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.;,The study of Gonchology, however, when
legitimately directed, and when regarding
these exuviae in their natural point of view,
as the habitations, wonderfully constructed,
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ant branch of the animal creation, will lead
the mind of the investigator through paths
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I, INTRODUCTION

This study was undertaken with the hope of elucidating certain in
terrelationships between the pulmonate gastropod Anguispira alternata
Say and the brachylaimid trematode Postharmostomum helicis.

It encom

passes research conducted principally at Iowa State University, Ames,
and observations made in a number of localities in Iowa from 1962 to 1966^.

/

The relationships between digenetic trematodes and their hosts,are,
.
^
/
in most cases, extraordinarily cymplg.x and involve very intricate Inter
relationships. The life cycle of postharmostomum helices, described by
Ulmer (1951a, b), involves the ingestion of the parasite's eggs by

I

Anguispira alternata, the development of mother and daughter sporocysts in
this first intermediate host snail, the penetration of another snail (of
the same or other species) by emerged cercariae which subsequently develop

/

into infective metacercariae in the pericardial cavit/y of the second in
termediate host, and finally the ingestion of this sfiail and its contained
metacercariae by a rodent.

The adult worm has been/ identified in Pero-

myscus spp. (white-footed mouse), Tamias striatus (chipmunk), Mus musculus
(laboratory mouse) and Rattus spp. (laboratory rat), and this study adds
Reithrodontomys megalotis (harvest mouse) as a new host record.

Although

the life cycle of the helminth is now well established, there remain
many unanswered questions concerning its effect on the snail and the in
fluence of environmental factors on the various stages of its life cycle.
Little information is available on the biology of A. alternata and this
is one of the major concerns of this study.

The other purpose of this

investigation is to study certain interrelationships between the helminth
and its molluscan hosts.
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II. BIOLOGY OF ANGUISPIRA ALTERNATA
A.

Literature Review

Anguispira alternata was one of the first North American terrestrial
snails to receive scientific attention.

According to pilsbry (1948), a

brief account of what appears to have been A. alternata was presented by
Martin Lister in his book, Synopsis methodica Gonchyliorum, published in
London in 1685.
Colony.

Lister's specimens had been collected in the Virginia

Muller (1774) included Lister's species in his newly erected

species Helix radiata, but the description of the latter is insufficient
to permit one to consider this species as synonomous with A. alternata.
Furthermore, Muller's mention of the habitat of H. radiata as "in Gallia
meridionali" could certainly not refer to A. alternata, a strictly Ameri
can species according to MacMillan (1940) and Pilsbry (1948).
The genus Anguispira was erected by Morse (1864), who used Helix
alternata Say as the type species.

Baker (1902), who referred to the

species as Pyramidula alternata, MacMillan (1940), and Pilsbry (1948)
presented a number of synonyms for A. alternata. The letters (B), (M),
and (P) in the following list of references indicate the source of each
reference as Baker, MacMillan, or Pilsbry respectively;
Helix alternata. Say, 1816.

Nicholson's British Encyclopedia, article

species number 4, page 8; plate 1, Figure 2. (B)(M)(P)
This name also used by W. G. Binney, 1858. Proceedings of the
Academy of Natural Sciences of Philadelphia, page 200. (p)
Helix scabra, Lamarck, 1822. Histoire Naturelle des Animaux sans
Vertèbres, 6, 2™® Part, page 88 (Amérique sept.) (B)(P)
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Helix dubia, Sheppard, 1829. Transactions of the Literary and Historical Society of Quebec, 1; page 194.

Garocolla dubia, Sheppard, same reference as above. (P)
Helix strongylodes, Pfeiffer, 1854. Proceedings of the Zoological
Society, page 53. (B)
Helix strongyloides, pfeiffer, same reference as above. (M)
Helix infecta Parreyss, Pfeiffer, 1857. Malakozoologische Blatter
4, page 86. (B)(M)(P)
Anguispira alternata, Morse, 1864. Journal of the Portland Society
of Natural History, 1, page 11. (M)(P)
Patula alternata, W. G. Binney, 1875.

Proceedings of the Academy of

Natural Sciences of Philadelphia, 27, page 153. (M)

This name was also used by W. G. Binney, 1878. Bulletin of the
Museum of Comparative Zoology at Harvard College, 4, page 161;
5. (P)
Pyramidula alternata, Pilsbry, 1894. Proceedings of the Academy of
Natural Sciences of Philadelphia, 46, page 17. (M)

Discus alternatus, Blake, 1935.

Nautilus 49, page 58. (M)

In addition to the synonyms listed above, the three authors cited present
additional references in their considerations of subspecies and varieties.

According to Pilsbry (1948), Tryon referred to A. alternata as a
synonym of Helix alternata in his 1866 American Journal of Conchology, but
Pilsbry (1894, page 48) himself placed the snail in genus Pyramidula, sub
genus and species Patula alternata.
as a suggested generic name.

pilsbry also presented Euryomphala Beck

Baker (opus cited) made no mention of the
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name Anguispira. Jones (193 5a, 193 5b) appears to have been instrumental
in popularizing the usage of the name A. alternata.

In reviewing the old

literature mentioned above, it becomes apparent that thorough re
examinations and re-evaluations of supposedly synonomous species are war
ranted, though such an undertaking is not within the scope of this report.
In erecting the genus Anguispira, Morse (1864, page 11) states simply
"This name is proposed for alternata, as we cannot include it with patula
or Euryomphalus if we take H. rotundata as the type."

In a very brief

description of A. alternata, including essentially only information concern
ing radular teeth and buccal plate, he included a sketch of a buccal plate
that is not really like the structure figured by Pilsbry (1894, plate 11,
Figure 18).

My observations agree with those of pilsbry.

Morse was ap

parently unaware that A. alternata is an American species and failed to
include it in mentioning Maine species that do not occur in England.
Edgar Allan Poe (1839) included the species scabra in compiling a
list of the species of Helix, but did not mention alternata.
The plasticity of A. alternata tends to .create confusion in sepa
rating the species distinctly from other species. Hubricht (1952) con
sidered A. alternata a "complex of at least five species, fergusoni,
knoxensis, crassa, and mordax being distinct, as they all have been found
associated with A. alternata."
Although the family Endodontidae, which includes the genus Anguispira,
enjoys world-wide distribution, A. alternata (Plate 1, Figure 1) is con
sidered a uniquely North American species whose ancestors may have crossed
land bridges from Asia or Europe before the Eocene Epoch or may have been
native to the North American continent (MacMillan, 1940; Pilsbry, 1945).
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A relatively common and attractive snail, A. alternata has received major
taxonomic attention from MacMillan (opus cited) and from Pilsbry (opus
cited) and has been the subject of a number of scattered studies concern
ing some aspects of its morphology, behavior, and paleontology.

It has

appeared in numerous checklists and has been cited as an intermediate host
in the life cycles of certain parasites.

Older writers in referring to

the snail, with few exceptions, were content with descriptions of the shell
and certain anatomical features, but avoided significant mention of the
animal's habitat and behavior.

A natural history survey of the Chicago area published in 1902, con
tains a section by Frank Collins Baker, then curator of the Chicago Academy
of Sciences, on the mollusca of the area.

Included in this section of the

survey is a description of Pyramidula (=Anguispira) alternata, with a list
of synonyms and information regarding some anatomical details, oviposition,
and habitat of the snail. The range of the species was given as "Eastern
and Central United States, and Canada; west to Minnesota." In reference
to habitat. Baker stated "Very abundant under logs, underbrush, and in
crevices or loose bark.

Sometimes found buried in the earth.

Dry situations

are not favorable to it, and it prefers moist localities in wooded dis
tricts."

It was reported that the snail was the "most abundant species,

and, unlike most of our Helices, it is gregarious, being generally found
in colonies of from twenty to a hundred or more."

Variation in spire-height

(considered in a later publication by Baker) and tree-climbing habits were
also mentioned.

In reference to oviposition, Baker said the following;

"Egg-laying begins about the first week in June and the animals are then
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in their best condition.

From twenty to eighty pure white, opaque eggs

are laid, agglutinated together in soft clay.

About thirty days are re

quired for them to hatch, and about the middle of July young snails are
found with two perfect whorls. The eggs measure 2.75 mill, in diameter and
when dry become hard and brittle."

In plates accompanying the text, there

are photographs of a typical shell, an egg mass, and a shell series show
ing variation in spire height.

For his observations on spire variation in Pyramidula (=Anguispira)
alternata, Baker (1904) collected snails from three localities (Rochester
and Auburn, New York, and Bowmanville, Illinois) and sought to relate height/
diameter ratios to environmental conditions.

Although the number of snails

(256) used in his study would seem to be too small to be truly significant,
his report indicated that A. alternata may be most variable towards the
western part of its range.

Baker's specimens were all gathered in wood

lands; the Rochester group from a steep hillside and river bank where there
were many logs and a rich, black loam; the Auburn group from "damp, low,
flat woodlands"; and the Bowmanville group from flat woodlands where "the
timber is large and heavy, the ground is strewn with fallen logs and the
soil is a rich, black loam."

Baker stated (p. 662) "In Pyramidula alternata

we find a good example of variation caused by individual environment.
The species lives for the most part under started bark, in crevices and
under flat-lying tree trunks; hence its shell varies with its abode...
Their habit of crowding into narrow crevices and between the bark and the
tree trunk has caused this species to become one of the most variable of
land shells as regards the form of the shell."

Baker compared the shells

of two specimens found living very close to each other, one in the space
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between the bark and the trunk of a tree, and the other under a fallen
tree where there was somewhat more room.

The snail living in the narrower

place had a height/diameter ratio 39% less than the other.

Baker ap

parently considered the animals to remain within a specific habitat niche
for long periods of time.
Several contributions to the literature concerning A. alternata have
been made by David T. Jones.

In a report on some structural aspects (1932),

Jones also described the snail's habitat;

"Anguispira alternata is usually

abundant near old stone walls, limestone outcroppings, or under logs in
moist places, anywhere in the northern states from Iowa to the Atlantic
seaboard.

It is often as plentiful in town as in the woods.

Its flame-

red markings sometimes separated into red spots, or at other times jaggedly
united show very conspicuously on its yellowish brown groundwork.
gregarious habits are also favorable for collecting.

Its

Tiger snails come out

of their hiding places in great numbers before or after a thunderstorm,
when they can be gathered literally by the hundreds."

Examination of the

crop and esophagus indicated that the snails feed on "superficial angiosperm tissue, as disclosed by the radular filings of cutin, epidermal cells,
occasionally epidermal cells with palisade layer, tracheae, and plant
hairs... also many spores and filaments of fungi... and occasionally bac
teria and diatoms." Anatomical aspects of the digestive, circulatory,
nervous, and reproductive systems were briefly discussed. The role of the
circulatory system in the snails' emergence (from the shell) and other move
ments of the mollusc were mentioned (with a quotation taken from Ellis
(1926)).

Most of Jones' anatomical observations concerned the reproductive
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system. In referring to oviposition, he noted that specimens kept in the
laboratory started laying eggs "about June 1st and continued well through
June".

All the eggs he found were solitary, measured from 1.7 to 3 mm.

in diameter, and were described as "ovoid, with a very elastic shell which
is frosty white" surrounded by "an almost liquid gelatinous layer".

In the

uterine lobes of his prepared sections, Jones found some unidentified cells
and he suggested that these might be either pycnotic eggs or "parasites,
as Leidy's spermathecal parasites figured by Simpson" (Simpson, 1901,
p. 251, pl. 13, Figure 6).
A. alternata was seen burrowing in loose soil by Jones (193 5a).
The snail appeared to use the sole of the foot to move dirt particles
aside, and gradually wedged itself into the excavation.

At a temperature

of 4°G, Jones noted that the snails burrow in clusters of various sizes,
with the larger individuals probably doing most of the excavating and the
smaller ones following after them.

All "active" individuals were usually

buried at 0°C.
Jones* (193 5b) investigation of shell formation in A. alternata in
dicated that slime secretion and shell secretion occur simultaneously and
that they may be similar processes except that slime also includes secre
tions from mucous glands. The shell periostracum appears to be secreted
by the cells of the supramarginal ridge, the ostracum by the epithelium of
the mantle collar, and the inner nacreous lining by the "thin portion of
the mantle covering the viscera."

In this publication, Jones diagrammed

the construction of the mantle and proposed names for various structures.
A comparison of the mantle margins of certain snails was also undertaken
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by Jones (1938).
In a compilation of species of molluscs in the vicinity of Ames,
Iowa, Jones (1941) pictured the Ames area as a "transition area between
the timbered valleys of eastern lowa and the great plains of Nebraska
(supporting) a correspondingly depauperate fauna as the species 'taper off
westwardly." He suggested that his records may be of "later significance
in interpreting biologic fluctuations in this area, particularly as such
are affected by the innovations of man."

It is of interest that in his

collecting in the Ames area, Jones found only one juvenile A. alternata,
and this was found in an area bordering Squaw Creek. He reported that
mature specimens had been found in Boone, Iowa.
MacMillan (1940) traced the paleontology of the genus Anguispira and
presented diagrams suggesting relationships among the species, (pilsbry
(1948) disagreed with the construction of these diagrams.) MacMillan
stated that A. alternata has been found in deposits dating from the Pleisto
cene Epoch of the Cenozoic Period, the earliest time in which there is evi
dence of "any of the modern species of land snails." He presumed that life
forms "followed closely the margin of the ice" that moved back and forth
across large expanses of North America during this epoch.

Since many of the

same genera and species of land snails existing at that time still exist
today, he inferred "that the conditions during at least part of the Pleisto
cene did not differ from those of today in the same regions."
Ingram (1941) noticed a single A. alternata "hibernating" on August
21, 1940 in the E. N. Huyck preserve in New York, following a period when
temperatures ranged between 40-50°P.
or humidity.

No mention was made of precipitation

The snail was reported as not having an epiphragm blocking
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its aperture, but rather "a plug of foamy mucus".

In a section dealing

with tree-climbing habits of some snails, Ingram reported that he found a
single A. alternata 4% feet up in the crotch of a maple tree, during two
days of rain.

Ingram collected 70 snails of various species on trees in

a beech-hemlock climax forest in this study, and found only 3 of these
snails on hemlock, but 59 on beech trees.

In reporting on winter habitat

of land snails, Ingram (1944) noted that Binney (1885) and Simpson (1901)
stated that snails enter "hibernation" with the aperture up; Ingram's ob
servations indicated that such orientation was random.

Of 473 molluscs

(including A. alternata) collected during November and December in New
York State, only 2 were buried in the soil.

Of 3 epiphragm-covered A.

alternata, one had an intact "membranous epiphragm", and the other two
had "bubble mucous aperture plug(s)".
Pilsbry (1948) brought together abundant material concerning mor
phological descriptions of the genus Anguispira, its species, subspecies
and varieties. He considered A. alternata to be a "plastic snail, varying
from angular and heavily ribbed forms in rocky or mountainous country, to
rounded and finely or weakly striate shells in the lowlands." He reported
that albino and sinistrally-coiled forms have been found in various areas.
Of the animal's habitat, he stated "It is found under loose bark, dead wood,
and in stone piles.

Several observers have found it climbing trees."

Muchmore (1959) became interested in the snails he found while look
ing under stones for other animals in the E. N. Huyck Preserve in New York.
In contrast to the findings of Ingram (1941 and 1946), Muchmore found many
snails under rocks, even when other cover was available.

He conducted a

series of observations in 13 ecologically different areas in order to
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ascertain what snail species might be found under 100 (in two cases, 150)
stones in each area.

A. alternata was found in only two of the 13 areas;

around the "crumbling foundations of an old felt mill on banks of creek,
under young deciduous trees" (under 150 stones, 104 snails were found, of
which 5 were A. alternata); and "around the base of an old grist mill near
creek, under second-growth deciduous canopy" (under 100 stones, 15 snails
were found, of which 8 were A. alternata). In both of these cases, condi
tions under the stones ranged from dry with "some moisture retained in
debris" to "fairly moist", and both areas contained abundant debris.
remaining 11 areas involved the following habitat types;

The

open country with

"occasional shrub cover", a wall near an old apple orchard, "fallen wall
along road, under small deciduous trees and shrubs", hemlock or beechhemlock woods, fallow field, flood plain forest, along stream with young
maple-hop hornbeam trees.

Although Muchmore reported only snails found

under stones, it is probable that his figures also reflect habitat prefer
ences of the snails involved.
Douglas (1963) considered A. alternata to be "gregarious by nature"
and found that the snails could be "collected in large numbers from wooded
flood plains and moist upland wooded areas."

The snails used in his work

were collected from a rather small woodland on the University of Kansas
campus, where they were found on squirrel bait (peanut butter, rolled oats,
or apples).

They occurred in such numbers "that it was difficult not to

walk on them."

The most dominant trees in the study area were walnuts,

hickories, and hackberries, with an understory of walnut and tree of heaven
"seedlings". Ground cover consisted of grasses, nettles, poison ivy and
ground ivy.

The area consisted of three subdivisions differing in the degree
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of slope and amount of moisture and vegetation.

The primary objective

of Douglas' study was to analyze the composition of the A. alternate popu
lation in the study area in October, 1962.

Results from a study.of more

than 2COO snails showed that the living fall population of A. alternate
consisted "largely of young adults and sub-adult individuals" with a con
spicuous absence of juvenile snails, i.e. "individuals below 6 mm. in di
ameter". He suggested that this reflects either rapid growth in young
snails or deficient collecting techniques, with the small snails being
overlooked.

Because he found numerous small snails of different species

(Stenotrema, Vertigo, and others), having diameters of 3 mm. or less, he
considered that his collecting techniques were probably adequate. He later
(December 14) found one live A. alternate measuring 3.7 mm. The smallest
specimen of this species found in his study was a dead shell measuring 3.1
mm. in diameter.

In considering his results, Douglas stated that juvenile

snails "would be expected to have a high mortality which may not accurately
be represented in the data presented, due to the destruction of the delicate
shells throughout the summer.
and are easily crushed.

Shells below 5 mm. in diameter are fragile

Juveniles may be selectively preyed upon by numer

ous birds and insects inhabiting the woods. Highest mortality is probably
incurred before the snails attain a diameter of 3 mm."

Additional suggested

causes of juvenile mortality are early spring droughts, several days of
heavy rain, or a brief cold spell.

It should be noted that it appears that

all the collecting done in his study was done at ground level.
Near the end of October, Douglas tried to ascertain the relative dis
tribution of A. alternata in each of the three subdivisions of the study
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area by making counts of snails in two one square foot quadrats.

His re

sults indicated that the population of A. alternata was highest on the upper
portion (75 snails per square foot), where ivy grew most profusely and
moisture conditions were intermediate.

The interwoven ivy stems interfered

with counts made in this area, causing Douglas to think that more detailed
work should be done in order to accurately determine distribution there.
The lower portion of the study area appeared to have the next highest num
ber of snails (29 snails per square foot).

Grass and leaf litter covered

the ground in this subdivision, and conditions were considered "more mesic"
than in the upper area and "far more moist" than the slope separating upper
and lower areas.

The slope supported the smallest number of snails (16

per square foot) and was reported as the driest subdivision.
The snails collected in the course of Douglas' study were placed in
plastic bags and taken to the laboratory, where they were placed in terraria
containing "several inches of dirt, abundant leaf litter, egg shells and
fruit." The soil was watered periodically.

Greatest shell diameter and

height were measured by dial callipers to the nearest hundredth of a milli
meter, and whorls were counted under a dissecting microscope to the nearest
1/lOth or l/4th of a whorl.

Douglas considered accurate height measure

ments difficult to impossible to make and suggested that they may be a
"waste of time". He proposed using ratios of the number of whorls to diame
ter rather than the more commonly used height/diameter ratios.

In ob

serving his specimens, Douglas noticed that they often clung to one another
and that a single snail may transport a number of "hitchhikers", a feat
he considered comparable to some of the muscular powers of arthropods.
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Captive snails burrowed singly, while wild ones were found in groups.

In

one instance, a group of 53 A. alternata were found in an area only 4 inches
square.

Increased temperature and humidity appear to influence the end of

hibernation, and the humidity range for the snail is narrow,
were most often seen several millimeters from the aperture.

Epiphragms
Adult snails

were sometimes seen clinging to other adult shells having holes worn in
them, and Douglas suggests that this calcium source is "freely utilized,
leading to shell breakage and rapid reconstitution into the soil".

Carina-

tion of shells was found to disappear at shell diameters of 14 to 15 mm.
(4.9 to 5.0 whorls). Analyses of live and dead shells revealed the dead
population as being larger, and Douglas suggested this may indicate "the
climate has been disadvantageous and the population is not successfully
maintaining itself".
A. alternata were collected in southeast Nebraska near Weeping Water,
Cass County by Gugler (1963) who reported that he found the snails "near
the summit of an east-facing slope, with dense grasses, sumac, and scrubby
oaks as the conspicuous vegetation".

He also found the snails "in shallow

burrows under and near rocks", where they spent the winter in an inactive
state. Snails brought into the laboratory in early April became active
within two to three days and egg deposition started "within three to four
weeks". If loose soil were available, ovipositing adults dug a "flaskshaped burrow two centimeters to three centimeters deep into which 15 to 25
eggs were deposited".

The eggs measured 2.5 mm. in diameter and "had a

brittle calcareous shell".

In his work with egg-laying habits of various

snails, Gugler found that laboratory snails collected in winter and early
spring laid eggs during essentially the same periods that egg-laying was
observed in nature.

However, reproductive activity stopped and estivation
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or death resulted among snails collected in the summer months and kept
under "usual laboratory conditions". Some A. alternata collected in May
and June "were transferred in early July to a laboratory with controlled
temperature (24°cil°), relative humidity (50%i3%), and photoperiod (12hour day length) ... (and) remained active and continued egg deposition
through the summer and fall."; Transparent plastic boxes containing soil,
rocks, decaying vegetation, and mosses were used for keeping the snails in
the laboratory, with lettuce and dry leaves being added as food.

Some iso

lated snails were kept in petri dishes with two sheets of moist filter
paper, a limestone fragment, and were fed lettuce and dry leaves.

B.

Materials and Methods

Collections of A. alternata used in this study were made in woodlands
in the following localities in the state of Iowa;

1.

Pammel Woods, Iowa State University Campus, Ames, Story County.
(Particularly the southeast portion bordering the University
Cemetery and Veenker Golf Course)

2. Fort Defiance State Park, near Estherville, Emmet County.
(Particularly the southeast portion on hillsides)
3. Ledges State Park, near Boone, Boone County.
4.

Milford Woods, near Milford, Dickinson County.

5.

pilot Knob State Park, east of Forest City, Hancock County.

Attempts were made to collect specimens near Forney's Lake, Fremont County,
and at Mormon Ridge, northwest of Marshalltown, Marshall County, but only
a few live snails and empty shells were found,perhaps because insufficient- -
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time was allotted to searching in these localities.

A number of other

areas in Emmet, Dickinson, Clay, Boone, and Story Counties were surveyed
with little or no success.
Snails were placed in cans, jars, or plastic bags as they were col
lected, and were provided with sticks and leaves taken from the areas of
collection.

Sometimes they were allowed to estivate or were refrigerated

until they were used in experiments.

Those used in laboratory colonies

were placed in glass terraria, plastic containers, or large glass jars.
In terraria and plastic containers used as rearing chambers, a 0.5 to 0.8
cm. layer of small gravel (usually limestone fragments) on the bottom of
the container was covered with a layer of sand to a combined depth no
greater than 1% to 2 cm., then 1 to 2 cm. of soil was spread on the sand.
An overall depth of 3 cm. or less was found to be most desirable for ob
servations concerning oviposition and hatching.

Leaves, sticks, bark, and

stones taken from collection areas were used in the chambers, and fresh
maple leaves, lettuce, calcium carbonate powder, and oatmeal or Pettijohns (a wheat cereal) were provided periodically (generally, as needed) for
food.

The most satisfactory chambers for long-term maintenance were

covered round plastic containers measuring 10% inches in diameter and 3 3/4
inches in height.

Rectangular plastic boxes measuring 8%" by 2%" and 2"

in height were satisfactory for setting up certain experiments. A heated
dissecting needle was used to melt 4 to 6 small holes through the rather
tightly-fitting container covers.

In the summer of 1965 only 5 snails were

placed in each round container, but in later experiments it was found that
as many as 10 snails could be maintained successfully in the smaller rec
tangular boxes, so long as adequate amounts of food materials were provided

and the containers were freshened at regular intervals.

Optimal moisture

conditions were most difficult to maintain, especially in experiments in
volving colonies kept at different temperature levels.

Close observation

was necessary to adjust this factor. Water droplets on the inside of the
cover indicated excess moisture, and these were removed from time to time.
Best results were obtained when the containers were set up a week or more
in advance and moisture conditions were partially adjusted before intro
ducing the snails.

Relative humidity values between 96-100% with moist

(but not muddy) soil provided optimal moisture conditions for snail ac
tivity.

An unbleached paper towel was placed over the soil in each con

tainer and food materials were provided on the towel, thus facilitating
the eventual removal of old food materials and much excreta.

The towels*

consisted of 50% chemical wood pulp (essentially cellulose) and 50% ground
wood pulp, containing all the constituents of wood, and were fed upon
extensively by the snails, even in the presence of other food materials.
Once established, moisture conditions were relatively easy to maintain by
spraying the towels briefly with distilled water from a plastic squeeze
bottle when fresh towels and food materials were provided, usually on a
weekly, biweekly, or monthly basis, depending on the number of snails in
the container and the degree of snail activity desired.

Weekly maintenance

was most effective in keeping 10 snails actively moving about and feeding
in the round containers described above.

*Sobota, J. T. Fort Howard Paper Company, Green Bay, Wisconsin.
Composition of paper towels. Private communication. 1966.
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Eggs laid in the snail rearing containers described above were some
times allowed to hatch where they were laid, but in most cases they were
carefully removed (by means of a fine brush and section lifter) and
placed in plaster of Paris containers containing 0.5 to 1,0 cm. of soil.
These containers were patterned after those used by Ulmer (personal
communication) in rearing terrestrial snails from eggs, and were molded
in round half-pint or pint cardboard cartons and were 1/2 to 3/4 inch
thick.

They were covered with glass or plastic and placed in larger pans

or dishes containing approximately 1/2 inch of water.

Newly hatched snails

were often maintained in the hatching chambers for a month or more by pro
viding supplies of lettuce, leaves, and oatmeal or PettiJohns.
Large terraria were used for snail maintenance over extended periods
of time (a year or more) and were occasionally cleaned by washing the sides
and glass covers.

Sufficient moisture and adequate supplies of food ma

terials and calcium were generally provided, but occasionally some terraria
were allowed to dry out, causing the snails to estivate.

Glass plates

used as covers were placed so as to permit limited air exchange.

A calcium

source was always provided, and a good protein source was undeniably criti
cal in the maintenance of healthy animals.

In limited observations, it was

found that the exclusive use of boiled soil, leaves and wood appeared re
strictive in rearing healthy, active snails, even though normal amounts of
oatmeal or Pettijohns and fresh lettuce were used.

This suggests the em

ployment of normally present micro-organisms or their metabolic products
in the diets of healthy snails.
In some laboratory snail colonies, large numbers of oligochaetes and/
or collembola were found in or on the soil. The presence of these co-
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habitants never appeared restrictive to the snails, and, as a matter of
fact, the presence of earthworms appeared advantageous in that they main
tained soil aeration and perhaps facilitated burrowing by the snails. Oc
casionally fungal growth became troublesome in the laboratory chambers, al
though the effect of the fungus on healthy snails is probably negligible.
In snail chambers at 20-25°G overgrown with the fungi Rhizopus spp.,
Aspergillum niger, Aspergillum flavus, and Stachybotrys spp., it was noted
that healthy snails were frequently surrounded by clear areas apparently
free of fungus.

One dead snail was found to have been invaded by Cephalos-

porium, although it could not be absolutely determined that the snail's
death was attributable to this fungus. Snails reared at higher tempera
tures appeared to be more affected by fungal growths than those reared at
room temperatures or cooler temperatures.

Fungi (Oedocephalum and others)

were occasionally a problem in the hatching of eggs, some of them growing
into the egg and developing embryo, others apparently preventing hatching
indirectly.

In an attempt to control troublesome fungal growth in egg-

hatching chambers, a 1% Captan* solution was employed as a fungicideJon
paper or soil in some of the plaster of Paris containers. While the fungal
growth was indeed eliminated, a small number of eggs treated with Captan
throughout their incubation period did not hatch, although a few other eggs
treated through the latter part of their incubation period hatched success
fully.

Insufficient observations were made to assess the effects of Captan

but its use was abandoned because it appeared to have some detrimental effect
on the snails.

Some young snails survived in chambers containing the sub-

•k
Stauffer Chemical Company, Omaha, Nebraska.

l.
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stance, but they did not appear to be normally active nor to grow at normal
rates.

Frequent cleaning of containers, in addition to replacement of

food, was most effective in fungus control.

Throughout most of the studies

on egg hatching, eggs were checked daily for the presence of obvious fungal
growth in the chambers.

In plaster of Paris chambers, the problem was

controlled by placing the eggs on a piece of paper toweling on the soil and
by replacing the towel as fungus appeared.

The problem was generally more

acute when egg-rearing chambers were kept too moist.

Eggs well separated

from one another were less affected by fungi.
Sphagnum moss was used in maintaining humidity in some snail cham
bers.

A small number of eggs placed in small jars containing wet sphagnum

moss hatched quite satisfactorily, although young snails were hard to find
in the moss.

No attempts were made to determine the long-term effects of

the moss on growth or activity of snails, but the acidity of sphagnum would
seem to make it atypical and possibly undesirable habitat.
A. alternata found under natural conditions are almost invariably
"clean" in appearance, rarely having mud- or dirt-encrusted shells even
when they have been burrowing.

In contrast, the shells of laboratory speci

mens kept in overly moist or dirty containers often become contaminated
with some type of growth that causes dirt to adhere to them.

Shells of

laboratory snails kept under proper conditions generally resemble those
observed in nature.
Measurements on small snail shells and eggs were made under the dis
secting microscope and recorded to the nearest tenth of a millimeter.

The

greatest diameter of snail shells was the measurement employed throughout
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this study.

The greatest diameters of larger shells were estimated to the

nearest tenth of a millimeter.
Attempts to obtain accurate weights on snails using standard pre
paratory procedures (cleaning, removal from food for standard period of
time) were made with some success, but retention of varying amounts of
fluids and problems encountered in cleaning the umbilicus made the procedure
questionable and too time-consuming.
Many snails were marked during the course of the study. Tester's
model paints proved to be satisfactory for this purpose, provided the shells
were adequately prepared before application of the paint and that the paint
was not too thick. Thick paint did not adhere well. The snails were first
cleaned thoroughly with water and wiped dry.

Next the dorsum of each shell

was again cleaned by rubbing it with a cotton swab dipped in water. Prior
to the application of the paint with a fine camel's hair brush, the shell
was again cleaned with a cotton swab dipped in alcohol (usually about 7080% ethanol) and allowed to dry.
each other.

The animals were kept from crawling on

It was found that white and yellow paints were most satisfac

tory, especially in locating buried or burrowing snails, but red, blue,
black, and silver also were useful.

In many cases, white or yellow was

used to cover the major portion of the shell surface and other colors were
used on top of this paint.

In all cases in which the snails were properly

prepared, markings remained identifiable, although it was necessary in a
few cases to repaint numbers that were being worn off.

Snails maintained

outdoors retained their markings better than did some kept in the labora
tory, perhaps partly due to excess moisture, artificial degrees of activity.
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or other artificial conditions.

There was never any indication that these

paints interfered with snail growth or activities other than avoidance of
painted areas when snails in low-calcium containers fed on each others'
shells.
In experiments dealing with snail growth and behavior, some snails
were maintained at temperatures averaging approximately 22°G (ranging from
19°-25°C) while others were kept in a refrigerator at approximately 10°C
(ranging from 8-12°G), and in a warming oven at approximately 30°G (29231°g).
For a limited time, controlled light-temperature chambers were available,
but for most of the study there were no accurate light controls in use.
Refrigerated snails were exposed to light only when the refrigerator door
was opened, probably an average of only twice daily for twenty seconds to
a few minutes.

Snails in the warming oven were exposed to only a little

more light than were the refrigerated snails.

Snails in the laboratory

and animal room at 19-25°G were frequently exposed to long periods of light
of varying intensities and short periods of darkness.
Soil and air temperatures were determined with common laboratory
centigrade thermometers.

Temperature of the soil was measured at the sur

face and at a depth of approximately 1 inch.

Wind velocity was measured

by means of a Birams windmill anemometer, usually a few inches above the
ground, except where otherwise specified.

Relative humidity was measured

at soil level using a hygrometer manufactured by Abrax Instrument Corpora
tion, model A4P100.

A General Electric light meter, reading directly in

foot-candles, was used in measuring light intensities.
Responses of snails to wind were determined by observing their be
havior when exposed to air currents set up by a large window fan.

Wind
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velocities were measured with the previously-mentioned anemometer.
In order to make observations on feeding preferences, an octagonalshaped wooden chamber (8% inches on a side) was constructed on a plywood
base (Plate 1, Figure 2). This chamber consisted of 8 trapezoidal com
partments, each opening into the central round area 3 3/4 inches in dia
meter, in the middle of the chamber.

The sides were 3 3/4 inches high and

the diameter of the octagon, from one side to the opposite side, was 21
inches.

The top was sometimes covered with wood and large blotters, some

times with glass.

In using this for experiments, snails were placed in a

small jar or shallow dish in the central round area and were then allowed
to move into the various compartments.
Four plastic screen cages (plate 2, Figure 3) measuring 36"X36"X18"
in depth were constructed in order to gather data on animals maintained
under conditions closely approximating those of normal environment.

Two

were placed in a sloping section of pammel Woods where numerous A. alternata
had been gathered, and two were placed in the back yard of my home.

Al

though observations were made on snails kept in these cages, an attempt
was made not to disturb them so much that their normal activity patterns
would be disturbed.

Conditions inside the cages differed from those of

the surrounding environment in that the screen top interfered with normal
precipitation (especially snow), vegetation growth, and leaf fall.

Forest

litter falling on the cage tops was routinely placed inside the cages in
pammel Woods.
Some attempts were made to utilize snail attractants in woodlands to
facilitate collecting.

Although A. alternata may be attracted to various

materials such as peanut butter, oatmeal, and fruits used as baits for
other animals, as was found by Douglas (1963), such materials were not ef
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fective in the habitats studied.

In the course of this study, the most

effective attractant materials proved to be empty portland cement bags
and other large pieces of heavy paper or cardboard, presumably because these
materials tended to keep the underlying soil moist, moisture being a criti"
cal factor in the distribution of A. alternata. Calcium may have been an
added attraction in the cement bags.
from a single bag.

Prom 65 to 100 snails have been taken

Over an extended period of time, materials that retained

moisture or prevented the soil from drying out were effective in concen
trating A. alternata, but they were of no significant value in aiding in the
collection of snails over a period of a few days.
Dissections were made under a dissecting microscope after washing
the snail carefully and opening the shell from the ventral surface with
two sturdy dissecting needles.

The needles were pressed against the in

side of the umbilicus, opposite each other, with the shell aperture lying
approximately halfway between the needles. Sufficient force was exerted
to fracture the shell, but not so much that underlying tissues were torn.
Shell fragments were then picked away, leaving the snail essentially in
tact.

The most difficult part in making this preparation was freeing the

apical portion of the hepatopancreas from the columella, and in many dis
sections this tissue was damaged or was separated from the rest of the
snail.

The uterus, was examined for the presence of well-developed eggs

by cutting it open in situ. Hermaphroditic duct, uterus, spermatheca,
spermathecal duct, and, in some cases, the verge were examined for sperm by
making temporary aqueous mounts of these structures and examining them with
a compound microscope.

The. pericardial cavity, kidney, and hepatopancreas

were routinely examined for parasites.
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Identification of other snails encountered was facilitated by refer

ence to Baker (1939) and Burch (1962).

G.

Habitat

In collecting A. alternata in Iowa, it has become apparent that the
snail is abundant in only certain types of habitats (Plate 2, Figure 4).
Rich deciduous forests with abundant leaf litter and downed wood and ade
quate soil moisture support the largest A. alternata populations, especially
on north-facing slopes.

South-facing slopes generally appear too dry to

provide optimal habitat but where vegetation and moisture are adequate,
east-facing and west-facing slopes are also satisfactory.

Willow-supporting

flood plains near streams are not good collecting sites, and it appears
that A. alternata avoids saturated, muddy ground.

A description of an optimal hypothetical habitat capable of support
ing an abundant population of A. alternata in Iowa would include the follow
ing;

1. Well-established deciduous forest, with varying amounts of hard
maple (Acer nigrum and A. saccharum) basswood (Tilia americana),
oak (Quercus spp.), shagbark hickory (Garya ovata), elm (Ulmus
americana), ash (Fraxinus spp.), and hackberry (Celtis occidentalisé
2.

Understory containing hophornbeam (Qstrya virginiana) and young
members of the dominant species listed above.

3. Ground cover including such plants as spring beauty (Claytonia),
Hepatica, dogtooth violet (Erythronium), Dutchman's breeches
(Dicentra), May apple (Podophyllum), bloodroot (Sanguinaria),
Solomonseal (Polygonatum), Jack-in-the-pulpit (Arisaema tryphyllum).

yellow lady's slipper (Gypripedium), the ever-present poison
ivy (Toxicodendron radicans), small patches of grasses, some
plantain (Plantago) and .goldenrod (Solidago), and other low
plants.
4. Deep layer of fallen leaves in the fall, winter and spring, but
largely broken down and assimilated into soil by late summer.
5.

Ample amounts of downed wood in various stages of decomposition.

6.

Light intensity in midsummer of approximately 3% of total unob
structed illumination outside the woods.

7.

North, northeast, or northwest slope.

8.

Well-drained, but generally moist soil retaining moisture in
microhabitats under logs and litter throughout most of the
growing season.

9. Surface soil pH of 7 to 8, probably closer to the latter value.
10.

Surface soil temperatures less than 30°G in summer.

11.

Abundant fungal growth characteristic of mesic soil conditions.

12. Abundant invertebrate animal life in and on the soil, including
earthworms (Lumbricus spp.), beetles, isopods, wood roaches,
collembola, spiders, ants, centipedes and millipedes, nematodes,
mites, other molluscs.
Baker (1902) and Douglas (1963) described A. alternata habitats ap
pearing to be similar to those of the snail in Iowa.

Most workers have not

adequately described the habitats supporting A. alternata specimens collec
ted, stating only that they have been collected under stones or loose bark
or from the soil. Although Jones (1932) stated that the snails were
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often found as abundantly "in town as in the woods", he made no mention of
specific vegetation or other features of the habitat.

Baker (1939) stated

that the snail was found in many different habitats, both wet and dry, but
he neither mentioned abundance of snails in different habitat types nor
presented specific information concerning the habitat types he listed.
He limited his description of habitat somewhat by stating that the animal
"is characteristic of the started or loose bark habitat".

Ingram (1946)

found A. alternata associated with water-carried debris in New York.
Provancher (1891) found a patula (=Anguispira) alternata five feet off the
ground under the bark of a maple tree near Quebec, where, he said, the
species was not very common.

Pilsbry (1948) noted that A. alternata is

found on dead wood and bark, and Ingram (1941) reported finding only one
A. alternata among 70 snails collected in a beech-hemlock forest and that
the snail was found climbing upon a maple tree.

MacMillan (1940) presented

a variety of habitat types including not only deciduous woodlands, but also
lichen-covered rotten wood in pine groves, at the base of Arbor vitae and
spruce in bog woods, and added "It is not uncommon in open country in moist
situations, where shelter is found under logs and stumps.

It often congre

gates in great numbers under flat rocks in the late autumn, hibernating in
such situations." MacMillan found the best collecting sites to be "on hill
sides covered with timber, sticks and forest debris".

Muchmore (1959) found

A. alternata under stones in only two of thirteen collecting sites, and
both of these places were moist and contained deciduous trees.

He did not,

however, find A. alternata in all collecting sites containing deciduous
trees.

Gugler (1963) reported that his A. alternata collection was made

28

in an area where he also collected other snails in southeast Nebraska near
Weeping Water, Cass County, "near the summit of an east-facing slope, with
dense grasses, sumac, and scrubby oaks as the conspicuous vegetation."

The

latter habitat description would seem to indicate drier conditions than
collecting sites found in Iowa, though it may be that there were moist
"pockets" within the area. Burch (1955) noted occasional A. alternata
specimens in "scattered localities in Hanover and Henrico Counties (Virginia)
in hardwood forests." In reporting on 34 species and subspecies of land
snails in this area, he found that A. alternata and A. fergusoni sometimes
were found together.

Of the latter species, he says "It has been found in

greatest numbers in thickly forested river valleys and has been associated
with various oak and elm communities, being most abundant in oak-elm as
sociations.

It seems to be restricted to soils very high in calcium con

tent and is most abundant at a pH range of 6.3 to 6.7."

Old and Rageot

(1956) found A. fergusoni to be abundant in wooded lots in the city of
Norfolk, Virginia, but noted that it was uncommon elsewhere, and that in
creased residential development is leading to the elimination of wooded lots.
Atkins (1966) found all the A. alternata used in his study in wooded
areas in Michigan and eastern Iowa. Although he describes several of his
collecting areas as flood plains, the list of deciduous trees growing in
the areas suggests that significant flooding rarely occurs and that the soil
moisture is not excessive.

Atkins investigated the correlation between

soil calcium content and shell thickness in A. alternata and two species of
Triodopsis. He found that while low calcium levels may limit the distribu
tion of land snails there was no significant thickness difference between
snails living in medium or high calcium soils, so long as CaCO^ levels were
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over 93 ppm.

The maximum number of snails of the three species involved

was found on soils having CaGOg levels ranging between 99 and 120 ppm.
Three areas containing A. alternata were checked for soil pH and had values
of 7.5 and 7.7.
Tests run on soil samples at the Iowa State University Soils Testing
Laboratory, although limited in scope, indicate that the area of Pammel
Woods containing the most A. alternata has a soil pH of 7.4 to 7.8, CaCOg
content of 2.5%, and available phosphorus of approximately 53 pounds per
acre. The same tests performed on soil from an area in an adjacent wood
land (Lynn Fuhrer Woods) in which no A. alternata were found show a soil
pH of 7.0 to 7.15,

GaCOg content of 1.0%, and available phosphorus of 28

pounds per acre. These results, not conclusive in themselves, tend to
support observations of other investigators.
A. alternata have been reported from deciduous woodlands by Heilman
and MacMillan (1958) in Pennsylvania, by Grimm (1959b)in Maryland, by
Kaplan and Minkley (1960) in Kentucky, and by Burch (1954) in Virginia.

The

absence of A. alternata in some lists may also be indicative of limiting
factors, as in the listing of 3 7 species from Carroll Gounty, Maryland by
Grimm (195^).

In this particular area the forest had been destroyed and

only "widely scattered patches of thin deciduous forest" remained, and no
A. alternata specimens were taken.

It is unfortunate that numerous listings

of snails do not include some information about the animals' habitats but
simply record their occurrence in given counties or states.

Variations in

moisture and vegetation within a very small area significantly affect the
distribution of land snails.
Shimek (1930) discussed the ecological significance of land snail
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distribution based on observations made in Iowa.
Iowa snails he said;

Of the distribution of

"Our land snails, particularly the larger ones, are

distinctly inhabitants of the fôrest.

Their habits and distribution are

no doubt chiefly determined by food requirements, and by the need of mois
ture.

Their occasional occurrence in places other than the forest is al

together exceptional, and is possible only where food and shelter are pro
vided locally from other sources.

The distribution of the land snails of

this region coincides strikingly with that of the forests....As the forests
thin out toward the north and west the larger snails gradually disappear,
until in far western Iowa we find only an occasional Polygyra profunda, the
very localized small form of P. multilineata, and Anguispira alternata...."
Shimek reported that the Okoboji-Spirit Lake region is the "most favorable
section in all the western and northwestern part (of Iowa)". Much of the
collecting done in the course of this study was done in this general area.
Attempts to collect specimens of A. alternata in woodlands near
Marble Lake in Dickinson County, Iowa, near Ruthven, in Palo Alto County,
Iowa, and in a number of other wooded localities in Dickinson, Story, and
Marshall Counties met with no success.

A single live specimen (and no cast

shells) was taken after considerable searching in the Mormon,Ridge area
north of Marshalltown in grazed woods.

During this study, no specimens

were collected from coniferous woods nor from sparse, dry woods.

Few speci

mens were collected from areas in which cattle grazed, in spite of some
rather extensive searching.

Some woodlands appearing to be very satisfac

tory as habitat yielded very few specimens, although it is possible that
more extensive searching in these areas would have yielded larger numbers
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of the snails, since they tend to gather in particularly advantageous
microhabitats. In the course of collecting specimens at Fort Defiance
State Park in September, 1965, it was fâktnd that one might search a rather
large area of a particular hillside and find very few snails, but if the
search were conducted in a selective manner by searching in the leafclogged spillways resulting from rain run-off, a far greater number of
specimens could be obtained in the same amount of time.

At that time of

year, when rain is infrequent, this habitat selection by the animals prob
ably indicates a response to moisture in the; spillways. Most of the snails
were buried under less than one inch of soil under the leaf litter.

There

is a conspicuous size differential between snails found at Fort Defiance
on the soil and under the bark of downed trees.

The largest snails were

found on and in the soil, and the smaller ones occurred, for the most part,
under bark on decaying trees.

This finding makes suspect the population

analysis of Douglas (1963), who apparently based his studies on specimens
collected from the ground.

The selection of spillways as sites for winter

estivation by snails would perhaps also tend to expose them to earlier
spring thaws with the advent of spring rains and warmer temperatures.
The collecting area in pammel Woods on the Iowa State University
campus yielded some interesting information. The University Cemetery bor
ders the south edge of the woods, and it was in this area that collecting
was most satisfactory.

A standard procedure in maintaining the cemetery is

to rake fallen leaves into the edge of the woods.

While initial collecting

was done on the north-facing slope of the woods below the cemetery, it was
later discovered that collecting was excellent under the piles of leaves
bordering the cemetery, especially where pieces of decaying wood were
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present. The top of the sloping woodland and the border area may repre
sent a prime area for reproduction, and the snails may disperse down the
slope from this point. The number of snails decreases as one moves down
the slope, and only rarely is a live A. alternata or a cast shell seen in
the flood plain below this area.

The flood plain in this case is often

flooded during wet periods of the year, and supports a luxurious growth
of hydrophilic plants including nettles and willows. The south-facing
slope opposite the prime collecting area is quite dry by comparison with
the north-facing slope and few A. alternata have been taken from that area.
Repeated searching has not uncovered significant gatherings of the snails,
nor have very young snails been collected in the woods, consisting primarily
of oak.

The woods extend north and west, with a railroad track dividing

Pammel Woods from an adjacent, somewhat similar woodland on the northwest
edge of the campus.

No A. alternata have been collected on the railroad

embankment, and relatively few specimens have been taken in the extension
of the woods, although there appear to be small populations existing in
limited areas.
Collecting in Ledges State Park tended to support findings made else
where.

Some specimens were found on a north-facing wooded slope and in a

narrow draw cluttered with leaves.

Larger areas of the park were searched

for longer periods of time with very little success.

Collecting in Milford Woods raised some interesting questions.

The

portion of the woods in which most collecting was done was relatively flat
and supported abundant deciduous trees and what appeared to be satisfactory
undergrowth and ground cover.

Early in the study a number of snails were

collected in this area, and in the summer of 1965 observations regarding
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tree-climbing were made here, but by the summer of 1966 there appeared to
be very few snails still present. It is quite possible that the original
snail population was not large enough to bear the collecting and investi
gations pursued, especially since the area undoubtedly has been used as a
snail-collecting site in previous years by researchers at the nearby Iowa
Lakeside Laboratory. The habitat still appears to be satisfactory, though
it has probably never been as rich as the Fort Defiance woods of the Pammel Woods.

An adjacent privately-owned area supports a far larger popu

lation, though this was not utilized to a significant extent for collecting.
Approximately 3 5 snails were collected in one small area (about 400 square
feet) of Milford Woods in the summer of 1965, and no more snails were found
in this area for over a year.
In the summers of 1953 and 1964, over 100 A. alternate could be col
lected easily within an hour's time in the prime collecting area in the
southeast corner of Pammel Woods.

On one occasion, in July 1964, 343 live

individuals were taken in one hour under and around Portland cement bags in
this area.

By the summer of 1966, the decrease in numbers was apparent,

and often not more than 10 or 15 snails were found per hour in this general
area.

Overly dry conditions during the summer of 1966 undoubtedly also

had a detrimental effect on the population. The leaf-covered cemetery
border previously mentioned lies directly up the slope from the prime study
area, and it is probable that individuals moved down the slope from that
reservoir.

In spite of the proximity of undisturbed prime habitat, however,

it appears that prédation (as carried on by collectors or other means) may
drastically curtail a local snail population, especially during .unfavorable
periods, and that a period of years may be required for it to become
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securely reestablished.

Moisture, temperature, and food requirements for

snail activities, and the biological interrelationships between snails,
flora, and fauna are involved in the establishment of a dynamic balance
favoring survival of the species, but not favoring rapid replacement of
decimated populations.
While hunting for A. alternata, the snails Discus cronkhitei,
Allogona profunda, Gastrocopta spp, Vallonia pulchella, Stenotrema fraternum,
Zonitoides arboreus, and the slug Deroceras laeve were occasionally en
countered.

Discus cronkhitei appears to be limited to the same microhabitat

as is A. alternata. Zonitoides arboreus was ubiquitous in the woodlands
studied, being found more commonly than any of the other snails in dry areas.
D.

Mating and Oviposition

All ovipositing snails observed during the course of this study were
13 mm. or more in greater diameter.
concerning oviposition.

Table 1 in the Appendix tabulates data

Sperm are present in the gonads, hermaphroditic

ducts, uteri, and seminal receptacles of considerably smaller snails, how
ever.

There appears to be a considerable range in the development of the

reproductive system in individual snails.

No sperm have been found in the

reproductive systems of snails smaller than 9.0 mm., although some snails
larger than 9 mm. but smaller than 12 mm. in diameter fail to show the
presence of sperm.

In specimens smaller than 9.0 mm., the reproductive

system appears very immature and underdeveloped by comparison with other
structures; the tubules are very small and transparent and are easily over
looked in a quick dissection. Table 2 in the Appendix tabulates data con
cerning presence of sperm gleaned from dissections of 106 A. alternata.
It appears, therefore, that A. alternata in Iowa does not oviposit
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until it attains a size greater than 13.0

mm.

It is difficult to assess

the age of these snails on the basis of their size, for environmental con
ditions affecting feeding and other activities undoubtedly influence growth.
These findings are somewhat similar to those of Scheltema (1964), who
found that the mud snail Nassarius obsoletus, attained sexual maturity at
lengths of 12 to 14 mm., possibly during the third summer, and that there
is essentially no growth "during the late autumn, winter, and early spring".
Snails living in moist, temperate, shady areas with abundant amounts of
food available will grow more rapidly in a given time interval than will
those living in environments subject to more frequent desiccation or con
taining less food.

On the basis of projected growth curves, it would ap

pear that an individual may lay eggs in the spring or early summer ap
proximately two years after hatching. However, Kingston (1966) reports
laboratory reared A. alternata laid eggs for the first time at 4 years of
age.
In spite of repeated attempts to procure information on courtship and
copulatory behavior, only two individuals were observed in the apparent
act of copulating.
1965.

These snails were observed at 23 00 hours on July 1,

One snail was numbered 7E, the other 16E.

eggs on June 25.

Snail 7E had laid 17

The following incident occurred in a standard round plas

tic container on the surface of a dead leaf;

16E approached 7E in an un

usually brisk manner from the right, both snails being more fully extended
than ever seen previously.

16E glided up over the top of 7E's shell, turned

counter-clockwise, rotating its body so that its head contacted the right
side of 7E'S body.

7E became very still, then reared back on the posterior

part of its foot so that it seemed to be "standing up", and twisted to
ward the other snail.

At this point the bodies contacted each other, but

16e turned away and again glided up over 7e's shell, 7e having reassumed
a normal position.

16e turned clockwise and appeared to nuzzle 7e*s head

and body from the left, but there was no response to this activity.

At

this time a white area was visible on the right sides of both snails.

16e

now turned counterclockwise, swinging quickly around behind 7e and coming
up along 7e's right side, and commenced to "nuzzle" the area around the
genital aperture.

7e again "stood" on the posterior portion of its foot

and twisted to the right, toward 16e. A brief period of tentacle touching
ensued,.followed by an almost explosive ballooning of the genitalia, a
quick contact, and then a gradual withdrawing of the genitalia.

The ten

tacles and the anterior portions of the animals appeared collapsed, and
the snails drooped over on themselves.

At this point 7e was still stand

ing on the posterior portion of its foot.

In contrast to more typical

snail movements, the movements of the snails observed in this instance were
brisk and seemed purposeful.

The initial quiescence of 7e appeared antici

patory, and its response directed. The entire episode lasted for five to
ten minutes.

An interesting sidelight involved a third snail, about two

inches to the right and below the copulating pair.

This snail, also an

adult, seemed to become agitated, and extended its tentacles straight up
towards the snails in a peculiar fashion.
in length at this time.

The tentacles were 5% to 6 mm,

The third snail seemed bound for the other two,

but by this time the copulating pair recovered and moved away.

The three

snails involved had been collected in Milford Woods on May 8, 1965.
July 2, the day following copulation, snail 16e laid 13 eggs.

On
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In the summer of 1966 it was discovered that egg-laying could be
initiated by refrigeration at 10°G followed by a varying (2 to 4 weeks)
period of exposure to moderate (20 to 25°G) temperatures.

Observations

made at various times, day and night, failed to note any other animals in
the act of copulating.

While observing one batch of 25 snails that had

been removed from the refrigerator for half an hour to an hour, it was noted
that there was an unusual amount of tentacle-extension, tentacle-touching
and "nuzzling" activity in progress.

Several snails displayed white

tissues around the genital aperture.

Although these snails were observed

carefully over a period of several hours, no copulation was observed and
the unusual behavior gradually subsided.
Although copulation has been observed in a number of land pulmonates,
I have found no references to copulation in A. alternata.

Jones (1932) sus

pected that cross-fertilization occurred, resulting in a mutual sperm ex
change before maturation of the eggs, and that sperm were stored in the
spermatheca until egg maturation.

Histological sections of a specimen

taken by Jones on April 16 indicated the presence of "large, almost mature
eggs and immature germ cells, the latter being separated from the former
in the organ.". Mature sperm were found in the spermatheca, spermathecal
duct, and the seminal groove of the same snail. Jones considered male and
female gametes to be formed in different parts of the ovotestis and that
each type matured and descended through the hermaphroditic duct at differ
ent seasons.

My observations tend to indicate that sperm are almost always

present in snails over a certain size, but I have no data on selffertilization or the viability of the sperm observed.

Sperm in the

hermaphroditic duct often appear coiled, with the ends of the tails curled
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and the head extended, somewhat like a "9".

When such sperm are placed

in water, however, they sometimes uncurl and move in the characteristic
twirling fashion typical of mature sperm found in the uterus and spermatheca.
It was found during the course of this study that snails maintained
over a long period of time in the laboratory tended to cease laying eggs,
even though they were well cared for.

When a control group of snails pre

viously refrigerated for approximately one year was removed from the re
frigerator, egg-laying began within a period of two weeks and continued
for approximately two months.

However, a size-matched control group main

tained at room temperatures for a year failed to lay any eggs.

For this

reason, several groups of adult snails previously kept at room temperatures
for extended periods were placed in the refrigerator at about 10°G for
four to eight weeks.

In every case, many of the adult snails began laying

eggs within two weeks after removal from the refrigerator.

The original

control group was replaced in the refrigerator at the end of a 4 week
period during which no more eggs were laid (about 3 months after its first
removal from the refrigerator); at the end of four weeks of refrigeration,
this group was removed and egg-laying again began within about two weeks.
This second period of laying, however, was reduced by comparison with the
former period.
observations.

Tables 3 and 4 present some of the data obtained in these
Unfortunately, it was not possible to record all clutches

laid nor to identify all ovipositing snails.

Additional egg-laying was

observed in other adult A. alternata groups following refrigeration.
During the course of this study no eggs were ever found in snail colonies
maintained at temperatures averaging 30°G. Adult snails harboring sporocyst

39

infections of Postharmostomum helicis also failed to oviposit.
Occasionally, adult A. alternata in formerly refrigerated groups were
observed laying eggs within a day after cleaning the snails and containers,
suggesting that the process of freshening the environment and activating
the snails may help to initiate oviposition.
Numerous observations on ovipositing A. alternata suggest that ovi
position is "triggered" by some factor or complex of factors associated
with the substrate.

Snails maintained in the laboratory for more than two

days without any substrate suitable for burrowing did not oviposit.

Oc

casionally, however, newly collected snails laid a few eggs within the
night or the day following their collection.

Eggs laid in these circum

stances were laid singly, rarely in pairs. It seems feasible that ovi
position may have been triggered in these snails prior to collection.
Kingston (1966) reports egg-laying in A. alternata maintained on fine
gravel.
Burrowing and extensive defecation preceded oviposition.

All egg

clutches in laboratory snail containers were laid in very soft, rotten wood
or under the surface of friable soil.

In the plastic containers eggs

were most commonly laid at depths between 1.5-2.5 cm. and could usually be
seen at the bottoms or sides of the containers.

The fecal material may

be released near the ground surface where burrowing is begun, or it may be
with, or very near, the eggs. Such fecal material is usually brown and
generally appears to contain larger quantities of soil in contrast to fecal
material produced when the snails are feeding on lettuce, oatmeal, and
paper.

In many cases, two snails burrow together, and it is frequently

difficult to determine which snail has laid a given egg clutch.

It may

40

be that in some of these cases, at least, both snails are engaged in the
egg-laying.

When found together, the snails are generally positioned side

by side, oriented in the same direction, the foot of each extended into
the soil, and the sides of their shells being closest to the surface.
Such a situation causes one to wonder if mating may immediately precede
such egg-laying, but this has not been observed in this study. Following
oviposition, A. alternata often remains in the same place for a day or
more in an inactive state.

The number of eggs per clutch known to be laid

by individual snails varied from 2 to 25, but some masses have been found
containing 40 or more eggs.

Larger masses appear to contain more than

one clutch when they are carefully separated, and it appears that the
same oviposition site may be shared by two or more snails.
Not all eggs are laid at the depths indicated, and searching for eggs
may be a very time-consuming process, especially if soil in the containers
is deeper than an inch.

The eggs are easily broken if care is not taken

in finding and removing them.
Table 1 in the Appendix presents data concerning the numbers of eggs
laid by individual snails.

In some cases it could not be definitely as

certained that a particular snail had laid a given clutch of eggs, although
it appeared to have done so because of its proximity to the eggs.

Snails

frequently laid more than one clutch of eggs, most often laying a second
batch from one to two weeks after laying the first.

Where clutches were

laid a day apart, it is possible that observations caused the interruption.
One egg may be laid every fifteen minutes or less, although sometimes an
hour or more elapsed between eggs.

One snail (14E) laid 14 eggs within 45

minutes. Such observations are made with difficulty, for if disturbed
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the snail often retracts or leaves the site.

All observations on egg-

laying in A. alternata were made in clear plastic containers maintained at
19° to 25°G temperatures.

E. Hatching of Eggs

Although A. alternata eggs can withstand temporarily dry conditions
(over a period of several days or more), they do not hatch if allowed to
desiccate indefinitely.

The nearly spherical eggs are generally between

2 and 3 mm. in greatest diameter, though some were 3 mm. in length by 1.8
mm. in width and others were 1.8 mm. by 1.7 mm. Each newly laid egg has
a sparkling white calcareous shell, covered with a thin, almost membranous
layer of mucus.

When eggs are undisturbed, dirt particles do not seem to

adhere to them, but when they are moved and redistributed, the mucus tends
to collect small particles of grit.

In the latter circumstances it was

advantageous to remove mucus with a small, fine brush, for contraction of
drying mucous coverings of eggs kept in temporarily dry containers seemed
to be associated with egg breakage.

If the eggs were kept damp, they

usually hatched with or without the mucus covering.
Eggs kept in plaster of Paris containers at temperatures ranging
from 20 to 25°G generally hatch in 30 to 32 days.

There is considerable

variation in incubation periods for individual eggs, however. Of 112 eggs
observed regularly during the summer of 1965, 4 hatched after a 25-day
incubation period, 6 after a 28-day period, 17 after 30 days, 38 after 3132 days, and 9 in 34 days.

Three snails were removed live from their egg

shells at 36 days, and 4 at 41 days.

The percent of eggs hatching in
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individual clutches varied from 50 to 100%, the average being 72%.

In

other observations, however, the percent of eggs hatching appeared to be
between 90 and 100%, and it is probable that in 1965 the constant handling
of the eggs was detrimental.

Eggs left where they were laid in uncrowded

containers well supplied with food and moisture usually hatched in 30 to
3 5 days, and very few failed to hatch.

Some buried clutches required in

cubation periods of 3 5 to 42 days or more.

Although adult snails laid eggs

in crowded containers, their burrowing frequently disrupted the egg masses,
and a few adults were observed feeding on unhatched eggs.

Most of 197 eggs

laid during summer and fall of 1966 hatched in 28 to 32 days in plaster of
Paris containers at temperatures averaging about 22°G (range; 19-25°G).
Eggs opened after 15 days of incubation contained small, transparent
embryos, and at three weeks the beating heart and fragile shell were clear*
ly visible under a dissecting microscope.

Eggs opened at four weeks of

incubation generally contained well-formed young snails, usually sufficiently developed to survive.

Several young freed from eggs after 41 days of

incubation survived, but six others died. Several 46-day old eggs con
tained living snails too immature to survive.

Eggs in the same clutch

frequently developed at different rates, although those in plaster of
Paris containers tended to hatch within several days of each other.

A

few 3 5 to 40Mday incubating snails were observed to be sluggish, smaller
in appearance, and failed to grow as rapidly as most of the other snails.
There seems to be considerable variation between individuals in all phases
of the life span regarding growth rates, hatching time, response to
various stimuli,

and size at which sexual maturity is attained.

Such
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variation would seem to be advantageous in the dispersal and survival of
the species.
Two attempts were made to incubate eggs at different temperatures.
Eggs from two different clutches were divided into three groups and one
group incubated at temperatures approximating 22°C, one group at approxi
mately 10°G, and the third group at approximately 30°C. Although all three
groups were placed in the same type of plaster of Paris container in water,
the only group to hatch was that at the intermediate temperature.

This

experiment was limited in scope and the results cannot be accepted as
conclusive.

A. alternata eggs maintained at 16-19°C temperatures by

Kingston (1966) required 46-54 days of incubation.

Kingston's data on

clutch and egg size is comparable to data reported herein, although he
reports incubation periods ranging from 20 to 72 days, and such extremes
were not encountered in the present study.
The greatest diameters of newly hatched A. alternata are almost the
same as that of their shells (2 to 3 mm.).

It is sometimes difficult to

determine accurately the time of hatching, since the young seem to erode
the eggshell from the inside and not infrequently begin moving about with
a large portion of the egg shell still covering most of the shell.

As the

time of hatching draws near, the eggshell becomes somewhat darker and in
creasingly translucent, and the young snail can frequently be seen moving
about inside.

The young often feed on their own cast eggshells, and oc

casionally on the unhatched eggshells of other snails.

Young snails become

active in the plaster of Paris chambers and move about freely, but the
young from batches of eggs allowed to hatch in terraria sometimes remain
clustered for as long as two months before moving to the surface of the
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container. Such observations tend to support observations made in nature,
for clusters of very small snails, or young snails appearing to be the
same age, are frequently found in rotting wood or in the soft soil under
logs or leaf litter, the same environments in which egg masses are found.
It is probable that newly hatched snails, like adults, remain inactive if
moisture and temperature conditions are not suitable.

F. Some Aspects of the Behavior of Anguispira
alternata

1.

Responses to moisture
A. alternata of all sizes have a remarkable ability to withstand

desiccation by withdrawing into their shells and secreting epiphragms in
the manner of other terrestrial pulmonates described by Binney (1885, pages
10-11).

Even very young snails (2 to 3 mm. in diameter) can withstand dry

conditions for a period of at least several weeks, and large snails can
withstand dry conditions for months at a time.

Epiphragms may be secreted

in as little as 5 minutes, and they may serve to hold the snail to a tree,
log, or other substrate when the environment becomes unfavorable for ac
tivity. During periods of estivation, no externally measurable growth oc
curs.

A. alternata responds quickly to rapidly-changing environmental

moisture conditions, secreting an epiphragm as the substrate dries out,
and often becoming active within
ing a period of dryness.

minutes in response to moisture follow

Response to moisture in the latter situation is

delayed when low temperatures are in effect. Snails removed from frozen
ground during the winter may take from one hour to about one day to become
active when placed at temperatures near 22°G in moist containers.
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Although A. alternata becomes inactive in response to desiccation of
its substrate at moderate temperatures, the snail rapidly extricates
itself from situations in which it is immersed in water or surrounded by
standing water.

Regular feeding activity under normal conditions fre

quently includes some upward excursions on logs and plants, but upward
orientation almost invariably follows exposure to excess quantities of
water. Tree-climbing by large numbers of snails is commonly observed fol
lowing rain or heavy dew.

In this study, tree-climbing individuals and

their locations on live trees were marked and observed over periods of a
week or more.

Once oriented in an upwards direction, the snails rarely

moved downward, most of them remaining attached to the trees by their epiphragms during periods of dryness, and moving upwards again following the
return of moist conditions. Blinn (1961) reported similar findings in his
work with Allogona profunda and Mesodon thyroidus. All kinds and sizes
of deciduous trees present in woodlands observed in the present study were
utilized by tree-climbing A. alternata, and individuals of all sizes were
observed climbing.

The largest number of snails observed on a live tree

was eighteen on a burr oak approximately 10 inches in diameter.

The snails

were most easily seen on the smooth bark of maple saplings, and were much
more difficult to find in the crevices of the bark of large elms and oaks.
Table 5 presents some data on individuals observed climbing trees. Al
though the greatest height at which a snail was seen was about 25 feet
above the ground, trees were not routinely examined at such heights and
individual snails may move considerably higher under conditions favorable
for this activity.

Several snails found on saplings moved out to the ends

of terminal twigs and were later found attached to the undersides of the
twigs by their epiphragms when dry conditions returned.

Such snails may

fall to the ground or may be dislodged by wind or some other mechanism,
but it would also seem that they would be prime targets for prédation by
birds or tree-climbing mammals.

It may be that colonization of new areas

by the species occurs when individuals are picked up by birds and dropped
elsewhere, or when high winds carry away individuals clinging to branches
high above the ground.
Nash and Herzberg (1964) did not detect any differences in the mois
ture responses of antennectomized Helix aspersa, showing that receptors
initiating such responses are not limited to the antennae.

Because re

tracted snails, having only a small portion of the food exposed to the en
vironment, respond rapidly to moisture changes, it would seem that some
moisture receptors may be located within the tissues of the foot.

Esti-

vating snails with epiphragms may become active when water is absorbed by
the epiphragm, passes into the air space between the epiphragm and re
tracted foot, and activates receptors in the foot.
In a consideration of the importance of various environmental factors
on the snail, yallonia pulchella, Whitney (1938) found desiccation to be
the most inhibitory factor in snail activity.

She reported that juveniles

were more resistant to desiccation than were eggs, and that juveniles be
came even more resistant as they grew older.

These findings are in ac

cordance with observations I have made in reference to A. alternata.
2.

Responses to light and heat
Responses of A. alternata to light were frequently observed in the

laboratory rearing chambers, but only one controlled experiment with light

47

as the only variable was conducted.

In the laboratory, animals were re

peatedly observed moving from better illuminated areas into dimmer parts
of the containers.

They were rarely observed in nature in brightly il

luminated places, but secreted themselves under leaves, pieces of wood,
or debris on the forest floor during the daylight hours.

Nighttime ob

servations in nature invariably demonstrated that the animals were less
secretive, provided that temperatures were moderate and moisture conditions
favorable.

In laboratory containers kept in constant light or lengthy

periods of light, however, specimens were frequently observed moving about
under rather bright lights, and it seemed that they tended to acclimate
themselves to the continued presence of light. Light most certainly does
not influence activity to the same extent as does moisture, though under
natural conditions in normal habitat it appears that it may be a factor
in limiting movement during the daylight hours.
In order to determine whether the responses to light of starved snails
were different from those of snails fed an adequate diet, 20 snails were
withheld from food for two weeks and were then divided into two groups for
observation.

Each group was placed in an 8-inch long half-shaded plastic

box about 2% inches from the shaded end.

The box was oriented so that the

opposite end was exposed to a light intensity of 50 foot-candles. The
light intensity in the shaded portion was 10 foot-candles.

Food materials

were placed in the unshaded portion of one box, while no food was provided
the other group. The snails remained in the shaded portion for over an
hour, though some of them climbed up the sides of the container.

The

boxes were turned around, so that the snails were placed in the 50 foot

48

candle light, but the animals did not move except to retract into their
shells. Within a period of several hours,, feeding activity was observed
in the group provided with food. Over a period of three days, ob
servations indicated that both groups were consistently negatively phototactic though one or two individuals occasionally made excursions into the
lighter areas, especially in the container without food materials.

Re

sults suggested that unfed snails may be somewhat less inhibited by light
than fed individuals.
In other trials, active snails were repeatedly observed to avoid light
intensities of 200 to 210 foot-candles and to turn toward lower light in
tensities of 20 to 25 foot-candles. When the container was turned so that
the snails were moving towards the brighter light, they usually soon re
versed themselves.

In making turning movements, the snails typically ex

tended the tentacle on the side toward which they were turning, while the
other tentacle became considerably shorter.

In all observations made re

garding response to light, snails almost invariably moved toward the lowest
light intensity provided.

Almost all members of a group pursued the same

course of action, but there were usually one or two individuals that seemed
less influenced by light than the others.
The responses of A. alternate to high light intensities and solar heat
were observed on a hot, humid day in July, 1966. In one instance, four
snails were placed in a plastic aquarium and shade was provided an inch
away from them, in the direction toward the sun.

The animals were posi

tioned in such a way that their apertures were directed toward the sun.
Three of the four moved into the shade, but the fourth (observed in previous
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experiments to be strongly negatively phototropic) turned away from the
sun and moved toward the far end of the container, in which no shade was •
available.

In another instance, five snails were placed on hot concrete

(surface temperature 45.3°G), with their apertures directed toward the
sun.

In 5 minutes, one snai%moved about 3 inches in a direction away

from the sun's rays, but no more movement occurred.

The reactions of

another snail placed on the hot concrete indicated confusion.

The snail

extended its foot, moved briefly toward the sun, then turned sideways and
clumsily worked its way around the side of a wooden block, a distance of
3/4 inch, but could not seem to completely shade itself.
in the sun and half in the shade and became inactive.

It remained half

Activity in severe

heat appeared to be disorganized, and ineffective waves of muscle contrac
tion along the length of the foot were obvious.

Movement of snails on hot

surfaces was different from normal movement in that the shell was allowed
to drag along side the animal and was not held up over the foot.

In some

snails, the posterior end of the foot was held up in a peculiar fashion.
Six snails placed in a plastic aquarium exposed to noon sunlight of
5000 foot candles and a temperature of 44.4°C were observed to turn away
from the sun within five minutes and move toward the north end of the con
tainer, although they had been placed near a shaded compartment at the south
end.

Upon reaching the north end, they appeared confused; several climbed

the sun-drenched walls and fumbled senselessly about, while the others
eventually moved back toward the shaded area at the south end of the con
tainer,

Within 30 minutes from the beginning of the experiment, two snails

succeeded in entering the shelter, but the others retracted into their
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shells.

During this period,the light intensity varied from 2000 to 5000

foot candles, dipping down occasionally to 1000 foot candles as clouds
moved through the path of the sun's rays.

An hour and twenty-five min

utes after the beginning of the experiment, the 4 exposed snails were
dead, while the 2 shaded ones recovered quickly when removed to more moder
ate temperatures.

A similar experiment in which the shaded block house

was positioned in the north end of the container ended essentially the
same way, with two snails entering the safety of the shade, two others
fumbling about in a disorganized fashion until they retracted, and the re
maining two starting in a northward direction, but retracting before
reaching the shade.

Some snails exposed to intense noon sunlight died

within 10 minutes.
In the summer of 1966, an experiment was conducted to ascertain the
effects of light on growth and activity of snails when other factors were
kept constant. Eighteen marked snails were divided into three groups,
each containing individuals of matched sizes.

Each group was placed in a

rectangular plastic box and provided with a standard amount of a moistened
food mixture.

The food consisted of a moistened, thoroughly-mixed combina

tion of crumbled leaves (maple, elm, and oak), wood shavings, Pettijohns,
calcium carbonate, and lettuce fragments.

The mixture was spread evenly

on the container bottoms so that snails would not be able to hide them
selves from the light.

No food particle was large enough to cover a snail.

The containers were sealed with transparent tape and placed in controlled
light and temperature chambers.

One container was placed within a large

cardboard box, in order to provide constant darkness, and placed in the
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same chamber as another container exposed alternately to 14 hours of light
and 10 hours of darkness. Temperatures in the chamber were 24°G for the
14 hours of light and 18.3°G for the 10 dark hours.

The third container

was placed in a constantly lighted chamber with temperatures of 24°G for
14 hours and 18.3°G for 10 hours.

The containers were removed from the

chambers for observation and maintenance every 5 or 10 days during the
early part of the experiment, then were allowed to remain in the chambers
undisturbed for longer periods of time until the experiment was terminated
ten weeks after the initial preparation of the containers.

Fungus, es

pecially Rhizopus, was a troublesome factor during this experiment, (prob
ably because of the food mixture used), and this may have interfered with
the results obtained.

Results indicated that snails grow slightly more

when exposed to alternating light and dark than they do under conditions
of constant light.

The snails maintained in constant darkness died; 4

of 6 within the first week, the two others within the following week.

Re

placement snails in the dark group also died before the end of the experi
ment. Only one other snail, in the constant light group, died during the
experiment.

Graph 1 presents the growth (in greatest diameter) observed

in the snails used in this experiment.

Fungus was observed growing in all

containers, but it reached its most luxuriant growth in the constantly dark
container.

It is possible that the dark group became contaminated with

lethal microorganisms.

The results tend to suggest that light may be an

important factor in regulating snail activities.

It appears that snails

adjust to constant light satisfactorily, but that extended periods of dark
ness, when temperature and moisture conditions are favorable for activity.
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may be detrimental.

These results support the findings of Herzberg and

Herzberg (1960), who reported that growth in Helix aspersa was retarded
when snails were kept in darkness.

3.

Effects of low temperatures
Recently-active snails placed in the freezing compartment of a re

frigerator were killed in four hours, but under natural conditions desic
cated individuals may withstand very low environmental•temperatures.

In

the winter of 1963-65, 5 to 17 mm. specimens collected during the preceeding fall were placed outside in gallon cans.

Twenty-one individuals

matched in reference to size and time of collection were placed in each of
five cans on December 6, after 5 days of desiccation and acclimitization
to temperatures of 5 to 10°G.

Group no. 1 was buried under 3 to 4 inches

of soil, group no. 2 under 2 to 3 inches of soil, group no. 3 under about
1 inch, group no. 4 on the surface of the ground, and group no. 5 was
placed in a small plastic box under 3/4 inch of leaf litter. The soil used
in the cans was taken from snail collecting areas.

The cans were covered

with plastic screen, and holes were punched in their bottoms in an attempt
to allow drainage of excess moisture. On December 20, the plastic box
containing group no. 5 was brought inside for examination.

The weather

during the preceding two weeks had been very cold, with temperatures
ranging down to -29°G, and the box was embedded in ice at the time of re
moval.

Six hours after being brought in, 3 snails were active, and 8 more

became active during the next 20 hours.

Ten snails did not recover. The

most recently-collected snails survived in greatest numbers, especially
those that had been well fed between the time of their collection and the
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beginning of the experiment.

Although snails of various sizes survived

this initial freezing period, it happened that the two largest snails
(one 16 mm., the other 17 mm. in greatest diameter) were killed in the
experiment.

The living snails were provided with food and moisture and

were normally active until the night of December 28th, when they were ex
posed to -7°G temperature, and all died.

In order for the snails to with

stand freezing temperatures, it appears that they must be allowed to
desiccate.
In the above experiment, it was found that snails in all of the re
maining four groups survived the winter and were active in May.

Diffi

culties were encountered in drainage from the cans, and standing water is
thought to have accounted for the deaths of some of the snails, especially
in groups 2 and 3. Only nine dead snails were recovered from group no. 4,
but the screen top had been displaced and it is thought that the remaining
snails probably escaped, for live individuals had been seen moving about
in this container on May 12, when live snails were seen in all four con
tainers.

Most live snails were recovered from group no. 1, which had been

buried under several inches of soil. Ten of the 17 snails recovered from
group no. 1 were still alive on May 21, although all of the snails in
group no. 2 were dead on this date. The screen covering group no. 3 had
also been displaced and only 12 dead snails were recovered, suggesting
that live individuals crawled away or were removed by predators. The re
sults of this experiment clearly indicate that snails can survive winter
temperatures in Iowa even at the surface of the soil, although they are
probably vulnerable to the adverse effects of standing cold water in early
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spring.

It is probable that there is some mortality attributable to

winter conditions and the wet, cold conditions of early spring.

4.

Responses to air currents
Active snails, oriented toward winds of 6 miles per hour invariably

turned away from the direction of the wind, even turning toward light to
avoid the wind.

Of a group of 5 snails, 4 turned away from the wind,

gathered together, and retracted, clinging to each others' shells, while
the fifth snail pursued an oblique path in the breeze for about 20 minutes
before turning away from the wind and retracting.
epiphragms in about five minutes.

These snails formed

The cluster of four snails was picked

apart and reactivated, and again turned quickly away from the wind.

Two

individuals extended themselves upwards, as though about to climb, but all
four again withdrew into their shells.

G.

Feeding Preferences

A number of different feeding experiments were conducted in attempts
to determine feeding preferences of A. alternata.

The snails involved in

these experiments repeatedly demonstrated avoidance of fresh and rotting
meat, dead snail tissue (removed from shell), and mammalian fecal material,
and exhibited a general preference for plant materials.

In addition to

animal tissues and excreta other materials offered singly and in combina
tion were:

calcium carbonate, lettuce, decaying and new wood, leaves, oat

meal , Pettijohns, galactose and sucrose sugars, soiled wood shavings from
a mouse cage, sphagnum moss, and paper.
to allow for optimal activity.

Feeding containers were kept moist

Lettuce and oatmeal were much fed upon.
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especially early in feeding experiments, although following ingestion of
these materials, the snails usually moved to either paper towels or soft,
decaying wood.
In one experiment, a round plastic container, set up as other rearing
chambers with a paper towel over the soil surface, was used to offer lettuce,
oak leaves, soiled shavings, mouse feces, a dead snail, oatmeal, and cal
cium carbonate.

Thirty marked snails were placed in the center of the

container at 233 0 hours. Half an hour later 9 snails were feeding on
lettuce, 6 on oatmeal, and most of the others were just in the process of
moving away from the center. Snails bound towards food materials (Plate
3, Figure 5) extended their tentacles outwards more than more quiescent
snails, and feeding snails (plate 3, Figure 6) were observed to have short
tentacles, approximately % the length of the tentacles of "questing" snails.
Snails feeding on one food appeared to extend the tentacles just before
proceeding to another area.

One and one half hours after the beginning

of the experiment, 9 snails were feeding on lettuce, and 9 on oatmeal.

By

this time some of the original lettuce and oatmeal feeders had moved off
in other directions, and some were climbing on the top and sides of the
container.

By 0400 hours most of the snails were inactive, and during the

following day the animals gradually gathered on and under the portion of
the paper towel nearest the oatmeal. During the following 2 days there ap
peared to be little movement, 20 or more snails remaining quietly under
the paper towel at all times, and only a few snails being active elsewhere.
On the fourth day, snails were observed on the shavings for the first time,
though they did not appear to be feeding.

The dead snail and the fecal
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material were constantly avoided, and the calcium carbonate was visited by
only a few individuals.
In other feeding experiments, a compartmentalized octagonal wooden
feeding apparatus (Plate 1, Figure 2) was used.

Each of the eight com

partments was provided with a container of water and a strip of paper
toweling extending from the water in order to increase humidity.

The

food materials used were oatmeal, leaves, decaying wood, hamburger, cal
cium carbonate, lettuce, and a combination of calcium carbonate, lettuce,
oatmeal, leaves, and wood. The eighth compartment was empty except for
the water container and towel strip.

Eighteen marked snails of various

sizes were placed in a small jar in the center of the apparatus, and their
movements periodically checked.

Little activity occurred for several

hours, presumably because the humidity was not high enough at first. The
first snail to become active started towards the oatmeal, but turned away
and eventually entered the compartment containing moist decaying wood.
Within 24 hours, four snails had gathered in the compartment containing
the food mixture, three were feeding in the compartment containing lettuce
alone, and several had visited the calcium carbonate compartment and then
moved off.

During the following days, the snails gradually gathered in

the compartment containing the mixture of materials, and in the compart
ment containing only damp wood, but a few visited the lettuce. The appara
tus was allowed to dry out after this period and observations were made
several weeks later. At this time all the compartments were very dry and
all snails were completely retracted, most with well-formed epiphragms.
Eight snails were in the mixture-containing compartment, four of them hav
ing entered the water dish.

The paper towel strip had been fed upon and
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was brittle with dried mucus.

Five snails were in the wood-containing

compartment, three in the lettuce compartment, and one in the calcium
carbonate compartment.
Subsequent experiments using this octagonal feeding device also showed
that A. alternata prefers moist, decaying wood.

Glean, boiled wood does

not appear to be attractive, nor does sphagnum moss, though on one occasion
three individuals crept under the edge of the moss, perhaps because it
was moister than materials in other compartments at that time.

Compart

ments that had been "popular" in previous feeding experiments and from
which the materials had been removed seemed to attract some snails for
limited periods, even though only small wood "crumbs" remained, suggesting
that the snails may be attracted to slime trails of other snails, perhaps
because of the affinity of mucus for water.

Food materials contained in

plastic bowls did not attract snails as readily as did those presented on
the floor of the feeding compartments.

Fungal growth did not deter feed

ing in normal, healthy snails, and it appears that snail secretions may
contain some sort of fungicide or fungistat, for areas clear of fungal
growth are frequently noticed surrounding quiescent snails.

These clear

areas appear to represent areas into which fungus does not grow, rather
than the results of feeding activities, for they completely encircle
quiescent or estivating snails, leaving a margin of several millimeters
between shell periphery and areas of dense fungal growth.

A. alternata

has been observed feeding on fungi during this study, however.
An attempt was made to culture cellulytic bacteria from the gut of
A. alternata, using medium D-58, developed by Quinn, Oates, and Beers
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(1963) as a generally successful medium for this purpose.

Vials were

cultured at 65°G and at room temperatures, but all results were negative.
In view of the fact that A. alternata lives in areas abounding with cellulytic bacteria, this suggests that digestive (or other) secretions of the
snail may be bacteriocidal.

H. Growth of Anguispira alternata

Because the growth of A. alternata depends mainly upon environmental
factors, it is virtually imposs-ib-le to determine the age of an individual
on the basis of its size. Measurements made on newly hatched snails
maintained under favorable moisture, food, and temperature conditions in
dicate that young snails may increase approximately 0.1 mm. in greatest
diameter per day for the first week.

Graph 2 in the Appendix shows growth

curves for two snails kept at temperatures approximately 22°G from the
time of their hatching to the age of 3% months.

Newly hatched snails

approximately 2 mm. in greatest diameter may grow as much as 0.7 mm. in
their first week, 0.5 mm. their second week, and may be about 4 mm. in
greatest diameter by the end of their first month.

By the end of the second

month they may be over 5 mm., and by the end of the third month they may
be 6 to 7 mm.

If one assumes that conditions favorable for activity and

growth would exist in Iowa for perhaps three months of the year, it is
reasonable that young snails may attain a size of 5 to 7 mm. by the end of
their first summer, assuming that hatching occurred before the middle of
June.

Snails hatching later may be 3 to 5 mm. by the end of the summer.

During the second summer, 5 to 7 mm. individuals may reach 11 to 12
mm. in greatest diameter, and it is entirely possible that some robust
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individuals living in optimum habitat may attain sizes of 13 or 14 mm.
or more.

It appears that most snails produce sperm during their second

summer and perhaps some attain reproductive maturity, manifested by egglaying.

On the basis of growth curves presented in Graphs 2 and 3 and

dissection data shown in Table 2, I estimate that most A. alternata in op
timal environments begin oviposition two to three years from their hatch
ing, probably during their third summer.

Since snails are so dependent on

moisture and temperature, it is to be expected that average growth rates
for populations vary considerably depending upon habitat and environmental
fluctuations.

Growth during a dry or cool summer, for instance, may be

severely retarded by comparison with growth during a mild summer with fre
quent gentle rains.
Projection of growth curves for free-living snails using laboratoryobtained data is frought with pitfalls.

Dry conditions initiate estivation,

yet excessive soil moisture may drive the snails up trees, where estivation
may also occur.

Snails living in micro-habitats near woodland springs

with moderate amounts of water constantly available may be far more active
than snails living under logs elsewhere in the same forest.

It appears

that responses of A. alternate to moisture, light, wind, and foods tend to
keep the animals in optimal habitats, and to facilitate return to such
habitats following excursions initiated by generally favorable environ
mental conditions. However, the ability of the animals to estivate, thus
allowing for survival during unfavorable periods, tends to provide for
species dispersal and colonization of new areas.
Growth in snails kept at temperatures near 10°G is severely curtailed,
as can be seen in Graph 3. Although snails at 30°G grow at nearly the same

rate as those at 22°G, it appears that they are not as healthy as those at
22° or at 10°G, and there is a higher mortality rate among snails main
tained at about 30°C.

As will be shown, mortality is far greater among

parasitized snails at 30°G. Most snails at 10°C remain healthy and are
sometimes observed moving about and feeding, although they obviously are
not as active nor do they feed as much as do animals at the higher tem
peratures.

It is possible that growth of the 10°G snails is due partly

to their regular weekly removal from the refrigerator for maintenance and
examination. Herzberg and Herzberg (1960) found that cold severely in
hibited growth of Helix aspersa maintained at 5°C.
Snails kept in cages outside did not show the same amount of growth
as did those retained in the laboratory (Tables 6 through 10).

At the

time that the cages were installed, I was unaware of the importance of the
depth and type of forest litter in determining activity of A. alternata.
To facilitate finding the marked snails, therefore, only small amounts of
such materials were placed in the cages.

For this reason and also because

the snails were restricted in their movements and could not move into
moister microhabitats, the growth data in Tables 6 through 10 are not truly
representative of the growth of snails in optimal habitat.

It is worthy

of note also that the summer and fall of 1966 were very dry and that little
snowfall occurred during the winter of 1965-66.

Repeated observations re

vealed that although the cages were frequently dry (and the snails estivating) during summer and fall especially, the cemetery border area re
tained soil moisture for most of this period, and free snails were gener
ally found moving about under the deep layer of leaves, except during pro
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tracted periods of drought.

No growth data were obtained for the period

between July 9 and July 31, although this would usually be a favorable
period, perhaps allowing for size increases of 1 to 2.5 mm. It would be
feasible that a snail might grow as much as 4 to 6 mm. through the year
even in the restricted cages, although some might grow no more than 2 mm.
during this period in less desirable microhabitats. These data tend to be
supported by the fact that collections made at all times of the year in
cluded some large snails, some very small snails, and many of intermediate
sizes.
Variation in spire height in A. alternata has been of interest to a
number of malacologists (Baker 1902 and 1904, Blakeslee 1945, pilsbry
1948, Ormsbee 1897, and others) and it has been noted that high spired
forms tend to occur in some localities characterized by constantly high
air humidity.

This has led to the conjecture that snails living in more

humid places spend more time in unobstructed places rather than concealing
themselves under logs, rocks, and bark and that they may, as a result, be
less restricted in their growth in height.

Among the snails reared in

captivity during this study, none appeared particularly high-spired,
though some were more high-spired than others.

Although the animals did

not have access to significantly restrictive niches, they frequently bur
rowed into the soil and sometimes wedged themselves against the side of
the container.

Although no height measurements were consistently made,

the absence of high-spired forms in colonies maintained in high-humidity
containers suggests that genetic factors are probably more significant
than environmental conditions.
Ormsbee (1897) suggested that the color of A. alternata may be in
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fluenced by the type of wood upon which the animals happen to feed;
Now, different kinds of wood in decaying, form products of
varying shades of color. Thus decayed maple is almost black;
elm is dark brown; ash is light brown; beech is still lighter,
and birch has a reddish tinge. It is no less true that the
shells of the H. alternata differ in shade and resemble that
of the wood in which they are found, and which forms a part
of their food. Thus those found in maple are almost black;
those in elm are dark brown; those in ash are light brown;
those in beech are still lighter, and those in birch have a
reddish tinge.
A. alternata encountered during this study were of varying shades and
designs, but no attempt was made to correlate microhabitat and snail
coloration.

I.

Mortality

During this investigation, chewed A. alternata shells (Plate 1,
Figure 1) were found in all study areas.

Several times hundreds of chewed

shells were found scattered around logs where chipmunks had been observed
in the process of feeding, and it is probable that most, if not all, of
the shells found in such places were the remains of chipmunk meals.

When

snails were offered to laboratory chipmunks they were quickly consumed,
and the shells were chewed in the same fashion as those found in nature.
Mice of the genus Peromyscus also feed readily on the snails, and it is
probable that in some areas much snail mortality is attributable to these
animals. Shells are chewed in virtually the same manner by chipmunks and
Peromyscus. Mortality due to prédation by these two mammals would depend
largely upon ecological balances within a given habitat.

Ingram (1942)

- reported finding a snail "culture chamber" associated with burrows of
short-tailed shrews, Blarina brevicauda talpoides. The shrews had stocked
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the chamber with a number of slugs and snails, including A. alternata, and
fed on them from time to time.

Clench (1925) and Ingram (1946) also re--

ported A. alternata as one of the foods of shrews.
In this study, trapping in Fort Defiance and in Pammel Woods led to
the capture of Peromyscus and Tamias, but no shrews were taken.

In Milford

Woods, where trapping was generally poor, only a few specimens of Peromyscus,
Mus, and Blarina brevicauda were taken. Opossums, raccoons, and other ani«
mais probably feed on A. alternata to some extent also.
In nature it is probable that some snail mortality follows lengthy
spring thaws ending abruptly in the return of freezing weather. Perhaps
insects cause the death of some snails, but they probably do not exert a
significant effect on A. alternata populations in Iowa.

Bacterial or viral

infections may be responsible for some snail mortality.

In a few laboratory

snail containers, a number of snails died following periods of sluggish
behavior and apparent abnormal mucous secretion. The mucus of these snails
was cloudy and contained clumps of white material.

Overly moist containers

with decaying lettuce and an unsuitable substrate appeared to contribute
to this condition.

In nature, snails tend to extricate themselves from

such unfavorable surroundings.

It is unlikely, furthermore, that fungus

is a significant cause of mortality among otherwise healthy snails, although
it is conceivable that it may contribute to the demise of individuals
weakened by unfavorable environmental factors or infections.
The fact that more chewed shells than intact empty shells were col
lected during this study indicates that, in the areas studied, prédation
is the leading cause of mortality.

When collections of estivating snails

were made, there were usually some individuals that did not recover from
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estivation.

This fact suggests that some snails are not adequately pre

pared to endure the rigors of unfavorable environmental conditions.

J.

Animal Associates of Anguispira alternata

The umbilicus of A. alternats was found to harbor a variety of small
creatures, including nematodes, mites, insects (especially collembola)
and insect larvae, small earthworms, rotifers, protozoans, and minute
snails. The mantle cavity of many Anguispira contained nematodes and pro
tozoans.

On one occasion, a 3 mm. dipteran larva was found in the mantle

cavity of a 16.2 mm. specimen.

Metacercariae of the trematode Postharmos-

tomum helicis were frequently found in the pericardial cavities of the
snails, and occasionally sporocyst infections of this parasite occurred
in the hepatopancreas. Protozoans found occasionally in the mantle cavity,
kidney, pericardial cavity and reproductive system appeared to be identi
cal with the ciliate Myxophyllum steenstrupi reported from pulmonate snails
(including A. alternata) in Iowa by Penn (1958).

Nematodes were sometimes

found in the uteri and hermaphroditic ducts of the snails in relatively
large numbers.

A mite (order Astigmata, suborder Acaridei) was once found

in the stomach of a 5.3 mm. A. alternata.

K.

1.

Summary of the Biology of Anguispira alternata

In Iowa, Anguispira alternata exhibits a preference for a habitat
which includes deciduous trees, mesic moisture conditions, decomposing
wood, adequate leaf litter, and low light intensities. Surface soil
pH values between 7 and 8 relatively high calcium levels may also be
important.
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All ovipositing snails observed during this investigation were 13 mm.
or larger in greatest diameter.
Ihe smallest snails in which live sperm were found were 9 mm. in
greatest diameter, and sperm were observed in the hermaphroditic ducts
and other portions of the reproductive system in most large snails of
egg-laying size.
Only one instance of copulatory behavior was observed, and this involved
only a brief contact of the exserted genitalia of both individuals,
preceded by a courtship period.
Oviposition appears to require a suitable substrate, such as friable
earth or decaying wood, and is generally preceded by extensive defeca
tion and burrowing.

Egg clutches are usually buried under 1.5 to 2.5 cm. of soft earth
and usually contain 10 to 20 eggs. Two or more snails may deposit
eggs in the same burrow.

The largest number of eggs known to have been

laid by one snail was 29, but the largest number of eggs found in a
single burrow was 40.

Eggs are nearly spherical and measure 2 to 3

mm. in diameter.
Eggs require approximately 30 days for hatching in a moist environment
at ^temperatures ranging from 19°G to 25°G. There may be a week's
variation or more in the hatching time of individuals in the same egg
mass.

Young snails may become active immediately after hatching or

may remain buried in the oviposition site for a month or more.

Newly

hatched snails were observed feeding on their cast eggshells and
occasionally on the eggshells of other unhatched snails.

Newly hatched
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snails measure 2 to 3 mm. in greatest diameter.
8.

A. alternata is much influenced by moisture conditions, being active
only when microenvironmental relative humidity is between 96% and 100%,
This species shows a definite avoidance reaction to standing water.
Tree climbing is probably a response to excess soil moisture.

Tree

climbing snails are not observed climbing down trees, but may be re
turned to the surface of the ground by wind or other factors.

As con

ditions become dry, tree climbers secrete epiphragms and become inac
tive until the advent of moister conditions, when they again appear to
continue upwards.

Such exposed snails may be eaten by predators.

9. Experiments indicate that A. alternata is negatively phototaxic in
response to lights of various intensities, responds negatively to tem
peratures of 3 7°G to 40°G, and also responds negatively to winds of 6
miles per hour. Death followed exposure to temperatures between 44
and 45°G. Limited experiments indicate that alternating light and
dark favor growth as compared with constant light or constant dark.
10.

In feeding experiments, snails showed a preference for combinations of
rolled grain products, lettuce, calcium carbonate, leaves and wood.
Following feeding on cereals, lettuce, and calcium carbonate, snails
characteristically gathered, fed, and remained on wood or paper, per
haps partially in response to the moisture-holding properties of these
materials. Dead and decaying animal tissue, mammalian fecal material,
and dry materials were consistently avoided.

Under natural conditions,

microorganisms and their metabolic products are probably important
dietary constituents, and growth of laboratory specimens appeared re
tarded when boiled leaves, wood, and soil were used.
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11. Although some winter mortality probably occurs in nature, A. alternata
can withstand winter temperatures well below freezing, provided that
prior dehydration of tissues has occurred.

Spring thaws followed by

freezing temperatures may cause some mortality.
12.

In localities with abundant mammalian populations, prédation may be a
leading cause of mortality. Shrews, chipmunks, and mice are known to
utilize A. alternata as food, and it is quite possible that opossums,
raccoons, and other mammals also may do so.

13.

Apparent retardation of fungal growth in containers having active A.
alternata and the failure of some fungi to grow around estivating
snails suggest that a fungistatic or fungicidal substance may be se
creted by the snails.

14.

Egg-laying was induced by refrigerating mature snails at approximately
10°G for periods of several weeks or more.

Oviposition generally be

gan about two weeks after the snails were returned to room temperatures
(averaging about 22°G).
in all respects.

Eggs obtained in this manner appeared normal

No egg-laying was observed among snails retained at

temperatures averaging 30°G.
15.

Extensive collection of specimens in an area appeared to contribute
significantly to reduction of the population in that area.

In the

laboratory, it was found that many individuals could be maintained
well in relatively small containers provided that adequate food was
provided and that decaying materials were removed. These facts suggest
that, under natural conditions in optimal habitat, A. alternata popula
tions are not self-limiting, but are limited by environmental conditions
principally weather. In certain areas, prédation may also be an im
portant limiting factor.
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III. SOME ASPECTS OF THE BIOLOGY OF POSTHARMOSTOMUM HELICIS

A.

Literature Review

An excellent survey of the literature concerning Postharmostomum helicis
is included by Ulmer (1951a,b) in his description of the life cycle of
this trematode and revision of the subfamily Brachylaiminae.

The life

history of P. helicis, as elaborated by Ulmer, involves the following stages;
1.

Eggs, released from adult worms in the ceca of certain rodent
hosts, are ingested by Anguispira alternata and hatch inside the
snail's intestines.

Emerged miracidia penetrate hepatopancreatic

and kidney tissues and develop into mother sporocysts, giving rise
to daughter sporocysts seven or eight weeks post infection.
2. Daughter sporocysts develop rapidly within the hepatopancreas and
kidney, (and sometimes mantle) tissues of exposed snails maintained
at room temperatures and cercariae usually emerge from experi
mentally infected snails about 13 weeks following egg ingestion.
3.

Emerging microcercous cercariae make their way into the respiratory
aperture of a second intermediate host snail (A. alternata or
certain other species), pass through the ureter, kidney, and reno~
pericardial canal, and localize in the pericardial chamber of the
snail, where they undergo growth and development as metacercariae.
Metaeercariae do not become infective until they have been in the
pericardial chamber for approximately six months.

4. When a snail harboring infective metacercariae is eaten by Peromyscus spp., or by Tamias striatus, metacercariae attach within
the cecum of the definitive host and proceed to feed on blood.
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Sexual maturity is attained in eight days and the worms may re
main within the hosts cecum for months, producing viable eggs
all the while.

The ^gs are released in the host's feces, but

hatch only after their ingestion by suitable molluscan hosts.

B.

Materials and Methods

helicis metacercariae obtained from snails (A. alternata) col
lected in Milford Woods and Ft. Defiance State Park were fed to laboratory
reared Peromyscus in initial experiments in order to obtain eggs of the
parasite to use in obtaining sporocyst infections in snails. Twenty-two
days after feeding the first Peromyscus 34 metacercariae, eggs were found
in the feces of the mouse.

Fecal material was collected over a period of

2 days, softened with water, and smeared on lettuce before being presented
to snails.

The snails used in the first experiments were not laboratory

reared, but had been collected in Milford Woods and Ft. Defiance State
Park and did not, at the time of their exposure, harbor mature daughter
sporocyst infections.

Each snail was checked for the presence of such an

infection over a period of several days prior to exposure, using the method
of Ulmer (1951a) involving placement of each snail in a Syracuse watch
glass containing a film of water and watching for emerging cercariae.
Snails were customarily kept from food for several days to several weeks
before being exposed to P. helicis eggs.

In making exposures using fecal

material, it was necessary to replace the snails on the material, since they
repeatedly crept away from it.

Snails were checked for emerging cercariae

at regular intervals following exposure.
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To obtain metacercarial infections, laboratory reared snails (A.
alternata) were placed in small moist containers with live or crushed snails
harboring full-blown daughter sporocyst infections.

Mice and chipmunks to

be used as host animals were kept from water for about two days before
feeding them metacercariae by means of a dropper. The animals were held
by the tail and the scruff of the neck and the dropper placed far back in
the oral cavity.

It proved expedient to lightly etherize chipmunks in

order to handle them, but they were conscious when they were fed the meta
cercariae.

In most experiments, the definitive hosts were sacrificed 21

days after exposure to metacercariae.

Most of the mice used were laboratory

reared, but all of the chipmunks were live-trapped.

The live-trapped

mammals were retained in the laboratory for at least one month before use
and their feces were checked several times for the presence of trematode
eggs.
Adult worms were fixed in AFA or hot 10% formalin solution and were
stained with Mayer's paracarmine.

Immature stages were fixed in AFA and

stained with Mayer's paracarmine.
Most infected snails were kept at temperatures ranging from 19°to 2 5°C
in the same animal room where mammalian hosts were kept.

In some experi

ments, infected snails were kept in a refrigerator at approximately 10°G
(ranging from 8°-12°G) and in a warming oven at approximately 30°G (rang
ing from

29°_ai°G).

Histological preparations of snails were made using Zenker's and
Bouin's fixatives and routine staining procedures (Harris' and Delafield's
hematoxylin and eosin).

Sections were cut at 10 microns.

Prior to fixation.
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some snails were relaxed in nembutal solutions (Van der Schalie, 1953) or
in nembutal and menthol solutions (McGraw, 1958).

Publications by Roth

and Wagner (1957), Jones (1932), Van der Schalie and Getz (1962), Simpson

(1901), and others were helpful in identification of snail tissues.

G.

Egg and Miracidial Stages of Postharmostomum helieis

Postharmostomum helicis eggs are released from adult worms situated in
the ceca of vertebrate hosts and pass out of these hosts in fecal material.
In this study, miracidia were observed moving within the eggs, but a concerted attempt to procure free-swimming miracidia was not made.

Ulmer

(1951a) experienced considerable difficulty in obtaining hatched miracidia,
and it appears certain that, in nature, such hatching does not occur until
the egg is ingested by the first intermediate host, A. alternata.

It is

well known that miracidia of many trematodes fail to emerge outside the
snail host, indicating that, under natural conditions, there is no freeswimming stage interposed between the parasite's existence in definitive
and first intermediate hosts.

Walker (1939) reported that an incubation of

6 to 10 days at 25 to 30°G was necessary before ingested eggs of some
species of Reniferinae hatched in snails of the genus physa, but it should
be noted that the definitive hosts of these parasites are poikilothermic
vertebrates.

In the case of P. helicis, eggs appear to be infective when

they are discharged from the adult worm and require no further incubation
after they leave the homoiothermic vertebrate host.

Presumably, secretions

in the digestive tract of the snail initiate miracidial release.
Smyth (1966, page 66) notes that "faecal material appears to have a
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markedly inhibitory effect on embryonation" of Fasciola eggs, and that al
though the eggs may remain viable and "may undergo partial development,

they do not hatch in faeces - an effect which might be due to a number of
factors, e.g. competition for oxygen by microflora, presence of toxic
substances or enclosure by films of bacteria",

ulmer's (1951a) finding

that P. helicis eggs remain viable for at least 24 weeks represents a sig
nificant adaptation in the life cycle of the worm, for A. alternata avoids
fecal material as mentioned in the first part of this dissertation, and
therefore would not usually be near freshly deposited rodent feces.

Feeding

preferences noted in A. alternata in this study contradict LaRue's (1951)
statement;

"It should be noted that both terrestrial and aquatic snails

are avid eaters of feces and that they gather around the dung of verte
brates to feed."
In this study, exposures of snails to

helicis eggs were slightly

more successful when fecal material from infected rodents was used than when
eggs were taken directly from gravid worms, but both methods of exposure were
very successful.
D. Sporocyst Stages of Postharmostomum helicis
1.

Effect of temperature on sporocyst stages
Although the natural incidence of sporocyst infections is very low

(1.1% in Ulmer's study and less than 1% in this study), almost all snails
experimentally exposed to P. helicis eggs and kept at room temperatures
subsequently developed sporocyst infections or died prior to the time of
expected sporocyst maturity.

Two somewhat similar experiments were con

ducted in an attempt to ascertain the effect of temperature on sporocyst
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development.
In the first experiment, 50 A. alternata collected in Milford Woods
and Ft. Defiance State park and ranging in size from 6.0 to 15,3 mm. in
greatest diameter were exposed on July 9 and 10, 1965 to Peromyscus feces
containing^, helie is eggs.

Using these snails, three matched groups of

ten snails each were set up, with each group containing snails of various
sizes.

In addition, other A. alternata, collected at the same time and in

the same places as the exposed group mentioned above, were used in es
tablishing 3 control groups.

Each control group contained 10 snails ap

proximately the same sizes as those in the exposed groups.

One exposed

and one control group were placed in a refrigerator at approximately 10°C,
a second exposed and a control group were placed in a warming oven at ap
proximately 30°G, and a third group of each was retained at room tempera
tures (averaging 22°C).

Observations were made on these groups over a

period of a year, and the animals were routinely examined for emerging
cercariae beginning on September 30, 1965.

^

Some members of the exposed group at room temperature began releasing
cercariae 13% weeks after exposure to eggs.

A few cercariae emerged from

one of the 3 0°G exposed snails after a period of 15 weeks.

Large numbers

of cercariae were never obtained from snails maintained at at 30°C, al
though the converse was true in reference to snails left at room tempera
tures.

No cercariae emerged from the group retained at 10°G for almost

one year, but when this group was removed from the refrigerator on July 7,
1966, cercariae began emerging after a period of 7 weeks at room tempera
tures.

Although most of the room temperature and 10°G snails apparently

remained healthy, the exposed 30°c snails showed a far greater mortality
rate by 4 months after exposure, and all were dead by the end of 10 months.
There were a few deaths among the 3 0°G control group, but 7 of 10 snails
were still alive at the end of a year.
Never more than a few cercariae were seen in association with 30°G
exposed snails in this first experiment, though 3 to 150 cercariae were
known to have emerged within an hour from snails maintained at room tem
peratures.

Formerly refrigerated snails sometimes released very large

numbers of cercariae, but only after they had remained at room temperatures
for at least 7 weeks.

For example, 425 cercariae emerged from one snail

in one hour, and 323 emerged from another snail in the same time interval.
However, in another instance, only 2 cercariae were known to have emerged
from one of these snails in an hour.

Most cercariae emerged during the

first half to three-quarters of an hour after the mollusc was placed in a
film of water (as explained previously), and the number of cercariae emerg
ing decreased after this time interval.

Rapid hydration of snail tissues

may be an important factor in promoting the emergence of cercariae from
snails harboring mature daughter sporocysts.

In the second experiment, 30 laboratory reared A. alternata (ranging
in size from 4.1 to 8.0 mm.) and 10 larger A. alternata (ranging in size
from 8.4 to 13.2 mm.) collected in Pammel Woods were exposed on July 5,
1966 to P. helicis eggs procured from a single gravid worm.
been starved and desiccated prior to exposure.

All snails had

After exposure, the 30

laboratory reared snails were divided into 3 groups, each containing in
dividuals of comparable sizes, and each group of 10 snails was placed in a
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round plastic container (described in the first part of this thesis).
The 10 larger snails were divided into 2 groups of 3 and one group of 4,
again with each group containing individuals of comparable sizes, and were
placed in rectangular plastic boxes.

Three control groups were established,

each consisting of size-matched groups of 5 laboratory reared snails and 3
larger snails collected in pammel Woods, and each group was housed in the
same type of container used for the laboratory reared exposed groups. The
resultant 9 prepared containers were then subdivided into 3 groups, each
containing laboratory reared exposed snails, naturally collected exposed
snails, and control snails, and each group of 3 containers was placed at
a different temperature level;

one at approximately 22°G, one at approxi

mately 10°G, and the third at approximately 30°G. The 3 0°G exposed group
contained one more snail than did the other exposed groups.

All snails

were marked with numbers to facilitate identification of individuals.

Con

tainers were usuallly checked daily and cleaned weekly. Fresh foods were
provided weekly. Beginning 4 weeks after exposure, the snails were ex
amined weekly for emerging cercariae,

Gontrol groups were treated the same

as exposed groups, except that sometimes 4 or 5 snails were placed together
in Syracuse watch glasses prior to being examined for the presence of
cercariae, and the exposed snails were always examined individually.
Growth data for these snails are presented in Graphs 3 and 4.
Two cercariae emerged from one 30°G exposed laboratory reared snail
10 weeks after exposure, and by the eleventh week 1 or 2 cercariae emerged
from 5 of these exposed snails over a two hour period.

Eight members of

the room temperature group were shedding 8 to 40 cercariae per hour 12%
weeks after their exposure, and they continued to shed increasingly larger
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numbers of cercariae during the ensuing four weeks.

Sixteen weeks after

exposure, 9 snails at 22°G and 7 of the 30°G group were shedding, but none
of the refrigerated group released any cercariae.

Shedding by the 30°G

group again involved usually only 1 to 7 cercariae per hour, although on
one occasion one of these snails shed 19 cercariae in one hour.

It was

sometimes necessary to allow the 30°G snails to remain in the watch glasses
for over 2 hours before the appearance of emerged cercariae. The 7 30°G
snails from which cercariae were known to emerge were all laboratory reared
individuals, and 2 of the larger exposed snails kept at this temperature
died about 11 weeks after exposure, without ever having released any cer
cariae.

One of the dead snails was too decomposed to be certain that it

had harbored a sporocyst infection, but the hepatopancreas of the other was
riddled with sporocysts.
With reference to the 30°G exposed snails, results of the second experi
ment are comparable to the first, in that mortality in this group was far
greater than in the 30°C control group or in any other group. Shedding
was noted in the second experiment for the first time 10 weeks after ex
posure, and 2 of the larger snails, as noted above, died a week after this
time.

The die-off continued until only 2 snails remained in this group at

the end of 5 months, and these animals (originally collected from pammel
Woods) did not appear to be infected at that time. The growth curves of
these 2 individuals are represented by the 2 highest lines in Graph 4B.
The larger of the 2 showed no gross evidence of sporocyst infection when
it was sacrificed at a later date, but the smaller one died about 3 months
after the others and appeared to contain some sporocyst tissue.
In observing the 30°G exposed snails 15 weeks after exposure, it was
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evident that their movements were very sluggish, that they were not able
to right themselves well, and that their secretions were abnormally cloudy.
Vernberg and Vernberg (1963) also noted that sporocyst infections in
Nassarius obsoleta adversely affected righting responses of the snails (and
increased mortality, as well).

In this study, it was sometimes very diffi

cult to ascertain whether a 3 0°G snail were alive or freshly dead. This
factor contributed to my inability to determine if all of the exposed
snails dying during the experiment had indeed been infected, for dead
snails decompose very rapidly at this temperature, and bacteria and nema
todes are more troublesome.

Growth of exposed snails at 30°G was less

than that of control snails by the end of the second month after exposure,
and very little growth occurred after this in snails known to be infected.
Growth was severely retarded in snails kept at 10°C, exposed and con
trol groups alike, as shown in Graphs 30 and 40, but in the 22°G group the
growth rates of exposed snails were more or less comparable to those of
control snails for approximately 2 months, after which they decreased.

The

depression of the growth rate of exposed snails was especially apparent
after shedding commenced.

These findings are in accordance with results

of some experiments in which growth retardation has been demonstrated in
parasitized snails, but are in contrast to those of other workers who have
shown gigantism in infected snails.

Wright (1966, page 217) reviews this

topic, and concludes "that trematode infection does not have a uniform in
fluence on molluscan growth rates." He suggests that environmental factors
may be involved in addition to the species of host and parasite.

Von Brand

(1966, page 174) warns against the assumption that "food robbery by the
parasite" is necessarily responsible for interference with growth and sug
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gests that other factors may well be implicated.
Histological sections of snails sacrificed 38 days after exposure
to 2" helicis eggs testify to the radical differences in sporocyst de
velopment at the three temperature levels.

Figures 7 and 8 (Plate 4) de

pict maximum sporocyst development at temperatures averaging 22°G and 30°G
respectively.

At the higher temperature, sporocyst development is much

more extensive and the germinal masses within the sporocysts are larger.
No structures could be definitely identified as sporocyst tissue in a
snail maintained at 10°G for 38 days after exposure to P. helicis eggs.
Repeated examination of histological sections of 5 A. alternata maintained
at 10°G for 7 months following exposure also failed to find any evidence
of sporocyst development.

That the infection is still present in such re

frigerated snails was shown when one snail, removed from the refrigerator
7 months after exposure, began to shed cercariae after it was maintained
at room temperatures for 9 weeks. It should be recalled that in the first
experiment dealing with sporocyst development at three temperature levels,
snails maintained in a refrigerator for a year first shed cercariae after
7 weeks at room temperatures.
Although it appears that sporocyst infections reduce the ability of
snails to withstand 3 0°G temperatures and to reproduce, they do not neces
sarily prevent snails from surviving the rigors of an Iowa winter. Seven
snails (11 to 15 mm, in diameter), exposed to

helicis eggs on July 9,

1965, were placed in an outdoor cage on October 20, 1965, At this time,
15 weeks after exposure, four of the snails were shedding cercariae and
three were not.

When the snails were recovered the following June, all
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but one were shedding cercariae in considerable numbers.

While the winter

of *65-*66 was a mild winter, there were periods of cold and sub-zero (°F)
weather.
Although the optimum temperature level for sporocyst growth shown in
this investigation is near 3 0°G, this temperature level is not favorable
in terms of cercarial emergence and activity, and is responsible for in
creased mortality in infected snails.

Snails maintained at 22°G and 10°G

average temperatures ultimately produced far more cercariae, and it ap
peared that these cercariae had a higher infective potential, as will be
indicated. Stirewalt (1954) found that temperatures between 20^and 28°G
and 31°to 33°G were most favorable for procuring sporocyst infections of
Schistosoma mansoni in Australorbis glabratus, and that at temperatures of
23°to 25°G sporocyst maturation was considerably retarded.

In addition to

these findings, Stirewalt reported that cercarial production was suppressed
and that cercariae developing from sporocysts after several "subpassages"
in snails at the lower temperatures "were low in their infectivity for
mice". These findings are different from those of the present study, and
probably reflect adaptations of parasite life cycles to specific host en
vironments.

Although the A. alternata maintained at low temperatures did

not produce cercariae until they had been kept at higher temperatures for
some time, they ultimately produced large numbers of active cercariae.
In addition, overwintered sporocyst snails also produced large numbers of
active cercariae, indicating that low temperatures do not generally have
adverse effects on ultimate cercarial production by P. helicis sporocysts.
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2.

Longevity of sporocyst infections and effects of desiccation
Seven sporocyst-infested snails maintained at room temperatures con

tinued to shed cercariae over a period of more than 18 months.

A record

of the numbers of cercariae shed was not kept, and it should also be noted
that these snails were allowed to estivate from time to time, so that they
were not continually active.

It may be that periods of estivation have

the effect of extending the duration of sporocyst infections.

It was noted

that few cercariae emerged from snails that had been induced to estivate
for two months by drought and were maintained at room temperatures.

In

one case, such a snail failed to shed any cercariae, although it was known
to have harbored a mature sporocyst infection and had shed cercariae prior
to estivation.

When this snail was crushed for examination, innumerable

well developed cercariae were observed in the mature daughter sporocysts,
but when they were released into the water, they exhibited very little
motility and probably would not have been able to enter a second molluscan
host even if emergence had been accomplished. The question arises whether
moderate temperatures have the effect of permitting energy-using metabolism
to continue to such an extent that energy reserves become depleted while
feeding activities are prevented by desiccation.

Accumulation of waste

products may also be involved.

3.

Effect of sporocyst infections on reproductive capacity of A. alternata
Sporocyst infections have a marked effect on reproduction by A.

alternata, as indicated by the results of the first experiment involving
sporocyst development at three temperature levels.

When the refrigerated

group was removed and allowed to remain at room temperature, egg-laying by

81

non-infected snails (in the control group) began within two weeks, but
snails harboring sporocysts did not lay eggs during the 21 months over
which they were observed.

Additional A. alternata with sporocyst infec

tions (not employed in the first and second experiments formerly cited)
similarly did not lay eggs following periods of refrigeration, whereas
numerous non-infected snails oviposited within a period of a few weeks after
their return to room temperature.

What effect sporocysts have on the re

productive tract of A. alternata was not ascertained, but extensive invasion
of the hepatopancreas is undoubtedly a factor (Plate 5, Figures 9 and 10).
Sperm were observed in the hermaphroditic ducts of many sporocyst-infested
snails (10 mm. and larger), indicating that gonads may not be so much af
fected as metabolic requirements for egg production.

If sporocysts and de

veloping cercariae interfere with normal carbohydrate reserves in molluscs,
as discussed in Wright's (1966) excellent review of helminth-caused
pathogenesis in Mollusca, it is reasonable to suspect that glycogen depletion
in the hepatopancreas may lead to such reduction in galactogen storage in
the albumen gland as to prevent egg formation, even though ova may be
present. The albumen gland in ovipositing A, alternata is a relatively
large structure (approximately 15 to 17 mm. in length in 15 to 18
mm. snails), but in sporocyst-infected snails, this structure (in addition
to other reproductive structures) generally appears relatively undeveloped.
The largest albumen gland found in an infected snail was 5 mm.; the snail
was 17.2 mm. in diameter. In addition to the references presented by Wright
(1966), Pratt and Barton (1941) cited a drastic reduction in the number of
tubules in the hepatopancreas of sporocyst-bearing Stagnicola emarginata,
and Snyder and Cheng (1961) demonstrated depletion of glycogen stores in
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hepatopancreatic tissues of Helisoma trivolvis infected with sporocysts
of Glypthelmins pennsylvaniensis.

McMahon, von Brand, and Nolan (1957)

and Baldwin and Bell (19&0) and others have demonstrated the presence of
galactose and galactogen (a polysaccharide composed of galactose subunits) in the albumen gland and eggs of pulmonate snails.

The effect of

sporocysts on reproduction in large A. alternata, then, may involve an in
direct retardation of egg production due to withdrawal of storage products
rather than parasitic castration involving direct invasion and destruction
of gonads.

E.

1.

Gercarial Stage of Postharmostomum helicis

Emergence of cercariae
Gercariae were never seen emerging from inactive retracted A. alternata,

but were most frequently seen in large numbers emerging from snails that
had been cleaned by rinsing and then placed in a film of water.

Groups of

3 to 120 cercariae were observed in individual masses of mucus released
from such snails.

Mucus appears to afford protection from desiccation for

the cercariae, and it was noted that individual cercariae dried up and
died sooner than did those which had accumulated in the mucus.

Such masses

of mucus and cercariae would seem to be similar to "slime balls" involved
in certain other life cycles.

Gercariae are extremely vulnerable to

desiccation, and can not be revived following a brief (less than a minute)
dry episode.

Timon-David (1965) noted that cercariae of a related species,

Dollfusinus frontalis^emerged only under conditions of high humidity and
^Reference to this paper strongly suggests that the species involved
should more properly be placed in the subfamily Brachylaiminae, probably
within the genus Postharmostomum, rather than as a genus within Leucochloridiinae.
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that they may live 48 hours under favorable conditions.

He also found

that cercariae died immediately when exposed to strong sunlight or a gust
of wind.

2.

Responses of dercariae to various stimuli

Observations made on cercariae indicate that they are not especially
attracted to snails, but may be excited by a variety of substances, in
cluding grains of sodium chloride, Lytren powder,

sugar, minute pieces

of A. alternata kidney, foot, feces, and hepatopancreas, and annelid tissues.

Stimulation by these substances appeared to initiate activity, but

not necessarily directed activity.

Mechanical stimulation also initiated

activity, as did increasing temperatures.

In most cases activity involved

extension and contraction of the cercariae, resulting in movement, but the
movement generally appeared random and not directed toward anything in
particular.

A number of cercariae moved away from fragments of hepato

pancreas, but a few moved toward it.

Cercariae placed within a narrow

bore capillary tube were observed moving, but became quiescent after about
15 minutes, though they became active again when the tube was moved.

In

general, cercariae seemed to respond to substances diffusing over dis
tances of a few millimeters or less, to mechanical contact, to increasing
temperatures, or to changing currents around them.

Confinement in capil

lary tubes appeared to encourage activity. Snail mucus on the end of a
dissecting needle did not usually appear to elicit any response, and in
limited observations, no specific responses to light or darkness were noted.
2

Lytren» combination of electrolytes (sodium, potassium, calcium, mag
nesium, citrate, sulfate, chloride, phosphate, and lactate) prepared by
Mead Johnson Laboratories.
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Gumble, Otori, Ritchie, and Hunter (1957) observed that more cercariae of
Schistosoma japonicum emerged when snails (Qncomelania nosophora) were
transferred from darkness to light.

In addition, they noted that cercarial

emergence was essentially suppressed at 10°G and increased progressively
at 12°G, 15°G, 20-23°G, 26°G, and 28°G, and that suppression occurred at
30°G and was pronounced at 35°G. They found that emergence was suppressed
at pH values of 6.0 and 8.0, and that most cercariae emerged when the pH
of the environment was between those two values.

Bauman, Bennett, and

Ingalls (1948) found that slightly alkaline conditions were important in
the emergence of S. japonicum cercariae from 0. quadrasi, but that temo
o
perature variations between 19 -3 0 G and artificial light and darkness
were relatively unimportant, although the cercariae usually emerge from
early evening until midnight.

Limited observations in this study indicate

that light is not an important factor in cercarial emergence, and that pH
values of surface soil where most A. alternata were collected were between
7 and 8. As mentioned previously, temperatures at which snails are main
tained are critical in the case of P. helicis.

3.

Effects of snail maintenance at 30°G on cercariae
P. helicis cercariae emerging from snails maintained at 30°G tempera

tures sometimes appeared abnormal, as noted also by Gumble, Otori, Ritchie,
and Hunter (1957).

In some, abnormal and ineffective contractile move

ments were observed, and very frequently cercariae were far less active
than those emerging from room temperature snails.
contained brown material.

In some cases, the ceca

Emerged cercariae could not survive refrigera

tion for more than a day, in marked contrast to normal cercariae.

In
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limited observations, it was noted that these cercariae were not success
ful in entering a second intermediate host snail, perhaps because of their
ineffectual movements or because too few were obtained at any one time
from snails maintained at 30°G.

4.

Longevity of cercariae
Although it was found that emerged cercariae could live for 9 or 10

days if they were refrigerated, newly emerged cercariae were observed to
be the most active, and 9 day old cercariae responded only very slightly
to various stimuli.

Newly emerged cercariae tended to repel each other

slightly, and this may tend to promote cercarial activity favoring emergence
from sporocysts and subsequent entrance into a second intermediate host.
As they become inactive, cercariae assume a "teardrop" shape instead of
the attenuated shape of the active larvae, and the ends curl slightly to
ward the ventral surface. When dead, they usually assume an elongate shape.
Although cercariae can be kept at 10°G for several days to 10 days,
they cannot withstand freezing. Cercariae become increasingly active when
they are exposed to warming following periods of refrigeration and can
survive temperatures of 42°G for at least 5 minutes.

5.

Factors favoring entrance into the second molluscan host
Following exposure of laboratory reared A. alternata to cercariae,

entrance of the latter into the molluscan ureter was most apt to occur
when large numbers of recently-emerged cercariae were used.

A 4.6 mm.

laboratory reared snail contained no metacercariae when it was opened after
3 hours in a Syracuse watch glass with 20 cercariae, and the same was true
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of a 7.0 mm, laboratory reared snail that had been confined with 75 cercariae for the same time interval. Of two laboratory reared snails (5.2
and 4.8 mm.) left for one hour with over 1000 cercariae, no cercariae were
found to have entered one, "while 15 had penetrated the pericardial cavity
of the other.

When two other snails (5.3 and 5.0 mm.) were left with over

1000 cercariae for 9% hours, only one parasite was found within the larger
snail and 7 were found within the pericardial cavity of the other.
second snail also contained one in the kidney.

The

A 7 mm. snail confined

with over 2000 cercariae for 9% hours contained 4 of the trematodes in the
pericardial cavity when it was opened.

The young metacercariae removed

from the pericardial cavities of these snails were used in a brief experi
ment to test whether such worms would reenter a second A. alternata host
and were placed on a laboratory reared A. alternata.

It was found that one

of these metacercariae succeeded in entering the snail.

Large numbers of

freshly emerged cercariae are most effective in assuring cercarial entry,
provided the susceptible snail remains within close proximity of the host.
The results of this study indicate that the following conditions
favor the entrance into the second intermediate host (A. alternata) by
2» helicis cercariae;
1. Sufficient moisture to provide a film of water over environmental
surfaces, thus initiating snail activity and assuring cercarial
survival and motility.
2. Aggregation of previously estivating snails, including a sporocyst-infected individual, simultaneously stimulated to activity,
as by a shower following a dry period.
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3.

Release of masses of cercariae within a relatively small snail
feeding area while moist environmental conditions prevail.

The pronounced tendency of A. alternata to aggregate and estivate in groups,
probably in response to moisture, and the possible attraction of the slime
trail of one snail to others would promote dispersal of P. helicis cer
cariae.

Mucus secretions of previously estivating snails tend to be

greater than those from active snails, and this, too, would aid in pro
tecting emerged cercariae.

F.

1.

Metacercarial Stage of Postharmostomum helicis

Metacercarial infections

Ulmer (1951a) found that 6 months were required for the maturation of
metacercariae ana that tailed metacercariae were not infective.

It is

reasonable, therefore, that infective metacercariae are not found in snails
under six months of age.

Since infective metacercariae may live longer

than a year in the pericardial cavity of A. alternata, it is also to be
expected that the larger snails, 12 to 20 mm. in diameter, are the most
apt to contain the largest infestations of metacercariae because of their
repeated exposures to emerging cercariae.

Very often metacercariae of

various degrees of maturity are encountered within the pericardial cavity
of a single snail as shown in plate 6, Figure 11, and there is no indica
tion of resistance to re-infection.

Although the largest number of P.

helicis metacercariae found in a single snail in the present study was 32
(in a 17 mm. A. alternata), Ulmer (opus cited) once found 83 in one snail.
Table 11 presents data concerning the numbers of metacercariae contained
within the pericardial cavities of naturally-infected snails of various sizes.

88

2.

Effects of environment on metacercarial infections

Metacercariae within the pericardial cavity of a snail may be markedly
affected by environmental conditions.

It was found during the course of

this study that young, tailed metacercariae were less able to withstand
freezing of their host than were older metacercariae, and the same may be
true under conditions of prolonged desiccation.

There was some indication

that metacercariae removed from snails after a prolonged period of estiva
tion were not as viable and infective as were those removed from active,
feeding individuals, and that such metacercariae might become more infec
tive after their snail hosts were allowed to feed.

In one experiment, 2

Tamias, 3 Peromyscus, and a single Reithrodontomys (harvest mouse) were
fed metacercariae taken from snails that had been estivating in a refrigera
tor for about 5 weeks and had subsequently been kept at room temperatures
without food for a similar period.

Of the 6 animals exposed, only the

Reithrodontomys acquired an infection of 2 adult worms.

Because relatively

small numbers of metacercariae and hosts were used in this experiment,
thèse results cannot be considered conclusive, although previous infections
in these 3 genera of hosts had been obtained using the same numbers of
metacercariae.

Twenty-five to 28 metacercariae had been given to each

Tamias, 18 to each Peromyscus, and 18 to the Reithrodontomys. The snails
remaining from this experiment were allowed to feed for 3 weeks, after
which some were opened in order to obtain enough metacercariae to feed 18
to each of 3 Peromyscus. Two of these mice became infected;

one with a

single worm, the other with 4. It should be noted that the third mouse,
which did not become infected, was gaunt and did not appear healthy when
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the mice were sacrificed 3 weeks after exposure.
On one occasion, a P. helicis metacerearia was found to have acquired
a membranous sheath, attached peripherally (Plate 6, Figure 12).

The

snail containing this worm also contained other normal-appearing meta
cercariae, but had been estivating in a refrigerator for almost three
months before it was opened.

As the metacercaria extended and contracted,

the sheath was thrown into regular folds.

The worm succeeded in casting

off the membrane approximately an hour after removal from the pericardial
cavity of the snail.

3.

Ulmer (1951a) reported similar findings.

Effects of metacercariae on the molluscan host
Metacercariae were found in the pericardial cavities of ovipositing

snails, and there was no indication that their presence affected repro
duction or other activities in A. alternata.

Passage of young metacercariae

through snail kidneys en route to the heart chamber apparently is ac
complished without deleterious effects.

No grossly observable cardiac

pathology was noted when metacercariae were removed from the pericardial
cavities of infected A. alternata in this study, but Ulmer (1951a) ob
served apparent cardiac tissue damage which may have resulted from feeding
activities of P. helicis metacercariae in instances of heavy infections.
The fact that numerous metacercariae are frequently recovered from
large snails indicates that the parasites are probably not a serious threat
to the snails* well being.

Timon-David (1965) reported tachycardia in

Euparyphia pisana infected with the brachylaimid Dollfusinus frontalis,
whose metacercariae also lie unencysted within the pericardial cavity of
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its second molluscan intermediate host.

Timon-David attributed the tachy

cardia to myocardial lesions caused by the parasites.

Foster (1958) re

ported widespread necrosis of the kidney in the slugs Milax sowerbi and
Agriolimax reticulatus by unencysted brachylaimid metacercariae.

G. Relationships Between Postharmostomum helicis and
Its Definitive Hosts

A relatively small number of mammals was exposed to metacercariae of
2" helicis during this study, and some of the worms recovered were used
to expose snails to the parasite's eggs in order to obtain sporocyst in
fections. The mammals exposed to metacercariae included Tamias striatus
(chipmunk), Peromyscus spp. (maniculatus or leucopus)(white-footed mice),
Reithrodontomys megalotis (harvest mice), and Mus musculus (black labora
tory mice).

No infections were established in the laboratory mice ex

posed, but gravid worms were obtained from members of the other genera.
Tamias striatus and Peromyscus have previously been reported as hosts for
2' helicis, (Mcintosh, 1934; Ulmer, 1951a; and others) but Reithrodontomys
megalotis represents a new host record for the parasite.

It is of some

interest that the gravid worms obtained from the latter mammal were larger
than most of the other worms recovered and that the infection appeared to
be more easily established.

Almost all worms were recovered 3 weeks after

exposure of the definitive hosts to metacercariae.
Tamias striatus and Peromyscus maniculatus and 2- leucopus (especially
the latter) are regular inhabitants of the types of woodlands in which one
would expect to find large populations of A. alternata, and are known to
feed upon A. alternata (ulmer 1951a, Cahn and Kemp, 1929).

Such is not
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the case, however, with Reithrodonomys megalotis, the "harvest mouse" of
abandoned fields, fence rows, roadsides, and marsh borders (Schwartz and
Schwartz 1959).

The more vegetarian diet of this mouse would also tend to

eliminate it as a normal vector in the life cycle of jP. helicis, as would
its relatively low populations in most areas.

Under certain natural con

ditions, however, it may serve as a definitive host for P. helicis, and
could conceivably aid in the transmission of infections across fields
separating adjacent woodlands.

In the areas studied during this investi

gation, it appeared that Tamias may be the principal definitive host em
ployed in the cycle.
Measurements of 3 week old worms removed from the hosts mentioned
above are provided in Table 12.

Although only small numbers of worms were

recovered during this study, there is no apparent variation in morphologi
cal characteristics of worms taken from different hosts other than an ap
parent increase in the size of those obtained from Reithrodontomys.
smallest worms were recovered from Peromyscus.

The

Van Dyke (1954b) reported

that the growth rate of P. helicis was greater in Peromyscus than in albino
mice in 7-day infections, and that development of worms in albino rats
was faster than that in albino mice in older infections. He fed the animals
10 metacercariae per gram of body weight.

Van Dyke (1954a) also demon

strated a limited degree of acquired immunity to P. helicis infections in
albino mice.
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IV. DISCUSSION

Two major theories concerning evolutionary relationships of
digenetic trematodes to their hosts have been advanced: (1) intermediate
hosts represent original hosts, and (2) definitive hosts represent
original hosts.

The first view is favored by most parasitologists, who

base their opinions on such evidence as is offered by the far greater
age of invertebrates as compared to vertebrates, the reproductive potentials of larval trematodes, the relationships of trematodes to fresh
water rhabdocoel turbellarians (some of which are commensal with molluscs),
the fact that some helminths attain sexual maturity in invertebrate
hosts, and the generally less specific relationships between adult di
genetic trematodes and their vertebrate hosts. Stunkard (1946), Dogiel
(1964), and others have dealt with these topics.

In discussing the origins

of platyhelminth parasitism, Stunkard (1946) suggested that "the primitive
flatworms were small, defenceless and negatively heliotropic" and were
"forced into concealment where their carnivorous habits would lead them to
attack animals in or on whose bodies they had taken refuge."

This occur

rence would, of course, tend to place the early helminth parasites in the
same ecological niche as many molluscan forms.
This study was begun with the intent of investigating the factors
interrelating the life histories of Anguispira alternata and Postharmostomum
helicis.

Theoretically, the more specialized a parasite has become in

its relationships to its host, the longer the evolutionary relationship has
endured.

It has long been recognized that the relationships between many

trematodes and their first intermediate hosts are extraordinarily complex.
In considering the environment of parasites, IDogiel (1964, page 5) refers

,
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to the immediate environment within the host as the "micro-environment"
and to the environment of the host as the "macro-environment".

If it is

shown that A. alternata and P. helicis are associated not only by microenvironmental factors, but also by macroenvironmental factors, it can be
inferred that the relationship could only have evolved over an exceedingly
lengthy period of time.

Because this helminth is able to attain maturity

in at least five rodent hosts (Tamias striatus, Peromyscus spp.,
Reithrodontomys megalotis, Mus musculus, and Rattus sp.), the definitive
host appears to be a later, and less specialized, addition to the cycle.
A number of intriguing questions arise in considering the relationships be
tween the parasite and its molluscan hosts.
If it is possible that some trematode eggs do not hatch in fecal
material because of competition for oxygen by microorganisms as suggested
by Smyth (1966, page 66), might snail secretions of a fungistatic or
bacteriostatic nature be implicated in some manner in the hatching of in
gested trematode eggs? Some indication of such secretions was found in
this study.

Gas tensions, pH changes, light and temperature effects, di

gestive enzymes, and other factors may be critical in the hatching of
trematode eggs whose miracidia are released only upon ingestion by a suit
able intermediate host. The fact that sporocyst infections are so easily
established in the laboratory when A. alternata are exposed to eggs of P.
helicis suggests that sporocysts in nature would be very numerous were it
not for the finding that these snails show a strong avoidance response
when placed near fecal material.

The latter finding is of interest also
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in considering the advantage of retention of the miracidium in the egg
until ingestion by the snail.

Because it was found in this study that

sporocyst-laden snails did not oviposit, it can be concluded that a high
incidence of sporocyst infection would reduce reproductive potential in
A. alternata.

It is worthy of note that snails appear healthiest when maintained
at moderate temperature levels and that interspersed periods of cooler
temperatures appear to favor oviposition, as indicated previously.

P.

helicis also appears to be best adapted to moderate temperatures, and it
may be that interspersed periods of cool weather favor the eventual pro
duction of larger numbers of cercariae from sporocyst-infested snails.

Al

though immature sporocyst stages in exposed snails maintained at 10°G
were not identified during this study, subsequent emergence of cercariae
from such snails after 7 to 9 weeks' maintenance at room temperatures
demonstrated that the infection is retained, though severely retarded at
low temperatures.

Mature sporocysts are also able to withstand extended

periods of cold weather. The emergence of very lar'ge numbers of cercariae
from snails maintained at low temperatures following exposure to P. helicis
eggs has already been mentioned.
Temperatures near 30°G increase growth rate in A. alternata, but in
hibit reproduction, and the snails do not appear to be as healthy as those
reared at about 22°G. Sporocyst development is more rapid at this tem
perature, but only small numbers of cercariae emerged from these snails and
snail mortality was 100% within 5 to 10 months.
It is certain that macroenvironmental conditions are of tremendous

95

importance in development of sporocysts within snail hosts.

Barbosa and

Goelho (1955) reported that desiccation of Australorbis glabratus, the
snail host of Schistosoma mansoni, had various effects on the parasite
and the snail host, depending largely on the development of the parasite
at the time desiccation was begun.

When snails harboring mature infections

were desiccated, most of the snails died, but those that survived had lost
their sporocyst infections.

Snails harboring young, immature sporocyst

infections survived desiccation, and so did the sporocysts.

My limited

observations on several desiccated sporocyst-infested A. alternata showed
that the contained cercariae did not exhibit normal motility, and it may
be that extended periods of disiccation would lead to loss of infection if
the snails survived.

Cheng (1963) suggests cercarial production is depressed

when environmental factors have the effect of depleting host glycogen
stores.
Responses of A» alternata to moisture, light, heat, food materials
and air currents have the effect of promoting aggregation of large numbers
of snails in relatively small areas, and this facilitates entry of cer
cariae into the second intermediate host as noted.

The high incidence of

metacercarial infections in some natural A. alternata populations (88% in
Ulmer's (1951a) study), apparently can be borne well, and there is no in
dication of serious adverse effects upon reproduction or other activities
of snails so infected.

Taxic responses of cercariae are of great import

ance in the establishment of metacercarial infections.

Movement of cer

cariae toward second intermediate host snails may be initiated by chemoresponses, and their continued migration through ureter, kidney, reno-
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pericardial connection and into the pericardial cavity may reflect
thigmotactic responses.
The relatively long life span of A. alternata allows ample time for
exposure to p. helicis stages as well as for their development.

It is

unlikely that reproduction occurs in A. alternata less than 2 years of age,
and they may live 4 or more years. The fact that a sporocyst--infected
snail may shed cercariae for over 18 months is advantageous in that sporocyst infections are, as mentioned, so rare in nature. The gradual accumula
tion of metacercariae within pericardial cavities of older snails provides
an excellent reservoir for infections in rodent hosts.

If rodents become

refractory to reinfection, as suggested by Van Dyke (1954a), the mainten
ance of such a reservoir would be highly desirable in terms of transmission
of the parasite. The effects of the adult worm on the rodent host do
not appear to be severe.
Although Ulmer (1951b) suggested that miracidial infections may be
most frequently acquired in the spring, it could also be argued that the
infections may be picked up during the last feeding excursions of the fall
and that sporocyst development is retarded through the winter, progressing
again in the spring.

An ecological factor worthy of consideration, how

ever, is that food supplies available to the rodents are generally greater
in summer and fall, and that the animals may be most apt to feed on snails
during the early spring.

The short period required for maturation of the

adult worm provides ample time for release of jP. helicis eggs into the en
vironment while moist spring conditions prevail.

There is need for further

work to ascertain whether or not metacercariae in overwintered snails are
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as infective as those in snails beginning their fall estivation.

The

life cycle of P. helicis appears to have temporal parameters that would
allow it to adapt to wide ranges of environmental conditions in temperate
climates, and the same can be said of its snail hosts.
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V. SUMMARY

In Iowa, Anguispira alternata exhibits a habitat preference tending to
assure a favorable environment for survival and transmission of
Postharmostomum helicis.

Environmental moisture and moderate tempera

tures favoring activity of A. alternata are also favorable for the life
cycle of P. helicis.
Observations carried out at 3 temperature levels (averaging 10°G, 22°G,
and 30°G) showed that the intermediate level is most favorable for
normal development and reproductive activity in A. alternata, and that
exposure to lower temperatures (10°G) for varying periods of time may
be important in promoting eventual oviposition.

Intermediate tempera

tures also favor P. helicis development, and periods of cold can be
tolerated well. A. alternata and

helicis do not withstand tempera

tures averaging 3 0°G well.
Snail-eating rodents, primarily Tamias striatus (chipmunk) and Peromyscus
spp. (white-footed mouse), found in the preferred habitat of A. alternata
provide the definitive hosts required in the life cycle of

helicis.

In addition to these two hosts, Reithrodontomys megalotis (harvest mice)
were also experimentally infected with adult P. helicis. This host,
representing a new host record, was most easily infected and yielded
the largest 3 week old worms.

Attempts to infect black Mus musculus

(laboratory mice) were unsuccessful.
The probability that P. helicis eggs, passed in vertebrate feces, re
main infective for some time but do not hatch until ingested by A.
alternata allows time for eggs to be washed out of fecal material and
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on to other food material utilized by the snails. The pronounced
avoidance of fecal material by A. alternata as shown in laboratory ex
periments would otherwise tend to prevent ingestion of the eggs.
Retention of the miracidium within the egg until ingestion has oc
curred protects the miracidium from the necessity of adapting to harsh
environmental conditions, especially since suitable snail hosts would
probably not be in close proximity to discarded mammalian feces.
The generally low incidence of sporocyst infections in nature (1% or
less) represents a favorable adaptation in that sporocyst infections
have a deleterious effect on snail reproduction and snail survival
under some conditions.
Sporocyst infections in the laboratory are easily established by ex
posing A. alternata to P. helicis eggs either removed from a gravid
worm or contained in rodent feces, indicating that the low sporocyst
infection in nature is due to environmental factors and to snail feed
ing preferences.
A. alternata infected with sporocysts of P. helicis continue to shed
cercariae over a period of at least 18 months. .
Sporocyst-infested A. alternata did not oviposit during the course of
this study, although sperm were observed in the hermaphroditic ducts
of large snails.

This indicates that reproduction is stopped not by

parasitic castration involving invasion of gonadal tissue, but perhaps
by withdrawal of storage products required for egg production.
By the time of cercarial emergence, growth is retarded in sporocystinfected A. alternata maintained at temperatures approximating 22°G
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and 30°G.

At temperatures averaging lO^C, growth is equally retarded

in infected and non-infected snails.
11.

Although no cercariae emerged during one year from exposed snail kept
at approximately 10°G, very large numbers of cercariae emerged sub
sequently from these snails following a 7 week period of maintenance
at temperatures averaging 22°G.

In a snail maintained at 10°G for

7 months, cercarial emergence began after 9 weeks of maintenance at
22°G.
12. Histological sections of A. alternata exposed to P. helicis eggs re
veal that sporocyst development is hastened in snails maintained at
approximately 30°G as compared to development in snails kept at ap
proximately 22°G. Sporocyst development in snails kept at 10°G is
so severely retarded that the early sporocyst stages were not identi
fied among the snail tissues even after 7 months.
13.

Laboratory experiments show that Postharmostomum helicis daughter
sporocysts give rise to larger numbers of active cercariae in A.
alternata maintained at 19 to 2 5°G than in snails maintained at tem
peratures approximating 30°G.

14.

Mature daughter sporocysts of P. helicis within A. alternata generally
survive winter conditions in central Iowa, and resume cercarial re
lease following return of favorable environmental conditions in the
spring when the snail hosts also become active.

15.

Emergence of cercariae is favored by essentially the same temperature
and moisture conditions favoring activity of A. alternata, and cer
cariae die immediately upon desiccation.
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16. The pronounced tendency of A. alternate to aggregate, primarily in
response to moisture, tends to provide excellent conditions for move
ment of cercariae from sporocyst-infested snails to suitable second
intermediate hosts.
17.

Periods of estivation, induced by cool temperatures or dry conditions
or both, and terminated principally by increasing moisture (perhaps
with concommitant increasing temperatures), favor the onset of feeding
activities by sporocyst-laden and potential host A. alternate. The
close proximity of these snails, the large numbers of cercariae
emerging from sporocyst-infected snails following short periods of
estivation, and favorable moisture conditions combine to promote mi
gration of cercariae into second intermediate host snails.

18.

Movement of P. helieis cercariae appears to be random and can be ini
tiated by a wide range of chemical as well as mechanical stimuli.

It

is suggested that initial movement into the ureter of the second
intermediate host may be due primarily to chemotaxis and that continued
migration through the ureter, kidney, reno-pericardial connection and
into the pericardial cavity may rely mainly on thigmotaxis.
19.

Metacercariae of P. helieis become infective after they have been in
the second intermediate host's pericardial cavity for approximately 6
months, as shown by Ulmer (1951a), and it is unlikely that mature
metacercarial infections would occur in A. alternate smaller than 7 mm.
in nature.
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Large A. alternata generally harbor the greatest numbers of mature
metacercariae in their pericardial chambers, and there does not appear
to be any indication of immunity to reinfection.
The suggestion is made that metacercariae may be adversely affected
by extended estivation of snail hosts, and that depletion of reserve
nutrients or Increasing accumulation of waste products may decrease
metacercarial viability and may prevent their subsequent development
into adult worms in the ceca of rodent hosts.
Light metacercarial infections do not appear to impede reproduction
in A. alternata, nor do they appear to interfere with other snail ac
tivities.
The potential life span of A. alternata, which may not reproduce until
it is two years old, allows ample time for the relatively slow matura
tion of daughter sporocyst infections and of infective metacercariae.
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VIII. APPENDIX

Figure 1.

Shells of Anguispira alternata, intermediate host of
Postharmostomum helicis
A " Apical view
B - Umbilical view
G - Chewed shell found near chipmunk burrow (Note white
area on shell, representing feeding activities of
other snails)
D - Remains of A. alternata eaten by laboratory chipmunk

Figure 2. Apparatus employed in determining food preferences of
A. alternata

plate 1
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METRIC 1

Figure 3. Plastic screen cage used in growth and overwintering studies
of A. alternata

Figure 4.

Typical natural habitat of A. alternata (Fort Defiance State
park, Emmet County, Iowa)

Plate 2
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Figure 5.

Typical appearance of actively moving A. alternata
(Note extended tentacles)

Figure 6. Typical position of A. alternate during feeding activities
(Note withdrawn tentacles)

Plate 3
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Figure 7.

Section of A. alternata maintained at temperatures averaging
22°G for 38 days following exposure to P. helieis eggs
(Magnification 140X) (Note germinal masses within mother
sporocysts)
DT - digestive tract
MS ~ Mother sporocyst
HP - Hepatopancreas

Figure 8. Section of A. alternata maintained at temperatures averaging
30°G for 38 days following exposure to
helicis eggs
(Magnification 140X) (Note large germinal masses within
mother sporocysts)

Plate 4
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Figure 9, Section of uninfected A. alternata through region of
hepatopancreas (Magnification 55x)

Figure 10.

Section of naturally infected A. alternata through region
of hepatopancreas showing extensive development of daughter
sporocysts of P. helieis (Magnification 55X) (Note welldeveloped cercariae within many daughter sporocysts)

Plate 5
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Figure 11.

Size variations in metacercariae removed from pericardial
cavity of a single naturally infected A. alternata

Figure 12.

Metacercaria of
helicis removed from pericardial cavity
of naturally infected A. alternata (Note pronounced peri
pheral membrane)

Plate 6
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Table 1. Eggs laid by individual Anguispira alternate

Con
tainer

Greatest
diameter
Snail (in mm.)

3

5e

June 23
June 24
June 25

34

14.8

17
4

June 25 (mated July 1)
July 8
21

8e

15.2

12

June 27

16e

15.8

13
15
18

June 27 (mated July 1)
July 10
36
July 25

22e

14.5

21

August 17

-

loe

12

21

8

July 7

8

20

June 21

20

4e

15.2

13
12

June 19
November 1, 1966

13 (1965)
25 (total)

15e

15.0

16
4
15

June 29
July 7
July 10

35

9e

15.2

5

July 7

5

20e

14.5

2
2

July 8
July 9

4

20

June 21

20

Unknown
5

9
16
9

Total eggs
laid

7e

Unknown
4

16.8

Number
Date
eggs
a
laid
laid

6e

14.6

16

June 21

16

he

14.0

17

June 27

17

12e

14.5

11

June 27

11

19e

15.6

8

July 6

^1965 unless otherwise indicated.

8

13 0

Table 1.

Con
tainer

6

(Continued)

Snail

Greatest Number
diameter eggs
Date
laid^
(in mm.) laid

3E

15.0

14E

15.2

17E

14.8

18e

2IE

15.2

14.9

Unknown

8

IE

2E

13 E

Unknown

18

June 21

18

14
June 29
(45 minutes)

14

6
14

July 7
July 14

20

14
16

July 7
July 14

30

9
15
26

14.8

15.4

16.4

Total eggs
laid

6

July 7
June 28
October 18, 1966

9

41

28

22

June 15
June 25

6
14

June 15
June 25

20

8
11

June 28
July 5

19

17

June 15

17
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Table 2. Data from dissections of A. alternata of various sizes
Snail Place
dia
col"
meter lected
(mm.)

Sperm
P. helicis
metacercaria

Albumen
gland

M

Other
observations

3.4

MW

4

0

5.3

PW

0

0

5.4
5.5

MW
FD

18
2

0
0

6.0
6.0

PW
FD

0
4

0

6.2

ED

6

7.3
7.6

Lab
Lab

0
8

0
0

8.0

Lab

0

0

Reproductive tract immature

8.3

FD

0

0

Reproductive tract immature

9.1
9.2
9.2

FD
Lab
FD

3
0
1

0
0
0

9.3
9.5
9.5

FD
PW
FD

0
0
5

0
0
0

9.7

Lab

14

0

Experimentally exposed to P.
helicis cercariae
Reproductive tract immature

9.8

FD

0

0

Reproductive tract immature

0.3

FD

2

0

0.5
0.5

FD
PW

5
0

0
Numerous

-

2 small dead metacercariae
Reproductive tract immature
Mite inside stomach
Reproductive tract immature
Reproductive tract immature
Reproductive tract immature

Reproductive tract immature
M

Reproductive tract immature

M

Reproductive tract immature
Reproductive tract immature
Experimentally exposed to
P. helicis cercariae

M
-

Reproductive tract immature
Reproductive tract immature
Reproductive tract immature

•—t
Reproductive tract immature
"4
Reproductive tract immature
1.8 mm Reproductive tract immature

0

Reproductive tract immature

—

Reproductive tract immature
Sperm motile

-
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Table 2.

(Continued)

Snail Place P. helicis
diacol^
metacercaria
meter lected
(mm.)

Sperm

Albumen
gland

Other
observations

10.6

Lab

3

0

10.6

FD

M

"

10.6

FD

0

0

10.8

FD

5

»

11.1

FD

4

-

"

Reproductive tubules small

11.7

FD

0

Some

-

Reproductive tract immature

12.0
12.1

FD
FD

0
1

Some
Numerous

-

Spastic, rhythmic contractions
noted in vas deferens

12.3
12.4

FD
FD

2
3

0
1.0 mm Reproductive tract immature
Numerous 2.7 mm Red substance in spermatheca

12.6
12.6
12.6
12.6

FD
FD
FD
ED-

6
2
8
12

12.7
12.7

FD
FD

3
1

12.7
12.8
12.8
12.8

FD
FD
FD
FD

0
2
1
2

13.0

FD

1

FD

12

13.2

FD

4

13.2

FD

16

13.2

/

«

Experimentally exposed to P.
helicis cercariae
"
Naturally infected with
sporocysts of P. helicis
Shed cercariae
1.4 mm Reproductive tubules small,
translucent
.8 mm Reproductive tubules small

Very numerous
«
Reproductive tract immature
Numerous 2.2 mm Reproductive organs small
Numerous 1.8 mm Reproductive organs small
Some
Very numerous 2.8 mm Gopulatory apparatus large
No sperm in spermatheca
Some
Reproductive tract small
Numerous
Reproductive tract well developed
Some
2.1 mm
0
"
Reproductive organs immature
Some

1,8 mm Reproductive organs small

Very numer-4.5 mm Red substance in spermatheca
ous
Very numerous Reproductive tract well de
veloped
Some
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Table 2.

(Continued)

Snail Place
helieis
Sperm
diacolmetacercaria
meter lected
(mm.)

Albumen
gland

Very numerous
Very numerous 3.8
Very numerous 2.5
Very numerous
Very numerous 2.0
Some
0
1.0
Numerous
2.5
Very numerous 3.0
Very numerous M

Other
observations

13 .3
13 .3
13 .3
13 .3
13.4
13.4
13 .4
13.4
13.4
13.5

FD
FD
FD
FD
FD
FD
FD
FD
FD
PW

2
6
4
1
6
5
1
0
13
0

13 .6

FD

8

0

13 .7
13.713 .7

FD
FD
FD

0
6
2

13 .7

FD

1

13 .8

PW

13.8

FD

5

Very numerous 4.2 mm Red substance in spermatheca
Very numerous 5.0 mm Red substance in spermatheca
3 dead metacercaria also in
Very numerous pericardial cavity
Myxophyllum steenstrupi in
Very numerous
mantle
Naturally infected with P.
Very numerous
helicis sporocysts. Reproduc
tive tract not fully developed
Very numerous 3 .5
, mm Red substance in spermatheca

13.8

PW

M

Very numerous

13 .9
,
13 .9
,

FD
FD

0
3

Very numerous 4.3 ram Red substance in spermatheca
Some
2.,2 mm -

13 .9

FD

6

Very numerous 7.,3 mm

Red substance in spermatheca

14,.0

PW

0

Very numerous

Sperm massed in tubules near
gonads and in spermathecal duct

14,.1

FD

3

Numerous

14,.2

FD

14

14.3

FD

1

0

mm
mm

Red substance in spermatheca
Red substance in spermatheca

mm
mm
mm
mm

5.0

Reproductive tract immature
Red substance in spermatheca
Red substance in spermatheca
Red secretion in digestive
tract
Reproductive tubules small,
translucent

Experimentally exposed; filled
with daughter sporocysts of
P. helicis

3.5 mm

-

Very numerous 3.5 mm

•"

Very numerous

Reproductive tract well developed
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Table 2.

(Continued)

Snail Place P. helicis
Sperm
col
metacercaria
dia
meter lected
(mm.)
Some

Albumen
gland

Other
observations

14.4

FD

2

14.5

FD

2

14.5

FD

1

Very numerous

14.6

FD

0

Very numerous 12.0mm

14.6

FD

0

14.7

FD

6

Very numerous

9 dead metacercaria also in
pericardial cavity

14.8

Lab

M*

Very numerous

14.8

FD

2

Very numerous

Experimentally exposed: fille
with P. helicis daughter
sporocysts
Spermatheca red where it had
pressed against stomach

14.9

FD

3

Very numerous

15.0

FD

13

15.0

FD

4

15.2

FD

18

15,3

FD

15.3

M

Myxophyllum steenstrupi in
mantle
2 other metacercaria (Brachylaima virginianum) in kidney

0

—

-

Eggs in uterus.
spermatheca

No sperm in

3.5 mm

—

—

•

Very numerous 8.0 mm
Very numerous

Reproductive tract well de
veloped

Very numerous 5.5 mm

No sperm in spermatheca

1

Very numerous

FD

14

Very numerous

Myxophyllum steenstrupi in
kidney
Red substance in spermatheca

15.6

FD

12

15.6

FD

12

15.6

FD

1

0

-

4.5 mm

Very numerous

Very numerous 17.0mn

Myxophyllum steenstrupi in
kidney. Nematodes in hermaph.
roditic duct. Sperm in
spermatheca not active
Eggs in gonads, sperm in
hermaphroditic duct

13 5

Table 2. (Continued)

Snail Place P. helicis
metacercaria
col
dia
meter lected
(mm.)

Sperm

Albumen
gland

Other
observations

0

0

1

Reproductive tract immature
Experimentally exposed;
filled with P. helicis daughter
sporocysts
Very- numerous 12.0 mm No sperm in spermatheca

FD
PW

6
0

Very numerous
Very numerous

3 mm

16.0

FD

12

Very numerous

16.1

FD

12

Very numerous

16.2

FD

22

Numerous

16.2

FD

13

Very numerous

16.5

FD

7

Very numerous

16.8
16.8

FD
FD

0
10

Very numerous
Very numerous

16.8

FD

23

Very numerous

16.8

PW

3

Very numerous

17.1

MW

1

17.2

MW

-

17.4

PW

0

15.5 mm Had laid eggs formerly. Re
productive structures large
Very numerous 5.0 mm Experimentally exposed; filled
with P. helicis daughter
sporocysts
Reproductive tract not well
Very numerous
developed

15.6

FD

15.6

FD

15.8
15.8

-

Reproductive tract very well
developed Also 5 cercariae
in kidney
—

Nematodes in uterus and hermaphroditica duct. Myxophyllum
steenstrupi in kidney and uterus

-

-

-

Insect larva found within mantle
Myxophyllum steenstrupi and
nematodes in hermaphroditic
duct

6.0 mm
Some nematodes in hermaphroditic
duct
9.0 mm Myxophyllum steenstrupi in
uterus and hermaphroditic
duct. Red substance and sperm
present in spermatheca
4.0 mm -

-

13 6

Table 2. (Continued)

Snail Place P. helieis
diacolmetacercaria
meter lected
(ram.)

Sperm

17.8

FD

26

Very numerous

18.5

MW

0

Numerous

Albumen
gland

-

Other
observations

Reproductive tract welldeveloped. Many nematodes
in hermaphroditic duct
and spermatheca

13.5 mm
Had laid eggs formerly.
Peristaltic contractions
noted in vas deferens

13 7

Table 3. Eggs laid by A. alternata following refrigeration at approxi
mately 10°C from July 23, 1965 to July 7, 1956

Snail

Greatest
diameter (mm.)
when 1st eggs
laid
13.7

2

16.0

3

17.3

16.0

15.0

15.5

Total eggs laid
by Sept. 20, 1966

Number of eggs and date laid

8 eggs July 22
(Snail sacrificed August 13, 1966)
2 5 eggs August 3

8
25

20 eggs August 5? See No. 4^
Approx. 16 eggs August 26-27. See No.5 16 to 36
20 eggs August 5? See No. 3^
(Near No. 5 August 19)
21 eggs August 19
Approx. 16 eggs August 26-27. See No.3

0-20

37

29

29 eggs August 29

20 eggs may have been laid by No. 3 or No. 4 or both snails may have
contributed some to the clutch.
32 eggs appeared to be two clutches deposited together.
No. 5 probably contributed almost equally to this mass.

Table 4. Eggs laid by adult A.
proximately 10°C from
snails had previously
temperatures for over
Snail

alternata following refrigeration at ap
August 10 to September 22, 1966. These
been maintained in the laboratory at room
a year without laying eggs

Number of eggs and date laid

Total eggs laid by October
31, 1966

7

8 eggs October 18

8

8

24 eggs October 18

24

9

20 eggs October 27

20

10

No. 3 and

14 eggs October 31
(Laid with 20 eggs from No. 9)

14
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Table 5.

Tree

Ironwood

Ironwood

Tree-climbing by Anguispira alternate following damp weather,
July 3, 1966, Ft. Defiance State Park
Diameter
of tree
(4 feet
from ground)
6"

5"

Snail
diameter
(nearest
mm.)

Height on tree
(nearest foot)
(inches)

Epiphragm
formation

6
7
7
4
5

2
3
4
4
4

9
5
6
3
5

3
4
5
5
5

+
+
+
+

+
+

+
+
+

+

Ironwood

4"

7

5

-t-

Ironwood

7"

6

3

+

Ironwood

2"

8
10
• 14
10
8
5

1
1
1
2
2
3

+
+

None
+
+
+

Ironwood

3"

8

3

+

Maple

2"

7
7

3
1

+(Very moii

Maple

15"

12
11

3
7

None. Partly extended
+

Maple

2"

5

6

+

Maple

1"

12

2

+

Maple

6"

8

2

+

13"

7

5

+

Black oak

Table 5.

Tree

(Continued)

Diameter
of tree
(4 feet
from ground)

Snail
diameter
(nearest
mm.)

Height on tree
(nearest foot)
(inches)

Basswocd

6"

11

3

Basswood

5"

15
10
8
4

3
3
6
4

13
7
12
5
12

2
3
3
5
5

10
12
13
12
12
8

3
1
2
4

Basswood

Poplar

5"

6"

h
2

Epiphragm
formation

None. Active
+

+
+ •
+

None
+

None
+
+
+

None. Active
+

+CVery mois
None^^Active
+(Very mois

Elm

1"

8

2

+

Elm

1"

12

2

+

Elm

5"

10

3

+

Elm

3"

12
3

2
4

None
+

Elm

4"

8

3

Elm

4"

4

1

+

White oak

8"

14

3

+
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Table 6 .

Snail
number

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

Overwintering of A. alternata under
(Group 1: Gage highest on slope in
snails marked with yellow and blue.
lected in Pammel Woods, October 20,
posed to P. helicis experimentally)
Original
diameter,
Oct.23,1965

Diameter
June 20,
1966

6.2

5.0
5.5
5.5
5.8
7.0
7.3
6.4
6.3
7.5

6.5

7.0

8.0
8.0
7.8
8.0
8.0
9.3
9.4
9.4
10.6
10.4
10.6
10.8
11.4
13.0

8.5

4.3
5.1
5.6
5.6
6.0
5.8

6.2
6.2

12.5
13.4

28

13.6

29
30

11.6
13 .6

9.0
9.2
8.5
9.5
10.0
11.0
9.5 Dead
10.6 Dead
11.0 Dead
11.1
12.2

12.3
13.5
13 .0
14.3
13.5
12.2
13.5

Increase in
diameter

natural conditions
pammel Woods; all
Snails were col
1965 and were not ex

P. helicis metacercariae
within pericardial
cavity

-

0
0
0

0.2
1.0
1.5
0.2
0.1
1.3

0
0
0
0
0

0.7
0.4

0.5
0.5
1.0
1.4
0.5
1.5
0.7
1.6
0.1
0
0.6
0.5
1.4
0.9
0.5
0.5
0.9
0
0.6
w

0
0
1
0
0
0
0
0

0
0
0
0
0
0
0
0
0
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Table 7 . Overwintering of
alternata under natural conditions
(Group 2; Gage lower on slope in Pammel Woods. All snails
marked with red and yellow. Snails were collected in Pamtnel
Woods,October 20, 1965 and were exposed to
helicis cercariae)

Snail
number

Original
diameter,
Oct.23,1965

2.9

Diameter
June 20,
1966

1
2
3

3.2
4.2

3.2 Dead
3.5 Dead
4.7

6
7
8

5.0
5.0
4.8

5.2
5.0

10
11
12

5.0
4.5
6.4

15
16

7.7
8.4

19

9.4

24
25

28
29
30

Increase in
diameter

p_. helicis metacercariae
within pericardial
cavity

0.3

-

0.3
0.5

8

0.2
0.2

0.2

2
3
10

5.2
5.2
8.5

0.2
0.7
2,1

0
12
1

8.0 Dead
8.5 Dead

0.3
0.1

-

12,5

3.1

0

11.4
13.0

12.6
13.0

1.2
0

1
0

14.3
11.0
13.5

14.3 Dead
11.6 Dead
13.6 Dead

0
0.6
0.1

—*

5.2
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Table 8 . Overwintering of A. alternata under natural conditions
(Group 3; Gage at Arbor Street. All snails marked with red
and yellow. Snails were collected in Pammel Woods, October
20, 1965 and were exposed in cage to sporocyst-infected
snails, beginning on October 24, 1965)

Snail
number

Diameter
Original
diameter,
July 9,
Oct.23,1965 1966

7.6 Dead

Increase in
diameter

0

P. helicis cercariae
and metacercariae
July 9, 1966

32

7.6

33

10.2

12.4

2.2

34

9.8

11.6

1.8

35

10.4

10.4 Dead

0

36

10.2

12.0

1.8

37

10.8

10.8 Dead

0

38

10.4

12,3

1.9

40

10.9

11.5

0.6

0

41

10.8

12.1

1.3

0

42

11.4

13 .5

2.1

1 cercaria

45

13.0

14.0

1.0

0

47

14.0

14.6

0.6

48

14.2

14.5 Dead

0.3

49

14.0

15.0

1.0

MM

5 dead cercariae in kid
ney; 17 live metacer
cariae
0
-

2 cercariae
-

1 dead cercaria

3 dead cercariae
-

5 tailless metacercariae,
3 with tails; 5 cer
cariae
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Table 9..

Growth of A. alternats in normal habitat; Pammel Woods Gages;
July 27-October 2, 1966 (These snails were not experimentally
exposed to P. helicis)

Snail
number

Diameter
July 26

Diameter
October 2

Diameter
increase

Upper cage;
9

9.2

10.3

1.1

19

10.4

11.1

0.7

21

11.0

11.9

0.9

27

11.5

12.5

1.0

35

12.2

13.0

0.8

40

12.0

13.0

1.0

58

13.2

13.4

0.2

67

14.0

14.5

0.5

6

9.2

10.0

0.8

15

10.0

11.1

1.1

20

10.6

12.0

0.4

33

11.7

12.3

0.6

37

11.4

12.3

0.9

41

12.5

13.0

0.5

54

13.0

13.8

0.8

69

14.6

15.0

0.4

Lower cage ;

IW

Table 1.0.

Snail
number

Group A1;

Growth in outdoor cages, July 31, 1966-November 1, 1966;
Arbor Street

Diameter
July 26

Diameter
November 1

Increase in
diameter

Unexposed

22

11.3

11.8

0.5

36

11,8

13.1

1.3

68

14.8

14.9

0.1

Group A2; Exposed to cercariae of p. heli.ci.s
14

9.7

10.4

0.7

32

11.6

11.8

0.2

45

12.7

14.4

1.7

56

13.1

13.8

0.7

70

14.1

14.2

0.1

24

11.0

12.2

1.2

44

12.7

13.8

1.1

55

13.3

14.4

1.1

Group Bl:

Group B2;

Unexposed

Exposed to Gercariae of p. helicis

26

11.5

12.1

0.6

46

12.6

13 .3

0.7

63

14.0

15.0

1.0
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Table 11. Natural incidence of metacercariae of
helicis in various
sizes of A. alternate (Snails collected in Milford Woods,
Dickinson County, Fort Defiance State park, Emmet County,
and Pammel Woods, Story County)
Snail Number
diaof snails
meter opened
(mm.)

Number
of un
infected
snails

Number
of snails
continuing
metacercariae

Average
number of
metacercariae/
infected snail

% of
snails
infected

2.0-2.9

15

15

0

0

0

3 .0-3.9

12

11

1

4

8

4.0-4.9

2

2

0

0

0

5.0-5.9

10

5

5

6

50

6.0-6.9

10

4

6

4

60

7.0-7.9

15

10

5

3

33

8.0-8.9

14

10

4

1

29

9.0-9.9

21

12

9

3

43

10.0-10.9

18

10

8

3

44

11.0-11.9

21

15

6

3

29

12.0-12.9 45

21

24

3

53

13 .0-13 .9

60

21

39

4

65

14.0-14.9

58

31

27

.4

47

15.0-15.9

77

41

36

5

47

16.0-16.9 38

19

19

9

50

8

4

4

15

50

17.0-17.9

146

Table 12.

Comparative measurements (in millimeters) on 3 week old
P. helicis removed from Peromyscus spp., Reithrodontomys
megalotis, and Tamias striatus (length, x width)

Host

Peromyscus
spp.

Number
measured

Body

Oral
sucker

Acetabulum

0.26X0.28

0.48X0.48

5

3.34X1.19

Reithrodontomys
megalotis

5

4.15X2.04

0.44X0.47

0.22X0.26

0.46X0,49

Tamias straitus

9

3.72X1.77

0.46X0.51

0.23X0.26

0.48X0.51

Anterior
to acetabulum

0.53X0.53

pharynx

Posteri- Ovary
or to acetabulum

Anterior
testis

Posterior
testis

Peromyscus

spp.

1.28

1.58

0.26X0.19 0.32X0.30 0.28X0.35

Reithrodontomys
megalotis

5

1.40

2.31

0.35X0.31 0.50X0.41 0.56X0.54

Tamias straitus

9

1.45

1.79

0.33X0.26 0.41X0.3 7 0.34X0.45

