA 23

hispida, -Hygromia '32,: 83

HOLOPODA 23, 27

“horténsis; Arion 36: ' -

hortensis,- Cepaea. 30, 33,.34

huperisis, ‘Pomatiopsis 16, 147, -

38, 39
Hygromia 30, 33
cinctella 28, 33
hispida. 32, 33. -
siriolata 32, 38"

Identification 23:.

iostoma, Porphyrobaphe 29, 30

Introduced species 18-
itala, Helicella.30, 32

KEY to genera and: sp;ecies 42
kibweziensis, Stfeptaxis20.

lactea, Otald'15, 30, 33, 34

Lamellaxis' 23;! 27; 28, 29. 32

clavulinus 28

gracilis 28

mauritianus 28

(injera 28, .32
LAMELLIBRANCHIA 22
Land snails and slugs 25: -

lapidaria, Pomdtiopsis 16,17
libertina, ‘Semisulcospira: 16, 28,

3940 .
LIMACIDAE 36, 37" .~

Limax 23, 36, 38
arborum 387 - °
flavus 15, 36, 38
marginatus ‘17, 36, 37, 38
‘maximus 15, 36, 38"
LIMNOPHILA 23 .
Liver flukes 16, 38, 40
lucidus, Oxychilus 25
lucoruin, ‘Helix 28,35 :
Lung fluKes 16,39, 40
- Lymnaéa 40 °
LYMNAEIDAE 40 . -

manchouricus, Parafossarulus
16, 17, 38

marginatus, Limax 17, 36.
317, 38 '

maritima,,’ Helicella 30. 31,
32, 33

maugei, Testacella 26, 28

~'madritianus, ‘Lamellaxis 28

maximus, Limax 15, 36, 38
Melania' 39 - i
Melanoides 23, 39, 40"
tuberculatai‘17, 38, 40
MESOGA STROPODA 23, 38
MESURETHRA 23 =

 micra, Lamellaxis 28, 32

Milax 23, 36, 37"
gagates 17y 36,37 -

MOLLUSCA 20 -

Moné¢ha- 30, 32
caiitiana 82, 83
carthusiana 28, 32
schotti 28, 32

monile, Solaropsis;30 -

MONOPLACOPHORA 21, 22

moreleti, Veronicella 35,
36 !

natalensis, Radix 28, 40°
Natural communities 16
nemoralis, Cepaea 34. -
Neopilina 22 '

: ndsopﬁéra,' 'Pomatiop'sls 16,

obstructus, Armigerus 38, 41
octona, Subulina 27, 129, 32
OLEACGINIDAE 27

ollula, Fossaria 16, 17, 38,
40
Oncomelania 39
Opeas 27, 28, 29
- ‘pumilufii 28, 32
pyrgula 27, 28 © j
OPISTHOBRANCHIATA 22 -
ORTHURETHRA: 23
Otala 28, 33,34 -
" -lactea 15,80, 33, 34
vermiculata 33,34 © =
Oxychilis 23, 25
alliarius 25, 26
cellarius 25, 26
draparnaldi 25, 26. ‘32
lucidus 25 - i
Parafossarulus 23, ‘38
manchouricus 16, ‘17, 38
Paragonimiasis 16
Paragonimus:16 .

‘Parasites’ 15, 18

PELECYPODA 21,.22:.
Fhysopsis: 4% ‘.-
- .africanus 38,41 .

pisana, Theba 15, .17 30.

33
PLA NORBIDAE 40, 41 . -
Planorbina 23, 41/
glabrata 16, -88,-4% - -
Plate I, opp. p&'22

Plate II (Shell and ‘Slug Ter-

" minology)y ‘opp. pi 24

Plate III (Shell Terminolugy)

U opPePs 98- L

Plate IV (Ecoriomically Im+
portant Land and Fresh-

- Water Snailsy.opp. p..28

:Plate V (Bconomically Im~
portant Land Snails)
opp. p. 30

Plate VI (Economically Im=
portant-Land Snails)

" opp. pii82- :

Plate VII (Testacella and
Economically Important
Slugs) opp. p. 36

Plate VIII'(Medically Impor-
tant Fresh-water ‘Snails)
opp. p. 38

PLEUROCERIDAE 39 -
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pomatia, Helix 30, 33, 34, 36
Pomatiopsis 23, 39
formosana 39
hupensis 16, 17, 38, 39
lapidaria 16, 17 i
nosophora 16, 17, 38, 39
quadrasi 16, 17, 39
Porphyrobaphe 29
iostoma 29, 30
Precautions 19
Predators 18, 19, 20, 27
Preface 13

PROSOBRANCHIATA 22, 25, 38

PULMONATA 22, 25, 35, 40
pumilum, Opeas 28, 32
pyramidata, Helicella 28, 31
pyrgula, Opeas 27, 28

quadrasi, Pomatiopsis 16, 17, 39

Radix 40
natalensis 28, 40

reticulatum, Deroceras 15, 36,

317, 38
Rumina 29
decollata 27, 29, 30

SCA PHOPODA 21, 22
schistosoma 18

_ Schistosomiasis 16

schotti, Monacha 28, 32
Semisulcospira 23, 39
libertina 16, 28,

39, 40
SIGMURETHRA 23
similaris, Bradybaena 29,

30 A
sinensis, Clonorchis 186
Slugs 35
Snails 25
Solaropsis 30
monile 30
Streptaxis 20
kibweziensis 20
swiata, Euglandina 27, 30
striata, Helicella 28, 31, a2
swiolata, Hygromia 32, 33
STYLOMMATOPHORA 22,
23, 25, 36
Subulina 29
octona 27, 29, 32
swimmer's Itch 20 4
SYSTELLOMMATOPHORA 22,
23, 3

Taphius 41
Tarebia 23, 89, 40
granifera 16, 17, 38, 40

- tenuis, Bdeogale 20

Terminology 22, 24, 26
Testacella 20, 23, 26, 36
haliotidea 26, 27, 28, 36
TESTACELLIDAE 26
Theba 33
pisana 15, 17, 30, 33
Thiara 40
THIARIDAE 89 :
wruncatula, Fossaria 16, 17,
38, 40
truncatus, Bulinus 16, 17,
38, 41 -
tuberculata, Melanoides
117, 38, 40

variabilis, Helicella 28, 31
ventrosa, Cochlicella 31
vermiculata, Otala 33, 34
Veronicella 23, 35 :
floridana 35
moreleti 35, 36
VERONICELLIDAE 35

zephyrina, Helicina 23,25, 30
ZONITIDAE 25
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15,
16,
19
25
21
28,
28,
29,
31,
31,
32
32,
33,
33,
33,
33,
37,
40,
43,
43,
44,
44,
47,
49,

ERRATA

para. 3, line 1, last word, for ‘slug’ read ‘slugs’.

footnote, line 1, for ‘schistomiasis’ read ‘schistosomiasis’.
para 4, line 2, for ‘phenylated’ read ‘phenclated®.

para 3, line 2 from bottom, for ‘ound’ read ‘found’.

2d column, first heading, underline ‘Cecilioides aperta’ .

2d column, 2d line, for ‘Fould’ read ‘Found’.

2d column, last para., line 2, underline ‘mellaxis’ and ‘Opeas’ .
col. 1, line 3, for ‘Brugu re’ read ‘Bruguiere’

col. 2, para 5, line 1, for ‘the’, read ‘this’.

col. 2, para.5, line 2, underline ‘maritima’ and ‘H. variabilis’

col. 1, line 7, after ‘Southern Europe’, delete comma and insert ‘and’.
col. 1, line 12, underline ‘rata’

col. 1, line 5, for ‘re’ read ‘are’

col. 1, line 9, delete ‘it’ and insert ‘the animal’.

col. 2, line 2, delete ‘One species’.

col. 2, line 5, for ‘Newf oundland’, read ‘Newfoundland’.

col. 2, para. 3, line 9, for ‘injuiious’, read ‘injurious’.

col. 2, line 5, for ‘anima’ read ‘animal’.

para 25b, line 1, delete comma at end of line and insert semicolon.
para. 26b, line 2, for ‘BROWN’, read ‘brown’

para. 27a, line 1, for ‘less’ read ‘LESS’

para. 33b, delete ‘than’.

col. 2, under DECOLLATE, line 2, for ‘Platel’ read ‘Plate N,

col. 1, under SUPRAPEDAL GROOVE, line 3, delete ‘(Fig. 7)’ and insert

‘(Plate II, D)’.

52,
53,
03,

col. 1, for ‘Helicinidae’ read ‘HELICINIDAE’.
col. 3, under Testacella haliotidea, add ‘43’
col. 3, after Testacella haliotidea, add ‘maugei 26, 28, 43)’



