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ABSTRACT 

Amputation of a tentacle or portion of foot from Hglix aspersa. 

Sonorella odorata. and Rumina decollata is well tolerated, providing 

that laboratory conditi ons remain favorable. Only rarely do snail s 

succumb during the period of rapid regeneration, vhich lasts approxi

mately ten weeks. In H. aspersa. the wound is cicatrized 8 hours after 

amputation and regenerated epit.hel.iun completely covers the wound at. 

36 hours. Observations pertaining to the three species reveal that 

the time required for commencement of tentacle regeneration is 

proportional to the size of the animal, but that the foot of animals 

of significantly different siaes begins regeneration at the end of 

two weeks. At any given time during tentacle regeneration the ?nimalc 

possessing the shortest base (that portion of tentacle regaining a^tc" 

amputation) exhibit the greatest amount of regeneration, which confirms 

"Morgan's Law", Regression coefficients determined for length of base 

compared to length of regenerating portion of tentacle permit a 

comparison of rate of regeneration to rate of normal rrovth of a 

single structure (tentacle). Helix (b = 2.73) and Sonorella (b = 2,84) 

are similar in this respect, whereas in Rtmina (b = 1,96), rate of 

regeneration is only about twice that of normal growth. 

All three species regenerate eyes and portions of tentacle a«d 

foot, during estivation at ?.1° C. Heli.x regenerates during estivation 

at 32° C. 3 although a significant p->ortality rate occurs. Regeneration 

i 



does not commence dv.ring hibernation (5° C.) lasting ]9 weeks* Super

numerary eyes appear in nearly one-half of all amputated snails; the 

incidence is especially hic;h in Kumina (over 75 per cent). The^e is 

essentially no correlation between pre-cstivation v«?i rht and per cent 

loss of vei»ht during estivation, in either control or regenerating 

aninals. There is a highly significant tendency for animls to regain 

weight- lost during hibernation during the first 24 hours of activity. 

Intesumental lesions occurring in R'imina were shown to be 

non-pathogenic. The lesions heal during activity, but do not he*"l 

during estivation. 
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I INTRODUCTION 

The Phylum Molluscs stands second only to the Arthropoda in 

number of known species* The importance of this group from the economic, 

commercial, and medical standpoints is such as to have warranted con

siderable biological study. Yet, in many areas of the biology of the 

phylum, relatively little information is to be found. Such an area is 

regeneration. 

The fact that some mollusks possess the capacity to replace a 

portion of body, after that portion has been amputated, was probably 

first recorded by Spallanzani (1768). This pioneer in regeneration 

studies worked with a variety of animals, both vertebrate and inverte

brate. He discovered that certain snails and slugs could regenerate a 

tentacle after amputation of that organ. The eye, situated at the tip 

of the tentacle, would also regenerate. In fact, Spallanzani reported 

that he could amputate the entire head from a snail and a new head would 

regenerate. This statement created a furor that has continued until 

recent times and has not yet been completely resolved# A number of good 

accounts relating to these early studies by Spallanzani are to be found 

in the literature. (See especially Johnson, 1850; Carriere, 1880; 

Techow, 1910; Konig, 1915). 

There exists a vast literature on the subject of regeneration in 

the animal kingdom. There are several good general reviews on the sub

ject. One of the most recent is by Balinsky (1960:472-502); this account 
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is concise, but very thorough. Two books relating to regeneration hare 

been published in the Htaglish language (Morgan, 1901; Needham, 1952). 

Both are considered standard reference works. In my opinion, however, 

the finest treatment of regeneration is by Abeloos \1932); it is an 

exhaustive sunmary of what was then known of the subject, with many 

implications not discussed elsewhere. 

All major groups of animals have been investigated to some extent, 

often very limited, as to their powers of regeneration#. Certain of the 

minor groups (Nemertea, Chaetognatha) have also received some attention 

in this respect. However, almost all facts and concepts that exist 

relating to regeneration have been derived from relatively few animals 

belonging to relatively few phyla. It is no exaggeration to state that 

most of our knowledge of regeneration in animals has been derived from 

studies concerning the hydroid coelenterates, triclad flatworms, oligo-

chaete and polychaete annelids, and the amphibians. Extrapolation of 

data obtained from these groups to animals belonging to other groups, 

is dangerous. In fact, many members of the phyla and classes listed 

abeve have been found to possess very limited powers of regeneration. 

A survey of the literature reveals a paucity of information per

taining to regeneration within the mollusca, with the single exception 

of histological studies. Little space is devoted to the phylum in the 

general works listed above. Statements to the effect that, in regards 

to the mollusca, "regeneration is relatively poor* (Balinsky, 1960:477) 

are usually encountered. Only three classes seem to have received 

attention, the Gastropoda, Cephalopoda, and Pelecyroda. One good study 

exists which relates to regeneration in the Cephalopoda (Lange, 1920), 



3 

The Pelecypoda hare received scattered, less important, attention. Most 

of the studies of molluscan regeneration have been devoted to the gastro

pods. Yet, the «rea of interest has been almost entirely of a histologic 

nature* There have been no studies of a quantitative nature. I have 

been unable to locate any study which relates either to rates of regenera

tion or to factors which influence regeneration, other than suppositions 

and superficial observations. Furthermore, my attention directed to 

regeneration during estivation seen* to be the first investigation con

cerning the fact that land snails possess the capacity to regenerate 

during uninterrupted periods of dormancy. 

My objectives in this study have been twofold; (1) to summarize 

in one work all information that have been obtained in previous studies 

of regeneration in gastropods and (2) to add to this knowledge by con

centrating attention on areas previously unexplored. The relationships 

between the sixe of a snail and rate of regeneration has never been 

considered in a quantitative sense. Although all observers have reported 

a considerable variation in the amount of regeneration, per snail, at any 

given time following amputation, no explanation has been offered for the 

discrepancies. There has been little consideration (and in some cases, 

none) given to control animals in previous studies of molluscan regenera

tion. Not one author has supplied data relative to the range or mean 

sizes of the experimental animals. Whether or not the rate of regenera

tion can be correlated to the amount of the structure amputated has not 

been considered adequately in reference to land snails, prior to this 

study. I have not concerred myself with regeneration of the shell 

because several good recent studies have been directed toward that subject. 
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I have also included in this study other aspects closely akin to 

regeneration, such as autotomy, wound repair, teratological aspects, 

experimental data relating to hibernation and estivation, and general 

observations pertaining to the experimental animals. 

Considerable time has been devoted to a study of lesions of the 

integument of Rumina decollata. This snail, being a member of the family 

Achatinidae is quite closely related to the giant African Snail, 

Achatina fulica Bowdich, which has been shown to be susceptible to a 

disease of unknown etiology. The disease syndrome in Achatina is 

characterized, in part, by the development of lesions (Mead, 1956). 

Mead also noted the occurrence of lesions in Rumina from Mesa, Arizona 

(Mesd, 1959). Because of the relationship between the two species, an 

investigation was initiated in order to determine whether or not the 

lesions of Rumina were in any way related to the pathologic lesions of 

Achatina. If an affirmative conclusion had resulted from this study, 

Rumir» would have played an important role in the problem of disease in 

Achatina. For this reason, my studies have been supported by funds made 

available from Dr. Mead's N I H Grant, E-1245 (C 2). 



II REGENERATION: CONCEPTS AND TERMINOLOGY 

The term regeneration wbraces two distinct phenomena. 

Physiological regeneration includes those aspects of regeneration which 

are not connected to an accidental or experimental traumatism, but re

late to the normal physiological functioning of the organism (Abeloos, 

1932:2). Thus, all normal replacement of continuous small-scale losses 

fall within the category of physiological regeneration (Needham, 

1952:108)• Moulting and replacement of feathers in birds, the replace

ment of teeth in many vertebrates, and the continual replacement of 

epithelial cells are included in this category. In other words, 

physiological regeneration includes those restorative processes which 

are part of the normal life cycle of an individual. Another phenonemon 

which seems best included within the realm of physiological regeneration 

is compensatory hypertrophy, which connotes an increase in size of an 

organ or part of an organ or tissue, when called upon to do the work of 

a disabled or destroyed synergist (Taylor, 1946:537). 

The term regeneration, as used in this study, is used consistently 

in the classical sense, i.e., the power to "reform a part lost accidentally 

or experimentally" (Abeloos, op. cit., p. ix), or nthe ability to repair 

more or less extensive damage incurred by the body either accidentally 

in natural conditions or willfully imposed by the experimentor" 

(Balinsky, 1960:472). Under this latter definition, the process of 

wound repair is considered as regeneration. 

One additional fact must be considered in a definition of 

5 
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regeneration to embrace the rather ccmmon occurrence of autotomr within 

the animal kingdom. Certain aniroals, including some mollusks, have the 

capacity spontaneously to cast off a portion of the body, and then to 

regenerate it. Consequently, the term regeneration may be defined as 

follows: The power to repair or reform a portion of the body damaged 

or removed either accidentally, experimentally, or by a spontaneous 

action of the animal. This is the meaning of the term as used through

out this study. 

Two general types of regeneratative phenomena hare been dis

cussed at length by most students of the subject. Although the two 

overlap in their scope, and may actually be employed by a single species 

of animal, the distinction seems valid. Bpjjnorphoais is the direct 

redevelopment situ of the portion lost and is the best known and most 

common type of regeneration (Needham, 1952:1; Balinsky, 1960:473). When 

one amputates the limb from an amphibian, or the tentacle from a snail, 

regeneration is of the epimorphic type. 

The second type of regeneration is morphallaxis. in which, after 

amputation, the remaining portion of the body is actually remodeled to 

restore the whole foiro. This kind of regeneration is most common in 

lower invertebrates. Many classic examples could be cited for 

morphallaxis; e.g., the restitution of Hydra after it has been sliced 

to pieces and the regeneration in planarians after similar treatment. 

Morgan (1901:23) made the following distinction between the two 

general types of regeneration. In epimorphosis a proliferation of 

tissue preceeds the development of the new part, while in morphallaxis 

the part is transformed directly into a new organ without proliferation 
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at the cut surfaces* It is reasonable to consider wound-healing as an 

epimorphic process on a small scale (Needham, 1952:1)* 

"Laws" of Regeneration. 

The earlier literature has given considerable attention to two 

"concepts" relative to regeneration* The first of these is the general 

correlation between powers of regeneration and the phylogenetic status 

of any particular group of animals. The second refers to the rather 

widespread belief that a definite relationship exists between the 

liability of an animal to injury and its powers of regeneration* 

The first of these "laws1* has some validity because, on the whole, 

representatives of the lower forms of animal life regenerate better than 

the more highly organised animals* As mentioned above, morphallaxis is 

common among the lower invertebrates. This type of regeneration is 

generally not found among higher invertebrates, and certainly not found 

within the lower vertebrates. Nevertheless, the fallacy of applying 

this "law" too universally lies in the fact that many lower invertebrates 

possess poor powers of regeneration, even though closely related forms 

are famous for rather spectacular powers of regeneration. For instance, 

it has been shown that the nemertine worm Lineus socialla can be sliced 

into many small pieces, each of which will usually regenerate into an 

entire worm (Coe, 1930)* Nevertheless, numerous other genera of this 

phylum have been shown to possess regeneration capacities much less 

developed (Abeloos, 1932:26; Needham, 1952:114)* 

The second "law" of regeneration, which has been given considerable 

attention in the literature, proposes that a definite relation exists 
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between the liability of an animal to injury and its power of regeneration. 

According to this belief, those animals which are most subject to preda

tory attack possess the most highly developed powers of regeneration* 

Again, a certain amount of truth is involved here, for the degree of 

histologic differentiation is generally inversely proportional to the 

position of the animal in the phylogenetic scale* k turbellarian flat-

worm is much less organised than an arthropod, and a hydroid coelenterate 

is much less highly organized than a mollusk. Accordingly, the flatworm 

and the hydroid coelenterate possess greater abilities to regenerate. 

However, many animals that comprise a large proportion of food for other 

animals have little or no regenerative powers. The rotifers and nematodes 

are two groups that certainly are highly subject to predatlon. Yet these 

animals show no regenerative capacities. In rotifers, "only the closure 

of superficial wounds is still possible1* (Balinsky, 1960:477). This may 

be connected with the high degree of differentiation of the cells of 

their bodies and the fixed limit to the total number cf cells. A. high 

degree of histologic differentiation seems to be antagcnistic to the 

capacity of cells to proliferate* 

Another exception to the correlation between phylogenetic status 

and power of regeneration exists within the phylum Annelida, Although 

many oligochaetes and polychaetes are noted for possessing a high degree 

of power of regeneration, the entire class Hirudinea possesses nothing 

more than the ability to heal superficial wounds. 

Nevertheless, there does seem to have been a definite loss of 

the power of regeneration as the evolution of the structure of the body 
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proceeded* This loss was probably not due entirely to increasing com

plexity of the body* As Carter (1957:127) has pointed out, amphibia hare 

greater power of regeneration than manmals, but the difference in 

regeneration cannot be associated with differences In the conplexity of 

body structure. 



Ill DEVELOPMENT OF THE PROBLS1 OF REGENERATION 

IN LANS SNAILS 

The earliest recorded observations which related to regeneration 

in pulmonate gastropods were recorded by Spallansani (1768). He con

ducted studies with a variety of invertebrate and vertebrate animals. 

Working with Helix poaatia and H. nemoralis. principally, he discovered 

that if one amputated a part of the foot of a snail or part of the 

tentacle, the animal would regenerate the missing part. The eye, which 

is situated distally in the tip of the tentacle, would also be regenerated. 

Spallanxani further asserted that if the entire head of a snail was 

amputated, a new head would regenerate irrespective of whether or not 

the nbraintt was left intact. 

One important fact that Spallanxani did uncover concerning 

regeneration in general was that the rate of regeneration decreases as 

the site of regeneration becomes progressively more distal. Specifically, 

he found that in the regeneration of the leg of a salamander or the tail 

of a tadpole, the more distal is the level of amputation, the slower is 

the regeneration (Moment, 1953:108). This generality has become known 

as wMorgan,s Law*. Needham condensed this "law* to "...regeneration rate 

is roughly proportional to the amount lost..,1* (Needham, 1952:59). 

There was a paucity of regeneration studies relating to roollusks 

from the time of the appearance of Spallan®anits work until 1880. The 

first definitive study on land snail regeneration was written by Carriere 

10 
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(1880). This pioneering work summarized all previous information on the 

subject, principally the work by Spallanxani and several minor contribu

tions by other workers* His study was principally histological in 

nature, although Carriere did consider conditions which influence 

regeneration* It is interesting to learn that he considered the time of 

year in which the operation is performed to be the most important factor 

which influences regeneration (oj>, cit.. p. 22). Sumner was deemed to be 

the most favorable time of year, since the animals are strong and well-fed. 

On the other hand, if one perforated the amputation in early spring, then 

"one can certainly depend on unfavorable results" because of the animal 

being "run-down" from its nearly one-half year's hibernation (loc« cit,), 

Carriere utilised a variety of species of European land snails in 

his studies; Helix nemoralis. H. hortensis. H, pomatia. H. fruticum. H, 

incarnata. H, arbustorua. H, ericetorum and Bulimus obscura. He investi

gated regeneration of the tentacle, eye and head, A substantial portion 

of his work is still valid. 

Beginning early in the present century, there appeared a series 

of gastropod regeneration studies, primarily by German workers. Several 

of these studies were of little real value and consisted mainly of 

observations to the effect that certain species could regenerate amputated 

portions of their bodies or damaged portions of their shells. Others were 

of a more substantial nature. Most of our present knowledge concerning 

gastropod regeneration results from studies published prior to 1920, 

v 

Cemy (1907) described tentacle regeneration in Planorbis 

corneus and Paludina vivipara, He reported that regeneration did not 

occur in Limnaea staenalis. The remaining species tolerated the operation 
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well and he noted that regeneration commenced in 14 days in Piano rbls 

corncua. He also investigated tentacle regeneration in slugs, using 

s. ^ 
Limax arbonm. an animal that Carriere had utilised. Cerny found that 

the strap of the amputated tentacle was immediately invaginated and 

remained invaginated until the appearance of the eye, in three to four 

weeks. 

V ^ 
The following year, Cemy (1908) again reported on regeneration 

in aquatic snails. He had observed in nature snails possessing double 

tentacles where there should have been one. His conjecture was that these 

examples of "Doppelbildungen11 resulted from regeneration of tentacles 

which had been injured by predatory action. This study is valuable in 

that it offers a suggestion as to how a double, or even triple, tentacle 

could originate. This feature is dependent upon the nature of the injury, 

"...if the tentacle of a snail is not completely cut through, but only 

notched, so that a double wound surface results, then in most cases the 

edges of the wound grow together again. If, however, the wound remains 

wide, so that both wound surfaces endeavor to allow regeneration to pro-

V ^ v ^ 
ceed,... then duplicate tentacles could result" (Cerny, 1908:389). Cerny 

experimentally produced duplicate tentacle regeneration, by notching 

tentacles, in Planorbis corneus. He observed this phenomenon of double 

tentacle formation in natural populations of Phrsft acuta and Vlvipara 

vera. Once again, however, he was unsuccessful in his attempts to obtain 

tentacle regeneration in Llmnaea stagnails. He supposed that wound 

infection by microorganisms was responsible. Cemy added an observation 

that has since been verified by other workers; namely, the regenerating 
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tentacle of aquatic snails is usually thinner than the normal condition, 

whereas in land snails an increase in diameter occurs in the regenerating 

tentacle* 

Megusar (1907) investigated the regeneration of the tentacle of 

s/  ̂

Limnaea stamalis. the species with which Cerny had been unsuccessful in 

obtaining regeneration. Megusar was successful in his attempts, noting 

that the regenerated tentacle was often double in this, and other species 

of aquatic snails* All of his animals had begun to regenerate three weeks 

after operation. 

In 1910, there appeared the first major contribution to regenera

tion in pulmonate gastropods since Carriere,s paper of 1880. This was 

written by Techow (1910b). In Try opinion, this is the most important 

study that has been published relating to regeneration in rnollusks. 

Techow employed Helix arbustorum. H. pomatia. Arion empiricorum* and 

Li max ma-Hmu*. as well as several species of aquatic snails, in his 

histological study of regeneration of the foot, tentacle, and eye. His 

contributions to the histological processes of wound repair and the 

regeneration of epithelium and muscle stand unsurpassed and have been 

verified in nearly every respect by rubsequent workers. A brief survey 

of the scope of his study includes regeneration of the mantle and foot, 

closing of the wound, formation of the blastema, regeneration of the 

epithelium, regeneration of the muscles, regeneration of the tentacle and 

regeneration of the eye. These topics will be discussed later under 

separate headings. It should be noted that Techow obtained extremely 

high mortality rates among his experimental animals. In another paper 
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Techow (1910a) published results concerning the formation of duplicate 

tentacles in several species of aquatic snails, as a result of regenera

tion, This phenonenon of duplicate formation is apparently rather corrmort 

in aquatic species, although very rare in terrestrial pulmonates. 

Two years later, Rosanoff (1912) reinvestigated head regeneration 

for the first time since the study by Carriere (1880). Using Helix 

pomatia as the experimental animal, he obtained results which were 

"entirely in conformity with those of J* Carriere (1880)." 

The same year, another Russian worker, Ivanow (1912), published 

his study of regeneration in the prosobranch gastropod Nassa reticulata# 

Ivanow became interested in the subject of regeneration subsequent to 

his accidental finding of two specimens with malformed tentacles* A 

consideration of his dat«. brings out clearly the vast difference in rate 

of regeneration between marine and land gastropods* He reported the 

conmenceraent of regeneration of the tentacle after the third day; this 

structure attained normal size on the 13th day after amputation. When 

one considers the fact that, in land snails, visible regeneration may 

not even be apparent on the 13th day following operation (except in very 

/oung animals), the rate of regeneration in marine gastropods becomes 

spectacular* 

Ivanow also investigated regeneration of the head of Nassa* 

After considering a series of 136 animals, which were decapitated to 

varying degrees, he reached the conclusion that if even a part of the 

pharyngeal nerve ring was amputated, no regeneration occurred and the 

animals often died within three weeks. If, however, the nerve ring 

remained intact, complete regeneration resulted on the average after 40 
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days, 

Hanko (1914) also studied regeneration in Nassa. His study is 

the most complete study of regeneration pertaining to a single species 

that has yet appeared* In many respects, Hanko*s report is equal to 

that of Techcw (1910b) as a major contribution to the subject of 

regeneration in gastropods* His report of wound repair in gastropods 

was essentially in accordance with Techow. Furthermore, Hanko verified 

in most respects the sequence of events in the regeneration of the eye. 

The study by Hanko added corroborative evidence to the report of Ivanow 

(1912) concerning the rapid rate of regeneration in Nassa* He found 

that the tentacle exhibited visible regeneration after seven to eight 

days and that the eye appeared after another week* In addition to wound 

repair and tentacle and eye regeneration, Hanko considered regeneration 

of the foot, operculum, lobes of the protopodium, siphon, and rostrum* 

Pelseneer (1914) reported some brief observations concerning 

regeneration in marine gastropods, stating that it is not uncommon in 

the littoral sone of rocky coasts to find gastropods whose tentacles are 

regenerating* He also mentioned the observation that marine species 

(prosobranchs) regenerate their eyes much more rapidly than terrestrial 

pulmonates* The fact that young animals regenerate their eyes much more 

rapidly than adult animals was mentioned in connection with Purpura* In 

an unidentified species of Purpura, pigmentation of the regenerating eye 

occurred on the tenth day in animals less than 7 ntn* in length; it 

required 14 days in those individuals of 31 ma* 

Konig (1915) has published the most complete study of regeneration 
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of the eye of a mollusk that has yet appeared. The animal involved vas 

the slug Arion empiricorum. Konig substantiated in all important res

pects the course of regeneration which had been described previously by 

Carriere, Techow, and Hanke. Konig noticed a great variation in the 

length of time required for the regeneration of the eye in series of 

animals operated upon at the same time, in the sane way, and maintained 

under the same conditions* 

Cuc^gna and Nusbaum (1915) described in detail regeneration in 

the nudibranch Henaaea dendritica. Their study considered regeneration 

of the dorsal papillae, tentacles, and posterior portion of the body, 

Lange (1920) reported on regeneration of the arm of cephalopoda* 

Of special importance was her treatment of wound repair, which is the 

finest study extant relating to that subject in mollusks. 

The papers reviewed above have contributed the majority of facts 

and suppositions which are presently available pertaining to regeneration 

in gastropods* In fact, there has not been an outstanding contribution 

to the subject since 1920* The remaining studies discussed below in 

many ways supplement previous information* There has been very little 

new information of a critical nature* 

Fromming (1934) discussed the fact that it is rather common to 

observe aquatic snails undergoing tentacle regeneration, in aquaria and 

in nature. He stressed the fact that snails are comnonly preyed upon 

by fishes, and described the situation in a German lake (Gorinsee). 

There he collected at random ten adult specimens of Linmaea staenalis 

which possessed regenerating tentacles* 

Pelseneer (1935) reviewed regeneration within the mollusks, 



stressing the frequent occurrence of abnormal structures resulting from 

regeneration. He reported that an elevated temperature retards the pro

cess and that it is made more rapid by cooler temperatures* Unfortunately, 

critical data was lacking on this subject* Pelseneer also observed that 

pigment is always slow to reappear in regeneration: ••pigmentation is the 

same as the last phase of the phenomonon of regeneration" (op. cit*, p, 

378). This fact had been mentioned by most of the previous students. 

Abeloos (1942), working with Limax atcr and I. cinerco-nlger. 

contributed some data relative to the regeneration of the head of 

gastropods. This study is reviewed in some detail below. A few years 

later, Feliksiak (1947) also engaged in head regeneration studies* This 

work is also treated below* It is worthwhile to state here that both 

Abeloos and Feliksiak merely substantiated what Carriere had stated in 

1880, namely, that the nerve ring must remain for the cephalic organs to 

regenerate; although the decapitated animal, deprived of its esophageal 

nerve ring, will often survive a considerable length of time* 

The question of the regeneration of the eye of gastropods was 

briefly reconsidered by Brysson (1948). The same year, P* H. Fischer 

(1948) reviewed autotoisy and regeneration in mollusks* He stated that 

the regeneration of the head is easier in rachiglossid gastropods than 

in land snails* The head of Purpura lapillus is reconstituted in 70 

days, the muzxle in 36* He also stressed the fact that the regenerated 

part is not always identical to the portion of the body which it replaces, 

and that pigment does not appear until late. 

The only work that has appeared to date concerning experimental 

aspects of the nature of malformations in snails was published by Raven 
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and Beenakkers (1955). They were able to produce monster embryos of 

Limnae* stamalis by centrifuging eggs at an early cleavage stage# The 

embryonic heads were especially susceptible to abnormalities as a result 

of centrifugal force. Raven and Beenakkers concluded that the differ

entiation of the structures of the cerebral plate (eyes, tentacles, 

cerebral ganglia) is dependent on the presence of a "cerebral plate 

substance", which can be displaced by centrifugal force at an early cleav

age stage. During normal development, the localization of this 

"cerebral plate substance1* occurs under the influence of a gradient-field 

located in the cortex. A disturbance of this gradient-field, such as by 

centrifugal force, leads to an abnormal localization of the "cerebral 

plate substance", and hence to abnormal embryos. 

Chetail (1957) contributed some observations relating to the 

secondary and retrograde degeneration of the optic and olfactory nerves 

which occurs after amputation of the ocular tentacle. This is perhaps 

the first report of the occurrence of nerve degeneration in invertebrates, 

although the phenomenon has been known to occur in vertebrates (oj>. cit.. 

185). The secondary degeneration is manifested by a significant modifica

tion in the metabolism of glycogen and lipides. Ker report of 

"neuronophagie" in Arion and Aeriolimax. in which macrophages phagocytose 

and digest most of the products of degeneration, is interesting and 

apparently is the only report of this phenomenon in the mollusks. 

The most recent study of regeneration in gastropods is by 

Bierbauer (1957). This is especially significant in that it concerns the 

regeneration of the jaw of Helix pomatia: jaw regeneration had not 
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previously been considered in any study. Bierbauer reported that the 

removed jaw is completely regenerated after 12 to 16 weeks, although 

differing from the original in lacking the characteristic cress-bars. 

The major portion of his study was devoted to the regeneration of the 

shell, and his contributions to this subject are included in rny sunroary 

of shell regeneration. 

Ghose (1960), in his monograph of Achatina fulica. briefly 

mentioned a few observations which pertained to regeneration. It is 

unfortunate that his treatment of this aspect was brief, for he mentions 

that the time required for regeneration of the eye and ocular tentacle 

depends mainly on the age of the snail and the season, being maximum during 

estivation. This is the only statement that I have found which implies 

that snails are able to regenerate during estivation. Chose also noted 

that the time required for regeneration is minimum if the ocular tentacle 

is cut near the apex, and is maximum if the cut is very near the base. 

To recapitulate briefly, the histological processes involved in 

regeneration have been reasonably well substantiated. Bierbauer1s 1957 

contribution to the regeneration of the jaw has been the only real addition 

to our knowledge"since 1920. However, all of these regeneration studies 

lacked quantitative data. Conditions under which animals were maintained, 

temperature data, size of the animals, specific differences in rates of 

regeneration among snails of the same as well as different species, 

mortality rates (in comparison with control animals) all of these 

essential data are conspicuously absent in the earlier studies. Conse

quently, my efforts have been directed primarily along the lines of 
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consideration to those previously ignored areas. I hare not been con

cerned to any great extent vith the histologic progression of regenera

tion, because this information has been furnished in previous works# 



IV GENERAL INFORMATION RELATING TO SNAILS 

UTILIZED IN THIS STUDY 

Three species of land snails have comprised the experimental 

animals in this study, Helix aspersa Muller, Rumina decollata (L.), 

and Sonorella odorata Pilsbry and Ferriss. The first two species are 

not indigenous, but have been introduced into North America and have 

become well established* Sonorella odorata. on the other hand, is 

apparently limited in distribution to the Santa Catalina and Rincon 

mountains in southern Arizona* The genus Sonorella is limited to the 

southwestern states of Arizona, New Mexico, and western Texas; it extends 

a short distance into northwestern Chihuahua and northeastern Sonera, 

Mexico (Pilsbry, 1939:268). 

H. aspersa. a member of the family Helicidae, is widely dis

tributed in Europe and is now common in certain North American localities. 

There is extant considerably less information concerning this species than 

the closely related species, H. pomatia L. The latter is undoubtedly the 

most widely studied snail in the world and it has been the subject of 

nimerous investigations* Probably the most inclusive review of H. 

aspersa was by Cadart (1955), and to a great extent, H. pomatia. He con

sidered nearly every facet of the biology of this species. The 

considerable economic and commercial importance of these two species in 

Europe undoubtedly was responsible for a work of this magnitude. The 

distribution of H. aspersa. according to Pilsbry (1939:5) is as follows: 

21 
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Western Europe, borders of the Mediterrean and Black Sea. It has been 

introduced in the Atlantic Islands, South Africa, Australia, Nev Zealand, 

and Haiti, as veil as in many places in Mexico, Chile, and Argentina* 

In the United States the most complete study of this species vas 

by Basinger (1931). Re stated that the animal vas first reported in this 

country (in California) in 1850, perhaps intentionally introduced from 

France. In 1869, H. aspersa vas found in several eastern localities: 

Charleston, S. C», Nev Orleans, La., and Portland, Me. The latter record 

has apparently been traced to a single specimen (Pilsbry, 1939:5). 

Basinger included accounts of the life history, development, 

behavior, and economic importance of this land snail. Although the 

species often inhabits situations in vhich they do little or no damage, 

such as feeding on veeds, enormous populations sometimes become estab

lished in citrus groves, where they may do considerable damage to leaves 

and fruit. The life span for H. aspersa (in Europe) has been estimated 

as five to ten years (Comfort, 1957:223). H. aspersa has been utilized 

in several studies concerning regeneration of the shell of gastropods 

(Manigault, 1937; Wagge, 1951, 1952; Wagge and Mittler, 1953). 

A considerable amount of information exists relating to Rumina 

decojyLjtt§. The species has been the subject of several good studies 

concerning both life history and anatomical aspects. The snail belongs 

to the family Achatinidae and is indigenous to the Mediterranean region 

of Europe, Asia, and Africa. It vas introduced into North America more 

than a century ago and has been reported from the folloving states: North 

Carolina, South Carolina, Texas, Florida, Mississippi, Georgia, Alabama, 
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Louisiana, and Arizona (Raacop, I960), It was introduced, at least 

temporarily, into Pennsylvania (Johnson, 1900). 

R. decollata was probably first introduced into North America 

at Charleston, South Carolina, prior to 1857, as Binney (1859) reported 

he had received a "large quantity" of this species alive from that city 

in 1857. Apparently, it was introduced a second time into Louisiana 

about the same tine, probably from some French port (Smith, 1912:6). 

Since that time, Rumina has spread and is now common in the southern 

states mentioned above* 

One of the earliest reports concerning the biology of this 

species was by Vignal (1919). He mentioned several aspects of the life 

history that have since been more carefully substantiated, such as the 

carnivorous habit (on occasion), egg laying, and longivity; some of his 

specimens lived 12 years. Vignal also reported on the phenomonon of 

decollation, which refers to the fact that, at a certain age, the more 

distal whorls of the shell break off, resulting in a suwnit which is 

truncate and closed by a convex septum. 

The most complete study of the life history of Rumina in Europe 

was by Fromning (1956). He considered the following topics: reproduction, 

food, influence of types of soil on growth, influence of temperature on 

growth and development, influence of moisture on growth and development, 

decollation, and the carnivorous habit. Frowning found Rumina to be an 

adaptible species, requiring above all loose earth in which to live, and 

green plant food* Under even somewhat favorable conditions the mortality 

rate was small and the snails survived up to five years. He stressed the 

fact that the snails require loose soil; humus material (• humusstoffen) 
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alone leads to a significant mortality rate* 

The most complete anatomical and histological study of this 

species was by Wille (1915)• He treated in detail the gross and micro

scopic anatomy of each organ system, as well as something of the life 

history. 

Although numerous reports on the distribution of Rumlna have been 

published in America, only two studies have been published relating to 

anatomy and life history. One of these (Batts, 1957) was of minor 

importance. On the other hand, Rascop (1960) has made a significant 

contribution to the biology of this species. Her data relating to oxygen 

consumption of active and estivating animals are of unusual importance. 

The taxonOraic history of the species was treated in detail, 23 synonyms 

being cited by her. 

Because of the studies by Wille, Vignal, Fronnning, and Rascop, 

the biology of R. decollata is as well-known as the biology of almost 

any land snail, except Helix poaatia. 

Unfortunately, practically nothing has been reported concerning 

Sonorella odorata. This species, which belongs to the family 

Helminthoglyptidae, inhabits the upper elevations of the Santa Catalina 

and Rincon mountains, near Tucson, Arixona. The only information relating 

to this species are Pilsbry's discussion of the shell and genitalia, and 

Ferriss1 paragraph pertaining to the characteristic odor emitted by this 

species (Pilsbry, 1939:369). 

Whereas Helix aspersa and Rumina decollata thrive in the labora

tory, producing many young, I have not observed reproduction in S. odorata. 
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For several years, I have maintained this species under conditions which 

have permitted normal reproduction in the other tiro species* Yet, I 

have never observed mating or ovopositing in odorata* It tends to 

undergo a rather high initial mortality rate and is observed estivating 

more than the other species. HeJLix and Rumina readily eat almost any 

plant food offered, while Sonorella appears to be much more reluctant to 

eat in captivity* 

Although the death of a specimen of Helix or Rumina in the 

laboratory can often be attributed to neglect (too much moisture, not 

sufficient attention to removal of waste products and decaying plant 

material), I have often observed a rather sharp decrease in numbers of 

snails in a container of Sonorella that seemingly cannot be attributed 

to neglect. One must keep in mind that S. odorata normally occurs at 

high elevations. There are undoubtedly factors in its natural environ

ment that are lacking in the laboratory. The one fact that convinces 

me of the validity of this statement is the lack of reproduction. Per

haps lettuce, which has been considered the best food for snails in the 

laboratory (Wagge, 1952:333), lacks certain essential factors needed by 

this species to carry on normal activity. The fact that £• odorata 

does not flourish in the laboratory limited its use as an experimental 

animal. 

In order to minimize any differences in rate of regeneration 

which might exist in different populations of any species of animals, 

snails from single populations of all three species have been utilized. 

The specimens of R. decollata were collected from a yard at 125 S. Sirrine, 
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Mesa, Arizona. They were collected March 24, 1960. Rascop (1960) also 

utilised snails from this population; they had been collected one year 

earlier. The specimens of H. aspersa used in this study were collected 

at 820 E. 4th Street, Tucson, Arizona. The occurrence of this population 

was brought to my attention by Dr. William KcCauley, Department of 

Zoology, University of Arizona. Two collections were made at this 

locality, on September 18, 1960, and on November 17, 1960. The series 

of S. odorata was collected on July 25, 1960, in Pear Wallow, Santa 

Catalina Mountains, at an elevation of ca. 7500 ft. 



V TECHNIQUES EMPLOYED 

Methods of Maintaining Snails In the Laboratory 

A characteristic aspect of certain of the earlier studies of 

regeneration in gastropods was the high mortality rates among the 

experimental animals* Techow (1910b), who worked with land and 

aquatic snails, reported what seems to be exceptionally high mortality 

rates among his amputated animals* In one experiment involving HaUx 

pomatia and Tachca hortensis. 20 of the 63 animals died prior to the 

conmencement of regeneration of the foot* A higher mortality occurred 

among tentacle amputees of the genus Limnaea* Of 60 amputated animals, 

42 died within four months, which amounted to a 70 per cent mortality* 

The extreme mortality rate of 99 per cent was reported by Techow for 

Helix arbuaterum; 167 animals died in a series of 169* In a series of 

50 Arion qnriri coram which underwent amputation of one tentacle, only 

ten survived longer than seven weeks (a mortality of 80 per cent). 

Nunerous other examples of high mortality rates among regenerating 

snails could be cited* One might logically assume from these reports 

that amputation, per se. kills snails. My studies, however, indicate 

that such is not the case, providing that the animals are properly 

maintained in the laboratory. Although Techow and other investigators 

have blamed "wound infection" in accounting for at least a substantial 

part of their losses, it is possible that the conditions under which 

their animals were maintained were largely responsible for these high 

27 



28 

mortality rates* 

One of the most conspicuous deficiencies in all previous studies 

of regeneration in land snails is the lack of information relating to 

the conditions under which experimental animals were maintained. In no 

previous study have I found data relating to temperature, size of con

tainers utilized, the regularity of feeding snails and cleaning the 

containers, or even the number of snails kept within a container. 

Insufficient attention to any one of these factors could be responsible 

for causing a significant mortality among animals. Another important 

factor which seems to have been neglected previously is a consideration 

to mortality among control animals* If one loses 30 per cent of the 

experimental animals in any particular study, but loses 30 per cent of 

the control animals (i.e., non-amputated) during the same period of 

time and under the same conditions, one cannot defensibly state that 

the experimental animals died as a result of the operation. 

Frowning (1954:13) performed a useful service when he stressed 

the importance of cleanliness in containers of snails. I can attest 

to the fact that neglecting this factor may lead to mortality among 

snails maintained in the laboratory. 

Throughout this study, wide-mouth glass jars of one-gallon 

capacity have been utilixed as containers for snails. The containers 

were first thoroughly scrubbed with hot water and a detergent. Several 

inches of sand were then placed in the bottom and enough water intro

duced to moisten the sand. Screw-top lids, perforated with holes, were 

utilized. Lids composed of wire mesh proved to be completely unsatis

factory because they permitted the humidity to decrease within the 
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container to the point where the snails became inactive and began esti-

vating. 

A thin layer of fresh sand was added periodically to the old sand 

in order to provide a cleaner substratum for the animals* At frequent 

intervals (at least once a week) the old sand was partly or entirely 

removed and fresh sand was introduced# This was done to prevent the 

accumulation of waste materials and moisture in the container* If this 

task was neglected, water would sometimes accissulate within the con

tainer* Rumina decollata and Sonorella odorata are especially susceptible 

to death from accumulation of water in their container. Young (i.e., 

immature) snails are much more resistant to unfavorable conditions than 

are older snails* It may be stated that when young Rumina are found 

dead in a container, conditions have become very unfavorable indeed. 

Nutrition 

There is general agreement that lettuce is the most favorable 

food for Helix and Rumina (Froraming, 1956:578; Wille, 1915:719; Wagge, 

1952:380), Ideally, snails should perhaps be offered fresh food every 

day, as plant material undergoes relatively rapid deterioration 

occasioned by the moisture generated by the metabolism of the animals. 

This could not be accomplished in the present study. There simply was 

not sufficient time to perform this task daily for over 50 containers of 

snails. The snails were fed and their containers were cleaned three 

times a week, for the most part. One learns from experience how much 

food to offer at a time, depending on the site and nisnber of snails. 

In addition to lettuce, pablum and oatmeal were offered to the 
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snails early in this study. However, I noticed a general lack of 

acceptance of these foods and their use was discontinued. Also, in 

agreement with Wagge (1952:312), I observed the rapid appearance of 

fungus in the synthetic foods* At least several snails perished as 

a result of falling into the water-pablum or water-oatmeal mixture and 

being unable to extricate themselves. 

Temperature 

Fromming (1956:588), although not concerned with regeneration, 

maintained series of Rundna decollata at three temperature ranges in 

his laboratory: 10-17° C», 18-22° C,, and 20-30° C, He stated that the 

snails thrived best at 18-22° C. I am not aware of more critical 

temperature studies for Rumina or Helix asccrsa. except data by Rascop 

(1960:31), She found that the average time required for the eggs of 

R. decollata to hatch was 32 days at 72° F, (ca» 22° C*)* At 75-85° F, 

(24-26° C.) the average time was four weeks* At 90° F, (32° C,) the 

eggs did not hatch, while at 65° F, (ca* 18.5° C,) they hatched in 

approximately six weeks* This would seem to indicate that the moat 

favorable temperatures for Ruralna lie in the vicinity of 21-22° C. 

My experimental and control animals were maintained at relatively 

constant temperatures approximating 21° C, Temperatures in the laboratory 

were recorded constantly by means of a ttTempscriben thermograph, manu

factured by the Industrial Instrument Company, Pittsburg, Pennsylvania. 

At no time was a variation in temperature greater than 5° C, recorded. 

With the installation of an air conditioning unit early in January, 

1961, temperatures in the laboratory were kept within the range of 
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21° t 2° C. 

Humidity 

The amount of moisture present in the atmosphere of the environ

ment undoubtedly influences the activity of animals. Ludwig (1945) has 

reviewed the effects of atmospheric humidity on animal life, both 

invertebrate and vertebrate. He noted that there are enormous 

differences in the amount of water which various animals can lose by 

desiccation without a loss of vitality. As an example, the earthworm 

Allolobophora chloroticus is able to endure a loss of 69#6 per cent of 

its body weight (approximately 83 per cent of the body water) without 

loss of vitality# 

There seems to be a direct correlation between humidity and 

state of activity of land snails. Rascop (1960:36) stated that relative 

hxtnidity is the most deciding factor in initiation of estivation in 

Rumina dccollata. at least in reference to animals maintained in the 

laboratory# P# H. Fischer (1931) observed that the time of year is not 

the important factor in a land snail becoming inactive. Instead, the 

animals would begin estivation when the atmosphere became too dry. My 

observations substantiate these remarks in that if the soil in a con

tainer of snails became too diy, the snails quickly became inactive. 

It was not possible for me to control humidity in the laboratory. 

However, my animals were kept reasonably active by the routine schedule 

of feeding and cleaning their containers. Once a particular series had 

been established, whether experimental or control animals, they were 

under constant scrutiny. If the snails were observed becoming inactive, 
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they would be removed from the container, rinsed off under tap water, the 

container would receive the proper attention (such as the addition of 

fresh sand) and the snails thus returned to a state of activity. This 

aspect of mgr study was very time-consuming. On the average of six to 

eight hours each week were required to assure proper care for the 

anixals* I am not aware that any previous student of molluscan 

regeneration has been as attentive to this very critical aspect of his 

studies* 

Histological Techniques 

Several fixation and staining combinations were tried in order to 

arrive at the most satisfactory method for the histological study of 

wound repair. Zenker's appears to be superior to Helly's fluid, at 

least when followed by Delafield's haemotoxylin and eosin. Several of 

the German workers utilized Schaudinn's fluid to which was added several 

drops of glacial acetic acid (i.e., Wille, 1915). However, I was unable 

to see any advantage to these fixatives, as compared to Bouins. The 

latter fixative was employed in most of ray studies. 

Delafield's haemotoxylin was used for nuclear staining and eosin 

Y or Van Giesen's stain were employed as counterstains. Schaudinn's 

fluid followed by haemotoxylin and Van Giesen's stains differentiate the 

several types of glands in gastropod tissue (Wille, 1915) and this com

bination was utilized in some cases. Fixation was accomplished, with 

Bouins, after eight hours. Tissues were embedded in paraffin (M. P. 

56° C. - 58* (I) at 60® C. and sectioned between 6 and 10 microns. 
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Method for Relaxing Snails for Histological Studies 

The histological examination of lesions discussed in this vork 

presented an obstacle which required considerable effort to overcome. 

I was unable to find in the literature a satisfactory method for relaxing 

land snails in a sufficiently extended position to permit the removal of 

specific portions of integument. Van der Schalie (1954) suggested a 

technique for relaxing aquatic snails by the use of nembutal. He 

dissolved three-fourths grain (50 mg.) nembutal in 75 ml. cooled boiled 

water and over a period of several hours, gradually added this solution 

to the container of snails. Michelson (1958) utilised urethane (ethyl 

carbamate) as a narcotising agent for aquatic schistosome-bearing snails 

(Australorbis glabratus and Helisoraa anceps). In addition to this 

narcotising agent, mechanical extension and immobilization were employed 

by Michelson in order to introduce chemical and microbial agents into 

the snails* However, the partial narcotization required three to five 

hours prior to immobilizing and mechanically extending the snails. 

Carriker and Blake (1959) reported a technique for relaxing marine 

snails (Muricidae), using 10 ppm« Sevin (1 - naphthyl N - methylcarbamate) 

in filtered sea water, followed by treatment with carbon dioxide and 

freezing. Their procedure requires 28 hours to accomplish the desired 

degree of relaxation. Mead (1942:5) used saturated solutions of chlore-

tone in his studies of the giant west coast slugs belonging to the genus 

Ariolimax. Rascop (I960) found both chloretone and nembutal equally 

effective in her studies of Rumina decollata. 

In any investigations, ten different chemicals were tested for 
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their effectiveness as a relaxing agent for R. decollata.-*- My objective 

in this phase of study was to find a rapid and consistent method of re

laxing a snail with the animal as fully extended as possible* The lesions 

were often situated on the neck or foot very near the aperture of the 

shell, so that partial extension was net sufficient to permit removal of 

the desired portion of integument. 

Chloretone was tried, following the technique suggested by Mead 

(1942) and later utilized by Rascop (I960). The saturated solution of 

chloretone was placed in a vial., the animal dropped into the solution 

and a cork was inserted in the vial. The animal seldom would extend. 

Next, I modified the technique by first placing the animal in a vial 

of cool boiled tap water and inserting a cork to exclude air bubbles. 

The snail would always extend within a few minutes and I then decanted 

some of the tap water and replaced it with the chloretone solution. 

The results were unreliable and the use of chloretone was abandoned. 

I arrived at the following technique which is completely 

dependable (for RunyLna decollata) and which induces rapid, nearly com

plete extension of the snail in a period of time approximating one 

hour. Both urethane and nembutal are equally effective in relaxing the 

animals, but careful histological studies have indicated that urethane 

1, The chemicals included chloretone, nembutal, urethane, 
magnesiun sulfate, MS-222, soditm pentathal, chloral hydrate, procaine 
hydrochloride, sodium barbital, and sodium phenobarbital. These chemi
cals were recommended by various members of the Department of Zoology 
of the University of Arizona. Generally, I prepared solutions of 
several different concentrations of each chemical and attempted relaxa
tion with each concentration. With the exception of urethane and nembutal, 
none performed in a satisfactory manner in the concentrations used. 
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causes a certain amount of histological deterioration. For that reason, 

I recommend the use of ••Veterinary Nembutal-Sodium, 60 mg, (1 g r,) per 

cc#*, manufactured by Abbott Laboratories, North Chicago, Illinois. 

Numerous microscopic comparisons of tissues from animals relaxed by 

this agent with tissues from control animals (i.e., not subjected to any 

relaxing agent) hare not revealed histological or cytological alterations. 

The relaxing technique is as follow*: the animal is placed in 

a rial (30 ml, capacity) which is filled to the brim with cool boiled 

tap water, A cork is then carefully inserted to exclude air bubbles. 

The animal invariably extends completely within a matter of minutes. 

At the expiration of 15 minutes, 1 cc, nembutal is slowly added to the 

vial (after carefully removing the cork) by use of a hypodermic syringe. 

The animal may slightly contract, or even partially withdraw, but will 

extend again within a matter of a few minutes. Twenty minutes later 

(after the administration of the first cc,) a second cc, of nembutal is 

added to the vial, again very slowly. Usually, this amount is sufficient 

and the extended animal may be removed from the vial 20 minutes after 

administration of the second cc. of nembutal. By this time, a total of 

approximately one hour has elapsed since placing the snail in the vial 

of water. The snail is usually still alive at this point. If it is 

dead, it has in no case been dead more than a very few minutes prior 

to removal from the solution. Thus, histological deterioration has not 

occurred. This is the main advantage of this method - it is rapid enough 

to obviate the possibility of decomposition of tissue prior to fixation. 

An adult Rumina averages 1.50 gr. in weight and this technique 

is satisfactory for animals of this size. Should the snail be larger, 
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an additional cc. of nembutal may be necessary to insure satisfactory 

results. This may be determined by probing the animal and pinching it 

with forceps before removing it from the vial* If it shews any response, 

even to pinching of the tentacle, by contracting or partially with

drawing, add an additional cc* of nembutal* 

I am certain that other species of snails would require slight 

modifications of this technique, either in the total amount of nembutal 

required or in the length of time the animal must remain in the solution. 

For example, I subjected Sonorclla odorata to this method of relaxation. 

Snails which weighed approximately 2.0 gr, required a total of 3 cc» of 

nembutal and the corresponding additional 20 minutes to accomplish the 

desired results. 



VI REVIEW OF THE HISTOLOGICAL EVENTS IN REGENERATION 

Regeneration in raollusks is of the epimorphic type. Some time 

subsequent to amputation, a blastema appears at the surface of the wound. 

It is obvious that certain histological events have occurred from the 

time of amputation until the appearance of the blastema, or the animal 

would become seriously or even fatally incompacitated as a result of 

the injury. The most important contributions which relate to wound 

repair are included in the studies by Techow (1910b), Hank© (1914) and 

Lange (1920). The essential features of the repair of the wound seen 

very similar in cephalopoda and gastropods. 

Repair of foe Wound 

In order to follow the histological events operative in the 

repair of the wound I selected 17 animals (Helix aspersa) of comparable 

weights (x 1 2 S. E. = 3.76 t 0.24 gr. Coefficient of Variation - 10.5$). 

These animals had been collected several weeks prior to this partictilar 

study and had been well cared for in the laboratory. 

All 17 snails were operated upon within a short period -of time 

on December 12, 1960. By allowing them to become fully extended on 

wet paper towels, I was able to amputate approximately 10 mm. of tissue 

from the posterior portion of the foot of each snail within a period of 

several minutes. Then, at specific intervals of time one snail would 

undergo a second amputation of the posterior portion of foot and the 

37 
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severed portion was then immediately fixed in Bouins1 fixative. Serial 

sections were prepared of the fixed tissue. Each section would thus 

possess two cut surfaces: the fresh one which resulted from the amputa

tion carried out immediately prior to fixing, and the cut surface which 

was in the process of wound repair. 

My schedule was as follows: the 17 snails were operated on at 

8:00 am. Beginning at 9:00 am and at each hour thereafter for eight 

hours another snail underwent the second operation and the resulting 

tissues were fixed. This procedure was carried out on the 9th snail 

at the end of 12 hours; the 10th snail at 24 hours; the 11th snail at 

36 hours, and finally the 12th snail was utilised at the end of 48 

hours. Beyond 48 hours, an additional snail underwent the second 

amputation at 24 hour intervals until the end of one week (168 hours). 

Iirmediately after amputation of a portion of the foot, the 

wound surface is closed by muscular contraction. Lange (1920:6) 

reported that muscular contraction occurs so rapidly in the arm of the 

octopus, after amputation, that blood does not appear at the site of 

injury for several hours. Very soon a conspicuous accumulation of blood 

appears in the vicinity of the injured surface. The blood is destined 

to give rise to the cicatrix (Lange, 1920:7; Hanko, 1914:504). This 

accumulation of blood is very conspicuous in ray specimens at four hours 

after operation; fig. 1 (six hours) shows a large sinus filled with 

blood, which will be poured onto the surface of the wound. Such a massive 

accumulation of blood never appears in sections of normal tissue, nor 

does it occur in the proximity of the second (fresh) cut surface. The 

blood is soon released onto the surface of the wound and forms a pro



tective covering. Agglutination of the blood closes the wound* Because 

the blood of caphalopods (Lange, o£. cit.) and gastropods (Cadart, 1955: 

206) lacks fibrinogin, coagulation cannot take place. The cicatrix is 

formed by agglutination of the blood, from which the plasma gradually 

disappears. The cicatrix appears to be composed of a network of threads 

in which the blood cells are tightly embedded (fig. 3). Lange reported 

the cicatricial tissue of the octopus to appear in a similar fom. The 

cicatrix is retained in cephalopods and gastropods, rather than cast off. 

It may be considered to form the ttprimary blastema" (Lange) because it 

is covered over by the regenerated epithelial cells and because the cica

trix contributes a great part of its material to the construction of 

the new connective tissue. In my series of Helix, a very thin cicatrix 

(mostly consisting of a single layer of cells) was present over the 

entire surface of the wound at eight hours (fig. 2). By 12 hours, a 

well-developed cicatrix was present (fig. 3). The first indication of 

the regeneration of the epithelium is a transformation undergone by the 

epithelial cells immediately adjacent to the wound. These cells change 

from coluomar to low cuboidal and their nuclei, which formerly were 

vertical in relation to the long axis of the cells, now appear horizontal. 

In my series, the flattening of the adjacent epithelium is apparent at 

eight hours, at which time these cells begin to proliferate and slide 

over the cicatrix (fig. 2). These squamoid cells move over the wound 

until the latter is covered by an exceedingly thin epithelium. In my 

series of Helix, the 12 hour stage showed the movement of the epithelium 

over the periphery of the cicatrix, although at no place did the 

epithelium cover more than one-half of the cicatrix. At 24 hours the 



Figure 1 - Photomicrograph of Wound Repair in Helix asrersa. 
6 Hours After Amputation. 430X 

W - Surface of Wound 

B - Accumulation of Blood Within a Lacuna 

Figure 2 - Photomicrograph of Wotmd Repair in Helix asrersa. 
8 Hours After Amputation. 430X 

C - Cicatrix, Consisting of Only a Single Layer 
of Cells at This Sta<re 

E - Epithelitw Adjacent to Wound. It Has 
Undergone a Flattening From the Normal 
Columnar Shape 
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Figure 1 

Figure 2 



Figure 3 - Photomicrograph of Wound Repair in Helix aspersa. 
12 Hours After Amputation. 430X 

C - Cicatrix 

E - Epithelium Adjacent to Wound 

Figure 4 - Photomicrograph of Wound Repair in Helix aspersa. 
36 Hours After Amputation. 430X 

C - Cicatrix 

R - Regenerated Epitheliiun Over Central Area of 
Cicatrix* The Cells are Squamoid. Peripherally 
the Regenerated Epithelial Cells Tend to be 
Columnar (Not Shown) 
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Figure 5 - Photomicrograph of Wound Repair in Helix aspersa. 
96 Hours After Amputation. 430X 

C - Cicatrix 

R - Regenerated Epithelium 
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Figure 5 
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cicatrix was still exposed centrally, although the regenerating epithelium 

covered most of it. 

Serial sections of vrty tissues reveal that the regenerated 

epithelium is at first squamous in nature, then rapidly transforms to 

cuboidal and finally to the typical columnar shape* This sequence of 

transformation operates in a direction from the periphery toward the 

center. In other words, at any given time, the peripheral epithelial 

cells tend to be taller in shape than are the epithelial cells which 

cover the central portion of the cicatrix. Another fact that should be 

reported is the presence of a well defined cuticle on the regenerated 

epithelial cells from as early as the 24 hour stage (12 hours after 

initiation of the regeneration of the epithelium). The cuticle may be 

present from the very beginning of proliferation, but it is not obvious 

before the 24 hour stage. 

At some time between 24 and 36 hours after amputation, the entire 

cicatrix is covered by the epithelium. Peripherally, the epithelial 

cells are columnar, although not yet as tall as normal cells. Their 

nuclei are now vertical in relation to the long axis of the cell. 

Centrally, the epithelial cells are still squantoid (fig. 4), At the 

end of 48 hours, their squamous nature has transformed into typical 

cuboidal cells, although the peripheral cells are not yet typically 

columnar. 

At the end of the fourth day (96 hours after amputation) the 

vast majority of regenerated epithelial cells are columnar (fig. 5), 

The epithelium is not normal in appearance; it seems less compact than 

the adjacent normal epithelium, Lange stated that the proliferation 



of celli of the epitheliian of the octopus is so rapid that the epithelium 

appears to be syncytial after the third to fourth day. I have not 

observed syncytial epitheliw in Helix. One week after operation, the 

epithelium is essentially normal in appearance* 

Formation of the Blast ma 

In epimorphic regeneration, the formation of the blastema has been 

described as occurring in two distinct ways among the various groups of 

animals. Needham (1952) and Balinsky (1960) discussed these modes of 

origin, namely, frota either dedifferentiation of local cells or from the 

migration of cells located elsewhere in the body. The second type (cell 

migration) is seen in the Annelida, for example* Tn that phylum special 

types of cells called neoblasts are normally situated in the peritoneum 

of the posterior surface of the intersegmental septa. When the body of 

the wonn is cut the neoblasts become active and migrate toward the cut 

surface, following the course of the ventral nerve cord. The neoblasts 

accumulate beneath the epidermis which closes the wound and form the 

regeneration blastema. A recent review of this phenomenon in Annelida 

is found in the study by Berrill (1952). 

The blastema of mollusks is most likely indigenous (Hanko, 1914; 

Lange, 1920), although Techow (1910b) supposed that certain elements 

(the new muscle) are formed from cells which have migrated from the 

epithelium into the sub-adjacent tissue. Hanko (1914) stated that the 

muscular portion of the blar^ema is a product of the old muscle. His 

study showed that certain cells (Wanderzellen) gather around the distal 

end of the existing muscle stirap, forming a kind of bridge between the 
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musclc and epithelium. The new muscle, formed by proliferation of the 

old, develops along this bridge. 

Perhaps the clearest description of the regeneration of muscle, 

which comprises the major portion of the blastema, vas by Lang© (o£. cit.. 

p. 22)* Soon after amputation, disintegration occurs in those muscles 

inmediately adjacent to the wound* A short time after the wound has been 

covered by the blood clot, corpuscles migrate from the latter into the 

degenerated muscles and begin to dissolve and absorb the disintegrated 

parts. The first sign of regeneration in the muscle tissue is the 

appearance of large cells, which are probably sarcoblasts originating 

in the old muscle tissue* The sarcoblasts develop eventually into muscle 

fibers. According to Lange, the sarcoblasts migrate to the distal portion 

of the wound and in combination with neuroblasts form the secondary 

blastema. Lange reported that 14 days after operation (in the octopus) 

the sarcoblasts begin to transform into muscle fibers. 

Neither Techow (1910b) nor Hanko (1914) reported on the regenera

tion of nerve elements. Lange (1920) did consider the histology of nerve 

regeneration in the octopus. Immediately after amputation of the arm, 

the axial nerve protrudes beyond the surrounding tissue. An ^intense 

and active disintegration" is initiated in the protruding part, Chetail 

(1957:179) has reported a similar degeneration of the olfactory and optic 

nerves in Agrlollmax aerestis and Arion rufus following amputation of 

the distal portion of the ocular tentacle. She reported that this 

degeneration was caused by important modifications in the metabolism of 

glycogen and lipid* Furthermore, she described the process of amoeboid 

macrophages phygocytosing the degenerated products of the nerves 

(Hneuronophagien). 
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Regeneration of the Eve 

The histological events which occur in the regeneration of the 

eye of gastropoda are well established, due primarily to the studies 

by Carriere (1880), Techow (1910b), Hanko (1914) and Konig (1915). 

The subject is of considerable interest because of the fact that, con

trary to other known cases of eye regeneration, the gastropod eye is 

apparently completely regenerated independently of any influence from 

the nervous system* In most other animals that have been studied the 

nervous system plays a very special role in regeneration. For example, 

in amphibians the early stages of regeneration cannot proceed normally 

in the absence of an adequate nerve supply to the region of the wound 

(Balinsky, 1960:494). Once the regenerating amphibian limb has reached 

the stage when differentiation commences, it can proceed with its 

development even in the absence of nerve supply (if the nerve is cut 

at that stage). Thus, for amphibia and for many if not all other 

known animals, a nerve supply is necessary for the growth of a regenerating 

part and even for the formation of the blastema. A thorough review of 

the role of the nervous system in regeneration was written by Locatelli 

(1926). He considered the various phyla of invertebrate animals, as 

well as the vertebrates. His conclusion was, in reference to verte

brates, that without the presence of nerves which terminate in the 

regenerating part, there is no regeneration. The same seems to be true 

2 
for most groups of invertebrates. 

2. Lender (1956:214) has concluded that eye regeneration in 
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The gastropod eye develops ontogenetically In a very simple way. 

It first appears almost simultaneously with the rudiments of the tentacle, 

at the ventral edge of which a depression takes place* This deepens to 

form a vesicle which finally becomes detached from the ectoderm and is 

then found below the integument. Pigment becomes deposited in the 

proximal part of the (optic) vesicle; the cells of this region pro

liferate and fora the retina, while the distal part of the vesicle forms 

the cornea (Korschelt and Heider, 1900:196). The cells of the optic 

vesicle produce by secretion the lens and the vitreous body. Korschelt 

and ffeider pointed out that the ontogeny of the gastropod eye is of 

great interest in so far as it may, at some of its stages, be compared 

with the adult condition of the eye in various other groups of mollusks. 

Carriere (1880) was the first to study regeneration of the eye 

in gastropods. He discovered the important fact that, in regeneration, 

their formation takes place in the same way as when they arise onto-

genetically. 

Structure of the Gastropod Eye 

Several good accounts exist which relate to the adult structure 

of the eye (Taylor, 1897; Stoiith, 1906; Meisenheimer, 1912; Baecker, 1932). 

The lens is a transparent spheroidal body of a somewhat gelatinous 

planarians is induced by a chenical substarce which he designated an 
"organisine." The presence of this substance was hypothesised from the 
following information, ^fter removal of eyes and brain from planaria, 
regeneration of eyes fail unless the brain is also allowed to regenerate. 
But, the eyes will regenerate in the absence of the brain if the animal 
is kept in the presence of a mince of planarian's heads. 
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consistency, secreted by the cells which comprise the retina. The 

retina is composed of two types of cells, colorless sensory cells 

(retinophores of Taylor, 1897:231; Sehzellen of Baecker, 1932:518) and 

pigmented cells (retinules of Taylor; Stutzellen of Baecker), The 

fact that the pigment cells are indifferent and the colorless cells are 

sensory was confirmed by Smith (1906) in his study relating to the eye 

of Limax maxLnus and several other pulmonates. Both Smith and Baecker 

agreed that the pigment cells are attached to the optic capsule by fine 

radiculae and that each sensory cell gives off proximally one neurite 

to the optic nerve and one or more branched processes which attach the 

cell to the capsule. 

The eye of pulmonate gastropods possesses two corneas. The 

outer cornea (pellucida externa of many authors) is formed by an 

extension of the outer integument over the optic vesicle. The inner 

cornea (pellucida interna) is immediately beneath the outer one and is 

formed by the colorless internal wall of the ocular bulb. 

That a new eye is regenerated after ablation of an ocular 

tentacle of a snail has been reported by all students of the subject. 

Spallanzani (1768) probably reported this observation for the first 

time. Carriere (1880) considered eye regeneration of Helix hortensis 

and other species and his histological study has been verified by 

subsequent workers in nearly every respect. Techcw (1910b) described 

the sequence of events occurring in regeneration of the eye in a 

variety of land snails and slugs* His account of the process is especially 

lucid. Hanko (1914), working with the marine gastropod Nassa nmtabilis. 

and Konig (1915), who worked with the slug Arion empjricorum. have 



substantiated the earlier work* 

All of these workers agree in the rather remarkable fact that 

regeneration of the eye occurs independently of the tentacle ganglion, 

cerebral ganglia and of their nerves. They have also been unanimous 

in their observations that considerable variation exists in the time 

required for the eye to appear, following amputation, and in the length 

of time required for the regenerating eye to attain definitive size* 

The anlage of the eye begins with a slight invagination of the 

regenerated epithelium, which begins a varying length of time after 

operation* Techow (1910b:381) first noticed this invagination on the 

20th day in Helix arbustomm. although it took longer in some cases 

(up to 30 days)."* This invagination eventually separates completely 

from the epithelium and with this separation the optic vesicle is 

eventually closed off. Although Carriere observed the formation of the 

lens prior to the pigmentation of the retina, Techow stated that it 

occurred subsequent to pigmentation* Hanko sided with Techow in this 

matter and Konig implied the same (the lens is formed after the retina 

becomes pigmented). In any event, the lens is secreted by the cells of 

the optic vesicle and is not a cellular structure. When first secreted, 

the lens is not homogeneous, but is filled with numerous vacuoles 

3. As is true with all of the early regeneration studies, 
Techow did not mention the size of his animals. The rate of eye and 
tentacle regeneration in snails is influenced by this factor, as is 
discussed below. 
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(Techow, 1910b:391). 

A good description of regeneration of the eye was given by Hanko 

(1914) in reference to Nassau As is typically the case with marine species 

of gastropods, regeneration occurs much faster than in land snails. This 

fact was demonstrated by Hanko*s data to the effect that 20 days after 

amputation of a tentacle, a completely functioning eye was present in 

Nassa: the invagination of the optic vesicle occurred on the sixth day. 

In land snails, on the other hand, the eye may not even appear until 

30 days following operation. 

After amputation of the tentacle the edges of the wound lie 

against each other and the wound is closed by the cicatrix formed from 

blood (previously described in this study). The epithelium in Nassa 

(size or age not stated by Hanko) regenerates and covers the wound sur

face within two days. Hanko stated that the cicatrix then dissolves and 

the flattened regenerated epithelium becomes cube-shaped, and then 

cylindrical, by the end of the fourth day after operation. He stressed 

the fact that the optic vesicle is entirely closed and the lens is in 

the process of being secreted, before the regenerating optic nerve 

reaches the optic vesicle (Hanko, 1914:494). Hanko discovered that 

the sensory cells and pigment cells of the retina originate from the 

outer epithelium and are thus of ectodermal origin. 

The most recent contribution to the problem of eye regeneration 

of gastropods was by Brysson (1948). She utilized Crenidula in her 

studies* Her account of the formation of the lens is of interest, in 

that all cells of the optic vesicle in the beginning contribute material 
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for the lens. After the pigmented cells of the retina obtain their pig

ment, the non-pigmented cells of the cornea then carry on lens-secretion. 

Brysson believes that pigmentation of the retina inhibits formation of 

lens material in that region, leaving to the non-pigmented cells of the 

cornea the responsibility of adding material to the lens as growth 

proceeds. 

All students of eye regeneration in gastropods have stressed two 

features that warrant emphasis at this point. The first refers to the 

varying length of time required for (a) the visible appearance of the 

regenerating eye, and (b) the attainment of definitive size of the eye. 

Kcnig (1915:316) in reference to the genus Arion. stated that "The 

duration of eye regeneration varied greatly in the same species which 

were operated upon in the same manner and at the same time, and which 

were maintained under the same conditions.w Similar statements were 

made by Carriere (1880), Cerny (1907), Techow (1910b), Hanko (1914), 

and Pelseneer (1914; 1935). Pelseneer noted that the site of the 

animal influenced rate of regeneration of the eye, occurring more 

rapidly in small animals. In Purpura, pigment appeared in the eye in 

10 days in animals less than 7 mm.; it took 14 days in animals of 31 mm, 

Ghose (1960) has been perhaps the only one to report similar data 

relating to land snails. In Achatina fulica. one-day old snails 

regenerated amputated portions of tentacles with eye within five days. 

In snails measuring 15 mm., the period of time was two months; in snails 

measuring 40 mm«, it required three months. In animals which were 

"several years oldn, eye regeneration required five to six months. 

The second feature that has been reported by most observers is 
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the frequency of abnoznalities resulting from regeneration of the eye of 

gastropoda. It is a very common occurrence that two or more eyes 

regenerate in a tentacle* This condition has been called "superregenera-

tionn or "hyperregeneration" (Abeloos, 1932:214)* I can attest to the 

frequent occurrence of this phenomenon, especially in Rumina decollata 

(fig. 12)* Some of my series obtained more than 80 per cent frequency 

of multiple eyes. Techow (1910b:384) gave an explanation for the 

appearance of supernumerary eyes* They result vhen the epithelium 

invaginates to form the optic vesicle and adjacent epithelium undergoes 

a repeated infolding* I have counted as many as ten small eyespots in 

a regenerating tentacle of an adult R* decollata. (See table X for 

frequency of multiple eyespots in my experimental animals). 



VII REGENERATION OF THE HEAD 

The moat controversial aspect of regeneration in land snails 

has been the question of whether or not a snail can regenerate an 

entire head after amputation of that organ, Spallanzani appears to 

have been the first to investigate this area of regeneration. He 

reported that he obtained complete regeneration irrespective of whether 

the entire head, or only a portion, was amputated (Johnson, 1850:375). 

Numerous workers have discussed the controversy which followed his 

report (Johnson, gj>. cit.: Carriere, 1880; Morgan, 1901; Techow, 1910b; 

Konig, 1915; Locatelli, 1926; Abeloos, 1942; P. H. Fischer, 1948). A 

ntanber of Spallanzani1s contemporaries concurred with his results, while 

others doubted then. 

The matter was not reinvestigated until 1880, when Carriere*s 

work appeared. Carriere carefully reviewed Spallanzani1s work and 

quoted verbatim much of the latter1s data; this review is the best 

discussion of Spallanzanifs experiments concerning head regeneration 

that is to be found. Carriere mentioned experiments by several con

temporary workers of Spallanzani. C. Bonnet, in 1769, amputated the 

head from 30 snails ("probably Helix nemoralis"). Two-thirds died 

and the remainder regenerated the amputated part slowly and abnormally. 

Carriere^ investigations involved a variety of species of land 

snails - Helix hortcnais. H. nemo rails. H[. pomatia. fruticaw. H. 

53 
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incarnata. H. ericetorum. and Bulimus obscura. His approach to the problem 

of head regeneration consisted of amputating various portions of head 

from the snails* Many of his experimental animals died within a short 

period of time, a result with which the majority of the early workers 

had to contend* His results were as follows. If the amputated portion 

contained the cerebral ganglion, regeneration did not occur. If the 

cerebral ganglion, or even a portion of it, remained in the animal 

after the head was amputated, the head did regenerate. 

Some years later the problem was reinvestigated by Rosanoff 

(1912). Working with Helix pomatia he obtained results which were in 

agreement with those of Carriere. 

The next investigator of the head-regeneration problem was 

Abeloos (1942). Abeloos worked with two species of slugs, Limag ater 

and L. cinerco-ni/eer. He performed his decapitations in various ways, 

either transversely or obliquely, but allowed the buccal mass to remain 

intact. Generally, his procedures resulted in the amputation of the 

muzzle of the slug, with both pairs of tentacles. In certain cases 

Abeloos observed complete regeneration of the amputated portion. There 

were also numerous examples of abnormal regeneration and, in some cases, 

no regeneration occurred. He noted that all injuries to the nerve collar 

rapidly killed the animals, but if this collar remained intact, the 

decapitated animal remained alive. 

Abeloos demonstrated that the buccal mass has no role in 

regeneration of cephalic organs, by the rather ingenious method of 

removing the buccal mass prior to decapitation. This was accomplished 

by making a sagittal slit in the dorsal head integument. After the 



Integument had been cicatrized, the ocular tentacles were amputated, as 

well as the tentacles of control animals which still retained their 

buccal mass. Abeloos reported that regeneration of tentacle and eve 

was as complete and rapid in the sltigs lacking their buccal mss, is 

in the control animals (o£. ci_t•, p. RR4). 

The most recent study concerning head regeneration in snails wns 

by Feliksiak (1947). The aquatic snail Physa acuta was utilized *s the 

experimental animal. Feliksiak reported at length on one experiment 

which involved an animal whose head had been removed together with the 

entire pharynx, to which adhered the entire buccal ganglion. After the 

operation, the animal remained in a quiescent state for ten days, then 

became active. The wound was cicatrized at five-days. A number of 

other Physa. (decapitated and deprived of their nerve ring) died on the 

ninth day following the operation. 

Feliksiak described in detail the regeneration of the head of 

one animal from which a portion of the head, including the left tentacle, 

had been amputated by an oblique transection (o£. cit.. pr s-10). 

\fter five days, the animal behaved in a manner similar to the control 

animals. The wound was closed at 12 days. At 26 dqys, the amputated 

portion of the foot had been regenerated; the cilia occupving this 

regenerated portion exhibited normal movement. At the same time, the 

amputated portion of the head had been restored; the tentacle, which did 

not possess an eye at its base, measured 0.25 mm., about 11 times shorter 

than the normal left tentacle. At the end of 9R diys the reeenerated 

right tentacle measured 0.75 mm. The buccal mass was lacking inside the 
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translucent regenerated head. This animal died at 114 days* During 

dissection of the snail, Feliksiak noted the absence of the buccal mass 

and the union of the esophagus with the integument of the head at the 

place where the buccal orifice should have been. 

It is interesting that this animal acted in the same manner as 

unoperated control animals during this time. It crawled and executed 

respiratory movements. That this snail was able to regenerate during 

the time of observations, in spite of its inability to feed, is note

worthy. Feliksiak proposed the following explanation: "Could it not 

be a case of penetration of salts and organic compounds dissolved in 

the water and of their synthesis in the body of the mollusk?,, However, 

the fact that this snail regenerated in an aquatic mediwn does not seem 

spectacular in view of the fact that land snails are able to regenerate 

eyes, tentacles, and portions of their foot during uninterrupted periods 

of estivation, a fact discussed later in this work. 

On September 21, 1960, I began a study concerning head 

regeneration in Helix aspersa. Selecting seven specimens, which 

ranged from very small and imnature young to large adults, I amputated 

either the entire head or a portion of the head, employing both transverse 

and oblique sections. All snails were from the same population, as 

reported elsewhere in this dissertation. 

Helix aspersa - Head amputation specimens. 

No. 1. A large adult. Right side of head transected at an oblique 

angle, removing both right tentacles and the left anterior 

tentacle. The anterior portion of the buccal mass, including 
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the jaw, was removed. Cerebral ganglia remained intact. 

No. 2. An adult of size equal to No. 1. The entire head amputated by 

a transverse cut just behind ocular tentacles. Entire buccal 

mass with cerebral ganglia removed. 

No. 3. This animal was slightly smaller than No. 2. The left side of 

head was removed by an oblique cut. Both left tentacles removed, 

but none of buccal mass, jaw, or cerebral ganglia. 

No. 4. An immature snail. The entire head was amputated at a point 

irmnediately behind the ocular tentacles (as in the larger 

specimen No. 2). Major portion of buccal mass was removed, 

including jaw and cerebral ganglia. 

No. 5. Smaller than No. 4. Right side of head was amputated by an 

oblique cut. Both right tentacles and most of buccal mass 

removed. Cerebral ganglia remained intact. 

No. 6. A very small snail. The entire head was amputated by a trans

verse cut just behind the ocular tentacles. All of buccal mass 

was amputated, including the nerve ring. 

No. 7. The smallest snail. Entire head amputated by a transverse cnt 

just behind the ocular tentacles. Entire buccal mass and 

cerebral ganglia were removed. 

Number 6, a small specimen, died during the fifth day following 

amputation. The other snails lived varying periods of time, three being 

alive at the conclusion of this study on March 2, 1961. 

The snails were placed in a glass container with moist sand in 

the bottom. However, no attempt was made to keep this sand moist and it 
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soon became dry. The lid of the container was wire mesh. The snails 

tended to cling to the side of the container, but would rather frequently 

shift their position, especially during the first two months. After this, 

they spent most of their time in estivation, but occasionally one would 

be seen to more. On November 1, six weeks after the operation, numbers 

1, 2, and 3 were partly extended. On December 15, 12 weeks after opera

tion, number two was fully extended and crawled about in its container; 

this animal had been completely decapitated including the buccal mass 

and cerebral ganglia. During the month of January, 1961, numbers 1,2, 

and 7 died. On February 4, 1961, number 3 was observed fu]lv extended 

and crawling. On March 2, 1961, there were three survivors, numbers 3, 

4, and 5. These animals had lived 162 days subsequent to the operation. 

The study was terminated on this date, and observations made as to the 

extent of regeneration. 

One other snail, also aspersa, was utilised in head-regenera

tion studies. A large adult that had been used in a study of tentacle 

regeneration during estivation, was the experimental animal. This snail 

survived ten weeks* estivation and was activated on September 19, 1960. 

Four days later, the animal was decapitated by a transverse cut at a 

point behind the ocular tentacles. The entire buccal mass and cerebral 

ganglia were removed. This snail was then placed in a container and it 

estivated until February 25, 1961, a period of time amounting to 164 days. 

I will designate this snail as number 8. 

Consequently, a total of four head amputees survived approximately 

the same length of time, 162 to 164 days. One of these, number 8, had had 

its entire buccal mass and cerebral ganglia removed; two snails, numbers 
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4 and 5, had a large portion of their buccal mass removed, and number 4 

had also had its cerebral ganglia removed. The last snail, manber 3, 

was less-extensively injured, having had the left side of its face and 

both left tentacles amputated, but the buccal mass and cerebral ganglia 

remained intact. 

Extent of Regeneration 

Snail number 3, which had experienced less-extensive injury than 

the other survivors, showed the greatest amount of regeneration. The 

original amputation had removed the left side of face and both left 

tentacles. The missing portion of the face was restored by a white 

tissue and the ocular tentacle was represented by a leucodermic cone 

2.0 mm. in length, containing an irregularly shaped eye whose bulk was 

equal to the normal eye. There was also present a second irregularly 

shaped, flattened eye at the junction of tentacle and body integument. 

There was no trace of the anterior tentacle. The regenerated ocular 

tentacle was not situated at the normal site, but was located midway 

between the positions where it should have been and where the anterior 

tentacle should have been. The only other structure represented was a 

small protuberance which presumably represented the left lip. This 

animal was dissected and its internal organs seemed normal in all 

respects; the genitalia were well-developed and I saw no trace of 

atrophy of any internal organ. 

Snail number 4, a very immature animal, had been decapitated 

inmediately behind the ocular tentacles. Most of the buccal mass had 

been removed with the entire nerve ring. There w»s no trace of 
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regenerating head, although the anterior surface had been healed and the 

sole restored* There was not simply a cicatricial tissue, but a regenera

tion tissue was present. No opening was present in the anterior portion; 

regeneration had sealed the animal. Dissection of this snail revealed 

the fact that approximately one-half of the buccal mass was presert; 

posteriad from a point where the buccal retractor muscles inserted, the 

buccal bulb was intact. No jaw or radula was represented. The salivary 

glands were still present adhering to the esophagus and their ducts were 

normal. No trace of the nerve ring was found. 

I do not believe that any regeneration of the buccal mass had 

occurred. The sealing of the buccal mass was probably cicatricial 

tissue. It is difficult to be certain, because the normal tissue is 

white, so that regenerated tissue would not be conspicuous. Probing 

of the anterior surface did not reveal any difference in the consistency 

of this tissue from that of the intact "posterior portion. 

Snail number 5 was also a young, imnature animal. The amputa

tion had involved the right side of the face and both right tentacles. 

A portion of the buccal mass, including a great portion of the jaw, 

had been removed. The nerve ring had remained intact. 

This snail showed evidence of regeneration externally in that 

the amputated portion of the face had been restored by a typical white 

regeneration tissue. Also, the right anterior portion of the sole had 

regenerated. There was no trace of the amputated ocular tentacle, but 

a small protuberance, 0.5 mm, in length, was present in the position of 

the amputated anterior tentacle. The regenerated facial tissue was not 

smooth, but furrowed; nothing comparable to tubercles was present. 
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This tissue possessed considerable yellow pigment, more or less evenly 

distributed. 

Dissection revealed little or no internal indications of 

regeneration* The buccal mass was opened and a very small fragment of 

jaw was found. The radula was intact. 

The remaining Helix aspersa that survived this study, number 8, 

was the one which had originally been utilized in the study of tentacle 

regeneration during estivation. Its entire head had been decapitated, 

including buccal mass and nerve ring. Externally, the amount of 

regeneration was comparable to snail number 4, discussed above. The 

wound, surface was completely sealed, but definite regeneration had 

occurred, rather than merely cicatrization. Extending anteriorly from 

the amputation site was 7,0 nm, of regenerated tissue, including the 

sole. No mouth opening was present; this animal was sealed in the sawe 

manner as number 4, No trace of regeneration of cephalic organs was 

present. The tissue was furrowed slightly and leucodertnic. 

Dissection revealed the fact that no internal regeneration had 

occurred during the 164 days. The esophagus was free and apparently 

sealed, as T could not probe into its anterior end* No trace of buccal 

mass or nerve ring was found. 

ggpqral RyaarKs 

Although the period of time involved was not nearly long enough 

to obtain what might be considered "good1* regeneration, the fact that 

the nerve ring is essential for the regeneration of a head and associated 
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structures (tentacles, eyes) was demonstrated. Snails numbers 3 and 5, 

in which the nerve ring had entirely or partly remained intact, showed 

the beginning of regeneration of tentacle and/or eye# On the other 

hand the two snails which had been decapitated and whose nerve rings 

had been removed, shoved no trace of head regeneration, however, my 

results differ in some respects from those of previous workers. 

Carriere (1880) stated that if the arrfputated portion of the head included 

the nerve ring, no regeneration followed. Two of my specimens, numbers 

4 and 8, had their nerve rings removed, yet showed regeneration of the 

foot and covering tissue for the anterior body region. The head. how

ever, had not regenerated in any respect. Furthermore, Rosanoff (1912: 

58) stated that his animals soon died when the nerve ring, or only the 

cerebral ganglia, were amputated. My snails, nwnbers 4 and 8, lacked 

the nerve ring, yet they were still alive after 164 days. 

Three other snails, however, numbers 2, 6, and 7, which had 

their nerve rings amputated, did not live to the conclusion of this 

study, although numbers 2 and 6 lived several months after the amputa

tion. Abeloos (1942:884) also stated that all injuries to the nerve 

collar rapidly killed his animals. 

It does seem well-established that the pharyngeal nerve ring 

of land snails, at least the species which have been studied, must be 

present (partly or entirely) in order for the cephalic organs to 

regenerate. The fact that Spallanxani stated the head would regenerate 

in the absence of the nbrainn was later attributed to the fact that he 

did not actually amputate the nerve ring from his specimens. Konlg 

(1915:293) clarified this point by revealing that a man named Schweigger 
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examined Spallanxani'a specimens in 1820, which had been preserved in 

ethyl alcohol. Instead of the entire head, only the face (Gesicht) had 

been removed, leaving the nerve ring intact. Konig thus seems to be 

the only one who has accounted for Spallanxanifs controversial results 

mentioned earlier. 

Figures 6 and 7 show two H. asoersa which have had a portion 

(fig. 6) or the entire (fig. 7) head amputated. These photographs were 

taken ten weeks after amputation. The snail shown in fig. 7 lacks its 

pharyngeal nerve ring. In both cases, cicatrization has occurred. 
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Figure 6 - Helix aapersa. 10 Weeks After Partial Decapitation 

Figure 7 - Helix aspersa. 10 Weeks After Complete Decapitation 



VIII REGENERATION OF THE TENTACLE AND FOOT 

IN ACTIVE LAND SNAILS 

In other sections of this study I have summarized the existing 

information which relates to regeneration in pulmonate gastropods. 

That information is primarily of a histological nature and the essential 

facts have been reasonable well established. I have also pointed out 

that practically nothing is known concerning the effect of the size of 

the animal on the rate of regeneration, interspecific and intraspecific 

variation in the rate, the degree to which amputation impairs snails, 

and related phenomena* 

My earliest investigations consisted simply of amputating 

either a tentacle or the posterior portion of foot from series of 

snails and following the progression of regeneration. It soon became 

apparent that a period of time would elapse from the time of amputation 

until the appearance of the blastema. It is during this "lag" or 

latent phase of regeneration that certain vital processes occur, which 

include the repair of the wound, degeneration of nerve and muscle 

tissue, and dedifferentiation of cellular elements. The processes have 

been discussed in my section devoted to a review of the histological 

events that occur during regeneration. 

Eventually, a blastema appears at the surface of the wound. Once 

it does appear, regeneration proceeds rapidly and in both foot and 

tentacle regeneration the major portion of growth of the regenerating 

65 
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organ occurs within a relatively few weeks. After this period of rapid 

growth, a "leveling-off" in amount of regeneration occurs and growth is 

very 'lew from that time on. Abeloos (1932:106) mentioned the fact that 

this scheme of regeneration is generally universal in epimorphic regenera

tion. 

Methods Utilized in Regeneration Studies 

It is relatively simple to perform amputations of tentacle or 

portion of the foot from land snails. For either type of operation, the 

animal is first rinsed under tap water and then placed on wet paper 

towels. A lamp was situated in such a way that the heat would help 

hasten the extension of the animal. Helix aspersa and Sonorella odorata 

always become active within a matter of a very few minutes, although 

Rumina decollata requires a considerably longer period of time. Once 

the snail had become active and well-extended, amputation of the foot 

was accomplished by positioning a stiff, single-edged razor blade 

immediately above the foot, taking care to hold the blade with thumb 

and fore-finger of both hands and then chopping down with a rapid 

thrust. Aseptic precautions are not required; I have not observed any 

evidence of wound infection that Techow (1930b) blamed for the extremely 

high mortality rates obtained in his studies. 

For amputation of a tentacle, a pair of scissors were employed. 

This operation requires a longer period of time to accomplish (and 

considerably more patience on the part of the experimentor), Holding 

the scissors in my right hand and placing the tip of the lower blade on 
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the table top, I would slowly manuveur the scissors until the tentacle of 

the crawling snail was positioned between the two blades. At the right 

instant I would swiftly snip off the tentacle. It is important to wait 

until the tentacle is fully everted, so that the eye would be removed 

with the amputated portion of tentacle. 

Surprisingly enough, amputation does not seem to inccmpacitate 

the animals. Although Rumina and Sonorella will immediately withdraw 

into their shells, they become active again within a very few minutes. 

An adult Helix does not usually even halt its crawling after amputation, 

although smaller animals may temporarily withdraw into their shells. 

After the operation, each animal was examined at weekly inter

vals. After the blastema appeared (between two and five weeks after 

the operation) the rate of regeneration for each animal was determined 

at intervals of one week by measuring the length of the regenerated 

portion with a millimeter ruler. Foot amputees were allowed to crawl 

up the sides of a clean, moist glass container. A series of measure

ments was taken for each animal until a measurement was obtained which 

seemed most reliable. The tentacle amputees required a different 

technique. I would hold the animal by its shell and allow it to extend 

under a binocular microscope, resting my forearm on the table for 

support, but holding the animal in the air. A short piece of millimeter 

ruler was held between my right thumb and fore-finger and repeated 

measurements were taken until I felt certain of the measurement. This 

task was very time consuming - a series of ten animals usually required 

three hours to accomplish the measurements. After considerable practice, 

I felt that I had attained a reasonably high degree of accuracy. All 
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measurements reported in this study were made with the same ruler# 

A conspicuous feature of my regeneration studies concerns the 

fact that, after the period of rapid growth, subsequent measurements 

often resulted in lower values than had been attained in proceeding 

weeks* I believed at first that this could be attributed to experimental 

error in measurements* This is undoubtedly true to some extent, for 

once the period of rapid growth has terminated, regeneration proceeds 

very slowly* However, there is a definite trend toward the fact that 

the lower values would be realized simultaneously in several animals 

in a particular series, which resulted in the average amount of regenera

tion for the entire series being lower than that average in the pre-

ceeding week. There is no question in my mind that these ••valleys'* in 

the regeneration curves may be due, at least in part, to the physiological 

condition of the animals. That is, at times the state of activity of 

the snails are lower than at other times* If this lowered state of 

activity happened to be realized on a day of measurement, the animals 

would not extend as fully as on other days, resulting in a somewhat 

lower measurement of regeneration. It must be emphasized that the 

lower values were obtained only after the period of rapid regeneration 

had terminated and the animals had entered the "leveling-off1* period* 

Several basic facts soon became apparent in my studies. The 

foot begins to regenerate sooner than the tentacle, based on the 

appearance of the blastema. This aspect will be treated in more detail 

below. In reference to tentacle amputees, the base of the tentacle 

(that portion remaining after amputation) was always completely 



invaginated for a period of time subsequent to the operation. Within 

the next few days the base would be everted when the animals carried on 

their activities, except that the cut surface would be invaginated« 

Eventually, the wound surface would also be everted, revealing the 

leucodermic cicatrix and within a week the blastema would appear and 

begin the period of rapid growth. I arrived at the following distinction 

between cicatrix and blastema: if the leucodermic "plug" in the open end 

of the tentacle was level with, or below the edge of the wound, it was 

considered cicatrix; once this tissue protruded above the margin of the 

wound, it was designated blastema. The eye is regenerated while the 

cut surface of the tentacle is invaginated, although it is still very 

small when it is first visible (perhaps 20 per cent of normal) and it 

requires months to attain normal size (fig. 8). In Rumina dccollata. 

young or adult, the regenerated eye is nearly always multiple; that is, 

rather than one eye, several are usually regenerated in the tentacle. 

During the weekly measurements, I not only meastjred the length 

of the regenerated tentacle, but also the length of the base. For, 

not only does the regenerating portion increase in length, but also the 

base increases at the same time by normal growth, although at a much 

slower rate. 

Regeneration of the Tentacle and Eye 

Preliminary studies consisted of performing amputations on 

series of snails and observing the progression of regeneration. 

Although these early studies contributed little information of a 

quantitative nature, they did serve to demonstrate the fact that 



Figure 8 - Rimina decollata. at the End of 2 Weeks of Tentacle 
Regeneration. A Very Small, Pale Ere is Present in 
the Regenerating Tentacle 
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regeneration doss occur in all (surviving) amputated animals, that I need 

not expect a severe mortality rate (providing the animals were properly 

cared for), and that regenerating structures require a considerable time 

even to approach nomality of appearance. In addition I noted the fact, 

as had all previous students, that regeneration proceeds at different 

rates in different animals of the same series (i.e., operated upon at 

the same time, in the same manner, and maintained under the same con

ditions). 

In September, 1960, a number of studies were begun which per

tained to various aspects of regeneration in Helix aspersa. Rumina 

decollata. and Sonorella odorata. As stated earlier, all animals 

were subjected to a strict routine of care and feeding. A major portion 

of my quantitative data was derived from studies of H. aspersa. so it 

is appropriate to discuss this species first and in greatest detail. 

Helix aspersa 

On September 22, 1960, a study was initiated with this species. 

A total of 30 snails participated, 20 amputees and 10 control animals. 

One of the areas that I wanted to investigate concerned fluctuations in 

weights of active regenerating animals as compared to normal animals. 

That is, if amputated animals exhibited a profound decrease in weight, 

this would suggest that amputation is detrimental to snails. The con

trol animals served as controls for weight fluctuations and for mortality 

data. 

Ten of th^ Helix served in foot amputation studies and will be 

discussed later. Ten other animals, consisting of a series of five 
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large snails and a series of five small snails underwent amputation of 

the right ocular tentacle* I specifically selected animals for these 

two series that differed significantly in sixe in order to ascertain if 

size of the animal affected rate of regeneration. The two series 

possessed the following weights prior to amputation (x t 2 S. E.): 

large snails = 6.09 t 1.0 g.; small snails = 2.30 t 0.5 g. (fig. 9). 

The two series also differed significantly in diameter of the shells: 

large snails = 30.0 1 1.1 ran.; small snails *= 20.4 t 1.3 mm. 4t inter

vals of one week each animal was weighed and then examined for amount 

of regeneration and for relative progression of regeneration in regard 

to tubercles, pigment, and size of the eye. 

Weight Fluctuations in Regenerating and Normal Animals 

Howes and Wells (1934a,b) and Wells (1944) have shown that land 

snails undergo continual fluctuations in weight from day to day, often 

of a very great magnitude. In extreme cases, a snail may change (either 

gain or lose) up to 50 per cent of its weight in 24 hours. They made 

individual day-to-day weight records for more than 100 snails (Helix 

pomatia)« the period of observations varying from eight days to six 

months. The animals were kept in a variety of containers. Every snail 

showed these striking weight changes. There was apparently no 

correlation between daily variations in humidity or temperature and 

the weight changes; the fluctuations occurred in animals kept at con

stant humidity and approximately constant temperatures. Howes and Wells 

(1934a:336) believed that the changes in weight were due primarily to 
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variations in water content of the animals.* They also confirmed the 

daily changes in weight for the slugs Arion ater L. and Llmax flavus L. 

(1934b). 

Although I did not weigh my animals daily, the fact that H, 

aspersa also experiences fluctuations in weight is apparent from con

sidering fig. 10, which indicates weekly weights of the amputated and 

control animals. It is apparent that the weight changes of amputated 

animals correspond with those of the controls. The series of small 

tentacle amputees and controls remained very similar in weight and tended 

to increase from the beginning of this study. The large animals, how

ever, remained more stable in weight, although the tentacle amputees 

steadily lost weight after the first two months of regeneration. 

The weekly weight records seem to confirm the fact that amputa

tion does not seriously impair H. aspersa. In fact, during the first 

several weeks after amputation, the snails experienced an increase in 

weight. If the animals were injured to the extent of being incompaci-

tated, it is difficult to believe that they would have gained in such 

a manner. Throughout this study, the series of small Helix tentacle 

amputees ronained very near the small control animals in weight. The 

4» I can verify the fact that water content of a snail influences 
its weight. On one occasion I weighed an adult H. aspersa. then removed 
the animal from the torsion balance and pricked it with a forceps, causing 
a sudden, forceful withdrawal into its shell; it exuded considerable 
mucus in the process. I then reweighed the snail, less than two minutes 
after the initial weighing, and found that the animal had lost 10.6 per 

cent of its weight. 
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large tentacle amputees gained an average of 0.6 g. within two weeks 

after operation and then remained at an even weight for the following 

six weeks. Their rather sudden decrease in weight after the eighth 

week following amputation was also apparent in the control animals, 

although to a less drastic degree. Consequently, it is not possible 

to attribute their decrease in weight to amputation. 

Rate of Regeneration of the Tentacle 

There have been several, methods proposed for expressing the 

growth of the regenerating portion of an animal. Abeloos (1932:103) 

discussed three methods of showing rates of regeneration. 

1. Absolute rate of regeneration. The increase in size during 

an interval of unit time. 

2. Relative rate of regeneration. The increase in size in 

relation to the size at the beginning of each interval of time. 

3. Specific rate of regeneration. The ratio of the amount cf 

regeneration to the size of the animal. 

The absolute rate of regeneration is undoubtedly the most useful 

method of demonstrating the amount of regeneration, for it is simply the 

amount of regeneration plotted against time. As mentioned earlier, this 

rate is considerably accelerated compared to normal growth. Whereas the 

absolute rate of regeneration increases with time and reaches a maximum 

value, the relative speed tends to constantly decrease after the 

beginning of regeneration, at least during the period cf rapid growth. 

Figures 11 and 12 indicate the absolute rate and the relative 

rate of regeneration of the tentacle. The values for Helix represent 
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the small snails and large snails averaged together. The values indicated 

for relative rate were obtained by converting the increment of growth for 

each week into a percentage of the increment for the proceeding week. 

For example, the first value for Helix, 53 per cent, indicates that the 

amount of regeneration during the second week was 53 per cent of the 

first weekts regeneration. Thus, tentacle regeneration in land snails 

agrees with Abeloos* observation that the relative rate of regeneration 

of animals in general tends to decrease from the beginning. 

It will be observed that the period of rapid growth lasted eight 

weeks, during which time the length of the regenerated portion increased 

by a factor of 12.5. It can also be determined that the subsequent 12 

weeks (from the 8th to the 20th week), the regenerated portion increased 

by only a factor of 1.1. 

Tlle relative rate of regeneration (fig. 10) for Helix very 

quickly decreases, from the time it is initiated, although not con

sistently. There was a noticeable increase in rate of regeneration 

between the fifth and sixth week, then it quickly dropped to 2.0 per 

cent between the tenth and eleventh week. 

Effect of Size of the Animal on Rate of Regeneration 

There was actually little difference between absolute rate of 

regeneration of the tentacle of the large snails and of the small snails. 

Even though the animals were significantly different in size and weights, 

fig. 13 indicates that the absolute rate of regeneration during the first 

five weeks ran parallel; after the fifth week, the small snails regene

rated at a faster rate and reached the leveling off period at the ninth 
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week. There was only an average difference of 0.5 mm. in length of 

regenerated tentacle between the two series at the end of ten weeks. 

Beyond that time, mortalities among the large series prevented the 

obtaining of significant data. 

A more conspicuous difference in rate of regeneration between 

the two series may be seen in regard to the relative rates (fig. 14). 

It will be seen that the regenerating portion of the tentacle tended 

to decrease in relative rate of growth sooner in the smaller snails than 

in the larger snails. By the ninth week (of actual regeneration) the 

relative rate of regeneration approximated zero, which indicated that 

the weekly increments of growth were new essentially stable (period of 

leveling-off). Although the mortality rate among the large animals 

precluded continuing their study beyond the ninth week, their relative 

rate of tentacle regeneration was still in the vicinity of 10 to 1 5 

per cent, indicating that the period of leveling-off had not yet been 

attained and that a measurable amount of regeneration was still 

occurring. 

I question the value of determining the specific rate of 

regeneration as a method of distinguishing an effect of size on rate 

of regeneration. I have shown that the absolute rate of tentacle 

regeneration is very similar in animals of the same species which 

differed significantly in weight. It stands to reason that the smaller 

animals (lighter in weight) would consequently exhibit a greater specific 

rate of regeneration. The magnitude of this difference is, however, 

only an expression of the magnitude of the difference in size, rather 

than any inherent difference in rate of regeneration. 
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Morphologic Changes in the Appearance 

of the Regenerating Tentacle 

Each week, when I measured the length of the regenerating ten

tacle and the base of the tentacle, I would also record observations 

pertaining to the appearance of the regenerating tentacle and relative 

sixe of the regenerating eye (i.e., in comparison to the normal eye in 

the undamaged tentacle). In the case of Helix aspersa. I treated the 

larger animals and smaller animals separately in order to consider the 

factor of sixe. 

The length of time between the date of amputation and the 

appearance of a blastema does depend on the size of the animal. The 

series of small tentacle amputees, which were operated upon September 

22, 1960, possessed a very short blastema on October 6, at the end of 

two weeks. A week later, October 13, a blastema of 0.62 mi. average 

length was present, but no eye could be seen in the blastema of any 

animal. By the end of the fourth week following operation, the average 

length of the regenerating tentacle amounted to 1.36 mm. and an eye 

was present in all small snails. On this same date, October 20, only 

one of the five large animals had commenced regeneration; a very short 

blastema approximately 0.3 mm. in length was present, but an eye was 

not visible. At the end of the fifth week, all of the large snails 

possessed a blastema, which averaged 0.56 mm., but only one animal 

exhibited a visible eye. It was not until November 10, at the end of 

seven weeks subsequent to the operation, that all five large tentacle 

amputees possessed an eye, at which time the regenerating portion of 
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the tentacles averaged 2,0 itm. in length. 

Thus, size of the animal does influence the initiation of 

visible regeneration; but I will show below that size, per se. ceases 

to influence the rate of regeneration a short time after the latter 

has commenced. 

The development of tubercles and pigment during regeneration is 

a very slow process# This, too, is dependent on size of the animal; for 

the tubercles appeared on the regenerating tentacles of the small 

animals as early as October 27, four weeks from the beginning of 

regeneration. By the eighth week the tubercles were the size such as 

to be considered "well-defined*, and on December 9, 11 weeks after 

operation, the tubercles on several of the small snails appeared 

essentially normal. Regenerating tubercles were slower to develop on 

the large animals and by the end of this study, they had not attained 

a degree of normality anywhere near that of the small snails. They 

appeared one week later than in the small snails, but remained in a 

comparatively ill-defined state until December. 

The development of pigment in regenerating; tissues is apparently 

slow in regeneration of mollusks in general (Pelseneer, 1935:378; P, H. 

Fischer, 1948:138). My records reveal that pigment first appeared in 

small animals on November 10, after six weeks of regeneration; the 

average length of tentacle for the animals amounted to 3»0 mm. As in 

the case of tubercles, pigment tends to develop in a basifugal direction. 

At the end of 20 weeks of regeneration, the degree of pigmentation was 

pronounced, but not yet normal, on the small snails, although very little 

pigment was present on the large snails. In fact, I am not certain if 



85 

pignentation ever becomes normal in regenerating animals. I have 

examined snails after a period of regeneration of from 10 to 12 months 

and I could still distinguish the regenerated tissue from normal tissue 

because of the subnormal pijgnentation (figs. 15, 16). 

The regeneration of the eye does not appear to be influenced by 

size of the animal, other than the time of its appearance after amputa

tion. By the end of 20 weeks of regeneration, the eye of both the large 

and small animals averaged about 60 to 75 per cent of the normal site. 

The attainment of normal size is probably realized eventually in 

regeneration, but one Helix aspersa which survived ten months after 

operation still possessed an eye that was slightly smaller than norma] 

(fig. 16). 

During the time in which I was engaged in studies of regenera

tion of the tentacle of Helix aspersa. I concurrently conducted similar 

studies devoted to Sonorella odorata and Rumina decollata. The same 

methods of amputation and weekly examinations were carried out. On 

September 8, I amputated an ocular tentacle from each of nine Rumina 

(x weight = 1.23 - 0.14 g.; coefficient of variation = 18.8 per cent). 

On September 3, I performed similar amputations on nine Sonorella 

(1.36 £ 0.24 g.; coefficient of variation = 26.8 per cent). It should 

be noted that the three basic series of active tentacle amputees utilized 

in this study (Helix aspersa* Sonorella odorata. and Rumina decollata) 

regenerated concurrently (from September, 1960, until April, 1961), 

although the amputations were not performed on the same day, or even 

during the same week. For this reason, the regeneration curves included 

in this study are not exactly synchronized, but nevertheless represent 
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Figure 15 - Rumina decollata. at the End of 1 Year of 
Tentacle Regeneration 

Figure 16 - Helix aspersa. After 10 Months of Tentacle 
Regeneration (Left Tentacle). The Eye is 
Still Smaller Than Normal 
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regeneration during approximately the same weeks. 

Figure 11 indicates the absolute rate of regeneration for the 

three species. Rumina tends to regenerate at a somewhat slower absolute 

rate after the third week. This is not surprising, as Rumina is smaller 

than the other two species and its normal tentacle is considerably 

shorter (it averages approximately 6.0 mm.). Also, the relative rate 

of regeneration in Rumina tends to decrease faster during the first 

three weeks, but from that time on, little difference is apparent in the 

three species (fig. 12). 

A consideration of the regeneration quotient may reveal a 

difference in rate of regeneration between the three species (fig. 17). 

This value, proposed by Krixenecky (Abeloos, 1932:2) is the ratio of 

the length of the normal structure (in this case, base of the tentacle) 

to the length of the regenerated portion. Although Krizenecky utilized 

the regeneration quotient (K) in regard to comparing growth of a 

regenerating appendage to the growth of a normal appendage in larvae 

of Tenebrio molitor. I have utilized the ratio of the length of the 

base (that portion of the tentacle remaining after amputation) to 

length of the regenerated portion of the tentacle. The resulting ratio, 

base/regeneration, I have also designated at regeneration quotient (K). 

Figure 17 indicates that the regeneration quotient rapidly decreases 

from the beginning of regeneration and approaches a value of 1.0, at 

which time the base and regenerated portion are equal in length. The 

K value then tends to level off in the vicinity of 0.80 to 0.90 for 

Helix and Sonorella. This indicates that the base, which is also 

increasing in length by normal growth, tends to remain approximately 
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80 to 90 per cent of the length of the regenerating portion (or, inversely, 

that the length of the regenerating portion remains 10 to 20 per cent 

longer than the length of the base). 

In Rumina. the value of 1.0 is attained two weeks earlier than 

for the other two species. Furthermore, the K value levels off between 

the values of 0.60 and 0.70, indicating that the length of the base 

remains 60 to 70 per cent of the regenerating portion. In other words, 

the regenerating portion of tentacle of Rumina more quickly equals, and 

exceeds to a greater extent, the length of the base. From this 

criterion, it could be stated that regeneration is more rapid than 

normal growth in Rumina. as compared to the other two species. However, 

it is equally correct to state that normal growth is slower in Rumina. 

when compared to regeneration. This latter interpretation appears to 

be more valid, when one considers absolute rate of regeneration and 

relative rate of regeneration. As will be discussed below, the 

regression coefficient for regeneration as compared to growth of the 

base is lower in Rumina than for the other two species. This indi

cates that regeneration is slower (as compared to normal growth) in 

Rumina than in the case of Helix and Sonorella. In absolute rate, 

Rumina drops below the other two species and in relative rate it more 

quickly decreases. I believe, then, that the value of utilizing the 

regeneration quotient is in demonstrating a slower innate rate of normal 

growth in comparison to growth by regeneration in Rumina. as compared to 

Helix and Sonorella. 

The visible course of regeneration of the tentacle for Sonorella 

and Rumina are quite similar to what has been reported above for Helix. 
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In the first two species the blastema had not appeared at the end of the 

fourth week after amputation, but was present in all nine Rimrina and in 

seven of the nine Sonorella at the end of the fifth week. Byes were 

visible on October 14 in Sonorella (end of the sixth week), although 

the blastema of this species is very dark gray, which makes it difficult 

to see the eye of some specimens. In Rumina, the eyes did not appear 

until the end of the seventh week. In this series of nine Rumina. only 

one regenerated a single eye; the other eight possessed from two to ten 

supernumerary eyes. 

Tubercles and pigment appeared during the eighth week in both 

species. As reported for H. ascersa. considerable variation in the 

degree of development of tubercles and pigment obtained in Sonorella and 

Rumina. A strong tendency was noted in both species, as also noted in 

Helix, in that the animals possessing the shortest bases of tentacles 

possessed the longest regenerated portion. Also, pigmentation developed 

faster on the longer regenerated tentacles and there also developed 

tubercles at a faster rate. As in Helix, pigment and tubercles develop 

in a basifugal direction. 

All Rumina survived the period of study, which extended from 

September 8, 1960, until March 16, 1961, a period of 27 weeks.^ At the 

end of the study, all animals still exhibited very conspicuous signs of 

regeneration: multiple eyes, stunted tentacles, subnormal pigmentation 

(fig. 18). Only one animal had regenerated a single eye; the eye was 

5. Two animals developed everted buccal masses, discussed in 

my section devoted to abnormalities in land snails. 



91 

Figure 18 - Rumina decollata at the End of 26 Weeks of 
Tentacle Regeneration. The Tubercles Have 
Scarcely Appeared and Pigment Has Appeared 
Only Basally 
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still less than normal in size* 

Three S. odorata died during this study. One died on November 

8, 1960, the second on December 8, i960, and the third on December 26, 

1960. The six snails which survived were considerably more normal in 

appearance than the Rumina series. The main reason for this being the 

considerably darker color of the regenerating tissue. Furthermore, 

the characteristic orange pigment was comparatively abundant, although 

microscopic examination still revealed the less-than-normal amount of 

pigment. None of the sonorellas regenerated supernumerary eyes. 

Relationship Between Length of Regenerated Tentacle 

and Length of Base of Tentacle 

It became apparent quite early in my studies that the absolute 

rate of regeneration proceeds more rapidly in those animals which have 

the greatest portion of tentacle amputated. In any given series of 

amputees, various amounts of tentacle are amputated, depending on chance. 

It is not possible to amputate a specific portion of tentacle from an 

animal, because that animal is in motion at the time of amputation and 

because its tentacle is moving at the instant of amputation. As a 

result, in a series of snails which have undergone amputation of one 

tentacle, one finds that the remaining portion of tentacle (the base) 

varies from several millimeters in length to zero (meaning the tentacle 

was removed at the level of the head). Visual observations indicated 

that at any given time during regeneration the animal which possessed 

the shortest base (or no base) possessed the longest regenerated portion. 

Similar observations which pertained to this relation between 



lerel of amputation and amount of regeneration have been reported by 

other students of regeneration. Abeloos (1932:113) mentioned the fact, 

however, that the reverse is true for some animals; that speed of 

regeneration dimishes from the base to the extremity of the appendage. 

He stated that, in coelenterates and in flatvorms, regeneration is 

much more rapid when the section is nearer the extremity of the organ. 

Ghose (1960:101) stated that tentacle regeneration in snails follows 

this latter pattern, that the time required for regeneration is minimum 

if the ocular tentacle is cut near the apex, and it is maximum if the 

cut is very near the base. He did not offer any evidence for that 

statement and my observations are not in accordance with his statement. 

In order to verify the fact that the absolute rate of regenera

tion of a tentacle is proportional to the amount of tentacle amputated, 

in Helix asperaa. I determined the average length of base and the 

average length of regeneration at weekly intervals for the ten animals 

over a period of ten weeks (fig. 19). The resulting correlation 

coefficient (r = 0.837) is significant at the one per cent level, showing 

a highly significant correlation between the growth of the undamaged 

base of the tentacle and the increase in length of the regenerating 

portion. In a similar manner, I determined the same correlation for 

Rumina decollata and for Sonorella odorata and obtained even more 

significant values: for Rumina. r = 0.934 (fig. 20) and for Sonorella. 

r = 0.941 (fig. 21). Because these three species of snails are not 

closely related, belonging to three distinct families, these data may 

well reflect a very high correlation between growth of the base and 

increase in length of the regenerating portion of the tentacle of land 
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snails in general. 

One fact was at first disturbing to me; I had expected to obtain 

an inverse relationship which would have indicated that the greater the 

length of base, the less the amount of regeneration. Nevertheless, a 

careful consideration to the implications involved in the positive 

correlation explains that regeneration of the tentacle is proportional 

to the amount of tentacle amputated. 

Consider a case in which the tentacle of a snail is amputated 

level with the head (i.e., resulting in no base). After ten weeks of 

regeneration, assume that the length of the regenerated tentacle is 

4.0 ran. It must now be recalled that the relative rate of regeneration 

decreases at a rapid rate subsequent to the initiation of regeneration, 

so that during each week a relative decrease in amount of regeneration 

occurs. Thus, the major portion of the 4.0 mm. regenerated tentacle 

developed in the earlier, rather than in the later, portion of the 

ten week period. 

Now, assume that the tentacle of this same snail had been 

amputated at a level which has left a base of 2.0 mm. In this case, 

regeneration is initiated at a point that is comparable to one mid-way 

in the time period of regeneration of the previous example (involving a 

total of 4.0 ram.). Therefore, in this case, the early period of most 

rapid growth is omitted. Consequently, the rate of regeneration is 

less rapid than when the entire tentacle, or major portion, has been 

amputated. 

Comparison of Rates of Regeneration ai 

Normal Growth of the Tentacle 



A fact that has not been previously considered in studies of 

molluscan regeneration is that, not only does the regenerating portion 

of the tentacle increase in length, but also the undamaged base increases 

at the same time by nomal growth. Abeloos (1932) and others have stated 

that regeneration is considerably accelerated as compared to normal 

growth. An opportunity to confirm this fact is presented in studies of 

regenerating tentacles, for there is usually a portion of tentacle 

remaining after the remainder of the tentacle has been ablated. If one 

also measures the length of the base each time that the length of the 

regenerated portion of a tentacle is measured, it will soon be apparent 

that the base is also increasing in length, but at a rate which is 

considerably slower than regeneration. 

Using the data by means of which the correlation coefficients 

for length of regeneration compared to length of base were determined 

for the three species, regression coefficients (b) were determined. Tn 

this case, b represents the rate of regeneration as compared to the rate 

of normal growth (i.e., the base of the tentacle). For Helix aspersa. 

b = 2.73; i.e., the regenerating portion of the tentacle increases at a 

rate 2.73 times faster than the base. For Sonorella odorata. b - 2.84. 

Thus, these two species exhibit essentially the same ratio of regeneration 

as compared to normal growth of the tentacle. Rumlna decollata. on the 

other hand, regenerates at a somewhat slower rate (in comparison to 

normal growth); the regression coefficient for Rumina is £ = 1.96. 

All three series consisted of approximately equal number of animals 

(n • 8 to 10) and the period of study ran concurrently under the same 

environmental conditions. The values for regression and correlation 
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multiple eyes. This incidence amounted to 18.8 per cent. Three of the 

six animals regenerated supernumerary eyes during estivation. Recause 

approximately equal nunbers of Helix regenerated in the active state and 

in estivation, no significant trend for the appearance of multiple eyes 

could be established for either active or estivating snails* 

On the other hand, multiple eyes appear to be very rare in 

Sonorella odorata. This species was utilised to a considerably less 

extent than were the other two species. Only one Sonorella. which had 

regenerated during estivation at 21° C., developed an extra eye. All 

of the nine active tentacle amputees regenerated a single eye. The 

incidence of multiple eyes, which appeared in only one animal of a total 

of 17 amputees, amounted to 5.9 per cent. It is worth recording that 

the one estivating animal which regenerated two eyes possessed a grossly 

swollen tentacle, its appearance was considerably more abnormal than any 

other representative of the species. 

Table I reveals that the total incidence of multiple eyes 

obtained during this study amounted to 48.2 per cent; 53 snails developed 

thera of a total number of 110 amputated animals. 

Regeneration of the Foot 

Generally speaking, a snail which has had a portion of foot 

amputated behaves in a manner similar to one which has had a tentacle 

amputated. Neither seems to suffer any serious impairment, initially, 

as a result of the operation. As reported for the tentacle amputees, 

Rumina. Sonorella. and small H. aspersa immediately withdraw into their 

shells when the foot is amputated, but they resume normal activity in a 

surprisingly short period of time (usually within minutes). Helix 



TABLE I 

Incidence of Supernumerary Eyes. 

Total Number Total Nunber Dereloping Per Cent with 
Species Amrmtees Sntiemumerary Eves Sud ernumerarr Erea 

Rtxnina decollate 61 46 75.6 

Helix Mt>ers& 32 6 18.8 

Sonerella odorata 17 1 5.9 

Total 110 53 48.2 
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aspersa adults appear to be completely insensible to the amputation and, 

as a general rule, they renain extended and continue to crawl after the 

operation. 

Weekly weight records were kept for two series of H. aspersa 

foot amputees: a series of large snails (x weight "t 2 S. E. = 6.66 t 0.9 g.) 

and a series of small snails (x £" 2 S. E. = 2.10 t 0.39 g.); each group 

consisted of five animals (fig. 9). There was also a significant 

difference in shell diameter: (large snails x t 2 S. E. = 30.6 t" 1.5 nm.; 

small snails = 19.2 irl.6 mm.). The foot amputees fluctuated in weight 

in a manner comparable to the control animals and to the tentacle 

amputees (fig. 10). That is, in any given week, the weights of the 

foot amputees, tentacle amputees, and control animals had fluctuated 

(either up or down) in the same direction and of approximately the same 

magnitude, as compared to the preceeding week. Activities of both foot 

or tentacle amputees seemed to continue in a normal manner. The adult 

animals oviposited and produced many young during this study. As will 

be discussed below, however, adult H. aspersa may be affected by amputa

tion (of either foot or tentacle) to a greater extent than young 

(immature) snails. The mortality rates of the adult animals (both foot 

and tentacle amputees) was significantly high. On the other hand, no 

immature Helix succumbed until late in this study (late February, 1961, 

approximately 23 weeks after amputation); and at this time, I had begun 

to neglect the animals because of having obtained the desired data. 

Effect of Size of the Animal on Rate of Regeneration 

It will be recalled that size of the tentacle amputee definitely 
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influenced the appearance of the blastema of the regenerating tentacle. 

The series of small snails (x weight = 2.73 g.) possessed a blastema at 

the end of the second week following amputation, while the large snails 

(x weight s 6.61 g.) did not develop a blastema until the fifth week. 

Thus, a differential of three weeks existed between the smaller and 

larger tentacle amputees in respect to the commencement of visible 

regeneration. 

The two groups of foot amputees also differed significantly in 

weights (small snails x weight = 2.10 g. pre-amputation weight, compared 

to an average weight of 6.66 g. for the large snails). Yet, both series 

exhibited a visible blastema on September 6, 1960, two weeks after the 

operation. Figure 22 shows the absolute rate of regeneration for the 

large animals and for the small animals. It will be seen that the 

smaller animals developed a longer blastema during the first week of 

regeneration (average for small snails = 1.0 mm.; average for large 

snails « 0,4 mm,). Between the first and second weeks of regeneration, 

both series increased in length of regeneration exactly the same relative 

amount (61 per cent). Subsequent to the second week, however, the large 

animals exhibited a greater absolute rate of regeneration and exceeded the 

small animals in length of regeneration during the fourth week. From 

the standpoint of relative rate of regeneration, then, the large animals 

continued regenerating at a more rapid rate than did the smaller ones, 

through the first five weeks. After the fifth week, the absolute and 

relative rates of regeneration were very similar for the two series. 

Unfortunately, the mortality rate of the large foot amputees was very 

high and my data concerning this series is relatively unreliable beyond 
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the I4th week subsequent to operation (December 30, I960). The matter 

of mortality rates of regenerating animals is discussed below. 

Progression of Regeneration of the Foot 

Although the initiation of regeneration occurred simultaneously 

in the large and small Helix foot amputees, there was a vast difference 

in the visible course of regeneration as regards the appearance of the 

regenerated tissue. 4s in the case of regeneration of the tentacle, 

size of the animal very definitely influences the progression of 

regeneration as regards development of pigment and the tubercles. A 

very definite trend was observed over a period of 22 weeks (September 22, 

1960, to February 24, 1961), consisting of the faster regeneration of 

tubercles and pigment in the tissues of the small foot amputees. On 

November 3, at the end of five weeks of regeneration, the small animals 

possessed considerable pigment and the tubercles were well-defined 

(although several times smaller than normal). In the large animals, 

however, pigment was difficult to find even during examination of the 

snail under a dissecting microscope. The tubercles were much less 

developed in the large animals than in the small animals, and this trend 

continued throughout the study. In February, after five months of 

regeneration, the small snails possessed tubercles which were essentially 

normal in shape, although still somewhat smaller than normal. The large 

animals, however, were still very conspicuous in the small size and 

abnormal shape of the regenerated tubercles. While the pigment of the 

small animals was nearly normal in amount and distribution, the large 

animals were conspicuously below normal in that respect. 
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Figure 24 shews an adult Helix asperaa foot amputee after 21 

weeks of regeneration. Figure 25 shows an adult H. aspersa foot amputee 

after ten months of regeneration. The tubercles of the regenerated 

tissue are still conspicuously small and the pigment is still below 

normal in amount. 

I also performed amputations of the foot of Rumina decollata and 

Sonorella odorata. I obtained little quantitative data for these species 

and I can add nothing to our concept of regeneration of the foot of land 

snails that has not already been said for Helix aspersa. The primary 

attention focused on Rumina and Sonorella concerned regeneration of the 

tentacle, discussed previously. 

Discussion 

There is considerable evidence that gastropods are subjected to 

extensive predation (Petit de la Saussaye, 1852; Wild and Lawson, 1937; 

P. H. Fischer, 1951; Michelson, 1957). The majority of animal phyla 

contains representatives that commonly prey upon land, fresh water, or 

marine gastropods. The frequent reports relating to snails regenerating 

under natural conditions have been mentioned earlier. During my investi

gations, at least five Helix aspersa. Collected from a single yard in 

Tucson, possessed convincing evidence of regenerating tentacles. 

Included among the 466 Rumina collected in Mesa, &rizona, (see Techniques) 

were 15 snails which exhibited indications of regenerating tentacles 

(leucodermia, stunting, supernumerary eyes). A young Rumina hatched in 

laboratory and maintained with three other snails belonging to the same 

species, was found to possess a short regenerating tentacle. The most 
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Figure 23 - Hel^ agper^ After 21 Weeks of Foot Regeneration 

Figure 24 - Helix asrersa After 10 Months of Foot Regeneration. 

The Tubercles are Considerably Smaller Than Normal 
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logical conclusion is that one of the other snails caused the amputation; 

Rumina is carnivorous on occasion (Vignal, 1919; personal observations). 

All gastropods that have been subjected to study have been 

shown to possess the capacity of regeneration. The mortality rate among 

regenerating snails does not appear to be unusually severe, despite the 

older reports to the contrary. In view of the fact that snails not only 

can survive severe injury (i.e., partial decapitation, repeated amputa

tion of the foot), but also regenerate amputated portions of their 

bodies, it seems evident that regeneration has considerable survival 

value for gastropods. 

Several suggestions may now be offered in reference to the 

discrepancies in the amount of regeneration exhibited by individual 

snails amputated at approximately the same time. I have shown that the 

rate of regeneration of the tentacle is proportional to the amount of 

tentacle amputated; the greater the amount removed, the faster is the 

rate of regeneration. In any group of amputees, the amount of tentacle 

removed varies from animal to animal. As a consequence, the observer 

will note a considerable range in the amount of regeneration present at 

any given time in a group of regenerating snails. 

Another reason for the variation in amount of regeneration among 

a series of snails is the factor of size. Small tentacle amputees begin 

regeneration several weeks sooner than large snails. For this reason, 

small snails will possess a longer portion of regenerated tentacle at 

least through the period of rapid regeneration. Several authors have 

commented on the more rapid rate of regeneration in smaller snails as 

compared to larger ones. This relationship does hold true for tentacle 
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regeneration, although I have shown that the reverse is true for foot 

amputees (Helix)• 

One finds in the literature statements to the effect that 

regeneration is considerably accelerated as compared to normal growth. 

The study of regeneration of tentacles affords a unique opportunity for 

comparing rate of regeneration with rate of normal growth of a single 

structure (i. e», rate of regeneration compared to growth of the base), 

A quantitative method for demonstrating the magnitude of this difference 

is offered and shows that two species of considerably different sizes 

may be very similar in the ratio of rate of regeneration to the rate of 

normal growth (Sonorella and Helix). 



IX REGENERATION DURING ESTIVATION AND HIBERNATION 

The fact that land snails normally spend a considerable portion 

of their lives in an inactive state is veil known. P. H. Fischer (1931) 

stated that normal hibernation in land snails may last annually for five 

to six months, during which time they are able to resist unfavorable 

conditions of temperature and moisture. In fact, estivation and hiber

nation present a special problem in estimating the life span of 

mollusks. Periods of time spent in an inactive state probably counts 

little, if at all, toward the physiological age of the animal (Comfort, 

1957:223). It is interesting that until the report by Ashford (1881), 

the heart of a snail was believed to cease beating during hibernation. 

There have been numerous accounts of lengthy periods of time 

during which terrestrial gastropods have remained in a state of dormancy, 

although I have made no attempts to summarine the reports. Aquatic 

snails may also resist unfavorable conditions for considerable lengths 

of time, Wilkins (1948) reported that several, aquatic snails (Planorbis 

corneus and Limnaea pereera) remained alive in a dry aquarium for three 

years and seven months. At the end of this time, water was added to 

the aquarium and the snails resumed normal activity. 

Whether any tangible differences exist between what has beer 

called hibernation and estivation is open to question. Thus, animals 

presumable "hibernate" during cold weather and westivatert during higher 

temperatures. After concluding a study relating to the little pocket 

mouse, Perognathus longimembris. Bartholomew and Cade (1957:70) 
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concluded that, in reference to that particular animal, "...aestivation 

is the same physiological phenomenon as hibernation except that the 

body temperature remains high because ambient temperature is high." 

In land snails, however, there does exist quantitative studies which 

seem to confiiw the idea that hibernation and estivation are two 

different phenomena, at least in respect to the physiological and 

biochemical changes undergone by the snail. 

No single cause has been shown for hibernation or estivation 

(Eckstein and Abraham, 1959:210; Wells, 1944:^4; Howes and Wells, 1934a). 

In the laboratory, at least, time of year is not the important factor 

for the animal becoming inactive (P. H. Fischer, 1931). Personal 

observations made during this study support his statement. At any given 

time in any container of snails, no matter how widealn are the conditions 

within the container, it is common to observe one or more inactive snails, 

with epiphragms formed. I have noticed the same thins in the field: even 

if the vast majority of snails are active, it is common to also find 

inactive snails with epiphrasms formed* 

The Effect of Hibernation and Estivation on Snails 

The contributions of Meyer and Thibaudet (1937a,b,c) are among 

the most significant studies which relate to hibernation and estivation 

in land mollusks. They have shown that a significant concentration and 

dimunition of haemolymph occurs during dormancy (in Helix pomatia and H. 

pisana). which is more marked during estivation than during hibernation. 

The density, viscosity, colloidal osmotic pressure, and concentration 

of proteins increases, whereas the superficial tension is lowered 
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(Meyer and Thibaudet, 1937a). The concentration of hamolymph during 

the transition of snails from an active state to a dormant state occurs 

slowly, during a period of several weeks. To the contrary, dilution of 

hatraolymph occurs within a few days after return to activity by the 

animals* Meyer and Thibaudet believed that the humoral concentration 

during estivation and hibernation was a consequence of fasting and of 

evaporation of water, whereas the dilution during return to activity 

was accomplished principally by digestive processes* 

Meyer and Thibaudet (1934b) devoted considerable time to the 

study of weight losses during hibernation (0° - 4° C.) and during 

estivation (temperatures above 20° C.)« They experimented under dry 

and also humid conditions. In all cases, the greatest loss of weight 

occurred during the first month (an average of 21 per cent weight loss 

during the first month; 7 per cent during the following three months). 

The greatest loss of weight occurred at the higher temperatures and 

under dry conditions. Their data showed that hibernatin* snails 

(0° - 4° C.) lost 3 per cent of their weight in seven days, while snails 

maintained at 20° - 30° C. lost 10 per cent of their weight during the 

same period of time. At higher temperatures (39° - 40° C.) animals 

maintained in humid conditions lost an average of 15 per cent of their 

weight in three days, while animals in a dry atmosphere lost 37 per cent 

in the same three day period. 

They considered evaporation of water to be the essential 

factor, for this loss of weight during hibernation, the metabolism of 

the animals then being very retarded. In estivation, the effect of a 

more active metabolism was added to the evaporation of water and 
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resulted In the greater loss of weight. These workers then offered 

what they believed to be a valid distinction between hibernation and 

estivations After five months of hibernation (0° - 4° C.) and after 

three days of activity, the experimental animals exceeded by 20 to 40 

per cent their initial weight and continued to maintain this augmenta

tion after 45 days of activity. In contrast, animals estivating four 

months at temperatures ranging from 20° - 30° C. remained from 20 to 

30 per cent below their initial weight even after 45 days of activity 

and abundant food (Meyer and Thibaudet, 1934b:184). 

On the basis of this evidence, there would seem to exist a 

valid distinction between hibernation and estivation. Namely, hiber

nating snails will exceed their pre-hibernation weights within a few 

days after returning to an active state, whereas estivating animals 

presumably do not attain their pre-estivation weights even after a 

period of activity amounting to 45 days subsequent to the estivation. 

Unfortunately, I have been unable to reproduce their results with either 

normal or regenerating animals. 

In order to test their observations relative to the magnitude 

of weight gain subsequent to estivation, I selected 20 snails (Helix 

aspersa) which had been collected in Tucson on November 17, I960. 

These animals were stibjected to a strict schedule of feeding and care 

for a period of two weeks prior to the commencement of this particular 

study on December 1, 1960. On that date I carefully examined each snail 

to assure the absence of abnormalities. Each snail was then coded, 

weighed, and placed in a container with a wire-mesh lid. T?y December 

3, all of them were estivating and they remained in this state until 
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April 5, 1961. This period of time amounted to 18 weeks, during which 

time the laboratory temperatures approximated 21° t 1° C. All animals 

survived the period of estivation. 

If the interpretation of the data offered by Meyer and Thibaudet 

is valid, these snails should not have regained their initial (pre-

estivation) weights after they were brought out of estivation. However, 

my animals not only attained, but exceeded, their initial weights during 

the first 24 hours of activity. This increase in weight over the pre-

estivation weight was still apparent one week after the animals had 

resumed activity. 

The 20 snails which comprised this study consisted of two series 

of ten animals each, a series of large snails (x weight t 1 S. E. = 5.38 t 

0.35 g.j coefficient of variation = 5.5 per cent) and a series of small 

snails (3.07 1 0.40 g.; coefficient of variation = 6.3 per cent). T 

wanted to ascertain whether or not size of the animal influenced the 

per cent weight loss during estivation and per cent weight gain during 

subsequent activity. Tables II and III show that 13 of the 19 surviving 

snails exceeded their pre-estivation weights at the end of 24 hours of 

activity and that the average weights of both series exceeded their 

average initial weights. One week after bringing the animals out of 

estivation, during which time the animals were fed, 26 of the 19 snails 

either equaled or exceeded their pre-estivation weights. Thus, my 

data refute those of Meyer and Thibaudet. 

A consideration of the data derived from this s~udy reveals 

certain facts relative to estivation which to my knowledge have not 

been previously reported. In the first place, it is apparent that the 



TABLE IT 

Helix aspersa. Normal Estivating Animals. 

Large (x 1 2 S, E, = 3.07 t 0.40 Grams Pre-estivation Weight). 

No. of 
Animal 

Pre-estivation Wt. 
Dec. 1, 1960 

Estivation Wt. 
Apr. 5, 1961 

% Wt. Loss in 
Estivation 

Wt. 24 Hours 
After Activity 

% Wt. Gain 
in 24 Hours 

Wt, After One 
Week Activity 

1 3.04 g. 1.95 g. 35.9 3.00 g. 35.0 3.17 g. 

2 2.63 1.70 35.4 2.47 31.2 2.75 

3 3.31 2.18 34.1 3.22 32.3 3.33 

4 2.83 2.15 24.0 2.88 25.3 3,07 

5 4.70 3.54 24.7 5.03 29.6 3.69 

6 2.50 2.04 18.4 2.54 19.7 2.84 

7 2.59 2.02 22.0 2.72 25.7 2.71 

8 2.98 1.74 41.6 3.43 49.3 3.80 

9 3.16 2.08 34.2 3.41 30.0 3.54 

10 2.93 lf 88 35.8 2.79 32.6 

X 3.07 g. 2.13 g. 30.6 3.15 g. 31.1 3.18 



TABLE in 

Helix asperaa. Normal Estimating Animals. 

Small (x T 2 S. E. = 5.38 t 0.35 Grans Pre-estivation Weight). 

No* of 
Animal 

Pre-estivation Wt. 
Dec. 1, 1960 

Estivation Wt. 
Apr. 5, 1961 

% Wt. Loss in 
Estivation 

Wt. 24 Hours 
After Activity 

% Wt. Gain 
in 24 Hours 

Wt. After One 
Week Activity 

1 6.20 g. 4.00 g. 35.5 6.01 g. 33.4 6.62 g. 

2 4. 78 2.73* 42.9 * * * 

3 6,00 4.23 29.5 5.40 21.7 4.48 

4 5.37 3.88 27.7 5.68 31.7 6.08 

5 5.70 4.40 22.8 6.53 32.6 6.03 

6 5.35 3.91 26.9 5.42 27.9 5.81 

7 4.88 3.88 20.5 4.98 22.1 4.71 

8 4.91 3.52 28.3 4.84 27.3 5.35 

9 5.91 3.85 34.9 7.12 45.9 6.15 

10 4.73 3.30 30.2 4t60 28.3 4.96 

X 5.38 g. 3.77 g. 29.9 5.62 g. 30.1 5.58 g. 

<T> 

*After obtaining the estivation weight of this snail, it was accidentally injured and subsequently died. 
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average weight losses of the two series, which differed considerably 

in pre-estivation weights, were of the same magnitude during the 1? 

weeks and under equavilant conditions of temperature and humidity. 

The large snails, which averaged 5.38 g. pre-estivation weight, averaged 

a 29.9 per cent loss, while the small snails, which averaged 3.07 g. 

pre-estivation weight, lost an average of 30.5 per cent. Similarly, 

both series averaged almost the same amount of weight gain during the 

first 24 hours of activity. The large snails gained an average of 

30.1 per cert while the small snails gained an average of 31.1 per 

cent. 

Figure 25 shows that there is a significant correlation between 

the per cent weight loss during estivation at 21° C. and per cent weight 

gain at the end of 24 hours subsequent to activation of the animals. 

In other words, there seems to be a strong tendancy for animals to 

regain during the first 24 hours of activity the amount of weight xost 

during prolonged estivation. The correlation coefficient for the 19 

animals, r = 0.751, is significant at the one per cent level. 

There is essentially no correlation between the per cent weight 

loss of a snail estivating at 21° C, and its pre-estivation weight. 

This fact becomes apparent from inspection of tables II and III. Con

sidering the small Helix (table III), snails number 4 and 5, whose 

pre-estivation weights differed considerably (2,83 g. and 4.70 g.) 

lost almost exactly the same percentages of weight during the period of 

estivation (24.0 compared to 24.7 per cent). Snails number 2 and 6, 

which differed in pre-estivation weights by only 0.1 g., lost consider

ably different percentages of weight during estivation: 35.4 compared 
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to 18.4 per cent. The same lack of correlation between pre-estivation 

weights and per cent weight loss during estivation is also evident in 

the large snails (table II). The correlation coefficient for these 

values was a very 1« r = 0.01 for the small snails and r = 0.07 for 

the large snails. 

Regeneration During Estivation and Hibernation 

In only very fw places in the literature have I found 

references to the fact that land snails are able to regenerate during 

estivation.^ Ghose (i960) stated that the time required for regenera

tion of the eye and tentacle was in part dependent on the season, being 

maximum during estivation. He did not include any evidence or reasons 

for making that statement. Because of the lack of information pertain

ing to regeneration during the inactive state, T have devoted considerable 

time to this topic. 

In July, 1960, I began a series of studies with Helix asi>ersa 

and Rumina decollata which were designed to reveal whether or not land 

snails possessed the ability to regenerate foot, tentacle, and eye 

during estivation. I selected ten H, aspersa of varying size and 

amputated approximately 10 mm. of foot from the posterior portion of 

five animals and one ocular tentacle (either right or left) from the 

6. There have been some studies concerning the repair of the 
gastropod shell during estivation and hibernation. This subject is 
reviewed in ray section concerning regeneration of the shell. 
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remaining fire animals, I also performed similar operations on 20 R. 

dccollata. ten foot amputees and ten tentacle amputees. No attempt was 

made to measure or weigh these snails, as my purpose was simply to 

ascertain whether regeneration would occur during estivation at 21° C. 

and whether the animals would survive estivation in the amputated state. 

At the end of ten weeks of estivation, T activated one foot 

amputee and one tentacle amputee (Helix) and observed that both animals 

had regenerated a conspicuous portion of the amputated structure. The 

tentacle amputee had also regenerated the missing eye, which was 

situated in the distal end of a short, leucodermic stump. The foot 

amputee had regenerated 5 mm. of foot. 

On October 7, i960, after 13 weeks of estivation, I activated 

the remaining eight H, aspersa (four foot amputees and four tentacle 

amputees). Each animal exhibited conspicuous regeneration. eye, 

generally less than one-half normal size, was situated in each 

regenerated portion of tentacle. The amowit of regeneration for the 

four tentacle amputees averaged 2,0 mm, (range: 1.5 - 3.5 mm.). The 

four foot amputees averaged 4.5 mm. regeneration (range: 4.0 - 6.0 mm.). 

On October 14, 1960, T activated the surviving R. decollata 

after a period of estivation which amounted to 14 weeks. Only seven 

animals remained alive (65 per cent mortality). Four of the surviving 

animals were tentacle amputees and three were foot amputees. The four 

tentacle amputees averaged 0,78 mm, regeneration (range 0,6 - 1.0 mm.). 

Two of the snails possessed multiple eyespots; the other two possessed 

small single eyes. The four foot amputees averaged 2.73 mm. of 

regenerated foot (range: 2.0 - 4.2 mm.). 



121 

Consequently, the fact that these two species of land snails 

possess the capacity to regenerate during estivation was demonstrated* 

The same fact was also verified with Sonorella odorata. discussed later 

in this section. All animals that survived estivation at 21° C. did 

regenerate* Furthermore, with the exception of the series of Rimiina. 

amputation followed by estivation did not seam to kill snails. I 

cannot account for the exceptionally high mortality rate suffered by 

Runina in this particular study. As will be discussed later, other 

estivating series of Rumina amputees did not suffer this drastic of 

mortality rate. 

These preliminary studies encouraged me to devote additional 

time to a consideration of regeneration during the inactive state. I 

was especially anxious to learn whether or not snails could also regener

ate at higher and lower temperatures. Also, I wanted to obtain data 

relative to the effect of sise of the animal on rate of regeneration 

during estivation, and relative to the magnitudes of loss of weight of 

a regenerating animal during estivation and hibernation. 

With *he above goals in mind, I began a more detailed study on 

October 11, 1960, utilizing Helix aspersa as the experimental animal. 

A total of 36 snails were selected after a careful examination to 

obviate the inclusion of abnormal animals. 

The design of this study was as follows: The snails were to 

undergo amputation of a tentacle or posterior portion of foot and then 

were to be placed in estivation or hibernation at three temperatures: 

5°, 21°, and 32° C. At the end of the period of inactivity, the snails 

were to be activated and data were to be obtained relative to amount of 
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regeneration, magnitude of weight losses, and mortality rates. I also 

intended to follow the rate of regeneration subsequent to the period 

of estivation and hibernation, in order to discover whether or not pro

longed subjection of snails to the various temperatures would signifi

cantly affect subsequent rate of regeneration* 

The 36 snails were divided into six groups of six animals each 

(fig* 26). The animals in three groups underwent amputation of one 

ocular tentacle (either right or left; this was left to chance, 

depending on the position of the animal when amputation was performed). 

The animals in the rwtaining three groups underwent amputation of 

approximately 10 mm. of the posterior portion of the foot. Each animal 

was then coded with fingernail polish and weighed to determine its 

amputation weight. Finally, each group of six snails was placed in a 

glass container fitted with a wire mesh lid. One container of foot 

amputees and one container of tentacle amputees were placed in % con

stant temperature room at the specified temperatures: 5°, 21°, and 

32° C.7 

The period of hibernation (5° C.) and estivation (21° and 32° C*) 

extended from October 12, 1960, until February 7, 1961* This period of 

time amounted to 17 weeks. On February 7, 1961, the containers were 

removed from their respective constant temperature rooms and brought 

into my laboratory, in which the remainder of this study was conducted 

7. The 21° and 32° C. constant temperature rooms were actually 
incubator rooms of the Department of Bacteriology. I am grateful to Br. 
Adelaide E. Evensen of that department for her permission to utilise 
the roans. The 5° C. room was under the supervision of Dr. Charles H. 
Lowe, Jr., of the Department of Zoology. He kindly permitted me to use 

it in my studies. 
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at 21° C. Each snail was immediately weighed to obtain its estivation 

or hibernation weight and then was rinsed under tap water at room tempera 

ture. After approximately two minutes of rinsing, each group of snails 

was transferred to a clean, empty, one gallon glass container. At the 

end of 24 hours, the snails were re-weighed to obtain the per cent weight 

gain resulting from water uptake during the first 24 hours of activity. 

After this second weighing, each group was transferred to one gallon 

containers prepared for the active maintainance of the animals. 4t 

weekly intervals the animals were weighed and examined for the amount 

of regeneration. This consideration of the active animals was continued 

for eight weeks subsequent to their activation. 

Table IV shows that all 12 amputees survived the period of 17 

weeks of hibernation at 5° C. The snails subjected to a temperature of 

21° C. suffered a mortality rate of 16.7 per cent; one foot amputee and 

one tentacle amputee were dead at the termination of estivation. \s 

was expected, the highest mortality rate occurred among the animals 

maintained at 32° C. In fact, I was rather surprised that the majority 

of snails had survived a constant temperature of 32° C. for that length 

of time. Keyer and Thibaudet (1937b:183) stated that Helix pomatia did 

not tolerate somewhat higher temperatures (38° - 40° C.); only two 

animals lived longer than 21 days at those temperatures and usually 

death occurred within three days at that temperature range, irrespective 

of the conditions of humidity. 

Considerable information relative to the effects of temperature 

on snails during prolonged periods of inactivity may be derived from 

considering tables V, VT, and VTI. There appears to be a direct relation 



TABLE IV 

Mortality Among Helix aspersa Amputees During 

Seventeerr Weeks of Estivation and Hibernation, 

5° C. 21° C. 32° C. 

Original Nunber Foot Amputees 6 6 6 

Nisaber Surviving Foot Amputees 6 5 3 

Per Cent Mortality 0 16.7 50.0 

Original Number Tentacle Amputees 6 6 6 

Nunber Surviving Tentacle Amputees 6 5 4 

Per Cent Mortality 0 16.7 33.3 

Total Mortality Rate 0 16.7$ 41.7% 



TABLE V 

Helix aspersa. 32° C. Room 

No. of 
Snail 

Type of 
Amputation 

Amputation Wt* 
Oct. 11, 1960 

Estiratien Wt. 
Feb. 7, 1961 

% Wt. Loss in 
Estivation 

24 Hour Wt. 
Feb. 8, 1961 

% Wt. Gain First 
24 Hour Activity 

1 Foot 3.97 g. 2.60 g. 34.5 3.79 g. 31.4 

2 H 4.68 Dead 

3 It 3.17 2.41 24.0 3.00 19.7 

4 It 4.06 Dead 

5 It 4.89 Dead 

6 It 3.98 2.97 25.4 3.08 3.9 

X 4.13 2.66 28.0 3.29 18.3 

7 Tentacle 3.43 2.77 19.2 2.97 6.7 

8 H 5.32 3.21 37.8 4.52 29.0 

9 tt 5.28 3.48 34.1 3.76 7.4 

10 tt 3.72 2.69 27.7 3.30 18.5 

U n 4.22 Dead 

12 it 5.03 Dead ~ "" 

X 4.50 3.04 27.9 3.64 15.4 

Grand x 4.31 g. 2.85 g. 28.0 3.47 g. 16.9 



TABLE VI 

Helix aaperaa. 5° C. Room 

No. of 
Snail 

Type of 

Amputation 

Amputation Wt. 
Oct. 11, 1960 

Hibern. Wt. 
Feb. 7, 1961 

% Wt. Loss During 
Hibern. 

24 Hour Wt. 
Feb. 8, 1961 

% Wt. Gain 
24 Hour Act 

1 Foot 3.45 g. 2.53 g. 26.7 3.40 g. 25.6 

2 H 5.85 5.10 12.8 6.58 22.5 

3 n 2.93 2.25 23.2 3.44 34.6 

4 n 2.56 1.95 23.8 2.86 31.8 

5 tt 4.00 2.85 28.7 4.09 30.3 

6 it 3,41 2.52 26tl 3.37 25.2 

X 3.70 2.87 23,6 3.96 28.3 

7 Tentacle 4.94 3.88 21.5 5.35 27.5 

8 tt 2.87 2.29 20.2 2.84 19.4 

9 tt 2.75 2.23 18.9 3.00 25.7 

10 n 4.17 3.48 16.5 4.31 19.3 

11 N 4.01 3.14 21.9 4.39 28.5 

12 tt 2,87 2t28 20.6 2.91 21.6 

X 3.60 2.88 19.9 3.80 23.7 

Grand x 3.65 g. 2.88 g. 21.8 3.88 g. 26.0 

N3 



TABLE VII 

Helix aspersa. 21° C. Room 

No* of 
Snail 

Type of 
Amputation 

Amputation Wt. 
Oct. 11, 1960 

Estivation Wt. 
Feb. 7, 1961 

% Wt. Loss in 
Estivation 

24 Hour Wt. 
Feb. 8, 1961 

% Wt. Gain 
24 Hour Act 

1 Foot 4.06 g. 2.64 35.0 3.62 g. 27.1 

2 n 3.89 2.56 34.2 3.80 32.6 

3 tt 3.00 1.88 37.3 2.68 29.9 

4 n 5.30 Dead 

5 H 2.53 2.05 19.0 2.61 21.5 

6 «* 3,00 2.52 16.0 3.16 20.3 

X 3.63 2.33 28.3 3t17 26,3 

7 Tentacle 4. 57 2.85 37.6 4.12 30.8 

8 » 3.10 2.47 20.3 2.96 16.5 

9 n 4.08 Dead 

10 it 5.61 4.93 12.1 5.21 5.4 

11 tt 5.66 4.73 16.4 5.46 13.4 

12 it 3.53 2,78 21.2 3.55 21.7 

X 4.43 3.55 £*5 4,26 17.6 

Grand x 4.02 g. 2.94 g. 24.9 3.72 g. 21.2 

CO 
00 
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ship between weight loss and temperature. The snails subjected to the 

lowest temperature (5° C.) lost the least amount of weight (average of 

21.8 per cent; range 28.7 - 12.c per cent). The snails estivating at 

21° C. lost an average of 24.9 per cent (ranee: 37.6 - 12<J per cent), 

while the snails estivating at 32° C. lost an average of 28.0 per cent 

(range: 37.8 - 19.2 per cent). It is a reasonable assumption that at 

5° C., the metabolism of an animal is lower than at 21° C. and that the 

metabolic rate is higher in animals estivatina at 32° C. than those 

esti\rating or hibernating at lower temperatures. 

An interesting fact obtained from this study concerned the 24 

hour weight gains subsequent to activation of the animals. Partial 

agreement was observed to support the contention of Meyer and Thibaudet 

(1934b:l84) that hibernating snails (0° - 5C C.) will exceed their pre-

hibemation weights after resuming activity, whereas estivating snails 

will remain 20 to 30 per cent below their initial weights even after 

activity exceeding 45 days. The Helix foot and tentacle amputees of this 

stiidy, which hibernated at 5° C., did exceed their pre-hibemation weights 

at the end of the first 24 hours of activity, whereas both the 21° C. and 

32° C. animals were below their initial weights at the end of the first 

24 hours (fie;. 27). However, weight records beyond this period of 

initial activity once more refuted the contention of Meyer and Thibaudet 

(as had also my normal estivating snails, previously discussed). At 

the end of the second week of activitj--, all three temperature series 

of snails were well above their pre-hibemation and pre-estivation 

weights. The most rapid initial, gain in weight was exhibited by the 

hibernation series, which averaged a greater weight than their pi*e-
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hibernation weight at the end of 24 hours of activity. The 21° C. 

series exceeded their pre-estivation weights after 4« hours. It 

required a significantly longer period of time before the 32° C. 

series exceeded their pre-estivation weights; this was attained some 

time after the eighth day of activity (fx?. 28). The behavior of the 

snails subjected to the 32° C. temperature was markedly different from 

the animals belonging to the other two series. During the first week 

of activity they were very sluggish in moverent. When I would pick up 

PJI individual, and hold it between ray fingers the partially extended 

animal would "droop", rather than fully extend and perform und.nl atory 

movements in the normal manner. I have never observed this type of 

behavior except in this particular series of snails. It lasted during 

the first week of activity, during which time the snails gained very 

little weight. P.y February 15, one wee!; after activation, this 

sluggishness had disappeared and the snails subsequently behaved in a 

normal manner. 

It was noted that the foot amputees of the 5° C. and 21° C. 

series endured a slightly greater loss of weight than did the tentaclc 

amputees. The difference is so slight, however, that T ascribe no 

significance to it. At 32° C., foot amputees and tentacle amputees lost 

exactly the same percentage of weight. 

It was apparent that estivation at 32° C. more seriously incom

es 
pacitates the snails than lower temperatures." This wis not on]v 

8. I should mention the fact that the foot amputees, which 
hibernated at 5° C., were observed ovipositing on February 15, one week 
after activation. On March 8, one month after activation, many young 

snails were observed in the container. 
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apparent in regard to mortality rate during inactivity (41.7 per cent 

at 32° C.), but also in regard to the activity of the snails subsequent 

to activation. The peculiar sluggish behavior of these animals was 

mentioned above. In addition, during a period of one week following 

their activation, three snails died in the 32° C. series, although no 

snail, which had been maintained at either 5° C. or at 21° C., had 

died by the termination of this study on April 4, 1961. 

Among the series of 20 normal (i.e., non-amputated) Helix 

discussed earlier in this section, there had been a significant 

correlation between the per cent weight loss durine; estivation (21° C.) 

and the per cent weight gain during the initial 24 hours of activity. 

The same was true for the ten surviving Helix foot-and tentacle amputees 

of the present study (21° C. series). A correlation coefficient of 

r = 0.900 was attained, highly significant at the ore per cent level. 

On the other hand, there was not a significant correlation between the 

two values for either the hibernating series (r - 0.557) or for the 

animals which estivated at 32° C. (r = 0.605). 

I have stressed the significance of the weight gained during 

the first 24 hours of activity following estivation because of the 

fact that, in both Helix and Rumina. whether normal or amputated animals, 

the amount of weight lost during estivation at 21° C. is usually regained 

durine; the first 24 hours. I have shown above, however, that hibernating 

at temperatures of 5° C., or estivating at 32° C., effects the metabolism 

of the animal in such a way that this correlation between per cent weight 

loss and per cent weight gain no longer exists. 

One other fact concerning weight losses during the 17 weeks of 
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dormancy should be discussed. It was mentioned earlier in this section 

that a significant correlation did not exist between pre-estivation 

weights of the normal (non-amputated) Helix and the per cent weight loss 

during estivation at 21° C. The same was true for the foot amputees and 

tentacle amputees which hibernated at 5° C. and which estivated at 21° C. 

The correlation coefficient for the hibernating snails was r = - 0,429 

and was r = - 0.172 for the 21° C. series, in both cases well below any 

level of significance. fowever, the animals which survived estivation 

at 32° C. exhibited an entirely different situation in this matter. In 

their case, a positive correlation coefficient was derived, r = 0.819, 

which is significant at the 5 per cent level. This fact may indicate a 

profound influence of the higher temperatures on the metabolism of the 

snails, because in no other series of normal or amputated animals, 

either Helix or Rumina. have I observed a significant correlation between 

pre-estivation weight and the per cent weight loss during estivation. 

Amount of Regeneration During the Seventeen Weeks 

of Estivation and Hibernation 

At the termination of the 17 weeks of estivation at 21° C., the 

five surviving tentacle amputees (of the original six) had regenerated 

an average of 1.40 mm. of tentacle (range = 0.2 - 2.7 mm.). Three of 

the five snails possessed an eye in the regenerated portion of tentacle; 

two of the eyes appeared almost normal in size. The regenerated eye of 

the third animal was approximately 65 per cent of normal siae. The 

remaining two snails possessed very short blastemas of less than 0.3 mm. 

and eyes were not visible. The five surviving foot amputees had 

regenerated an average of 4.9 mm. of foot during the same period of 
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time (range = 3.0 - 6.5 mm.). 

A trend was evident among the tentacle amputees toward an 

inverse relationship between per cent weight loss and amount of regenera

tion during estivation. Snail number 7 lost the greatest per cent of 

weight and also had regenerated the smallest amount of tentacle (37.6 

per cent; 0.2 mm.). Number 10 lost the least amount of weight and 

possessed the greatest amount of regeneration (12.3 per cent; 2.7 mn.). 

The other snails fell into a similar pattern, except number 11. This 

inverse relationship, however, was not apparent among the foot amputees. 

Numbers 3 and 6 had regenerated the same amount of foot (5.0 mm.), 

whereas their weight losses varied considerably (37.3 and 16.0 per cent, 

respectively). There was no relationship between the amount of regenera

tion of the tentacle and either weight of the animal or th» length of 

the base of the tentacle. 

The survivors of estivation at 32° C. had also regenerated, 

although to a smaller extent, than had those snails maintained at 21° C. 

Two of the tentacle amputees died during the 17 wee^s of estivation. 

Two other snails, nunber 8 and 10, refused to extend during the 24 hour 

period following activation and they both died within 4S hours. The 

two animals which did survive this study had regenerated an average of 

0.85 mm. tentacle (range = 0.4 mm. - 1.3 mm.) and both possessed a 

regenerated eye; one eye was approximately one-half normal in size and 

the other was abnormally large and oval in shape. These two animals 

also fitted the trend noticed in regard to the 21° C, tentacle amputees, 

in which an inverse relationship existed between amount of regeneration 

and per cent weight loss during estivation. Number 7 lost only 19.2 per 
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cent of its estivation weight and regenerated 1.3 mm. of tentacle, while 

number 9 lost 34.1 per cent and had regenerated only 0.4 ram. 

The three foot amputees which survived the estivation at 32° C. 

possessed short blastemas, averaging 1.4 rani, in length (range = 0.5 -

2.0 mm.). It is interesting to note that the smallest snail exhibited 

the least amount of regeneration, which is contrary to the usual 

experience in active regenerating animals. There was no relationship 

between per cent weight loss in estivation and the amount of foot regenera

tion. 

The hibernation series of tentacle and foot amputees (C.) had 

not commenced regeneration during 17 weeks of estivation. Because these 

snails were in the same size-range as the snails which estivated at 21° C. 

and 32° C., it is probable that the lower temperature was responsible 

for the lack of regeneration. 

The snails which had been utilized in this study were carefully 

maintained in the active state for a period of nine weeks after estiva

tion (February 7 to April 4, 1961). Figure 28 shows the absolute rate 

of regeneration for a period of several weeks of activity following estiva

tion and hibernation. It is evident that the hibernating animals, which 

had not regenerated during their 17 weeks at 5° C., exhibited the greatest 

rate of regeneration during the period of activity. The tentacle amputees 

of the hibernating series lagged considerably behind the foot amputees 

in the commencement of regeneration. On February 16, after one week*s 

activity, three of the six foot amputees showed a blastema, although 

none of the tentacle amputees did. On February 22, at the end of two 

week's activity, all six foot amputees possessed a well-defined blastema, 
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while only one tentacle amputee had started visible regeneration. On 

March 1, one tentacle amputee of the hibernation series had still not 

begun regeneration; this snail (number 7) was the largest animal of 

this series. 

It is seen (fig. 28) that the regeneration of the foot was 

essentially accomplished during the fourth week (March 1). The rate 

of regeneration for the three temperat-are series leveled off at that 

time. On the other hand, the tentacle amputees were still actively 

regenerating at the termination of this study on April 4, 1961. It 

was also observed that the absolute rate of regeneration of foot and 

tentacle were of approximately the same magnitude for the 21° and 32° C. 

series following the activation. 

Only in reference to the 21° C. series of tentacle amputees did 

I possess sufficient observations to attempt to determine the corre

lation between length of the base of tentacle and the length of the 

regenerated portion. A low negative correlation coefficient resulted, 

r = _ 0.580, which was well below the level of significance. However, 

because regeneration had begun during estivation, during which time 

measurements of base and regeneration could not be made, and because 

of the small number of animals and observations, I do not attach partic

ular significance to the negative value. 

Regeneration During Estivation in Sonorella odorata 

On September 3, 1960, I established an estivating series of ten 

tentacle amputees and ten foot amputees consisting of Sonorella odorata. 

Although relatively few data were obtained from this study, it is worth 
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while reporting the fact that this species also regenerates during 

estivation at 21° C. 

On October 28, 1960, eight weeks after amputation and the 

commencement of estivation, one foot amputee and one tentacle amputee 

were activated. The tentacle amputee possessed a blastema measuring 

0.3 mm.; I was unable to determine if an eye was present. The foot 

amputee had regenerated 2.0 mm. of foot. Three weeks later (November 21, 

1960, after 11 weeks of estivation) four additional foot and four ten

tacle amputees were activated. The tentacle amputees averaged 1.2 rrra. 

regeneration (range = 0.8 - 1.7 mm.) and all four possessed an eye. 

The foot amputees averaged 4.4 mm. regeneration (range = 3.0 - 6..S mm.). 

The remaining S. odorata estivated until January 27, 1961, a 

period of 21 weeks. Three tentacle and four foot amputees survived the 

estivation. The tentacle amputees averaged 1.97 mm. regeneration, 

(range = 1.8 - 2.1 mm.), while the foot amputees possessed an average of 

5.0 mm. regeneration (range - 4.0 - 6.0 mm.). 

Regeneration subsequent to estivation was followed for the eight 

Sonorella which were activated on November 21 (11 weeks* estivation). 

Unfortunately, two foot amputees and one tentacle amputee died during 

the following two weeks. Beyond the second week of activity, additional 

mortalities resulted in only one foot amputee remaining alive. The three 

tentacle amputees survived until the termination of this study. 

Figure 29 indicates that the absolute rate of tentacle regeneration, 

at 21° C., is very similar in Helix aspersa and Sonorella odorata. during 

activity following approximately equal lengths of estivation at 21° C. 

ielix regenerates at a somewhat faster rate, but the leveling-off period 
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is reached in both species somewhere between the fifth and seventh week 

of regeneration in the active state. 

Regeneration in Ruaina decollata as Affected bv 

Nutrition During, and Subsequent to. Estivation 

The studies discussed above confirmed the fact that land snails 

are able to regenerate portions of their bodies during estivation. All 

series of snails in those studies had been active and well-fed during 

the time preceeding amputation and estivation. The question arose in 

my mind as to whether or not a snail, which had estivated for a consider 

able length of time prior to amputation, could regenerate if the animal 

was returned to a state of estivation after the amputation. Furthermore 

T wondered if the factor of nutrition made a significant difference 

during the period of time between the pre-anputation estivation and the 

post-amputation estivation. 

In order to resolve these questions, I employed a series of 

Rumina deep]lata which had estivated for six months at temperatures 

approximating 21° C. Thirty snails composed this series; all had sur

vived estivation of 27 weeks, from April 6 to October 9, 1960. On the 

latter date, 30 snails were weighed to obtain their estivation weights 

and were then arbitrarily divided into two groups of 15 animals each. 

One series of IS snails was fed lettucc for the following six days, whil 

the other series was placed in an empty clean glass container which was 

kept moist; this latter series of 15 snails was not fed during this 

six-day period of activity. It is interesting that all "fasting" animal 
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survived the six-day period whereas three snails belonging to the "fed" 

series died. 

The two series of snails were remarkably similar in estivation 

weights: 

Fed Series N = 15.x - 2 S. E. = 0.75 t 0.10 g. 
Coefficient of variation « 27.0 per 
cent. Range - 1,20 - 0,38 g. 

Fasting Series N = 15.x 1" 2 S. E, = 0.76 1" 0.10 g. 
Coefficient of variation = 27.0 per 
cent. Range = 3 • 22 - 0.51 g. 

Figure 30 shows the weight-gains cf these two series during the 

four days following activation. Roth series gained almost exactly the 

same amount of weight during the first 24 Honrs subsequent to estivation, 

irrespective cf whether they fed, or not. After the initial 24 hotirs, 

the fed animals gradually gained weight, while the fasting animals 

gradually lost weight. 

On October 15, 1960, I amputated one tentacle (either left or 

right) frcm eight snails of the "fasting" series and from six snails 

belonging to the "fed" series. I then amputated a portion of posterior 

foot from six "fed" animals and from seven "fasting" animals. These 

amputated animals were weighed to obtain their amputation weights, then 

were placed in estivation at 21° C. 

I then selected 14 Rumina which had been active and well-fed 

during the preceeding six months. These snails were selected at random 

from five separate containers. Seven of then underwent tentacle amputa

tion and seven underwent foot amputation. These 14 animals served as 

controls for this particular study. 
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Foot Regeneration During Estivation 

At the end of 18 weeks of estivations, extending from October 

16, 1960, to February IS, 1961, the control animals had regenerated an 

average of 2.98 mm. of foot (range = 2.0 - 4.0 nun.). One animal had 

died during; estivation. The six "fed" animals averaged a slightly 

greater amount of regeneration, 3.17 nm. (range = 2.0 - 5.0 mm.). 

The "fasting" series had suffered a greater mortality rate; five of 

the original seven snails survived estivation, but one of them died 

before T could examine it. The remaining four averaged 2.0 mm. regenera

tion, (range = 0.6 - 3.0 mm.) considerably less than the other two 

series. 

Tentacle Regeneration During Estivation 

Although all foot arputees which survived estivation had begun 

to regenerate by the time they were activated, such is not the case for 

the tentacle amputees. All seven control animals survived estivation, 

but two did not exhibit visible evidence of regeneration. The five 

snails which did possess a discemable amount of regeneration averaged 

0.68 mm. (range = 0.3 - 0.9 mm.) and all five snails possessed one or 

more regenerated eyes. It is interesting that the six "fed" animals 

not only survived estivation, but also exhibited considerably more 

regeneration, which amounted to an average of 0.92 mm. (range = 0.6 -

1.4 mm.). Seven of the eight "fasting" Rumina survived estivation, 

but three did not possess a blastema. The four snails of this series 

which had regenerated averaged 0.70 mm. (range - 0.2 -1.0 mm.), almost 
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exactly the same amount as the control animals. 

Consequently, the "fed" series of Runina exhibited the most 

regeneration during the lft weeks of estivation. There was not a 

significant difference in weights of the "fed" series as compared to 

the control animals, but the "fed" series had spent six months in 

estivation prior to this study. Thus, the control animals were 

"physiologically older", which might account for the fact that they 

regenerated to a slightly less extent than the "fed" series. Perhaps 

the most significant result derived from this study vas the fact that 

snails which do not feed during a brief period of activity following 

prolonged estivation (i.e., the "fasting" series), are able to regenerate 

after undergoing amputation and being placed back into estivation. 

Regeneration Subsequent to Estivation 

Figure 31 indicates the absolute rate of regeneration of the 

three series of Rumina during seven weeks of activity following the 1Q 

week3 of estivation. The rate of tentacle regeneration was of the sane 

magnitude for all series; the control animals and "fasting" animals 

were almost identical in tentacle regeneration. 

The greatest difference in the three series of snails was in 

respect to the mortality rates during the several weeks after activation 

of the amputated animals (table VIIT). Although the control series and 

the "fed" series were nearly equal in mortality rates, the "fasting" 

series suffered a considerable number of deaths within the first week 

of activity: four of the five foot amputees and four of the seven 

tentacle amputees died during this first week of activity. 
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TABLE VIII 

Rumina decoilata. Mortality Rates. 

Control Series 

Foot Tentacle 

Fed Series 

Foot Tentacle 

Fasting Series 

Foot Tentacle 

Original number 

Survivors of 18 Weeks Estivation 

Mortality During 1st Week Activity 

Mortality During 2nd Week Activity 

Mortality During 3rd Week Activity 

Mortality During 4th Week Activity 

Mortality During 5th Week Activity 

Mortality During 6th Week Activity 

Total Deaths During Activity 

7 7 

6 7 

1 0 

0 0 

0 0 

0 0 

0 0 

1 0 

2 0 

6 8 

6 6 

1 0 

0 0 

0 0 

1 0 

0 0 

0 1 

2 1 

7 8 

5 7 

4 4 

0 1 

0 0 

0 0 

0 0 

0 o 

4 5 



X MORTALITY RATBS AMONG REGENERATTN'G SNAILS 

I have mentioned earlier in this study the fact that a common 

occurrence in certain regeneration studies was the extremely high 

mortality rates obtained (especially Techow, 1910b). One would 

logically assume from the earlier accounts that amputation is highly 

detrimental to snails. I have also stated that the earlier studies 

failed to include information pertaining to the manner in which the 

snails were maintained in the laboratory subsequent to amputation. 

With what regularity the snails were fed, how many animals were kept 

within a single container (as well as size of containers), to what 

extent cleanliness of the containers was maintained, and the mortality 

rates among control animals (if such were utilised), Has not been 

mentioned in any previous work relating to regeneration in nulmonate 

gastropods. For reasons such as these, one mvst consider advisedly 

the reports of extremely high mortality rates among amputated snails. 

Mortalities Among Snails Regenerating in the 

Active State 

There is good evidence to support the contention that amputation 

causes a significant mortality in large adult Helix asrersa. although 

smaller animals are not at all adversely affected by amputation. Tn the 

series of 20 snails which were utilized in foot and tentacle regenera

tion studies and weight fluctuation studies, a significant mortality 

147 
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occurred only among the large animals. During the 23 weeks of observa

tions, three large tentacle amputees died (of a total of five) and 

three large foot amputees died (also of five animals). However, the 

first large tentacle amputee died during the ninth week following 

amputation and the other two survived through the ]4th week. Two large 

foot amputees died during the 5th week and the third not untiJ the 15th 

week® It is difficult to state, consequently, that any of the deaths 

were caused by amputation. All of them had entered the period of rapid 

regeneration and most exhibited considerable regeneration at the time 

of death. During the same study, only one small tentacle amputee died 

and this death did not occur until the 22nd week. None o^ the small 

foot amputees died. It is also noteworthy that one small control 

animal died late in the study. 

Therefore, while there is some evidence that amputation might 

have been at least partly responsible for the mortality rate anorm 

large animals, it is obvious that the small Helix were in no way 

impaired by amputation. 

In another series of aspersa. amputated on July 7, I960, 

none of the five foot amputees had died at the end of six months, 

although three of the five tentacle amputees did succumb. The first 

death occurred within three weelc3 after operation and this animal 

perhaps died as a result of amputation. The second died during the 

fourth month after operation and the third snail perished during the 

sixth month. Once again, I cannot attribute either of the latter 

deaths to amputation. It does not make sense to believe that snails 

which survive four and six months after amputation and which exhibit 

normal regeneration, were killed by the amputation. 
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The primary evidence that leads to the belief that amputation, 

in itself, does not directly cause death to an active aspersa vas 

derived from a series of foot amputees. This series was discussed in 

my section pertaining to the histological events In regeneration. The 

snails underwent amputation of the posterior portion of foot on December 

12, 1960. Eleven of these snails then suffered a second amputation 

within the next 12 hours (constituting my 'Vound-repair1* series). These 

11 snails were all alive 17 weeks later and had not been particularly 

well cared for, other than an occasional feedinc:. 

On September 3, I960, I amputated one tentacle from each of 

ten Sonorella odorata and a portion of foot from ten other snails of 

the same species. One tentacle amputee died accidentally from falling 

into a small container of pablum and water, which I was of ferine; at 

that time to supplement their lettuce diet; the snail was unable to 

extricate itself and was found dead in the mixture. Three more sonorellas 

died during the 25 weeks of observation, at 9 weeks, 14 weeks, and 19 

weeks after the amputations. Consequently, three snails of a total of 

nine (not including the accidentfJ death) died during this study, 

amounting to a mortality rate of 33.3 per cent among the tentacle 

amputees. 

An even more drastic mortality occurred in the series of 

Sonorella foot amputees. The first death occurred during the fifth 

week, the second during the seventh week. By December 2«, 3 960, 17 

weeks after amputation, only one foot amputee was still alive, how

ever, I have stated elsewhere that S. odorata does not thrive well in 

the laboratory, normal animals suffering high mortality rates. The 
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species does not apparently care for lettuce or other plant foods 

offered. I have observed a 50 per cent mortality rate among normal 

active Sonorella within a period of two months. I am thus unable to 

ascertain to what extent amputation is responsible for mortality in 

this species* 

My first amputations performed on Rumina dccollata occurred 

on May 9, 1960. Three adult animals underwent amputation of one 

tentacle. One animal died in October, at the end of 23 weeks. The 

other two snails are still alive at this writing (vay, 1961, one year 

after amputation). 

In July, 1960, 20 Rumina had one tentacle amputated and another 

20 snails had a portion of the foot amputated. The 20 foot amputees 

are also still alive, ten months after the amputations, although five 

of the tentacle amputees died. The first death occurred in August, 

the next in September, two in November, and the last In January, 1961. 

It should be recalled that normal active Rumina suffered a mortality 

rate of approximately 29 per cent during one year, so that the 25 per 

cent mortality among the Rumina tentacle amputees does not seem 

significantly high. 

A. second series of nine Rumina tentacle amputees, operated on 

September 3, 1960, did not suffer any mortalities during the eight months 

of observation. Finally» 14 Rumina underwent ablation of an ocular 

tentacle on November 29, 1960. The series consisted of 3 adults and 11 

immature animals (5 of which were albinos). All of these snails were 

alive at the end of May, 1961. 

Active Rumina amputees do not seem to be adversely affected by 
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amputation of tentacle or foot. Of a total of 46 tentacle amputees, 

6 died (= 13.0 per cent mortality). None of the active foot amputees 

died. It cannot be stated that amputation leads to a high mortality 

rate in Ruraina dccollata. 

It is apparent from table IX that Sonorella suffered the 

greatest mortality rate: 63.2 per cent of all amputated snails belonging 

to this species did not survive. Rumina exhibited the lowest mortality 

rate: 9.1 per cent of the amputated snails died. Helix appears to be 

especially susceptible to amputation of the tentacle, although one must 

recall that five of the six deaths occurred in large adult animals^ the 

small amputees appear to be considerably more resistant to amputation. 

Mortalities Among Snails Regenerating During Estivation 

This subject has been discussed in my section devoted to 

regeneration during estivation and hibernation. It may be worthwhile 

to sunwiarize briefly at this time. 

Helix aspersa 

On July 10, 1960, ten tentacle and ten foot amputees were placed 

in estivation at temperatures which approximated 21° C. \11 animals 

survived a period of estivation amounting to 13 weeks. 

On October 11, 1960, a total of 18 tentacle amputees and 18 

foot amputees were placed in estivation or hibernation, as follows: 

5° C. Six tentacle and six foot amputees. 

21° C« Six tentacle and six foot amputees. 

32° C. Six tentacle and six foot amputees. 



TABLE IX 

Mortality Rates of Active Amputated Snails. 

Total Number Foot Amputees 

Number Foot Amputees Dying 

Mortality of Foot Amputees 

Total Number Tentacle Amputees 

Ntaiber Tentacle Amputees Dying 

Mortality of Tentacle Amputees 

Total Mortality Rate 

Helix Sonorclla Rumlna 

45 

6 

13.3^ 

15 

7 

46 » 7% 

21# 7̂  

10 

9 

90. 05? 

9 

3 

33.3% 

63.2% 

20 

0 

o.e$ 

46 

6 

13.0% 

9.1* 
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At the end of 17 weeks, all hibernating (5° C.) animals were 

alive. One tentacle amputee and one foot amputee belonging to the 

21° C. series had died, while two tentacle amputees and three foot 

amputees belonging to the 32° C. series were dead. The higher 

temperatures definitely exerted a detrimental effect on the animals. 

Not only did 41.7 per cent of the snails die during estivation at 32° C., 

but three additional ones succtmbed during the first week of activity. 

On the other hand, no snail died during subsequent activity that had 

either hibernated at 5° C. or that had estivated at 21C C. 

Sonorella odorata 

On September 3, 1960, I placed a series of ten foot amputees 

and ten tentacle amputees of this species in estivation at 21° C. 

These animals estivated varying lengths of time, up to 21 weeks. Two 

tentacle amputees and one foot amputee died during estivation, for a 

total mortality rate of 15 per cent. According to type of amputation, 

20 per cent of the tentacle amputees died and 10 per cent of the foot 

amputees died. 

Eight of the sonorellas, which had survived 11 weeks of estiva

tion, were permitted to resume activity subsequent to the period of 

estivation. This series consisted of four foot and four tentacle 

amputses. Within two weeks, two foot amputees and one tentacle amputee 

were dead and beyond the second week, one more foot amputee died. This 

amounted to a mortality of 50 per cent after activation of the animals. 

Rumina decollate 
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My first study concerning regeneration during estivation in 

reference to this species resulted in an extremely high mortality rate. 

On July 10, 1960, I amputated a portion of foot from ten snails and one 

tentacle from another ten snails. The animals estivated at 21° C. for 

a period of 14 weeks. Only seven animals survived, a mortality of 65 

per cent. Six tentacle amputees (60 per cent) and seven foot amputees 

(70 per cent) comprised the dead snails. This study suggests that 

Rumina amputees suffer an excessive mortality rate during estivation. 

Mowever, a second study resulted in an entirely different outcome. 

On October 15, 1960, a total of 41 amputees were placed in 

estivation: 20 foot amputees and 21 tentacle amputees. The period of 

estivation amounted to lfi weeks. Four animals died during estivation, 

resulting in a mortality rate of 9.8 per cent, which refuted the idea 

that regenerating Rumina suffers an excessive mortality during estiva

tion. 

Table X indicates the mortality rates of amputated animals 

during estivation. It will be observed that Helix and Sonorella were 

roughly comparable in their rates and that Rumina suffered a considerabl 

greater rate than did the other two species. Comparing tables IX and X 

brings to light an interesting fact, Sonorella. which suffered an 

unusually severe mortality rate in the active state seems to stand 

amputation to a much better degree during estivati on. Rurtina. on the 

other hand, possessed the lowest mortality rate during regeneration in 

the active state, but exhibited the greatest mortality during estivation 

A lower mortality rate resulted in Helix during estivation and hiber

nation than during the active state. 



TABLE X 

Mortality Rates of Estivating and Hibernating Snails. 

Total Number Foot Amputees 

Number Foot Aaputees Dying 

Mortality Rate of Foot Amputees 

Total Number Tentacle Amputees 

Ntmber Tentacle Amputees Dying 

Mortality of Tentacle Amputees 

Total Mortality Rate 

Helix Sonorella Rumina 

28 10 30 

4 1 10 

14.3# 10.0% 33.3% 

28 10 31 

3 2 7 

10.7% 20.0# 22.6% 

12.5% 15.0% 27.9% 



XI AUTOTOMY 

Autotomy has been defined as "the act by means of which many 

animals, in order to escape from enemies which have seized them by a 

limb or by the tail, actively provoke, but in a manner unconscious..• 

the rupture of the captured extremity." (Lamy, 1934:177). This 

phenomenon has been reported to occur in various groups of mollusks; 

indeed, Pelseneer (1935:375) reported that autotomy is manifested for 

defense in all the groups of mollusks and for numerous parts of the 

body. Pelseneer and Lamy have reviewed autotomy within the mollusca 

and the following facts seem well-established: Within the Gastropoda, 

the felloving animals have been observed to possess the capacity to 

autotomize the posterior portion of foot: Gena, Haliotidea. TJarpa 

ventricosa. Helicarion ("approximately 10 per cent of the individuals 

observed"), Prophysaon. Helix imperator. fT. crassilabris. and species 

Zonites belonging to the subgenus Stenopus (Pelseneer, 3oc. cit.), 

In addition to pulmonates, various marine gastropods are able to auto

tomize portions of their bodies, such as the swimming appendages of the 

foot (Lobiger). edge of the mantle (Doridlens). and the dorsal appendages 

of numerous Nudibranchs such as Tethys and various Eolidiens (Pelseneer, 

op. cit.; Cucagna and Nusbaum, 193 5). Cucagna and Nusbaum demonstrated 

that the Nudibranch Hermaea dendritica not only regenerated those parts 

which it is able to autotomize (dorsal papillae and tentacles), but also 

structures which are never self-amputated, such as the portion of the 
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head which bears the lips and mouth opening. They-ci ted several 

Nudibranchs which have been shown capable of an tot ami line; their dorsal 

papillae: Thetrs leporina. Phoenicurus. Doto. Aeolis rardllosa and A. 

coronata* 

Lamy (op, cit.) added the slug Arion folio!atus to the list of 

known pulmonates which are capable of this power of self-amputation. 

Gregg (1944) reported that Liffax margjnatus (= L. valentianus) also 

possesses this capacity. 

Various species of 1amellibrancbs have also been observed to 

autotomise: the terminal portion of the siphon ir many or all Solenidae 

(e.g., Splenocurtus strigillatfcs. Solen vagina. S, ̂ arginatus). (Pelseneer, 

1935), Lima hians has been observed to autotomize its pallial tentacles 

(Pelseneer, 1935; Lamy, 1934:177). 

P. H. Fischer (1948:138) reported that autotomy, followed by 

regeneration, has been observed for the pallial tentacles of Pecten. 

the captacula of Scaphopoda, the anns of Cephalopoda, and the operculum 

of Murex, Abeloos (1932:32) stated that the cephalopod \rgonauta is able 

to autotomize its hectocotvl arm and that regeneration follows. 

In spite of the fact that autotomy has been witnessed in mnerons 

mollusks, remarkably little information is available relating to the 

physiological or anatomical details involved. There obviously must be 

certain specializations which permits the separation of a portion of 

body; if not, the animal would lose its fluids, the viscera mifrht veil 

trail behind the animals when it progressed, and organises could easily 

invade the opening and soon cause serious or fatal impairment to the 

animal. Furthermore, if anatomical or physiolosical specializations 
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were not present in an animal which can autotomize, one might conclude 

that any mollusk should be able to perform this phenomenon. 

Certain observations have shown that autotonry is accomplished 

by, or at least accompanied by, muscular contractions* P. Fischer 

(1887:101) reported this for Harpa ventricosa. Other observers have 

agreed that auto-amputation is preceeded by a constriction at that 

part of the foot where separation will e^lTWklT^^ccur (Greg**, 1944: 

111, for Limax marginatus; Cockerell, 3890:126, quoting Mr. 'lenrv 

;fmphillTs observations on "arion foliatus": Pilsbry, 194c':677, in 

reference to Prophysaon: Hand and Ingram, 1950:19, also in reference to 

Prophysaon). 

The most complete study of autotomy in pulmonate gastropods 

was conducted by Hand and In^ran (1950) in reference to the North 

American slug Prophysaon andersoni« This s:enus seems to be unique anions; 

North American pulmonates in possessing this rather remarkable capacity 

(Filsbry, 1948:677). Hand and Ingram stated that mere handling did not 

induce autctoray; they employed the use of a dissecting needle to obtain 

the desired result. Dy runninp; the needle completely through the tail 

at a point behind the amputation line, the animal would autotomize in 

an average time of 15.8 seconds. In some cases, two or more thrusts 

were necessary to accomplish this reaction. Their description of the 

process is as follows: "In losing the tail the followins results were 

observed. Constriction begins rapidly at the sides of the body at the 

amputation line. This constriction runs up over the dorsum and is by 

then also strongly marked on the sole. The sole is the last area to 

actually amputate, the amputation of the body occurring first and the 
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sole following immediately," 

The most interesting aspect of Hand and Ingram's study is their 

description of histological and anatomical specializations which explains 

how this slug, at least, is able to cast off its "tail." Serial sections 

of the amputation area revealed the following facts. At the site of the 

amputation line (where the constriction occurs) there is a sheet of 

vacuolated cells which completely surrounds the body and ejrtends i rrward 

to the body cavity. This sheet of vacuolated cells acts as an abscission 

layer. Immediately anterior and posterior to this abscission layer 

there is a region which apparently is devoid of longitudinal muscle 

fibers; only circular muscle fibers were observed. The circular muscle 

fibers seem to be responsible for the constriction leading to amputa

tion. The anterior circular muscle fibers apparently also serve to 

close the posterior region of the body after amputation, as a sphincter. 

Another specialisation is represented by a muscular sac, attached 

to the body wall at numerous points, which bounds the viscera posteriorly. 

This sac appears to function as a device for pulling in the viscera if 

they are outside the body cavity at the time of amputation. When the 

slug is fully extended, the viscera extends posteriad to the abscission 

lajrer. 

?Jand and Ingram resolved the question posed by Pilsbrv (1948: 

6S0) as to whether or not Prophysaon is able to regenerate a new "tail 

They reported that at 14 days following autotomy the body cavity was 

completely sealed and that at 30 days, one slug had a very small new 

tail. At the end of 52 days, 3 out of 6 slugs which had been induced 

to autotomise were still alive; all 3 possessed a small new tail, which 
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measured approximately 4.0 mm. 

It is interesting to speculate on the significance of the 

phenomenon of autotomy. Apparently, it is very limited among pulmonate 

gastropods, as I believe the examples cited at the beginning of this 

discussion include all known cases. It has not been observed often for 

any species, at least without the aid of artificial stimulus. Raymond 

(1890) reported that only mature specimens of Prophysaon autotomize, 

the young showing no proclivity to do so. Ingram (1948) could not 

induce autotomy in P. andersoni even after such drastic measures as 

dropping the slugs on the floor from a height of five feet, shaking them 

in containers, or pricking them with a scalpel. Gregg (1944) stated 

that the only instances of complete autotomy (in L. marginatum) were 

observed among specimens in drowning jars, although the occurrence of 

the constriction was noticed frequently in the field. 

The fact remains however, that autotomy would undoubtedly serve 

as an escape device when the animal was attacked by a predator. The 

cast-off portion of the foot continues to move for considerable lengths 

of time. The tails of Helix crassilabris and imrerator of Cuba 

continued to move for 54 hours when wrapped in wet towels (P. Fischer, 

1887:101). 

F. H. Fischer (1948:137) reported that the caudal region auto-

tomized by arions or the Cuban species of Helix continue moving for 

awhile. rfe also stated that the autotomized tentacles of the 

lamellibranch Lima hians maintain motility for 40 hours, the fins of 

Lobiger for 4 hours, and the dorsal papillae of elodiens for approxi

mately 6 days. 
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This moving portion of the foot might confuse a predator, or 

even divert its attention long enough for the animal to escape. The 

question is then logically raised as to whether a predator can induce 

the autotomy of the posterior foct. ^and and Ingram (1950:23) 

investigated this question by placing predatory animals in a container 

with specimens of P. andersoni. Both the snail Harlotrema minimxgn and 

beetles belonging to the genus Scaphinotus caused self-amputation of 

the slugs. They reported that the beetles ate the autotomized tails. 

These authors then concluded that autotomy is an escape 

mechanism, and as such has been of sowe selective value to this 

particular group of slugs. Autotomy would be of value when Prophvsaon 

was attacked by relatively slow-moving predators, such as Haplotrema. 

in that the amputated tail might satiate the appetite of the predator 

and at times allow the slug to crawl away unnoticed. 



XII REGENERATION OF THE SHELL 

Numerous observations have beer made which relate to the fact 

that snails have the capacity to repair their shells after sustaining: 

injuries to that structure (e.g., J'orschelt, 1907; Honigmann, 1912). 

I have not directed my attention toward regeneration of the shell, 

nor have I attempted to review the literature, because several recent 

papers adequately sunisarize the existing information and add consider

able data. 

Manigault (1937) considered regeneration of the shell in Helix 

aspersa. especially the role played by the mantle. He reported the 

histological changes observed in the mantle during regeneration of the 

shell, 'tfhen that process is well underway there is a "massive congestion" 

of blood filling all the lacunae situated in the connective tissue* 

This extraordinary amount of blood in the lacunae often exerts sufficient 

force to disrupt the subepidermal muscle fibers. 

More recently, Rotarides and Schlesch (1951) contributed one of 

the most extensive studies which relate to regeneration of the shell in 

land snails. They thoroughly reviewed the earlier works which pertained 

to this subject. A perusal of their data indicates that it is very 

common to find snails in natural populations which have repaired injuries 

to their shells. They stated that land snails are able to repair shells 

more rapidly than freshwater snails. This fact is interesting In view of 
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the general agreement that the soft parts of land snails regenerate at 

a considerably slower rate than similar parts of aquatic and marine 

gastropods. These investigators found that snails belonging to the 

family Clausiliidae suffer injuries to the aperture more often than 

elsewhere on the shell. They stressed the very frequent occurrence of 

malformations which result from repair to the shell. Their study did 

not include a consideration to the histological processes of repair 

and regeneration. 

I-. E. Wagge seems to be the leader in the field of shell 

regeneration at the present time. He has published three studies 

principally devoted to shell regeneration in Helix aspersa. In his 

first paper he dewonstrated that the mantle is firmly applied to the 

damaged area of the shell and that the mantle exudes a fluid which 

is rich in amoebocytes. The amoebocytes transport raw materials to 

the area of damage for the formation of the shell, either from the 

digestive gland or from other areas of the shell. Although it is 

possible that the amoebocytes are actually blood cells, Wagge believed 

that they originate in the epitheliTim of the mantle and of the 

intestine (o£. cit.. p. 318). In all of his studies Wagge found a 

close correlation between digestion and regeneration. A snail kept 

active, but without food, rapidly lost the power of repairing its 

shell. Yet, if the digestive processes remained active, even if the 

snail was feeding on cellulose, the amoebocytes could continue to 

function. 

In Wagge*s second paper (1952) the problem of nutrition was 

discussed, especially as concerned the varying amounts of calcium in 
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plants, even in different parts of the same leaf. He found that when 

concentrations of calcium were accurately fixed in a semi-synthetic 

diet, the latter was no substitute for plant food. This was especially 

well-demonstrated by the fact that regenerating portions of the shell 

formed during the time when synthetic food was offered were more 

"loosely constructed" than when plant food was offered. 

Once a thin protective layer had been formed over the damaged 

portion of the shell, a snail in a dry atmosphere estivated without 

further repair, whereas under moist conditions the snail continued to 

thicken the regenerated part of the shell either from its food or from 

its reserves. Wagge believed that no repair of the shell occurs during 

estivation. 

The fact that Helix aspersa regenerated its shell with rapidity 

was shown by the removal of veil-calcified pieces from a damaged portion 

of the shell daily for ten successive days. Snails that regenerated for 

five 12-day periods transported to an area of 3 cm.2 as much as 204 mg, 

of material (o£. cit., P. 324). Wagge ascertained that calciim in 

food is better absorbed by the snail in the form of carbonate than as 

phosphate, and is stored as carbonate in the shell and digestive gland. 

Wagge and Mittler (1953) followed up the work which had been 

conducted with H. aspersa and found that possibly all land pulmonates 

are similarly able to repair damage to the shell. They discovered 

that the same processes of repair that occurred in Helix also occurred 

in 17 other species of land snails. On the other hand, Wagge and 

Mittler demonstrated that this regenerative ability was not shared by 

the prosobranch Pomatia elegans. Whereas land pulmonates would cover 
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2 
over a damaged area of 1 cm. within 3 hours and continue to thicken 

the regenerating tissues for at least another 48 hours, Pomatia was 

unable to cover over damaged areas of shell during experimental periods 

of 4 weeks. 

Bierbauer (1957) added more recent information to our concept 

of shell regeneration in Helix pomatia. Because the animalfs reserve 

of calcium becomes exhausted during hibernation, the beginning of 

regeneration took a considerably longer period of time. Mis study 

indicated that shell regeneration would commence on the second day 

following injury during the spring, summer, and fall, and was accom

plished in R days, however, during hibernation, the animal would begin 

to repair its shell on the Sth day and would require 16 to 17 days to 

cover completely the artificially induced injury. Bierbauer stated 

that the amount of calcium required for the regeneration of the shell 

is not furnished by the animal's reserves, but is taken in with food. 

Thus, the process of shell regeneration could be accelerated by the 

administration of calcium. 



XIII ABNORMALITIES IN LAND SNAILS 

The occurrence of various types of abnormalities in snails has 

occupied the attention of numerous observers. Felseneer (1920) devoted 

an extensive and very worth while volume to this subject. His treatment 

of variations and abnormalities summarised the literature to that date 

and contributed considerable new information. The scope of his work 

included the entire phylum Mollusca. 

Tentacle and LVe Abnormalities 

The rather frequent occurrence of abnormal tentacles in aquatic 

and land snails is attested to by the nimerous reports of then in the 

literature. Although I am persuaded that many cases of abnormal ten

tacles and eyes were occasioned by regeneration, such is certainly not 

always the case. P. I. Fischer (1951:43) stated that congenital 

abnormalities are very frequent in mollusks and that certain organs 

(opercula, penis, eyes) are often absent. Sykes (1/^05), in his 

excellent review, also affirmed that deformations of the eyes and 

tentacles were by no means uncommon in snails. He cited what must be 

the extreme case of monstrosity in snails by referring to a Limnaea 

auricularia which possessed two heads* 

P. Fischer (1864) described a specimen of Subenarginula with 

two eyes in each tentacle. P. H, Fischer (1921) reported three speci

mens of fluccinum undatum with lobed tentacles, Arkell (1915) e;ave a 
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detailed description of a Helix nenoralis with both ocular tentacles 

conjunct for half their length, thus forming a fork like the letter 

"Y1*. The anterior tentacles on this same snail also were abnormal. 

The right tentacle was forked, the left not recognizably a tentacle 

except for the fact that it was contractile. Cadart. (195*5) listed 

numerous examples of bifurcated and otherwise abnormal tentacles which 

have been described for Helix pomatia. 

As explained above, supernumerary eyes very often occur in 

regenerating tentacles (fig. 15). Possibly regeneration could pro

duce forked tentacles, although I have not witnessed this. However, 

certain of the cases mentioned above undoubtedly were congenital in 

origin. The only study that I have found which referred to causes of 

congenital malformations in snails was by Raven and Peenakkers (1955). 

This study was discussed earlier. 

Other Kinds of Abnormalities 

Reports of abnormalities of snails, other than those involving 

tentacles and eyes, are less common. Collin«e (!Sfi7) dissected a Helix 

aspersa which lacked a jaw and possessed only a small portion of the 

radula. Roebuck (1913) described a peculiar malformation of the keel-line 

of a Limax cincreo-niger. in which the line ended abruptly half way down 

the back. One critical study does exist which relates to anomalies of 

the genital organs in the land snail Helicigona arbu3torum (Feliksiak, 

1950). He stressed the fact that some deviations result from enbryonic 

development, while others come into existence in post-embryonic develop

ment. Teliksiak investigated animals in which different parts of the 
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genital organs appeared abnormal. It is interesting to note that abnor

malities of thjs nature occurred in 10 per cent of the animals dissected 

by him — in 17 out of 170 specimens. These abnormalities involved the 

flagellum, mucous glands, seminal receptacle, albumen glands, 

penis, vagina, and epiphallus. 

Abnormal Growths on Snails 

Several cases of teratological growths on gastropods have been 

reported. P. Fischer (1877) reported the presence of a small, fleshy-

cylindrical column, aboiit 1 cm. in length, growing from the foot of a 

Helix nemoralis. This growth was contractile and was carried nearly 

vertically when the animal progressed. More recently, Szabo and Szabo 

(1934b) described a tumor that developed on a Limax flavus raised in 

their laboratory. The tumor would alternately increase and decrease 

in size. It was located on the edge of the mantle and reached a 

maximum size of 15 mm. in width, 5 mm. in heieht, and R mm. in length. 

Warty growths on the head are known to occur in at least three 

families of land snails: Cepolidae and Fleurodontidae (Ta'o , 193.5), and 

Achatinidae (Miles, 1961). Taki reported at length on the occurrence of 

head-warts on Japanese land snails belonging to several genera. He found 

that the warts were generally of similar nature, although they varied 

somewhat from genus to genus. In all cases, the head-warts were composed 

of groups of modified dermal tubercles, distinguished histologically 

from the ordinary integument by the unusual thickness of the epithelial 

and cuticular layers. Furthermore, the albumen and mucous glands were 

conspicuously scarce in the integument of the warts. Recause the head-
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warts were so commonly observed, Taki assumed that they were a normal 

characteristic of adult snails (of the species so affected) and not 

pathological or teratological structures* He inferred that these warts 

had some bearing on the sexual activity of the snail, because of the 

rapid growth of the wart at sexual maturity. 

Head-warts have also been found on three specimens of Rumina 

dccollata from Mesa, Arizona, (Miles, 1961)« Two of the animals 

possessed warts on the dorsum of the head, between the ocular tentacles, 

although the third snail bore its wart on the face between the left 

anterior and left posterior tentacles (fit;. 32). The three warts 

observed were of approximately the same size, measuring about 2.0 mm. 

in diameter and 1.0 mm. in height. Figures 33 and 34 are photomicrographs 

through the face-wart and adjacent normal integument of R. decollata. 

The most conspicuous feature of this multilobulate wart is the 

thickened layer of epithelial cells. This characteristic aerees with 

those warts described by Taki. However, the cuticle on the Rumina wart 

does not sees.*! thicker than the cuticle on the normal internment of this 

region of the body. The cuticle on the head of Rumina is thicker than 

elsewhere on the body (Wille, 1915:720). The melancphores, which are 

lar.sre and abundant in normal tissue of Rumina are almost absent from 

the tissue comprising the wart; they enter the reduncle and almost 

iircnediately become so scarce that a careful search is required to find 

one. The sub-epidermal muscle fibers enter the peduncle of the wart 

and they, too, become very inconspicuous within the wart. Intesrumental 

glands have not been observed in the wart. 

Taki may have been correct in his assertion that the head-warts 

studied by him were normal and not teratolo^ical. T do not believe this 



Figure 32 - Rumina decollata with Face-Wart 



Figure 33 - Photomicrograph of Secticr Through the Face-Wart 
Rumina. 200X 

N I - Normal Integument 

r - Peduncle of Wart 

V.T I - Inteeianent of Wart 

Fi.ei're 34 - Photomicro^raph of Section Through the Face-Wart 
of Riunjna. 430X 

C - Cuticle of Epithelium 

H - ?ie3anophores 

X I - Normal. Interment 

»/ I - Integument of Wart 
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Figure 33 - Photomicrograph of Rumina Face-Wart 

Figure 34 - Photomicrograph of Rumina Face-Wart 
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is true for the warts on R. decollata, however. The incidence of 

occurrence of the Rumina head-warts is apparently very low. Only 3 

snails of a series of 466 possessed them. Several hundred of the 

original snails were maintained for one year, but new warts did not 

appear. I examined more than 900 offspring from the original series 

without detecting additional warts, *<any of these younger animals had 

attained adult sixe and sexual maturity. 

Ore must conclude from a consideration of these facts that the 

head-warts on Rumina are abnormal, if not pathologic. The asymmetrical 

location of the face-wart adds evidence to this belief. I was hopeful 

of resolving a genetic etiology of these warts, by isolating Is3 eggs laid 

by the Rurnina possessing the face-wart. However, only one egg hatched 

and the snail has been carefully watched, but a wart has not appeared. 

Thus a genetic origin cannot be ruled out. Other possibilities include 

traumatic and pathologic origins. lowever, two wart-bearing snails 

were maintained in containers of normal animals for a period of time 

exceeding six months. Warts did not develop on other animals. In an 

attempt to establish whether or not a fungus could be the causative 

agent, I stained sections of the face-wart with MacCallum*s modification 

of Goodpasture's Gram Method of fungus staining (Conant, Smith, et.al., 

1954:422). I was unable to find evidence for fungal growth in the wart. 

Istvan and Margit Szabo have been the most prolific observers 

of pathological and teratological aspects of pulmonate gastropods. 

They have published a series of papers, primarily in references to slugs. 

Some of their reports were inconsequential; others stand as unique 

contributions to the biology of this group of molluscs. 
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In several papers, they considered causes of death rf slugs 

(1930; 1931a,b; ]934a). Their discussions included certain types of 

integumental ulcers, desiccation heat, cannibalism, and predation. 

Death due to aging phenomena was also considered by them. Their 

descriptions of the proliferation of connective tissue in the digestive 

^land of Agriolimax agrestis and the accumulation of pigment in ganglion 

cells of Lixam flavus are interest ins; in that these two phenomena cause 

death to affected animals and appear to be solely a result of advanced 

age. 

The most important contributions made by these two workers 

referred to various types of integumental ulcers, sorce ef which may 

cause death to the animal. Ulcers of the skin were noted in Ljmax 

variegatus and Eulota fruticum (1930), Limax flavus (1931a), Agriolimax 

a.grestis (1931b), and Limax cinereo-niger (1936). Tn some cases these 

ulcers represented nothing more than rubbed-off places of the epithelium. 

They hypothesized that, in some cases, this type of ulcer was caused by 

attack by another animal.. Other examples of similar ulcers could not 

be attributed to that cause, however. Their most detailed discussion of 

the various types of ulcers appeared in 1931 (Szabo and Szabo, 1931b), 

Two basic types were discussed: (a) epithelial ulcers with considerable 

proliferation cf greatly nucleated connective tissue ("Geschwure der 

Oberhaut nit starker kernreicher kindegewebliger Proliferation in der 

Korperwand"; op. cit., p. 157), and (b) ulcers without tissue 

proliferation. The ulcers represented by rubbed-off patches of epithelium 

belonged tc this latter type. In this case (the epithelium being absent), 

the exposed layer of integument was composed chiefly of glands and spongy 
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connective tissue and muscle fibers. In more severe cases, the glands 

and connective tissue layer was absent and the sub-epidermal muscles 

were exposed. In the most severe ulcers, the muscular tissue was also 

absent and the internal organs would actually protrude from the animal 

through the opening in the body wall. 

Ar additional abnormality reported by Szabo and Szabo was the 

herniation of the buccal mass in an unidentified slue; (1931b). They 

reported that Kiinkel had noticed the sape thing and that he had 

attributed the eversion of the buccal mass to the excessive drinking 

of water on the part of the slug* They stated that the examples of this 

abnormality witnessed by them were independent of the drinking of water 

and that the phenomenon occurred only in older aninals. 

I have observed this phenomenon of buccal mass eversion in five 

specimens of Rinina decollata (fig. 35), All of the cases developed 

among animals kept in captivity. Three of the animals were adults, the 

other two were young, sexually immature animals. The animals affected 

could not feed, but lived for varying lengths of time. Once the 

eversion of the buccal mass occurs, it presumably is permanent. The 

animals tend to remain active and do not appear seriously impaired in 

their locomotion. One of the two immature snails in which this 

abnormality appeared was an albino and it lived several months in 

that condition. The other snails lived somewhat shorter periods of 

time. 

I am unable to account for buccal mass eversion. The animals 

were not maintained in the same container, or even in the sane size of 

container. The fact that two of the Rumina were young is contrary to 
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Figure 35 - Runina decollata with Everted Buccal Mass 
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the findings of Szabo and Szabo that the eversion occurred only in older 

animals. 

Lesions of the Integument in Rumina decollata 

Rascop (i960), in her studies relating to Rumina decollata. 

utilized snails from the back yard of a residence situated at 125 S. 

Sirrine, Mesa, Arizona. During her study, she noted the presence of 

small leucodermic spots or lesions on some of the animals. Mead (1959) 

had previously observed similar spots on snails of this same species 

from Phoenix, Arizona. Because R. decollata is a merber of Family 

Achatinidae and because the giant African snail Achatina fulica ^ovdich 

is also a member of that family, it seemed worthwhile to devote 

considerable attention to the histological, etiological, and possible 

pathological implications of these lesions on Rumina. Achatina fulica 

has been shown to be susceptible to a disease of unknown etiology, 

characterized (in part) by the formation of leucodermic lesions. 

(Mead, 1956). 

On March 24, 1960, T collected 466 living R. deep]lata from 

the same yard in Mesa. The animals were placed in containers at the 

time of collectin? and returned to Tucson in a portable ice chest to 

obviate the very- real danger of the snails dying en route fro*", the 

heat.^ 

9. The use of a portable ice chest in the field to transport 
living snails is a very useful device. In 1956, I collected mere than 
1000 snails (Succineidae) during a 5 day, 1500 mile trip throught the 
state of Kansas. In spite of the rather high environmental temperatures 
prevailing at the time (June), not one snail had perished at the con

clusion of the trip (Miles, 1958:1504). 
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After returning to Tucson, the next two days were spent examin.ine: 

each snail under a binocular microscope. A total of 54 animals were 

separated from the remainder becaxise of possessing abnormalities of 

various types (11.6 per cent abnormal). Three other snails were albinos. 

Fifteen of the abnormal snails exhibited deformations of one or both 

ocular tentacles, which included stunting, swelling, leucodermia, and 

two or more eyes in a single tentacle. Forty-five animals possessed 

leucodermic lesions. The lesions occurred in two basic forms. The 

most common type consisted of discrete round or irregularly-shaped spots 

which sometimes involved only a few tubercles and in other cases involved 

many tubercles. These occurred anywhere on the exposed body of the 

animal: head, neck, or sides of foot. The second type of lesion con

sisted of usually one or sometimes several leucodermic lines Impressed 

into the side of the foot, often extending onto the dorsim of the necfc. 

Both types of lesions were present on some animals. \ single animal 

might possess an abnormal tentacle as well as one or more lesions. 

It seemed imperative to determine whether or not these lesions 

would become more pronounced with time, or whether they would heal. 

I also wanted to determine whether new lesions would appear in normal 

animals. Furthermore, what effect estivation would have on the develop

ment of new lesions or on the progression of established lesions, seemed 

important to establish. Ninety symptomless snails were selected and 

established in three containers of 30 animals each. These animals were 

maintained in an active state and were cared for in the manner 

described elsewhere in this study. 4 second sroup of 90 symptomless 

Rumina was also selected and was placed in three containers partly 
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filled with dry sand and fitted with wire-mesh lids. These latter anijnals 

quickly went into estivation. The purpose of these two series, active and 

estivation, was to determine whether new lesions would develop on active 

animals and on estivating animals. This phase of my study be^an April 

6, 1960. 

On this same date, studies ber;an which were designed to ascertain 

the fate of the lesions and tentacular rnalformations present on the 54 

animals. Twenty-six Rumina which possessed either lesions or tentacle 

abnormalities were selected and careful observations made which per

tained to the particular symptom or symptoms present. The snails were 

then placed in two containers of 13 snails each. Each snails was coded 

with nail polish to permit identification.^ The two series of snails, 

S-A and SA-1, were cared for throughout the study in a manner conducive 

to the well-being of the animals. 

Finally, an additional 25 snails (Rumina) with lesions and/or 

tentacular malformations were coded and observations recorded relative 

to the extent of the lesions or tentacular malformations. These animals 

were permitted to estivate, in order to determine if the lesions would 

heal or become more extensive during estivation. 

10. R. decollata. marked with nail polish, must, be re-coded 
at rather frequent intervals, due to the propensity of the animal for 
burrowing into the sand in the container. It is rare when the 
occasion arises to have to re-code He]ix aspersa or Sonorella odorata. 
Helix burrows only to oviposit. I have never seen Sonorella burrow in 
the laboratory, although they do so on Mt. Lerwmon, Santa Catalina 
Mountains, during hibernation. 
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Active Symptomless Snails 

The three containers of snails, 30 in each, were observed for a 

period of one year (April 6, 1960, to April 10, 1961). During that 

period of time, a mortality rate of 28.9 per cent was obtained. Twenty-

six snails died during this period of time. 

It is interesting to learn from table XI that the majority of 

deaths occurred within the first four months, April through July, (14 

deaths of a total of 26 deaths - 53.8 per cent). I believe that this 

is attributable to the fact that 30 snails were too many for the size 

containers used (one gallon capacity). Containers 1 and 2 suffered a 

reduction of six and seven snails, respectively, during the first four 

months. My contention is that, had I originally placed 25 snails or 

fewer in each container, the mortality rate during the period of one 

year would have been less, however, a consideration of container 3 

does not substantiate this view. Only one snail died during the first 

four months in that container. 

During the one-year period of observation, very few abnormalitiOK 

developed in the active animals and none developed amons; the estivatirr: 

11 
snails. In reference to the active series, one snail in container 3 

developed an everted buccal mass late in the study (first noted in March, 

1961). Another snail in the same container developed a very faint 

11. Snails in one container were activated after six months of 
estivation. All were alive. At the end of ten mouths, the snails in 
the second container were activated and they all were still alive. 
Snails in the third container were permitted to estivate one year. 
Only one snail was dead at the termination of estivation. 



TABLE XI 

Mortality by Month of Active Symptomless Rumlna decollata. 

Container 1 Container 2 Container 3 Total 

April, 1960 0 0 0 0 

May- 2 3 0 5 

June 2 3 1 6 

J«iy 2 1 0 3 

August 1 1 0 2 

September 0 0 1 1 

October 0 0 1 1 

November 1 0 0 1 

December 1 1 2 4 

January, 1961 0 0 1 1 

February 1 0 1 2 

March 0 0 0 0 

April 0 0 0 0 

Total Deaths 10 9 7 26 

% of Total Deaths 38,5 34.6 26.9 28 



leucodermic line across the dorsum of its neck. K third snail, in 

container 1, developed a faint leucodermic spot on the right side of 

the neck, immediately behind the genital atrium. 

Consequently, no abnormality comparable to the more severe 

lesions present in April, i960, developed among the animals. This 

fact might well justify the supposition that the leucodermic areas 

present on the original symptomed animals from Mesa were pathologic 

in nature. -lowever, a consideration of data discussed below does not 

support this view. 

Active Snails Possessing Lesions 

During the one year period of observations, five snails died 

in container S-A. The first death did not occur until September 6, 

1960, five months after the establishment of the series. The other 

mortalities occurred at rather wide intervals of time. There were 

three deaths in container SA-1. Two of the animals died in September 

five months after beginning the stTidy. The third snail died in 

February, 1961, ten months from the besrinnin-* of the study. Thus, 

container S-A realized a mortality rate of 38.5 per cent, while 

container SA-1 realised a mortality rate of 25 per cent. Averaging 

the losses of both containers together, a mortality rate of 32 per 

cent was obtained. This combined mortality of 32 per cent is reason

ably near that of the normal animals, which suffered a mortality of 

2^.9 per cent during the same period of time. 

A significant fact was revealed by these two series of animal 

By the end of the sixth month, nearly every trace of the lesions had 

disappeared from the animals. In April, 1960, 12 of the 13 animals 
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of series S-A had cossessed one or more conspicuous lesions (the 13th 

snail had lacked lesions, hut possessed an abnormal tentacle). In 

October of the same year, 12 of the animals were still alive and none 

exhibited any trace of the lesions. The tentacular abnormalities were 

still evident, however. None of the five snails which originally 

possessed stunted, swollen tentacles showed any improvement in this 

respect. 

The sanie tendency for the healing of lesions was manifested 

among; snails in container SA~]. In October, six months after beginning 

the observations, three snails still possessed faint traces of the 

lesions, but they were barely evident. 

This study demonstrated that the leucodermic lesions present 

on Rumina decollata when first examined in the laboratory would heal 

within a period of six months. The facts that new lesions did not 

appear on any animal, nor did any lesion increase in severity, refute 

the possibility that the lesions were pathologic in origin. The 

epizootic in Achatlna fulica is characterized by an increase in incidence 

of infected snails with time, as well as an increase of severity of 

lesions on a given animal (Mead, 1961:40). Additional evidence which 

casts serious doubt on pathogenic etiology of the lesions was the 

fact that new lesions did not appear on animals which were originally 

symptomless (i.e., in the normal active series or in the normal estivatins 

series). These animals had been collected at the same time and place with 

the animals possessing lesions and had been transported from Mesa to 

Tucson together. Snails with lesions and normal snails had shared 

containers together in the laboratory for a period of two days while 7 



183 

was engaged in my initial examination. 

In regard to the etiology of these lesions, 7 have concluded that 

all evidence points to a mechanical origin. The traumatic effect of a 

large ninber of snails transported in very limited confines of small 

containers undoubtedly contributed to their origin. The possibility 

exists that a snail raspin? at another snail with its radula could 

induce this type of lesion. 

Although the active animals healed their lesions within six 

months, an entirely different course of events occurred won" the 

estivating Rumina. Two series had been established; container (S-E) 

included 13 animals and container (SE-l) consisted of 12 animals. The 

lesions were comparable in extent to those of the active series (S-A 

and SA-1). Yet, absolute]}' no indication of healing of lesions during 

lengthy estivation was apparent during this study. 

Series (S-S), consisting of 13 animals when established on 

April 6, I960, possessed the same types of leucoderruc lesions as the 

active animals. Five also possessed tentacular abnormalities, which 

included stunting, leucodermia, swelling, ard a single eX'impl e of 

double eyespots. This series was permitted to estivate until October 

2 5, 1960, a period of time amounting to 2° weeks. All animals, except 

one, survived this period of estivation, but none had healed its lesions 

to any apparent extent. Two snails died within the first 24 hours -ifter 

becoming active, before I had. an opportunity to examine then. All 

lesions of the surviving ten snails seemingly were exactly as they had 

been at the beginning of estivation. These animals were then established 

in a suitable container and were observed at intervals of time in order 
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tc ascertain whether or not they healed the lesions subsequent to estiva

tion. 

The second series of estivating Rumina. (SE-l), consisted of 12 

animals. They were permitted to estivate for a period of 40 weeks, from 

April 15, 1960, until January 24, 1961. All animals survived this period 

of uninterrupted estivation. Again, the lesions on every animal appeared 

exactly as they were at the beginning of estivation. 

Consequently, it was established that Rumina was unable to heal 

integumental lesions during estivation at 21° C. This is interesting 

in view of the fact that this sane species is able to regenerate portions 

of foot, tentacle, and an eye during periods of estivation under these 

same conditions. 

The progression of lesions existing on the S-72 series (which had 

showed no apparent healing after 29 weeVs of estivation) was followed 

during the subsequent activity of the snails. At the end of one month 

of activity, there was a slight, but noticeable, improvement in the 

appearance of the lesions. This improvement was manifested by a re-

invasion of the leucodermic tubercles by meI?.nopheres. This re-invasion 

by melanophores was conspicuous in some tubercles, although in other 

tubercles there was little or no improvement. On December 1.2, I960, two 

months after bringing the snails out of estivation, there was additional 

evidence for the healing of the lesions. In most cases, the original 

lesion was still faintly defined, but the affected tubercles possessed 

considerable melanophores. A few lesions had completely disappeared. 

On April 11, 1963, the animals were examined for the last time. 
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Seven snails were still alive." One cf the survivors was completely 

free of lesions. The other animals still displayed evidence of the 

lesions, but in every case considerable healing had occurred. The 

leucodermia was not nearly as pronounced, because considerable melanin 

now occupied the tubcrcles. There was rio question but. that the severity 

of the lesions had undergone considerable lessening during; the 24 weeks 

cf activity after estivation. 

Figure 36 is a photomicrograph of a section of neck interment; 

of a Ritnina. showing the histology of the lesions discussed in this 

section. The snail was a member of the SE-1 series, which had estivated 

40 weeks without apparent change in the appearance of the lesion. The 

two characteristic features are the eroding of the epithelium, which 

transforms from columnar to flattened or cuboidal cells in the area of 

the lesion, and a conspicuous diminution in the abundance of melanophores. 

This latter feature explains the leucodemic appearance of the lesion 

on the living aninal. Other lesions have been sectioned and in every 

case a similar histologic picture was displayed. 

My conclusions regarding these lesions are as follows: Nothing 

indicative of pathogenic origin is apparent. I believe that they were 

occasioned by mechanical dajnage, primarily in transit fror1 Mesa to 

Tucson and during the subsequent two days in the laboratory, during 

which time the snails were crowded in their containers. My reason for 

believing that the majority of lesions were not produced in the natural 

12. One animal had been accidentally dropped on December 15 and 
its shell broken. It died as a result. Another snail was found dead or, 

December 24. The third died early in February, 



Figure 36 - Integumcntal Lesion of Rumina decollata* 430X 

The Area is at the Margin of the Lesion, Showing 
Normal Tissue to the Left and the Area of the 
Lesion to the Right, Note the Flattening of 
the Epithelium and the Abrupt Disappearance of 
Melanophores in the Area of the Lesion 

E - Eroded Epithelium 

M - Melar>ophores 

N - Normal Epithelium 
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Figure 36 - Integumental Lesion of 
Rtmina decollata 
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habitat, prior te collecting, is because similar lesions did not develop 

during a period of one year in the laboratory, except faint lesions on 

three animals. I believe that some, at least, of the lesions were a 

result of breaking of a portion of the aperture of the shell. When an 

animal would suddenly withdraw, as from falling from the side or lid 

of a container, the sharp piece of aperture could perhaps scrape the 

integument so as to induce epithelial erosion and, perhaps, subsequent 

reduction of melanophores. 



SUMMARY 

1. Regeneration of the tentacle and foot of lard snails is of the 

epimorphic type, characterised by the redevelopment, in situ of the 

amputated portion of the body. 

2. Within a few hours following amputation, blood is poured on to 

the surface of the wound. Agglutination of the blood forms the cica

trix. The latter is first apparent in Helijx; aspersa ei^ht hours after 

amputation of the foot. 

3. The regenerating epithelium rapidly proliferates from the intact 

epithelium borderin; the wound. The regenerating cells are at first 

squamoid, then transform to cuhoidal and ultimately to the typical 

columnar appearance. In Helix, the entire cicatrix is covered bv 

regenerated epitheliin at the end of 36 hours. 

4. The length of time required from amputation of the foot until the 

appearance of the blastema is not influenced by size of the snail. The 

blastema appears at the end of two weeks. 

5. The commencement of regeneration of the tentacle is influenced by 

the siie of the animal. Larger animals require a considerably longer 

period of time to form a blastema than do smaller animals. This 

difference may amount to as much as three weeks. 

6. A conspicuous difference is also evident in recard to the appearance 

of pispnent and tubercles in regenerating tissues of l arr;e and small 

snails. The appearance and development of these is in direct proportion 

1RP 
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to the size of the animal; the larger the snail, the greater is the 

arrount of time required for their appearance. 

7. After the blastema has appeared, regeneration of tentacle and foot 

proceeds at a rapid rate. The greatest amount of regeneration occurs 

within a period of ten weeks-. Small snails exhibit a somewhat faster 

absolute rate of regeneration of the tentacle than do lar?;e snails. On 

the other hand, the absolute rate of regeneration of the foot is faster 

for larger snails after the second week. 

P. The absolute rate of regeneration of the tentacle is similar during 

the first several weeks for Helix. Sonorella. and Rumina. ^entual 1 v, 

this rate becomes proportional to the size of the snails ccrprisini a 

particular species. Helix, the largest species, regenerates at the 

fastest rate, while Rumina regenerates at the slowest rate. 

9. The relative rate of regeneration of the tentacle decreases rapidly 

after the beginning of regeneration. This rate decreases more slowly 

Helix and more rapidly for Rurnina. 

10. At any jriven time during regeneration, the snails possessing the 

shortest base (portion of tentacle repair in <r, after amputation) show 

the sreatest amount of regeneration. This relationship is evident in 

all three species of snails. 

11. Regression coefficients determined for leneth of base compared to 

length cf regenerating portion of tentacle permit a comparison of rate 

of regeneration to rate of normal growth of a single structure. The 

differential between regeneration and normal growth is approximately of 

the sarie magnitude for Helix and for Sonorella; b = 2.73 and 2.^4, 

respectively. lror Rumina. b = 1.96. 
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12, Supernumerary eyes are often regenerated in 3and snails. The 

incidence was 75.6 per cent in Rumina. Considering all three species, 

48.2 per cent of the experimental aninals regenerated mere than one eve. 

"13. The regeneration quotient (K = base/regeneration) for the tentacle 

decreases during regeneration. The receneratins; portion equals the base 

in length (K = 1,0) sooner in P.umina than in the other species. 

14. After IP weeks of estivation at 21° C., M. aspersa re<r»in, and rav 

exceed, their pre-estivation weight during the first 24 hours or activity. 

This tendency is achieved by regenerating snails as we]] as by control 

animal s. 

15. In Helix aspersa. essentially no correlation exists between the 

pre-cstivation weights and the per cent weight loss during estivation 

at 21° C. Snails of very similar weights tend to lose considerablv 

different amounts of weight during estivation. 

16. This seems to be the first report that land snails regenerate 

during estivation. With few exceptions, every amputated snail that 

survived estivation at 21° C. and 32° C. exhibited visible regeneration 

of tentacle and eye, or of foot. 

17. H. aspersa does not commence regeneration during I13 veeVs of 

hibernation at 5° C. 

1^. Mortality rates anon?; re <^en cretins Heli.x during periods of dormanc}'-

are in direct proportion to the ambient tmperatures. A greater numbe*-

of snails succumbed at 32° C. than at 21° C. and all animals survived 

hibernation at 5° C. 

l^. Consideration was directed toward absolute rate of regeneration 

following prolonged periods of estivation and hibernation. The 



hibernating snails, which did not commence regeneration during the period 

of inactivity, exhibited the most rapid rate of regeneration siibsequent 

to activation. 

20. After a period of estivation of six months, Tfamina were subjected 

to amputation of a portion of foot or of the tentacle during a brief 

period of activity. Irrespective of whether or not the snails fed 

during activity, they regenerated during a second period of estivation. 

Fed animals showed a faster rate of regeneration during estivation and 

subsequent activity than did the fasting snails. 

21. In onljr rare instances did regenerating snails die before com

pleting the period of rapid regeneration (generally attained at the 

tenth week following initiation of regeneration). The mortality rates 

of control animals were of the same magnitude, for the most part, as 

were the mortality rates experienced by experimental animals. 

22. H. asrersa may survive complete decapitation (including the 

phamygeal nerve ring) for periods of time exceeding five months. 

Cephalic organs (eyes, tentacles, li.ps) do not regenerate if the nerve 

rin<» is removed as a result of the amputation, but some regeneration of 

the sole and neck is evident under this condition. 

23. If the nerve ring remains intact following amputation, regeneration 

of tentacle and eye does proceed, although the regenerated structures 

appear abnormal. 

24. The reason for the eversion of the buccal mass, observed in five 

R>tmina, and the origin of head-warts in the same species, remain obscure. 

\11 cases of buccal mass eversion occurred during captivity, ^o the 

contrary, head--warts did not appear under laboratory conditions. 
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25. Leucoderraic lesions of the integument, in Rwina, appear to be 

caused by mechanical stress. Evidence could not be found indicative 

of a pathogenic etiology. The lesions heal in active snails, but appear 

to neither increase nor decrease in severity durinir periods of estivation 

lasting 40 weeks. The lesions are characterized by an erosion of the 

epithelium and by a reduction in melanophores* 
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